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Web Annex 1. Methods and 
expert panels

A1.1 Methods
Since 2007, the guideline development process within the WHO is overseen by the WHO Guidelines 
Review Committee (GRC), which follows internationally recognized standards such as the GRADE 
approach [Grading of Recommendations Assessment, Development and Evaluation], to support to a 
structured and transparent methodology for policy-making. The policy recommendations presented 
in the guideline document were developed following the standards and updated procedures as 
described in the WHO Handbook for Guideline Development. 

A WHO Guideline Steering Group was first established to determine specific areas requiring up-to-date 
evidence and to carry-out arrangements to bring together experts to synthesise and independently 
review new evidence and develop recommendations. As well, an external review group was assembled 
to review the updated recommendations based on the inputs of the Guideline Development Group. 
The Guideline Development Group comprised of researchers, epidemiologists, end-users (clinicians 
and national TB control programme officers), community representatives and experts in evidence 
synthesis. In compliance with the procedures and practices established by the GRC, declarations of 
interest (DOI) were managed according to the WHO Conflict of Interest Policy, including review of 
curriculum vitae and critical evaluation of DOI. Additionally, contingent to the assessment of competing 
interests, the full list of members of the Guideline Development Group and their biographies were 
published on the WHO website on 28 January 2022. This was followed by a public notice and comment 
period, during which WHO allowed members of the public to provide comments pertinent to any 
interests that may have gone unnoticed or not reported during earlier assessments.

During the virtual Guideline Development Group meeting (via Zoom) held on 21–25 February, 7–11 
and 21– 25 March 2022, the members of the GDG reached decisions through a process of discussion 
and consensus. Where consensus through discussion could not be reached, the GDG voted on 
decisions. In these cases, decisions were made based on the vote of the majority. 

Preparation for evidence assessment 
The GRADE approach (Grading of Recommendations Assessment, Development and Evaluation) was 
used to rate the certainty in the estimate of effect (quality of evidence) as high, moderate, low or 
very low and to determine the strength of the recommendations (as strong or conditional). A scoping 
proposal was submitted and approved by the WHO Guideline Review Committee. Details about 
the preparatory work ahead of the update were released to the public through a public comment, 
focusing on the following: (i) rationale for providing up-to-date guidance, including the scope of 
the updates; (ii) prioritization and formulation of key questions; as well as (iii) the list, affiliations and 
constituencies of potential members of the Guideline Development Group, undergoing conflict of 
interest assessments, as per the WHO Office of Compliance, Risk Management and Ethics policies.

In preparation for the Guideline Development Group meeting, four webinars (via Zoom) were held 
with members of the Group to finalise the scoping and PICO (Patients, Intervention, Comparator 
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and Outcomes) questions, score outcomes of interest, and discuss preliminary data analysis results. 
The PICO questions, inclusive of sub-populations, treatment regimen composition and duration and 
outcomes, were agreed upon by members of the Guideline Development Group. The questions were 
framed to capture the effect of novel treatment regimens for specific populations and the values, 
in terms of effectiveness and safety, of adding, prolonging and combining specific anti-tuberculosis 
agents (see Box 1).

1. Should a shorter all-oral regimen (less than 12 months) containing at least three 
Group A medicines be used in patients with MDR/RR-TB and fluoroquinolone 
resistance excluded?

2. Should a 6-to-9-month shorter all-oral regimen containing Lzd, Bdq, Lfx, Z, Eto/Hh/
Trd be used in patients with MDR/RR-TB and fluoroquinolone resistance excluded?

3. Should BPaL regimens with lower linezolid exposure (dose or duration) be used 
instead of the original BPaL regimen in patients who are eligible for BPaL regimen?

4. Should 6-month regimen using bedaquiline, pretomanid, linezolid be used in 
patients with pulmonary pre-XDR-TB (MDR/RR-TB with fluoroquinolone resistance)?

5. Should 6-month regimen using bedaquiline, pretomanid and linezolid be used 
in patients with pulmonary MDR/RR-TB and without fluoroquinolone resistance?

6. Should 6-month regimen using bedaquiline, pretomanid, linezolid with or without 
addition of moxifloxacin (BPaLM) or clofazimine be used in patients with pulmonary 
MDR/RR-TB (with or without fluoroquinolone resistance)?

7. Should 6-month regimen using bedaquiline, pretomanid, linezolid and moxifloxacin 
(BPaLM) be used in patients with pulmonary pre-XDR-TB (MDR/RR-TB with 
fluoroquinolone resistance)?

8. Should 6-month regimen using bedaquiline, pretomanid, linezolid and 
moxifloxacin (BPaLM) be used in patients with pulmonary MDR/RR-TB and without 
fluoroquinolone resistance?

9. Should 6-month regimen using bedaquiline, pretomanid, linezolid and clofazimine 
(BPaLC) be used in patients with pulmonary pre-XDR-TB (MDR/RR-TB with 
fluoroquinolone resistance)?

10. Should 6-month regimen using bedaquiline, pretomanid, linezolid and 
clofazimine (BPaLC) be used in patients with pulmonary MDR/RR-TB and without 
fluoroquinolone resistance?

Box A1.1 PICO questions

The PICO questions looked at the following six distinct outcomes: (i) sustained treatment success; 
(ii) treatment failure and recurrence; (iii) death (due to any cause); (iv) loss to follow-up; (v) serious 
adverse event or adverse events of special interest; (vi) amplification (acquisition) of drug resistance.

Members of the Guideline Development Group were invited to score the outcomes as “critical”, 
“important” or “not important for making recommendations on the use of specific regimens” 
under evaluation.
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Table A1.1 Scoring of outcomes considered relevant by the GDG for the evi-
dence review

 
‘Sustained 
treatment 
success’

‘Failure and 
recurrence’ ‘Death’ ‘Loss to 

 follow up’

‘Serious 
adverse 

events or 
adverse 

events of 
 special 

 interest’

‘Amplification 
(acquisition) of 
drug- resistance’

N=19 
responses

Overall 
importance

Overall 
importance

Overall 
importance

Overall 
importance

Overall 
importance

Overall 
importance

Mean Rating 7.9 8.4 8.3 6.9 7.7 7.7

Note: Relative importance was rated on an incremental scale: 1–3 points: Not important for making recommendations; 4–6 points: Important 
but not critical for making recommendations; and 7–9 points: Critical for making recommendations on the evaluated interventions.

Evidence gathering and analysis 
Evidence provided for the GDG review on using 6-month novel regimens was from the TB-PRACTECAL 
trial (evidence on using BPaLM, BPaLC, BPaL regimens), ZeNix trial (evidence on using the BPaL 
regimen with difference dosing schemes of linezolid use) and Nix-TB study (evidence on using the 
BPaL regimen). Evidence on using a new 9-month shorter regimen was from the programmatic data 
provided by the National TB Programme in South Africa. 

In addition, evidence was available on the use of other treatment regimens that were used as external 
comparators required for comparisons with the intervention regimens. The evidence included data on 
the use of WHO recommended shorter all-oral bedaquiline-containing regimen, which were from the 
programmatic implementation provided by South Africa; and WHO recommended longer regimens, 
which were provided by several country programmes from Belarus, Republic of Moldova, Georgia, 
Russian Federation, India, South Africa, and Somalia; or cohort studies (EndTB studies) provided by 
Médecins Sans Frontières and Partners in Health. 

In preparation to the guidelines update, WHO/GTB also received the data from the Newer and 
Emerging Treatment for MDR/RR-TB (NExT) trial that was a phase II/III open-label randomized 
controlled trial evaluating the effectiveness of an all-oral 6–9-month regimen for treatment of MDR-TB 
in South Africa (21), against a local standard of care regimen at the time. Sharing of the data by the 
principal Investigator and colleagues in the University of Cape Town and the South African Medical 
Research Council, is gratefully acknowledged. During the GDG meeting the panel, however, decided 
that the data from this study could not be used to complement discussion on the PICO question 
designed, due to early termination of the trial and variability of the components in the intervention 
regimen. This doesn’t undermine the high value of the trial results, which reiterate the inferiority and 
significantly worse safety profile of the DR-TB regimens based on injectable medicines and quinolones 
but not including new and repurposed drugs. Importantly, the trial showed that better outcomes could 
be achieved with a 6-month all-oral regimen compared to traditional 9-month or longer, injectable-
based regimens, therefore supporting the concept of a 6-month al-oral regimen for MDR/RR-TB.

Methods used for analysis and data synthesis

Descriptive analyses of the baseline characteristics of participants in all included studies were performed, 
which include demographics, diagnostic test results, treatment regimens, treatment outcomes.

Comparative analyses were performed within individual studies and between multiple studies.

a) Within study comparisons: For studies in which both a short-course (6 months in duration) 
regimen and a relevant comparator are used, pairwise comparisons were conducted between 
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each of the short-course regimens and the comparator. For included randomised trials (e.g. the 
TB-PRACTECAL trial, NExT trial), the primary outcome of the pre-specified analysis was also 
calculated and reported. 

b) Between study comparisons: pairwise comparisons between studies: comparisons addressing each 
PICO question were conducted by comparing outcomes among cohorts in which participants 
received either the intervention or control regimen relevant to that question.

Statistical models:

For comparisons between dataset or cohorts, outcomes were presented as unadjusted and adjusted 
risk ratios. Adjusted risk ratios were calculated using a log-binomial generalized linear regression 
(binomial error distribution with log link function). Confounders were adjusted for using inverse 
probability propensity score weighting. No convergence issues with the log-binomial model arose. 
When outcome rates were close to the boundary, adjusted risk ratios (aRR) were not calculated, and 
unadjusted risk ratios (RR) alone were presented. For outcomes where the number of outcome events 
was 0, an unadjusted risk difference (RD) was calculated. For unadjusted risk differences or risk ratios, 
the score method was used for confidence interval calculation. These approaches applied where 
one arm of a randomised trial was being compared to an external population, and in randomised 
trials in which sub-group analyses were performed (including by fluoroquinolone resistance status). 
Covariate selection for calculation of Propensity Scores was based on data availability and clinical 
knowledge. The covariates considered for inclusion in the propensity scores analysis included age, 
gender, baseline smear result, HIV status (including antiretroviral treatment status), prior treatment 
history including whether previous infection was drug resistant, body mass index, smoking status, 
diabetes diagnosis, cavitation at baseline, presence of bilateral disease, and fluroquinolone resistance. 
For the calculation of adjusted risk ratios, multiple imputation by chain equations using the “within” 
propensity score approach was used to account for missing data in potential confounders when the 
proportion of missing values for a confounder was less than 45%. 

Timing of follow up for comparisons between regimens

The analyses undertaken for this evidence review combined results from cohorts with differing 
follow-up times post treatment initiation. There were differences in the follow-up time between cohorts 
(from 5.5 months to 24 months) and within single cohorts (e.g. the WHO IPD 2021 dataset combined 
multiple cohorts with variable follow-up times). Follow-up time was separated into the time between 
commencement of treatment and treatment completion and the period from treatment completion 
until the end of follow-up. For shorter regimens, post-treatment follow-up was particularly important, 
since higher relapse rates may be a consequence of shorter treatments that do not completely 
remove M. tuberculosis. Where possible, it was important that follow-up time between two groups in 
a comparison be equivalent, so that participants had an equivalent opportunity for death or relapse. 
In these analyses, the follow-up time was measured from the start date of treatment rather than after 
the date of treatment completion, in order to minimise the effect of differences in total follow-up time.

The principles for accounting for time periods of follow-up were:

• Where possible, follow up participants in the intervention and control groups for the same time 
total time period, to allow both groups to have an equal likelihood of unsuccessful outcomes (e.g. 
death).

• Limit follow-up to 24 months’ post treatment initiation for all cohorts. There were no analyses in 
which both intervention and comparator cohorts had more than 24 months of follow-up available. 
The evidence accumulated from TB treatment trials demonstrates that a high proportion of 
recurrences are likely to occur within 12, or even 6 months or stopping treatment (25). 

• Select a primary analysis that optimised the number of participants included in both groups. For 
shorter (6–9-month regimens), follow-up time in the comparison was included to allow for relapse 
to be captured.
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Additional sensitivity analyses were performed, where possible, evaluating the effect of follow-up 
time upon treatment outcomes.

The decision process that informs and leads to the making of any recommendations goes beyond 
the understanding of the magnitude of the desirable and undesirable effects resulting from the 
implementation of a particular intervention and beyond the certainty of the evidence assessed. It 
also takes into account how people who are directly affected value the main outcomes, resource 
implications, cost-effectiveness, impact on equity, feasibility and acceptability of a given intervention. For 
this update, the magnitude of the desirable and undesirable effects of the interventions (see Box 1) 
was evaluated through the analysis methods earlier described. Other critical factors that would help 
inform the judgements of the Guideline Development Group for making an evidence-informed 
assessment were considered. The following evidence reviews on cost-effectiveness, values, preferences 
and acceptability were commissioned to help inform the decision-making process and drawing 
conclusions on the interventions under evaluation: 

Certainty of evidence and strength of recommendations
In assessing the quality of evidence, a number of factors can increase or decrease the quality of 
evidence. The highest quality rating is usually assigned to evidence gathered from randomised-
control trials while evidence from observational studies, including programmatic data, may usually 
assigned a low or very low-quality value. The higher the quality of evidence, the more likely a 
strong recommendation can be made (Table 2). The criteria used by the Guideline Development 
Group to determine the quality of available evidence are summarised in the Summary of Evidence 
tables. The certainty in the estimates of effect (quality of evidence) was assessed and either rated 
down or up based on: risk of bias; inconsistency or heterogeneity; indirectness; imprecision; and 
other considerations.

Table A1.2 Certainty of evidence and strength of recommendations 

Certainty in the 
evidence Definition

High ( ) Further research is very unlikely to change our confidence in the 
estimate of effect.

Moderate ( ) Further research is likely to have an important impact on our confidence 
in the effect and may change the estimate.

Low ( ) Further research is very likely to have an important impact on our 
confidence in the estimate of effect and is likely to change the estimate.

Very low ( ) Any estimate of effect is very uncertain.

Through the GRADE system, the strength of a recommendation is classified as “strong” or “conditional”. 
The strength of a recommendation is determined by the balance between desirable and undesirable 
effects, values and preferences, resource use, equity considerations, acceptability and feasibility to 
implement the intervention. For strong recommendations, the GDG is confident that the desirable 
effects of adherence to the recommendation outweigh the undesirable effects. For conditional 
recommendations, the GDG considers that desirable effects probably outweigh the undesirable 
effects. The strength of a recommendation has different implications for the individuals affected by 
these guidelines (Table 3).
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Table A1.3 Perspective taken and description of strength and conditionality of 
recommendations 

Perspective Strong recommendation Conditional recommendation

From patients Most individuals in this situation 
would want the recommended 
course of action and only a small 
proportion would not. Formal 
decision aids are not likely to be 
needed to help individuals make 
decisions consistent with their 
values and preferences.

The majority of individuals in this 
situation would want the suggested 
course of action, but many would not.

From clinicians Most individuals should receive 
the intervention. Adherence to 
this recommendation according 
to the guidelines could be used as 
a quality criterion or performance 
indicator.

Recognise that different choices will 
be appropriate for individual patients, 
and that patients must be helped 
to arrive at a management decision 
consistent with their values and 
preferences. Decision aids may be 
useful in helping individuals to make 
decisions consistent with their values 
and preferences

From 
policy-makers

The recommendation can be 
adopted as policy in most situations.

Policy-making will require substantial 
debate and involvement of various 
stakeholders

Assessment of the quality of the evidence
The WHO Guideline Development process uses specific criteria to assess the characteristics of a body 
of evidence, such as within-study bias (methodological quality), consistency, precision, directness or 
applicability of the evidence, and others. The evidence reviewed at the February-March 2022 GDG 
meeting was from a randomised controlled trials, programmatic data or data from cohort studies. 
These data were assessed as having low or very low certainty, based on an assessment of the criteria 
described above. The low or very low certainty of the evidence reinforced the need for additional 
high-quality evidence (from carefully executed research studies including randomised controlled 
trials) to inform policy making. To ensure proper assessment of the quality of the evidence, quality 
assurance procedures were performed by the University of Sydney data review team and assisted by 
the GRADE methodologist. 

Publication, implementation, evaluation and expiry 
These guidelines were prepared in accordance with the requirements of the Guideline Review 
Committee. The guidelines will be published on the WHO website for free download as part of a 
comprehensive WHO consolidated guidelines on tuberculosis and will be communicated widely 
at international and regional conferences and meetings of programme managers in all regions. 
In parallel with the guidelines WHO will also release an operational handbook with more practical 
details to support programmatic implementation of the new or revised recommendations. National 
programmes will be supported by WHO and technical and funding partners to prepare a national 
plan for the programmatic management of drug-resistant TB. Implementers should create a conducive 
policy and programmatic environment, including national and local policies and standard operating 
procedures to facilitate implementation of the recommendations in these guidelines. This should 
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include promoting universal health coverage and offering public financing for DR-TB management. 
Furthermore, dedicated resources should be allocated, including for staff development and service 
delivery in the community. Training of frontline healthcare staff and students on critical areas such as 
diagnosis, designing a regimen, patient support, monitoring response to treatment and management 
of adverse reactions is important. National programmes should ensure meaningful engagement 
with affected populations, their communities, the private sector, other relevant health programmes 
and ministries in both planning and implementing the recommendations. The uptake of these WHO 
recommendations will be monitored in the annual data collection of WHO Global TB Data Monitoring.

A1.2 Participants at Guideline Development Group 
meetings
WHO treatment guidelines for drug-resistant TB treatment, 2022 
update

Guideline Development Group

The chairs of the GDG were Holger J. Schünemann (Chair, Grading of Recommendations Assessment, 
Development and Evaluation [GRADE] methodologist: Cochrane Canada & McMaster University, 
Canada) and Jeremiah Muhwa Chakaya (Technical expert, National TB Programme, Kenya). 

The following experts served as members of the GDG: Denise Arakaki (national TB programme, end-
user, clinician: Ministry of Health MDR-TB referral centre, Brazil); Padmapriyadarsini Chandrasekaran 
(researcher, end user: National Institute for Research in Tuberculosis, India); Daniela Maria Cirillo 
(laboratory specialist: San Raffaele Scientific Institute, Supranational TB Reference Laboratory, Italy); 
Charles Daley (pulmonologist, MDR-TB expert: National Jewish Health Hospital, United States of 
America); Gerry Davies (trials expert, pharmacologist: University of Liverpool, United Kingdom); Amita 
Gupta (scientist, maternal health medicine: Johns Hopkins University, United States of America); 
Elmira Gurbanova (rGLC member, clinician, end-user: Lung Clinic, University of Tartu, Estonia); 
Anneke Hesseling (paediatrician, end-user: Stellenbosch University, South Africa); Christoph Lange 
(researcher: Research Center Borstel, Germany); Christian Lienhardt (researcher, end user: French 
Institute for Research on Sustainable Development, France); Leslie Christine Magsayo-Salon (national 
TB programme, clinician (TB/HIV), end user: National TB Programme, Northern Mindanao Medical 
Center, The Philippines); Guy Marks (clinician, researcher: International Union Against Tuberculosis 
and Lung Disease); Graeme Meintjes (researcher, end user: University of Capetown, South Africa); Asif 
Mujtaba (clinician, end-user: Asgar Ali Hospital, Bangladesh); Mahshid Nasehi (national TB programme, 
end user: National Tuberculosis Programme of Iran, Islamic Republic of Iran); Nguyen Viet Nhung 
(national TB programme, end-user: National TB Control Programme, Ministry of Health, Viet Nam); 
Andrew Nunn (researcher, end user: University College London, United Kingdom); Ingrid Schoeman 
(former MDR-TB patient: TB PROOF, South Africa); Sabira Tahseen (laboratory, national TB programme, 
end-user: National TB Control Programme, Pakistan); Ye Tun (clinician, end-user: Thingankyun General 
Hospital, University of Medicine, Myanmar); Debrah Vambe (national TB programme, end-user: 
National TB Control Program, Eswatini); Andrew Vernon (trials expert, technical agency, end-user: 
US Centers for Disease Control and Prevention, United Sates of America); Paran Winarni (civil society 
representative: TB Civil Society Task Force, Indonesia Youth Movement Against TB, Indonesia); Yanlin 
Zhao (national TB programme, end-user: National Tuberculosis Control and Prevention Center, 
Chinese Center for Disease Control, China).

External Review Group

Giovanni Battista Migliori (WHO Collaborating Centre for TB and Lung Diseases, Fondazione S. 
Maugeri, Tradate, Italy); Anuj K. Bhatnagar (clinician; researcher: Rajan Babu Institute for Pulmonary 
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Medicine and Tuberculosis, India); Lisa Chen (clinician, academic: UCSF Curry International Tuberculosis 
Center, United States of America); Edwin H. Herrera-Flores (clinician, end-user: Hospital Nacional 
MDR-TB Referral Centre, Arzobispo Loayza, Peru); Ivan Solovic (national TB programme, clinician, 
end-user: National Institute for TB, Lung Diseases and Thoracic Surgery, Slovakia); Rafael Laniado 
(clinician, end-user: National TB Programme, Mexico); Anna Cristina C. Carvalho (clinician, researcher: 
Fiocruz Institute, Brazil); Philipp du Cros (clinician, researcher: Burnet Institute, Australia).

Evidence reviewers

Greg Fox, Tasnim Hasan, Timothy Schlubb, Hannah Morgan and Ellie Medcalf from The University of 
Sydney; Claudia Denkinger and Ioana Olaru from Heidelberg University

Observers and external partners

Draurio Barreira Cravo Neto (technical manager, TB: Unitaid, Switzerland); Michael Campbell (Senior 
director, Tuberculosis: Clinton Health Access Initiative, Inc.); Abdul Ghafoor (Advisor MDR-TB: Ministry 
of National Health Services Regulations & Coordination, Pakistan); Mustapha Gidado (executive 
director: KNCV TB Foundation, Netherlands); Brian Kaiser (technical officer: Stop TB Partnership’s Global 
Drug Facility, Switzerland); YaDiul Mukadi (technical advisor: United States Agency for International 
Development [USAID], USA); Payam Nahid (Director: UCSF center for Tuberculosis, University of 
California San Francisco); Fraser Wares (Senior consultant: KNCV TB Foundation); Wojtek Wiercioch 
(GRADE methodologist: McMaster University, Canada); and Mohammed Yassin (senior disease advisor, 
TB: The Global Fund to Fight AIDS, Tuberculosis and Malaria, Switzerland). 

WHO Guideline Steering Committee

Fuad Mirzayev (lead), Dennis Falzon, Medea Gegia, Annabel Baddeley, Nazir Ismail, Linh Nguyen, 
Samuel Schumacher, Sabine Verkuijl, Kerri Viney, Matteo Zignol from the WHO Global TB Programme; 
Askar Yedilbayev from WHO European regional office; Corinne Simone Collette Merle from the WHO 
Special Programme for Research and Training in Tropical Diseases; Lorenzo Moja from the WHO 
Medicines Selection, Intellectual Property and Affordability / Essential Medicines; Andreas Alois Reis 
from WHO Health Ethics and Governance; and Olufunmilayo Lesi and Marco Vittoria from the WHO 
Global HIV, Hepatitis and STIs Programmes / Treatment, Care and Service Delivery. 

WHO treatment guidelines for drug-resistant TB treatment, 2020 
update
Refer to Annex 1: A2 Expert panels in the WHO consolidated guidelines on tuberculosis. Module 4: 
treatment – drug-resistant tuberculosis treatment. Online annexes. (9789240007062-eng.pdf (who.
int), accessed 13 September 2022).

WHO treatment guidelines for rifampicin- and multidrug-resistant 
tuberculosis, 2018 update
Refer to Annex 1: GRADE evidence summary tables in the WHO consolidated guidelines on tuberculosis. 
Module 4: treatment – drug-resistant tuberculosis treatment. Online annexes. (9789240007062-eng.
pdf (who.int), accessed 10 October 2022).

WHO treatment guidelines for isoniazid-resistant tuberculosis, 2018 
update
Refer to Annex 1: GRADE evidence summary tables in the WHO consolidated guidelines on tuberculosis. 
Module 4: treatment – drug-resistant tuberculosis treatment. Online annexes. (9789240007062-eng.
pdf (who.int), accessed 10 October 2022).

https://apps.who.int/iris/bitstream/handle/10665/332678/9789240007062-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/332678/9789240007062-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/332678/9789240007062-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/332678/9789240007062-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/332678/9789240007062-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/332678/9789240007062-eng.pdf
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WHO guidelines for the programmatic management of drug-resistant 
tuberculosis, 2011 update 
Refer to Annex 1: GRADE evidence summary tables in the WHO consolidated guidelines on tuberculosis. 
Module 4: treatment – drug-resistant tuberculosis treatment. Online annexes. (9789240007062-eng.
pdf (who.int), accessed 10 October 2022).

https://apps.who.int/iris/bitstream/handle/10665/332678/9789240007062-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/332678/9789240007062-eng.pdf
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Web Annex 2. Declarations 
of interest

A2.1 WHO treatment guidelines for drug-resistant 
TB treatment, 2022 update
In conformity with WHO guidelines for declaration of interests for WHO experts issued by the WHO 
Office for Compliance and Risk Management and Ethics, members of the Guideline Development 
Group, External Review Group and evidence reviewers were requested to submit completed WHO 
Declaration of Interest forms (DOIs) and declare in writing any competing interest (whether academic, 
financial or other) which could be deemed as conflicting with their role in the development of this 
guideline. In order to ensure the neutrality and independence of experts, an assessment of the DOI 
forms, curricula vitae, research interests and activities was conducted by the WHO secretariat. For 
cases in which potential conflicts were identified, there was some further consideration as to how to 
manage competing interests. If any declared interests were judged significant, individuals were either 
not included as members of the Guideline Development Group or asked to refrain from contributing 
to the decision-making process under specific PICO questions.

As per WHO rules, the objectives of the guideline development process and the composition of the 
GDG, including member biographies, were made public ahead of the meeting (https://www.who.
int/publications/m/item/public-notice-guideline-development-group-for-the-update-of-the-who-
consolidated-guidelines-on-the-treatment-of-drug-resistant-tuberculosis_2022). This public notice 
was conducted to allow the public to provide comments pertinent to any competing interests that 
may have gone unnoticed or not reported during earlier assessments.

Guideline Development Group
The following Guideline Development Group members declared no conflicts of interest: Muhwa 
Chakaya, Geraint Gerry Rhys Davies, Denise Arakaki, Elmira Gurbanova, Yanlin Zhao, Leslie Christine 
Magsayo-Salon, Asif Mujtaba, Mahshid Nasehi, Nguyen Viet Nhung, Sabira Tahseen, Ye Tun, Debrah 
Vambe, Paran Winarni, Christian Lienhardt, Graeme Meintjes, Christoph Lange.

On review of the completed DOIs, the following 12 experts declared interests that required further 
consideration: Charles Daley, Geraint Davies, Daniela Cirillo, Holger Schünemann, Guy Marks, 
Amita Gupta, Anneke Hesseling, Andrew Nunn, Ingrid Shoeman, Andrew Vernon, Christoph Lange, 
Padma Chandrakesaran.

Nine members of the Guideline Development Group declared interests that were judged non-
significant and were believed not to affect the independence and impartiality of the experts during 
the guideline development process. Therefore, no restrictions to their participation applied.

• Charles Daley: Participation in the Data Monitoring Committee (DMC) for delamanid. A total of 
US$ 4000 by Otsuka Pharmaceutical for services as a member of the Committee. The work ended 
in 2019.

https://www.who.int/publications/m/item/public-notice-guideline-development-group-for-the-update-of-the-who-consolidated-guidelines-on-the-treatment-of-drug-resistant-tuberculosis_2022
https://www.who.int/publications/m/item/public-notice-guideline-development-group-for-the-update-of-the-who-consolidated-guidelines-on-the-treatment-of-drug-resistant-tuberculosis_2022
https://www.who.int/publications/m/item/public-notice-guideline-development-group-for-the-update-of-the-who-consolidated-guidelines-on-the-treatment-of-drug-resistant-tuberculosis_2022
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• Gerry Davies: Participation in the PreDiCT-TB consortium, a public-private partnership funded by 
the European Union Innovative Medicines Initiative and the European Federation of Pharmaceutical 
Industries and Associations (EFPIA). Role as academic coordinator (2012–2017) led to engagement 
with industrial partners in pre-competitive areas of research into TB drug development. All of 
these activities were fully supported by public funding from the European Union. No financial 
support was received from EFPIA. Since 2017 G. Davies has been an academic partner to the 
PanACEA clinical trials consortium, funded by the European and Developing Countries Clinical Trials 
Partnership. Though the consortium has involved contact and collaboration with pharmaceutical 
partners, his role at the University of Liverpool is as a partner without budget supporting the 
clinical trials site at the College of Medicine in Blantyre, Malawi. Neither himself, the University of 
Liverpool nor the University of Malawi College of Medicine receive any funding from pharmaceutical 
collaborators as part of these activities. G. Davies attended expert advisory meetings relating 
to TB drug development convened by GSK and Janssen for which I received no payment or 
benefit (honorarium, expenses, hospitality). In 2017, G. Davies received travel and accommodation 
expenses from Medecins Sans Frontieres to attend and speak at the 6th Regional TB Symposium 
(Eastern Europe and Central Asia) in Minsk, Belarus. Academic co-supervisor of PhD candidate who 
is currently involved in the TB-PRACTECAL trial (chief investigator) at the London School of Hygiene 
and Tropical Medicine. Funding support will be provided through research institution [University of 
Liverpool] from Médecins Sans Frontières to support analysis of pharmacokinetic samples in early 
2020. This work involves the BPaLM regimen comprising of bedaquiline, pretomanid, clofazimine, 
linezolid and moxifloxacin. University of Liverpool received a service contract for bioanalytical work 
related to a pharmacokinetic sub-study of the PRACTECAL trial (£98 741) but G. Davies personally 
received no direct financial/salary benefit for this work.

• Daniela Cirillo: Research grant of €440 000 via Universita Vita Saluute, which is partner in the 
IMI UNITE4TB consortium (EU funded). This partnership is ongoing. Research grant through the 
Ospedale San Raffaele by the TB Alliance of US$ 38 000 in 2020 to study MIC distributions for new 
TB medicine (pretomanid). The microbiological laboratory of Ospedale San Raffaele participates in 
the EUCAST (European Committee on Antimicrobial Susceptibility Testing). EUCAST coordinated 
work on standard protocol for different TB medicines involving reference labs.

• Holger SCHÜNEMANN: Research on disseminating and presenting WHO tuberculosis 
recommendations, via employer, McMaster University. $700 000 grant from WHO, ended in 
11/2021. The work commissioned by WHO GTB to the McMaster University was to develop better 
formats for presentation of WHO current policy recommendations in TB, not influencing content 
or direction of any recommendations. 

• Amita GUPTA: A significant number of research projects led by the John Hopkins University (JHU) 
or Amita Gupta as collaborator, principal investigator or protocol chair or co-chair with substantial 
amounts of funding from multiple institutional donors. However, the focus of the listed research 
activities does not directly overlap with the scope of the GDG meeting.

• Anneke HESSELING: Stellenbosch University, where A. Hesseling is an academician, receives $2 
million per annum for several investigator-initiated research studies including with the NIH IMPAACT 
network, TBTC UNITAID, BMRC/Wellcome Trust and South African MRC, for therapeutic trials and 
diagnostics in childhood TB. The largest single support is from UNITAID for BENEFIT-KIDS project 
(led by Stellenbosch University), which includes evidence synthesis, formulation development and 
also investigator-related clinical trials. This grant and other grants are to the institution, Stellenbosch 
University. Support to activities directly led by A. Hesseling is an estimated US$ 600 000 per annum at 
present, including for the TB-CHAMP trial, where A. Hesseling serves as Principal Investigator. Other 
support to activities directly led by A. Hesseling are: approximately $250 000 per annum, provided 
by the US CDC, through the TBTC network, for TBTC Study 35 and approximately $150 000 per 
annum for IMPAACT P1108 from the NIH. The research looks at therapeutic trials and diagnostics 
in childhood TB. These matters are not the subject of the GDG.

• Ingrid SHOEMAN: The employer, TB Proof – a TB advocacy organization based in South Africa, is 
funded by Bill and Melinda Gates Foundation 2021- 2024, and Stop TB Partnership 2020–2022, 
Global Fund 2021–2024, Treatment Action Group 2021–2022. As a current board member of The 



Web Annex 2. Declarations of interest 13

International Union Against Tuberculosis and Lung Disease (The Union) Ingrid Shoeman have 
received allowances for travel, per diem and accommodation to attend board meetings and 
conferences. Grant for short-term contract work to TB Proof received from Capital for Good USA 
in the amount of $217 198 in July 2016 to December 2017. Multiple conflicts indicated by Ingrid 
Shoeman were considered not representing a conflict interest as her work and work of the current 
employer (TB Proof ) are matching a role of the patient advocate.

• Andrew VERNON: Andrew Vernon works in the Division of TB Elimination at US CDC, where he directs 
a branch that conducts clinical trials in tuberculosis treatment and prevention. This group has worked 
with various commercial collaborators for over 2 decades. Most recently, group has collaborated 
with NIH and Sanofi on the conduct of a multinational phase 3 trial of TB treatment using daily 
rifapentine. Sanofi provided medications for the trial and has supported costs of pharmacokinetic 
testing. The group has conducted trials in treatment of latent TB infection and is beginning a new 
LTBI trial in summer 2022. Sanofi is providing medication for this trial but is not involved in the design 
or conduct of the trial. Total contribution to CDC Foundation over 10 years was ~$3 million. Sanofi 
provides drug for a current prevention trial also. US CDC is a National Health Institution involved 
in multiple kinds of research and development of national level recommendations by its purpose. 

• Christoph LANGE: Christoph Lange received in the past an honorarium from Janssen pharmaceuticals 
for a lecture in the amount of $1000.

The below mentioned members of the Guideline Development Group declared interests which were 
judged to be significant, and which required further assessment to outline a management plan:

• Guy MARKS: Guy Marks received public research grants through National Health and Medical Research 
Council of Australia (NHMRC Australia) for research on TB control and he is currently President of the 
International Union Against Tuberculosis and Lung Disease. International Union Against Tuberculosis 
and Lung Disease (The Union) is a membership-based technical and scientific organization established 
in 1920. The Union members are organizations and individuals from all parts of the world. Although 
the Union has been supporting clinical trials on treatment of DR-TB (STREAM phase 1 and phase 2) 
results of these trials are not in the scope of this GDG meeting. The STREAM Stage 2 trial is on-going 
and the regimen evaluated in the stage 2 trial is almost identical to the regimens that will be discussed 
in comparisons under several PICOs looking at RR/MDR-TB and FQ-sensitive patient groups (PICO 1, 
2, 5, 8, 10). The results of the completed STREAM stage 1 trial have been published and the regimen 
evaluated is not anymore recommended by WHO. The STREAM Stage 2 trial is ongoing and is 
expected to complete in 2022. Guy Marks is not directly involved in the STREAM trial management, 
however his leadership role at the Union and the fact that the regimen evaluated in the stage 2 trial 
is almost identical to the regimens that will be discussed in comparisons under several PICOs looking 
at RR/MDR-TB and FQ-sensitive patient groups (PICO 1, 2, 5, 8, 10) led to a conclusion that to avoid 
any potential intellectual conflicts of interest. Guy Marks was asked to refrain from contributing to the 
decision-making process under these PICO questions. No significant competing interests identified 
for the discussion and decision-making under PICO questions 3, 4, 6, 7 and 9 in this GDG as the 
disclosure is not in conflict with the scope of these questions.

• Andrew NUNN: The STREAM trial on which Andrew Nunn is co-chief investigator is partly funded by 
Janssen Pharmaceuticals and part by USAID and covers part of his salary. STREAM Stage 1 compared 
a 9–11-month injectable-containing MDR-TB regimen (with fluoroquinolone and injectables and no 
bedaquiline) and contributed important evidence to support the introduction of shorter MDR-TB 
regimens. STREAM Stage 2 is evaluating the efficacy, safety, and cost of an all oral, bedaquiline-
containing regimen that is potentially as effective as, and more tolerable than, injectable-containing 
regimens like the 9–11-month regimen evaluated in STREAM Stage 1. The results of the completed 
STREAM stage 1 trial have been published and the regimen evaluated is not anymore recommended 
by WHO. The STREAM Stage 2 trial is ongoing and is expected to complete in 2022. The regimen 
evaluated in the stage 2 trial is almost identical to the regimens that will be discussed in comparisons 
under several PICOs looking at RR/MDR-TB and FQ-sensitive patient groups (PICO 1, 2, 5, 8, 
10) therefore, to avoid any potential conflict of interest, Andrew Nunn was asked to refrain from 
contributing to the decision-making process under these PICO questions. No significant competing 
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interests identified for the discussion and decision-making under PICO questions 3, 4, 6, 7 and 9 in 
this GDG meeting as the disclosure is not in conflict with the scope of these questions.

• Padma CHANDRASEKARAN: Padma Chandrasekaran is a Director of the ICMR -National Institute 
for Research in Tuberculosis that conducts multiple clinical studies for new drugs in MDR-TB, Pre-
XDR and XDR-TB patients. The disclosed conflict is broadly related to all research work on treatment 
of TB and DR-TB and is not specific to the specific questions posed to the panel during this GDG. 
The following studies coordinated by the ICMR are in the scope of the review: 1) BEAT TB Study: 
an all-oral, short course regimen with bedaquiline, delamanid, linezolid and clofazimine for Pre-
XDR & XDR-TB. Funded by USAID for 3 years (2018–2021), grant Amount: $1 122 921; 2) mBPaL 
study: regimen with bedaquiline, pretomanid with different doses of Linezolid for Pulmonary MDR 
with FQ-resistant patients. Funded by The UNION (2021-), grant Amount: $1 019 372. Involvement 
in the mBPaL study may lead to a potential intellectual conflict of interest during review of PICO 
questions on BPaL regimens. Potential intellectual conflict of interest is considered in relation to 
the scope of the PICO questions on BPaL or BPaL-like regimens. Padma Chandrasekaran was 
asked to refrain from contributing to the decision-making process under PICO questions 3–10. No 
competing interests identified with PICOs 1–2 as the disclosure is not considered to be in conflict 
with the scope of these questions.

Evidence reviewers:
The following experts who conducted the evidence analysis to inform the revision of the 
recommendations declared non-monetary support for the research or previous employment, which 
required no action beyond reporting for transparency purposes: Greg Fox, Tasnim Hasan.

A2.2 WHO treatment guidelines for multidrug- and 
rifampicin-resistant tuberculosis, 2020
Refer to Annex 2: Declarations of interest in the WHO consolidated guidelines on tuberculosis. 
Module 4: treatment – drug-resistant tuberculosis treatment. Online annexes. (9789240007062-eng.
pdf (who.int), accessed 10 October 2022).

A2.3 WHO treatment guidelines for isoniazid-
resistant tuberculosis, 2018 
Refer to WHO treatment guidelines for isoniazid-resistant tuberculosis. Supplement to the WHO 
treatment guidelines for drug-resistant tuberculosis, Declarations of interest (http://apps.who.int/iris/
bitstream/handle/10665/260494/9789241550079-eng.pdf , accessed 10 October 2022).

A2.4 WHO treatment guidelines for multidrug- and 
rifampicin-resistant tuberculosis, 2018
Refer to Annex 2: Declarations of interest in the WHO consolidated guidelines on tuberculosis. 
Module 4: treatment – drug-resistant tuberculosis treatment. Online annexes. (9789240007062-eng.
pdf (who.int), accessed 10 October 2022).

https://apps.who.int/iris/bitstream/handle/10665/332678/9789240007062-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/332678/9789240007062-eng.pdf
http://apps.who.int/iris/bitstream/handle/10665/260494/9789241550079-eng.pdf
http://apps.who.int/iris/bitstream/handle/10665/260494/9789241550079-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/332678/9789240007062-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/332678/9789240007062-eng.pdf
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A2.5 WHO treatment guidelines for drug-resistant 
tuberculosis, 2016 update
Refer to Annex 2: Declarations of interest in the WHO consolidated guidelines on tuberculosis. 
Module 4: treatment – drug-resistant tuberculosis treatment. Online annexes. (9789240007062-eng.
pdf (who.int), accessed 10 October 2022).

A2.6 WHO guidelines for the programmatic 
management of drug-resistant tuberculosis, 2011 
update
Refer to Annex 2: Declarations of interest in the WHO consolidated guidelines on tuberculosis. 
Module 4: treatment – drug-resistant tuberculosis treatment. Online annexes. (9789240007062-eng.
pdf (who.int), accessed 10 October 2022).

https://apps.who.int/iris/bitstream/handle/10665/332678/9789240007062-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/332678/9789240007062-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/332678/9789240007062-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/332678/9789240007062-eng.pdf
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Web Annex 3. GRADE evidence summary tables

A3.1 WHO treatment guidelines for drug-resistant TB treatment, 2022 update
Sub-PICO 1.1

Author(s): World Health Organization
Question: A shorter all-oral regimen (<12 months) containing at least three Group A medicines (SA_new) compared to WHO_short in in patients with 

MDR/RR/FQS-TB
Setting: Global inpatient and outpatient treatment settings
Bibliography: 

Certainty assessment № of patients Effect

Certainty Importance№ of 
studies

Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations

a shorter all-
oral regimen 
(<12 months) 
containing at 

least three Group 
A medicines 

(SA_new)

WHO_short Relative 
(95% CI)

Absolute 
(95% CI)

Treatment success without recurrence
2 observational 

studies
seriousa,b not serious seriousc not serious none 2 705/4 244 

(63.7%) 
581/880 (66.0%) RR 0.96 

(0.91 to 
1.01)

26 fewer 
per 1 000 
(from 59 

fewer to 7 
more)

VERY LOW
CRITICAL

Failure and recurrence
2 observational 

studies
seriousa,b not serious seriousc not serious none 47/4 244 (1.1%) 12/880 (1.4%) RR 0.80 

(0.42 to 
1.53)

3 fewer 
per 1 000 

(from 8 
fewer to 7 

more)

VERY LOW
CRITICAL
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Certainty assessment № of patients Effect

Certainty Importance№ of 
studies

Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations

a shorter all-
oral regimen 
(<12 months) 
containing at 

least three Group 
A medicines 

(SA_new)

WHO_short Relative 
(95% CI)

Absolute 
(95% CI)

Death
2 observational 

studies
seriousa,b,d not serious seriousc not serious none 853/4 244 (20.1%) 185/880 (21.0%) RR 1.03 

(0.89 to 
1.20)

6 more 
per 1 000 
(from 23 
fewer to 
42 more)

VERY LOW
CRITICAL

Lost to follow up
2 observational 

studies
seriousa,b not serious seriousc not serious none 639/4 244 (15.1%) 102/880 (11.6%) RR 1.19 

(0.98 to 
1.45)

22 more 
per 1 000 

(from 2 
fewer to 
52 more)

VERY LOW
CRITICAL

Adverse events (Grades 3–5)
2 observational 

studies
seriouse not serious seriousc not serious none 213/4 244 (5.0%) 0/0 not 

estimable VERY LOW
CRITICAL

Amplification of drug-resistance
2 observational 

studies
seriousa,b,f not serious seriousc not serious none 26/4 244 (0.6%) 0/880 (0.0%) RD 0.01 

(0.00 to 
0.01)

10 more 
per 1 000 

(from 0 
fewer to 

10 more)g

VERY LOW
CRITICAL

CI: confidence interval; RR: risk ratio

Explanations

a. Potential misclassification bias: As these data were collected under programmatic conditions, there is considerable potential to underestimate relapse, as individuals are not followed up after treatment. Relapse 
was defined as an individual having a second episode, based upon the use of a universal identifier. Misclassification of death during the follow-up period is also possible, however some cases of death post treatment 
were captuerd by the national death registry that was linked to the cohort data. The misclassification is non-differential between arms (both South African programmatic data).

b. Failure to adequately control confounding: Limited information about baseline disease severity was available in both intervention and comparator groups.

c. Intervention and comparator undertaken in one country, South Africa, which has a high HIV prevalence. The findings may not be generalisable to other populations.

d. Deaths post treatment were reported through a national death registry, rather than individual participants being followed up. The accuracy of the death registry is uncertain, hence misclassification is possible.

e. Flawed measurement of outcome: Adverse events were not routinely reported in either the intervention or the comparator groups. Therefore, estimates cannot be provided.

f. Flawed measurement of outcomes: drug susceptibility tests were not routinely performed during treatment for second-line drugs unless patients were failing therapy. Therefore, estimates of amplified drug 
resistance are likely inaccurate in both intervention and comparator groups.

g. Risk difference calculated since zero denominator precluded calculation of adjusted relative risk.
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Sub-PICO 1.2

Author(s): World Health Organization
Question: A shorter all-oral regimen (<12 months) containing at least three Group A medicines (SA_new) compared to WHO_long in in patients with 

MDR/RR/FQS-TB
Setting: Global inpatient and outpatient treatment settings
Bibliography: 

Certainty assessment № of patients Effect

Certainty Importance№ of 
studies

Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations

a shorter all-
oral regimen 
(<12 months) 
containing at 

least three Group 
A medicines 

(SA_new)

WHO_long Relative 
(95% CI)

Absolute 
(95% CI)

Treatment success without recurrence
15 observational 

studies
very 

seriousa,b
seriousc seriousd not serious none 2 705/4 244 

(63.7%) 
626/850 (73.6%) RR 0.90 

(0.83 to 
0.98)

74 fewer 
per 1 000 
(from 125 
fewer to 
15 fewer)

VERY LOW
CRITICAL

Failure and recurrence
15 observational 

studies
very 

seriousa,b
seriousc seriousd not serious none 47/4 244 (1.1%) 29/850 (3.4%) RR 0.29 

(0.14 to 
0.58)

24 fewer 
per 1 000 
(from 29 
fewer to 
14 fewer)

VERY LOW
CRITICAL

Death
15 observational 

studies
very 

seriousa,b,e
seriousc seriousd not serious none 853/4 244 (20.1%) 95/850 (11.2%) RR 1.38 

(1.00 to 
1.91)

42 more 
per 1 000 

(from 0 
fewer 
to 102 
more)

VERY LOW
CRITICAL

Lost to follow up
15 observational 

studies
very 

seriousa,b
seriousc seriousd not serious none 639/4 244 (15.1%) 100/850 (11.8%) RR 1.33 

(0.97 to 
1.81)

39 more 
per 1 000 

(from 4 
fewer to 
95 more)

VERY LOW
CRITICAL
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Certainty assessment № of patients Effect

Certainty Importance№ of 
studies

Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations

a shorter all-
oral regimen 
(<12 months) 
containing at 

least three Group 
A medicines 

(SA_new)

WHO_long Relative 
(95% CI)

Absolute 
(95% CI)

Adverse events (Grades 3–5)
15 observational 

studies
very 

seriousf
seriousc seriousd not serious none 213/4 244 (5.0%) 40/850 (4.7%) RR 1.00 

(0.59 to 
1.69)

0 fewer 
per 1 000 
(from 19 
fewer to 
32 more)

VERY LOW
CRITICAL

Amplification of drug-resistance
15 observational 

studies
very 

seriousa,b,g
seriousc seriousd not serious none 26/4 244 (0.6%) 20/850 (2.4%) RR 0.27 

(0.12 to 
0.61)

27 fewer 
per 1 000 
(from 60 
fewer to 

12 fewer)h

VERY LOW
CRITICAL

CI: confidence interval; RR: risk ratio

Explanations

a. Potential misclassification bias: As these data were collected under programmatic conditions, there is considerable potential to underestimate relapse, as individuals are not followed up after treatment. Relapse was 
defined as an individual having a second episode, based upon the use of a universal identifier. Misclassification of death during the follow-up period is also possible, however some cases of death post treatment were 
captured by the national death registry that was linked to the cohort data. For the WHO cohort, details pertaining to the follow-up period is often missing and there is no death registry to link to the cohort data.

b. Failure to adequately control confounding: Limited information about baseline disease severity was available in both intervention and comparator groups.

c. Considerable variability was observed in the effect estimates between cohorts in the comparator group. The overall effect in the comparator is strongly influenced by a small number of larger cohorts, which 
have varying effect estimates. 

d. Intervention was conducted in a single country, South Africa, with a high HIV prevalence compared with other populations. The findings may not be generalisable to other settings.

e. Deaths post treatment were reported through a national death registry, rather than individual participants being followed up. The accuracy of the death registry is uncertain, hence misclassification is possible.

f. Flawed measurement of outcome: Adverse events were likely under-reported in either the intervention or the comparator groups. Therefore, estimates cannot be provided. Adverse events reporting methods 
and collection inconsistent between the 14 WHO cohorts

g. Flawed measurement of outcomes: drug susceptibility tests were not routinely performed during treatment for second-line drugs unless patients were failing therapy. Therefore, estimates of amplified drug 
resistance are likely inaccurate in both intervention and comparator groups. DST testing – in particular for second line drugs, not available for all WHO cohorts.

h. Risk difference calculated since zero denominator precluded calculation of adjusted relative risk.
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Sub-PICO 3.2

Author(s): World Health Organization
Question: BPaL regimens with lower Linezolid exposure (Lzd 1200mg/9w) compared to original BPaL regimen (Lzd 1200mg/26w) in patients eligible 

for the BPaL regimen (MDR/RR-TB and pre-XDR-TB)
Setting: 
Bibliography: 

Certainty assessment № of patients Effect

Certainty Importance№ of 
studies

Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations

BPaL regimens 
with lower 
Linezolid 

exposure (Lzd 
1 200mg/9w)

original BPaL 
regimen (Lzd 

1 200mg/26w)

Relative 
(95% CI)

Absolute 
(95% CI)

Treatment success without recurrence (assessed with: cured and completed)
1 randomised 

trials
seriousa,b not serious not seriousc very seriousd none 40/43 (93.0%) 43/44 (97.7%) RR 0.95 

(0.87 to 
1.05)

49 fewer 
per 1 000 
(from 127 
fewer to 
49 more)

VERY LOW
CRITICAL

Failure and recurrence (assessed with: failure and recurrence)
1 randomised 

trials
seriousa,b not serious not seriousc very seriousd none 2/43 (4.7%) 1/44 (2.3%) RR 2.05 

(0.19 to 
21.75)

24 more 
per 1 000 
(from 18 

fewer 
to 472 
more)

VERY LOW
CRITICAL

Death
1 randomised 

trials
seriousa,b not serious not seriousc very seriousd none 1/43 (2.3%) 0/44 (0.0%) RD 0.02 

(-0.06 to 
0.12)

20 more 
per 1 000 
(from 60 

fewer 
to 120 
more)

VERY LOW
CRITICAL

LTFU
1 randomised 

trials
seriousa,b not serious not seriousc very seriousd none 0/43 (0.0%) 0/44 (0.0%) RD 0.000 

(-0.081 to 
0.083)

0 fewer 
per 1 000 
(from 81 
fewer to 
83 more)

VERY LOW
CRITICAL
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Certainty assessment № of patients Effect

Certainty Importance№ of 
studies

Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations

BPaL regimens 
with lower 
Linezolid 

exposure (Lzd 
1 200mg/9w)

original BPaL 
regimen (Lzd 

1 200mg/26w)

Relative 
(95% CI)

Absolute 
(95% CI)

Adverse events (Grades 3–5)
1 randomised 

trials
seriousa,b not serious not seriousc very seriousd none 7/43 (16.3%) 8/44 (18.2%) RR 0.90 

(0.36 to 
2.25)

18 fewer 
per 1 000 
(from 116 

fewer 
to 227 
more)

VERY LOW
CRITICAL

Amplification of DR
1 randomised 

trials
seriousa,b not serious not seriousc very seriousd none 0/43 (0.0%) 0/44 (0.0%) RD 0.000 

(-0.081 to 
0.083)

0 fewer 
per 1 000 
(from 81 
fewer to 
83 more)

VERY LOW
CRITICAL

CI: confidence interval; RR: risk ratio

Explanations

a. Allocation concealment. In the ZENIX study, participants, trial investigators and staff (including laboratory staff ) were blinded to the dose and scheduled duration of linezolid. Participants were unblinded to the use 
of bedaquiline and pretomanid. However, given that bedaquiline and pretomanid were used in all four arms of the study, this would not introduce bias. We have not downgraded due to the partial blinding of ZENIX.

b. The very small number of individuals included in both the intervention group (n=43) and the comparator group (n=44) for this comparison has resulted in an imbalance in the measured characteristics of study 
participants. Although participants were allocated to treatment randomly, Imbalances still were observed in the age, past TB treatment, smear status and prevalence of FQ-R (pre-XDR TB) at baseline. This imbalance 
suggests that unmeasured confounding is also likely. For this reason, we have downgraded the certainty one level due to unmeasured confounding that has arisen due to the small sample size.

c. The ZENIX study was conducted in the Russian Federation, Republic of Moldova and South Africa. These settings are not necessarily representative of other populations in which MDR-TB commonly occurs. The 
decision as to whether to downgrade for indirectness is a difficult one. Given that the study was conducted in three countries – increasing its generalisability – we have chosen not to downgrade the certainty due 
to indirectness.

d. The small number of individuals included in both the intervention group (n=43) and the comparator group (n=44) results in a very serious risk of imprecision. Therefore, the certainty has been downgraded by 
two levels.
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Sub-PICO 3.3

Author(s): World Health Organization
Question: BPaL regimens with lower Linezolid exposure (Lzd 600mg/26w) compared to original BPaL regimen (Lzd 1200mg/26w) in patients eligible 

for the BPaL regimen (MDR/RR-TB and pre-XDR-TB)
Setting: 
Bibliography: 

Certainty assessment № of patients Effect

Certainty Importance№ of 
studies

Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations

BPaL regimens 
with lower 
Linezolid 

exposure (Lzd 
600mg/26w)

original BPaL 
regimen (Lzd 

1 200mg/26w)

Relative 
(95% CI)

Absolute 
(95% CI)

Treatment success without recurrence (assessed with: cured and completed)
1 randomised 

trials
seriousa,b not serious not seriousc very seriousd none 43/43 (100.0%) 43/44 (97.7%) RR 1.02 

(0.98 to 
1.07)

20 more 
per 1 000 
(from 20 
fewer to 
68 more)

VERY LOW
CRITICAL

Failure and recurrence (assessed with: failure and recurrence)
1 randomised 

trials
seriousa,b not serious not seriousc very seriousd none 0/43 (0.0%) 1/44 (2.3%) RD -0.02 

(-0.12 to 
0.06)

20 fewer 
per 1 000 
(from 120 
fewer to 
60 more)

VERY LOW
CRITICAL

Death
1 randomised 

trials
seriousa,b not serious not seriousc very seriousd none 0/43 (0.0%) 0/44 (0.0%) RD 0.000 

(-0.081 to 
0.083)

0 fewer 
per 1 000 
(from 81 
fewer to 
83 more)

VERY LOW
CRITICAL

LTFU
1 randomised 

trials
seriousa,b not serious not seriousc very seriousd none 0/43 (0.0%) 0/44 (0.0%) RD 0.000 

(-0.081 to 
0.083)

0 fewer 
per 1 000 
(from 81 
fewer to 
83 more)

VERY LOW
CRITICAL
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Certainty assessment № of patients Effect

Certainty Importance№ of 
studies

Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations

BPaL regimens 
with lower 
Linezolid 

exposure (Lzd 
600mg/26w)

original BPaL 
regimen (Lzd 

1 200mg/26w)

Relative 
(95% CI)

Absolute 
(95% CI)

Adverse events (Grades 3–5)
1 randomised 

trials
seriousa,b not serious not seriousc very seriousd none 6/43 (14.0%) 8/43 (18.6%) RR 0.77 

(0.29 to 
2.03)

43 fewer 
per 1 000 
(from 132 

fewer 
to 192 
more)

VERY LOW
CRITICAL

Amplification of DR
1 randomised 

trials
seriousa,b not serious not seriousc very seriousd none 0/43 (0.0%) 0/44 (0.0%) RD 0.000 

(-0.081 to 
0.083)

0 fewer 
per 1 000 
(from 81 
fewer to 
83 more)

VERY LOW
CRITICAL

CI: confidence interval; RR: risk ratio

Explanations

a. Allocation concealment. In the ZENIX study, participants, trial investigators and staff (including laboratory staff ) were blinded to the dose and scheduled duration of linezolid. Participants were unblinded to the use 
of bedaquiline and pretomanid. However, given that bedaquiline and pretomanid were used in all four arms of the study, this would not introduce bias. We have not downgraded due to the partial blinding of ZENIX.

b. The very small number of individuals included in both the intervention group (n=43) and the comparator group (n=44) for this comparison has resulted in an imbalance in the measured characteristics of study 
participants. Although participants were allocated to treatment randomly, Imbalances still were observed in the smear status (79% vs 89%), culture positivity (74% vs 80%) and fluoroquinolone resistance (77% vs 
70%) at baseline. This imbalance suggests that unmeasured confounding is also likely. For this reason, we have downgraded the certainty one level due to unmeasured confounding that has arisen due to the small 
sample size.

c. The ZENIX study was conducted in the Russian Federation, Republic of Moldova and South Africa. These settings are not necessarily representative of other populations in which MDR-TB commonly occurs. The 
decision as to whether to downgrade for indirectness is a difficult one. Given that the study was conducted in three countries – increasing its generalisability – we have chosen not to downgrade the certainty due 
to indirectness.

d. The small number of individuals included in both the intervention group (n=43) and the comparator group (n=44) results in a very serious risk of imprecision. Therefore, the certainty has been downgraded by 
two levels.



W
eb Annex 3. G

RAD
E evidence sum

m
ary tables

25

Sub-PICO 3.4

Author(s): World Health Organization
Question: BPaL regimens with lower Linezolid exposure (Lzd 600mg/9w) compared to original BPaL regimen (Lzd 1200mg/26w) in patients eligible 

for the BPaL regimen (MDR/RR-TB and pre-XDR-TB)
Setting: 
Bibliography: 

Certainty assessment № of patients Effect

Certainty Importance№ of 
studies

Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations

BPaL regimens 
with lower 
Linezolid 

exposure (Lzd 
600mg/9w)

original BPaL 
regimen (Lzd 

1 200mg/26w)

Relative 
(95% CI)

Absolute 
(95% CI)

Treatment success without recurrence (assessed with: cured and completed)
1 randomised 

trials
seriousa,b not serious not seriousc very seriousd none 39/42 (92.9%) 43/44 (97.7%) RR 0.95 

(0.86 to 
1.05)

49 fewer 
per 1 000 
(from 137 
fewer to 
49 more)

VERY LOW
CRITICAL

Failure and recurrence (assessed with: failure and recurrence)
1 randomised 

trials
seriousa,b not serious not seriousc very seriousd none 2/42 (4.8%) 1/44 (2.3%) RR 2.10 

(0.20 to 
22.26)

25 more 
per 1 000 
(from 18 

fewer 
to 483 
more)

VERY LOW
CRITICAL

Death
1 randomised 

trials
seriousa,b not serious not seriousc very seriousd none 0/42 (0.0%) 0/44 (0.0%) RD 0.00 

(-0.08 to 
0.08)

0 fewer 
per 1 000 
(from 80 
fewer to 
80 more)

VERY LOW
CRITICAL

LTFU
1 randomised 

trials
seriousa,b not serious not seriousc very seriousd none 1/42 (2.4%) 0/44 (0.0%) RD 0.02 

(-0.06 to 
0.12)

20 more 
per 1 000 
(from 60 

fewer 
to 120 
more)

VERY LOW
CRITICAL
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Certainty assessment № of patients Effect

Certainty Importance№ of 
studies

Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations

BPaL regimens 
with lower 
Linezolid 

exposure (Lzd 
600mg/9w)

original BPaL 
regimen (Lzd 

1 200mg/26w)

Relative 
(95% CI)

Absolute 
(95% CI)

Adverse events (Grades 3–5)
1 randomised 

trials
seriousa,b not serious not seriousc very seriousd none 6/42 (14.3%) 8/44 (18.2%) RR 0.79 

(0.30 to 
2.07)

38 fewer 
per 1 000 
(from 127 

fewer 
to 195 
more)

VERY LOW
CRITICAL

Amplification of DR
1 randomised 

trials
seriousa,b not serious not seriousc very seriousd none 0/42 (0.0%) 0/44 (0.0%) RD 0.00 

(-0.08 to 
0.08)

0 fewer 
per 1 000 
(from 80 
fewer to 
80 more)

VERY LOW
CRITICAL

CI: confidence interval; RR: risk ratio

Explanations

a. Allocation concealment. In the ZENIX study, participants, trial investigators and staff (including laboratory staff ) were blinded to the dose and scheduled duration of linezolid. Participants were unblinded to the use 
of bedaquiline and pretomanid. However, given that bedaquiline and pretomanid were used in all four arms of the study, this would not introduce bias. We have not downgraded due to the partial blinding of ZENIX.

b. The very small number of individuals included in both the intervention group (n=43) and the comparator group (n=44) for this comparison has resulted in an imbalance in the measured characteristics of study 
participants. Although participants were allocated to treatment randomly, Imbalances still were observed in the past TB treatment, smear status and prevalence of FQ-R (pre-XDR TB) at baseline. This imbalance 
suggests that unmeasured confounding is also likely. For this reason, we have downgraded the certainty one level due to unmeasured confounding that has arisen due to the small sample size.

c. . The ZENIX study was conducted in the Russian Federation, Republic of Moldova and South Africa. These settings are not necessarily representative of other populations in which MDR-TB commonly occurs. 
The decision as to whether to downgrade for indirectness is a difficult one. Given that the study was conducted in three countries – increasing its generalisability – we have chosen not to downgrade the certainty 
due to indirectness.

d. The small number of individuals included in both the intervention group (n=43) and the comparator group (n=44) results in a very serious risk of imprecision. Therefore, the certainty has been downgraded by 
two levels.



W
eb Annex 3. G

RAD
E evidence sum

m
ary tables

27

Sub-PICO 3.5

Author(s): World Health Organization
Question: BPaL regimens with lower Linezolid exposure (Lzd 600mg/300mg) compared to original BPaL regimen (Lzd 1200mg/26w) in patients eligible 

for the BPaL regimen (MDR/RR-TB and pre-XDR-TB)
Setting: 
Bibliography: 

Certainty assessment № of patients Effect

Certainty Importance№ of 
studies

Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations

BPaL regimens 
with lower 
Linezolid 

exposure (Lzd 
600mg/300mg)

original BPaL 
regimen (Lzd 

1 200mg/26w)

Relative 
(95% CI)

Absolute 
(95% CI)

Treatment success without recurrence (assessed with: cured and completed)
2 randomised 

trials
very 

seriousa
not serious not seriousb very seriousc none 72/102 (70.6%) 43/44 (97.7%) RR 0.88 

(0.80 to 
0.97)

117 
fewer 

per 1 000 
(from 195 
fewer to 
29 fewer)

VERY LOW
CRITICAL

Failure and recurrence (assessed with: failure and recurrence)
2 randomised 

trials
very 

seriousa
not serious not seriousb very seriousc none 2/102 (2.0%) 1/44 (2.3%) RR 1.05 

(0.10 to 
11.24)

1 more 
per 1 000 
(from 20 

fewer 
to 233 
more)

VERY LOW
CRITICAL

Death
2 randomised 

trials
very 

seriousa
not serious not seriousb very seriousc none 0/102 (0.0%) 0/44 (0.0%) RD 0.00 

(-0.08 to 
0.04)

0 fewer 
per 1 000 
(from 80 
fewer to 
40 more)

VERY LOW
CRITICAL
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Certainty assessment № of patients Effect

Certainty Importance№ of 
studies

Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations

BPaL regimens 
with lower 
Linezolid 

exposure (Lzd 
600mg/300mg)

original BPaL 
regimen (Lzd 

1 200mg/26w)

Relative 
(95% CI)

Absolute 
(95% CI)

LTFU
2 randomised 

trials
very 

seriousa
not serious not seriousb very seriousc none 10/102 (9.8%) 0/44 (0.0%) RD 0.12 

(0.05 to 
0.19)

120 
more per 

1 000 
(from 

50 more 
to 190 
more)

VERY LOW
CRITICAL

Adverse events (Grades 3–5)
2 randomised 

trials
very 

seriousa
not serious not seriousb very seriousc none 20/102 (19.6%) 8/44 (18.2%) RR 1.08 

(0.51 to 
2.26)

15 more 
per 1 000 
(from 89 

fewer 
to 229 
more)

VERY LOW
CRITICAL

Amplification of DR
2 randomised 

trials
very 

seriousa
not serious not seriousb very seriousc none 3/102 (2.9%) 0/44 (0.0%) RD 0.030 

(-0.080 to 
0.083)

30 more 
per 1 000 
(from 80 
fewer to 
83 more)

VERY LOW
CRITICAL

CI: confidence interval; RR: risk ratio

Explanations

a. This comparison compares an arm of the TB PRACTECAL study (BPaL) with an arm of the ZENIX study (1 200–26). In this comparison, participants were not allocated randomly to either group. The settings and 
eligibility criteria for the studies was also different. The baseline characteristics of participants differed significantly (including gender, HIV status, past TB treatment, past DR-TB treatment, smear positivity and FQ-R 
TB). Although we are able to adjust for measured confounding, the imbalance between groups indicates important unmeasured confounding is also likely present. For this reason, the certainty is downgraded by 
two levels.

b. The ZENIX study was conducted in the Russian Federation, Republic of Moldova and South Africa. TB PRACTECAL was conducted in South Africa, Uzbekistan and Belarus. These settings are not necessarily 
representative of other populations in which MDR-TB commonly occurs. Given that these studies were conducted in five countries, increasing its generalisability – we have chosen not to downgrade the certainty 
due to indirectness.

c. The small number of individuals included in both the intervention group (n=43) and the comparator group (n=44) results in a very serious risk of imprecision. Therefore, the certainty has been downgraded by 
two levels.
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Sub-PICO 4.1

Author(s): 
Question: BPaL compared to WHO_long in pulmonary pre-XDR-TB
Setting: 
Bibliography: 

Certainty assessment № of patients Effect
Certainty Importance№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations BPaL WHO_long Relative 
(95% CI)

Absolute 
(95% CI)

Treatment success
15 observational 

studies
very 

seriousa,b,c
seriousd not seriouse very seriousf none 33/33 (100.0%) 625/839 (74.5%) RR 1.34 

(1.20 to 
1.40)

253 
more per 

1 000 
(from 

149 more 
to 298 
more)

VERY LOW
CRITICAL

Failure and recurrence
15 observational 

studies
very 

seriousa,b,c
seriousd not seriouse very seriousf none 0/33 (0.0%) 55/839 (6.6%) RD -0.07 

(-0.08 to 
-0.04)

70 fewer 
per 1 000 
(from 80 
fewer to 

40 fewer)g

VERY LOW
CRITICAL

Death
15 observational 

studies
very 

seriousa,b,c
seriousd not seriouse very seriousf none 0/98 (0.0%) 83/839 (9.9%) RD -0.10 

(-0.12 to 
-0.01)

100 
fewer 

per 1 000 
(from 120 
fewer to 

10 fewer)g

VERY LOW
CRITICAL

Lost to follow up
15 observational 

studies
very 

seriousa,b,c
seriousd not seriouse very seriousf none 0/33 (0.0%) 76/839 (9.1%) RD -0.09 

(-0.11 to 
-0.01)

90 fewer 
per 1 000 
(from 110 
fewer to 

10 fewer)h

VERY LOW
CRITICAL
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Certainty assessment № of patients Effect
Certainty Importance№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations BPaL WHO_long Relative 
(95% CI)

Absolute 
(95% CI)

Adverse events
15 observational 

studies
seriousa,c,i seriousd not seriouse very seriousf none 5/33 (15.2%) 37/839 (4.4%) RR 3.44 

(1.44 to 
8.17)

108 
more per 

1 000 
(from 

19 more 
to 316 
more)

VERY LOW
CRITICAL

Amplification of drug resistance
15 observational 

studies
very 

seriousa,b,c
seriousd not seriouse very seriousf none 0/33 (0.0%) 62/839 (7.4%) RD -0.07 

(-0.09 to 
-0.03)

70 fewer 
per 1 000 
(from 90 
fewer to 

30 fewer)h

VERY LOW
CRITICAL

CI: confidence interval; RR: risk ratio

Explanations

a. Lack of allocation concealment in the intervention arm. In the ZENIX study, participants, trial investigators and staff (including laboratory staff ) were blinded to the dose and scheduled duration of linezolid. 
Participants were unblinded to the use of bedaquiline and pretomanid. However, this comparison is between one arm of ZENIX and an individual participant data meta-analysis of 14 datasets – i.e. a non-randomised 
comparison. Therefore, we have not downgraded due to the partial blinding of ZENIX.

b. Confounding bias. Baseline imbalances were observed in the age, gender, HIV status, prior TB and prior drug-resistant TB history, smear status and culture positivity at baseline between the two groups. In most 
comparisons we were unable to adjust for measured confounding as the small number of events in the intervention group did not allow this (<5 individuals with a positive or negative outcome). Confounding bias 
is therefore likely. This imbalance in measured covariates suggests unmeasured confounding is also likely. 

c. Potential misclassification bias: As the WHO IPD data were collected under programmatic conditions, there is considerable potential to underestimate relapse, as details pertaining to the follow-up period is often 
missing. Misclassification of death during the follow-up period is also possible as there is no death registry to link to the cohort data for deaths that occurred after treatment completion.

d. Considerable variability was observed in the effect estimates between cohorts in the comparator group. The overall effect in the comparator is strongly influenced by a small number of larger cohorts, which 
have varying effect estimates.

e. The ZENIX study was a clinical trial conducted in the Russian Federation, Republic of Moldova and South Africa. The procedures within the trial in these settings are not necessarily comparable with those used in 
other programmatic settings in which MDR-TB commonly occurs (e.g. countries in Southeast Asia). The decision as to whether to downgrade for indirectness is a difficult one. Given that the study was conducted 
in three countries, the intervention and outcomes are more likely to reflect practice in a range of other settings. Hence, we have chosen not to downgrade the certainty due to indirectness.

f. The small number of individuals included in both the intervention group (n=43) results in a very serious risk of imprecision. Therefore, the certainty has been downgraded by two levels.

g. Unable to calculate relative risk with zero denominator.

h. Unable to calculate relative risk with <5 individuals.

i. Confounding bias. Baseline imbalances were observed in the age, gender, HIV status, prior TB and prior drug-resistant TB history, smear status and culture positivity at baseline between the two groups. While 
we were able to adjust for these baseline covariates for the outcome of adverse events, this imbalance in measured covariates suggests unmeasured confounding is also likely. 
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Sub-PICO 5.1

Author(s): 
Question: BPaL compared to WHO_short in pulmonary MDR/RR-TB
Setting: 
Bibliography: 

Certainty assessment № of patients Effect
Certainty Importance№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations BPaL WHO_short Relative 
(95% CI)

Absolute 
(95% CI)

Treatment success
2 observational 

studies
very 

seriousa,b,c
not serious seriousd very seriouse none 43/43 (100.0%) 540/785 (68.8%) RR 1.45 

(1.38 to 
1.52)

310 
more per 

1 000 
(from 

261 more 
to 358 
more)

VERY LOW
CRITICAL

Failure and recurrence
2 observational 

studies
very 

seriousa,b,c
not serious seriousd very seriouse none 0/43 (0.0%) 10/785 (1.3%) RD -0.01 

(-0.02 to 
0.07)

10 fewer 
per 1 000 
(from 20 
fewer to 
70 more)f

VERY LOW
CRITICAL

Death
2 observational 

studies
very 

seriousa,b,c
not serious seriousd very seriouse none 0/43 (0.0%) 147/785 (18.7%) RD -0.19 

(-0.22 to 
-0.10)

190 
fewer 

per 1 000 
(from 220 

fewer 
to 100 
fewer)f

VERY LOW
CRITICAL

Lost to follow up
2 observational 

studies
very 

seriousa,b,c
not serious seriousd very seriouse none 0/43 (0.0%) 88/785 (11.2%) RD -0.11 

(-0.14 to 
-0.03)

110 
fewer 

per 1 000 
(from 130 
fewer to 

30 fewer)f

VERY LOW
CRITICAL
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Certainty assessment № of patients Effect
Certainty Importance№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations BPaL WHO_short Relative 
(95% CI)

Absolute 
(95% CI)

Adverse events
2 observational 

studies
not 

seriousg
not serious seriousd very seriouse none 6/43 (14.0%) 0/0 not 

estimable
-- per 
1 000 

(from – to 
--)g

VERY LOW
CRITICAL

Amplification of drug resistance
2 observational 

studies
very 

seriousa,b,c
not serious seriousd very seriouse none 0/43 (0.0%) 0/785 (0.0%) RD 0.00 

(-0.01 to 
0.08)

0 fewer 
per 1 000 
(from 10 
fewer to 
80 more)f

VERY LOW
CRITICAL

CI: confidence interval; RR: risk ratio

Explanations

a. Lack of allocation concealment in the intervention arm. In the ZENIX study, participants, trial investigators and staff (including laboratory staff ) were blinded to the dose and scheduled duration of linezolid. 
Participants were unblinded to the use of bedaquiline and pretomanid. However, this comparison is between one arm of ZENIX and the WHO short (SA 2 017) cohort – a non-randomised comparison. Therefore, 
we have not downgraded due to the partial blinding of ZENIX.

b. Confounding bias. Baseline imbalances were observed in the gender, HIV status, prior TB history, smear status, culture status and fluoroquinolone-resistance status between the two groups. In all comparisons 
we were unable to adjust for measured confounding as the small number of events in the intervention group did not allow this (<5 individuals with a positive or negative outcome). Confounding bias is due to 
measured confounding therefore serious. The substantial imbalance in measured covariates suggests unmeasured confounding is also likely.

c. Potential misclassification bias: As the SA 2 017 cohort data were collected under programmatic conditions, there is considerable potential to underestimate relapse, as details pertaining to the follow-up period 
is often missing. Misclassification of death during the follow-up period is also possible, although deaths reported in the South African death registry were linked to the participant follow-up data (using a national 
identification number).

d. The ZENIX study (intervention arm) was a clinical trial conducted in the Russian Federation, Republic of Moldova and South Africa. The procedures within the trial in these settings are not necessarily comparable 
with those used in other programmatic settings in which MDR-TB commonly occurs. The decision as to whether to downgrade for indirectness is a difficult one. Given that the study was conducted in three countries, 
the intervention and outcomes are more likely to reflect practice in a range of other settings. Given the imporant difference between a trial and programmatic setting, we have downgraded for indirectness.

e. The small number of individuals included in both the intervention group (n=43) results in a very serious risk of imprecision. Therefore, the certainty has been downgraded by two levels.

f. Unable to calculate a risk difference with a zero denominator.

g. Adverse events not available in the SA2 017 cohort.
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Sub-PICO 5.2

Author(s): 
Question: BPaL compared to WHO_long in pulmonary MDR/RR-TB
Setting: 
Bibliography: 

Certainty assessment № of patients Effect
Certainty Importance№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations BPaL WHO_long Relative 
(95% CI)

Absolute 
(95% CI)

Treatment success
15 observational 

studies
very 

seriousa,b,c
seriousd seriouse very seriousf none 42/43 (97.7%) 628/850 (73.9%) RR 1.32 

(1.19 to 
1.39)

236 
more per 

1 000 
(from 

140 more 
to 288 
more)

VERY LOW
CRITICAL

Failure and recurrence
15 observational 

studies
very 

seriousa,b,c
seriousd seriouse very seriousf none 1/43 (2.3%) 28/850 (3.3%) RR 0.71 

(0.12 to 
3.80)

10 fewer 
per 1 000 
(from 29 
fewer to 

92 more)g

VERY LOW
CRITICAL

Death
15 observational 

studies
very 

seriousa,b,c
seriousd seriouse very seriousf none 0/43 (0.0%) 94/850 (11.1%) RD -0.11 

(-0.13 to 
-0.03)

110 
fewer 

per 1 000 
(from 130 
fewer to 

30 fewer)h

VERY LOW
CRITICAL

Lost to follow up
15 observational 

studies
very 

seriousa,b,c
seriousd seriouse very seriousf none 0/43 (0.0%) 100/850 (11.8%) RD -0.12 

(-0.14 to 
-0.04)

120 
fewer 

per 1 000 
(from 140 
fewer to 

40 fewer)h

VERY LOW
CRITICAL
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Certainty assessment № of patients Effect
Certainty Importance№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations BPaL WHO_long Relative 
(95% CI)

Absolute 
(95% CI)

Adverse events
15 observational 

studies
very 

seriousa,b,c
seriousd seriouse very seriousf none 6/43 (14.0%) 40/850 (4.7%) RR 3.99 

(1.67 to 
9.57)

141 
more per 

1 000 
(from 

32 more 
to 403 
more)

VERY LOW
CRITICAL

Amplification of drug resistance
15 observational 

studies
very 

seriousa,b,c
seriousd seriouse very seriousf none 0/43 (0.0%) 20/850 (2.4%) RD -0.02 

(-0.04 to 
-0.06)

20 fewer 
per 1 000 
(from 60 
fewer to 

40 fewer)h

VERY LOW
CRITICAL

CI: confidence interval; RR: risk ratio

Explanations

a. Lack of allocation concealment in the intervention arm. In the ZENIX study, participants, trial investigators and staff (including laboratory staff ) were blinded to the dose and scheduled duration of linezolid. 
Participants were unblinded to the use of bedaquiline and pretomanid. However, this comparison is between one arm of ZENIX and the WHO long (WHO IPD 2 021) cohort – a non-randomised comparison. 
Therefore, we have not downgraded due to the partial blinding of ZENIX.

b. Confounding bias. Baseline imbalances were observed in the gender, HIV status, prior TB history, past DR-TB treatment status, smear status, culture status and fluoroquinolone-resistance status between the two 
groups (although by including FQ-R TB it is likely to result in worse outcomes for the intervention group due to unmeasured confounding factors linked to FQ-R). We were able to adjust for the aforementioned 
measured confounders for the outcomes of success, failure/recurrence, loss to follow-up and grade 3 and above adverse events. However, the small number of events precluded adjustment for these factors for 
death or amplified resistance. The substantial imbalance in measured covariates suggests unmeasured confounding is also likely.

c. Potential misclassification bias: As the WHO IPD 2 021 (WHO long) cohort data were collected under programmatic conditions, there is considerable potential to underestimate recurrence, as details pertaining 
to the follow-up period were often missing. Misclassification of death during the follow-up period was also possible, with no linked death registry data available in the comparator cohort.

d. Considerable variability was observed in the effect estimates between cohorts in the comparator group. The overall effect in the comparator is strongly influenced by a small number of larger cohorts, which 
have varying effect estimates.

e. The ZENIX study was a clinical trial conducted in the Russian Federation, Republic of Moldova and South Africa. The procedures within the trial in these settings are not necessarily comparable with those used in 
other programmatic settings in which MDR-TB commonly occurs (e.g. countries in Southeast Asia). The decision as to whether to downgrade for indirectness is a difficult one. Given that the study was conducted 
in three countries, the intervention and outcomes are more likely to reflect practice in a range of other settings. There was serious indirectness because the intervention was in a clinical trial, while the comparator 
was a programmatic dataset. Therefore, we have downgraded for indirectness.

f. The small number of individuals included in both the intervention group (n=43) results in a very serious risk of imprecision. Therefore, the certainty has been downgraded by two levels.

g. Unable to calculate a risk difference where denominator <5.

h. Unable to calculate a risk difference where denominator zero.



W
eb Annex 3. G

RAD
E evidence sum

m
ary tables

35

Sub-PICO 5.3

Author(s): 
Question: BPaL compared to SA_new in pulmonary MDR/RR-TB
Setting: 
Bibliography: 

Certainty assessment № of patients Effect
Certainty Importance№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations BPaL SA_new Relative 
(95% CI)

Absolute 
(95% CI)

Treatment success
2 observational 

studies
very 

seriousa,b,c
not serious seriousd very seriouse none 43/43 (100.0%) 2 779/4 216 

(65.9%) 
RR 1.52 
(1.38 to 

1.55)

343 
more per 

1 000 
(from 

250 more 
to 363 
more)

VERY LOW
CRITICAL

Failure and recurrence
2 observational 

studies
very 

seriousa,b,c
not serious seriousd very seriouse none 0/43 (0.0%) 49/4 216 (1.2%) RD -0.01 

(-0.02 to 
0.07)

10 fewer 
per 1 000 
(from 20 
fewer to 
70 more)f

VERY LOW
CRITICAL

Death
2 observational 

studies
very 

seriousa,b,c
not serious seriousd very seriouse none 0/43 (0.0%) 759/4 216 

(18.0%) 
RD -0.18 
(-0.19 to 

-0.10)

180 
fewer 

per 1 000 
(from 190 

fewer 
to 100 
fewer)f

VERY LOW
CRITICAL

Lost to follow up
2 observational 

studies
very 

seriousa,b,c
not serious seriousd very seriouse none 0/43 (0.0%) 629/4 216 

(14.9%) 
RD -0.15 
(-0.16 to 

-0.07)

150 
fewer 

per 1 000 
(from 160 
fewer to 

70 fewer)f

VERY LOW
CRITICAL
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Certainty assessment № of patients Effect
Certainty Importance№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations BPaL SA_new Relative 
(95% CI)

Absolute 
(95% CI)

Adverse events
2 observational 

studies
very 

seriousa,b,c
not serious seriousd very seriouse none 6/43 (14.0%) 208/4 216 (4.9%) RR 2.92 

(1.38 to 
6.18)

95 more 
per 1 000 

(from 
19 more 
to 256 
more)

VERY LOW
CRITICAL

Amplification of drug resistance
2 observational 

studies
very 

seriousa,b,c
not serious seriousd very seriouse none 0/43 (0.0%) 27/4 216 (0.6%) RD -0.01 

(-0.01 to 
0.08)

10 fewer 
per 1 000 
(from 10 
fewer to 
80 more)f

VERY LOW
CRITICAL

CI: confidence interval; RR: risk ratio

Explanations

a. Confounding bias. Baseline imbalances were observed in the gender, HIV status, prior TB treatment, smear status, culture positivity and fluoroquinolone resistance status between the two groups. In all comparisons 
we were unable to adjust for measured confounding as the small number of events in the intervention group did not allow this (<5 individuals with a positive or negative outcome). Confounding bias is due to 
measured confounding therefore serious. The substantial imbalance in measured covariates suggests unmeasured confounding is also likely.

b. Lack of allocation concealment in the intervention arm. In the ZENIX study, participants, trial investigators and staff (including laboratory staff ) were blinded to the dose and scheduled duration of linezolid. 
Participants were unblinded to the use of bedaquiline and pretomanid. However, this comparison is between one arm of ZENIX and the WHO short (SA 2 017) cohort – a non-randomised comparison. Therefore, 
we have not downgraded due to the partial blinding of ZENIX.

c. Potential misclassification bias: As the SA 2 019 cohort data were collected under programmatic conditions, there is considerable potential to underestimate relapse, as details pertaining to the follow-up period 
is often missing. Misclassification of death during the follow-up period is also possible, although deaths reported in the South African death registry were linked to the participant follow-up data (using a national 
identification number).

d. The ZENIX study (intervention arm) was a clinical trial conducted in the Russian Federation, Republic of Moldova and South Africa. The procedures within the trial in these settings are not necessarily comparable 
with those used in other programmatic settings in which MDR-TB commonly occurs. The decision as to whether to downgrade for indirectness is a difficult one. Given that the study was conducted in three countries, 
the intervention and outcomes are more likely to reflect practice in a range of other settings. Given the imporant difference between a trial and programmatic setting, we have downgraded for indirectness.

e. The small number of individuals included in both the intervention group (n=43) results in a very serious risk of imprecision. Therefore, the certainty has been downgraded by two levels.

f. Unable to calculate risk difference with denominator zero.
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Sub-PICO 6.1

Author(s): World Health Organization
Question: BPaLM compared to TB-PRACTECAL comparator in pulmonary MDR/RR-TB and pre-XDR-TB
Setting: 
Bibliography: 

Certainty assessment № of patients Effect
Certainty Importance№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations BPaLM TB-PRACTECAL 
comparator

Relative 
(95% CI)

Absolute 
(95% CI)

Treatment success
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf seriousg none 55/62 (88.7%) 34/66 (51.5%) RR 1.73 

(1.31 to 
2.27)

376 
more per 

1 000 
(from 

160 more 
to 654 
more)

VERY LOW
CRITICAL

Failure and recurrence
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf very seriousg none 5/62 (8.1%) 17/66 (25.8%) RR 0.26 

(0.10 to 
0.71)

191 
fewer 

per 1 000 
(from 232 
fewer to 
75 fewer)

VERY LOW
CRITICAL

Death
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf very seriousg none 0/62 (0.0%) 2/66 (3.0%) RD -0.03 

(-0.10 to 
0.03)

30 fewer 
per 1 000 
(from 100 
fewer to 

30 more)h

VERY LOW
CRITICAL

Lost to follow up
1 randomised 

trials
very 

seriousa,b,c,d
not seriouse seriousf seriousg none 2/62 (3.2%) 13/66 (19.7%) RR 0.16 

(0.04 to 
0.61)

165 
fewer 

per 1 000 
(from 189 
fewer to 
77 fewer)

VERY LOW
CRITICAL
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Certainty assessment № of patients Effect
Certainty Importance№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations BPaLM TB-PRACTECAL 
comparator

Relative 
(95% CI)

Absolute 
(95% CI)

Adverse events
1 randomised 

trials
very 

seriousa,b,c,d
not seriouse seriousf seriousg none 22/105 (21.0%) 55/108 (50.9%) RR 0.41 

(0.26 to 
0.63)

300 
fewer 

per 1 000 
(from 377 

fewer 
to 188 
fewer)

VERY LOW
CRITICAL

Amplification of drug resistance
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf very seriousg none 0/105 (0.0%) 2/108 (1.9%) RD -0.02 

(-0.07 to 
0.02)

20 fewer 
per 1 000 
(from 70 
fewer to 

20 more)h

VERY LOW
CRITICAL

CI: confidence interval; RR: risk ratio

Explanations

a. An imbalance in measured covariates (gender, prior DR-TB, smear status) likely arises from the small number of participants in each group. While the adjusted analyses will account for measured confounding, 
unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons.

c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias in the conduct of the trial. Higher loss to follow-up was noted in the comparator group, which is an outcome that 
may be influenced by patient or clinician knowledge of the regimen. 

d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal stopping rules do not reduce bias (GRADE Handbook, 2 013).

e. Multiple comparator regimens were used, varying across site. This may explain some of the substantial inconsistency in the point estimates for treatment outcomes seen between countries (Belarus, South Africa 
and Uzbekistan). The decision whether to downgrade is difficult. We did not downgrade for inconsistency as the issue of comparators was addressed under indirectness.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and population to which guidelines will apply. (ii) Comparator: Some comparator regimens are sub-optimal, not according with 
the WHO standard of care (at the time or presently), and vary by country. Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=60 and n=66). Very few events in the outcomes of interest, causing very serious imprecision. We downgraded two levels 
for imprecision for some outcomes, and one level for others.

h. Unable to calculate a risk difference with denominator 0.
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Sub-PICO 6.2

Author(s): World Health Organization
Question: BPaLM compared to BPaL (Lzd 600mg/300mg) in pulmonary MDR/RR-TB and pre-XDR-TB
Setting: 
Bibliography: 

Certainty assessment № of patients Effect
Certainty Importance№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations BPaLM BPaL (Lzd 
600mg/300mg)

Relative 
(95% CI)

Absolute 
(95% CI)

Treatment success
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf seriousg none 55/62 (88.7%) 46/60 (76.7%) RR 1.15 

(0.95 to 
1.38)

115 
more per 

1 000 
(from 38 

fewer 
to 291 
more)

VERY LOW
CRITICAL

Failure and recurrence
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf seriousg none 5/62 (8.1%) 8/60 (13.3%) RR 0.53 

(0.17 to 
1.63)

63 fewer 
per 1 000 
(from 111 
fewer to 
84 more)

VERY LOW
CRITICAL

Death
1 randomised 

trials
seriousa,b,c,d not seriouse seriouse very seriousg none 0/62 (0.0%) 0/60 (0.0%) RD 0.00 

(-0.06 to 
0.06)

0 fewer 
per 1 000 
(from 60 
fewer to 

60 more)h

VERY LOW
CRITICAL

Lost to follow up
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf seriousg none 2/62 (3.2%) 6/60 (10.0%) RR 0.32 

(0.08 to 
1.34)

68 fewer 
per 1 000 
(from 92 
fewer to 
34 more)

VERY LOW
CRITICAL
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Certainty assessment № of patients Effect
Certainty Importance№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations BPaLM BPaL (Lzd 
600mg/300mg)

Relative 
(95% CI)

Absolute 
(95% CI)

Adverse events
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf seriousg none 22/105 (21.0%) 20/102 (19.6%) RR 1.07 

(0.61 to 
1.88)

14 more 
per 1 000 
(from 76 

fewer 
to 173 
more)

VERY LOW
CRITICAL

Amplification of drug resistance
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf very seriousg none 0/105 (0.0%) 3/102 (2.9%) RD -0.03 

(-0.08 to 
0.01)

30 fewer 
per 1 000 
(from 80 
fewer to 

10 more)h

VERY LOW
CRITICAL

CI: confidence interval; RR: risk ratio

Explanations

a. An imbalance in measured covariates (gender, past TB treatment, past DR-TB treatment, smear positivity, culture positivity and FQ-S proportion) likely arises from the small number of participants in each group. 
While the adjusted analyses will account for measured confounding, unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons.

c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias in the conduct of the trial. Higher loss to follow-up was noted in the comparator group, which is an that may be 
influenced by patient or clinician knowledge of the regimen. 

d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal stopping rules do not reduce bias (GRADE Handbook, 2 013).

e. Multiple comparator regimens were used, varying across site. This may explain some of the inconsistency in the point estimates for treatment outcomes seen between countries (Belarus, South Africa and 
Uzbekistan). The decision whether to downgrade is a difficult decision. Confidence limits for these estimates do overlap, and so we have chosen not to downgrade for inconsistency.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and population to which guidelines will apply. (ii) Comparator: Some comparator regimens are sub-optimal, not according with 
the WHO standard of care (at the time or presently), and vary by country. Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=62 and n=60). Very few events in the outcomes of interest, causing very serious imprecision. We downgraded two levels 
for imprecision for some outcomes, and one level for others.

h. Unable to calculate risk difference where denominator zero.
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Sub-PICO 6.3

Author(s): World Health Organization
Question: BPaLM compared to BPaLC in pulmonary MDR/RR-TB and pre-XDR-TB
Setting: 
Bibliography: 

Certainty assessment № of patients Effect
Certainty Importance№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations BPaLM BPaLC Relative 
(95% CI)

Absolute 
(95% CI)

Treatment success
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf seriousg none 55/62 (88.7%) 52/64 (81.3%) RR 1.11 

(0.94 to 
1.31)

89 more 
per 1 000 
(from 49 

fewer 
to 252 
more)

VERY LOW
CRITICAL

Failure and recurrence
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf very seriousg none 5/62 (8.1%) 6/64 (9.4%) RR 0.70 

(0.22 to 
2.29)

28 fewer 
per 1 000 
(from 73 

fewer 
to 121 
more)

VERY LOW
CRITICAL

Death
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf very seriousg none 0/62 (0.0%) 1/64 (1.6%) RD -0.02 

(-0.08 to 
0.04)

20 fewer 
per 1 000 
(from 80 
fewer to 

40 more)h

VERY LOW
CRITICAL

Lost to follow up
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf seriousg none 2/62 (3.2%) 5/64 (7.8%) RR 0.41 

(0.09 to 
1.77)

46 fewer 
per 1 000 
(from 71 
fewer to 
60 more)

VERY LOW
CRITICAL
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Certainty assessment № of patients Effect
Certainty Importance№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations BPaLM BPaLC Relative 
(95% CI)

Absolute 
(95% CI)

Adverse events
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf seriousg none 22/105 (21.0%) 35/104 (33.7%) RR 0.61 

(0.37 to 
1.00)

131 
fewer 

per 1 000 
(from 212 
fewer to 0 

fewer)

VERY LOW
CRITICAL

Amplification of drug resistance
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf very seriousg none 0/105 (0.0%) 2/104 (1.9%) RD -0.02 

(-0.07 to 
0.02)

20 fewer 
per 1 000 
(from 70 
fewer to 

20 more)h

VERY LOW
CRITICAL

CI: confidence interval; RR: risk ratio

Explanations

a. An imbalance in measured covariates (past TB treatment, gender, age and missing FQ-resistance) likely arises from the small number of participants in each group. While the adjusted analyses will account for 
measured confounding, unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons.

c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias in the conduct of the trial. Slightly higher loss to follow-up was noted in the comparator group, which is an that may 
be influenced by patient or clinician knowledge of the regimen. 

d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal stopping rules do not reduce bias (GRADE Handbook, 2 013).

e. Multiple comparator regimens were used, varying across site. This may explain some of the inconsistency in the point estimates for treatment outcomes seen between countries (Belarus, South Africa and 
Uzbekistan). The decision whether to downgrade is a difficult decision. Confidence limits for these estimates do overlap, and so we have chosen not to downgrade for inconsistency.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and population to which guidelines will apply. (ii) Comparator: Some comparator regimens are sub-optimal, not according with 
the WHO standard of care (at the time or presently), and vary by country. (iii) Outcomes are also different in the trial than the WHO current definitions. Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=62 and n=64). Very few events in the outcomes of interest, causing very serious imprecision. We downgraded two levels 
for imprecision for some outcomes, and one level for others.

h. Unable to calculate a risk difference where denominator zero.
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Sub-PICO 6.4 

Author(s): World Health Organization
Question: BPaLC compared to TB-PRACTECAL comparator in pulmonary MDR/RR-TB and pre-XDR-TB
Setting: 
Bibliography: 

Certainty assessment № of patients Effect
Certainty Importance№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations BPaLC TB-PRACTECAL 
comparator

Relative 
(95% CI)

Absolute 
(95% CI)

Treatment success
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf seriousg none 52/64 (81.3%) 34/66 (51.5%) RR 1.55 

(1.15 to 
2.11)

283 
more per 

1 000 
(from 

77 more 
to 572 
more)

VERY LOW
CRITICAL

Failure and recurrence
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf very seriousg none 6/64 (9.4%) 17/66 (25.8%) RR 0.34 

(0.14 to 
0.87)

170 
fewer 

per 1 000 
(from 222 
fewer to 

33 fewer)h

VERY LOW
CRITICAL

Death
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf very seriousg none 1/64 (1.6%) 2/66 (3.0%) RR 0.52 

(0.07 to 
3.85)

15 fewer 
per 1 000 
(from 28 
fewer to 
86 more)

VERY LOW
CRITICAL

Lost to follow up
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf seriousg none 5/64 (7.8%) 13/66 (19.7%) RR 0.43 

(0.15 to 
1.23)

112 
fewer 

per 1 000 
(from 167 
fewer to 
45 more)

VERY LOW
CRITICAL
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Certainty assessment № of patients Effect
Certainty Importance№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations BPaLC TB-PRACTECAL 
comparator

Relative 
(95% CI)

Absolute 
(95% CI)

Adverse events
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf seriousg none 35/104 (33.7%) 55/108 (50.9%) RR 0.67 

(0.46 to 
0.97)

168 
fewer 

per 1 000 
(from 275 
fewer to 
15 fewer)

VERY LOW
CRITICAL

Amplification of drug resistance
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf very seriousg none 2/104 (1.9%) 2/108 (1.9%) RR 1.04 

(0.19 to 
5.80)

1 more 
per 1 000 
(from 15 
fewer to 
89 more)

VERY LOW
CRITICAL

CI: confidence interval; RR: risk ratio

Explanations

a. An imbalance in measured covariates (age, past TB treatment, past DR-TB, smear status) likely arises from the small number of participants in each group. While the adjusted analyses will account for measured 
confounding, unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons.

c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias in the conduct of the trial. This is less likely the case here where both regimens are shorter.

d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal stopping rules do not reduce bias (GRADE Handbook, 2 013).

e. Multiple comparator regimens were used, varying across site. This may explain some of the inconsistency in the point estimates for treatment outcomes seen between countries (Belarus, South Africa and 
Uzbekistan). The decision whether to downgrade is a difficult decision. Confidence limits for these estimates do overlap, and so we have chosen not to downgrade for inconsistency.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and population to which guidelines will apply. (ii) Comparator: Some comparator regimens are sub-optimal, not according with 
the WHO standard of care (at the time or presently), and vary by country. (iii) Outcomes are also different in the trial than the WHO current definitions. Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=64 and n=66). Very few events in the outcomes of interest, causing very serious imprecision. We downgraded two levels 
for imprecision for some outcomes, and one level for others.

h. Unable to calculate a risk difference with denominator zero.
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Sub-PICO 6.5 

Author(s): World Health Organization
Question: BPaLC compared to BPaL (Lzd 600mg/300mg) in pulmonary MDR/RR-TB and pre-XDR-TB
Setting: 
Bibliography: 

Certainty assessment № of patients Effect
Certainty Importance№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations BPaLC BPaL (Lzd 
600mg/300mg)

Relative 
(95% CI)

Absolute 
(95% CI)

Treatment success
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf seriousg none 52/64 (81.3%) 46/60 (76.7%) RR 1.04 

(0.84 to 
1.30)

31 more 
per 1 000 
(from 123 

fewer 
to 230 
more)

VERY LOW
CRITICAL

Failure and recurrence
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf seriousg none 6/64 (9.4%) 8/60 (13.3%) RR 0.86 

(0.28 to 
2.69)

19 fewer 
per 1 000 
(from 96 

fewer 
to 225 
more)

VERY LOW
CRITICAL

Death
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf seriousg none 1/64 (1.6%) 0/60 (0.0%) RD 0.02 

(-0.05 to 
0.08)

20 more 
per 1 000 
(from 50 
fewer to 

80 more)h

VERY LOW
CRITICAL

Lost to follow up
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf seriousg none 5/64 (7.8%) 6/60 (10.0%) RR 0.72 

(0.21 to 
2.47)

28 fewer 
per 1 000 
(from 79 

fewer 
to 147 
more)

VERY LOW
CRITICAL
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Certainty assessment № of patients Effect
Certainty Importance№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations BPaLC BPaL (Lzd 
600mg/300mg)

Relative 
(95% CI)

Absolute 
(95% CI)

Adverse events
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf seriousg none 35/104 (33.7%) 20/102 (19.6%) RR 1.64 

(0.97 to 
2.79)

125 
more per 

1 000 
(from 6 
fewer 
to 351 
more)

VERY LOW
CRITICAL

Amplification of drug resistance
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf seriousg none 2/104 (1.9%) 3/102 (2.9%) RR 0.65 

(0.13 to 
3.21)

10 fewer 
per 1 000 
(from 26 
fewer to 
65 more)

VERY LOW
CRITICAL

CI: confidence interval; RR: risk ratio

Explanations

a. An imbalance in measured covariates (gender, past TB treatment, past DR-TB, smear status, FQ-resistance) likely arises from the small number of participants in each group. While the adjusted analyses will 
account for measured confounding, unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons.

c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias in the conduct of the trial. Slightly higher loss to follow-up was noted in the comparator group, which is an that may 
be influenced by patient or clinician knowledge of the regimen. 

d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal stopping rules do not reduce bias (GRADE Handbook, 2 013).

e. Multiple comparator regimens were used, varying across site. This may explain some of the inconsistency in the point estimates for treatment outcomes seen between countries (Belarus, South Africa and 
Uzbekistan). The decision whether to downgrade is a difficult decision. Confidence limits for these estimates do overlap, and so we have chosen not to downgrade for inconsistency.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and population to which guidelines will apply. (ii) Comparator: Some comparator regimens are sub-optimal, not according with 
the WHO standard of care (at the time or presently), and vary by country. (iii) Some outcomes are defined differently in the trial than the WHO current definitions. Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=64 and n=60). Very few events in the outcomes of interest, causing very serious imprecision. We downgraded two levels 
for imprecision for some outcomes, and one level for others.

h. Unable to calculate risk difference where denominator zero.
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Sub-PICO 6.6

Author(s): World Health Organization
Question: BPaL (Lzd 600mg/300mg) compared to TB-PRACTECAL comparator in pulmonary MDR/RR-TB and pre-XDR-TB
Setting: 
Bibliography: 

Certainty assessment № of patients Effect
Certainty Importance№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations
BPaL (Lzd 

600mg/300mg)
TB-PRACTECAL 

comparator
Relative 
(95% CI)

Absolute 
(95% CI)

Treatment success
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf seriousg none 46/60 (76.7%) 34/66 (51.5%) RR 1.47 

(1.09 to 
1.99)

242 
more per 

1 000 
(from 

46 more 
to 510 
more)

VERY LOW
CRITICAL

Failure and recurrence
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf very seriousg none 8/60 (13.3%) 17/66 (25.8%) RR 0.52 

(0.22 to 
1.18)

124 
fewer 

per 1 000 
(from 201 
fewer to 
46 more)

VERY LOW
CRITICAL

Death
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf very seriousg none 0/60 (0.0%) 2/66 (3.0%) RD -0.03 

(-0.10 to 
0.03)

30 fewer 
per 1 000 
(from 100 
fewer to 

30 more)h

VERY LOW
CRITICAL

Lost to follow up
1 randomised 

trials
very 

seriousa,b,c,d,i
not seriouse seriousf seriousf none 6/60 (10.0%) 13/66 (19.7%) RR 0.60 

(0.24 to 
1.56)

79 fewer 
per 1 000 
(from 150 

fewer 
to 110 
more)

VERY LOW
CRITICAL
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Certainty assessment № of patients Effect
Certainty Importance№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations
BPaL (Lzd 

600mg/300mg)
TB-PRACTECAL 

comparator
Relative 
(95% CI)

Absolute 
(95% CI)

Adverse events
1 randomised 

trials
very 

seriousa,b,c,d
not seriouse seriousf seriousg none 20/102 (19.6%) 55/108 (50.9%) RR 0.38 

(0.24 to 
0.60)

316 
fewer 

per 1 000 
(from 387 

fewer 
to 204 
fewer)

VERY LOW
CRITICAL

Amplification of drug resistance
1 randomised 

trials
seriousa,b,c,d not seriouse seriousf very seriousf none 3/102 (2.9%) 2/108 (1.9%) RR 1.59 

(0.32 to 
7.84)

11 more 
per 1 000 
(from 13 

fewer 
to 127 
more)

VERY LOW
CRITICAL

CI: confidence interval; RR: risk ratio

Explanations

a. An imbalance in measured covariates (prior TB, prior DR-TB) likely arises from the small number of participants in each group. While the adjusted analyses will account for measured confounding, unmeasured 
confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons.

c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias in the conduct of the trial. Higher loss to follow-up was noted in the comparator group, which is an outcome that 
may be influenced by patient or clinician knowledge of the regimen. 

d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal stopping rules do not reduce bias (GRADE Handbook, 2 013).

e. Multiple comparator regimens were used, varying across site. This may explain some of the substantial inconsistency in the point estimates for treatment outcomes seen between countries (Belarus, South Africa 
and Uzbekistan). The decision whether to downgrade is a difficult decision. We did not downgrade for inconsistency as the issue of comparators was addressed under indirectness.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and population to which guidelines will apply. (ii) Comparator: Some comparator regimens are sub-optimal, not according with 
the WHO standard of care (at the time or presently), and vary by country. Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=60 and n=66). Very few events in the outcomes of interest, causing very serious imprecision. We downgraded two levels 
for imprecision for some outcomes, and one level for others.

h. Unable to calculate risk difference where denominator zero.

i. A lack of blinding is important for loss to follow-up, and adverse event reporting where participant and clinician knowledge of the regimen may influence behaviours relating to treatment follow-up.
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A3.2 WHO treatment guidelines for multidrug- and 
rifampicin-resistant tuberculosis, 2020 update
Refer to Annex 3: GRADE evidence summary tables in the WHO consolidated guidelines on tuberculosis. 
Module 4: treatment – drug-resistant tuberculosis treatment. Online annexes. (9789240007062-eng.
pdf (who.int), accessed 13 September 2022).

A3.3 WHO treatment guidelines for isoniazid-
resistant tuberculosis, 2018
Refer to Annex 5: GRADE evidence summary tables in the WHO treatment guidelines for isoniazid-
resistant tuberculosis. Online Annexes: Supplement to the WHO treatment guidelines for drug-resistant 
tuberculosis (who-treatment-guidelines-isoniazid-resistant-tb-online-grade-tables-annexes.pdf, 
accessed 10 October 2022).

A3.4 WHO treatment guidelines for multidrug- and 
rifampicin-resistant tuberculosis, 2018 update
Refer to Annex 8: GRADE evidence tables in the WHO treatment guidelines for multidrug-and 
rifampicin-resistant tuberculosis, 2018 update https://cdn.who.int/media/docs/default-source/
hq-tuberculosis/annexes-8–10_grade-evidence-summary-tables.pdf , accessed 12 October 2022).

A3.5 WHO treatment guidelines for drug-resistant 
tuberculosis, 2016 update
Refer to Annex 4: GRADE tables in the WHO treatment guidelines for multidrug-and rifampicin-
resistant tuberculosis, 2016 update. Annexes 4, 5 and 6 (9789241549639-webannexes-eng.pdf (who.
int), accessed 10 October 2022).

A3.6 WHO guidelines for the programmatic 
management of drug-resistant tuberculosis, 2011 
update
Refer to Annex 2: GRADE glossary and summary of evidence tables (questions 6 and 7) in the 
Guidelines for the programmatic management of drug-resistant tuberculosis, 2011 update (WHO_
HTM_TB_2011.6b_eng.pdf, accessed 10 October 2022).

https://apps.who.int/iris/bitstream/handle/10665/332678/9789240007062-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/332678/9789240007062-eng.pdf
https://cdn.who.int/media/docs/default-source/hq-tuberculosis/who-treatment-guidelines-isoniazid-resistant-tb-online-grade-tables-annexes.pdf?sfvrsn=729c9e5c_3
https://cdn.who.int/media/docs/default-source/hq-tuberculosis/annexes-8-10_grade-evidence-summary-tables.pdf
https://cdn.who.int/media/docs/default-source/hq-tuberculosis/annexes-8-10_grade-evidence-summary-tables.pdf
https://apps.who.int/iris/bitstream/handle/10665/250125/9789241549639-webannexes-eng.pdf?sequence=5&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/250125/9789241549639-webannexes-eng.pdf?sequence=5&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/70677/WHO_HTM_TB_2011.6b_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/70677/WHO_HTM_TB_2011.6b_eng.pdf?sequence=1
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Web Annex 4. GRADE evidence-to-decision tables

A4.1 WHO treatment guidelines for drug-resistant TB treatment, 2022 update

Summary of PICO 1
Question
Should a shorter all-oral regimen (<12 months) containing at least three Group A medicines vs. currently recommended regimens be used for in patients with MDR/RR/
FQS-TB?
POPULATION: in patients with MDR/RR/FQS-TB
INTERVENTION: a shorter all-oral regimen (<12 months) containing at least three Group A medicines
COMPARISON: currently recommended regimens
MAIN OUTCOMES: Treatment success without recurrence (1.1); Failure and recurrence (1.1); Death (1.1); Lost to follow up (1.1); Adverse events (Grades 3–5) (1.1); Amplification of 

drug-resistance (1.1); Treatment success without recurrence (1.2); Failure and recurrence (1.2); Death (1.2); Lost to follow up (1.2); Adverse events (Grades 3–5) 
(1.2); Amplification of drug-resistance (1.2);

SETTING: Global inpatient and outpatient treatment settings
PERSPECTIVE: Public health and health systems perspective
BACKGROUND: sub-PICO 1.1

Multidrug-resistant (MDR-) and rifampicin-resistant tuberculosis (MDR-/RR-TB) has emerged as a major problem due to poor management of drug-susceptible 
and transmission of drug-resistant TB. MDR-/RR-TB is treatable but requires different treatment regimen combinations that are sometimes longer and including 
medicines with that are potentially more toxic. The interest in reducing the duration of treatment for MDR/RR-TB motivates a continuous search for shorter 
and safer regimens. In 2016, on the basis of data from observational studies of the shorter regimens in different Asian and African countries, WHO for the first 
time recommended a standardized 9-month regimen, containing an injectable agent providing shorter than the extant 18–20 months standard of care for the 
eligible patients. In 2018, following the results of the Standard Treatment Regimen of Anti-tuberculosis Drugs for Patients with MDR-TB (STREAM) Stage 1 trial, 
further modifications were made to the earlier recommended shorter regimen, also replacing kanamycin by amikacin (based on evidence from the comparative 
effectiveness of these two injectable agents). Evidence of permanent effects attributed to the toxicity of injectable agents, have prompted further advances in the 
development of new treatments such as shorter injectable-sparing regimens. In particular, South African Department of Health shared with WHO the observational 
data on an all-oral bedaquiline-containing shorter regimen of 9 months duration. The all-oral 9-month bedaquiline containing regimen was reviewed and 
recommended by WHO since 2019 with the following combination of medicines (4–6 Bdq[6]-Lfx[Mfx]-Eto-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E). In 2022, new evidence 
from programmatic implementation in South Africa was made available to WHO where this regimen was modified to include 2 months of Linezolid (Lzd, 600mg) 
instead of 4 months of Ethionamide (Eto).
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sub-PICO 1.2
Multidrug-resistant (MDR-) and rifampicin-resistant tuberculosis (MDR-/RR-TB) has emerged as a major problem due to poor management of drug-susceptible 
and transmission of drug-resistant TB. MDR-/RR-TB is treatable but requires different treatment regimen combinations that are sometimes longer and including 
medicines with that are potentially more toxic. The interest in reducing the duration of treatment for MDR/RR-TB motivates a continuous search for shorter 
and safer regimens. In 2016, on the basis of data from observational studies of the shorter regimens in different Asian and African countries, WHO for the first 
time recommended a standardized 9-month regimen, containing an injectable agent providing shorter than the extant 18–20 months standard of care for the 
eligible patients. In 2018, following the results of the Standard Treatment Regimen of Anti-tuberculosis Drugs for Patients with MDR-TB (STREAM) Stage 1 trial, 
further modifications were made to the earlier recommended shorter regimen, also replacing kanamycin by amikacin (based on evidence from the comparative 
effectiveness of these two injectable agents). 
Evidence of permanent effects attributed to the toxicity of injectable agents, have prompted further advances in the development of new treatments such as 
shorter injectable-sparing regimens. In particular, South African Department of Health shared with WHO the observational data on an all-oral bedaquiline-
containing shorter regimen of 9 months duration. The all-oral 9-month bedaquiline containing regimen was reviewed and recommended by WHO since 2019 with 
the following combination of medicines (4–6 Bdq[6]-Lfx[Mfx]-Eto-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E). In 2022, new evidence from programmatic implementation 
in South Africa was made available to WHO where this regimen was modified to include 2 months of Linezolid (Lzd, 600mg) instead of 4 months of Ethionamide 
(Eto).

CONFLICT OF 
INTERESTS:

The following panel members were recused from voting on the recommendation according to WHO policy due to potential conflicts-of-interest: Guy Marks, 
Andrew Nunn
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Assessment

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

The COVID-19 pandemic has reversed years of progress in providing essential TB services and 
reducing TB disease burden. The most obvious impact is a large global drop in the number of 
people newly diagnosed with TB and reported. This fell from 7.1 million in 2019 to 5.8 million in 
2020, an 18% decline back to the level of 2012 and far short of the approximately 10 million people 
who developed TB in 2020. 
Reduced access to TB diagnosis and treatment has resulted in an increase in TB deaths. Best 
estimates for 2020 are 1.3 million TB deaths among HIV-negative people (up from 1.2 million in 
2019) and an additional 214 000 among HIV-positive people (up from 209 000 in 2019), with the 
combined total back to the level of 2017. 
Other impacts include reductions between 2019 and 2020 in the number of people provided with 
treatment for drug-resistant TB (-15%, from 177 100 to 150 359, about 1 in 3 of those in need). 
Globally in 2020, 71% (2.1/3.0 million) of people diagnosed with bacteriologically confirmed 
pulmonary TB were tested for rifampicin resistance, up from 61% (2.2/3.6 million) in 2019 and 
50% (1.7/3.4 million) in 2018. Among these, 132 222 cases of MDR/RR-TB and 25 681 cases of 
pre-XDR-TB or XDR-TB were detected, for a combined total of 157 903. This was a large fall (of 
22%) from the total of 201 997 people detected with drug-resistant TB in 2019, consistent with 
similarly large reductions in the total number of people newly diagnosed with TB (18%) and the 
total number of people diagnosed with bacteriologically confirmed pulmonary TB (17%) observed 
between 2019 and 2020. Worldwide, 150 359 people with MDR/RR-TB were enrolled on treatment 
in 2020, down 15% from the total of 177 100 in 2019. This level of enrolment was equivalent to 
about one in three of the people who develop MDR/RR-TB each year. 
More positively, there have been improvements in treatment success rates. Globally in 2018 (the 
latest patient cohort for which data are available), the treatment success rate for MDR/RR-TB was 
59%, reflecting steady improvements in recent years from 50% in 2012.
Global TB Report 2021, (1)

Drug-resistant TB is a global challenge and access to 
treatment often problematic, with regimens typically being 
long, toxic and expensive. 
More efficacious and shorter treatment regimens for DR-TB 
are necessary to optimize and improve treatment outcomes 
while minimizing adverse events and preventing acquisition 
of additional drug resistance. 
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Trivial 
○ Small 
○ Moderate 
○ Large 
○ Varies 
○ Don’t know

sub-PICO 1.1 
In sub-PICO 1.1, two observational studies were compared – the 9-month regimen with linezolid 
(used in South Africa in 2019) (intervention) and the 9-month regimen with ethionamide (used in 
South Africa in 2017) (comparator). Both datasets were obtained from a programmatic setting in 
South Africa.
Participants with MDR/RR-TB with fluoroquinolone susceptibility receiving the 9-month regimen 
with linezolid (n=4 244) compared with participants receiving the 9-month regimen with 
ethionamide (n=880) experienced:
• lower levels of treatment success (64% vs 66%); that is, a 4% relative reduction (aRR=0.96, 95% 

CI: 0.91 to 1.01); 
• lower levels of failure and recurrence (1.1% vs 1.4%); that is, a 20% relative reduction (aRR=0.80, 

95% CI: 0.42 to 1.53); 
• higher levels of deaths (20% vs 21%); that is, a 3% relative increase (aRR=1.03, 95% CI: 0.89 to 

1.20); 
• higher levels of loss to follow-up (15% vs 12%); that is, a 19% relative increase (aRR=1.19, 95% CI: 

0.98 to 1.45); and 
• higher levels of amplification of drug resistance (0.6% vs 0%); that is, a 1% absolute increase 

(RD=0.01, 95% CI: 0.00 to 0.01). 

Adverse events were noted in 5% of participants receiving the 9-month regimen with linezolid 
but no comparisons could be made because no data were available for participants receiving the 
9-month regimen with ethionamide.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with 
WHO_short

Risk difference with a 
shorter all-oral regimen 
(<12 months) containing 

at least three Group A 
medicines (SA_new)

Failure and 
recurrence

5 124 
(2 observational 

studies)

 
Very lowa,b,c

RR 0.80 
(0.42 to 

1.53)

Study population
14 per 1 000 3 fewer per 1 000 

(8 fewer to 7 more)

sub-PICO 1.1
The GDG judged the benefits of the 9-month regimen 
with linezolid to be small and the undesirable effects 
to be moderate compared with the 9-month regimen 
with ethionamide. The certainty of evidence was 
judged to be very low. 

Notes on additional considerations
• AEs: 
Linezolid:
Myelosuppression (decreased level of platelets, decreased 
level of white blood cells, and/or anaemia).
Optic and peripheral neuropathy may be irreversible and 
linezolid should stopped if these develop. 
Lactic acidosis – patients who develop recurrent nausea or 
vomiting, unexplained acidosis, or a low bicarbonate level 
while receiving linezolid should receive immediate medical 
evaluation, including a lactic acid blood test.
Diarrhoea and nausea. 
Ethionamide
Gastrointestinal upset and anorexia: sometimes intolerable 
(symptoms are moderated by food or taking at bedtime).
Hepatotoxicity.
Endocrine effects: Gynaecomastia, hair loss, acne, 
impotence, menstrual irregularity, and reversible 
hypothyroidism.
Neurotoxicity (patients taking ethionamide should take high 
doses of vitamin B6). 
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a. Potential misclassification bias: As these data were collected under programmatic conditions, 
there is considerable potential to underestimate relapse, as individuals are not followed up after 
treatment. Relapse was defined as an individual having a second episode, based upon the use 
of a universal identifier. Misclassification of death during the follow-up period is also possible, 
however some cases of death post treatment were captuerd by the national death registry that 
was linked to the cohort data. The misclassification is non-differential between arms (both South 
African programmatic data)

b. Failure to adequately control confounding: Limited information about baseline disease severity 
was available in both intervention and comparator groups.

c. Intervention and comparator undertaken in one country, South Africa, which has a high HIV 
prevalence. The findings may not be generalisable to other populations.

sub-PICO 1.2
In sub-PICO 1.2, two observational datasets were compared – the 9-month regimen with 
linezolid (used in South Africa in 2019) (intervention) and the all-oral longer regimens containing 
bedaquiline from the 2021 IPD dataset. 
Participants with MDR/RR-TB with fluoroquinolone susceptibility receiving the 9-month regimen 
with linezolid (n=4 244) compared with participants receiving longer regimens for MDR/RR-TB 
(n=850) experienced:
• lower levels of treatment success (64% vs 74%); that is, a 10% relative reduction (aRR=0.90, 95% 

CI: 0.83 to 0.98); 
• lower levels of failure and recurrence (1.1% vs 3.4%); that is, a 71% relative reduction (aRR=0.29, 

95% CI: 0.14 to 0.58); 
• higher levels of deaths (20% vs 11%); that is, a 38% relative increase (aRR=1.38, 95% CI: 1.00 to 

1.91); 
• higher levels of loss to follow-up (15% vs 12%); that is, a 33% relative increase (aRR=1.33, 95% CI: 

0.97 to 1.81); 
• similar levels of adverse events (5.0% vs 4.7%), (aRR=1.00, 95% CI: 0.59 to 1.69); and 
• lower levels of amplification of drug resistance (0.6% vs 1.4%); that is, a 73% relative reduction 

(aRR=0.27, 95% CI: 0.12 to 0.61).

• Duration: identical
Both regimens have same duration therefore none is 
presenting an advantage of shorter treatment. The panel 
considered the shorter duration of LZD and the avoidance 
of ETO in balancing the benefits and harms.
• Pill burden: any difference between Lzd vs Eto
The pill burden is likely to be slightly lower since Linezolid 
is prescribed for two months in SA-new regimen and 
Ethionamide for 4 months under WHO-short. 
• DDIs
Linezolid:
Avoid use with patients taking serotonergic agents, such as 
monoamine oxidase inhibitors (MAOIs), selective serotonin 
reuptake inhibitors (e.g. fluoxetine, paroxetine), lithium, 
tricyclic antidepressants, etc. as it may cause serious CNS 
reactions such as serotonin syndrome. 
Ethionamide
...

 
sub-PICO 1.2
The GDG judged both the benefits of the 9-month 
regimen with linezolid and the undesirable effects to 
be moderate compared with the longer regimens. The 
certainty of evidence was judged to be very low. 
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Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with 
WHO_long

Risk difference with a 
shorter all-oral regimen 
(<12 months) containing 

at least three Group A 
medicines (SA_new)

Failure and 
recurrence

5 094 
(15 

observational 
studies)

 
Very lowa,b,c,d

RR 0.29 
(0.14 to 

0.58)

Study population
34 per 1 000 24 fewer per 1 000 

(29 fewer to 14 fewer)

Amplification 
of drug-
resistance

5 094 
(15 

observational 
studies)

 
Very lowa,b,c,d,e

RR 0.27 
(0.12 to 

0.61)

Study population
24 per 1 000 17 fewer per 1 000 

(21 fewer to 9 fewer)

a. Potential misclassification bias: As these data were collected under programmatic conditions, 
there is considerable potential to underestimate relapse, as individuals are not followed up after 
treatment. Relapse was defined as an individual having a second episode, based upon the use 
of a universal identifier. Misclassification of death during the follow-up period is also possible, 
however some cases of death post treatment were captured by the national death registry that 
was linked to the cohort data. For the WHO cohort, details pertaining to the follow-up period is 
often missing and there is no death registry to link to the cohort data.

b. Failure to adequately control confounding: Limited information about baseline disease severity 
was available in both intervention and comparator groups.

c. Considerable variability was observed in the effect estimates between cohorts in the comparator 
group. The overall effect in the comparator is strongly influenced by a small number of larger 
cohorts, which have varying effect estimates. 

d. Intervention was conducted in a single country, South Africa, with a high HIV prevalence 
compared with other populations. The findings may not be generalisable to other settings.

e. Flawed measurement of outcomes: drug susceptibility tests were not routinely performed during 
treatment for second-line drugs unless patients were failing therapy. Therefore, estimates of 
amplified drug resistance are likely inaccurate in both intervention and comparator groups. DST 
testing – in particular for second line drugs, not available for all WHO cohorts.
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Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large 
○ Moderate 
○ Small 
○ Trivial 
○ Varies 
○ Don’t know

sub-PICO 1.1
In sub-PICO 1.1, two observational studies were compared – the 9-month regimen with linezolid 
(used in South Africa in 2019) (intervention) and the 9-month regimen with ethionamide (used in 
South Africa in 2017) (comparator). Both datasets were obtained from a programmatic setting in 
South Africa.
Participants with MDR/RR-TB with fluoroquinolone susceptibility receiving the 9-month regimen 
with linezolid (n=4 244) compared with participants receiving the 9-month regimen with 
ethionamide (n=880) experienced:
• lower levels of treatment success (64% vs 66%); that is, a 4% relative reduction (aRR=0.96, 95% 

CI: 0.91 to 1.01); 
• lower levels of failure and recurrence (1.1% vs 1.4%); that is, a 20% relative reduction (aRR=0.80, 

95% CI: 0.42 to 1.53); 
• higher levels of deaths (20% vs 21%); that is, a 3% relative increase (aRR=1.03, 95% CI: 0.89 to 

1.20); 
• higher levels of loss to follow-up (15% vs 12%); that is, a 19% relative increase (aRR=1.19, 95% CI: 

0.98 to 1.45); and 
• higher levels of amplification of drug resistance (0.6% vs 0%); that is, a 1% absolute increase 

(RD=0.01, 95% CI: 0.00 to 0.01). 
Adverse events were noted in 5% of participants receiving the 9-month regimen with linezolid 
but no comparisons could be made because no data were available for participants receiving the 
9-month regimen with ethionamide.

sub-PICO 1.1
The GDG judged the benefits of the 9-month regimen 
with linezolid to be small and the undesirable effects 
to be moderate compared with the 9-month regimen 
with ethionamide. The certainty of evidence was 
judged to be very low. 
No direct comparative evidence was available on AEs 
because this data on AEs was not systematically collected 
for 9-month regimen with ethionamide. The rate of grade 
3–5 AEs was 5.0% for 9-month regimen with linezolid. 
The panel nevertheless considered the potential AEs of 
both drugs in balancing the benefits and harms (summary 
provided in the section on desirable effects).
 

sub-PICO 1.2
The GDG judged both the benefits of the 9-month 
regimen with linezolid and the undesirable effects to 
be moderate compared with the longer regimens. The 
certainty of evidence was judged to be very low.



W
H

O
 consolidated guidelines on tuberculosis. M

odule 4: treatm
ent – 

drug-resistant tuberculosis treatm
ent, 2022 update. W

eb Annexes

W
eb Annex 4. G

RAD
E evidence-to-decision tables

59

58

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with 
WHO_short

Risk difference with a 
shorter all-oral regimen 
(<12 months) containing 

at least three Group A 
medicines (SA_new)

Treatment 
success 
without 
recurrence

5 124 
(2 observational 

studies)

 
Very lowa,b,c

RR 0.96 
(0.91 to 

1.01)

Study population
660 per 1 000 26 fewer per 1 000 

(59 fewer to 7 more)

Death 5 124 
(2 observational 

studies)

 
Very lowa,b,c,d

RR 1.03 
(0.89 to 

1.20)

Study population
210 per 1 000 6 more per 1 000 

(23 fewer to 42 more)
Lost to follow 
up

5 124 
(2 observational 

studies)

 
Very lowa,b,c

RR 1.19 
(0.98 to 

1.45)

Study population
116 per 1 000 22 more per 1 000 

(2 fewer to 52 more)
Amplification 
of drug-
resistance

5 124 
(2 observational 

studies)

 
Very lowa,b,c,e

RD 0.01 
(0.00 to 

0.01)

Study population
0 per 1 000 10 more per 1 000 

(0 fewer to 10 more)

a. Potential misclassification bias: As these data were collected under programmatic conditions, 
there is considerable potential to underestimate relapse, as individuals are not followed up after 
treatment. Relapse was defined as an individual having a second episode, based upon the use 
of a universal identifier. Misclassification of death during the follow-up period is also possible, 
however some cases of death post treatment were captuerd by the national death registry that 
was linked to the cohort data. The misclassification is non-differential between arms (both South 
African programmatic data)

b. Failure to adequately control confounding: Limited information about baseline disease severity 
was available in both intervention and comparator groups.

c. Intervention and comparator undertaken in one country, South Africa, which has a high HIV 
prevalence. The findings may not be generalisable to other populations.

d. Deaths post treatment were reported through a national death registry, rather than individual 
participants being followed up. The accuracy of the death registry is uncertain, hence 
misclassification is possible.

e. Flawed measurement of outcomes: drug susceptibility tests were not routinely performed during 
treatment for second-line drugs unless patients were failing therapy. Therefore, estimates of 
amplified drug resistance are likely inaccurate in both intervention and comparator groups.
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sub-PICO 1.2
In sub-PICO 1.2, two observational datasets were compared – the 9-month regimen with 
linezolid (used in South Africa in 2019) (intervention) and the all-oral longer regimens containing 
bedaquiline from the 2021 IPD dataset. 
Participants with MDR/RR-TB with fluoroquinolone susceptibility receiving the 9-month regimen 
with linezolid (n=4 244) compared with participants receiving longer regimens for MDR/RR-TB 
(n=850) experienced:
• lower levels of treatment success (64% vs 74%); that is, a 10% relative reduction (aRR=0.90, 95% 

CI: 0.83 to 0.98); 
• lower levels of failure and recurrence (1.1% vs 3.4%); that is, a 71% relative reduction (aRR=0.29, 

95% CI: 0.14 to 0.58); 
• higher levels of deaths (20% vs 11%); that is, a 38% relative increase (aRR=1.38, 95% CI: 1.00 to 

1.91); 
• higher levels of loss to follow-up (15% vs 12%); that is, a 33% relative increase (aRR=1.33, 95% CI: 

0.97 to 1.81); 
• similar levels of adverse events (5.0% vs 4.7%), (aRR=1.00, 95% CI: 0.59 to 1.69); and 
• lower levels of amplification of drug resistance (0.6% vs 1.4%); that is, a 73% relative reduction 

(aRR=0.27, 95% CI: 0.12 to 0.61).

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with 
WHO_long

Risk difference with a 
shorter all-oral regimen 
(<12 months) containing 

at least three Group A 
medicines (SA_new)

Treatment 
success 
without 
recurrence

5 094 
(15 

observational 
studies)

 
Very lowa,b,c,d

RR 0.90 
(0.83 to 

0.98)

Study population
736 per 1 000 74 fewer per 1 000 

(125 fewer to 15 fewer)

Death 5 094 
(15 

observational 
studies)

 
Very lowa,b,c,d,e

RR 1.38 
(1.00 to 

1.91)

Study population
112 per 1 000 42 more per 1 000 

(0 fewer to 102 more)

Lost to follow 
up

5 094 
(15 

observational 
studies)

 
Very lowa,b,c,d

RR 1.33 
(0.97 to 

1.81)

Study population
118 per 1 000 39 more per 1 000 

(4 fewer to 95 more)

Adverse 
events 
(Grades 3–5)

5 094 
(15 

observational 
studies)

 
Very lowc,d,f

RR 1.00 
(0.59 to 

1.69)

Study population
47 per 1 000 0 fewer per 1 000 

(19 fewer to 32 more)
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a. Potential misclassification bias: As these data were collected under programmatic conditions, 
there is considerable potential to underestimate relapse, as individuals are not followed up after 
treatment. Relapse was defined as an individual having a second episode, based upon the use 
of a universal identifier. Misclassification of death during the follow-up period is also possible, 
however some cases of death post treatment were captured by the national death registry that 
was linked to the cohort data. For the WHO cohort, details pertaining to the follow-up period is 
often missing and there is no death registry to link to the cohort data.

b. Failure to adequately control confounding: Limited information about baseline disease severity 
was available in both intervention and comparator groups.

c. Considerable variability was observed in the effect estimates between cohorts in the comparator 
group. The overall effect in the comparator is strongly influenced by a small number of larger 
cohorts, which have varying effect estimates. 

d. Intervention was conducted in a single country, South Africa, with a high HIV prevalence 
compared with other populations. The findings may not be generalisable to other settings.

e. Deaths post treatment were reported through a national death registry, rather than individual 
participants being followed up. The accuracy of the death registry is uncertain, hence 
misclassification is possible.

f. Flawed measurement of outcome: Adverse events were likely under-reported in either the 
intervention or the comparator groups. Therefore, estimates cannot be provided. Adverse events 
reporting methods and collection inconsistent between the 14 WHO cohorts
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Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

The overall certainty is generally based on the lowest certainty for the agreed critical outcomes. 

sub-PICO 1.1

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with 
WHO_short

Risk difference with a 
shorter all-oral regimen 
(<12 months) containing 

at least three Group A 
medicines (SA_new)

Treatment 
success 
without 
recurrence

5 124 
(2 observational 

studies)

 
Very lowa,b,c

RR 0.96 
(0.91 to 

1.01)

Study population
660 per 1 000 26 fewer per 1 000 

(59 fewer to 7 more)

Failure and 
recurrence

5 124 
(2 observational 

studies)

 
Very lowa,b,c

RR 0.80 
(0.42 to 

1.53)

Study population
14 per 1 000 3 fewer per 1 000 

(8 fewer to 7 more)
Death 5 124 

(2 observational 
studies)

 
Very lowa,b,c,d

RR 1.03 
(0.89 to 

1.20)

Study population
210 per 1 000 6 more per 1 000 

(23 fewer to 42 more)
Lost to follow 
up

5 124 
(2 observational 

studies)

 
Very lowa,b,c

RR 1.19 
(0.98 to 

1.45)

Study population
116 per 1 000 22 more per 1 000 

(2 fewer to 52 more)
Adverse 
events 
(Grades 3–5)

0 
(2 observational 

studies)

 
Very lowc,e

not 
estimable

Study population
0 per 1 000 0 fewer per 1 000 

(0 fewer to 0 fewer)
Amplification 
of drug-
resistance

5 124 
(2 observational 

studies)

 
Very lowa,b,c,f

RD 0.01 
(0.00 to 

0.02)

Study population
0 per 1 000 0 fewer per 1 000 

(0 fewer to 10 more)

a. Potential misclassification bias: As these data were collected under programmatic conditions, 
there is considerable potential to underestimate relapse, as individuals are not followed up after 
treatment. Relapse was defined as an individual having a second episode, based upon the use 
of a universal identifier. Misclassification of death during the follow-up period is also possible, 
however some cases of death post treatment were captuerd by the national death registry that 
was linked to the cohort data. The misclassification is non-differential between arms (both South 
African programmatic data) 

b. Failure to adequately control confounding: Limited information about baseline disease severity 
was available in both intervention and comparator groups.

sub-PICO 1.1
The panel noted that both the evidence on the intervention 
and on control regimen was obtained from programmatic 
data from South Africa, such that overall, the population 
and health care context were comparable. However, the 
panel stressed that important differences exist between 
the two cohorts / data sets that were compared, making it 
difficult to draw conclusions with full confidence.

sub-PICO 1.2
The panel noted that the evidence on the 9-month regimen 
was obtained from programmatic data from South Africa, 
whereas the evidence on the longer regimen represented 
only subsets of patients from the countries that submitted 
data. The panel also noted substantial inconsistency 
between cohorts in the comparator group (on the longer 
regimens). Overall, there was a concern that the selective 
nature of the data on the longer regimens may have biased 
the comparison in favor of the longer regimen.
As a result, there were serious concerns about the 
comparability of the data, making it difficult to draw 
conclusions with confidence. 
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c. Intervention and comparator undertaken in one country, South Africa, which has a high HIV 
prevalence. The findings may not be generalisable to other populations.

d. Deaths post treatment were reported through a national death registry, rather than individual 
participants being followed up. The accuracy of the death registry is uncertain, hence 
misclassification is possible.

e. Flawed measurement of outcome: Adverse events were not routinely reported in either the 
intervention or the comparator groups. Therefore, estimates cannot be provided.

f. Flawed measurement of outcomes: drug susceptibility tests were not routinely performed during 
treatment for second-line drugs unless patients were failing therapy. Therefore, estimates of 
amplified drug resistance are likely inaccurate in both intervention and comparator groups.

sub-PICO 1.2 

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with 
WHO_long

Risk difference with a 
shorter all-oral regimen 
(<12 months) containing 

at least three Group A 
medicines (SA_new)

Treatment 
success without 
recurrence

5 094 
(15 

observational 
studies)

 
Very lowa,b,c,d

RR 0.90 
(0.83 to 

0.98)

Study population
736 per 
1 000

74 fewer per 1 000 
(125 fewer to 15 fewer)

Failure and 
recurrence

5 094 
(15 

observational 
studies)

 
Very lowa,b,c,d

RR 0.29 
(0.14 to 

0.58)

Study population
34 per 1 000 24 fewer per 1 000 

(29 fewer to 14 fewer)

Death 5 094 
(15 

observational 
studies)

 
Very lowa,b,c,d,e

RR 1.38 
(1.00 to 

1.91)

Study population
112 per 
1 000

42 more per 1 000 
(0 fewer to 102 more)

Lost to follow up 5 094 
(15 

observational 
studies)

 
Very lowa,b,c,d

RR 1.33 
(0.97 to 

1.81)

Study population
118 per 
1 000

39 more per 1 000 
(4 fewer to 95 more)

Adverse events 
(Grades 3–5)

5 094 
(15 

observational 
studies)

 
Very lowc,d,f

RR 1.00 
(0.59 to 

1.69)

Study population
47 per 1 000 0 fewer per 1 000 

(19 fewer to 32 more)

Amplification of 
drug-resistance

5 094 
(15 

observational 
studies)

 
Very lowa,b,c,d,g

RR 0.27 
(0.12 to 

0.61)

Study population
24 per 1 000 17 fewer per 1 000 

(21 fewer to 9 fewer)
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a. Potential misclassification bias: As these data were collected under programmatic conditions, 
there is considerable potential to underestimate relapse, as individuals are not followed up after 
treatment. Relapse was defined as an individual having a second episode, based upon the use 
of a universal identifier. Misclassification of death during the follow-up period is also possible, 
however some cases of death post treatment were captured by the national death registry that 
was linked to the cohort data. For the WHO cohort, details pertaining to the follow-up period is 
often missing and there is no death registry to link to the cohort data.

b. Failure to adequately control confounding: Limited information about baseline disease severity 
was available in both intervention and comparator groups.

c. Considerable variability was observed in the effect estimates between cohorts in the comparator 
group. The overall effect in the comparator is strongly influenced by a small number of larger 
cohorts, which have varying effect estimates. 

d. Intervention was conducted in a single country, South Africa, with a high HIV prevalence 
compared with other populations. The findings may not be generalisable to other settings.

e. Deaths post treatment were reported through a national death registry, rather than individual 
participants being followed up. The accuracy of the death registry is uncertain, hence 
misclassification is possible.

f. Flawed measurement of outcome: Adverse events were likely under-reported in either the 
intervention or the comparator groups. Therefore, estimates cannot be provided. Adverse events 
reporting methods and collection inconsistent between the 14 WHO cohorts

g. Flawed measurement of outcomes: drug susceptibility tests were not routinely performed during 
treatment for second-line drugs unless patients were failing therapy. Therefore, estimates of 
amplified drug resistance are likely inaccurate in both intervention and comparator groups. DST 
testing – in particular for second line drugs, not available for all WHO cohorts.

Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Important 
uncertainty or 
variability 
○ Possibly important 
uncertainty or 
variability 
○ Probably no 
important uncertainty 
or variability 
○ No important 
uncertainty or 
variability

No research evidence searched for. 
Higher treatment efficacy, shorter duration of treatment, lower pill burden and less adverse events 
are usually valued by patients. 

The panel judged that there was probably no important 
uncertainty or variability in how much people value the 
main outcomes.
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Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ Don’t know

 sub-PICO 1.1
The GDG judged the benefits of the 9-month regimen 
with linezolid to be small and the undesirable effects to 
be moderate compared with the 9-month regimen with 
ethionamide. The certainty of evidence was judged to be 
very low. Based on this, the GDG judged that the balance of 
health effects does not favour either the 9-month regimen 
with linezolid or the 9-month regimen with ethionamide.

sub-PICO 1.2
The GDG judged both the benefits of the 9-month regimen 
with linezolid and the undesirable effects to be moderate 
compared with the longer regimens. The certainty of 
evidence was judged to be very low. Based on this, the 
GDG judged that the balance of health effects did not 
favour either the 9-month regimen with linezolid or the 
longer regimens.
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Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large costs 
○ Moderate costs 
○ Negligible costs 
and savings 
○ Moderate savings 
○ Large savings 
○ Varies 
○ Don’t know

No research evidence searched for. 

 
sub-PICO 1.1
Cost of component medicines
Likely to be similar since both regimens are of the same duration and same component 
medicines, except one – Linezolid instead of ethionamide. Duration of Linezolid use is 2 months 
vs. Ethionamide 4 months. Based on GDF prices (https://www.stoptb.org/global-drug-facility-gdf/
gdf-product-catalog): 
 

Pack cost 
US$ Tabs in pack Tab cost Tabs/day Duration/

days Total cost $

Lzd 35 100 0.35 1 60 21
Eto 9 100 0.09 3 120 32.4

Healthcare costs
LIkely to be similar since both regimens are of the same duration and same component medicines, 
except one – Linezolid instead of ethionamide.  

DST needs
No difference in DST needs. Both regimens are indicated for patients suffering from RR/MDR-TB 
and without Fq-resistance. These patients usually have been tested for R and Fq resistance, both 
rapid DSTs for these medicines are available. Genotypic DST might be useful as inha mutations 
confer resistance to Eto. 

sub-PICO 1.2
Data was available from a report prepared for the 2019 GDG on TB treatment (Emily Kendall, 
2019) for a comparison between the 9-month regimen with Ethionamide compared to the longer 
regimens for MDR/RR-TB. Given that the cost differences between the 9-month regimen with 
Ethionamide and the 9-month regimen with Linezolid or negligible, the analyses for this 2019 
comparison was considered here. The 2019 report concluded that the projected cost saving of 
using the shorter regimen is nearly US$ 3 000 (2019 US$) per patient in South Africa, and varies 
across settings, largely in proportion to health care and drug costs (with savings of >US$ 2 000 
even in a low-income setting and after reduction in drug costs to half of current Global Drug Facility 
[GDF] prices). Some more detail is provided in the figures below from the 2019 report.

sub-PICO 1.1
During assessment of sub-PICO 1.1, the panel noted that 
the cost of component medicines is likely to be similar 
because both regimens are of the same duration and use 
the same component medicines except for one – linezolid 
instead of ethionamide. The duration of linezolid use is 
2 months compared with 4 months for ethionamide. Based 
on GDF prices the cost difference was negligible (2 months 
of linezolid at 600 mg/day US$ 21, and 4 months of 
ethionamide at 450 mg/day US$ 32). 
The health care costs are also likely to be similar because 
the two regimens are of the same duration and have the 
same component medicines, except for one – linezolid 
instead of ethionamide. 
The panel also assumed no difference in DST needs. Both 
regimens are indicated for patients with MDR/RR-TB and 
without fluoroquinolone resistance. These patients are 
usually tested for rifampicin and fluoroquinolone resistance – 
rapid DSTs for both of these medicines are available. It might 
also be useful to perform genotypic DST because mutations 
in the inhA gene also confer resistance to ethionamide.
The panel used available data on cost of component 
medicines combined with professional judgement to 
estimate the cost of 9-month regimen with linezolid 
compared to 9-month regimen with ethionamide among 
patients with MDR/RR/FQS-TB. The panel suggested that 
the cost would be expected to be very similar, i.e. for there 
to be negligible costs or savings.  
 
The panel also noted that no data was available on the 
cost of managing potential long-term consequences of 
neurotoxicity that can be caused by the use of LZD, also 
noting that the 2 months duration is not likely to cause 
neurotoxicity. The panel has also noted that healthcare and 
patient costs are likely to be similar for regimens destined 
to the same group of patients and of the same duration. 

sub-PICO 1.2
The panel judged that the costs for people with MDR/RR/
FQS-TB receiving the 9-month regimen with Linezolid are 
lower because costs for drugs, care and monitoring are 
expected to be lower.
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Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

See EtDs for sub-PICOs 1.1 and 1.2 for details  

Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ No included 
studies

No research evidence searched for.  

Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Reduced 
○ Probably reduced 
○ Probably no impact 
○ Probably increased 
○ Increased 
○ Varies 
○ Don’t know

No research evidence searched for. sub-PICO 1.2
The panel considered ability to decentralize treatment 
(to enable access for remote, underserviced settings and 
disadvantaged populations) to affect equity.
Despite not being able to identify relevant research 
evidence, the panel used their collective experience to 
judge that there would likely be advantages associated 
with the use of the 9-month regimen due to its reduced 
complexity and shorter duration. The panel judged that 
use of the 9-month regimen with linezolid would probably 
increase equity.
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Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
○ Yes 
○ Varies 
○ Don’t know

No research evidence searched for. sub-PICO 1.1
The panel considered patients and health care providers 
as key stakeholders. The panel considered the following 
aspects as critical with regards to acceptability: regimen 
duration and drug safety monitoring needs (both relating 
to necessary travel, loss of income and general disruption 
of the life of patients; workload for the health care system), 
needs for drug susceptibility testing. The panel judged that 
there were probably no differences in acceptability between 
9-month regimen with linezolid and 9-month regimen with 
ethionamide given the overall similarity of the regimens, 
and that the 9-month regimen with linezolid would 
probably be acceptable.

sub-PICO 1.2
The panel considered patients and health care providers 
as key stakeholders. The panel considered the following 
aspects as critical with regards to acceptability: regimen 
duration and drug safety monitoring needs (both relating 
to necessary travel, loss of income and general disruption 
of the life of patients; workload for the health care system), 
needs for drug susceptibility testing. The panel judged that 
the 9-month regimen with linezolid would probably be 
acceptable.
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Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
○ Yes 
○ Varies 
○ Don’t know

No research evidence searched for. sub-PICO 1.1
The panel considered the following aspects to affect 
feasibility (i.e. to be potential barriers to implementation): 
requirements for drug safety monitoring and requirements 
for drug susceptibility testing. The panel judged that, 
although implementation of the 9-month regimen with 
linezolid would require DST and monitoring of toxicity (with 
particularly the need for hemoglobin monitoring being a 
potential barrier) , it would probably be feasible.

sub-PICO 1.2
The panel considered the following aspects to affect 
feasibility (i.e. to be potential barriers to implementation): 
requirements for drug safety monitoring and requirements 
for drug susceptibility testing. The panel judged that 
implementation of the 9-month regimen with linezolid 
would be feasible.
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Summary of judgements

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know
DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know
UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know
CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies
VALUES Important 

uncertainty or 
variability

Possibly important 
uncertainty or 

variability

Probably no 
important 

uncertainty or 
variability

No important 
uncertainty or 

variability

BALANCE OF EFFECTS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and 
savings

Moderate savings Large savings Varies Don’t know

CERTAINTY OF EVIDENCE 
OF REQUIRED RESOURCES

Very low Low Moderate High No included studies

COST EFFECTIVENESS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies No included studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know
ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know
FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

Type of recommendation
Strong recommendation against 

the intervention
○ 

Conditional recommendation 
against the intervention

○ 

Conditional recommendation 
for either the intervention or the 

comparison
○ 

Conditional recommendation for 
the intervention

● 

Strong recommendation for the 
intervention

○ 
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Conclusions

Recommendation
WHO suggests the use of the 9-month all-oral regimen rather than longer (18-month) regimens in patients with MDR/RR-TB and in whom resistance to fluoroquinolones 
has been excluded (conditional recommendation, very low certainty of evidence). 
Remarks
1. The 9-month all-oral regimen consists of: bedaquiline (used for 6 months), in combination with levofloxacin/moxifloxacin, ethionamide, ethambutol, isoniazid (high-dose), 
pyrazinamide and clofazimine (for 4 months; with the possibility of extending to 6 months if the patient remains sputum smear positive at the end of 4 months); followed by treatment 
with levofloxacin/moxifloxacin, clofazimine, ethambutol and pyrazinamide (for 5 months). Ethionamide can be replaced by 2 months of linezolid (600 mg daily). 
2. 9-month regimen with linezolid instead of ethionamide may be used in pregnant women unlike the regimen with ethionamide. 
3. This recommendation applies to:
a. patients without extensive TB disease[1] and no severe extrapulmonary TB[2] 
b. patients with less than one month exposure to bedaquiline, fluoroquinolones, ethionamide, linezolid and clofazimine. When exposure is greater than 1 month, these patients may still 

receive this regimen if resistance to the specific medicines with such exposure has been ruled out
c. all people regardless of HIV status 
d. Children (and patients in other age groups) who do not have bacteriological confirmation of TB and/or resistance patterns but who have a high likelihood of MDR/RR-TB (based on 

clinical signs and symptoms of TB, in combination with a history of contact with a patient with confirmed MDR/RR-TB)

[1] Extensive (or advanced) pulmonary tuberculosis (TB) disease: presence of bilateral cavitary disease or extensive parenchymal damage on chest radiography. In children aged under 15 
years, advanced disease is usually defined by the presence of cavities or bilateral disease on chest radiography.
[2] Severe extrapulmonary TB: presence of miliary TB or TB meningitis. In children aged under 15 years, extrapulmonary forms of disease other than lymphadenopathy (peripheral nodes 
or isolated mediastinal mass without compression) are considered as severe. 
Related recommendation(s)
Sub-PICO 1.1 (link to #1 in GRADEPro)
The use of either the 9-month regimen with linezolid or the 9-month regimen with ethionamide is suggested in people with pulmonary MDR/RR-TB without fluoroquinolone resistance 
(conditional recommendation, very low certainty of evidence).

Sub-PICO 1.2 (link to #2 in GRADEPro)
The use of either the 9-month regimen with linezolid or the longer (18-month) regimens is suggested in people with pulmonary MDR/RR-TB without fluoroquinolone resistance 
(conditional recommendation, very low certainty of evidence).
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Justification
The 9-month regimens can be used in patients not eligible for the shorter, 6-month regimens; also, they represent a preferred treatment option over the longer regimens. The intention 
to determine a relatively shorter duration of treatment for patients with forms of drug-resistant TB or other eligibility criteria not compatible with the 6-month regimen has driven the 
assessments presented in this section. 
Briefly, two assessments have been performed: first, comparing the outcomes of the 9-month regimen including linezolid for 2 months and the identical regimen that included 
ethionamide for 4 months; and second, comparing the outcomes of the 9-month regimen including linezolid with the longer regimens that were designed individually but included both 
bedaquiline and linezolid along with other medicines as recommended by WHO. Data on most of the 9-month regimens were obtained from a programmatic setting in South Africa. 
The first assessment showed similar levels of treatment success (64% vs 66%), failure or recurrence (1.1% vs 1.4%), deaths (20% vs 21%), loss to follow-up (15% vs 12%) and amplification 
of drug resistance (0.6% vs 0%). Adverse events were noted in 5% of participants receiving the 9-month regimen with linezolid; however, no comparisons could be made because no 
data were available for participants receiving the 9-month regimen with ethionamide. The second assessment of the 9-month regimen compared with longer regimens also showed 
lower levels of treatment success (64% vs 74%), failure or recurrence (1% vs 3%) or amplification of drug resistance (1% vs 2%); and higher levels of deaths (20% vs 11%) or loss to 
follow-up (15% vs 12%). Adverse events were noted in 5% of participants receiving the 9-month regimen with linezolid and in participants receiving longer regimens.
Based on a combined review of these two assessments it was considered that the 9-month regimen with linezolid can be recommended as an alternative to the 9-month regimen with 
ethionamide, and that both regimens can be used in preference to the longer (18-month) regimens in eligible patients. These assessments were performed on the background of the previous 
assessment during the GDG meeting in 2019 that led to the conditional recommendation for use of the 9-month all-oral bedaquiline-containing regimen. The datasets of both 9-month 
regimens systematically excluded patients with extensive TB disease and severe forms of extrapulmonary TB; therefore, this recommendation is not extended to these groups of patients.
Subgroup considerations
Based on research evidence and expert experience the panel identified PLHIV, children, pregnant women, breastfeeding women, patients with extrapulmonary TB and patients with 
extensive TB disease as subpopulations of people who might be affected differently than most by this recommendation. The recent new recommendation for use of bedaquiline in 
children with MDR/RR-TB aged below 6 years was considered (29). The panel noted the following specific considerations for the subpopulations listed below. 
People living with HIV. 
The data evaluated corresponded to a setting with a high prevalence of HIV; of particular significance was that most PLHIV (>90%) who started the 9-month regimens were receiving 
ART. In view of the treatment outcomes described in the analysis, there were no grounds to believe that the regimen would perform any differently in PLHIV. It is necessary to consider 
significant clinical interactions that may increase bedaquiline exposure or that of other agents with potential for cardiotoxicity when these are co-administered with antiretroviral drugs. 
However, because the data evaluated did not include information on changes to the regimen as a result of management of adverse drug reactions, or complications from drug–drug 
interactions, the GDG reiterated that it is worth paying attention to any potential drug–drug interactions or overlapping drug toxicities that may not have been captured. For example, 
bedaquiline concentrations can be reduced by efavirenz (these drugs should not be co-administered) or increased by boosted protease inhibitors (resulting in a need for greater 
vigilance in monitoring for drug-related QT effects). Neuropathy, liver enzyme elevations and CNS side-effects can be attributed to HIV or TB drugs or their interactions.
Children. 
The datasets included only small numbers of people aged below 15 years (n=69), and thus did not allow for reliable comparisons in both datasets from South Africa (n=69 and n=7) 
and in the 2021 IPD (n=7). However, analysis in the subgroup aged below 15 years showed a relative increase in treatment success of 42% (aRR=1.42, 95% CI: 0.7 to 2.89) in sub-
PICO 1.1 and a 5% relative reduction (RR=0.95, 95% CI: 0.78 to 1.15) in sub-PICO 1.2. Although a small number of participants were aged between 10 and 15 years (19/50, 38% in the 
intervention group, and 75/162, 46% in the comparator group), extrapolation of the findings to children was deemed reasonable for efficacy because components of the regimen had 
been used safely in children based on other available data regarding linezolid use in children. This extrapolation was considered applicable to children of all ages, taking into account the 
recommendation for use of bedaquiline in children aged below 6 years. 
Pregnant and lactating women. 
In the research studies analysed, pregnant women were not identified, and subgroup data were unavailable. Ethionamide is usually contraindicated in pregnancy (because animal 
reproduction studies have shown an adverse effect on the fetus and there are no adequate and well-controlled studies in humans), and this is the main reason that the 9-month regimen 
has not been recommended for this subgroup in the past. There is experience in using linezolid during pregnancy. For pregnant and lactating women, it is therefore recommended to 
use the regimen with linezolid instead of ethionamide.
Extrapulmonary TB. 
A subgroup of people with extrapulmonary TB were included in the research studies (81 in the regimen containing linezolid and 23 in the regimen with ethionamide). In view of the 
unavailability of evidence on surrogates for severity or extent of disease, the use of this regimen in patients with severe forms of extrapulmonary TB is not recommended.
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Implementation considerations
Patient selection and decisions to start the 9-month regimens
Patient selection and decisions to start the 9-month regimens in newly diagnosed patients should be made through an informed decision-making process that includes patient 
preference and clinical judgement, and DST results available before the start of treatment. 
These regimens can be a preferred option over the longer regimens and can be used in those who are not eligible for the shorter BPaLM/BPaL regimens. Patients with confirmed 
MDR/RR-TB and in whom resistance to fluoroquinolones has been ruled out are expected to benefit the most from 9-month regimens. Proper patient selection would not only lead 
to improved treatment outcomes but would also contribute to protecting against the development of bedaquiline resistance. In this respect, the regimen is to be implemented only in 
settings where routine DST for rifampicin and fluoroquinolones can be guaranteed. 
Patients should be informed about the advantages and possible disadvantages so that they can make an informed decision on the regimen of choice. Previous exposure of less than 
1 month duration to the second-line medicines used in the regimen needs to be ascertained; it can then be considered along with any additional DST results available. Based on the 
available evidence, this regimen can be used in patients with confirmed MDR/RR-TB (with at least confirmed resistance to rifampicin) in whom resistance to fluoroquinolones has been 
ruled out, in the following situations: no exposure to previous treatment with second-line medicines in the regimen for more than 1 month (unless susceptibility to these medicines is 
confirmed); or no extensive TB disease and no severe extrapulmonary TB. 
Drug susceptibility testing 
DST for bedaquiline and linezolid is an important implementation consideration that will need to be enhanced in many countries, given the increasing use of these medicines in all 
regimens for MDR/RR-TB and the possible further inclusion of new medicines in MDR-TB treatment regimens. The implementation of these recommendations must be accompanied 
by continued efforts to increase access to DST for all medicines for which reliable methods are currently available, and for the development and roll-out of DST methods for newer 
medicines. Access to WHO-recommended rapid DST is essential, especially for detecting resistance to rifampicin and fluoroquinolones, before starting the 9-month regimens. Baseline 
DST will confirm eligibility for different regimen options; therefore, the establishment and strengthening of DST services is a vital consideration for implementation. The DST methods for 
identifying resistance to bedaquiline and linezolid have been developed on available phenotypic platforms and need to be implemented in all settings where these medicines are being 
used. Resistance to other anti-TB drugs should be monitored in accordance with WHO recommendations. 
One of the exclusion criteria for all shorter regimens in the datasets from South Africa was mutations in both inhA promoter and katG regions, confirmed using a line probe assay (LPA). 
This means that patients with only inhA or only katG mutations were included. A first-line LPA (MTBDRplus) and Xpert MTB/XDR cartridge can determine mutations in the inhA promoter 
or katG regions; both mutations confer resistance to isoniazid, with the resistance being low level when inhA mutations alone are present, or high level with katG gene mutations alone or 
inhA promoter and katG gene mutations combined. Mutations at the inhA promoter are also associated with resistance to ethionamide and prothionamide. The presence of mutations 
in both the inhA promoter and katG suggests that isoniazid at high dose and thioamides are not effective, and that the 9-month regimen may not therefore be used. In the absence of 
information on mutation patterns for an individual patient, the decision can be informed by knowledge of the frequency of the concurrent occurrence of both mutations, obtained from 
drug-resistance surveillance. Phenotypic DST for some medicines included in the regimen (e.g. ethambutol and ethionamide) is not considered reliable and reproducible; therefore, this 
testing should be employed with caution to inform the use of this regimen1. 
Currently, there is limited capacity globally to carry out DST for bedaquiline; however, laboratory capacity should be strengthened in this area as new medicines and regimens begin to 
be used more widely. National and reference laboratories will need to have the relevant reagents available to enable DST to be carried out and will need data on the MIC distribution of 
all M. tuberculosis lineages that are circulating globally. The WHO TB SRL Network is available to support national TB reference laboratories in performing quality-assured DST. A WHO 
technical consultation in 2017 established critical concentrations for susceptibility testing for the fluoroquinolones, bedaquiline, delamanid, clofazimine and linezolid.
Selection of fluoroquinolones
Selection of fluoroquinolones may take into account the evidence from South Africa available for the review – 83% of patients analysed using the 2017 dataset received levofloxacin 
and the rest received moxifloxacin at standard dose (400 mg daily). Both levofloxacin and moxifloxacin have shown similar efficacy for treating DR-TB. The choice between levofloxacin 
and moxifloxacin was guided by the potential risk of cumulative cardiotoxicity, using moxifloxacin in a shorter regimen with injectables and levofloxacin in an all-oral shorter regimen. 
Levofloxacin is often preferred because of moxifloxacin’s slightly higher potential for cardiotoxicity; however, levofloxacin has been associated with musculoskeletal disorders in paediatric 
populations. Therefore, irrespective of the choice of fluoroquinolone, NTPs need to implement aDSM in all patients enrolled on treatment of DR-TB. 
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Assessment of TB disease 
To determine regimen options, it is important to know the extent of TB disease, in addition to the DST results and other considerations mentioned above. Extensive TB disease is defined 
in this document as the presence of bilateral cavitary disease or extensive parenchymal damage on chest radiography. In children aged below 15 years, advanced disease is usually 
defined by the presence of cavities or bilateral disease on chest radiography. This highlights the importance of chest radiography as part of the diagnostic and clinical management 
work-up for patients.
Regimen duration 
The regimen consists of an intensive phase of 4 months that may be extended to 6 months, and a continuation phase of 5 months, which means that if extended the regimens may last 
11 months. In the dataset reviewed, the duration of bedaquiline and linezolid was restricted to 6 and 2 months respectively.
Patient-centred approach
Efforts are required to provide patient support to enable full adherence to treatment.
[1] See the list of high-confidence resistance-conferring mutations in the WHO guide on the use of next generation sequencing technologies, WHO (2018).
Monitoring and evaluation
Patients who receive a shorter MDR-TB treatment regimen need to be monitored during treatment using schedules of relevant clinical and laboratory testing, which have been 
successfully applied in previous studies of shorter regimens under field conditions and in the programmatic setting in South Africa. 
The GDG emphasized the need to strengthen and increase access to DST, and the need to monitor and undertake surveillance for emerging drug resistance, including for bedaquiline 
and for all second-line medicines in the shorter regimen for which reliable DST are available. This should not delay implementation of the 9-month regimens; however, monitoring and 
surveillance will become increasingly necessary as the use of the shorter regimens increases, as does the use of bedaquiline as part of the longer regimens. 
The schedule of bacteriological monitoring in South Africa included both smear and culture, carried out on a monthly basis. Therefore, the response to treatment should be monitored 
by using monthly sputum smear microscopy, and culture (ideally at the same frequency). This is similar to the schedule of bacteriological monitoring recommended for the longer 
regimens (Section 3). If feasible, it is also important to follow up patients after the completion of treatment, for possible relapse. 
Based on guidance in current literature and collective experience the panel advised the following with regards to monitoring/evaluation as it pertains to safety and effectiveness of the 
9-month regimens:
• The implementation of both regimens requires the use of routine DST not only for patient selection but also to monitor the acquisition of resistance (collection of strains for 

sequencing should be considered)
• Although the data assessed did not unearth any major signals of risk, active TB drug safety monitoring and management systems must be functional in order to conduct rigorous 

active monitoring of adverse events and to detect, manage, and report suspected or confirmed drug toxicities in a timely manner. 
• Programmes need to have access to reliable DST for bedaquiline and linezolid when no bacteriological conversion is seen at the end of the 4th month of treatment and following the 

2 months of prolongation. In an ideal situation, the DST for all second-line medicines in these regimens would be available. 
• Wider applicability of the 9-month regimens highlights the importance of pediatric formulations. Programmes and their partners need to address the sustained the availability of 

modern pediatric formulations to ensure smooth implementation in this subgroup of patients. 
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Research priorities
Further research is needed in the following areas:
a. the effectiveness and safety of variants of the shorter MDR-TB treatment regimen, in which the injectable agent is replaced by an oral agent (e.g. bedaquiline) and the total duration is 

reduced to 6 months or less;
b. comparison of the effectiveness of these variants of the shorter regimen in:

i. patient subgroups that have often been systematically excluded from studies or country programme cohorts (e.g. children, patients with additional resistance, those with 
extrapulmonary TB, and pregnant or breastfeeding women);

ii. settings where background resistance to drugs other than fluoroquinolones and second-line injectable agents is high (e.g. pyrazinamide or high-level isoniazid resistance);
c. additional RCTs and ORs on all-oral shorter MDR-TB treatment regimens, also allowing comparison of all-oral shorter regimens to all-oral longer regimens; 
d. programmatic data from countries other than South Africa; 
e. data from children, pregnant women, older people, patients with diabetes and other special populations; 
f. data on patients presenting with extensive TB disease; 
g. information on the frequency and mechanisms of bedaquiline resistance acquisition, and the genetic markers that indicate probable resistance; and 
h. identification of optimal companion drugs that protect bedaquiline and limit the acquisition of bedaquiline resistance, including consideration of the need to protect the long “tail” of 

potential single drug exposure (given its exceptionally long half-life) if bedaquiline is stopped at the same time as companion drugs.

REFERENCES SUMMARY
1. WHO, World Health Organization. Global Tuberculosis report 2021. https://www.who.int/publications/i/item/9789240037021; 2021.
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Sub-PICO 1.1
Question
Should a shorter all-oral regimen (<12 months) containing at least three Group A medicines (9-month regimen with linezolid) vs. 9-month regimen with ethionamide be 
used for in patients with MDR/RR/FQS-TB?
POPULATION: patients with MDR/RR/FQS-TB
INTERVENTION: a shorter all-oral regimen (<12 months) containing at least three Group A medicines – 9-month regimen with linezolid for two months (4–6 Bdq[6]-Lfx[Mfx]-

Lzd[2]-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E), (also referred to as “the 9-month regimen with linezolid” or “SA_new”)
COMPARISON: 9-month regimen with ethionamide for 4 months (4–6 Bdq[6]-Lfx[Mfx]-Eto-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E), (also referred to as “the 9-month regimen with 

ethionamide” or “WHO_short”)
MAIN OUTCOMES: Treatment success without recurrence; Failure and recurrence; Death; Lost to follow up; Adverse events (Grades 3–5); Amplification of drug-resistance;
SETTING: Global inpatient and outpatient treatment settings
PERSPECTIVE: Public health and health systems perspective
BACKGROUND: Multidrug-resistant (MDR-) and rifampicin-resistant tuberculosis (MDR-/RR-TB) has emerged as a major problem due to poor management of drug-susceptible 

and transmission of drug-resistant TB. MDR-/RR-TB is treatable but requires different treatment regimen combinations that are sometimes longer and including 
medicines with that are potentially more toxic. The interest in reducing the duration of treatment for MDR/RR-TB motivates a continuous search for shorter 
and safer regimens. In 2016, on the basis of data from observational studies of the shorter regimens in different Asian and African countries, WHO for the first 
time recommended a standardized 9-month regimen, containing an injectable agent providing shorter than the extant 18–20 months standard of care for the 
eligible patients. In 2018, following the results of the Standard Treatment Regimen of Anti-tuberculosis Drugs for Patients with MDR-TB (STREAM) Stage 1 trial, 
further modifications were made to the earlier recommended shorter regimen, also replacing kanamycin by amikacin (based on evidence from the comparative 
effectiveness of these two injectable agents). Evidence of permanent effects attributed to the toxicity of injectable agents, have prompted further advances in the 
development of new treatments such as shorter injectable-sparing regimens. In particular, South African Department of Health shared with WHO the observational 
data on an all-oral bedaquiline-containing shorter regimen of 9 months duration. The all-oral 9-month bedaquiline containing regimen was reviewed and 
recommended by WHO since 2019 with the following combination of medicines (4–6 Bdq[6]-Lfx[Mfx]-Eto-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E). In 2022, new evidence 
from programmatic implementation in South Africa was made available to WHO where this regimen was modified to include 2 months of Linezolid (Lzd, 600mg) 
instead of 4 months of Ethionamide (Eto). 

CONFLICT OF 
INTERESTS:

The following panel members were recused from voting on the recommendation according to WHO policy due to potential conflicts-of-interest: Guy Marks, 
Andrew Nunn
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Assessment

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

The COVID-19 pandemic has reversed years of progress in providing essential TB services and 
reducing TB disease burden. The most obvious impact is a large global drop in the number of 
people newly diagnosed with TB and reported. This fell from 7.1 million in 2019 to 5.8 million in 
2020, an 18% decline back to the level of 2012 and far short of the approximately 10 million people 
who developed TB in 2020. 
Reduced access to TB diagnosis and treatment has resulted in an increase in TB deaths. Best 
estimates for 2020 are 1.3 million TB deaths among HIV-negative people (up from 1.2 million in 
2019) and an additional 214 000 among HIV-positive people (up from 209 000 in 2019), with the 
combined total back to the level of 2017. 
Other impacts include reductions between 2019 and 2020 in the number of people provided with 
treatment for drug-resistant TB (-15%, from 177 100 to 150 359, about 1 in 3 of those in need). 
Globally in 2020, 71% (2.1/3.0 million) of people diagnosed with bacteriologically confirmed 
pulmonary TB were tested for rifampicin resistance, up from 61% (2.2/3.6 million) in 2019 and 
50% (1.7/3.4 million) in 2018. Among these, 132 222 cases of MDR/RR-TB a nd 25 681 cases of 
pre-XDR-TB or XDR-TB were detected, for a combined total of 157 903. This was a large fall (of 
22%) from the total of 201 997 people detected with drug-resistant TB in 2019, consistent with 
similarly large reductions in the total number of people newly diagnosed with TB (18%) and the 
total number of people diagnosed with bacteriologically confirmed pulmonary TB (17%) observed 
between 2019 and 2020. Worldwide, 150 359 people with MDR/RR-TB were enrolled on treatment 
in 2020, down 15% from the total of 177 100 in 2019. This level of enrolment was equivalent to 
about one in three of the people who develop MDR/RR-TB each year. 
More positively, there have been improvements in treatment success rates. Globally in 2018 (the 
latest patient cohort for which data are available), the treatment success rate for MDR/RR-TB was 
59%, reflecting steady improvements in recent years from 50% in 2012.
(Global TB Report 2021) 

Drug-resistant TB is a global challenge and access to 
treatment often problematic, with regimens typically being 
long, toxic and expensive. 
More efficacious and shorter treatment regimens for DR-TB 
are necessary to optimize and improve treatment outcomes 
while minimizing adverse events and preventing acquisition 
of additional drug resistance. 
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Trivial 
● Small 
○ Moderate 
○ Large 
○ Varies 
○ Don’t know

Two observational studies were compared – the 9-month regimen with linezolid (used in South 
Africa in 2019) (intervention) and the 9-month regimen with ethionamide (used in South Africa in 
2017) regimen (comparator). Data were obtained from a programmatic setting in South Africa. 
Participants with MDR/RR/FQS-TB receiving the 9-month regimen with Linezolid (n=4,244) 
compared to participants receiving the 9-month regimen with Ethionamide (n=880) experienced 
lower levels of treatment success (64% vs 66%), i.e. a 4% relative reduction (aRR=0.96, 95%CI 
0.91 to 1.01); lower levels of failure and recurrence (1.1% vs 1.4%), i.e. a 20% relative reduction 
(aRR=0.80, 95%CI 0.42 to 1.53); higher levels of deaths (20% vs 21%), i.e. a 3% relative increase 
(aRR=1.03, 95%CI 0.89 to 1.20); higher levels of loss to follow-up (15% vs 12%), i.e. a 19% relative 
increase (aRR=1.19, 95%CI 0.98 to 1.45); and higher levels of amplification of drug-resistance (0.6% 
vs 0.0%), i.e. a 1% absolute increase (RD=0.01, 95%CI 0.00 to 0.01). Adverse events were noted 
in 5% of participants receiving the 9-month regimen with Linezolid but no comparisons could be 
done as no data was available for participants receiving the 9-month regimen with Ethionamide.
The evidence is very uncertain about the effect of 9-month regimen with linezolid on all outcomes.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with 
9-month 

regimen with 
ethionamide

Risk difference with a 
shorter all-oral regimen 
(<12 months) containing 

at least three Group A 
medicines (9-month regimen 

with linezolid)
Failure and 
recurrence

5 124 
(2 observational 

studies)

 
Very lowa,b,c

RR 0.80 
(0.42 to 

1.53)

Study population
14 per 1 000 3 fewer per 1 000 

(8 fewer to 7 more)

a. Potential misclassification bias: As these data were collected under programmatic conditions, 
there is considerable potential to underestimate relapse, as individuals are not followed up after 
treatment. Relapse was defined as an individual having a second episode, based upon the use 
of a universal identifier. Misclassification of death during the follow-up period is also possible, 
however some cases of death post treatment were captured by the national death registry that 
was linked to the cohort data. The misclassification is non-differential between arms (both South 
African programmatic data)

b. Failure to adequately control confounding: Limited information about baseline disease severity 
was available in both intervention and comparator groups.

c. Intervention and comparator undertaken in one country, South Africa, which has a high HIV 
prevalence. The findings may not be generalizable to other populations.

 

No direct comparative evidence was available on AEs 
because this data on AEs was not systematically collected 
for 9-month regimen with ethionamide. The rate of grade 
3–5 AEs was 5.0% for 9-month regimen with linezolid. The 
panel nevertheless considered the potential AEs of both 
Ethionamide and linezolid in balancing the benefits and 
harms (summary below).
The panel also considered the duration and pill burden 
with the intervention and comparator regimens. Both 
regimens have same duration therefore none is presenting 
an advantage of shorter treatment, although the duration 
of Linezolid is shorter than that of Ethionamide. The pill 
burden is likely to be slightly lower with the intervention 
since Linezolid is prescribed for two months in 9-month 
regimen with linezolid and Ethionamide for 4 months under 
9-month regimen with ethionamide. 

Linezolid AEs:
Myelosuppression (decreased level of platelets, decreased 
level of white blood cells, and/or anaemia).
Optic and peripheral neuropathy may be irreversible, and 
linezolid should be stopped if these develop. 
Lactic acidosis – patients who develop recurrent nausea or 
vomiting, unexplained acidosis, or a low bicarbonate level 
while receiving linezolid should receive immediate medical 
evaluation, including a lactic acid blood test.
Diarrhea and nausea. 

Ethionamide AEs:
Gastrointestinal upset and anorexia: sometimes intolerable 
(symptoms are moderated by food or taking at bedtime).
Hepatotoxicity.
Endocrine effects: Gynecomastia, hair loss, acne, impotence, 
menstrual irregularity, and reversible hypothyroidism.
Neurotoxicity (patients taking ethionamide should take high 
doses of vitamin B6). 
Considering this research evidence and the additional 
considerations, the GDG judged that the 9-month regimen 
with linezolid may have small desirable effects and noted 
the very low certainty of the evidence.
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Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large 
● Moderate 
○ Small 
○ Trivial 
○ Varies 
○ Don’t know

Two observational studies were compared – the 9-month regimen with linezolid (used in South 
Africa in 2019) (intervention) and the 9-month regimen with ethionamide (used in South Africa in 
2017) regimen (comparator). Data were obtained from a programmatic setting in South Africa. 
Participants with MDR/RR/FQS-TB receiving the 9-month regimen with Linezolid (n=4,244) 
compared to participants receiving the 9-month regimen with Ethionamide (n=880) experienced 
lower levels of treatment success (64% vs 66%), i.e. a 4% relative reduction (aRR=0.96, 95%CI 
0.91 to 1.01); lower levels of failure and recurrence (1.1% vs 1.4%), i.e. a 20% relative reduction 
(aRR=0.80, 95%CI 0.42 to 1.53); higher levels of deaths (20% vs 21%), i.e. a 3% relative increase 
(aRR=1.03, 95%CI 0.89 to 1.20); higher levels of loss to follow-up (15% vs 12%), i.e. a 19% relative 
increase (aRR=1.19, 95%CI 0.98 to 1.45); and higher levels of amplification of drug-resistance (0.6% 
vs 0.0%), i.e. a 1% absolute increase (RD=0.01, 95%CI 0.00 to 0.01). Adverse events were noted 
in 5% of participants receiving the 9-month regimen with Linezolid but no comparisons could be 
done as no data was available for participants receiving the 9-month regimen with Ethionamide.
The evidence is very uncertain about the effect of 9-month regimen with linezolid on all outcomes.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with 
9-month 
regimen 

with 
ethionamide

Risk difference with a 
shorter all-oral regimen 
(<12 months) containing 

at least three Group A 
medicines (9-month regimen 

with linezolid)
Treatment 
success 
without 
recurrence

5 124 
(2 observational 

studies)

 
Very lowa,b,c

RR 0.96 
(0.91 to 

1.01)

Study population
660 per 1 000 26 fewer per 1 000 

(59 fewer to 7 more)

Death 5 124 
(2 observational 

studies)

 
Very lowa,b,c,d

RR 1.03 
(0.89 to 

1.20)

Study population
210 per 1 000 6 more per 1 000 

(23 fewer to 42 more)
Lost to follow 
up

5 124 
(2 observational 

studies)

 
Very lowa,b,c

RR 1.19 
(0.98 to 

1.45)

Study population
116 per 1 000 22 more per 1 000 

(2 fewer to 52 more)
Amplification 
of drug-
resistance

5 124 
(2 observational 

studies)

 
Very lowa,b,c,e

RD 0.01 
(0.00 to 

0.01)

Study population
0 per 1 000 10 more per 1 000 

(0 fewer to 10 more)

No direct comparative evidence was available on AEs 
because this data on AEs was not systematically collected 
for 9-month regimen with ethionamide. The rate of grade 
3–5 AEs was 5.0% for 9-month regimen with linezolid. 
The panel nevertheless considered the potential AEs of 
both drugs in balancing the benefits and harms (summary 
provided in the section on desirable effects).
Considering the totality of observed effects of 
9-month regimen with linezolid on these outcomes, 
the GDG judged that 9-month regimen with linezolid 
may have moderate undesirable effects and noted the 
very low certainty of the evidence.



W
H

O
 consolidated guidelines on tuberculosis. M

odule 4: treatm
ent – 

drug-resistant tuberculosis treatm
ent, 2022 update. W

eb Annexes

W
eb Annex 4. G

RAD
E evidence-to-decision tables

81

80

a. Potential misclassification bias: As these data were collected under programmatic conditions, 
there is considerable potential to underestimate relapse, as individuals are not followed up after 
treatment. Relapse was defined as an individual having a second episode, based upon the use 
of a universal identifier. Misclassification of death during the follow-up period is also possible, 
however some cases of death post treatment were captured by the national death registry that 
was linked to the cohort data. The misclassification is non-differential between arms (both South 
African programmatic data)

b. Failure to adequately control confounding: Limited information about baseline disease severity 
was available in both intervention and comparator groups.

c. Intervention and comparator undertaken in one country, South Africa, which has a high HIV 
prevalence. The findings may not be generalizable to other populations.

d. Deaths post treatment were reported through a national death registry, rather than individual 
participants being followed up. The accuracy of the death registry is uncertain; hence 
misclassification is possible.

e. Flawed measurement of outcomes: drug susceptibility tests were not routinely performed during 
treatment for second-line drugs unless patients were failing therapy. Therefore, estimates of 
amplified drug resistance are likely inaccurate in both intervention and comparator groups.

 
No significant variation in treatment success was noted between the pre-defined subgroups.
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Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

Certainty in the estimates was rated “very low” for all outcomes on account of potential 
misclassification bias and confounding bias (downgraded 1 level), and serious indirectness 
(downgraded one level). The overall certainty is generally based on the lowest certainty for the 
agreed critical outcomes and thus was judged to be very low.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with 
WHO_short

Risk difference with a 
shorter all-oral regimen 
(<12 months) containing 

at least three Group A 
medicines (9-month 

regimen with linezolid)
Treatment 
success 
without 
recurrence

5 124 
(2 observational 

studies)

 
Very lowa,b,c

RR 0.96 
(0.91 to 

1.01)

Study population
660 per 1 000 26 fewer per 1 000 

(59 fewer to 7 more)

Failure and 
recurrence

5 124 
(2 observational 

studies)

 
Very lowa,b,c

RR 0.80 
(0.42 to 

1.53)

Study population
14 per 1 000 3 fewer per 1 000 

(8 fewer to 7 more)
Death 5 124 

(2 observational 
studies)

 
Very lowa,b,c,d

RR 1.03 
(0.89 to 

1.20)

Study population
210 per 1 000 6 more per 1 000 

(23 fewer to 42 more)
Lost to follow 
up

5 124 
(2 observational 

studies)

 
Very lowa,b,c

RR 1.19 
(0.98 to 

1.45)

Study population
116 per 1 000 22 more per 1 000 

(2 fewer to 52 more)
Adverse 
events 
(Grades 3–5)

0 
(2 observational 

studies)

 
Very lowc,e

not 
estimable

Study population
0 per 1 000 0 fewer per 1 000 

(0 fewer to 0 fewer)
Amplification 
of drug-
resistance

5 124 
(2 observational 

studies)

 
Very lowa,b,c,f

RD 0.01 
(0.00 to 

0.02)

Study population
0 per 1 000 0 fewer per 1 000 

(0 fewer to 10 more)

The panel noted that both the evidence on the intervention 
and on control regimen was obtained from programmatic 
data from South Africa, such that overall, the population 
and health care context were comparable. However, the 
panel stressed that important differences exist between 
the two cohorts / data sets that were compared, making it 
difficult to draw conclusions with full confidence.
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a. Potential misclassification bias: As these data were collected under programmatic conditions, 
there is considerable potential to underestimate relapse, as individuals are not followed up after 
treatment. Relapse was defined as an individual having a second episode, based upon the use 
of a universal identifier. Misclassification of death during the follow-up period is also possible, 
however some cases of death post treatment were captured by the national death registry that 
was linked to the cohort data. The misclassification is non-differential between arms (both South 
African programmatic data)

b. Failure to adequately control confounding: Limited information about baseline disease severity 
was available in both intervention and comparator groups.

c. Intervention and comparator undertaken in one country, South Africa, which has a high HIV 
prevalence. The findings may not be generalizable to other populations.

d. Deaths post treatment were reported through a national death registry, rather than individual 
participants being followed up. The accuracy of the death registry is uncertain, hence 
misclassification is possible.

e. Flawed measurement of outcome: Adverse events were not routinely reported in either the 
intervention or the comparator groups. Therefore, estimates cannot be provided.

f. Flawed measurement of outcomes: drug susceptibility tests were not routinely performed during 
treatment for second-line drugs unless patients were failing therapy. Therefore, estimates of 
amplified drug resistance are likely inaccurate in both intervention and comparator groups.

Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Important 
uncertainty or 
variability 
○ Possibly important 
uncertainty or 
variability 
● Probably no 
important uncertainty 
or variability 
○ No important 
uncertainty or 
variability

No research evidence searched for. 
Higher treatment efficacy, shorter duration of treatment, lower pill burden and less adverse events 
are usually valued by patients. 

The panel judged that there was probably no important 
uncertainty or variability in how much people value the 
main outcomes. 
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Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
● Does not favor 
either the intervention 
or the comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ Don’t know

 The GDG judged the benefits of the 9-month regimen 
with Linezolid to be small and the undesirable effects 
to be moderate compared to the 9-month regimen 
with Ethionamide. The certainty of evidence was judged 
to be very low. Based on this, the GDG judged that 
the balance of health effects does not favor either the 
9-month regimen with Linezolid or the 9-month regimen 
with Ethionamide. The rationale for this judgement 
was based on the combination and interplay between 
the following three factors: (i) the balance between 
desirable and undesirable effects did not strongly favor 
the intervention or the comparison, giving the overall 
impression of them performing similarly; (ii) the certainty 
of the evidence was very low; and (iii) having the possibility 
to substitute Linezolid for Ethionamide among patients 
with Ethionamide-resistance would give patients the 
possibility to take a shorter regimen (rather than the longer 
18–24 months individualized regimen).

Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large costs 
○ Moderate costs 
● Negligible costs 
and savings 
○ Moderate savings 
○ Large savings 
○ Varies 
○ Don’t know

No research evidence searched for. 
Cost of component medicines
Likely to be similar since both regimens are of the same duration and same component 
medicines, except one – Linezolid instead of ethionamide. Duration of Linezolid use is 2 months 
vs. Ethionamide 4 months. Based on GDF prices (https://www.stoptb.org/global-drug-facility-gdf/
gdf-product-catalog): 

Pack cost 
US$ Tabs in pack Tab cost Tabs/day Duration/

days Total cost $

Lzd 35 100 0.35 1 60 21
Eto 9 100 0.09 3 120 32.4

Healthcare costs
Likely to be similar since both regimens are of the same duration and same component medicines, 
except one – Linezolid instead of ethionamide.
DST needs
No difference in DST needs. Both regimens are indicated for patients suffering from RR/MDR-TB 
and without Fq-resistance. These patients usually have been tested for R and Fq resistance, both 
rapid DSTs for these medicines are available. Genotypic DST might be useful as inha mutations 
confer resistance to Eto.

During assessment of sub-PICO 1.1, the panel noted that 
the cost of component medicines is likely to be similar 
because both regimens are of the same duration and use 
the same component medicines except for one  linezolid 
instead of ethionamide. The duration of linezolid use is 2 
months compared with 4 months for ethionamide. Based 
on GDF prices the cost difference was negligible (2 months 
of linezolid at 600 mg/day US$ 21, and 4 months of 
ethionamide at 450 mg/day US$ 32). 
The health care costs are also likely to be similar because 
the two regimens are of the same duration and have the 
same component medicines, except for one  linezolid 
instead of ethionamide. 
The panel also assumed no difference in DST needs. Both 
regimens are indicated for patients with MDR/RR-TB and 
without fluoroquinolone resistance. These patients are 
usually tested for rifampicin and fluoroquinolone resistance  
rapid DSTs for both of these medicines are available. It 
might also be useful to perform genotypic DST because 
mutations in the inhA gene also confer resistance to 
ethionamide.
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The panel used available data on cost of component 
medicines combined with professional judgement to 
estimate the cost of 9-month regimen with linezolid 
compared to 9-month regimen with ethionamide among 
patients with MDR/RR/FQS-TB. The panel suggested that 
the cost would be expected to be very similar, i.e. for there 
to be negligible costs or savings.
The panel also noted that no data was available on the 
cost of managing potential long-term consequences of 
neurotoxicity that can be caused by the use of LZD, also 
noting that the 2 months duration is not likely to cause 
neurotoxicity. The panel has also noted that healthcare and 
patient costs are likely to be similar for regimens destined 
to the same group of patients and of the same duration.

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Very low 
○ Low 
○ Moderate 
○ High 
● No included studies

No research evidence searched for.  

Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
● No included studies

No research evidence searched for.  
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Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Reduced 
○ Probably reduced 
○ Probably no impact 
○ Probably increased 
○ Increased 
○ Varies 
● Don’t know

No research evidence searched for.

Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

No research evidence searched for. 
Reviewed regimens are for the same group of patients and are of the same duration. The panel considered patients and health care providers 

as key stakeholders. The panel considered the following 
aspects as critical with regards to acceptability: regimen 
duration and drug safety monitoring needs (both relating 
to necessary travel, loss of income and general disruption 
of the life of patients; workload for the health care system), 
needs for drug susceptibility testing. The panel judged that 
there were probably no differences in acceptability between 
9-month regimen with linezolid and 9-month regimen with 
ethionamide given the overall similarity of the regimens, 
and that the 9-month regimen with linezolid would 
probably be acceptable.

Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

No research evidence searched for. The panel considered the following aspects to affect 
feasibility (i.e. to be potential barriers to implementation): 
requirements for drug safety monitoring and requirements 
for drug susceptibility testing. The panel judged that, 
although implementation of the 9-month regimen with 
linezolid would require DST and monitoring of toxicity (with 
particularly the need for hemoglobin monitoring being a 
potential barrier), it would probably be feasible.
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Summary of judgements

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know
DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know
UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know
CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies
VALUES Important 

uncertainty or 
variability

Possibly important 
uncertainty or 

variability

Probably no 
important 

uncertainty or 
variability

No important 
uncertainty or 

variability

BALANCE OF EFFECTS Favors the 
comparison

Probably favors the 
comparison

Does not favor 
either the 

intervention or the 
comparison

Probably favors the 
intervention

Favors the 
intervention

Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs 
and savings

Moderate savings Large savings Varies Don’t know

CERTAINTY OF EVIDENCE 
OF REQUIRED RESOURCES

Very low Low Moderate High No included 
studies

COST EFFECTIVENESS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies No included 
studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know
ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know
FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

Type of recommendation
Strong recommendation against 

the intervention
○ 

Conditional recommendation 
against the intervention

○ 

Conditional recommendation 
for either the intervention or the 

comparison
● 

Conditional recommendation for 
the intervention

○ 

Strong recommendation for the 
intervention

○ 
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Conclusions

Recommendation
The use of either the 9-month regimen with linezolid or the 9-month regimen with ethionamide is suggested in people with pulmonary MDR/RR-TB without fluoroquinolone resistance 
(conditional recommendation, very low certainty of evidence).

Justification
This section is provided under the summary PICO that this sub-PICO has contributed to

Subgroup considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Implementation considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Monitoring and evaluation
This section is provided under the summary PICO that this sub-PICO has contributed to

Research priorities
This section is provided under the summary PICO that this sub-PICO has contributed to
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Sub-PICO 1.2
Question
Should a shorter all-oral regimen (<12 months) containing at least three Group A medicines vs. longer regimens be used for in patients with MDR/RR/FQS-TB?
POPULATION: patients with MDR/RR/FQS-TB
INTERVENTION: a shorter all-oral regimen (<12 months) containing at least three Group A medicines (4–6 Bdq[6]-Lfx[Mfx]-Lzd[2]-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E), (also referred 

to as “the 9-month regimen with linezolid” or “SA_new”)
COMPARISON: Longer regimens for MDR/RR-TB constructed in line with 2020 WHO guidelines (also referred to as “longer regimens for MDR/RR-TB” or “WHO_long”)
MAIN OUTCOMES: Treatment success without recurrence; Failure and recurrence; Death; Lost to follow up; Adverse events (Grades 3–5); Amplification of drug-resistance;
SETTING: Global inpatient and outpatient treatment settings
PERSPECTIVE: Public health and health systems perspective
BACKGROUND: Multidrug-resistant (MDR-) and rifampicin-resistant tuberculosis (MDR-/RR-TB) has emerged as a major problem due to poor management of drug-susceptible 

and transmission of drug-resistant TB. MDR-/RR-TB is treatable but requires different treatment regimen combinations that are sometimes longer and including 
medicines with that are potentially more toxic. The interest in reducing the duration of treatment for MDR/RR-TB motivates a continuous search for shorter 
and safer regimens. In 2016, on the basis of data from observational studies of the shorter regimens in different Asian and African countries, WHO for the first 
time recommended a standardized 9-month regimen, containing an injectable agent providing shorter than the extant 18–20 months standard of care for the 
eligible patients. In 2018, following the results of the Standard Treatment Regimen of Anti-tuberculosis Drugs for Patients with MDR-TB (STREAM) Stage 1 trial, 
further modifications were made to the earlier recommended shorter regimen, also replacing kanamycin by amikacin (based on evidence from the comparative 
effectiveness of these two injectable agents). 
Evidence of permanent effects attributed to the toxicity of injectable agents, have prompted further advances in the development of new treatments such as 
shorter injectable-sparing regimens. In particular, South African Department of Health shared with WHO the observational data on an all-oral bedaquiline-
containing shorter regimen of 9 months duration. The all-oral 9-month bedaquiline containing regimen was reviewed and recommended by WHO since 2019 with 
the following combination of medicines (4–6 Bdq[6]-Lfx[Mfx]-Eto-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E). In 2022, new evidence from programmatic implementation 
in South Africa was made available to WHO where this regimen was modified to include 2 months of Linezolid (Lzd, 600mg) instead of 4 months of Ethionamide 
(Eto).

CONFLICT OF 
INTERESTS:

The following panel members were recused from voting on the recommendation according to WHO policy due to potential conflicts-of-interest: Guy Marks, 
Andrew Nunn
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Assessment

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

The COVID-19 pandemic has reversed years of progress in providing essential TB services and 
reducing TB disease burden. The most obvious impact is a large global drop in the number of 
people newly diagnosed with TB and reported. This fell from 7.1 million in 2019 to 5.8 million in 
2020, an 18% decline back to the level of 2012 and far short of the approximately 10 million people 
who developed TB in 2020. 
Reduced access to TB diagnosis and treatment has resulted in an increase in TB deaths. Best 
estimates for 2020 are 1.3 million TB deaths among HIV-negative people (up from 1.2 million in 
2019) and an additional 214 000 among HIV-positive people (up from 209 000 in 2019), with the 
combined total back to the level of 2017. 
Other impacts include reductions between 2019 and 2020 in the number of people provided with 
treatment for drug-resistant TB (-15%, from 177 100 to 150 359, about 1 in 3 of those in need). 
Globally in 2020, 71% (2.1/3.0 million) of people diagnosed with bacteriologically confirmed 
pulmonary TB were tested for rifampicin resistance, up from 61% (2.2/3.6 million) in 2019 and 
50% (1.7/3.4 million) in 2018. Among these, 132 222 cases of MDR/RR-TB and 25 681 cases of 
pre-XDR-TB or XDR-TB were detected, for a combined total of 157 903. This was a large fall (of 
22%) from the total of 201 997 people detected with drug-resistant TB in 2019, consistent with 
similarly large reductions in the total number of people newly diagnosed with TB (18%) and the 
total number of people diagnosed with bacteriologically confirmed pulmonary TB (17%) observed 
between 2019 and 2020. Worldwide, 150 359 people with MDR/RR-TB were enrolled on treatment 
in 2020, down 15% from the total of 177 100 in 2019. This level of enrolment was equivalent to 
about one in three of the people who develop MDR/RR-TB each year. 
More positively, there have been improvements in treatment success rates. Globally in 2018 (the 
latest patient cohort for which data are available), the treatment success rate for MDR/RR-TB was 
59%, reflecting steady improvements in recent years from 50% in 2012.
(Global TB Report 2021)

Drug-resistant TB is a global challenge and access to 
treatment often problematic, with regimens typically being 
long, toxic and expensive. 
More efficacious and shorter treatment regimens for DR-TB 
are necessary to optimize and improve treatment outcomes 
while minimizing adverse events and preventing acquisition 
of additional drug resistance. 
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Trivial 
○ Small 
● Moderate 
○ Large 
○ Varies 
○ Don’t know

Data from two observational cohorts were compared – the SA New 2019 regimen (intervention, 
from South Africa) and the WHO long (comparator, WHO IPD 2021, including 14 cohorts from 
multiple countries). 
Participants with MDR/RR/FQS-TB receiving the 9-month regimen with Linezolid (n=4,244) 
compared to participants receiving longer regimens for MDR/RR-TB (n=850) experienced lower 
levels of treatment success (64% vs 74%), i.e. a 10% relative reduction (aRR=0.90, 95%CI 0.83 to 
0.98); lower levels of failure and recurrence (1.1% vs 3.4%), i.e. a 71% relative reduction (aRR=0.29, 
95%CI 0.14 to 0.58); higher levels of deaths (20% vs 11%), i.e. a 38% relative increase (aRR=1.38, 
95%CI 1.00 to 1.91); higher levels of loss to follow-up (15% vs 12%), i.e. a 33% relative increase 
(aRR=1.33, 95%CI 0.97 to 1.81); similar levels of adverse events (5.0% vs 4.7%), aRR=1.00, 95%CI 
0.59 to 1.69); and lower levels of amplification of drug-resistance (0.6% vs 1.4%), i.e. a 73% relative 
reduction (aRR=0.27, 95%CI 0.12 to 0.61).
Substantial inconsistency was observed between cohorts in the comparator group. 
The evidence is very uncertain about the effect of 9-month regimen with linezolid on all outcomes.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with 
WHO_long

Risk difference with a 
shorter all-oral regimen 
(<12 months) containing 

at least three Group A 
medicines (SA_new)

Failure and 
recurrence

5 094 
(15 

observational 
studies)

 
Very lowa,b,c,d

RR 0.29 
(0.14 to 

0.58)

Study population
34 per 1 000 24 fewer per 1 000 

(29 fewer to 14 fewer)

Amplification 
of drug-
resistance

5 094 
(15 

observational 
studies)

 
Very lowa,b,c,d,e

RR 0.27 
(0.12 to 

0.61)

Study population
24 per 1 000 17 fewer per 1 000 

(21 fewer to 9 fewer)

a. Potential misclassification bias: As these data were collected under programmatic conditions, 
there is considerable potential to underestimate relapse, as individuals are not followed up after 
treatment. Relapse was defined as an individual having a second episode, based upon the use 
of a universal identifier. Misclassification of death during the follow-up period is also possible, 
however some cases of death post treatment were captured by the national death registry that 
was linked to the cohort data. For the WHO cohort, details pertaining to the follow-up period is 
often missing and there is no death registry to link to the cohort data.

b. Failure to adequately control confounding: Limited information about baseline disease severity 
was available in both intervention and comparator groups.

The panel also considered the duration and pill burden with 
the intervention and comparator regimens, which are both 
lower in the 9-month regimen thus representing a benefit 
of the intervention.
Considering this evidence, the panel judged that 
9-month regimen with linezolid may have moderate 
desirable effects and noted the very low certainty of 
the evidence. 
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c. Considerable variability was observed in the effect estimates between cohorts in the comparator 
group. The overall effect in the comparator is strongly influenced by a small number of larger 
cohorts, which have varying effect estimates. 

d. Intervention was conducted in a single country, South Africa, with a high HIV prevalence 
compared with other populations. The findings may not be generalisable to other settings.

e. Flawed measurement of outcomes: drug susceptibility tests were not routinely performed during 
treatment for second-line drugs unless patients were failing therapy. Therefore, estimates of 
amplified drug resistance are likely inaccurate in both intervention and comparator groups. DST 
testing – in particular for second line drugs, not available for all WHO cohorts.

Beyond the outcomes captured directly as research evidence in the presented statistical analyses, 
the WHO ‘Target Regimen Profile for rifampicin-resistant tuberculosis’ (WHO, 2016) identified 
certain regimen characteristics as having desirable anticipated effects. These include a shorter 
treatment duration, reduced pill burden and number of component drugs and manageable DDIs.
Beyond the outcomes captured directly as research evidence in the presented statistical analyses, 
the WHO ‘Target Regimen Profile for rifampicin-resistant tuberculosis’ (WHO, 2016) identified 
certain regimen characteristics as having desirable anticipated effects. These include a shorter 
treatment duration, reduced pill burden and number of component drugs and manageable DDIs.
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Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large 
● Moderate 
○ Small 
○ Trivial 
○ Varies 
○ Don’t know

Data from two observational cohorts were compared – the SA New 2019 regimen (intervention, 
from South Africa) and the WHO long (comparator, WHO IPD 2021, including 14 cohorts from 
multiple countries). 
Participants with MDR/RR/FQS-TB receiving the 9-month regimen with Linezolid (n=4,244) 
compared to participants receiving longer regimens for MDR/RR-TB (n=850) experienced lower 
levels of treatment success (64% vs 74%), i.e. a 10% relative reduction (aRR=0.90, 95%CI 0.83 to 
0.98); lower levels of failure and recurrence (1.1% vs 3.4%), i.e. a 71% relative reduction (aRR=0.29, 
95%CI 0.14 to 0.58); higher levels of deaths (20% vs 11%), i.e. a 38% relative increase (aRR=1.38, 
95%CI 1.00 to 1.91); higher levels of loss to follow-up (15% vs 12%), i.e. a 33% relative increase 
(aRR=1.33, 95%CI 0.97 to 1.81); similar levels of adverse events (5.0% vs 4.7%), aRR=1.00, 95%CI 
0.59 to 1.69); and lower levels of amplification of drug-resistance (0.6% vs 1.4%), i.e. a 73% relative 
reduction (aRR=0.27, 95%CI 0.12 to 0.61).
Substantial inconsistency was observed between cohorts in the comparator group. 
The evidence is very uncertain about the effect of 9-month regimen with linezolid on all outcomes.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with 
WHO_long

Risk difference with a 
shorter all-oral regimen 
(<12 months) containing 

at least three Group A 
medicines (SA_new)

Treatment 
success 
without 
recurrence

5 094 
(15 

observational 
studies)

 
Very lowa,b,c,d

RR 0.90 
(0.83 to 

0.98)

Study population
736 per 1 000 74 fewer per 1 000 

(125 fewer to 15 fewer)

Death 5 094 
(15 

observational 
studies)

 
Very lowa,b,c,d,e

RR 1.38 
(1.00 to 

1.91)

Study population
112 per 1 000 42 more per 1 000 

(0 fewer to 102 more)

Lost to follow 
up

5 094 
(15 

observational 
studies)

 
Very lowa,b,c,d

RR 1.33 
(0.97 to 

1.81)

Study population
118 per 1 000 39 more per 1 000 

(4 fewer to 95 more)

Adverse 
events 
(Grades 3–5)

5 094 
(15 

observational 
studies)

 
Very lowc,d,f

RR 1.00 
(0.59 to 

1.69)

Study population
47 per 1 000 0 fewer per 1 000 

(19 fewer to 32 more)

Considering the totality of observed effects of 9-month 
regimen with linezolid on these outcomes, the panel 
judged that 9-month regimen with linezolid may have 
moderate undesirable effects and noted the very low 
certainty of the evidence.
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a. Potential misclassification bias: As these data were collected under programmatic conditions, 
there is considerable potential to underestimate relapse, as individuals are not followed up after 
treatment. Relapse was defined as an individual having a second episode, based upon the use 
of a universal identifier. Misclassification of death during the follow-up period is also possible, 
however some cases of death post treatment were captured by the national death registry that 
was linked to the cohort data. For the WHO cohort, details pertaining to the follow-up period is 
often missing and there is no death registry to link to the cohort data.

b. Failure to adequately control confounding: Limited information about baseline disease severity 
was available in both intervention and comparator groups.

c. Considerable variability was observed in the effect estimates between cohorts in the comparator 
group. The overall effect in the comparator is strongly influenced by a small number of larger 
cohorts, which have varying effect estimates. 

d. Intervention was conducted in a single country, South Africa, with a high HIV prevalence 
compared with other populations. The findings may not be generalisable to other settings.

e. Deaths post treatment were reported through a national death registry, rather than individual 
participants being followed up. The accuracy of the death registry is uncertain, hence 
misclassification is possible.

f. Flawed measurement of outcome: Adverse events were likely under-reported in either the 
intervention or the comparator groups. Therefore, estimates cannot be provided. Adverse events 
reporting methods and collection inconsistent between the 14 WHO cohorts
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Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

Certainty in the estimates was rated “very low” for all outcomes on account of very serious risk of 
bias (potential misclassification bias and confounding bias, downgraded 2 levels), inconsistency 
(inconsistency in the effect estimates among 14 comparator cohorts, downgraded one level) 
and indirectness (with data for the intervention regimen from a single one country, downgraded 
one level). The overall certainty is generally based on the lowest certainty for the agreed critical 
outcomes and thus was judged to be very low.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with 
WHO_long

Risk difference with a 
shorter all-oral regimen 
(<12 months) containing 

at least three Group A 
medicines (SA_new)

Treatment 
success 
without 
recurrence

5 094 
(15 

observational 
studies)

 
Very lowa,b,c,d

RR 0.90 
(0.83 to 

0.98)

Study population
736 per 1 000 74 fewer per 1 000 

(125 fewer to 15 fewer)

Failure and 
recurrence

5 094 
(15 

observational 
studies)

 
Very lowa,b,c,d

RR 0.29 
(0.14 to 

0.58)

Study population
34 per 1 000 24 fewer per 1 000 

(29 fewer to 14 fewer)

Death 5 094 
(15 

observational 
studies)

 
Very lowa,b,c,d,e

RR 1.38 
(1.00 to 

1.91)

Study population
112 per 1 000 42 more per 1 000 

(0 fewer to 102 more)

Lost to follow 
up

5 094 
(15 

observational 
studies)

 
Very lowa,b,c,d

RR 1.33 
(0.97 to 

1.81)

Study population
118 per 1 000 39 more per 1 000 

(4 fewer to 95 more)

Adverse 
events 

(Grades 3–5)

5 094 
(15 

observational 
studies)

 
Very lowc,d,f

RR 1.00 
(0.59 to 

1.69)

Study population
47 per 1 000 0 fewer per 1 000 

(19 fewer to 32 more)

Amplification 
of drug-

resistance

5 094 
(15 

observational 
studies)

 
Very lowa,b,c,d,g

RR 0.27 
(0.12 to 

0.61)

Study population
24 per 1 000 17 fewer per 1 000 

(21 fewer to 9 fewer)

The panel noted that the evidence on the 9-month regimen 
was obtained from programmatic data from South Africa, 
whereas the evidence on the longer regimen represented 
only subsets of patients from the countries that submitted 
data. The panel also noted substantial inconsistency 
between cohorts in the comparator group (on the longer 
regimens). Overall there was a concern that the selective 
nature of the data on the longer regimens may have biased 
the comparison in favor of the longer regimen.
As a result there were serious concerns about the 
comparability of the data, making it difficult to draw 
conclusions with confidence. 
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a. Potential misclassification bias: As these data were collected under programmatic conditions, 
there is considerable potential to underestimate relapse, as individuals are not followed up after 
treatment. Relapse was defined as an individual having a second episode, based upon the use 
of a universal identifier. Misclassification of death during the follow-up period is also possible, 
however some cases of death post treatment were captured by the national death registry that 
was linked to the cohort data. For the WHO cohort, details pertaining to the follow-up period is 
often missing and there is no death registry to link to the cohort data.

b. Failure to adequately control confounding: Limited information about baseline disease severity 
was available in both intervention and comparator groups.

c. Considerable variability was observed in the effect estimates between cohorts in the comparator 
group. The overall effect in the comparator is strongly influenced by a small number of larger 
cohorts, which have varying effect estimates. 

d. Intervention was conducted in a single country, South Africa, with a high HIV prevalence 
compared with other populations. The findings may not be generalisable to other settings.

e. Deaths post treatment were reported through a national death registry, rather than individual 
participants being followed up. The accuracy of the death registry is uncertain, hence 
misclassification is possible.

f. Flawed measurement of outcome: Adverse events were likely under-reported in either the 
intervention or the comparator groups. Therefore, estimates cannot be provided. Adverse events 
reporting methods and collection inconsistent between the 14 WHO cohorts

g. Flawed measurement of outcomes: drug susceptibility tests were not routinely performed during 
treatment for second-line drugs unless patients were failing therapy. Therefore, estimates of 
amplified drug resistance are likely inaccurate in both intervention and comparator groups. DST 
testing – in particular for second line drugs, not available for all WHO cohorts.

Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Important 
uncertainty or 
variability 
○ Possibly important 
uncertainty or 
variability 
● Probably no 
important uncertainty 
or variability 
○ No important 
uncertainty or 
variability

No research evidence searched for. 
Higher treatment efficacy, shorter duration of treatment, lower pill burden and less adverse events 
are usually valued by patients. 

The panel judged that there was probably no important 
uncertainty or variability in how much people value the 
main outcomes. 
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Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
● Does not favor 
either the intervention 
or the comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ Don’t know

 There was significant discussion among the panel members 
for this judgement. The panel noted that based on the 
assessment of this PICO question, the desirable and 
undesirable effects appeared similar in magnitude and 
some panel members felt that therefore the balance 
does not favor either the intervention or the comparison. 
However, other panel members highlighted their concerns 
about the evidence available to answer the question 
and cautioned to avoid overinterpretation, in particular 
given the above-noted concern that the selective nature 
of the data on the longer regimens may have biased the 
comparison in favor of the longer regimen. Patient voices 
additionally emphasized the shorter duration and pill 
burden as an important factor in the balance. 
The GDG judged the benefits of the 9-month regimen 
with Linezolid to be small and the undesirable effects to 
be moderate compared to the 9-month regimen with 
Ethionamide. The certainty of evidence was judged to be 
very low. Based on this, the GDG judged that the balance 
of health effects does not favor either the 9-month regimen 
with Linezolid or the 9-month regimen with Ethionamide.

Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large costs 
○ Moderate costs 
○ Negligible costs 
and savings 
● Moderate savings 
○ Large savings 
○ Varies 
○ Don’t know

Data was available from a report prepared for the 2019 GDG on TB treatment (Emily Kendall, 
2019) for a comparison between the 9-month regimen with Ethionamide compared to the longer 
regimens for MDR/RR-TB. Given that the cost differences between the 9-month regimen with 
Ethionamide and the 9-month regimen with Linezolid or negligible, the analyses for this 2019 
comparison was considered here. The 2019 report concluded that the projected cost saving of 
using the shorter regimen is nearly US$ 3 000 (2019 US$) per patient in South Africa, and varies 
across settings, largely in proportion to health care and drug costs (with savings of >US$ 2 000 
even in a low-income setting and after reduction in drug costs to half of current Global Drug Facility 
[GDF] prices). Some more detail is provided in the figures below from the 2019 report.

The panel judged that the costs for people with MDR/RR/
FQS-TB receiving the 9-month regimen with Linezolid are 
lower because costs for drugs, care and monitoring are 
expected to be lower.
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4. Results 
 
More detailed exploration of results will be presented to the GDG, but main results tables and 
figures are also shown here.  

Figure 1. Magnitude and composition of cost differences for each regimen comparison. A 
negative value indicates that the intervention regimen is predicted to be cost‐saving.  
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Figure 3: One‐way sensitivity analysis around main results, PICO 1a Short (9‐12mo) oral versus 
Longer (18‐20mo) oral regimens. One parameter at a time is varied across its sensitivity analysis 
range, with the maximum value of each parameter corresponding to the blue bars, and the 
minimum value corresponding to the red bars. Parameters that produced minimal effect (<5% of the 
maximum variation in each outcome) are not shown. The shorter regimen remains cost‐saving and 
effective across all variations in single parameters. 

 

Figure 4: One‐way sensitivity analysis around main results, PICO 1b Short (9‐12mo) all‐oral 
versus short (9‐12mo) injectable‐containing regimens. Cost savings are smaller than in comparison 
to the longer oral regimen, but they remain robust except to large (4x) isolated increases in the cost 
of BDQ. Even with such increases in BDQ prices, the intervention remains cost‐effective at 
<$400/DALY averted.  

  

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies
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Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
● No included studies

No research evidence searched for. 

Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Reduced 
○ Probably reduced 
○ Probably no impact 
● Probably increased 
○ Increased 
○ Varies 
○ Don’t know

No research evidence searched for. The panel considered ability to decentralize treatment 
(to enable access for remote, underserviced settings and 
disadvantaged populations) to affect equity.
Despite not being able to identify relevant research 
evidence, the panel used their collective experience to 
judge that there would likely be advantages associated 
with the use of the 9-month regimen due to its reduced 
complexity and shorter duration. The panel judged that 
use of the 9-month regimen with linezolid would probably 
increase equity.
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Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

No research evidence searched for. The panel considered patients and health care providers 
as key stakeholders. The panel considered the following 
aspects as critical with regards to acceptability: regimen 
duration and drug safety monitoring needs (both relating 
to necessary travel, loss of income and general disruption 
of the life of patients; workload for the health care system), 
needs for drug susceptibility testing. The panel judged that 
the 9-month regimen with linezolid would probably be 
acceptable.

Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

No research evidence searched for. The panel considered the following aspects to affect 
feasibility (i.e. to be potential barriers to implementation): 
requirements for drug safety monitoring and requirements 
for drug susceptibility testing. The panel judged that 
implementation of the 9-month regimen with linezolid 
would be feasible.
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Summary of judgements

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know
DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know
UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know
CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies
VALUES Important 

uncertainty or 
variability

Possibly important 
uncertainty or 

variability

Probably no 
important 

uncertainty or 
variability

No important 
uncertainty or 

variability

BALANCE OF EFFECTS Favors the 
comparison

Probably favors the 
comparison

Does not favor 
either the 

intervention or the 
comparison

Probably favors the 
intervention

Favors the 
intervention

Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and 
savings

Moderate savings Large savings Varies Don’t know

CERTAINTY OF EVIDENCE 
OF REQUIRED RESOURCES

Very low Low Moderate High No included studies

COST EFFECTIVENESS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies No included 
studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know
ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know
FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

Type of recommendation
Strong recommendation against 

the intervention
○ 

Conditional recommendation 
against the intervention

○ 

Conditional recommendation 
for either the intervention or the 

comparison
● 

Conditional recommendation for 
the intervention

○ 

Strong recommendation for the 
intervention

○ 
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Conclusions

Recommendation
The use of either the 9-month regimen with linezolid or the longer (18-month) regimens is suggested in people with pulmonary MDR/RR-TB without fluoroquinolone resistance 
(conditional recommendation, very low certainty of evidence).

Justification
This section is provided under the summary PICO that this sub-PICO has contributed to

Subgroup considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Implementation considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Monitoring and evaluation
This section is provided under the summary PICO that this sub-PICO has contributed to

Research priorities
This section is provided under the summary PICO that this sub-PICO has contributed to



W
eb Annex 4. G

RAD
E evidence-to-decision tables

103

Summary of PICOs 3, 4, 5 and 6
Question
Should BPaLM vs. currently recommended regimens be used for pulmonary MDR/RR-TB and pre-XDR-TB?
POPULATION: pulmonary MDR/RR-TB and pre-XDR-TB
INTERVENTION: BPaLM
COMPARISON: currently recommended regimens (main comparator), other BPaL containing regimens (additional comparators)
MAIN OUTCOMES: Treatment success; Failure and recurrence; Death; Lost to follow up; Adverse events; Amplification of drug resistance;
SETTING: Global inpatient and outpatient treatment settings
PERSPECTIVE: Public health and health systems perspective
BACKGROUND: Multidrug-resistant (MDR-) and rifampicin-resistant tuberculosis (MDR-/RR-TB) has emerged as a major problem due to poor management of drug-susceptible 

and transmission of drug-resistant TB. MDR-/RR-TB is treatable but requires different treatment regimen combinations that are sometimes longer and including 
medicines with that are potentially more toxic. The interest in reducing the duration of treatment for MDR/RR-TB motivates a continuous search for shorter 
and safer regimens. In 2016, on the basis of data from observational studies of the shorter regimens in different Asian and African countries, WHO for the first 
time recommended a standardized 9-month regimen, containing an injectable agent providing shorter than the extant 18–20 months standard of care for the 
eligible patients. In 2018, following the results of the Standard Treatment Regimen of Anti-tuberculosis Drugs for Patients with MDR-TB (STREAM) Stage 1 trial, 
further modifications were made to the earlier recommended shorter regimen, also replacing kanamycin by amikacin (based on evidence from the comparative 
effectiveness of these two injectable agents. Evidence of permanent effects attributed to the toxicity of injectable agents, have prompted further advances in the 
development of new treatments such as shorter injectable-sparing regimens. In particular, South African Department of Health shared with WHO the observational 
data on an all-oral bedaquiline-containing shorter regimen of 9 months duration. The all-oral 9-month bedaquiline containing regimen was reviewed and 
recommended by WHO since 2019 with the following combination of medicines (4–6 Bdq[6]-Lfx[Mfx]-Eto-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E). In 2022, new evidence 
from programmatic implementation in South Africa was made available to WHO where this regimen was modified to include 2 months of Linezolid (Lzd, 600mg) 
instead of 4 months of Ethionamide (Eto). 
Data from the single arm, open-label Nix-TB study by the Global TB Alliance was reviewed in 2019 to assess whether a 6-month novel treatment regimen 
consisting of bedaquiline, pretomanid and linezolid safely improves treatment outcomes in patients with MDR/RR-TB and additional resistance to fluoroquinolones 
when compared with other regimens conforming to WHO recommendations. For this purpose, the Nix-TB study data on the BPaL regimen was compared to 
matched records in the IPD. Limitations in study design and the small number of participants observed adverse events did not allow the panel to recommend 
programmatic implementation of the regimen worldwide until additional evidence has been generated. In 2020 WHO DR-TB guidelines, BPaL regimen was 
recommended for use under operational research conditions. Two randomized controlled trials have concluded in 2021 (TB-PRACTECAL and ZeNix) providing new 
evidence and prompting assessment by WHO in order to develop new or updated recommendations on MDR/RR-TB treatment.

CONFLICT OF 
INTERESTS:

The following panel members were recused from voting on the recommendation according to WHO policy due to potential conflicts-of-interest: Padma 
Chandrasekaran
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Assessment

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

The COVID-19 pandemic has reversed years of progress in providing essential TB services and 
reducing TB disease burden. The most obvious impact is a large global drop in the number of 
people newly diagnosed with TB and reported. This fell from 7.1 million in 2019 to 5.8 million in 
2020, an 18% decline back to the level of 2012 and far short of the approximately 10 million people 
who developed TB in 2020. 
Reduced access to TB diagnosis and treatment has resulted in an increase in TB deaths. Best 
estimates for 2020 are 1.3 million TB deaths among HIV-negative people (up from 1.2 million in 
2019) and an additional 214 000 among HIV-positive people (up from 209 000 in 2019), with the 
combined total back to the level of 2017. 
Other impacts include reductions between 2019 and 2020 in the number of people provided with 
treatment for drug-resistant TB (-15%, from 177 100 to 150 359, about 1 in 3 of those in need). 
Globally in 2020, 71% (2.1/3.0 million) of people diagnosed with bacteriologically confirmed 
pulmonary TB were tested for rifampicin resistance, up from 61% (2.2/3.6 million) in 2019 and 
50% (1.7/3.4 million) in 2018. Among these, 132 222 cases of MDR/RR-TB and 25 681 cases of 
pre-XDR-TB or XDR-TB were detected, for a combined total of 157 903. This was a large fall (of 
22%) from the total of 201 997 people detected with drug-resistant TB in 2019, consistent with 
similarly large reductions in the total number of people newly diagnosed with TB (18%) and the 
total number of people diagnosed with bacteriologically confirmed pulmonary TB (17%) observed 
between 2019 and 2020. Worldwide, 150 359 people with MDR/RR-TB were enrolled on treatment 
in 2020, down 15% from the total of 177 100 in 2019. This level of enrolment was equivalent to 
about one in three of the people who develop MDR/RR-TB each year. 
More positively, there have been improvements in treatment success rates. Globally in 2018 (the 
latest patient cohort for which data are available), the treatment success rate for MDR/RR-TB was 
59%, reflecting steady improvements in recent years from 50% in 2012.
(Global TB Report 2021) 
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Trivial 
○ Small 
○ Moderate 
○ Large 
○ Varies 
○ Don’t know

The evidence noted here specifically pertains to what was presented and discussed for sub-PICO 6.1. 
See EtDs for sub-PICOs 3.2, 3.3, 3.4, 4.1, 5.1, 5.2, 5.3, 5.4, 6.2, 6.3, 6.4, 6.5 and 6.6 for further details.
The BPaLM regimen arm of the TB-PRACTECAL trial with population including patients with 
MDR/RR-TB with or without quinolone resistance (MDR/RR-TB or pre-XDR-TB) was compared to 
comparator arm of the TB-PRACTECAL trial comprised of MDR/RR-TB or pre-XDR-TB patients treated 
with multiple local SoC regimens (including: 9–12-month injectable containing regimen; 18–24-
month long WHO regimen (pre-2019); 9–12 month all oral regimen; 18–20 month all oral regimen). 
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaLM regimen 
(n=62) compared to participants receiving WHO recommended standard of care regimens used in 
TB-PRACTECAL trial (n=66) experienced higher levels of treatment success (89% vs 52%), i.e. 73% 
relative increase (aRR=1.73, 95%CI 1.31 to 2.27); lower levels of failure and recurrence (8% vs 26%) 
i.e. 74% relative reduction (aRR=0.26, 95%CI 0.1 to 0.71); lower levels of death (0% vs 3%), i.e. 3% 
absolute reduction (RD= –0.03, 95%CI –0.1 to 0.03); lower levels of loss to follow-up (3% vs 20%), 
i.e. 84% of relative reduction (RR=0.16, 95%CI 0.12 to 0.52); lower levels of grade 3 to 5 adverse 
events (21% vs 51%), i.e. 59% relative reduction (aRR=0.41, 95%CI 0.04 to 0.61) and lower levels of 
amplified resistance (0% vs 2%), i.e. 2% absolute reduction (RD= –0.02, 95%CI –0.07 to 0.02).
BPaLM may improve treatment success, failure and recurrence, death, loss to follow-up, 
amplification of drug-resistance and adverse events but the evidence is very uncertain.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)
Risk with 

TB-PRACTECAL 
comparator

Risk difference with 
BPaLM

Treatment 
success

128 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 1.73 
(1.31 to 

2.27)

Study population
515 per 1 000 376 more per 1 000 

(160 more to 654 more)
Failure and 
recurrence

128 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.26 
(0.10 to 

0.71)

Study population
258 per 1 000 191 fewer per 1 000 

(232 fewer to 75 fewer)
Death 128 

(1 RCT)
 

Very lowa,b,c,d,e,f,g

RD -0.03 
(-0.10 to 

0.03)

Study population
30 per 1 000 31 fewer per 1 000 

(33 fewer to 29 fewer)
Lost to follow 
up

128 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.16 
(0.04 to 

0.61)

Study population
197 per 1 000 165 fewer per 1 000 

(189 fewer to 77 fewer)
Adverse 
events

213 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.41 
(0.26 to 

0.63)

Study population
509 per 1 000 300 fewer per 1 000 

(377 fewer to 188 fewer)
Amplification 
of drug 
resistance

213 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RD -0.02 
(-0.07 to 

0.02)

Study population
19 per 1 000 19 fewer per 1 000 

(20 fewer to 18 fewer)

The additional considerations noted here specifically 
pertains to what was presented and discussed for sub-PICO 
6.1. See EtDs for sub-PICOs 3.2, 3.3, 3.4, 4.1, 5.1, 5.2, 5.3, 
5.4, 6.2, 6.3, 6.4, 6.5 and 6.6 for further details.
The panel also considered the duration and pill burden with 
the intervention and comparator regimens. The duration 
of the intervention regimen is 24 weeks (5.5 months) so 
treatment duration is reduced compared to the control 
arm by between 3–18 months. The exact magnitude of 
reduction in time on treatment depends on the specific 
comparator regimen, which includes shorter (9–12 months) 
and longer (18–24 months) regimens. The pill burden of the 
intervention regimen is lower than that for the comparator 
regimens. The exact magnitude of reduction in pill burden 
depends on the specific comparator regimen.
Considering this research evidence and the additional 
considerations, the GDG judged that BPaLM may 
have large desirable effects and noted the very low 
certainty of the evidence.
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a. An imbalance in measured covariates (gender, prior DR-TB, smear status) likely arises from 
the small number of participants in each group. While the adjusted analyses will account for 
measured confounding, unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons.
c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias in 

the conduct of the trial. Higher loss to follow-up was noted in the comparator group, which is an 
outcome that may be influenced by patient or clinician knowledge of the regimen. 

d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal 
stopping rules do not reduce bias (GRADE Handbook, 2013).

e. Multiple comparator regimens were used, varying across site. This may explain some of the 
substantial inconsistency in the point estimates for treatment outcomes seen between countries 
(Belarus, South Africa and Uzbekistan). The decision whether to downgrade is difficult. We did 
not downgrade for inconsistency as the issue of comparators was addressed under indirectness.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and 
population to which guidelines will apply. (ii) Comparator: Some comparator regimens are sub-
optimal, not according with the WHO standard of care (at the time or presently), and vary by 
country. Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=60 
and n=66). Very few events in the outcomes of interest, causing very serious imprecision. We 
downgraded two levels for imprecision for some outcomes, and one level for others.

Beyond the outcomes captured directly as research evidence in the presented statistical analyses, 
the WHO ‘Target Regimen Profile for rifampicin-resistant tuberculosis’ (WHO, 2016) identified 
certain regimen characteristics as having desirable anticipated effects. These include a shorter 
treatment duration, reduced pill burden and number of component drugs and manageable DDIs. 
Decrease in the treatment duration is therefore an important desirable effect. 



W
eb Annex 4. G

RAD
E evidence-to-decision tables

107

Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large 
○ Moderate 
○ Small 
○ Trivial 
○ Varies 
○ Don’t know

The evidence noted here specifically pertains to what was presented and discussed for sub-PICO 
6.1. See EtDs for sub-PICOs 3.2, 3.3, 3.4, 4.1, 5.1, 5.2, 5.3, 5.4, 6.2, 6.3, 6.4, 6.5 and 6.6 for further 
details.
The BPaLM regimen arm of the TB-PRACTECAL trial with population including patients with 
MDR/RR-TB with or without quinolone resistance (MDR/RR-TB or pre-XDR-TB) was compared to 
comparator arm of the TB-PRACTECAL trial comprised of MDR/RR-TB or pre-XDR-TB patients 
treated with multiple local SoC regimens (including: 9–12-month injectable containing regimen; 
18–24-month long WHO regimen (pre-2019); 9–12 month all oral regimen; 18–20 month all oral 
regimen). 
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaLM regimen 
(n=62) compared to participants receiving WHO recommended standard of care regimens used in 
TB-PRACTECAL trial (n=66) experienced higher levels of treatment success (89% vs 52%), i.e. 73% 
relative increase (aRR=1.73, 95%CI 1.31 to 2.27); lower levels of failure and recurrence (8% vs 26%) 
i.e. 74% relative reduction (aRR=0.26, 95%CI 0.1 to 0.71); lower levels of death (0% vs 3%), i.e. 3% 
absolute reduction (RD= –0.03, 95%CI –0.1 to 0.03); lower levels of loss to follow-up (3% vs 20%), 
i.e. 84% of relative reduction (RR=0.16, 95%CI 0.12 to 0.52); lower levels of grade 3 to 5 adverse 
events (21% vs 51%), i.e. 59% relative reduction (aRR=0.41, 95%CI 0.04 to 0.61) and lower levels of 
amplified resistance (0% vs 2%), i.e. 2% absolute reduction (RD= –0.02, 95%CI –0.07 to 0.02).
BPaLM may improve treatment success, failure and recurrence, death, loss to follow-up, 
amplification of drug-resistance and adverse events but the evidence is very uncertain.
There were no undesirable effects among the specified outcomes.
New data on the safety of pretomanid based on hormone evaluations in four clinical trials and 
a paternity survey were assessed; these data have largely alleviated previous concerns about 
reproductive toxicities observed in animal studies, suggesting that adverse effects on human 
male fertility are unlikely. A study assessing semen in men undergoing treatment that includes 
pretomanid is in progress and will address any remaining concerns. Below is a summary of 
preclinical and clinical data relevant to testicular toxicity of pretomanid:
- rodent toxicology studies – evidence of direct testicular toxicity;
- monkey toxicology studies – no evidence for direct testicular toxicity; abnormal sperm findings 

considered to be secondary to declining physical condition;
- hormone data from clinical studies – no changes in follicle stimulating hormone (FSH), luteinizing 

hormone (LH) and inhibin B, consistent with testicular toxicity;
- paternity survey – 44 children fathered by 38 men (12%) who participated in pretomanid studies 

of 4–6 months treatment duration; and
- semen study – ongoing study evaluating semen in men undergoing pretomanid treatment.

The additional considerations noted here specifically 
pertains to what was presented and discussed for sub-PICO 
6.1. See EtDs for sub-PICOs 3.2, 3.3, 3.4, 4.1, 5.1, 5.2, 5.3, 
5.4, 6.2, 6.3, 6.4, 6.5 and 6.6 for further details.
Considering this research evidence and the additional 
considerations, the GDG judged that BPaLM may have 
trivial undesirable effects and noted the very low 
certainty of the evidence.
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Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

The evidence noted here specifically pertains to what was presented and discussed for sub-PICO 
6.1. See EtDs for sub-PICOs 3.2, 3.3, 3.4, 4.1, 5.1, 5.2, 5.3, 5.4, 6.2, 6.3, 6.4, 6.5 and 6.6 for further 
details.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)
Risk with 

TB-PRACTECAL 
comparator

Risk difference with 
BPaLM

Treatment 
success

128 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 1.73 
(1.31 to 

2.27)

Study population
515 per 1 000 376 more per 1 000 

(160 more to 654 more)
Failure and 
recurrence

128 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.26 
(0.10 to 

0.71)

Study population
258 per 1 000 191 fewer per 1 000 

(232 fewer to 75 fewer)
Death 128 

(1 RCT)
 

Very lowa,b,c,d,e,f,g

RD -0.03 
(-0.10 to 

0.03)

Study population
30 per 1 000 30 fewer per 1 000 

(100 fewer to 30 more)
Lost to follow 
up

128 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.16 
(0.04 to 

0.61)

Study population
197 per 1 000 165 fewer per 1 000 

(189 fewer to 77 fewer)
Adverse 
events

213 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.41 
(0.26 to 

0.63)

Study population
509 per 1 000 300 fewer per 1 000 

(377 fewer to 188 fewer)
Amplification 
of drug 
resistance

213 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RD -0.02 
(-0.07 to 

0.02)

Study population
19 per 1 000 20 fewer per 1 000 

(70 fewer to 20 more)

The additional considerations noted here specifically 
pertains to what was presented and discussed for sub-PICO 
6.1. See EtDs for sub-PICOs 3.2, 3.3, 3.4, 4.1, 5.1, 5.2, 5.3, 
5.4, 6.2, 6.3, 6.4, 6.5 and 6.6 for further details.
As noted in the CoE assessment, it is important to highlight 
that 
• the population included in the trial that gave rise to the 

data is a mix of MDR/RR and pre-XDR/XDR TB patients 
(82–92% RR/MDR, depending on study arm)

• treatment outcomes for the comparator regimen differ 
for these populations and that 

• 24% of patients were treated with regimens no longer 
recommended by WHO, e.g. containing injectable drugs 
and not containing Bdq
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a. An imbalance in measured covariates (gender, prior DR-TB, smear status) likely arises from 
the small number of participants in each group. While the adjusted analyses will account for 
measured confounding, unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons.
c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias in 

the conduct of the trial. Higher loss to follow-up was noted in the comparator group, which is an 
outcome that may be influenced by patient or clinician knowledge of the regimen. 

d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal 
stopping rules do not reduce bias (GRADE Handbook, 2013).

e. Multiple comparator regimens were used, varying across site. This may explain some of the 
substantial inconsistency in the point estimates for treatment outcomes seen between countries 
(Belarus, South Africa and Uzbekistan). The decision whether to downgrade is difficult. We did 
not downgrade for inconsistency as the issue of comparators was addressed under indirectness.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and 
population to which guidelines will apply. (ii) Comparator: Some comparator regimens are sub-
optimal, not according with the WHO standard of care (at the time or presently), and vary by 
country. Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=60 
and n=66). Very few events in the outcomes of interest, causing very serious imprecision. We 
downgraded two levels for imprecision for some outcomes, and one level for others.

Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Important 
uncertainty or 
variability 
○ Possibly important 
uncertainty or 
variability 
○ Probably no 
important uncertainty 
or variability 
○ No important 
uncertainty or 
variability

No research searched for. 
Higher treatment efficacy, shorter duration of treatment, lower pill burden and less adverse events 
are usually valued by patients. 
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Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ Don’t know

 The note here reflects the conclusion for sub-PICO 6.1. See 
EtDs for sub-PICOs 3.2, 3.3, 3.4, 4.1, 5.1, 5.2, 5.3, 5.4, 6.2, 
6.3, 6.4, 6.5 and 6.6 for further details.
As noted in the CoE assessment, it is important to highlight 
that 
• the the population included in the trial that gave rise 

to the data is a mix of MDR/RR and pre-XDR/XDR TB 
patients (82–92% RR/MDR, depending on study arm)

• treatment outcomes for the comparator regimen differ 
for these populations and that 

• 24% of patients were treated with regimens no longer 
recommended by WHO, e.g. containing injectable drugs 
and not containing Bdq

As a result, the balance of effects may be different in 
settings/populations with different FQ-resistance prevalence 
and if only currently recommended regimens are used. 
The GDG judged the benefits of BPaLM to be large and 
the undesirable effects to be trivial compared to WHO 
recommended standard of care regimens. The certainty 
of evidence was judged to be very low. Based on this, 
the panel determined that the balance of health effects 
probably favours BPaLM regimen.

Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large costs 
○ Moderate costs 
○ Negligible costs 
and savings 
○ Moderate savings 
○ Large savings 
○ Varies 
○ Don’t know

Estimated regimen costs (in adults) at Global Drug Facility (GDF) prices are about US$ 688 for BPaL 
(600–26), US$ 716 for BPaLM (600–26), an average of US$ 771 for longer regimens (depends on 
length and composition) and US$ 535–557 for 9-month regimens. Data from three studies were 
available on more detailed analyses of resources required and cost–effectiveness; two of these 
studies compared the BPaL regimen with longer (18-month) regimens and one compared the 
BPaL, BPaLM and BPaLC regimens with longer (18-month) regimens and with the 9-month regimen 
with ethionamide. The applicability of the results from these studies varied by PICO and sub-PICO 
question, and the panel noted associated caveats when discussing these results (details available 
in the GRADE evidence-to-decision tables for relevant sub-PICOs). Overall, based on these three 
publications, estimates for comparative total cost (drugs and delivery) within country appear to be 
between 1.4-fold and 6-fold higher (longer regimens) or 1–18% higher (9-month regimens) than 
for BPaLM/BPaL. 

The panel judged that implementation of BPaLM/BPaL 
would probably to lead to large savings when replacing the 
longer (18-month) regimens and moderate savings when 
replacing the 9-month regimens.
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Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

 

Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ No included 
studies

The cost–effectiveness study found that, in most settings, BPaLM/BPaL is cost saving, mainly 
because of reduced time in care and therefore reductions in numbers of outpatient visits, inpatient 
bed-days and laboratory tests.  

The panel judged that cost–effectiveness probably favours 
BPaLM/BPaL.

Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Reduced 
○ Probably reduced 
○ Probably no impact 
○ Probably increased 
○ Increased 
○ Varies 
○ Don’t know

No research searched for. The panel considered the treatment duration and the 
ability to decentralize treatment (to enable access 
for remote, underserved settings and disadvantaged 
populations) to affect equity. Despite not being able to 
identify relevant research evidence, the panel used their 
collective experience to judge that there would probably 
be advantages associated with the use of the BPaLM/
BPaL regimen owing to its reduced complexity and shorter 
duration. Therefore, the panel judged that use of the 
BPaLM/BPaL regimen would probably increase equity. 
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Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
○ Yes 
○ Varies 
○ Don’t know

No research searched for.
A study on the acceptability and feasibility of the BPaL regimen from the provider perspective was 
considered to be relevant evidence for the assessment of BPaL and indirectly for the assessment 
of BPaLM. This was a mixed-methods study among a cross section of health care workers, and 
programmatic and laboratory stakeholders that was carried out between May 2018 and May 2019 
in Indonesia, Kyrgyzstan and Nigeria. The results from this study suggested that acceptability overall 
was high. BPaL was rated as acceptable by more than 80% of participants across domains and 
stakeholders. 
Results from a second qualitative study with a focus on the patient perspective were presented 
to the panel; this study suggested that patients would welcome the positive impact of shorter 
treatment on employment status. 

The panel noted these study results and, as part of their 
deliberations, they considered patients and health care 
providers as key stakeholders. The panel considered 
the following aspects to be critical with regard to the 
acceptability of BPaLM/BPaL: regimen duration and drug-
safety monitoring needs (relating both to the necessary 
travel, loss of income and general disruption of the life of 
patients, and to workload for the health care system), and 
the need for DST. The panel judged that the BPaLM/BPaL 
regimen would probably be acceptable. 

Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
○ Yes 
○ Varies 
○ Don’t know

No research searched for.
A study on the acceptability and feasibility of the BPaL regimen from the provider perspective was 
considered to be relevant evidence for the assessment of BPaL and indirectly for the assessment 
of BPaLM. This was a mixed-methods study among a cross section of health care workers, and 
programmatic and laboratory stakeholders that was carried out between May 2018 and May 2019 
in Indonesia, Kyrgyzstan and Nigeria. The results from this study suggested that feasibility overall 
was high. 88% of interviewed stakeholders stated that they would probably implement BPaL once 
it became available. Stakeholders appreciated that BPaL would reduce the workload and financial 
burden on the health care system; expressed concerns about BPaL safety (monitoring), long-term 
efficacy and national regulatory requirements; and stressed the importance of addressing current 
health systems constraints, especially in treatment and safety monitoring systems.

The panel noted the limited availability of pure substances 
of drugs in the BPaLM/BPaL regimen for use in DST as a 
potential barrier to implementation; they also noted that 
data on the critical concentration of pretomanid for use 
in DST are limited. However, given the reduced duration, 
complexity and associated workload of BPaLM/BPaL, 
the panel judged that implementation of BPaLM/BPaL is 
probably feasible.
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Summary of judgements

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know
DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know
UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know
CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies
VALUES Important 

uncertainty or 
variability

Possibly important 
uncertainty or 

variability

Probably no 
important 

uncertainty or 
variability

No important 
uncertainty or 

variability

BALANCE OF EFFECTS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and 
savings

Moderate savings Large savings Varies Don’t know

CERTAINTY OF EVIDENCE 
OF REQUIRED RESOURCES

Very low Low Moderate High No included studies

COST EFFECTIVENESS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies No included studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know
ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know
FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

Type of recommendation
Strong recommendation against 

the intervention
○ 

Conditional recommendation 
against the intervention

○ 

Conditional recommendation 
for either the intervention or the 

comparison
○ 

Conditional recommendation for 
the intervention

● 

Strong recommendation for the 
intervention

○ 
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Conclusions

Recommendation
WHO suggests the use of a 6-month treatment regimen, composed of bedaquiline, pretomanid, linezolid (600 mg) and moxifloxacin (BPaLM), rather than the 9-month or 
longer (18-month) regimens in MDR/RR-TB patients (conditional recommendation, very low certainty of evidence). 
Remarks
1. This recommendation applies to the following:
a. people with MDR/RR-TB without or with MDR/RR-TB and resistance to fluoroquinolones (pre-XDR-TB). DST to fluoroquinolones is strongly encouraged in people with MDR/RR-TB, 

and although it should not delay treatment initiation, results of the test should guide the decision on whether moxifloxacin can be retained or should be dropped from the regimen – 
in cases of documented resistance to fluoroquinolones, BPaL without moxifloxacin would be initiated or continued. 

b. people with confirmed pulmonary TB and all forms of extrapulmonary TB (EPTB) except for TB meningoencephalitis, osteoarticular and disseminated (miliary) TB[1]
c. adults and adolescents aged 14 years or older 
d. all people regardless of HIV status 
e. patients with less than 1-month previous exposure to bedaquiline, linezolid, pretomanid or delamanid. When exposure is greater than 1 month, these patients may still receive these 

regimens if resistance to the specific medicines with such exposure has been ruled out.  
2. This recommendation doesn’t apply to pregnant and breastfeeding women owing to limited evidence on safety of pretomanid.[2]
3. The recommended dose of linezolid is 600 mg once daily, both for the BPaLM and the BPaL regimen[3]. 
[1] See subgroup considerations
[2] Data on the use of pretomanid in pregnant women are limited. Animal studies do not indicate direct or indirect harmful effects with respect to embryo-fetal development
[3] Additional details on linezolid dosing and possible dose reductions are given in the implementation considerations.
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Related recommendation(s)
Sub-PICO 3.2 (link to #8 in GRADEPro)
The use of the 26 weeks of 1 200 mg linezolid is suggested over 9 weeks of 1 200 mg linezolid as part of the BPaL regimen in adults with MDR/RR-TB or pre-XDR-TB.
Sub-PICO 3.3 (link to #9 in GRADEPro)
The use of the 26 weeks of 600 mg linezolid over 26 weeks of 1 200 mg linezolid is suggested as part of the BPaL regimen in adults with MDR/RR-TB or pre-XDR-TB.
Sub-PICO 3.4 (link to #10 in GRADEPro)
The use of the 26 weeks of 1 200 mg over 9 weeks of 600 mg linezolid is suggested as part of the BPaL regimen in adults with MDR/RR-TB or pre-XDR-TB.
Sub-PICO 4.1 (link to #12 in GRADEPro)
The use of the 6-month treatment regimen, composed of bedaquiline, pretomanid and linezolid (BPaL), rather than longer (18-month) regimen is suggested in patients with MDR/RR-TB 
and resistance to fluoroquinolones (pre-XDR-TB), who have either had no previous exposure to bedaquiline and linezolid or have been exposed for less than 1 month.
Sub-PICO 5.1 (link to #13 in GRADEPro)
The use of the 6-month treatment regimen, composed of bedaquiline, pretomanid and linezolid (BPaL), rather than 9-month regimen (with ethionamide) is suggested in patients with 
MDR/RR-TB and without resistance to fluoroquinolones, who have either had no previous exposure to bedaquiline and linezolid or have been exposed for less than 1 month.
Sub-PICO 5.2 (link to #14 in GRADEPro)
The use of the 6-month treatment regimen, composed of bedaquiline, pretomanid and linezolid (BPaL), rather than longer (18-month) regimens is suggested in patients with MDR/
RR-TB and without resistance to fluoroquinolones, who have either had no previous exposure to bedaquiline and linezolid or have been exposed for less than 1 month. 
Sub-PICO 5.3 (link to #15 in GRADEPro)
The use of the 6-month treatment regimen, composed of bedaquiline, pretomanid and linezolid (BPaL), rather than the 9-month regimen (with linezolid) is suggested in patients with 
MDR/RR-TB without resistance to fluoroquinolones, who have either had no previous exposure to bedaquiline and linezolid or have been exposed for less than 1 month.
Sub-PICO 6.1 (link to #17 in GRADEPro)
The use of the 6-month treatment regimen, composed of bedaquiline, pretomanid, linezolid and moxifloxacin (BPaLM), rather than 9-month or longer (18-month) regimens is suggested 
in MDR/RR-TB patients with or without resistance to fluoroquinolones, who have either had no previous exposure to bedaquiline and linezolid or have been exposed for less than 1 
month.
Sub-PICO 6.2 (link to #18 in GRADEPro)
The use of the 6-month treatment regimen, composed of bedaquiline, pretomanid, linezolid and moxifloxacin (BPaLM), rather than BPaL is suggested in MDR/RR-TB patients with or 
without resistance to fluoroquinolones, who have either had no previous exposure to bedaquiline and linezolid or have been exposed for less than 1 month.
Sub-PICO 6.3 (link to #19 in GRADEPro)
The use of the 6-month treatment regimen, composed of bedaquiline, pretomanid, linezolid and moxifloxacin (BPaLM), rather than BPaLC is suggested in patients MDR/RR-TB patients 
with or without resistance to fluoroquinolones, who have either had no previous exposure to bedaquiline and linezolid or have been exposed for less than 1 month.
Sub-PICO 6.4 (link to #20 in GRADEPro)
The use of the 6-month treatment regimen, composed of bedaquiline, pretomanid, linezolid and clofazimine (BPaLC), rather than 9-month or longer (18-month) regimens is suggested 
in MDR/RR-TB patients with or without resistance to fluoroquinolones, who have either had no previous exposure to bedaquiline and linezolid or have been exposed for less than 1 
month (overruled by conclusions of sub-PICO 6.5 and sub-PICO 6.6).
Sub-PICO 6.5 (link to #21 in GRADEPro)
The use of the 6-month treatment regimen, composed of bedaquiline, pretomanid and linezolid (BPaL), rather than BPaLC is suggested in MDR/RR-TB patients with or without resistance 
to fluoroquinolones, who have either had no previous exposure to bedaquiline and linezolid or have been exposed for less than 1 month.
Sub-PICO 6.6 (link to #22 in GRADEPro)
The use of the 6-month treatment regimen, composed of bedaquiline, pretomanid and linezolid (BPaL), rather than 9-month or longer (18-month) regimens is suggested in patients 
MDR/RR-TB patients with or without resistance to fluoroquinolones, who have either had no previous exposure to bedaquiline and linezolid or have been exposed for less than 1 month.



W
H

O
 consolidated guidelines on tuberculosis. M

odule 4: treatm
ent – 

drug-resistant tuberculosis treatm
ent, 2022 update. W

eb Annexes

W
eb Annex 4. G

RAD
E evidence-to-decision tables

117

116

Justification
Data from an RCT (stage 2 of TB-PRACTECAL, corresponds to a phase 3 trial) showed much improved treatment success rates with the BPaLM regimen (89%) of 6 months duration 
compared with the current SoC regimens (52%), as well as lower levels of treatment failure, death and loss to follow-up. Data from two trials (TB-PRACTECAL and ZeNix) suggested 
fewer adverse events with a linezolid dose of 600 mg while maintaining high efficacy. It was judged that implementing this regimen was probably feasible and acceptable, with cost–
effectiveness and equity probably improved. The comparison of patient groups receiving this regimen with those receiving currently recommended regimens lasting 9 months or longer 
has favoured the 6-month BPaLM regimen, suggesting it to be the regimen of choice for eligible patient groups.
Based on the decisions taken during the review and the combination of assessments described above, the new recommendation is to use the BPaLM regimen as the first choice in the 
defined patient group with MDR/RR-TB, with the regimen to be used under routine programmatic conditions. Patients with MDR/RR-TB who are not eligible for this regimen can be 
treated using one of the 9-month regimens (see Section 2). The use of the longer regimen is reserved (see Section 3) for individuals with MDR/RR-TB and fluoroquinolone resistance with 
further resistance or intolerance to bedaquiline, linezolid (XDR-TB) or pretomanid, who would then receive a longer regimen designed with remaining effective medicines from Groups A, 
B and C, according to their drug susceptibility profile and other parameters. 
Table 1.3 lists the comparisons and decisions on each of the sub-PICO-questions that were eventually used by the GDG to conclude with this summary recommendation. Throughout the 
discussion, the GDG panel focused on direct (within trial) comparisons among the TB-PRACTECAL trial arms, to ensure consistency and because it was felt that results based on random 
allocation to interventions were far more reliable than indirect, nonrandomized comparisons. Whereas the certainty of evidence of these (TB-PRACTECAL-internal) comparisons was still 
judged to be very low, the panel deemed it to be higher than that of other (indirect or between-trial or cohort) comparisons. 
Although assessments of PICO questions 3, 4, 5 and 6 have all contributed to the summary recommendation, the main assessment that defined the overall decision 
was that of sub-PICO 6.1 on the comparison of the BPaLM regimen of the stage 2 (corresponds to Phase 3) in the TB-PRACTECAL trial with the mix of SoC regimens 
(conforming to the WHO-recommended 9-month or longer regimens). Even though the TB-PRACTECAL trial was not designed to compare the investigational regimens 
against each other and with the SoC, the comparisons of the different arms of the trial with the BPaLM arm (sub-PICOs 6.2–6.6) were performed to aid the panel in 
making final decisions. 
The assessment of PICO 3 allowed for the decision on the optimal dosing and duration of linezolid within the BPaLM/BPaL regimen and narrowed down the subsequent 
comparisons to the intervention regimen with this particular dose and duration of linezolid – BPaL (600 mg – 26 weeks). The justification for how the other assessments 
have contributed to the overall recommendation can be summarized as follows: 
a. The assessment of PICO 4 resulted in the conditional recommendation for use of BPaL (600 mg – 26 weeks) regimen over the currently recommended longer regimens 

in patients with MDR/RR-TB and additional fluoroquinolone resistance. 
b. The three assessments performed under PICO 5 resulted in the conditional recommendations for the BPaL (600 mg – 26 weeks) regimen over the currently 

recommended 9-month regimen with ethionamide (sub-PICO 5.1), over longer regimens (sub-PICO 5.2) and over the new 9-month regimen where ethionamide is 
replaced with 2 months of linezolid (sub-PICO 5.3) in patients with pulmonary MDR/RR-TB without fluoroquinolone resistance. 

c. The assessment of sub-PICO 6.1 resulted in the conditional recommendation for use of the BPaLM regimen of the TB-PRACTECAL trial over the comparator, the mix of 
SoC regimens under this trial conforming to the WHO recommendations on 9-month or longer regimens, depending on the trial site. 

d. The assessments of sub-PICOs 6.4 and 6.6 resulted in the conditional recommendations for BPaLC and BPaL over the SoC in the TB-PRACTECAL trial; thus all three 
6-month BPaL-based regimens were assessed to be preferred over the mix of SoC regimens under this trial.

e. The assessments of sub-PICOs 6.3 and 6.5 resulted in the conditional recommendations for BPaLM and BPaL over BPaLC; based on these assessments the GDG 
concluded that BPaLC should not be recommended as a regimen.

f. The assessment of sub-PICO 6.2 resulted in the conditional recommendations for BPaLM over BPaL; thus, it highlighted the use of the BPaLM regimen as the preferred 
regimen under the conditions specified in the recommendation and remarks. Compared with BPaL, BPaLM led to more treatment success, fewer failures or recurrences 
and less emerging drug resistance while showing little difference in adverse events.
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Table 1.3. PICO questions and decisions of the GDG panel

# PICO Population Intervention Comparator [data source] Sub-PICO Recommendation

3 Should BPaL regimens with 
lower linezolid exposure (dose 
or duration) be used instead 
of the original BPaL regimen in 
patients who are eligible for BPaL 
regimen?

MDR/RR-TB or 
pre-XDR-TB

BPaL (1 200 mg – 9 weeks) BPaL 1 200–26 [ZeNix]a 3.2 Conditional against the intervention

BPaL (600 mg – 26 weeks) 3.3 Conditional for the intervention
BPaL (600 mg – 9 weeks) 3.4 Conditional against the intervention
BPaL (600 mg then 
300 mg)

3.5 No recommendation because the panel 
felt that comparison of data from 
different trials was less reliable and 
indirect

4 Should a 6-month regimen using 
bedaquiline, pretomanid and 
linezolid be used in patients with 
pulmonary pre-XDR-TB (MDR/
RR-TB with fluoroquinolone 
resistance)?

Pre-XDR-TB BPaL (600 mg – 26 weeks) 

(FQ-res only)

Longer regimens [IPD]b 4.1 Conditional for the intervention

5 Should a 6-month regimen using 
bedaquiline, pretomanid and 
linezolid be used in patients 
with pulmonary MDR/RR-TB 
and without fluoroquinolone 
resistance?

MDR/RR-TB BPaL (600 mg – 26 weeks) 

(FQ-res and FQ-susc)

9-month (Eto) 5.1 Conditional for the intervention

Longer regimens [IPD]b 5.2 Conditional for the intervention

9-month (Lzd) 5.3 Conditional for the intervention

6 Should a 6-month regimen using 
bedaquiline, pretomanid and 
linezolid with or without addition 
of moxifloxacin (BPaLM) or 
clofazimine be used in patients 
with pulmonary MDR/RR-TB 
(with or without fluoroquinolone 
resistance)?

MDR/RR-TB or 
pre-XDR-TB

BPaLM Mix of 9-month and longer regimens 
[TB-PRACTECAL]c

6.1 Conditional for the intervention

BPaLM BPaL (600 mg then 300 mg) 
[TB-PRACTECAL]c

6.2 Conditional for the intervention

BPaLM BPaLC [TB-PRACTECAL]c 6.3 Conditional for the intervention
BPaLC Mix of 9-month and longer regimens 

[TB-PRACTECAL]c
6.4 Conditional for the intervention

BPaLC BPaL (600 mg then 300 mg) 
[TB-PRACTECAL]c

6.5 Conditional against the intervention

BPaL (600 mg then 
300 mg)

Mix of 9-month and longer regimens 
[TB-PRACTECAL]c

6.6 Conditional for the intervention

BPaL: bedaquiline, pretomanid and linezolid; BPaLC: bedaquiline, pretomanid, linezolid and clofazimine; BPaLM: bedaquiline, pretomanid, linezolid and moxifloxacin; Eto: ethionamide; FQ-res: 
fluoroquinolone resistant; FQ-susc: fluoroquinolone susceptible; GDG: Guideline Development Group; IPD: individual patient data; Lzd: linezolid; MDR/RR-TB: multidrug-resistant or rifampicin-
resistant TB; PICO: population, intervention, comparator and outcome; TB: tuberculosis; XDR-TB: extensively drug-resistant TB.
a ZeNix trial.
b 2 021 IPD.
c TB-PRACTECAL.
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Subgroup considerations
Children. 
Children were excluded from the ZeNix trial (aged 0–13 years) and the TB-PRACTECAL trial (aged 0–14 years); therefore, no analysis specific to this subgroup of patients could be 
performed. All medicines in the BPaLM regimen have been used in children except for pretomanid. New data on bedaquiline has been recently reviewed and its use has been expanded 
to all ages (see additional recommendation in Section 3). The lack of safety data on pretomanid in children aged below 14 years was the main barrier for potential extrapolation of the 
BPaLM/BPaL recommendation to the threshold of being aged below 14 years. Thus, the recommendation of the BPaLM/BPaL regimen applies to adults and adolescents aged 14 years 
and older.

People living with HIV. 
HIV was diagnosed in 34 of 172 (19.8%) people enrolled in the ZeNix trial; however, it was impossible to perform any adjusted stratified analyses for people living with HIV (PLHIV), owing 
to the small sample size in sub-PICO comparisons 3.2, 3.3, 3.4 and 3.5. PLHIV were eligible for enrolment in the ZeNix trial if they had a CD4 count of more than 100 cells/mm3 and 
if they were using antiretroviral medications.1 No aspects specific to HIV status or CD4 count were in the list of TB-PRACTECAL exclusion criteria, and PLHIV represented 27% of those 
enrolled. The median CD4 count among PLHIV was 322 (interquartile range [IQR] 217–622) across the four arms. 
It is important to take drug–drug interactions into account when administering TB and HIV medications in combination; such interactions are discussed below. Although some therapies 
are to be avoided, there are alternative antiretroviral agents that can be considered when pretomanid is used. Thus, the recommendation of the BPaLM/BPaL regimen applies to all 
people regardless of HIV status, although some caution should be used when enrolling patients with CD4 counts lower than 100 cells/mm3.

Pregnant and lactating women 
Pregnant and lactating women were excluded from the ZeNix and TB-PRACTECAL trials owing to unknown effects of the new medicine, pretomanid, on fetal development; therefore, 
no analysis specific to this subgroup of patients could be performed. The use of bedaquiline in pregnancy has been associated with infants born with a lower mean birth weight than 
infants whose mothers did not take bedaquiline; however, when infants were followed up over time, no evidence of late adverse impacts was found (see Section 3.2). Breastfeeding is 
not recommended for women taking pretomanid. Thus, the recommendation of the BPaLM/BPaL regimen does not apply to pregnant and breastfeeding women. While the safety of 
pretomanid during pregnancy and breastfeeding is unclear, other treatment options need to be used.

Extrapulmonary TB. 
Several other groups of patients were excluded from the two trials; for example, patients with liver enzyme measurements three or more times over the upper limit of normal; people 
with a corrected QT interval by Fredericia (QTcF) more than 500 ms, or history of cardiac disease, syncopal episodes, significant arrythmias, congenital QT prolongation, torsade de 
pointes or cardiomyopathy; those with a current peripheral neuropathy of Grade 3–4; and moribund patients with very low BMI (<17). These groups of patients may only receive the 
regimen if the treating physician judges this to be the best option despite these contraindications.

Other considerations. 
There were several other groups of patients that were excluded from the two trials, for example patients with liver enzyme measurements 3 or more times over the upper limit of normal, 
persons with QTcF more than 500 ms, or history of cardiac disease, syncopal episodes, significant arrythmias, congenital Qt prolongation, torsade de pointes, or cardiomyopathy; current 
peripheral neuropathy of grade 3–4; and moribund patients with very low BMI (below 17). These groups of patients may only receive the regimen if the treating physician judges this to 
be the best option despite these contraindications. 
[1] In the ZeNix trial, permitted antiretroviral treatments were nevirapine in combination with any nucleoside reverse transcriptase inhibitors (NRTIs); lopinavir/ritonavir in combination 
with any NRTIs; tenofovir/lamivudine/abacavir (if normal renal function); triple NRTI therapy consisting of zidovudine, lamivudine and abacavir (noting the increased risk of peripheral 
nerve toxicity with zidovudine and linezolid); and raltegravir in combination with NRTIs.
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Implementation considerations
High treatment success rates shown for the BPaLM/BPaL regimen in the Nix study, the ZeNix and TB-PRACTECAL trials and favourable comparison to the current standard of care (SoC) 
regimens lead to thorough discussions during the GDG meeting of an overall recommendation for implementation under routine programmatic conditions and of the implementation 
considerations for this regimen. Given the conditionality of this recommendation, results of additional or ongoing operational research will help to add further knowledge to adjust and 
improve implementation guidance for the regimen.

Patient selection 
Overall, to reproduce the treatment success rates observed in the ZeNix and TB-PRACTECAL trials, it is important to carefully select eligible patients. Once those patients are enrolled, it 
is also important to provide effective patient support to enable adherence to treatment. It is also important to maintain close monitoring for adverse events, response to treatment and 
emerging drug resistance, and to properly manage adverse drug reactions and prevent complications from drug–drug interactions.
The selection of patients is best aligned with the eligibility criteria of two trials (also reflected in the subgroup consideration above). The patients that can be enrolled on the BPaLM/BPaL 
regimen should have bacteriologically confirmed MDR/RR-TB, with or without resistance to fluoroquinolones. 

Drug Susceptibility Testing
It is important to pay attention to the previous use and susceptibility status of the medicines comprising this regimen. Patients with a known history of more than 1 month use of 
bedaquiline, pretomanid (or delamanid, given some degree of cross-resistance) and linezolid should not be enrolled on this regimen, unless the results of recent DST of these medicines 
has confirmed susceptibility. In cases where there is no prior use of these medicines or confirmed susceptibility, fluoroquinolone resistance testing should also be done before the start 
of treatment. However, fluoroquinolone resistance testing should not delay treatment initiation (e.g. in cases where this DST is not available or results are delayed). When DST results 
confirm fluoroquinolone susceptibility, treatment can be continued without any modifications. In cases of fluoroquinolone resistance, moxifloxacin should be dropped and the regimen 
continued as the BPaL combination only. This modification may seem counterintuitive, because patients with TB that is resistant to an increased number of drugs will receive fewer TB 
medicines. However, moxifloxacin is unlikely to provide a benefit in the presence of fluoroquinolone resistance and the BPaL regimen has been shown to have high efficacy without 
moxifloxacin. In the context of fluoroquinolone resistance, omitting moxifloxacin will help to avoid potential toxicity related to this medicine. Conversely, in the absence of fluoroquinolone 
resistance, the use of moxifloxacin further increases the efficacy of the regimen and may provide protection against acquired bedaquiline resistance, and thus is recommended. If 
fluoroquinolone DST results are unavailable, the GDG judged the likely benefits of retaining moxifloxacin as part of the regimen as outweighing the potential harms; therefore, WHO 
suggests using the BPaLM regimen in this situation.
The establishment and strengthening of DST services is a vital consideration for implementation of all treatment regimens for MDR/RR-TB. In patients with bacteriologically confirmed 
MDR/RR-TB, the Xpert® MTB/XDR (Cepheid) or GenoType® MTBDRsl (Hain Lifescience) assays may be used as the initial test, in place of culture and phenotypic DST, to detect 
resistance to fluoroquinolones. If testing for susceptibility to bedaquiline or linezolid is available, it is highly desirable to also carry this out at baseline and in the absence of culture 
conversion during treatment. DST for pretomanid is not yet available; however, WHO expects to set critical concentrations for phenotypic DST in the next update of the technical report 
on critical concentrations for DST of medicines used in the treatment of DR-TB.
Currently, there is limited capacity globally for DST for bedaquiline and linezolid. As these medicines and regimens containing these medicines become more widely used, laboratory 
capacity in this area must be strengthened. National and reference laboratories will need to have necessary facilities and reagents to make DST available; also, they will need data on the 
minimum inhibitory concentration (MIC) distribution of all M. tuberculosis lineages that are circulating globally. Establishing or expanding capacity for sequencing of M. tuberculosis can 
provide a strong and future-proof platform for DST. If resistance to any of the component medicines in the BPaL regimen is detected, treatment with another recommended regimen 
should be started. The WHO TB Supranational Reference Laboratory (SRL) Network is available to support national TB reference laboratories in performing quality-assured DST. A WHO 
technical consultation in 2017 established critical concentrations for DST for the fluoroquinolones, bedaquiline, delamanid, clofazimine and linezolid. Methods for testing pretomanid 
susceptibility are currently under development. When methods for DST are available, countries will need to add surveillance of resistance to new medicines to their routine efforts or 
surveys. These data can guide the adoption and use of new regimens and can also protect against amplification of resistance profiles. 
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Drug-drug interactions
It is important to take drug–drug interactions into account when administering TB and HIV medications in combination, including the documented interactions between bedaquiline and 
efavirenz. Efavirenz reduces pretomanid exposures significantly; therefore, an alternative antiretroviral agent should be considered if pretomanid forms part of the BPaLM/BPaL regimen. 
The preferred ART regimens for co-administration with BPaLM/BPaL are dolutegravir-based regimens in combination with two nucleoside reverse transcriptase inhibitors. 
The following medications should be avoided or may require additional precautions during treatment with BPaLM/BPaL:
• efavirenz;
• drugs known to significantly prolong the QTc interval, including neuroleptics-phenothiazines (e.g. thioridazine, haloperidol, chlorpromazine, trifluoperazine, pericycline, 

prochlorperazine, fluphenazine, sertindole and pimozide), ondansterone, quinoline antimalarials (e.g. halofantrine, chloroquine, hydroxychloroquine and quinacrine), anti-arrhythmic 
drugs (e.g. quinidine, procainamide, encainide, disopyramide, amiodarone, flecainide and sotalol) and fluoroquinolones other than those included in the trial regimens;

• strong CYP3A4 inducers (e.g. phenytoin, carbamazepine, phenobarbital, St. John’s wort [Hypericum perforatum], rifamycins, and systemic, multiple dosing of dexamethasone)
• strong CYP3A4 inhibitors (e.g. azole antifungals: ketoconazole, voriconazole, itraconazole and ketolides such as telithromycin; and macrolide antibiotics other than azithromycin) for 

more than 2 weeks;
• monoamine oxidase inhibitors (phenelzine, isocarboxazid and tranylcypromine); and
• drugs known to induce myelosuppression (e.g. azathioprine and cytotoxic agents).

Care and support 
Treatment administration coupled with support to patients can boost adherence and ensure optimal drug effectiveness and safety. Measures to support patient adherence (e.g. by 
facilitating patient visits to health care facilities or home visits by health care staff, or by using digital technologies for daily communication) may be important to retain patients on 
treatment, even when a regimen is comparatively short. WHO recommendations on care and support and a related handbook are available on the web under the WHO consolidated 
guidelines on tuberculosis. Module 4: Treatment – tuberculosis care and support. 

aDSM
Close monitoring of adverse effects of treatment is particularly important for the shorter treatment regimens and for regimens including new medicines (e.g. this regimen includes a 
novel compound – pretomanid), to ensure relapse-free cure. Active pharmacovigilance and proper management of adverse drug reactions and prevention of complications from drug–
drug interactions will ensure proper patient care; and reporting any adverse drug reactions to the responsible drug-safety authority in the country will inform national and global policy. 
Additional information about active TB drug-safety monitoring and management (aDSM) is available in the operational handbook.

Regimen composition, dosing of component medicines and frequency 
The BPaLM/BPaL regimen consists of bedaquiline, pretomanid and linezolid, with or without moxifloxacin throughout the regimen duration. Pretomanid is administered at 200 mg once 
daily for the duration of the regimen. When moxifloxacin is part of the regimen, it is dosed at 400 mg once daily throughout the treatment course. The fluoroquinolone of choice used 
in the TB-PRACTECAL trial was moxifloxacin; given that no evidence on using other fluoroquinolones was available at the time of the GDG assessments, the replacement of moxifloxacin 
with levofloxacin or any other fluoroquinolone cannot be recommended at this stage. The frequency of dosing should be 7 days a week with treatment support or using video-
supported therapy; that is, as it was administered in both the trials.

Bedaquiline dosing schemes
The TB-PRACTECAL and ZeNix trials used slightly different dosing schemes for bedaquiline although the overall drug exposure was comparable. The dosing schedule used in the 
TB-PRACTECAL trial was consistent with the product label whereas the dosing schedule used in the ZeNix trial presented the advantage of daily dosing throughout the regimen and may 
be used as one of the options for administration. Either of the bedaquiline dosing schemes may be used for programmatic implementation:
• daily throughout treatment: 200 mg once daily for 8 weeks followed by 100 mg once daily; and
• daily for loading dose and three times per week thereafter: 400 mg once daily for 2 weeks followed by 200 mg three times per week. 
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Dosing of linezolid 
The ZeNix trial used several different dosing and duration schemes of linezolid, with the aim of determining the optimal administration schedule for this medicine. Linezolid is known to 
cause several potentially serious adverse effects; among those of most concern are peripheral neuropathy, optic neuritis and myelosuppression. The GDG review of the ZeNix trial data 
identified the optimal dosing for linezolid to be 600 mg once a day for 26 weeks, and this arm of the ZeNix trial was used for the main comparisons. Study participants in this arm of 
the trial received 600 mg of linezolid once daily for 26 weeks, with a reduction to 300 mg daily allowed in the event of linezolid specific toxicities. In the TB-PRACTECAL trial, dosing of 
linezolid was slightly different – participants were given 600 mg daily for 16 weeks and then 300 mg daily for the remaining 8 weeks (the duration of BPaLM in this trial was 24 weeks). 
The GDG panel considered that it would be preferable to use linezolid 600 mg/daily throughout the regimen, but the dose can be reduced to 300 mg/daily if necessary to mitigate 
toxicity. 

Regimen duration, changes and extensions
The BPaLM and BPaL regimens have been studied as the standardized courses of treatment. Therefore, modification of the regimen through early discontinuation or replacement of 
any of the component medicines may result in different (and possibly worse) treatment outcomes. In the TB-PRACTECAL trial, patients received 24 weeks of BPaLM. In the ZeNix trial, 
treatment was extended to a total of 9 months in patients on the BPaL regimen who remained sputum culture positive or who reverted to being sputum culture positive between months 
4 and 6, or whose clinical condition suggested they may have progressive TB. In cases where treatment was interrupted and treatment duration was extended to make up for missed 
doses, it was necessary for patients to complete 6 months of the regimen (i.e. 26 weeks of prescribed doses) within 8 months; also, for patients in whom treatment was extended, it was 
necessary to complete 9 months of treatment (i.e. 39 weeks of prescribed doses) within 12 months. 
Eligible patients with susceptibility to fluoroquinolones can be started on the BPaLM regimen for 6 months, with dosing of individual medicines as described above. This combination of 
medicines can be continued throughout the regimen without any prolongation (unless there is a need to make up the missed doses). In cases where resistance to fluoroquinolones is 
identified before or after treatment initiation, moxifloxacin can be discontinued. When the regimen is BPaL from the start or is changed to BPaL, it can be extended to a total of 39 weeks 
(counting from the start of the therapy with BPaLM/BPaL). This extension is justified in cases of failure to convert culture between months 4 and 6 while on treatment; alternatively, it can 
be based on the clinical judgement of the treating physician. Up to 1 month can be added to the overall treatment duration if there is a need to make up the missed doses. 
The GDG panel acknowledged these slight differences in the treatment duration of the BPaLM and BPaL regimens as studied in these two trials, and suggested standardizing the 
treatment duration of BPaLM to 6 months (26 weeks) during programmatic implementation; for BPaL they suggested the possibility of extension to a total of 9 months (39 weeks) if 
sputum cultures are positive between months 4 and 6. All medicines in the regimen are to be used throughout treatment duration, including a potential extension from 26 to 39 weeks 
(when BPaL is used). Ideally, missing doses of all three or four drugs in the regimen should be avoided; however, if doses are missed, any interruption of longer than 7 days should be 
made up by extending the treatment duration (for the number of missed doses); therefore, 26 or 39 weeks of prescribed doses should be completed within an overall period of 7 or 
10 months, respectively.
Missing doses and tolerances for treatment interruptions
The TB-PRACTECAL and ZeNix trials used different tolerances for treatment interruption and missing doses, and the ZeNix trial protocol provided specific rules for linezolid 
administration. 
The GDG panel suggested standardizing the allowable missing doses and the approach to linezolid administration. The following pragmatic approach is suggested to guide clinical 
judgement and potential minor deviations in individual cases:
• all possible efforts should be made to support the patient and manage the adverse events to ensure uninterrupted treatment and intake of all medicines in the regimen; however, 

when medicine cannot be tolerated it should be stopped;
• consecutive treatment interruption (of all medicines in the regimen) of up to 2 weeks should be made up and added to the treatment duration;
• nonconsecutive missed doses of all medicines in the regimen up to a cumulative total of 4 weeks should be made up and added to the treatment duration; and
• after consecutive administration of linezolid at recommended doses (600 mg/daily) for at least 9 weeks, in case of intolerability the dose can either be adjusted down (to linezolid 

300 mg/daily) or omitted (while other medicines in the regimen are continued) for a total of a maximum of 8 weeks throughout the treatment course. 

In case any single one of these tolerances is exceeded, a thorough assessment of the patient’s status will be required to decide whether to continue the treatment strategy or modify it.
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Monitoring and evaluation
Patients who receive BPaLM/BPaL need to be tested at baseline and then monitored during treatment using schedules of relevant clinical and laboratory testing. If feasible, it is also 
important to follow up patients 12 months after the completion of treatment for possible relapse, including with sputum culture and smear.
The bacteriological status of the patient should be available before treatment initiation, with confirmation of TB disease and rifampicin resistance as a minimum if possible. It is 
recommended to monitor patients with MDR/RR-TB while on treatment using monthly sputum cultures. Failure to convert sputum culture at or after the fourth month on treatment is 
a potential sign of a failing treatment regimen. The DST for fluoroquinolones is important to support prescription of the relevant combination, BPaLM or BPaL, to maximize the efficacy 
and prevent unnecessary potential toxicity. Country programmes are also strongly encouraged to establish the DST capacity to test for resistance to bedaquiline and linezolid at baseline 
(particularly in cases demonstrating fluoroquinolone resistance) and to test samples from patients with no bacteriological conversion after month 4 while on the BPaLM/BPaL regimen. 
It is good practice to assess patients for symptoms and signs of liver disease (e.g. fatigue, anorexia, nausea, jaundice, dark urine, liver tenderness and hepatomegaly), peripheral or optic 
neuropathy and conduct laboratory tests such as alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase and bilirubin, complete blood count and serum 
potassium, calcium and magnesium (which should be corrected if abnormal). Treating clinicians are also advised to obtain an ECG before initiation of treatment. A suggested schedule of 
monitoring is provided in the operational handbook on treatment of DR-TB. 
The WHO framework for aDSM needs to be applied to patients on any type of MDR-TB regimen, to ensure an acceptable level of monitoring for adverse events and prompt response to 
such events – alongside monitoring for treatment outcomes, including early monitoring for treatment failure. Additional evidence generated on adverse events will be important to build 
the evidence base on the safety of the new regimens in varied settings. 
Monitoring of changes in dosing and duration of linezolid in particular (when needed) will also be important, to inform the future evidence base on the wider use of the BPaLM/BPaL 
regimen and the tolerability of linezolid in this regimen.
Research priorities
Further research is needed in the following areas:
a. the efficacy, safety and tolerability of the BPaLM/BPaL regimen for subpopulations for whom current data are limited or missing; that is, children aged below 14 years, patients with 

extrapulmonary TB, PLHIV with CD4 counts below 100, and pregnant and lactating women;
b. data from other regions and countries (beyond countries with sites included in recent studies);
c. description of the mechanism and molecular markers of pretomanid resistance, allowing development of the DST, clinical implications of the lineage 1 effect on efficacy of 

pretomanid1, cross-resistance with delamanid and surveillance for the development of resistance, with adequate consideration paid to the impact of selected mutations;
d. documenting the full adverse event profile of pretomanid, and the frequency of relevant adverse events, with a focus on hepatotoxicity and reproductive toxicity in humans (studies 

ongoing);
e. exploring the relative efficacy (and added value in multidrug regimens) of pretomanid and delamanid; 
f. studies capturing outcomes for which currently evidence is scarce (e.g. acquisition of drug resistance and quality of life);
g. research on geographical differences in the frequency and severity of linezolid-related adverse events and the underlying cause (north–south differences were observed in post-hoc 

analyses of large and unexplained differences in linezolid-related adverse events between sites);
h. exploring the possibility of replacing moxifloxacin with levofloxacin;
i. exploring the extent of cross-resistance between bedaquiline and clofazimine;
j. monitoring of resistance to new and repurposed medicines;
k. exploring methods to ensure treatment adherence;
l. exploring regimen composition when the new generation of component medicines are available; and
m. exploring the efficacy of other 6-month regimens.

[1] A lineage effect is observed for lineage 1 strains which are shown to exhibit higher MICs than other lineages in-vitro. The in-vivo clinical significance of such an effect is unknown 
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9155602/)
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Sub-PICO 3.2
Question
Should BPaL regimens with lower Linezolid exposure (Lzd 1 200mg/9w) vs. original BPaL regimen (Lzd 1 200mg/26w) be used for patients eligible for the BPaL regimen 
(MDR/RR-TB and pre-XDR-TB)?
POPULATION: patients eligible for the BPaL regimen (MDR/RR-TB and pre-XDR-TB)
INTERVENTION: BPaL regimens with lower Linezolid exposure (Lzd 1 200mg/9w)
COMPARISON: original BPaL regimen (Lzd 1 200mg/26w)
MAIN OUTCOMES: Treatment success without recurrence; Failure and recurrence; Death; LTFU; Adverse events (Grades 3–5); Amplification of DR;
SETTING: Global inpatient and outpatient treatment settings
PERSPECTIVE: Public health and health systems perspective
BACKGROUND: Multidrug-resistant (MDR-) and rifampicin-resistant tuberculosis (MDR-/RR-TB) has emerged as a major problem due to poor management of drug-susceptible 

and transmission of drug-resistant TB. MDR-/RR-TB is treatable but requires different treatment regimen combinations that are sometimes longer and including 
medicines with that are potentially more toxic. The interest in reducing the duration of treatment for MDR/RR-TB motivates a continuous search for shorter 
and safer regimens. In 2016, on the basis of data from observational studies of the shorter regimens in different Asian and African countries, WHO for the first 
time recommended a standardized 9-month regimen, containing an injectable agent providing shorter than the extant 18–20 months standard of care for the 
eligible patients. In 2018, following the results of the Standard Treatment Regimen of Anti-tuberculosis Drugs for Patients with MDR-TB (STREAM) Stage 1 trial, 
further modifications were made to the earlier recommended shorter regimen, also replacing kanamycin by amikacin (based on evidence from the comparative 
effectiveness of these two injectable agents. Evidence of permanent effects attributed to the toxicity of injectable agents, have prompted further advances in the 
development of new treatments such as shorter injectable-sparing regimens. In particular, South African Department of Health shared with WHO the observational 
data on an all-oral bedaquiline-containing shorter regimen of 9 months duration. The all-oral 9-month bedaquiline containing regimen was reviewed and 
recommended by WHO since 2019 with the following combination of medicines (4–6 Bdq[6]-Lfx[Mfx]-Eto-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E). In 2022, new evidence 
from programmatic implementation in South Africa was made available to WHO where this regimen was modified to include 2 months of Linezolid (Lzd, 600mg) 
instead of 4 months of Ethionamide (Eto). 
Data from the single arm, open-label Nix-TB study by the Global TB Alliance was reviewed in 2019 to assess whether a 6-month novel treatment regimen 
consisting of bedaquiline, pretomanid and linezolid safely improves treatment outcomes in patients with MDR/RR-TB and additional resistance to fluoroquinolones 
when compared with other regimens conforming to WHO recommendations. For this purpose, the Nix-TB study data on the BPaL regimen was compared to 
matched records in the IPD. Limitations in study design and the small number of participants observed adverse events did not allow the panel to recommend 
programmatic implementation of the regimen worldwide until additional evidence has been generated. In 2020 WHO DR-TB guidelines, BPaL regimen was 
recommended for use under operational research conditions. Two randomized controlled trials have concluded in 2021 (TB-PRACTECAL and ZeNix) providing new 
evidence and prompting assessment by WHO in order to develop new or updated recommendations on MDR/RR-TB treatment.

CONFLICT OF 
INTERESTS:

The following panel members were recused from voting on the recommendation according to WHO policy due to potential conflicts-of-interest: Padma 
Chandrasekaran
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Assessment

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

The COVID-19 pandemic has reversed years of progress in providing essential TB services and 
reducing TB disease burden. The most obvious impact is a large global drop in the number of 
people newly diagnosed with TB and reported. This fell from 7.1 million in 2019 to 5.8 million in 
2020, an 18% decline back to the level of 2012 and far short of the approximately 10 million people 
who developed TB in 2020. 
Reduced access to TB diagnosis and treatment has resulted in an increase in TB deaths. Best 
estimates for 2020 are 1.3 million TB deaths among HIV-negative people (up from 1.2 million in 
2019) and an additional 214 000 among HIV-positive people (up from 209 000 in 2019), with the 
combined total back to the level of 2017. 
Other impacts include reductions between 2019 and 2020 in the number of people provided with 
treatment for drug-resistant TB (-15%, from 177 100 to 150 359, about 1 in 3 of those in need). 
Globally in 2020, 71% (2.1/3.0 million) of people diagnosed with bacteriologically confirmed 
pulmonary TB were tested for rifampicin resistance, up from 61% (2.2/3.6 million) in 2019 and 
50% (1.7/3.4 million) in 2018. Among these, 132 222 cases of MDR/RR-TB and 25 681 cases of 
pre-XDR-TB or XDR-TB were detected, for a combined total of 157 903. This was a large fall (of 
22%) from the total of 201 997 people detected with drug-resistant TB in 2019, consistent with 
similarly large reductions in the total number of people newly diagnosed with TB (18%) and the 
total number of people diagnosed with bacteriologically confirmed pulmonary TB (17%) observed 
between 2019 and 2020. Worldwide, 150 359 people with MDR/RR-TB were enrolled on treatment 
in 2020, down 15% from the total of 177 100 in 2019. This level of enrolment was equivalent to 
about one in three of the people who develop MDR/RR-TB each year. 
More positively, there have been improvements in treatment success rates. Globally in 2018 (the 
latest patient cohort for which data are available), the treatment success rate for MDR/RR-TB was 
59%, reflecting steady improvements in recent years from 50% in 2012.
(Global TB Report 2021)

Drug-resistant TB is a global challenge and access to 
treatment often problematic, with regimens typically being 
long, toxic and expensive. More efficacious and shorter 
treatment regimens for DR-TB are necessary to optimize 
and improve treatment outcomes while minimizing adverse 
events and preventing acquisition of additional drug 
resistance. 
 

BPaL regimen is currently recommended by WHO for 
treatment of patients with RR/MDR-TB and quinolone 
resistance under operational research conditions. High 
rates of adverse events related to the 1 200mg of Linezolid 
component of the regimen represents a concern for 
programmatic implementation of this regimen both 
under OR conditions and also in case wider use will be 
recommended. It is therefore important to identify the 
optimal dose and duration of Linezolid within BPaL regimen 
from perspectives of efficacy and safety. 
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Trivial 
● Small 
○ Moderate 
○ Large 
○ Varies 
○ Don’t know

The BPaL 1 200–9 arm of the ZeNix trial, where linezolid 1 200 mg daily was used for 9 weeks 
(intervention), was compared to the BPaL 1 200–26 arm, where linezolid 1 200 mg daily was used 
for 26 weeks (comparison), in the same population of patients with MDR/RR-TB with or without 
quinolone resistance.
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaL with Lzd 1 200–9 
(n=43) compared to participants with same resistance patterns receiving BPaL with Lzd 1 200–
26 (n=44) experienced lower levels of treatment success (93% vs 98%), i.e. a 5% relative reduction 
(RR=0.95, 95%CI 0.87 to 1.05); higher levels of failure and recurrence (4.7% vs 2.3%), i.e. a 2-fold 
relative increase (RR=2.1, 95%CI 0.19 to 22); higher levels of deaths (2.3% vs 0.0%), i.e. a 2% 
absolute increase (RD=0.02, 95%CI -0.06 to 0.12); similar levels of loss to follow-up (0.0% vs 0.0%), 
i.e. a 0% absolute difference (RD=0.00, 95%CI -0.08 to 0.08); lower levels of adverse events (16% vs 
18%), i.e. a 10% relative reduction (RR=0.90, 95%CI 0.36 to 2.3); and similar levels of amplification 
of drug-resistance (0.0% vs 0.0%), i.e. a 0% absolute difference (RD=0.00, 95%CI -0.08 to 0.08).
The evidence is very uncertain about the effect of BPaL 1 200–9 on all outcomes.

Considering this research evidence, the GDG judged 
that BPaL with Lzd 1 200–9 may have small desirable 
effects and noted the very low certainty of the 
evidence.
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Outcomes

Anticipated absolute effects* 
(95% CI)

Relative 
effect 

(95% CI)

№ of 
participants 

(studies)

Certainty of 
the evidence 

(GRADE)
CommentsRisk with 

original BPaL 
regimen (Lzd 
1 200mg/26w)

Risk with BPaL 
regimens with 
lower Linezolid 
exposure (Lzd 
1 200mg/9w)

Treatment 
success without 
recurrence 
(Success) 
assessed with: 
cured and 
completed

Study population RR 0.95 
(0.87 to 

1.05)

87 
(1 RCT)

 
Very lowa,b,c,d977 per 

1 000
928 per 1 000 
(850 to 1 000)

Failure and 
recurrence 
(Failure) 
assessed with: 
failure and 
recurrence

Study population RR 2.05 
(0.19 to 
21.75)

87 
(1 RCT)

 
Very lowa,b,c,d23 per 1 000 47 per 1 000 

(4 to 494)

Death Study population RD 0.02 
(-0.06 to 

0.12)

87 
(1 RCT)

 
Very lowa,b,c,d0 per 1 000 0 per 1 000 

(0 to 0)
LTFU Study population RD 

0.000 
(-0.081 

to 0.083)

87 
(1 RCT)

 
Very lowa,b,c,d0 per 1 000 0 per 1 000 

(0 to 0)

Adverse events 
(Grades 3–5)

Study population RR 0.90 
(0.36 to 

2.25)

87 
(1 RCT)

 
Very lowa,b,c,d182 per 

1 000
164 per 1 000 

(65 to 409)
Amplification 
of DR

Study population RD 
0.000 
(-0.081 

to 0.083)

87 
(1 RCT)

 
Very lowa,b,c,d0 per 1 000 0 per 1 000 

(0 to 0)
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a. The ZENIX study was conducted in the Russian Federation, Republic of Moldova and South 
Africa. These settings are not necessarily representative of other populations in which MDR-TB 
commonly occurs. The decision as to whether to downgrade for indirectness is a difficult one. 
Given that the study was conducted in three countries – increasing its generalisability – we have 
chosen not to downgrade the certainty due to indirectness.

b. Allocation concealment. In the ZENIX study, participants, trial investigators and staff (including 
laboratory staff ) were blinded to the dose and scheduled duration of linezolid. Participants 
were unblinded to the use of bedaquiline and pretomanid. However, given that bedaquiline and 
pretomanid were used in all four arms of the study, this would not introduce bias. We have not 
downgraded due to the partial blinding of ZENIX.

c. The very small number of individuals included in both the intervention group (n=43) and the 
comparator group (n=44) for this comparison has resulted in an imbalance in the measured 
characteristics of study participants. Although participants were allocated to treatment randomly, 
Imbalances still were observed in the age, past TB treatment, smear status and prevalence 
of FQ-R (pre-XDR TB) at baseline. This imbalance suggests that unmeasured confounding is 
also likely. For this reason, we have downgraded the certainty one level due to unmeasured 
confounding that has arisen due to the small sample size.

d. The small number of individuals included in both the intervention group (n=43) and the 
comparator group (n=44) results in a very serious risk of imprecision. Therefore, the certainty has 
been downgraded by two levels.
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Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large 
● Moderate 
○ Small 
○ Trivial 
○ Varies 
○ Don’t know

The intervention group comprised the 1 200–9 regimen in ZENIX, and the comparator the 1 200–
26 regimen in ZENIX. Participants with MDR/RR-TB (with or without quinolone resistance) receiving 
BPaL with Lzd 1 200–9 (n=43) compared to participants with same resistance patterns receiving 
BPaL with Lzd 1 200–26 (n=44) experienced lower levels of treatment success (93% vs 98%), i.e. a 
5% relative reduction (RR=0.95, 95%CI 0.87 to 1.05); higher levels of failure and recurrence (4.7% 
vs 2.3%), i.e. a 2-fold relative increase (RR=2.1, 95%CI 0.19 to 22); higher levels of deaths (2.3% vs 
0.0%), i.e. a 2% absolute increase (RD=0.02, 95%CI -0.06 to 0.12); similar levels of loss to follow-up 
(0.0% vs 0.0%), i.e. a 0% absolute difference (RD=0.00, 95%CI -0.08 to 0.08); lower levels of adverse 
events (16% vs 18%), i.e. a 10% relative reduction (RR=0.90, 95%CI 0.36 to 2.3); and similar levels of 
amplification of drug-resistance (0.0% vs 0.0%), i.e. a 0% absolute difference (RD=0.00, 95%CI -0.08 
to 0.08).
The evidence is very uncertain about the effect of BPaL 1 200–9 on all outcomes.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)
Risk with 

original BPaL 
regimen (Lzd 

1 200mg/26w)

Risk difference with BPaL 
regimens with lower 

Linezolid exposure (Lzd 
1 200mg/9w)

Treatment 
success 
without 
recurrence 
assessed with: 
cured and 
completed

87 
(1 RCT)

 
Very lowa,b,c,d

RR 0.95 
(0.87 to 

1.05)

Study population
977 per 1 000 49 fewer per 1 000 

(127 fewer to 49 more)

Failure and 
recurrence 
assessed with: 
failure and 
recurrence

87 
(1 RCT)

 
Very lowa,b,c,d

RR 2.05 
(0.19 to 
21.75)

Study population
23 per 1 000 24 more per 1 000 

(18 fewer to 472 more)

Death 87 
(1 RCT)

 
Very lowa,b,c,d

RD 0.02 
(-0.06 to 

0.12)

Study population
0 per 1 000 20 more per 1 000 

(60 fewer to 120 more)

Considering this research evidence, the GDG judged 
that BPaL with Lzd 1 200–9 may have moderate 
undesirable effects and noted the very low certainty of 
the evidence.
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a. The ZENIX study was conducted in the Russian Federation, Republic of Moldova and South 
Africa. These settings are not necessarily representative of other populations in which MDR-TB 
commonly occurs. The decision as to whether to downgrade for indirectness is a difficult one. 
Given that the study was conducted in three countries – increasing its generalisability – we have 
chosen not to downgrade the certainty due to indirectness.

b. Allocation concealment. In the ZENIX study, participants, trial investigators and staff (including 
laboratory staff ) were blinded to the dose and scheduled duration of linezolid. Participants 
were unblinded to the use of bedaquiline and pretomanid. However, given that bedaquiline and 
pretomanid were used in all four arms of the study, this would not introduce bias. We have not 
downgraded due to the partial blinding of ZENIX.

c. The very small number of individuals included in both the intervention group (n=43) and the 
comparator group (n=44) for this comparison has resulted in an imbalance in the measured 
characteristics of study participants. Although participants were allocated to treatment randomly, 
Imbalances still were observed in the age, past TB treatment, smear status and prevalence 
of FQ-R (pre-XDR TB) at baseline. This imbalance suggests that unmeasured confounding is 
also likely. For this reason, we have downgraded the certainty one level due to unmeasured 
confounding that has arisen due to the small sample size.

d. The small number of individuals included in both the intervention group (n=43) and the 
comparator group (n=44) results in a very serious risk of imprecision. Therefore, the certainty has 
been downgraded by two levels.
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Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

The overall certainty is generally based on the lowest certainty for the agreed critical outcomes. 
Certainty was rated *very low* for all outcomes. Risk of bias was due to the presence of measured 
and unmeasured confounding (downgraded one level). Indirectness was a concern, however 
given that ZENIX was conducted in three countries, no downgrade was made for indirectness. 
Imprecision was very serious, due to very small numbers in the intervention and comparator 
groups (downgraded two levels). 

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)
Risk with 

original BPaL 
regimen (Lzd 

1 200mg/26w)

Risk difference with BPaL 
regimens with lower 

Linezolid exposure (Lzd 
1 200mg/9w)

Treatment 
success without 
recurrence 
assessed with: 
cured and 
completed

87 
(1 RCT)

 
Very lowa,b,c,d

RR 0.95 
(0.87 to 

1.05)

Study population
977 per 1 000 49 fewer per 1 000 

(127 fewer to 49 more)

Failure and 
recurrence 
assessed with: 
failure and 
recurrence

87 
(1 RCT)

 
Very lowa,b,c,d

RR 2.05 
(0.19 to 
21.75)

Study population
23 per 1 000 24 more per 1 000 

(18 fewer to 472 more)

Death 87 
(1 RCT)

 
Very lowa,b,c,d

RD 0.02 
(-0.06 to 

0.12)

Study population
0 per 1 000 0 fewer per 1 000 

(60 fewer to 120 more)
LTFU 87 

(1 RCT)
 
Very lowa,b,c,d

RD 0.000 
(-0.081 to 

0.083)

Study population
0 per 1 000 0 fewer per 1 000 

(81 fewer to 83 more)
Adverse events 
(Grades 3–5)

87 
(1 RCT)

 
Very lowa,b,c,d

RR 0.90 
(0.36 to 

2.25)

Study population
182 per 1 000 18 fewer per 1 000 

(116 fewer to 227 more)
Amplification 
of DR

87 
(1 RCT)

 
Very lowa,b,c,d

RD 0.000 
(-0.081 to 

0.083)

Study population
0 per 1 000 0 fewer per 1 000 

(81 fewer to 83 more)
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a. The ZENIX study was conducted in the Russian Federation, Republic of Moldova and South 
Africa. These settings are not necessarily representative of other populations in which MDR-TB 
commonly occurs. The decision as to whether to downgrade for indirectness is a difficult one. 
Given that the study was conducted in three countries – increasing its generalisability – we have 
chosen not to downgrade the certainty due to indirectness.

b. Allocation concealment. In the ZENIX study, participants, trial investigators and staff (including 
laboratory staff ) were blinded to the dose and scheduled duration of linezolid. Participants 
were unblinded to the use of bedaquiline and pretomanid. However, given that bedaquiline and 
pretomanid were used in all four arms of the study, this would not introduce bias. We have not 
downgraded due to the partial blinding of ZENIX.

c. The very small number of individuals included in both the intervention group (n=43) and the 
comparator group (n=44) for this comparison has resulted in an imbalance in the measured 
characteristics of study participants. Although participants were allocated to treatment randomly, 
Imbalances still were observed in the age, past TB treatment, smear status and prevalence 
of FQ-R (pre-XDR TB) at baseline. This imbalance suggests that unmeasured confounding is 
also likely. For this reason, we have downgraded the certainty one level due to unmeasured 
confounding that has arisen due to the small sample size.

d. The small number of individuals included in both the intervention group (n=43) and the 
comparator group (n=44) results in a very serious risk of imprecision. Therefore, the certainty has 
been downgraded by two levels.

Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Important 
uncertainty or 
variability 
○ Possibly important 
uncertainty or 
variability 
● Probably no 
important uncertainty 
or variability 
○ No important 
uncertainty or 
variability

No research evidence searched for. 
Higher treatment efficacy, shorter duration of treatment, lower pill burden and less adverse events 
are usually valued by patients. 

The panel judged that there was probably no important 
uncertainty or variability in how much people value the 
main outcomes.
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Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
● Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ Don’t know

 The GDG judged the benefits of BPaL with linezolid 1 200–9 
to be small and the undesirable effects to be moderate 
compared to BPaL with linezolid 1 200–26. The certainty 
of evidence was judged to be very low. Based on this, 
the panel determined that the balance of health effects 
probably favours BPaL with linezolid 1 200–26.

Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large costs 
○ Moderate costs 
○ Negligible costs 
and savings 
○ Moderate savings 
○ Large savings 
○ Varies 
● Don’t know

No research evidence searched for. The panel judged that the cost of linezolid for 26 weeks 
in the BPaL 1 200–26 regimen is higher than the cost for 
linezolid for 9 weeks in the BPaL 1 200–9. In addition, 
costs for monitoring, management, costs to patients are 
expected to be higher for the comparison regimen (BPaL 
1 200–26). However, since the balance of health effects was 
judged to probably favor the BPaL 1 200–26 regimen, which 
would have resource implications in favor of BPaL 1 200–26, 
it was no possible to judge the overall resource implications 
leading.



W
eb Annex 4. G

RAD
E evidence-to-decision tables

133

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Very low 
○ Low 
○ Moderate 
○ High 
● No included studies

No research evidence searched for.  

Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
● No included studies

No research evidence searched for.  
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Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Reduced 
○ Probably reduced 
○ Probably no impact 
○ Probably increased 
○ Increased 
● Varies 
○ Don’t know

No research evidence searched for. If a shorter regimen would be recommended equity might 
be probably increased.
If a regimen would be recommended that has net harms, 
then equity would not be increased.

Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
○ Yes 
● Varies 
○ Don’t know

No research evidence searched for. The panel considered patients and health care providers 
as key stakeholders. The panel considered the following 
aspects as critical with regards to acceptability: regimen 
duration and drug safety monitoring needs (both relating 
to necessary travel, loss of income and general disruption 
of the life of patients; workload for the health care system), 
needs for drug susceptibility testing. 
The panel judged that the acceptability of the intervention 
is likely to vary between stakeholders.

Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

No research evidence searched for. The panel considered the following aspects to affect 
feasibility (i.e. to be potential barriers to implementation): 
requirements for drug safety monitoring and requirements 
for drug susceptibility testing. 

The panel judged that the implementation of the 
intervention is likely to be feasible. 
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Summary of judgements

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know
DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know
UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know
CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies
VALUES Important 

uncertainty or 
variability

Possibly important 
uncertainty or 

variability

Probably no 
important 

uncertainty or 
variability

No important 
uncertainty or 

variability

BALANCE OF EFFECTS Favors the 
comparison

Probably favors 
the comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and 
savings

Moderate savings Large savings Varies Don’t know

CERTAINTY OF EVIDENCE 
OF REQUIRED RESOURCES

Very low Low Moderate High No included 
studies

COST EFFECTIVENESS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies No included 
studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know
ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know
FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

Type of recommendation
Strong recommendation against 

the intervention
○ 

Conditional recommendation 
against the intervention

● 

Conditional recommendation 
for either the intervention or the 

comparison
○ 

Conditional recommendation for 
the intervention

○ 

Strong recommendation for the 
intervention

○ 
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Conclusions

Recommendation
The use of the 26 weeks of 1 200 mg linezolid is suggested over 9 weeks of 1 200 mg linezolid as part of the BPaL regimen in adults with MDR/RR-TB or pre-XDR-TB. 

Justification
This section is provided under the summary PICO that this sub-PICO has contributed to

Subgroup considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Implementation considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Monitoring and evaluation
This section is provided under the summary PICO that this sub-PICO has contributed to

Research priorities
This section is provided under the summary PICO that this sub-PICO has contributed to
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Sub-PICO 3.3
Question
Should BPaL regimens with lower Linezolid exposure (Lzd 600mg/26w) vs. original BPaL regimen (Lzd 1 200 mg/26w) be used for patients eligible for the BPaL regimen 
(MDR/RR-TB and pre-XDR-TB)?
POPULATION: Patients eligible for the BPaL regimen (MDR/RR-TB and pre-XDR-TB)
INTERVENTION: BPaL regimens with lower Linezolid exposure (Lzd 600mg/26w)
COMPARISON: Original BPaL regimen (Lzd 1 200 mg/26w)
MAIN OUTCOMES: Treatment success without recurrence; Failure and recurrence; Death; LTFU; Adverse events (Grades 3–5); Amplification of DR.
SETTING: Global inpatient and outpatient treatment settings
PERSPECTIVE: Public health and health systems perspective
BACKGROUND: Multidrug-resistant (MDR-) and rifampicin-resistant tuberculosis (MDR-/RR-TB) has emerged as a major problem due to poor management of drug-susceptible 

and transmission of drug-resistant TB. MDR-/RR-TB is treatable but requires different treatment regimen combinations that are sometimes longer and including 
medicines with that are potentially more toxic. The interest in reducing the duration of treatment for MDR/RR-TB motivates a continuous search for shorter 
and safer regimens. In 2016, on the basis of data from observational studies of the shorter regimens in different Asian and African countries, WHO for the first 
time recommended a standardized 9-month regimen, containing an injectable agent providing shorter than the extant 18–20 months standard of care for the 
eligible patients. In 2018, following the results of the Standard Treatment Regimen of Anti-tuberculosis Drugs for Patients with MDR-TB (STREAM) Stage 1 trial, 
further modifications were made to the earlier recommended shorter regimen, also replacing kanamycin by amikacin (based on evidence from the comparative 
effectiveness of these two injectable agents. Evidence of permanent effects attributed to the toxicity of injectable agents, have prompted further advances in the 
development of new treatments such as shorter injectable-sparing regimens. In particular, South African Department of Health shared with WHO the observational 
data on an all-oral bedaquiline-containing shorter regimen of 9 months duration. The all-oral 9-month bedaquiline containing regimen was reviewed and 
recommended by WHO since 2019 with the following combination of medicines (4–6 Bdq[6]-Lfx[Mfx]-Eto-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E). In 2022, new evidence 
from programmatic implementation in South Africa was made available to WHO where this regimen was modified to include 2 months of Linezolid (Lzd, 600mg) 
instead of 4 months of Ethionamide (Eto). 
Data from the single arm, open-label Nix-TB study by the Global TB Alliance was reviewed in 2019 to assess whether a 6-month novel treatment regimen 
consisting of bedaquiline, pretomanid and linezolid safely improves treatment outcomes in patients with MDR/RR-TB and additional resistance to fluoroquinolones 
when compared with other regimens conforming to WHO recommendations. For this purpose, the Nix-TB study data on the BPaL regimen was compared to 
matched records in the IPD. Limitations in study design and the small number of participants observed adverse events did not allow the panel to recommend 
programmatic implementation of the regimen worldwide until additional evidence has been generated. In 2020 WHO DR-TB guidelines, BPaL regimen was 
recommended for use under operational research conditions. Two randomized controlled trials have concluded in 2021 (TB-PRACTECAL and ZeNix) providing new 
evidence and prompting assessment by WHO in order to develop new or updated recommendations on MDR/RR-TB treatment.

CONFLICT OF 
INTERESTS:

The following panel members were recused from voting on the recommendation according to WHO policy due to potential conflicts-of-interest: Padma 
Chandrasekaran.
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Assessment

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

The COVID-19 pandemic has reversed years of progress in providing essential TB services and 
reducing TB disease burden. The most obvious impact is a large global drop in the number of 
people newly diagnosed with TB and reported. This fell from 7.1 million in 2019 to 5.8 million in 
2020, an 18% decline back to the level of 2012 and far short of the approximately 10 million people 
who developed TB in 2020. 
Reduced access to TB diagnosis and treatment has resulted in an increase in TB deaths. Best 
estimates for 2020 are 1.3 million TB deaths among HIV-negative people (up from 1.2 million in 
2019) and an additional 214 000 among HIV-positive people (up from 209 000 in 2019), with the 
combined total back to the level of 2017. 
Other impacts include reductions between 2019 and 2020 in the number of people provided with 
treatment for drug-resistant TB (-15%, from 177 100 to 150 359, about 1 in 3 of those in need). 
Globally in 2020, 71% (2.1/3.0 million) of people diagnosed with bacteriologically confirmed 
pulmonary TB were tested for rifampicin resistance, up from 61% (2.2/3.6 million) in 2019 and 
50% (1.7/3.4 million) in 2018. Among these, 132 222 cases of MDR/RR-TB and 25 681 cases of 
pre-XDR-TB or XDR-TB were detected, for a combined total of 157 903. This was a large fall (of 
22%) from the total of 201 997 people detected with drug-resistant TB in 2019, consistent with 
similarly large reductions in the total number of people newly diagnosed with TB (18%) and the 
total number of people diagnosed with bacteriologically confirmed pulmonary TB (17%) observed 
between 2019 and 2020. Worldwide, 150 359 people with MDR/RR-TB were enrolled on treatment 
in 2020, down 15% from the total of 177 100 in 2019. This level of enrolment was equivalent to 
about one in three of the people who develop MDR/RR-TB each year. 
More positively, there have been improvements in treatment success rates. Globally in 2018 (the 
latest patient cohort for which data are available), the treatment success rate for MDR/RR-TB was 
59%, reflecting steady improvements in recent years from 50% in 2012.
(Global TB Report 2021)

Drug-resistant TB is a global challenge and access to 
treatment often problematic, with regimens typically being 
long, toxic and expensive. More efficacious and shorter 
treatment regimens for DR-TB are necessary to optimize 
and improve treatment outcomes while minimizing adverse 
events and preventing acquisition of additional drug 
resistance. 
BPaL regimen is currently recommended by WHO for 
treatment of patients with RR/MDR-TB and quinolone 
resistance under operational research conditions. High 
rates of adverse events related to the 1 200 mg of 
Linezolid component of the regimen represents a concern 
for programmatic implementation of this regimen both 
under OR conditions and also in case wider use will be 
recommended. It is therefore important to identify the 
optimal dose and duration of Linezolid within BPaL regimen 
from perspectives of efficacy and safety. 
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Trivial 
○ Small 
● Moderate 
○ Large 
○ Varies 
○ Don’t know

The BPaL 600–26 arm of the ZeNix trial, where linezolid 600 mg daily was used for 26 weeks, was 
compared to the internal-trial BPaL 1 200–26 arm, where linezolid 1 200 mg daily was used for 
26 weeks, in the same population of patients with MDR/RR-TB with or without quinolone resistance. 
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaL with linezolid 
600–26 (n=43) compared to participants with same resistance patterns receiving BPaL with linezolid 
1 200–26 (n=44) experienced higher levels of treatment success (100% vs 98%), i.e. a 2% relative 
increase (RR=1.02, 95%CI 0.98 to 1.07), lower levels of failure and recurrence (0% vs 2.3%), i.e. a 
2% absolute reduction (RD=-0.02, 95%CI -0.12 to 0.06); lower levels of grade 3 to 5 adverse events 
(14% vs 18.6%) i.e. a 23% relative reduction (RR=0.77, 95%CI 0.29 to 2.03); and similar levels of 
deaths (0% vs 0%), loss to follow-up (0% vs 0%), or amplified resistance (0% vs 0%).

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with original 
BPaL regimen (Lzd 

1 200mg/26w)

Risk difference with 
BPaL regimens with 

lower Linezolid 
exposure (Lzd 
600mg/26w)

Treatment 
success without 
recurrence 
assessed with: 
cured and 
completed

87 
(1 RCT)

 
Very lowa,b,c,d

RR 1.02 
(0.98 to 

1.07)

Study population
977 per 1 000 20 more per 1 000 

(20 fewer to 68 more)

Failure and 
recurrence 
assessed with: 
failure and 
recurrence

87 
(1 RCT)

 
Very lowa,b,c,d

RD -0.02 
(-0.12 to 

0.06)

Study population
23 per 1 000 20 fewer per 1 000 

(120 fewer to 60 more)

Death 87 
(1 RCT)

 
Very lowa,b,c,d

RD 0.000 
(-0.081 to 

0.083)

Study population
0 per 1 000 0 fewer per 1 000 

(81 fewer to 83 more)
LTFU 87 

(1 RCT)
 
Very lowa,b,c,d

RD 0.000 
(-0.081 to 

0.083)

Study population
0 per 1 000 0 fewer per 1 000 

(81 fewer to 83 more)
Adverse events 
(Grades 3–5)

86 
(1 RCT)

 
Very lowa,b,c,d

RR 0.77 
(0.29 to 

2.03)

Study population
186 per 1 000 43 fewer per 1 000 

(132 fewer to 192 more)
Amplification 
of DR

87 
(1 RCT)

 
Very lowa,b,c,d

RD 0.000 
(-0.081 to 

0.083)

Study population
0 per 1 000 0 fewer per 1 000 

(81 fewer to 83 more)

1) Lzd pill burden is reduced for the intervention regimen
2) Reduced grade 1/2 AEs in the intervention regimen (see 
below)
Considering this research evidence, the GDG judged 
that BPaL with Lzd 600–26 may have moderate 
desirable effects and noted the very low certainty of 
the evidence.
**** 
Analysis of adverse events performed by Review team, 
based upon data provided by ZENIX:
People with at least one Grade 3–5 adverse event leading 
to discontinuation:
- ZENIX 1 200–26: 4 (9%)
- ZENIX 600–26: 2 (5%)
****
Individuals with one or more adverse events of special 
interest (defined by WHO):
(a) Peripheral neuropathy: 
(i) ANY GRADE
- 12 (27% of participants) for 1 200–26
- 4 (9% of participants) for 600–26
(ii) GRADE 3–5
- 0 (0%) for 1 200–26 and for 600–26
(b) Optic neuritis
(i) ANY GRADE
- 4 (9% of participants) for 1 200–26
- 0 (0%) for 600–26
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a. The ZENIX study was conducted in the Russian Federation, Republic of Moldova and South 
Africa. These settings are not necessarily representative of other populations in which MDR-TB 
commonly occurs. The decision as to whether to downgrade for indirectness is a difficult one. 
Given that the study was conducted in three countries – increasing its generalisability – we have 
chosen not to downgrade the certainty due to indirectness.

b. Allocation concealment. In the ZENIX study, participants, trial investigators and staff (including 
laboratory staff ) were blinded to the dose and scheduled duration of linezolid. Participants 
were unblinded to the use of bedaquiline and pretomanid. However, given that bedaquiline and 
pretomanid were used in all four arms of the study, this would not introduce bias. We have not 
downgraded due to the partial blinding of ZENIX.

c. The very small number of individuals included in both the intervention group (n=43) and the 
comparator group (n=44) for this comparison has resulted in an imbalance in the measured 
characteristics of study participants. Although participants were allocated to treatment randomly, 
Imbalances still were observed in the smear status (79% vs 89%), culture positivity (74% vs 
80%) and fluoroquinolone resistance (77% vs 70%) at baseline. This imbalance suggests that 
unmeasured confounding is also likely. For this reason, we have downgraded the certainty one 
level due to unmeasured confounding that has arisen due to the small sample size.

d. The small number of individuals included in both the intervention group (n=43) and the 
comparator group (n=44) results in a very serious risk of imprecision. Therefore, the certainty has 
been downgraded by two levels.

 
The evidence is very uncertain about the effect of BPaL with Lzd 600–26 on all outcomes.
In the early period after FDA approval (2019–20), most U.S. patients (16 patients) received 
BPaL off-label with an initial linezolid dose lower than the approved 1 200 mg yet still achieved 
good outcomes (100% treatment success at 12m after treatment start). Most reported patients 
underwent some monitoring of linezolid exposure. (Goswami et al, 2021)

(ii) GRADE 3–5
- 0 (0%) for 1 200–26 and for 600–26
(c) Myelosuppression
(i) ANY GRADE
- 11 (25% of participants) 1 200–26
- 4 (9%) for 600–26
(ii) GRADE 3–5
- 1 (2%) for 1 200–26
- 0 (0%) for 600–26
 
(d) Hepatotoxicity
(i) ANY GRADE
- 11 (25%) for 1 200–26
- 9 (21%) for 600–26
 
(ii) GRADE 3–5
- 0 (0%) for 1 200–26
- 4 (9%) for 600–26
(e) QT prolongation
(i) ANY GRADE
- 0 (0%) for both 1 200–26 and 600–26
(ii) GRADE 3–5:
- 0 (0%) for both 1 200–26 and 600–26
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The University of Sydney Page 1

Regimens Outcome measures Propensity score model

BPaL 
600-26

BPaL 
1200-26 
(Nix/Zenix)

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-
value

Covariates included in model

n (%) n (%)

Total 43 152

Outcomes
Treatment 
success 43 (100%) 143 (94%) 1.06 (1.02, 1.01) 0.2107

Adjustment not possible due to small numbers 
of negative outcomes

Failure & 
recurrence 0 (0%) 3 (2%) -0.02 (-0.07, 0.06) RD 1.00

Adjustment not possible due to small numbers 
of outcomes

Death
0 (0%) 6 (4%) -0.04 (-0.08, 0.04) RD 0.3418

Adjustment not possible due to small numbers 
of outcomes

Loss to 
follow-up 0 (0%) 0 (0%) 0 (-0.02, 0.08) RD 1.00

Adjustment not possible due to zero values

Grade 3 or 
more AE

6 (14%) 61 (40%) 0.35 (0.16, 0.75) 0.41 (0.18, 0.92) 0.0301

Age, log of BMI, diabetes, sex, HIV, past TB, 
smear status, cavitation, bilateral disease, 

prior drug-resistant TB, ART (if HIV positive), 
FQ resistance

Amplified 
resistance 0 (0%) 0 (0%) 0 (-0.02, 0.08) RD 1.00

Adjustment not possible due to zero values

PICO 3 Comparison 3.3 Sensitivity MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 600-26) from ZENIX

Comparator BPaL (Lzd-1200-26, NIX and ZENIX)

Time of follow-up 12 months post treatment initiation (primary)
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Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large 
○ Moderate 
○ Small 
● Trivial 
○ Varies 
○ Don’t know

The BPaL 600–26 arm of the ZeNix trial, where linezolid 600 mg daily was used for 26 weeks, was 
compared to the internal-trial BPaL 1 200–26 arm, where linezolid 1 200 mg daily was used for 
26 weeks, in the same population of patients with MDR/RR-TB with or without quinolone resistance. 
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaL with linezolid 
600–26 (n=43) compared to participants with same resistance patterns receiving BPaL with linezolid 
1 200–26 (n=44) experienced higher levels of treatment success (100% vs 98%), i.e. a 2% relative 
increase (RR=1.02, 95%CI 0.98 to 1.07), lower levels of failure and recurrence (0% vs 2.3%), i.e. a 
2% absolute reduction (RD=-0.02, 95%CI -0.12 to 0.06); lower levels of grade 3 to 5 adverse events 
(14% vs 18.6%) i.e. a 23% relative reduction (RR=0.77, 95%CI 0.29 to 2.03); and similar levels of 
deaths (0% vs 0%), loss to follow-up (0% vs 0%), or amplified resistance (0% vs 0%).

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with original 
BPaL regimen (Lzd 

1 200mg/26w)

Risk difference with 
BPaL regimens with 

lower Linezolid 
exposure (Lzd 
600mg/26w)

Death 87 
(1 RCT)

 
Very lowa,b,c,d

RD 0.000 
(-0.081 to 

0.083)

Study population
0 per 1 000 0 fewer per 1 000 

(81 fewer to 83 more)
LTFU 87 

(1 RCT)
 
Very lowa,b,c,d

RD 0.000 
(-0.081 to 

0.083)

Study population
0 per 1 000 0 fewer per 1 000 

(81 fewer to 83 more)
Amplification 
of DR

87 
(1 RCT)

 
Very lowa,b,c,d

RD 0.000 
(-0.081 to 

0.083)

Study population
0 per 1 000 0 fewer per 1 000 

(81 fewer to 83 more)

Considering this research evidence, the GDG judged 
that BPaL with Lzd 600–26 may have trivial undesirable 
effects and noted the very low certainty of the 
evidence.
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a. The ZENIX study was conducted in the Russian Federation, Republic of Moldova and South 
Africa. These settings are not necessarily representative of other populations in which MDR-TB 
commonly occurs. The decision as to whether to downgrade for indirectness is a difficult one. 
Given that the study was conducted in three countries – increasing its generalisability – we have 
chosen not to downgrade the certainty due to indirectness.

b. The small number of individuals included in both the intervention group (n=43) and the 
comparator group (n=44) results in a very serious risk of imprecision. Therefore, the certainty has 
been downgraded by two levels.

c. Allocation concealment. In the ZENIX study, participants, trial investigators and staff (including 
laboratory staff ) were blinded to the dose and scheduled duration of linezolid. Participants 
were unblinded to the use of bedaquiline and pretomanid. However, given that bedaquiline and 
pretomanid were used in all four arms of the study, this would not introduce bias. We have not 
downgraded due to the partial blinding of ZENIX.

d. The very small number of individuals included in both the intervention group (n=43) and the 
comparator group (n=44) for this comparison has resulted in an imbalance in the measured 
characteristics of study participants. Although participants were allocated to treatment randomly, 
Imbalances still were observed in the smear status (79% vs 89%), culture positivity (74% vs 
80%) and fluoroquinolone resistance (77% vs 70%) at baseline. This imbalance suggests that 
unmeasured confounding is also likely. For this reason, we have downgraded the certainty one 
level due to unmeasured confounding that has arisen due to the small sample size.

 
The evidence is very uncertain about the effect of BPaL with Lzd 600–26 on all outcomes.
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Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

The overall certainty is generally based on the lowest certainty for the agreed critical outcomes. 
Certainty was rated *very low* for all outcomes. Risk of bias was due to the presence of measured 
and unmeasured confounding (downgraded one level). Indirectness was a concern, however given 
that ZENIX was conducted in three countries we did not downgrade. Imprecision was very serious, 
due to very small numbers in the intervention and comparator groups (downgraded two levels). 

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with original 
BPaL regimen (Lzd 

1 200mg/26w)

Risk difference with 
BPaL regimens with 

lower Linezolid 
exposure (Lzd 
600mg/26w)

Treatment 
success without 
recurrence 
assessed with: 
cured and 
completed

87 
(1 RCT)

 
Very lowa,b,c,d

RR 1.02 
(0.98 to 

1.07)

Study population
977 per 1 000 20 more per 1 000 

(20 fewer to 68 more)

Failure and 
recurrence 
assessed with: 
failure and 
recurrence

87 
(1 RCT)

 
Very lowa,b,c,d

RD -0.02 
(-0.12 to 

0.06)

Study population
23 per 1 000 20 fewer per 1 000 

(120 fewer to 60 more)

Death 87 
(1 RCT)

 
Very lowa,b,c,d

RD 0.000 
(-0.081 to 

0.083)

Study population
0 per 1 000 0 fewer per 1 000 

(81 fewer to 83 more)
LTFU 87 

(1 RCT)
 
Very lowa,b,c,d

RD 0.000 
(-0.081 to 

0.083)

Study population
0 per 1 000 0 fewer per 1 000 

(81 fewer to 83 more)
Adverse events 
(Grades 3–5)

86 
(1 RCT)

 
Very lowa,b,c,d

RR 0.77 
(0.29 to 

2.03)

Study population
186 per 1 000 43 fewer per 1 000 

(132 fewer to 192 more)
Amplification 
of DR

87 
(1 RCT)

 
Very lowa,b,c,d

RD 0.000 
(-0.081 to 

0.083)

Study population
0 per 1 000 0 fewer per 1 000 

(81 fewer to 83 more)
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a. The ZENIX study was conducted in the Russian Federation, Republic of Moldova and South 
Africa. These settings are not necessarily representative of other populations in which MDR-TB 
commonly occurs. The decision as to whether to downgrade for indirectness is a difficult one. 
Given that the study was conducted in three countries – increasing its generalisability – we have 
chosen not to downgrade the certainty due to indirectness.

b. Allocation concealment. In the ZENIX study, participants, trial investigators and staff (including 
laboratory staff ) were blinded to the dose and scheduled duration of linezolid. Participants 
were unblinded to the use of bedaquiline and pretomanid. However, given that bedaquiline and 
pretomanid were used in all four arms of the study, this would not introduce bias. We have not 
downgraded due to the partial blinding of ZENIX.

c. The very small number of individuals included in both the intervention group (n=43) and the 
comparator group (n=44) for this comparison has resulted in an imbalance in the measured 
characteristics of study participants. Although participants were allocated to treatment randomly, 
Imbalances still were observed in the smear status (79% vs 89%), culture positivity (74% vs 
80%) and fluoroquinolone resistance (77% vs 70%) at baseline. This imbalance suggests that 
unmeasured confounding is also likely. For this reason, we have downgraded the certainty one 
level due to unmeasured confounding that has arisen due to the small sample size.

d. The small number of individuals included in both the intervention group (n=43) and the 
comparator group (n=44) results in a very serious risk of imprecision. Therefore, the certainty has 
been downgraded by two levels.
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Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Important 
uncertainty or 
variability 
○ Possibly important 
uncertainty or 
variability 
● Probably no 
important uncertainty 
or variability 
○ No important 
uncertainty or 
variability

No research evidence searched for. 
Higher treatment efficacy, shorter duration of treatment, lower pill burden and less adverse events 
are usually valued by patients. 

The panel judged that there was probably no important 
uncertainty or variability in how much people value the 
main outcomes.  

 

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
● Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ Don’t know

  The GDG judged the benefits of BPaL with linezolid 600–
26 to be moderate and the undesirable effects to be trivial 
compared to BPaL with linezolid 1 200–26. The certainty 
of evidence was judged to be very low. Based on this, 
the panel determined that the balance of health effects 
probably favours BPaL with linezolid 600–26.



W
eb Annex 4. G

RAD
E evidence-to-decision tables

147

Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large costs 
○ Moderate costs 
○ Negligible costs 
and savings 
● Moderate savings 
○ Large savings 
○ Varies 
○ Don’t know

No research evidence searched for. - Minor drug cost reduction for the intervention regimen 
due to reduced Lzd dose. 
- Cost reduction for the intervention regimen related to 
reduced AEs.
 

 

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Very low 
○ Low 
○ Moderate 
○ High 
● No included studies

No research evidence searched for.  

Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
● Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ No included 
studies

No research evidence searched for. The panel made this judgement as a logical conclusion 
from the above judgements about the balance of health 
effects and on cost.
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Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Reduced 
○ Probably reduced 
○ Probably no impact 
● Probably increased 
○ Increased 
○ Varies 
○ Don’t know

No research evidence searched for.  

Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

No research evidence searched for.  The panel considered patients and health care providers 
as key stakeholders. The panel considered the following 
aspects as critical with regards to acceptability: regimen 
duration and drug safety monitoring needs (both relating 
to necessary travel, loss of income and general disruption 
of the life of patients; workload for the health care system), 
needs for drug susceptibility testing. The panel judged that 
BPaL 600–26 would probably be acceptable. 

Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

No research evidence searched for. The panel considered the following aspects to affect 
feasibility (i.e. to be potential barriers to implementation): 
requirements for drug safety monitoring and requirements 
for drug susceptibility testing. The panel judged that 
implementation of BPaL 600–26 would probably be 
feasible.
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Summary of judgements

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know
DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know
UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know
CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies
VALUES Important 

uncertainty or 
variability

Possibly important 
uncertainty or 

variability

Probably no 
important 

uncertainty or 
variability

No important 
uncertainty or 

variability

BALANCE OF EFFECTS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and 
savings

Moderate savings Large savings Varies Don’t know

CERTAINTY OF EVIDENCE 
OF REQUIRED RESOURCES

Very low Low Moderate High No included 
studies

COST EFFECTIVENESS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies No included studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know
ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know
FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

Type of recommendation
Strong recommendation against 

the intervention
○ 

Conditional recommendation 
against the intervention

○ 

Conditional recommendation 
for either the intervention or the 

comparison
○ 

Conditional recommendation for 
the intervention

● 

Strong recommendation for the 
intervention

○ 
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Conclusions

Recommendation
The use of the 26 weeks of 600 mg linezolid over 26 weeks of 1 200 mg linezolid is suggested as part of the BPaL regimen in adults with MDR/RR-TB or pre-XDR-TB. 

Justification
This section is provided under the summary PICO that this sub-PICO has contributed to

Subgroup considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Implementation considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Monitoring and evaluation
This section is provided under the summary PICO that this sub-PICO has contributed to

Research priorities
This section is provided under the summary PICO that this sub-PICO has contributed to



W
eb Annex 4. G

RAD
E evidence-to-decision tables

151

Sub-PICO 3.4
Question
Should BPaL regimens with lower Linezolid exposure (Lzd 600mg/9w) vs. original BPaL regimen (Lzd 1 200 mg/26w) be used for patients eligible for the BPaL regimen 
(MDR/RR-TB and pre-XDR-TB)?
POPULATION: Patients eligible for the BPaL regimen (MDR/RR-TB and pre-XDR-TB)
INTERVENTION: BPaL regimens with lower Linezolid exposure (Lzd 600mg/9w)
COMPARISON: original BPaL regimen (Lzd 1 200 mg/26w)
MAIN OUTCOMES: Treatment success without recurrence; Failure and recurrence; Death; LTFU; Adverse events (Grades 3–5); Amplification of DR;
SETTING: Global inpatient and outpatient treatment settings
PERSPECTIVE: Public health and health systems perspective
BACKGROUND: Multidrug-resistant (MDR-) and rifampicin-resistant tuberculosis (MDR-/RR-TB) has emerged as a major problem due to poor management of drug-susceptible 

and transmission of drug-resistant TB. MDR-/RR-TB is treatable but requires different treatment regimen combinations that are sometimes longer and including 
medicines with that are potentially more toxic. The interest in reducing the duration of treatment for MDR/RR-TB motivates a continuous search for shorter 
and safer regimens. In 2016, on the basis of data from observational studies of the shorter regimens in different Asian and African countries, WHO for the first 
time recommended a standardized 9-month regimen, containing an injectable agent providing shorter than the extant 18–20 months standard of care for the 
eligible patients. In 2018, following the results of the Standard Treatment Regimen of Anti-tuberculosis Drugs for Patients with MDR-TB (STREAM) Stage 1 trial, 
further modifications were made to the earlier recommended shorter regimen, also replacing kanamycin by amikacin (based on evidence from the comparative 
effectiveness of these two injectable agents. Evidence of permanent effects attributed to the toxicity of injectable agents, have prompted further advances in the 
development of new treatments such as shorter injectable-sparing regimens. In particular, South African Department of Health shared with WHO the observational 
data on an all-oral bedaquiline-containing shorter regimen of 9 months duration. The all-oral 9-month bedaquiline containing regimen was reviewed and 
recommended by WHO since 2019 with the following combination of medicines (4–6 Bdq[6]-Lfx[Mfx]-Eto-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E). In 2022, new evidence 
from programmatic implementation in South Africa was made available to WHO where this regimen was modified to include 2 months of Linezolid (Lzd, 600mg) 
instead of 4 months of Ethionamide (Eto). 
Data from the single arm, open-label Nix-TB study by the Global TB Alliance was reviewed in 2019 to assess whether a 6-month novel treatment regimen 
consisting of bedaquiline, pretomanid and linezolid safely improves treatment outcomes in patients with MDR/RR-TB and additional resistance to fluoroquinolones 
when compared with other regimens conforming to WHO recommendations. For this purpose, the Nix-TB study data on the BPaL regimen was compared to 
matched records in the IPD. Limitations in study design and the small number of participants observed adverse events did not allow the panel to recommend 
programmatic implementation of the regimen worldwide until additional evidence has been generated. In 2020 WHO DR-TB guidelines, BPaL regimen was 
recommended for use under operational research conditions. Two randomized controlled trials have concluded in 2021 (TB-PRACTECAL and ZeNix) providing new 
evidence and prompting assessment by WHO in order to develop new or updated recommendations on MDR/RR-TB treatment.

CONFLICT OF 
INTERESTS:

The following panel members were recused from voting on the recommendation according to WHO policy due to potential conflicts-of-interest: Padma 
Chandrasekaran
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Assessment

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

The COVID-19 pandemic has reversed years of progress in providing essential TB services and 
reducing TB disease burden. The most obvious impact is a large global drop in the number of 
people newly diagnosed with TB and reported. This fell from 7.1 million in 2019 to 5.8 million in 
2020, an 18% decline back to the level of 2012 and far short of the approximately 10 million people 
who developed TB in 2020. 
Reduced access to TB diagnosis and treatment has resulted in an increase in TB deaths. Best 
estimates for 2020 are 1.3 million TB deaths among HIV-negative people (up from 1.2 million in 
2019) and an additional 214 000 among HIV-positive people (up from 209 000 in 2019), with the 
combined total back to the level of 2017. 
Other impacts include reductions between 2019 and 2020 in the number of people provided with 
treatment for drug-resistant TB (-15%, from 177 100 to 150 359, about 1 in 3 of those in need). 
Globally in 2020, 71% (2.1/3.0 million) of people diagnosed with bacteriologically confirmed 
pulmonary TB were tested for rifampicin resistance, up from 61% (2.2/3.6 million) in 2019 and 
50% (1.7/3.4 million) in 2018. Among these, 132 222 cases of MDR/RR-TB and 25 681 cases of 
pre-XDR-TB or XDR-TB were detected, for a combined total of 157 903. This was a large fall (of 
22%) from the total of 201 997 people detected with drug-resistant TB in 2019, consistent with 
similarly large reductions in the total number of people newly diagnosed with TB (18%) and the 
total number of people diagnosed with bacteriologically confirmed pulmonary TB (17%) observed 
between 2019 and 2020. Worldwide, 150 359 people with MDR/RR-TB were enrolled on treatment 
in 2020, down 15% from the total of 177 100 in 2019. This level of enrolment was equivalent to 
about one in three of the people who develop MDR/RR-TB each year. 
More positively, there have been improvements in treatment success rates. Globally in 2018 (the 
latest patient cohort for which data are available), the treatment success rate for MDR/RR-TB was 
59%, reflecting steady improvements in recent years from 50% in 2012.
(Global TB Report 2021)

Drug-resistant TB is a global challenge and access to 
treatment often problematic, with regimens typically being 
long, toxic and expensive. More efficacious and shorter 
treatment regimens for DR-TB are necessary to optimize 
and improve treatment outcomes while minimizing adverse 
events and preventing acquisition of additional drug 
resistance. 
BPaL regimen is currently recommended by WHO for 
treatment of patients with RR/MDR-TB and quinolone 
resistance under operational research conditions. High 
rates of adverse events related to the 1 200 mg of 
Linezolid component of the regimen represents a concern 
for programmatic implementation of this regimen both 
under OR conditions and also in case wider use will be 
recommended. It is therefore important to identify the 
optimal dose and duration of Linezolid within BPaL regimen 
from perspectives of efficacy and safety. 
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Trivial 
● Small 
○ Moderate 
○ Large 
○ Varies 
○ Don’t know

The BPaL 600–9 arm of the ZeNix trial, where linezolid 600 mg daily was used for 9 weeks, was 
compared to the BPaL 1 200–26 arm of the ZeNix trial, where linezolid 1 200 mg daily was used for 
26 weeks, in the same population of patients with MDR/RR-TB with or without quinolone resistance.
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaL with linezolid 
600–9 (n=42) compared to participants with same resistance patterns receiving BPaL with linezolid 
1 200–26 (n=44) experienced lower levels of treatment success (93% vs 98%), i.e. a 5% relative 
reduction (RR=0.95, 95%CI 0.86 to 1.05); higher levels of failure and recurrence (4.8% vs 2.3%), i.e. 
a 2-fold increase (RR=2.10, 95%CI 0.20 to 22.26); higher levels of loss to follow-up (2.4% vs 0%), i.e. 
a 2% absolute increase (RD=0.02, 95%CI -0.06 to 0.12); lower levels of grade 3 to 5 adverse events 
(14.3% vs 18.2%), i.e. a 21% relative reduction (RR=0.79, 95%CI 0.30 to 2.07); and similar levels of 
deaths (0% vs 0%) or amplified resistance (0% vs 0%).
The evidence is very uncertain about the effect of BPaL 600–9 on all outcomes.
 

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 
(95% 
CI)

Anticipated absolute effects* (95% CI)
Risk with 

original BPaL 
regimen (Lzd 

1 200mg/26w)

Risk difference with BPaL 
regimens with lower 

Linezolid exposure (Lzd 
600mg/9w)

Death 86 
(1 RCT)

 
Very lowa,b,c,d

RD 0.00 
(-0.08 to 

0.08)

Study population
0 per 1 000 0 fewer per 1 000 

(80 fewer to 80 more)
Adverse 
events (Grades 
3–5)

86 
(1 RCT)

 
Very lowa,b,c,d

RR 0.79 
(0.30 to 

2.07)

Study population
182 per 1 000 38 fewer per 1 000 

(127 fewer to 195 more)
Amplification 
of DR

86 
(1 RCT)

 
Very lowa,b,c,d

RD 0.00 
(-0.08 to 

0.08)

Study population
0 per 1 000 0 fewer per 1 000 

(80 fewer to 80 more)

Considering this research evidence, the GDG judged 
that the BPaL 600–9 regimen may have small desirable 
effects and noted the very low certainty of the 
evidence. 
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a. The ZENIX study was conducted in the Russian Federation, Republic of Moldova and South 
Africa. These settings are not necessarily representative of other populations in which MDR-TB 
commonly occurs. The decision as to whether to downgrade for indirectness is a difficult one. 
Given that the study was conducted in three countries – increasing its generalisability – we have 
chosen not to downgrade the certainty due to indirectness.

b. The small number of individuals included in both the intervention group (n=43) and the 
comparator group (n=44) results in a very serious risk of imprecision. Therefore, the certainty has 
been downgraded by two levels.

c. Allocation concealment. In the ZENIX study, participants, trial investigators and staff (including 
laboratory staff ) were blinded to the dose and scheduled duration of linezolid. Participants 
were unblinded to the use of bedaquiline and pretomanid. However, given that bedaquiline and 
pretomanid were used in all four arms of the study, this would not introduce bias. We have not 
downgraded due to the partial blinding of ZENIX.

d. The very small number of individuals included in both the intervention group (n=43) and the 
comparator group (n=44) for this comparison has resulted in an imbalance in the measured 
characteristics of study participants. Although participants were allocated to treatment randomly, 
Imbalances still were observed in the past TB treatment, smear status and prevalence of FQ-R 
(pre-XDR TB) at baseline. This imbalance suggests that unmeasured confounding is also likely. For 
this reason, we have downgraded the certainty one level due to unmeasured confounding that 
has arisen due to the small sample size.

Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large 
● Moderate 
○ Small 
○ Trivial 
○ Varies 
○ Don’t know

 
The BPaL 600–9 arm of the ZeNix trial, where linezolid 600 mg daily was used for 9 weeks, was 
compared to the BPaL 1 200–26 arm of the ZeNix trial, where linezolid 1 200 mg daily was used for 
26 weeks, in the same population of patients with MDR/RR-TB with or without quinolone resistance.
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaL with linezolid 
600–9 (n=42) compared to participants with same resistance patterns receiving BPaL with linezolid 
1 200–26 (n=44) experienced lower levels of treatment success (93% vs 98%), i.e. a 5% relative 
reduction (RR=0.95, 95%CI 0.86 to 1.05); higher levels of failure and recurrence (4.8% vs 2.3%), i.e. 
a 2-fold increase (RR=2.10, 95%CI 0.20 to 22.26); higher levels of loss to follow-up (2.4% vs 0%), i.e. 
a 2% absolute increase (RD=0.02, 95%CI -0.06 to 0.12); lower levels of grade 3 to 5 adverse events 
(14.3% vs 18.2%), i.e. a 21% relative reduction (RR=0.79, 95%CI 0.30 to 2.07); and similar levels of 
deaths (0% vs 0%) or amplified resistance (0% vs 0%).
The evidence is very uncertain about the effect of BPaL 600–9 on all outcomes.

- Increased risk of Pa-monotherapy after week 9 for the 
intervention regimen in case of undetected/unknown 
Bdq-resistance.
- ZeNix 24m-FU data (received after analysis for this GDG) 
showed 2 additional treatment failures post 12month-FU 
for this arm Lzd 600mg/9w (vs no additional failures in the 
other 3 ZeNix arms)
Considering this research evidence and the additional 
considerations, the GDG judged that the BPaL 600–9 
regimen may have moderate undesirable effects and 
noted the very low certainty of the evidence.
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Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 
(95% 
CI)

Anticipated absolute effects* (95% CI)
Risk with 

original BPaL 
regimen (Lzd 

1 200mg/26w)

Risk difference with BPaL 
regimens with lower 

Linezolid exposure (Lzd 
600mg/9w)

Treatment 
success without 
recurrence 
assessed with: 
cured and 
completed

86 
(1 RCT)

 
Very lowa,b,c,d

RR 0.95 
(0.86 to 

1.05)

Study population
977 per 1 000 49 fewer per 1 000 

(137 fewer to 49 more)

Failure and 
recurrence 
assessed with: 
failure and 
recurrence

86 
(1 RCT)

 
Very lowa,b,c,d

RR 2.10 
(0.20 to 
22.26)

Study population
23 per 1 000 25 more per 1 000 

(18 fewer to 483 more)

Death 86 
(1 RCT)

 
Very lowa,b,c,d

RD 0.00 
(-0.08 to 

0.08)

Study population
0 per 1 000 0 fewer per 1 000 

(80 fewer to 80 more)
LTFU 86 

(1 RCT)
 
Very lowa,b,c,d

RD 0.02 
(-0.06 to 

0.12)

Study population
0 per 1 000 0 fewer per 1 000 

(60 fewer to 120 more)
Amplification 
of DR

86 
(1 RCT)

 
Very lowa,b,c,d

RD 0.00 
(-0.08 to 

0.08)

Study population
0 per 1 000 0 fewer per 1 000 

(80 fewer to 80 more)
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a. The ZENIX study was conducted in the Russian Federation, Republic of Moldova and South 
Africa. These settings are not necessarily representative of other populations in which MDR-TB 
commonly occurs. The decision as to whether to downgrade for indirectness is a difficult one. 
Given that the study was conducted in three countries – increasing its generalisability – we have 
chosen not to downgrade the certainty due to indirectness.

b. Allocation concealment. In the ZENIX study, participants, trial investigators and staff (including 
laboratory staff ) were blinded to the dose and scheduled duration of linezolid. Participants 
were unblinded to the use of bedaquiline and pretomanid. However, given that bedaquiline and 
pretomanid were used in all four arms of the study, this would not introduce bias. We have not 
downgraded due to the partial blinding of ZENIX.

c. The very small number of individuals included in both the intervention group (n=43) and the 
comparator group (n=44) for this comparison has resulted in an imbalance in the measured 
characteristics of study participants. Although participants were allocated to treatment randomly, 
Imbalances still were observed in the past TB treatment, smear status and prevalence of FQ-R 
(pre-XDR TB) at baseline. This imbalance suggests that unmeasured confounding is also likely. For 
this reason, we have downgraded the certainty one level due to unmeasured confounding that 
has arisen due to the small sample size.

d. The small number of individuals included in both the intervention group (n=43) and the 
comparator group (n=44) results in a very serious risk of imprecision. Therefore, the certainty has 
been downgraded by two levels.
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Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

The overall certainty is generally based on the lowest certainty for the agreed critical outcomes. 
Certainty was rated *very low* for all outcomes. Risk of bias was due to the presence of measured 
and unmeasured confounding (downgraded one level). Indirectness was a concern, however given 
that ZENIX was conducted in three countries we did not downgrade. Imprecision was very serious, 
due to very small numbers in the intervention and comparator groups (downgraded two levels). 

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with original 
BPaL regimen (Lzd 

1 200mg/26w)

Risk difference with 
BPaL regimens with 

lower Linezolid exposure 
(Lzd 600mg/9w)

Treatment 
success without 
recurrence 
assessed with: 
cured and 
completed

86 
(1 RCT)

 
Very lowa,b,c,d

RR 0.95 
(0.86 to 

1.05)

Study population
977 per 1 000 49 fewer per 1 000 

(137 fewer to 49 more)

Failure and 
recurrence 
assessed with: 
failure and 
recurrence

86 
(1 RCT)

 
Very lowa,b,c,d

RR 2.10 
(0.20 to 
22.26)

Study population
23 per 1 000 25 more per 1 000 

(18 fewer to 483 more)

Death 86 
(1 RCT)

 
Very lowa,b,c,d

RD 0.00 
(-0.08 to 

0.08)

Study population
0 per 1 000 0 fewer per 1 000 

(80 fewer to 80 more)
LTFU 86 

(1 RCT)
 
Very lowa,b,c,d

RD 0.02 
(-0.06 to 

0.12)

Study population
0 per 1 000 20 more per 1 000 

(60 fewer to 120 more)
Adverse events 
(Grades 3–5)

86 
(1 RCT)

 
Very lowa,b,c,d

RR 0.79 
(0.30 to 

2.07)

Study population
182 per 1 000 38 fewer per 1 000 

(127 fewer to 195 more)
Amplification 
of DR

86 
(1 RCT)

 
Very lowa,b,c,d

RD 0.00 
(-0.08 to 

0.08)

Study population
0 per 1 000 0 fewer per 1 000 

(80 fewer to 80 fewer)
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a. The ZENIX study was conducted in the Russian Federation, Republic of Moldova and South 
Africa. These settings are not necessarily representative of other populations in which MDR-TB 
commonly occurs. The decision as to whether to downgrade for indirectness is a difficult one. 
Given that the study was conducted in three countries – increasing its generalisability – we have 
chosen not to downgrade the certainty due to indirectness.

b. Allocation concealment. In the ZENIX study, participants, trial investigators and staff (including 
laboratory staff ) were blinded to the dose and scheduled duration of linezolid. Participants 
were unblinded to the use of bedaquiline and pretomanid. However, given that bedaquiline and 
pretomanid were used in all four arms of the study, this would not introduce bias. We have not 
downgraded due to the partial blinding of ZENIX.

c. The very small number of individuals included in both the intervention group (n=43) and the 
comparator group (n=44) for this comparison has resulted in an imbalance in the measured 
characteristics of study participants. Although participants were allocated to treatment randomly, 
Imbalances still were observed in the past TB treatment, smear status and prevalence of FQ-R 
(pre-XDR TB) at baseline. This imbalance suggests that unmeasured confounding is also likely. For 
this reason, we have downgraded the certainty one level due to unmeasured confounding that 
has arisen due to the small sample size.

d. The small number of individuals included in both the intervention group (n=43) and the 
comparator group (n=44) results in a very serious risk of imprecision. Therefore, the certainty has 
been downgraded by two levels.

Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Important 
uncertainty or 
variability 
○ Possibly important 
uncertainty or 
variability 
● Probably no 
important uncertainty 
or variability 
○ No important 
uncertainty or 
variability

No research evidence searched for. 
Higher treatment efficacy, shorter duration of treatment, lower pill burden and less adverse events 
are usually valued by patients. 

The panel judged that there was probably no important 
uncertainty or variability in how much people value the 
main outcomes. 



W
eb Annex 4. G

RAD
E evidence-to-decision tables

159

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
● Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ Don’t know

 The GDG judged the benefits of BPaL with linezolid 600–9 
to be small and the undesirable effects to be moderate 
compared to the BPaL with linezolid 1 200–26. The certainty 
of evidence was judged to be very low. Based on this, 
the panel determined that the balance of health effects 
probably favours BPaL with linezolid 1 200–26.

Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large costs 
○ Moderate costs 
○ Negligible costs 
and savings 
● Moderate savings 
○ Large savings 
○ Varies 
○ Don’t know

No research evidence searched for. Slightly reduced drug costs

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Very low 
○ Low 
○ Moderate 
○ High 
● No included studies

No research evidence searched for.  
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Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
● No included studies

No research evidence searched for.  

Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Reduced 
○ Probably reduced 
○ Probably no impact 
○ Probably increased 
○ Increased 
○ Varies 
● Don’t know

No research evidence searched for. Posibly better access and less undesirable consequences for 
those receiving the intervention (less pill burden, less AE).
 

 

Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
○ Yes 
● Varies 
○ Don’t know

No research evidence searched for. The panel considered patients and health care providers 
as key stakeholders. The panel considered the following 
aspects as critical with regards to acceptability: regimen 
duration and drug safety monitoring needs (both relating 
to necessary travel, loss of income and general disruption 
of the life of patients; workload for the health care system), 
needs for drug susceptibility testing. The panel judged that 
the acceptability of BPaL 600–9 would be expected to vary 
between different settings and stakeholders. 
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Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

No research evidence searched for. The panel considered the following aspects to affect 
feasibility (i.e. to be potential barriers to implementation): 
requirements for drug safety monitoring and requirements 
for drug susceptibility testing. The panel judged that 
implementation of BPaL 600–9 would probably be feasible.

Summary of judgements

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know
DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know
UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know
CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies
VALUES Important 

uncertainty or 
variability

Possibly important 
uncertainty or 

variability

Probably no 
important 

uncertainty or 
variability

No important 
uncertainty or 

variability

BALANCE OF EFFECTS Favors the 
comparison

Probably favors 
the comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and 
savings

Moderate savings Large savings Varies Don’t know

CERTAINTY OF EVIDENCE 
OF REQUIRED RESOURCES

Very low Low Moderate High No included 
studies

COST EFFECTIVENESS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies No included 
studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know
ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know
FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

Type of recommendation
Strong recommendation against 

the intervention
○ 

Conditional recommendation 
against the intervention

● 

Conditional recommendation 
for either the intervention or the 

comparison
○ 

Conditional recommendation for 
the intervention

○ 

Strong recommendation for the 
intervention

○ 
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Conclusions

Recommendation
The use of the 26 weeks of 1 200 mg over 9 weeks of 600 mg linezolid is suggested as part of the BPaL regimen in adults with MDR/RR-TB or pre-XDR-TB.

Justification
This section is provided under the summary PICO that this sub-PICO has contributed to

Subgroup considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Implementation considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Monitoring and evaluation
This section is provided under the summary PICO that this sub-PICO has contributed to

Research priorities
This section is provided under the summary PICO that this sub-PICO has contributed to
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Sub-PICO 4.1
Question
Should a 6-month regimen using bedaquiline, pretomanid, linezolid vs. longer regimens be used for pulmonary pre-XDR-TB?
POPULATION: Patients with pulmonary pre-XDR-TB (MDR/RR-TB with fluoroquinolone resistance)
INTERVENTION: 6-month regimen using bedaquiline, pretomanid, linezolid with linezolid given at 600mg for 26 weeks (also referred to as “BPaL” or “BPaL 600–26”)
COMPARISON: Longer regimens for MDR/RR-TB constructed in line with 2020 WHO guidelines (also referred to as “longer regimens for MDR/RR-TB” or “WHO_long”)
MAIN OUTCOMES: Treatment success; Failure and recurrence; Death; Lost to follow up; Adverse events; Amplification of drug resistance;
SETTING: Global inpatient and outpatient treatment settings
PERSPECTIVE: Public health and health systems perspective
BACKGROUND: Multidrug-resistant (MDR-) and rifampicin-resistant tuberculosis (MDR-/RR-TB) has emerged as a major problem due to poor management of drug-susceptible 

and transmission of drug-resistant TB. MDR-/RR-TB is treatable but requires different treatment regimen combinations that are sometimes longer and including 
medicines with that are potentially more toxic. The interest in reducing the duration of treatment for MDR/RR-TB motivates a continuous search for shorter and 
safer regimens.
The BPaL regimen (with linezolid at 1 200 mg) was recommended for use in patients with pulmonary pre-XDR-TB (MDR/RR-TB with fluoroquinolone resistance) 
under operational research conditions in the 2020 WHO consolidated guidelines on the treatment of drug-resistant TB. Data available in 2020 was from the Nix 
trial. Based on PICO 3 assessed in this 2022 GDG, BPaL with linezolid at 600mg was judged to provide a better balance of desirable and undesirable effects. With 
changed linezolid dosing and additional evidence available from the ZeNix trial, the question on the programmatic use of this regimen needs to be revisited.

CONFLICT OF 
INTERESTS:

The following panel member was recused from voting on the recommendation according to WHO policy due to potential conflicts-of-interest: Padma 
Chandrasekaran 
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Assessment

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

The COVID-19 pandemic has reversed years of progress in providing essential TB services and 
reducing TB disease burden. The most obvious impact is a large global drop in the number of 
people newly diagnosed with TB and reported. This fell from 7.1 million in 2019 to 5.8 million in 
2020, an 18% decline back to the level of 2012 and far short of the approximately 10 million people 
who developed TB in 2020. 
Reduced access to TB diagnosis and treatment has resulted in an increase in TB deaths. Best 
estimates for 2020 are 1.3 million TB deaths among HIV-negative people (up from 1.2 million in 
2019) and an additional 214 000 among HIV-positive people (up from 209 000 in 2019), with the 
combined total back to the level of 2017. 
Other impacts include reductions between 2019 and 2020 in the number of people provided with 
treatment for drug-resistant TB (-15%, from 177 100 to 150 359, about 1 in 3 of those in need). 
Globally in 2020, 71% (2.1/3.0 million) of people diagnosed with bacteriologically confirmed 
pulmonary TB were tested for rifampicin resistance, up from 61% (2.2/3.6 million) in 2019 and 
50% (1.7/3.4 million) in 2018. Among these, 132 222 cases of MDR/RR-TB and 25 681 cases of 
pre-XDR-TB or XDR-TB were detected, for a combined total of 157 903. This was a large fall (of 
22%) from the total of 201 997 people detected with drug-resistant TB in 2019, consistent with 
similarly large reductions in the total number of people newly diagnosed with TB (18%) and the 
total number of people diagnosed with bacteriologically confirmed pulmonary TB (17%) observed 
between 2019 and 2020. Worldwide, 150 359 people with MDR/RR-TB were enrolled on treatment 
in 2020, down 15% from the total of 177 100 in 2019. This level of enrolment was equivalent to 
about one in three of the people who develop MDR/RR-TB each year. 
More positively, there have been improvements in treatment success rates. Globally in 2018 (the 
latest patient cohort for which data are available), the treatment success rate for MDR/RR-TB was 
59%, reflecting steady improvements in recent years from 50% in 2012.
(Global TB Report 2021) 

Drug-resistant TB is a global challenge and access to 
treatment often problematic, with regimens typically being 
long, toxic and expensive. 
More efficacious and shorter treatment regimens for DR-TB 
are necessary to optimize and improve treatment outcomes 
while minimizing adverse events and preventing acquisition 
of additional drug resistance. 
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Trivial 
○ Small 
○ Moderate 
● Large 
○ Varies 
○ Don’t know

The BPaL 600–26 arm of the ZeNix trial, where linezolid 600 mg daily was used for 26 weeks, and 
population included patients with MDR/RR-TB with quinolone resistance was compared to a cohort 
of MDR/RR-TB patients with fluoroquinolone resistance from 2021 IPD, receiving longer regimens 
for treatment of MDR/RR-TB designed in line with 202 WHO guidelines.
Participants with pulmonary pre-XDR-TB (MDR/RR-TB with fluoroquinolone resistance) receiving 
BPaL 600–26 (n=33) compared to participants receiving longer regimens for MDR/RR-TB (n=839) 
experienced higher levels of treatment success (100% vs 75%), i.e. a 34% relative increase 
(RR=1.34, 95%CI 1.20 to 1.40); lower levels of failure and recurrence (0.0% vs 6.6%), i.e. a 7% 
absolute reduction (RD=-0.07, 95%CI -0.08 to -0.04); lower levels of deaths (0.0% vs 9.9%), i.e. a 
10% absolute reduction (RD=-0.10, 95%CI -0.12 to -0.01); lower levels of loss to follow-up (0.0% 
vs 9.1%), i.e. a 9% absolute reduction (RD=-0.09, 95%CI -0.11 to -0.01); higher levels of adverse 
events (15% vs 4.4%), i.e. a 3.4-fold increase (RR=3.44, 95%CI 1.44 to 8.17); and lower levels of 
amplification of drug-resistance (0.0% vs 7.4%), i.e. a 7% absolute reduction (RD=-0.07, 95%CI 
-0.09 to -0.03).
BPaL 600–26 may improve treatment success, failure and recurrence, death, loss to follow-up and 
amplification of drug-resistance while leading to more adverse events but the evidence is very 
uncertain.

The panel noted moderate to large improvements for 
most of the critical outcomes. Additionally the panel noted 
that with the intervention regimen, treatment duration is 
reduced by 12–18 months, i.e. to 1/3 to 1/2 of duration of 
comparator regimen (6–9 months vs 18–24 months); and 
that pill burden of the intervention is significantly lower, by 
5–6 times (on average from 3’400 to 530).
Considering this research evidence and the additional 
considerations, the GDG judged that BPaL with Lzd 
600–26 may have large desirable effects and noted the 
very low certainty of the evidence. 
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Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of the 
evidence 
(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* 
(95% CI)

Risk with 
WHO_long

Risk difference 
with BPaL

Treatment success 872 
(15 observational 

studies)

 
Very lowa,b,c,d,e,f

RR 1.34 
(1.20 to 

1.40)

Study population
745 per 1 000 253 more per 

1 000 
(149 more to 

298 more)
Failure and 
recurrence

872 
(15 observational 

studies)

 
Very lowa,b,c,d,e,f

RD -0.07 
(-0.08 to 

-0.04)

Study population
66 per 1 000 70 fewer per 

1 000 
(71 fewer to 68 

fewer)
Death 937 

(15 observational 
studies)

 
Very lowa,b,c,d,e,f

RD -0.10 
(-0.12 to 

-0.01)

Study population
99 per 1 000 109 fewer per 

1 000 
(111 fewer to 

100 fewer)
Lost to follow up 872 

(15 observational 
studies)

 
Very lowa,b,c,d,e,f

RD -0.09 
(-0.11 to 

-0.01)

Study population
91 per 1 000 99 fewer per 

1 000 
(101 fewer to 91 

fewer)
Amplification of drug 
resistance

872 
(15 observational 

studies)

 
Very lowa,b,c,d,e,f

RD -0.07 
(-0.09 to 

-0.03)

Study population
74 per 1 000 79 fewer per 

1 000 
(81 fewer to 76 

fewer)
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a. Lack of allocation concealment in the intervention arm. In the ZENIX study, participants, trial 
investigators and staff (including laboratory staff ) were blinded to the dose and scheduled 
duration of linezolid. Participants were unblinded to the use of bedaquiline and pretomanid. 
However, this comparison is between one arm of ZENIX and an individual participant data meta-
analysis of 14 datasets – i.e. a non-randomised comparison. Therefore, we have not downgraded 
due to the partial blinding of ZENIX

b. Confounding bias. Baseline imbalances were observed in the age, gender, HIV status, prior TB 
and prior drug-resistant TB history, smear status and culture positivity at baseline between the 
two groups. In most comparisons we were unable to adjust for measured confounding as the 
small number of events in the intervention group did not allow this (<5 individuals with a positive 
or negative outcome). Confounding bias is therefore likely. This imbalance in measured covariates 
suggests unmeasured confounding is also likely. 

c. Potential misclassification bias: As the WHO IPD data were collected under programmatic 
conditions, there is considerable potential to underestimate relapse, as details pertaining to the 
follow-up period is often missing. Misclassification of death during the follow-up period is also 
possible as there is no death registry to link to the cohort data for deaths that occurred after 
treatment completion.

d. Considerable variability was observed in the effect estimates between cohorts in the comparator 
group. The overall effect in the comparator is strongly influenced by a small number of larger 
cohorts, which have varying effect estimates.

e. The ZENIX study was a clinical trial conducted in the Russian Federation, Republic of Moldova 
and South Africa. The procedures within the trial in these settings are not necessarily comparable 
with those used in other programmatic settings in which MDR-TB commonly occurs (e.g. 
countries in Southeast Asia). The decision as to whether to downgrade for indirectness is a 
difficult one. Given that the study was conducted in three countries, the intervention and 
outcomes are more likely to reflect practice in a range of other settings. Hence, we have chosen 
not to downgrade the certainty due to indirectness

f. The small number of individuals included in both the intervention group (n=43) results in a very 
serious risk of imprecision. Therefore, the certainty has been downgraded by two levels.

Beyond the ‘Evidence Table’ note: 
Beyond the outcomes captured directly as research evidence in the presented statistical analyses, 
the WHO ‘Target Regimen Profile for rifampicin-resistant tuberculosis’ (WHO, 2016) identified 
certain regimen characteristics as as having desirable anticipated effects. These include a shorter 
treatment duration, reduced pill burden and number of component drugs and manageable DDIs. 
Decrease in the treatment duration is therefore an important desirable effect. 
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Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large 
● Moderate 
○ Small 
○ Trivial 
○ Varies 
○ Don’t know

The BPaL 600–26 arm of the ZeNix trial, where linezolid 600 mg daily was used for 26 weeks, and 
population included patients with MDR/RR-TB with quinolone resistance was compared to a cohort 
of MDR/RR-TB patients with fluoroquinolone resistance from 2021 IPD, receiving longer regimens 
for treatment of MDR/RR-TB designed in line with 202 WHO guidelines.
Participants with pulmonary pre-XDR-TB (MDR/RR-TB with fluoroquinolone resistance) receiving 
BPaL 600–26 (n=33) compared to participants receiving longer regimens for MDR/RR-TB (n=839) 
experienced higher levels of treatment success (100% vs 75%), i.e. a 34% relative increase 
(RR=1.34, 95%CI 1.20 to 1.40); lower levels of failure and recurrence (0.0% vs 6.6%), i.e. a 7% 
absolute reduction (RD=-0.07, 95%CI -0.08 to -0.04); lower levels of deaths (0.0% vs 9.9%), i.e. a 
10% absolute reduction (RD=-0.10, 95%CI -0.12 to -0.01); lower levels of loss to follow-up (0.0% 
vs 9.1%), i.e. a 9% absolute reduction (RD=-0.09, 95%CI -0.11 to -0.01); higher levels of adverse 
events (15% vs 4.4%), i.e. a 3.4-fold increase (RR=3.44, 95%CI 1.44 to 8.17); and lower levels of 
amplification of drug-resistance (0.0% vs 7.4%), i.e. a 7% absolute reduction (RD=-0.07, 95%CI 
-0.09 to -0.03).
BPaL 600–26 may improve treatment success, failure and recurrence, death, loss to follow-up and 
amplification of drug-resistance while leading to more adverse events but the evidence is very 
uncertain.

Outcomes
№ of participants 

(studies) 
Follow-up

Certainty of the 
evidence 
(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* 
(95% CI)

Risk with 
WHO_long

Risk difference 
with BPaL

Adverse 
events

872 
(15 observational 

studies)

 
Very lowa,b,c,d,e,f

RR 3.44 
(1.44 to 

8.17)

Study population
44 per 1 000 108 more per 

1 000 
(19 more to 316 

more)

The panel was reassured by the presentation of preclinical 
and clinical data relevant to testicular toxicity of Pretomanid, 
judging that clinically relevant effects appeared to be 
unlikely.
The panel discussed the importance of adverse events in 
the treatment of RR/MDR-TB and noted the significantly 
higher number of adverse events observed with BPaL. It 
was acknowledged that recording of AEs as part of the 
ZeNix trial is much more detailed than for data sets arising 
from routine care (i.e. data for the longer regimens).
 
Considering the increased number of adverse events 
with BPaL, the GDG judged that BPaL may have 
moderate undesirable effects and noted the very low 
certainty of the evidence.
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a. Lack of allocation concealment in the intervention arm. In the ZENIX study, participants, trial 
investigators and staff (including laboratory staff ) were blinded to the dose and scheduled 
duration of linezolid. Participants were unblinded to the use of bedaquiline and pretomanid. 
However, this comparison is between one arm of ZENIX and an individual participant data meta-
analysis of 14 datasets – i.e. a non-randomised comparison. Therefore, we have not downgraded 
due to the partial blinding of ZENIX

b. Potential misclassification bias: As the WHO IPD data were collected under programmatic 
conditions, there is considerable potential to underestimate relapse, as details pertaining to the 
follow-up period is often missing. Misclassification of death during the follow-up period is also 
possible as there is no death registry to link to the cohort data for deaths that occurred after 
treatment completion.

c. Confounding bias. Baseline imbalances were observed in the age, gender, HIV status, prior 
TB and prior drug-resistant TB history, smear status and culture positivity at baseline between 
the two groups. While we were able to adjust for these baseline covariates for the outcome of 
adverse events, this imbalance in measured covariates suggests unmeasured confounding is also 
likely. 

d. Considerable variability was observed in the effect estimates between cohorts in the comparator 
group. The overall effect in the comparator is strongly influenced by a small number of larger 
cohorts, which have varying effect estimates.

e. The ZENIX study was a clinical trial conducted in the Russian Federation, Republic of Moldova 
and South Africa. The procedures within the trial in these settings are not necessarily comparable 
with those used in other programmatic settings in which MDR-TB commonly occurs (e.g. 
countries in Southeast Asia). The decision as to whether to downgrade for indirectness is a 
difficult one. Given that the study was conducted in three countries, the intervention and 
outcomes are more likely to reflect practice in a range of other settings. Hence, we have chosen 
not to downgrade the certainty due to indirectness

f. The small number of individuals included in both the intervention group (n=43) results in a very 
serious risk of imprecision. Therefore, the certainty has been downgraded by two levels.

Pretomanid safety
Rodent Toxicology Studies –evidence of direct testicular toxicity
Monkey Toxicology Studies –no evidence for direct testicular toxicity; abnormal sperm findings 
considered to be secondary to declining physical condition
Hormone Data from Clinical Studies –no changes in FSH, LH, Inhibin B consistent with testicular 
toxicity
Paternity Survey –44 children fathered by 38 men (12%) who participated in pretomanid studies of 
4–6 months treatment duration
Semen Study –ongoing study measuring semen in men undergoing pretomanid treatment
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Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

Certainty was rated *very low* for all outcomes. Risk of bias was very serious, due to likely 
unmeasured confounding, small event numbers in the BPaL 600–26 group that precluded 
adjustment for differences in baseline covariates (measured confounding) and likely measurement 
bias due to underestimates of death and relapse following treatment in the WHO IPD 2021. 
Inconsistency was serious due to differences in the outcomes between cohorts in the WHO IPD 
2021 (downgraded one level). We did not downgrade for indirectness. Imprecision was very 
serious, due to the small sample size in the intervention group (n=33) (downgraded two levels).
The overall certainty is generally based on the lowest certainty for the agreed critical outcomes. 

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of the 
evidence 
(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* 
(95% CI)

Risk with 
WHO_long

Risk difference 
with BPaL

Treatment success 872 
(15 observational 

studies)

 
Very lowa,b,c,d,e,f

RR 1.34 
(1.20 to 

1.40)

Study population
745 per 1 000 253 more per 

1 000 
(149 more to 

298 more)
Failure and 
recurrence

872 
(15 observational 

studies)

 
Very lowa,b,c,d,e,f

RD -0.07 
(-0.08 to 

-0.04)

Study population
66 per 1 000 70 fewer per 

1 000 
(71 fewer to 68 

fewer)
Death 937 

(15 observational 
studies)

 
Very lowa,b,c,d,e,f

RD -0.10 
(-0.12 to 

-0.01)

Study population
99 per 1 000 109 fewer per 

1 000 
(111 fewer to 

100 fewer)
Lost to follow up 872 

(15 observational 
studies)

 
Very lowa,b,c,d,e,f

RD -0.09 
(-0.11 to 

-0.01)

Study population
91 per 1 000 99 fewer per 

1 000 
(101 fewer to 91 

fewer)
Adverse events 872 

(15 observational 
studies)

 
Very lowa,c,d,e,f,g

RR 3.44 
(1.44 to 

8.17)

Study population
44 per 1 000 108 more per 

1 000 
(19 more to 316 

more)
Amplification of drug 
resistance

872 
(15 observational 

studies)

 
Very lowa,b,c,d,e,f

RD -0.07 
(-0.09 to 

-0.03)

Study population
74 per 1 000 79 fewer per 

1 000 
(81 fewer to 76 

fewer)

The panel highlighted (as noted in the CoE assessment) 
that we are comparing data from patients treated within 
a clinical trial to data from patients treated under routine 
programmatic conditions so selection criteria, support 
during treatment etc. are likely to differ. E.g. treatment 
outcomes are typically better under trial conditions while 
AEs are typically underreported under programmatic 
conditions.
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a. Lack of allocation concealment in the intervention arm. In the ZENIX study, participants, trial 
investigators and staff (including laboratory staff ) were blinded to the dose and scheduled 
duration of linezolid. Participants were unblinded to the use of bedaquiline and pretomanid. 
However, this comparison is between one arm of ZENIX and an individual participant data meta-
analysis of 14 datasets – i.e. a non-randomised comparison. Therefore, we have not downgraded 
due to the partial blinding of ZENIX

b. Confounding bias. Baseline imbalances were observed in the age, gender, HIV status, prior TB 
and prior drug-resistant TB history, smear status and culture positivity at baseline between the 
two groups. In most comparisons we were unable to adjust for measured confounding as the 
small number of events in the intervention group did not allow this (<5 individuals with a positive 
or negative outcome). Confounding bias is therefore likely. This imbalance in measured covariates 
suggests unmeasured confounding is also likely. 

c. Potential misclassification bias: As the WHO IPD data were collected under programmatic 
conditions, there is considerable potential to underestimate relapse, as details pertaining to the 
follow-up period is often missing. Misclassification of death during the follow-up period is also 
possible as there is no death registry to link to the cohort data for deaths that occurred after 
treatment completion.

d. Considerable variability was observed in the effect estimates between cohorts in the comparator 
group. The overall effect in the comparator is strongly influenced by a small number of larger 
cohorts, which have varying effect estimates.

e. The ZENIX study was a clinical trial conducted in the Russian Federation, Republic of Moldova 
and South Africa. The procedures within the trial in these settings are not necessarily comparable 
with those used in other programmatic settings in which MDR-TB commonly occurs (e.g. 
countries in Southeast Asia). The decision as to whether to downgrade for indirectness is a 
difficult one. Given that the study was conducted in three countries, the intervention and 
outcomes are more likely to reflect practice in a range of other settings. Hence, we have chosen 
not to downgrade the certainty due to indirectness

f. The small number of individuals included in both the intervention group (n=43) results in a very 
serious risk of imprecision. Therefore, the certainty has been downgraded by two levels.

g. Confounding bias. Baseline imbalances were observed in the age, gender, HIV status, prior 
TB and prior drug-resistant TB history, smear status and culture positivity at baseline between 
the two groups. While we were able to adjust for these baseline covariates for the outcome of 
adverse events, this imbalance in measured covariates suggests unmeasured confounding is also 
likely. 
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Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Important 
uncertainty or 
variability 
○ Possibly important 
uncertainty or 
variability 
● Probably no 
important uncertainty 
or variability 
○ No important 
uncertainty or 
variability

No evidence research searched for. 
 

Higher treatment efficacy, shorter duration of treatment, lower pill burden and less adverse events 
are usually valued by patients. 

The panel judged that there was probably no important 
uncertainty or variability in how much people value the 
main outcomes.

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
● Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ Don’t know

 The panel highlighted (as noted in the CoE assessment) 
that we are comparing data from patients treated within 
a clinical trial to data from patients treated under routine 
programmatic conditions so selection criteria, support 
during treatment etc. are likely to differ. E.g. treatment 
outcomes are typically better under trial conditions while 
AEs are typically underreported under programmatic 
conditions. 
The GDG judged the benefits of BPaL with Lzd 600–26 
to be large and the undesirable effects to be moderate 
compared to WHO recommended longer regimens. The 
certainty of evidence was judged to be very low. Based on 
this, the panel determined that the balance of health effects 
probably favors BPaL with Lzd 600–26. 
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Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large costs 
○ Moderate costs 
○ Negligible costs 
and savings 
○ Moderate savings 
● Large savings 
○ Varies 
○ Don’t know

Summary of findings from three publications on the cost of BPaL compared to WHO_long 
(further detail on each study below)
• From these three publications, the total cost (drugs+delivery) of WHO_long appear to be 

between ~1.5x to 6x higher than for BPaL when looking at comparative estimates within 
country 

• Note that studies are not 100% addressing the comparison of interest: Mulder and Gomez 
papers based on Lzd dose of 1 200 (so cost of Lzd in these publications is higher than 
intervention of interest here) and Sweeney is based on 600–300 for 24 weeks and a mixed RR/
MDR/pre-XDR population 

Mulder et al, 2022: Cost and budget impact analysis [noting co-authors from TB Alliance and 
KNCV]
Methods
• Per-patient treatment cost of BPaL regimen was compared head-to-head with the conventional 

XDR-TB treatment regimen (i.e. WHO_long) in Indonesia, Kyrgyzstan and Nigeria based on cost 
estimates primarily assessed using microcosting method and expected frequency of each TB 
service

• The 5-year budget impact of gradual introduction of BPaL against the status quo was assessed 
using a Markov model that represented patient’s treatment management and outcome pathways

 
Findings
• The cost per patient completing treatment with BPaL was US$ 7142 in Indonesia, US$ 4782 in 

Kyrgyzstan and US$ 7152 in Nigeria – 57%, 78% and 68% lower than the conventional regimens 
in the respective countries. 

• A gradual adoption of the BPaL regimen over 5 years would result in an 5-year average national 
TB service budget reduction of 17% (US$ 12 880) in XDR-TB treatment related expenditure in 
Indonesia, 15% (US$ 700 247) in Kyrgyzstan and 32% (US$ 1 543 047) in Nigeria

• BPaL regimen can be highly cost-saving compared with the conventional regimens to treat 
patients with XDR-TB in high drug-resistant TB burden settings. 

Regimen cost at GDF prices: ~800 $ BPaL (600–26), 
~1 300$ longer regimen.
The panel judged that the costs for BPaL among Patients 
with pulmonary pre-XDR-TB are lower because costs of 
drugs are lower and cost of delivery are also lower due to 
the shorter duration of treatment and lower complexity.
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Figure: The drug and treatment management costs (in US$) per XDR-TB patient 100% adhering 
to the conventional regimens and BPaL by country. BPaL, bedaquiline, pretomanid and linezolid; 
XDR-TB, extensively drug-resistant tuberculosis

4 Mulder C, et al. BMJ Global Health 2022;7:e007182. doi:10.1136/bmjgh-2021-007182

BMJ Global Health

database. For pretomanid, we included the price of 
US$364 for the entire 6- month BPaL treatment course, 
as listed on the GDF catalogue in October 2019. Treat-
ment management costs included costs of inpatient days, 
outpatient consultations (including directly observed 
therapy (DOT), home visits and other patient support), 
safety monitoring investigations and follow- up testing for 
treatment monitoring.

Budget impact analysis
We built a Markov model that represents different states 
of patient with XDR- TB care and outcomes, starting from 
the point of treatment initiation (eg, initial diagnostic 
process costs not included), in introducing the BPaL 
regimen alongside the conventional regimen with one 
full cycle representing 1 month (online supplemental 
figure S1, a simplified visual model representation). 
Patient outcomes and costs were tallied over a total of 60 
cycles to represent budget years over 2020–2024. At the 
end of each cycle, patients can transition to the following 
states: (1) next month of XDR- TB treatment, (2) LTFU, 
(3) treatment discontinuation due to adverse events, 
(4) death, (5) treatment completion or (6) natural cure 
(table 1). For patients with LTFU, irrespective of the 
state, we assumed that 16.4% would return to care and 
undergo the entire duration of their initial regimen and, 
therefore, incurred costs, irrespective of their treatment 
regimen.22 We assumed that 14.1% of the patients would 
experience major adverse events requiring discontinu-
ation of XDR- TB treatment,23 out of those, 10% would 
incur 1 day of hospitalisation costs due to myelosuppres-
sion, irrespective of the treatment regimen.24 For patients 
permanently discontinuing BPaL due to adverse events, 
we assumed that 50% would be switched to the conven-
tional regimen and incur drug costs for the full duration 
of that regimen on top of the initial BPaL regimen costs. 
The remainder of the patients who permanently discon-
tinued treatment either die or naturally cure (table 1).25

For each country, the annual and 5- year costs were 
calculated by multiplying the expected number of 
patients by cumulative service utilisation and costs of 
XDR- TB care for respective regimen tallied for each stage 
state over 12 and 60 model cycles. Annual and 5- year net 
budget impact was assessed by comparing the current 
budget scenario, in which all patients with XDR- TB 
are initiated on the conventional regimens against the 
scenario, in which BPaL would be gradually introduced 
over the 5- year period. Costs and outcomes were tracked 
for all patients initiating on XDR- TB treatment within 
the 5- year period until they reached one of the treatment 
outcome states.

Sensitivity analysis
We conducted one- way sensitivity analyses of key 
parameters to determine the robustness of our model 
results regarding the average cost per BPaL treatment 
completed and the average net budget impact. We varied: 
(1) the timeline of introducing BPaL (±1 year), (2) the 

population eligible for the BPaL regimen (±20%), (3) 
reducing the dosage of linezolid with 50% in the BPaL 
regimen as being studied in the ZeNix trial26 and (4) 
reducing the frequency of outpatient consultations to 
weekly instead of daily.

Ethical statement
This manuscript structure follows the Consolidated 
Health Economic Evaluation Reporting Standards 
statement checklist which is based on the format of the 
CONSORT statement checklist.27

Patient and public involvement
The National Tuberculosis Programs of all countries 
endorsed this study. No patient was involved in gener-
ating the research questions or the outcomes measures, 
nor were they involved in designing the study, or devel-
oping the models. No patient was consulted on interpre-
tation or writing up the results. The results will be dissem-
inated to the National Tuberculosis Programs. There are 
no plans to disseminate the results to patients or the 
community.

RESULTS
Cost per patient treated
Unit costs, types and service utilisation frequencies 
of key health services necessary for XDR- TB care 
varied across the three countries assessed in our study 
(online supplemental table S2). The cost per patient 
treated when fully adherent with the BPaL regimen 
was US$4559 in Indonesia, US$2255 in Kyrgyzstan and 
US$4109 in Nigeria (figure 1). In Indonesia, drugs 
constituted 70% of the total cost of the BPaL regimen, 
versus 49% in Kyrgyzstan and 27% in Nigeria. In 
Kyrgyzstan, hospitalisation constituted 24% of the total 
cost of the BPaL regimen, and in Nigeria outpatient 
consultations 51%. The cost per patient treated with 
the respective conventional regimens was US$11 046 in 

Figure 1 The drug and treatment management costs (in 
US$) per XDR- TB patient 100% adhering to the conventional 
regimens and BPaL by country. BPaL, bedaquiline, 
pretomanid and linezolid; XDR- TB, extensively drug- resistant 
tuberculosis.
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Gomez et al, 2021: Cost & cost-effectiveness [noting co-authors from TB Alliance] 
Methods
• CEA using Markov model of BPaL (Nix regimen) in South Africa, Philippines and Georgia
• Primary and secondary outcome measures

 – (1) Incremental cost per disability-adjusted life years averted by using BPaL against standard of 
care at the Global Drug Facility list price; 

 – (2) The potential maximum price at which the BPaL regimen could become cost neutral
 
Findings
• BPaL for XDR-TB is likely to be cost saving in all study settings
• when BPaL is introduced to a wider population, including MDR-TB treatment failure and 

treatment intolerant, we observe increased savings and clinical benefits
• Cost savings from the introduction of the BPaL regimen are higher in settings with a more 

expensive current standard of care
• consequently, the threshold price at which BPaL becomes cost neutral is higher in less expensive 

settings: US$ 3 650 and US$ 3 800 for Georgia and the Philippines, respectively, and US$ 500 for 
South Africa for our base case of only patients with XDR-TB, after factoring in incremental cost of 
ART 
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4 Gomez GB, et al. BMJ Open 2021;11:e051521. doi:10.1136/bmjopen-2021-051521

Open access 

The probabilistic sensitivity analysis was done by running 
the model 10 000 times while sampling from the param-
eter’s distributions. We present these analyses for two 
outcomes. First, for the incremental cost per DALY averted 
of using BPaL against standard of care at the Global Drug 
Facility list price, we plotted the cost- effectiveness planes 
by country, illustrating the uncertainty in both costs 
estimates and DALYs averted. Second, for the potential 

maximum price at which the BPaL regimen could still be 
considered cost saving, we present threshold price esti-
mates as curves, plotting the probability of the regimen 
being cost saving as a function of drug price.

Patient and public involvement
There was no direct involvement of patients or the public 
in this health economics modelling study.

Table 1 Input parameters for cost- effectiveness analyses

South Africa Georgia The Philippines Reference

Population

  MDR intolerant/failure 10% of all patients with MDR- TB Assumption

  HIV prevalence (n=56/109)* 51% – – 9

  Age (years) 35 (range 17–60) 9

Treatment outcomes†

  Per cent completed at 18 mo, SoC 0.73 (0.031) 0.585 0.64–0.73 45–48

  Per cent failure at 18 mo, SoC 0.045 (0.015) 0.073 0.045 (0.015) 45 47 48

  Per cent LTFU at 18 mo, SoC 0.10 (0.021) 0.219 0.15–0.20 45 47 48

  Per cent completed/cure at 6 mo, BPaL 0.90 (0.83–0.95) 9

  Per cent death, BPaL (n=7/109) 0.064 (0.026) 9

  Per cent LTFU at 6 mo, BPaL 0.04 (0.021) 47

Outcomes after treatment

  Risk of relapse‡ 2836 (2131–3693) 49

  Per cent return to care after relapse, SoC and 
BPaL

0.75 (±20%) Assumption

  Per cent return to care after LTFU, SoC and 
BPaL

0.20 (±20%) Assumption

  Median survival after treatment failure, mo (LTFU/
relapse/palliative), SoC and BPaL

19.84 (4.16–26.04) 50

Disability weight

  XDR- TB/MDR- TB, without HIV infection 0.333 (0.224–0.454) 33

  XDR- TB/MDR- TB, with HIV infection 0.408 (0.274–0.549) 33

  HIV/AIDS receiving ART without TB 0.078 (0.052–0.111) 33

*All HIV- positive patients are assumed to be on/started on ART.
†Transformed to a rate (per mo) assumed constant.
‡Incidence risk of relapse per 100 000 successfully treated.
ART, antiretroviral treatment; BPaL, bedaquiline, pretomanid and linezolid; LFTU, loss to follow- up; MDR- TB, multidrug- resistant 
tuberculosis; mo, months; n, number; SoC, standard of care; TB, tuberculosis; XDR- TB, extensively drug- resistant tuberculosis.

Table 2 Input cost estimates for cost- effectiveness analyses (US$2018 per month)

South Africa Georgia The Philippines Reference

Standard of care (intensive phase) 558.9 (drugs)
64.9 (delivery)

424.6 (drugs)
25.0 (delivery)

424.6 (drugs)
30.1 (delivery)

35 51–55

Standard of care (continuation phase) 208.9 (drugs)
30.1 (delivery)

74.58 (drugs)
14.0 (delivery)

74.58 (drugs)
13.7 (delivery)

35 51–55

BPaL 296.4 (drugs)
65.3 (delivery)

214.0 (drugs)
31.0 (delivery)

214.0 (drugs)
38.3 (delivery)

35 51–55

Palliative care* 428.1 330.9 328.0 56

Antiretroviral treatment 249.2 – – 57

*Average of 10% hospice inpatient unit; 40% community care and 50% no care.
BPaL, bedaquiline, pretomanid and linezolid.

H
 O

 C
entral H

ealth Lit Program
m

e. Protected by copyright.
 on N

ovem
ber 1, 2022 at W

orld H
ealth O

rganisation Library W
http://bm

jopen.bm
j.com

/
BM

J O
pen: first published as 10.1136/bm

jopen-2021-051521 on 3 D
ecem

ber 2021. D
ow

nloaded from
 

Sedona Sweeney’s presentation on CEA of PRACTECAL regimens from pre-GDG webinar 

Lifetime costs

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

No research evidence searched for.  
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Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
● Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ No included 
studies

One publication (Gomez et al, 2021) of indirect relevance was identified as it was based on 
efficacy estimates from Nix study (also noting co-authors from TB Alliance): 

Methods
• CEA using Markov model of BPaL (Nix regimen) in South Africa, Philippines and Georgia
• Primary and secondary outcome measures
o (1) Incremental cost per disability-adjusted life years averted by using BPaL against standard of 
care at the Global Drug Facility list price; 
o (2) The potential maximum price at which the BPaL regimen could become cost neutral
Findings
• BPaL for XDR-TB is likely to be cost saving in all study settings
• when BPaL is introduced to a wider population, including MDR-TB treatment failure and 

treatment intolerant, we observe increased savings and clinical benefits
• Cost savings from the introduction of the BPaL regimen are higher in settings with a more 

expensive current standard of care
• consequently, the threshold price at which BPaL becomes cost neutral is higher in less expensive 

settings: US$ 3 650 and US$ 3 800 for Georgia and the Philippines, respectively, and US$ 500 for 
South Africa for our base case of only patients with XDR-TB, after factoring in incremental cost 
of ART

Given their prior judgements (balance of effects probably 
favors the intervention; intervention leads to large savings), 
the panel judged that the cost-effectiveness of the 
intervention probably favors the intervention.

Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Reduced 
○ Probably reduced 
○ Probably no impact 
● Probably increased 
○ Increased 
○ Varies 
○ Don’t know

No research evidence searched for. The panel considered the treatment duration and the ability 
to decentralize treatment (to enable access for remote, 
underserviced settings and disadvantaged populations) to 
affect equity.
Despite not being able to identify relevant research 
evidence, the panel used their collective experience to 
judge that there would likely be advantages associated with 
the use of the BPaL regimen due to its reduced complexity 
and shorter duration. The panel judged that use of the 
BPaL regimen would probably increase equity.
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Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

van de Berg et al, 2021 (based on 2019 KNCV report, funded by TB Alliance) on the 
provider perspective 
 
Methods
• Mixed-methods study among a cross-section of health care workers, programmatic and 

laboratory stakeholders between May 2018 and May 2019 in Indonesia, Kyrgyzstan, and Nigeria
 – 188 stakeholders participated in this study: 63 from Kyrgyzstan, 51 from Indonesia, and 74 
from Nigeria; majority were health care workers (110), other stakeholders interviewed were 
Laboratory stakeholders and Programmatic Stakeholders 

• semi-structured interviews and focus group discussions to assess perceptions on acceptability 
and feasibility of implementing BPaL
 – acceptability: anticipated benefits and challenges regarding DR TB management with the BPaL 
regimen by the stakeholders; recoded 3-point Likert scale (acceptable; neutral; unacceptable)

Findings
• Acceptability: overall high and rated as acceptable by >80% across domains 
• Stakeholders 

 – appreciated that BPaL would reduce workload and financial burden on the health care system
 – expressed concerns regarding BPaL safety (monitoring), long-term efficacy, and national 
regulatory requirements

 – stressed the importance of addressing current health systems constraints as well, especially in 
treatment and safety monitoring systems 

Beverly Stringer’s presentation on PROs from pre-GDG webinar (qualitative study) on the 
patient perspective 
• Positive impact of shorter treatment on employment status welcomed 

The panel considered patients and health care providers 
as key stakeholders. The panel considered the following 
aspects as critical with regards to acceptability: regimen 
duration and drug safety monitoring needs (both relating 
to necessary travel, loss of income and general disruption 
of the life of patients; workload for the health care system), 
needs for drug susceptibility testing. The panel judged that 
the BPaL regimen would probably be acceptable.
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Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

van de Berg et al, 2021 (based on 2019 KNCV report, funded by TB Alliance) on the 
provider perspective 
 
Methods
• Mixed-methods study among a cross-section of health care workers, programmatic and 

laboratory stakeholders between May 2018 and May 2019 in Indonesia, Kyrgyzstan, and Nigeria
 – 188 stakeholders participated in this study: 63 from Kyrgyzstan, 51 from Indonesia, and 74 
from Nigeria; majority were health care workers (110)

• semi-structured interviews and focus group discussions to assess perceptions on acceptability 
and feasibility of implementing BPaL
 – feasibility: stakeholders’ expectations regarding the practical requirements for implementing 
the BPaL regimen within the context of their health system; recorded as overall likelihood of 
implementing BPaL (likely; neutral; unlikely)

Findings
• Feasibility: 88% (146/166) of the stakeholders would likely implement BPaL once available 
• Stakeholders 

 – appreciated that BPaL would reduce workload and financial burden on the health care system
 – expressed concerns regarding BPaL safety (monitoring), long-term efficacy, and national 
regulatory requirements

 – stressed the importance of addressing current health systems constraints as well, especially in 
treatment and safety monitoring systems 

The panel considered the following aspects to affect 
feasibility (i.e. to be potential barriers to implementation): 
requirements for drug safety monitoring and requirements 
for drug susceptibility testing. 
The panel noted limited availability of drugs in the 
BPaL regimen for use in DST as a potential barriers to 
implementation and also noted that data on the critical 
concentration of Pretomanid for use in DST is limited.  

However, given the reduced duration, complexity and 
associated workload, the panel judged that implementation 
is probably feasible.
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Summary of judgements

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know
DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know
UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know
CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies
VALUES Important 

uncertainty or 
variability

Possibly important 
uncertainty or 

variability

Probably no 
important 

uncertainty or 
variability

No important 
uncertainty or 

variability

BALANCE OF EFFECTS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and 
savings

Moderate savings Large savings Varies Don’t know

CERTAINTY OF EVIDENCE 
OF REQUIRED RESOURCES

Very low Low Moderate High No included studies

COST EFFECTIVENESS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies No included studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know
ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know
FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

Type of recommendation
Strong recommendation against 

the intervention
○ 

Conditional recommendation 
against the intervention

○ 

Conditional recommendation 
for either the intervention or the 

comparison
○ 

Conditional recommendation for 
the intervention

● 

Strong recommendation for the 
intervention

○ 
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Conclusions

Recommendation
The use of the 6-month treatment regimen, composed of bedaquiline, pretomanid and linezolid (BPaL), rather than longer (18-month) regimen is suggested in patients with MDR/RR-TB 
and resistance to fluoroquinolones (pre-XDR-TB), who have either had no previous exposure to bedaquiline and linezolid or have been exposed for less than 1 month. 

Justification
This section is provided under the summary PICO that this sub-PICO has contributed to

Subgroup considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Implementation considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Monitoring and evaluation
This section is provided under the summary PICO that this sub-PICO has contributed to

Research priorities
This section is provided under the summary PICO that this sub-PICO has contributed to
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Sub-PICO 5.1
Question
Should BPaL vs. WHO_short (the 9-month regimen with ethionamide) be used for pulmonary MDR/RR-TB?
POPULATION: pulmonary MDR/RR-TB (FQ-r and FQ-s in the intervention group, FQ-s in the comparator)
INTERVENTION: BPaL 600mg 26 weeks (FqR and FqS)
COMPARISON: 9-month regimen with ethionamide for 4 months (4–6 Bdq[6]-Lfx[Mfx]-Eto-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E), (also referred to as “the 9-month regimen with 

ethionamide” or “WHO_short”)
MAIN OUTCOMES: Treatment success without recurrence; Failure and recurrence; Death; Lost to follow up; Adverse events (Grades 3–5); Amplification of drug-resistance;
SETTING: Global inpatient and outpatient treatment settings
PERSPECTIVE: Public health and health systems perspective
BACKGROUND: Multidrug-resistant (MDR-) and rifampicin-resistant tuberculosis (MDR-/RR-TB) has emerged as a major problem due to poor management of drug-susceptible 

and transmission of drug-resistant TB. MDR-/RR-TB is treatable but requires different treatment regimen combinations that are sometimes longer and including 
medicines with that are potentially more toxic. The interest in reducing the duration of treatment for MDR/RR-TB motivates a continuous search for shorter 
and safer regimens. In 2016, on the basis of data from observational studies of the shorter regimens in different Asian and African countries, WHO for the first 
time recommended a standardized 9-month regimen, containing an injectable agent providing shorter than the extant 18–20 months standard of care for the 
eligible patients. In 2018, following the results of the Standard Treatment Regimen of Anti-tuberculosis Drugs for Patients with MDR-TB (STREAM) Stage 1 trial, 
further modifications were made to the earlier recommended shorter regimen, also replacing kanamycin by amikacin (based on evidence from the comparative 
effectiveness of these two injectable agents). Evidence of permanent effects attributed to the toxicity of injectable agents, have prompted further advances in the 
development of new treatments such as shorter injectable-sparing regimens. In particular, South African Department of Health shared with WHO the observational 
data on an all-oral bedaquiline-containing shorter regimen of 9 months duration. The all-oral 9-month bedaquiline containing regimen was reviewed and 
recommended by WHO since 2019 with the following combination of medicines (4–6 Bdq[6]-Lfx[Mfx]-Eto-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E). In 2022, new evidence 
from programmatic implementation in South Africa was made available to WHO where this regimen was modified to include 2 months of Linezolid (Lzd, 600mg) 
instead of 4 months of Ethionamide (Eto). 
The pressing need for more effective treatment regimens for patients with extensive drug resistance, including fluoroquinolone resistance and more extensive 
drug-resistance profiles, has been the driver for a number of studies and initiatives to test more effective and novel treatment regimens, including newer 
and repurposed medicines. One of the first studies was the Nix-TB study, conducted by TB Alliance. The Nix-TB study was a one-arm, Phase III, open-label 
observational cohort study that assessed the safety, efficacy, tolerability and pharmacokinetic properties of a 6-month BPaL treatment regimen, extendable to 
9 months for those who missed doses, or who remained culture positive or reverted from culture negative to positive between months 4 and 6 of treatment 
(19). The study was conducted between 2014 and 2019 at three study sites, all in South Africa, with the first patient enrolled in April 2015. The Nix-TB study has 
contributed evidence to WHO that was reviewed by the GDG in November 2019 and gave rise to the previous recommendation for the use of BPaL regimen in 
pre-XDR-TB patients, under operational research conditions. Two randomized controlled trials have concluded in 2021 (TB-PRACTECAL and ZeNix) providing new 
evidence and prompting assessment by WHO in order to develop new or updated recommendations on MDR/RR-TB treatment.

CONFLICT OF 
INTERESTS:

The following panel members were recused from voting on the recommendation according to WHO policy due to potential conflicts-of-interest: Padma 
Chandrasekaran, Guy Marks and Andrew Nunn
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Assessment

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

The COVID-19 pandemic has reversed years of progress in providing essential TB services and 
reducing TB disease burden. The most obvious impact is a large global drop in the number of 
people newly diagnosed with TB and reported. This fell from 7.1 million in 2019 to 5.8 million in 
2020, an 18% decline back to the level of 2012 and far short of the approximately 10 million people 
who developed TB in 2020. 
Reduced access to TB diagnosis and treatment has resulted in an increase in TB deaths. Best 
estimates for 2020 are 1.3 million TB deaths among HIV-negative people (up from 1.2 million in 
2019) and an additional 214 000 among HIV-positive people (up from 209 000 in 2019), with the 
combined total back to the level of 2017. 
Other impacts include reductions between 2019 and 2020 in the number of people provided with 
treatment for drug-resistant TB (-15%, from 177 100 to 150 359, about 1 in 3 of those in need). 
Globally in 2020, 71% (2.1/3.0 million) of people diagnosed with bacteriologically confirmed 
pulmonary TB were tested for rifampicin resistance, up from 61% (2.2/3.6 million) in 2019 and 
50% (1.7/3.4 million) in 2018. Among these, 132 222 cases of MDR/RR-TB and 25 681 cases of 
pre-XDR-TB or XDR-TB were detected, for a combined total of 157 903. This was a large fall (of 
22%) from the total of 201 997 people detected with drug-resistant TB in 2019, consistent with 
similarly large reductions in the total number of people newly diagnosed with TB (18%) and the 
total number of people diagnosed with bacteriologically confirmed pulmonary TB (17%) observed 
between 2019 and 2020. Worldwide, 150 359 people with MDR/RR-TB were enrolled on treatment 
in 2020, down 15% from the total of 177 100 in 2019. This level of enrolment was equivalent to 
about one in three of the people who develop MDR/RR-TB each year. 
More positively, there have been improvements in treatment success rates. Globally in 2018 (the 
latest patient cohort for which data are available), the treatment success rate for MDR/RR-TB was 
59%, reflecting steady improvements in recent years from 50% in 2012.
(Global TB Report 2021) 

Drug-resistant TB is a global challenge and access to 
treatment often problematic, with regimens typically being 
long, toxic and expensive. 
More efficacious and shorter treatment regimens for DR-TB 
are necessary to optimize and improve treatment outcomes 
while minimizing adverse events and preventing acquisition 
of additional drug resistance. 
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Trivial 
○ Small 
○ Moderate 
● Large 
○ Varies 
○ Don’t know

The BPaL 600–26 arm of the ZeNix trial, where linezolid 600 mg daily was used for 26 weeks, and 
population included patients with MDR/RR-TB with or without quinolone resistance was compared 
to cohort of MDR/RR-TB patients (without quinolone resistance) treated in South Africa with WHO 
recommended 9-month regimen with ethionamide for 4 months. 
Participants with MDR/RR-TB (with or without quinolone resistance) receiving the BPaL 600–26 
regimen (n=43) compared to participants with MDR/RR-TB (without quinolone resistance) receiving 
the 9-month regimen with ethionamide (n=785) experienced higher levels of treatment success 
(100% vs 69%), i.e. a 45% relative increase (RR=1.45, 95%CI 1.32 to 1.53); lower levels of failure and 
recurrence (0% vs 1.2%), i.e. a 1% absolute reduction (RD= – 0.01, 95%CI – 0.02–0.07 ), lower levels 
of deaths (0% vs 19%), i.e. a 19% absolute reduction (RD= – 0.19, 95%CI – 0.22 – – 0.1 ); lower 
levels of loss to follow-up (0% vs 11%), i.e. a 11% absolute reduction (RD= – 0.11, 95%CI – 0.14 – – 
0.03) and same levels of amplified resistance (0% vs. 0%). Grade 3 to 5 adverse events were noted 
in 14% of participants receiving the BPaL 600–26 but no comparison could be done as no data was 
available for participants receiving the 9-month regimen with ethionamide. 
The evidence is very uncertain about the effect of BPaL 600–26 regimen on all outcomes.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of the 
evidence 
(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* 
(95% CI)

Risk with 
WHO_short

Risk difference 
with BPaL

Treatment success 828 
(2 observational 

studies)

 
Very lowa,b,c,d,e

RR 1.45 
(1.38 to 

1.52)

Study population
688 per 1 000 310 more per 

1 000 
(261 more to 

358 more)
Failure and 
recurrence

828 
(2 observational 

studies)

 
Very lowa,b,c,d,e

RD -0.01 
(-0.02 to 

0.07)

Study population
13 per 1 000 10 fewer per 

1 000 
(20 fewer to 70 

more)
Death 828 

(2 observational 
studies)

 
Very lowa,b,c,d,e

RD -0.19 
(-0.22 to 

-0.10)

Study population
187 per 1 000 223 fewer per 

1 000 
(228 fewer to 

206 fewer)
Lost to follow up 828 

(2 observational 
studies)

 
Very lowa,b,c,d,e

RD -0.11 
(-0.14 to 

-0.03)

Study population
112 per 1 000 110 fewer per 

1 000 
(140 fewer to 30 

fewer)
Amplification of 
drug resistance

828 
(2 observational 

studies)

 
Very lowa,b,c,d,e

Not 
estimable

Study population

The panel also considered the duration and pill burden with 
the intervention and comparator regimens.
• Treatment duration when using the BPaL regimen is 

reduced by 3–6 months (6–9 months vs 9–12 months), 
which was considered by the panel as an important and 
desirable effect. 

• Decrease in pill burden: substantial reduction assumed 
but due to the variability in the comparator was difficult 
to quantify

Considering this research evidence and the additional 
considerations, the GDG panel judged that BPaL 600–
26 regimen may have large desirable effects and noted 
the very low certainty of the evidence. 
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a. Lack of allocation concealment in the intervention arm. In the ZENIX study, participants, trial 
investigators and staff (including laboratory staff ) were blinded to the dose and scheduled 
duration of linezolid. Participants were unblinded to the use of bedaquiline and pretomanid. 
However, this comparison is between one arm of ZENIX and the WHO short (SA 2017) cohort – 
a non-randomised comparison. Therefore, we have not downgraded due to the partial blinding 
of ZENIX.

b. Confounding bias. Baseline imbalances were observed in the gender, HIV status, prior TB history, 
smear status, culture status and fluoroquinolone-resistance status between the two groups. In all 
comparisons we were unable to adjust for measured confounding as the small number of events 
in the intervention group did not allow this (<5 individuals with a positive or negative outcome). 
Confounding bias is due to measured confounding therefore serious. The substantial imbalance 
in measured covariates suggests unmeasured confounding is also likely.

c. Potential misclassification bias: As the SA 2017 cohort data were collected under programmatic 
conditions, there is considerable potential to underestimate relapse, as details pertaining to 
the follow-up period is often missing. Misclassification of death during the follow-up period is 
also possible, although deaths reported in the South African death registry were linked to the 
participant follow-up data (using a national identification number).

d. The ZENIX study (intervention arm) was a clinical trial conducted in the Russian Federation, 
Republic of Moldova and South Africa. The procedures within the trial in these settings are 
not necessarily comparable with those used in other programmatic settings in which MDR-TB 
commonly occurs (e.g. countries in Southeast Asia). The decision as to whether to downgrade 
for indirectness is a difficult one. Given that the study was conducted in three countries, the 
intervention and outcomes are more likely to reflect practice in a range of other settings. Hence, 
we have chosen not to downgrade the certainty due to indirectness

e. The small number of individuals included in both the intervention group (n=43) results in a very 
serious risk of imprecision. Therefore, the certainty has been downgraded by two levels.

Beyond the ‘Evidence Table’ note: 
a. No individuals reported to have acquired drug resistance, however this was likely under-reported 

in the South African 2017 cohort (WHO short).
b. Beyond the outcomes captured directly as research evidence in the presented statistical analyses, 

the WHO ‘Target Regimen Profile for rifampicin-resistant tuberculosis’ (WHO, 2016) identified 
certain regimen characteristics as having desirable anticipated effects. These include a shorter 
treatment duration, reduced pill burden and number of component drugs and manageable DDIs. 

Decrease in the treatment duration is therefore an important desirable effect. 
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Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large 
● Moderate 
○ Small 
○ Trivial 
○ Varies 
○ Don’t know

The BPaL 600–26 arm of the ZeNix trial, where linezolid 600 mg daily was used for 26 weeks, and 
population included patients with MDR/RR-TB with or without quinolone resistance was compared 
to cohort of MDR/RR-TB patients (without quinolone resistance) treated in South Africa with WHO 
recommended 9-month regimen with ethionamide for 4 months. 
Participants with MDR/RR-TB (with or without quinolone resistance) receiving the BPaL 600–26 
regimen (n=43) compared to participants with MDR/RR-TB (without quinolone resistance) receiving 
the 9-month regimen with ethionamide (n=785) experienced higher levels of treatment success 
(100% vs 69%), i.e. a 45% relative increase (RR=1.45, 95%CI 1.32 to 1.53); lower levels of failure and 
recurrence (0% vs 1.3%), i.e. a 1% absolute reduction (RD= – 0.01, 95%CI – 0.02 to 0.07 ), lower 
levels of death (0% vs 19%), i.e. a 19% absolute reduction (RD= – 0.19, 95%CI – 0.22 to – 0.1 ); 
lower levels of loss to follow-up (0% vs 11%), i.e. a 11% absolute reduction (RD= – 0.11, 95%CI – 
0.14 to – 0.03). Grade 3 to 5 adverse events were noted in 12% of participants receiving the BPaL 
600–26 but no comparison could be done as no data was available for participants receiving the 
9-month regimen with ethionamide. Amplified resistance could not be compared due to zero 
numerator in both groups. 
The evidence is very uncertain about the effect of BPaL 600–26 regimen on all outcomes.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of the 
evidence 
(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* 
(95% CI)

Risk with 
WHO_short

Risk difference 
with BPaL

Adverse events 43 
(2 observational 

studies)

 
Very lowa,b,c

not 
estimable

Study population

Amplification of 
drug resistance

828 
(2 observational 

studies)

 
Very lowa,c,d,e,f

Not 
estimable

Study population

The panel noted that the adverse event reporting was 
performed differently and could not properly compared 
as no data was available for participants receiving the 
9-month regimen with ethionamide. The GDG panel 
assumed that 14% was the worst-case scenario for the 
difference in undesirable effects (based on AE reporting). 
Considering the totality of observed effects of BPaL 
600–26 on these outcomes, the GDG panel judged that 
this regimen may have moderate undesirable effects 
and noted the very low certainty of the evidence.
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a. The ZENIX study (intervention arm) was a clinical trial conducted in the Russian Federation, 
Republic of Moldova and South Africa. The procedures within the trial in these settings are 
not necessarily comparable with those used in other programmatic settings in which MDR-TB 
commonly occurs. The decision as to whether to downgrade for indirectness is a difficult one. 
Given that the study was conducted in three countries, the intervention and outcomes are more 
likely to reflect practice in a range of other settings. Given the imporant difference between a trial 
and programmatic setting, we have downgraded for indirectness.

b. Adverse events not available in the SA2017 cohort
c. The small number of individuals included in both the intervention group (n=43) results in a very 

serious risk of imprecision. Therefore, the certainty has been downgraded by two levels.
d. Lack of allocation concealment in the intervention arm. In the ZENIX study, participants, trial 

investigators and staff (including laboratory staff ) were blinded to the dose and scheduled 
duration of linezolid. Participants were unblinded to the use of bedaquiline and pretomanid. 
However, this comparison is between one arm of ZENIX and the WHO short (SA 2017) cohort – 
a non-randomised comparison. Therefore, we have not downgraded due to the partial blinding 
of ZENIX.

e. Confounding bias. Baseline imbalances were observed in the gender, HIV status, prior TB history, 
smear status, culture status and fluoroquinolone-resistance status between the two groups. In all 
comparisons we were unable to adjust for measured confounding as the small number of events 
in the intervention group did not allow this (<5 individuals with a positive or negative outcome). 
Confounding bias is due to measured confounding therefore serious. The substantial imbalance 
in measured covariates suggests unmeasured confounding is also likely.

f. Potential misclassification bias: As the SA 2017 cohort data were collected under programmatic 
conditions, there is considerable potential to underestimate relapse, as details pertaining to 
the follow-up period is often missing. Misclassification of death during the follow-up period is 
also possible, although deaths reported in the South African death registry were linked to the 
participant follow-up data (using a national identification number).

Pretomanid safety
a. Rodent Toxicology Studies –evidence of direct testicular toxicity
b. Monkey Toxicology Studies –no evidence for direct testicular toxicity; abnormal sperm findings 

considered to be secondary to declining physical condition
c. Hormone Data from Clinical Studies –no changes in FSH, LH, Inhibin B consistent with testicular 

toxicity
d. Paternity Survey –44 children fathered by 38 men (12%) who participated in pretomanid studies 

of 4–6 months treatment duration
e. Semen Study –ongoing study measuring semen in men undergoing pretomanid treatment 
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Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

Adjustment for baseline covariates was not possible for any of the outcomes owing to the small 
number of events in one or more groups. 
Certainty was rated *very low* for all outcomes. Risk of bias was very serious, with confounding bias 
evident in the imbalance between baseline covariates between groups (adjustment not possible). 
Downgraded two levels for risk of bias. Indirectness was not serious. Imprecision was very serious, 
with small numbers in the intervention group (n=43), leading to a downgrading by two levels. The 
overall certainty is generally based on the lowest certainty for the agreed critical outcomes. 

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of the 
evidence 
(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* 
(95% CI)

Risk with 
WHO_short

Risk difference 
with BPaL

Treatment success 828 
(2 observational 

studies)

 
Very lowa,b,c,d,e

RR 1.45 
(1.38 to 

1.52)

Study population
688 per 1 000 310 more per 

1 000 
(261 more to 

358 more)
Failure and 
recurrence

828 
(2 observational 

studies)

 
Very lowa,b,c,d,e

RD -0.01 
(-0.02 to 

0.07)

Study population
13 per 1 000 13 fewer per 

1 000 
(20 fewer to 70 

fewer)
Death 828 

(2 observational 
studies)

 
Very lowa,b,c,d,e

RD -0.19 
(-0.22 to 

-0.10)

Study population
187 per 1 000 190 fewer per 

1 000 
(220 fewer to 

100 fewer)
Lost to follow up 828 

(2 observational 
studies)

 
Very lowa,b,c,d,e

RD -0.11 
(-0.14 to 

-0.03)

Study population
112 per 1 000 110 fewer per 

1 000 
(140 fewer to 30 

fewer)
Adverse events 43 

(2 observational 
studies)

 
Very lowd,e,f

not 
estimable

Study population
0 per 1 000 0 fewer per 

1 000 
(0 fewer to 0 

fewer)
Amplification of 
drug resistance

828 
(2 observational 

studies)

 
Very lowa,b,c,d,e

RD 0.00

(-0.01 to 
0.08)

Study population
0 per 1 000 0 fewer per 

1 000 
(10 fewer to 80 

more)

The GDG panel noted that it was an indirect comparison 
of patients treated within a clinical trial to data 
from patients treated under routine programmatic 
conditions so selection criteria, support during treatment 
and other interventions are likely to differ. For example, 
treatment outcomes are typically better under trial 
conditions while AEs are typically underreported under 
programmatic conditions.
The GDG acknowledged that the indirect comparisons and 
propensity score adjustment leads to very low certainty 
judgement, making it difficult to draw conclusions with full 
confidence.
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a. Lack of allocation concealment in the intervention arm. In the ZENIX study, participants, trial 
investigators and staff (including laboratory staff ) were blinded to the dose and scheduled 
duration of linezolid. Participants were unblinded to the use of bedaquiline and pretomanid. 
However, this comparison is between one arm of ZENIX and the WHO short (SA 2017) cohort – 
a non-randomized comparison. Therefore, we have not downgraded due to the partial blinding 
of ZENIX.

b. Confounding bias. Baseline imbalances were observed in the gender, HIV status, prior TB history, 
smear status, culture status and fluoroquinolone-resistance status between the two groups. In all 
comparisons we were unable to adjust for measured confounding as the small number of events 
in the intervention group did not allow this (<5 individuals with a positive or negative outcome). 
Confounding bias is due to measured confounding therefore serious. The substantial imbalance 
in measured covariates suggests unmeasured confounding is also likely.

c. Potential misclassification bias: As the SA 2017 cohort data were collected under programmatic 
conditions, there is considerable potential to underestimate relapse, as details pertaining to 
the follow-up period is often missing. Misclassification of death during the follow-up period is 
also possible, although deaths reported in the South African death registry were linked to the 
participant follow-up data (using a national identification number).

d. The ZENIX study (intervention arm) was a clinical trial conducted in the Russian Federation, 
Republic of Moldova and South Africa. The procedures within the trial in these settings are 
not necessarily comparable with those used in other programmatic settings in which MDR-TB 
commonly occurs (e.g. countries in Southeast Asia). The decision as to whether to downgrade 
for indirectness is a difficult one. Given that the study was conducted in three countries, the 
intervention and outcomes are more likely to reflect practice in a range of other settings. Hence, 
we have chosen not to downgrade the certainty due to indirectness

e. The small number of individuals included in both the intervention group (n=43) results in a very 
serious risk of imprecision. Therefore, the certainty has been downgraded by two levels.

f. Adverse events not available in the SA2017 cohort

Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Important 
uncertainty or 
variability 
○ Possibly important 
uncertainty or 
variability 
● Probably no 
important uncertainty 
or variability 
○ No important 
uncertainty or 
variability

No research evidence searched for. 
Higher treatment efficacy, shorter duration of treatment, lower pill burden and less adverse events 
are usually valued by patients. 

The panel judged that there was probably no important 
uncertainty or variability in how much people value the 
main outcomes. 
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Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
● Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ Don’t know

 The GDG judged the benefits of BPaL with Lzd 600–26 
to be large and the undesirable effects to be moderate 
compared to WHO recommended 9-month regimen with 
ethionamide. The certainty of evidence was judged to be 
very low. Based on this, the panel determined that the 
balance of health effects probably favors BPaL with Lzd 
600–26. 

Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large costs 
○ Moderate costs 
○ Negligible costs 
and savings 
● Moderate savings 
○ Large savings 
○ Varies 
○ Don’t know

Sedona Sweeney’s presentation on cost & CEA of PRACTECAL regimens from pre-GDG webinar
• From the data presented, the total cost (drugs + delivery) of BPaL appear to be between 

4%-18% lower than for WHO_short when looking at comparative estimates within country. 
However, the data presented was considered indirect. 

• In most settings, BPaL is cost-saving; these cost savings are mostly due to reduced time in care 
and therefore reductions in numbers of outpatient visits, inpatient bed-days, and lab tests 

• The study presented by Sweeney is not addressing the PICO of interest directly as it is based on 
a mixed RR/MDR/pre-XDR population (and thus mixed comparator) and on BPaL 600–300 for 
24 weeks, instead of BPaL 600–26

• The panel reviewed available data presented by the 
TB-PRACTECAL team from trial embedded study on cost 
effectiveness presented during one of the preparatory 
pre-GDG webinars by Sedona Sweeney and colleagues. 
The panel suggested that the resources required would 
be expected to be lower when using BPaL regimen, 
i.e. leading to be moderate savings when compared to 
use of 9-month regimen with ethionamide. (day 8 49’)
Regimen cost at GDF prices: ~688 $ BPaL (600–26), 
~535$ short WHO regimen

• Comparative costing analyses from Mulder and Gomez 
papers not applicable here since they are comparing to 
WHO_long (and, less importantly, are based on Lzd dose 
of 1 200)
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Lifetime costs

Results by country: conservative approach

Country and regimen
Total costs per 

person Total DALYs
Incremental Costs 

per person
Philippines 
SOC long $2,127 6.2 
SOC short $1,286 5.1 -$841
BPaL $1,050 5.1 -$236
BPaLC $1,146 5.0 $96 
BPaLM $1,099 4.4 -$47
South Africa 
SOC long $6,896 6.9 
SOC short $4,120 6.3 -$2,776
BPaL $3,554 6.3 -$566
BPaLC $3,687 6.2 $132 
BPaLM $3,739 5.7 $52 
India 
SOC long $1,531 6.8 
SOC short $923 6.1 -$608
BPaL $838 6.1 -$84
BPaLC $923 6.0 $85 
BPaLM $872 5.5 -$51
Georgia 
SOC long $4,499 4.7 
SOC short $3,290 4.1 -$1,209
BPaL $3,164 4.1 -$125
BPaLC $3,264 4.0 $100 
BPaLM $3,246 3.3 -$19
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Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

The panel reviewed available data presented by the TB-PRACTECAL team from trial embedded 
study on cost effectiveness presented during one of the preparatory pre-GDG webinars by Sedona 
Sweeney and colleagues.

The panel judged the certainty of evidence of required 
resources to be very low since the study presented by 
Sweeney is not addressing the PICO of interest directly 
as it is based on a mixed RR/MDR/pre-XDR population 
(and thus mixed comparator) and on BPaL 600–300 for 
24 weeks, instead of BPaL 600–26

Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
● No included studies

The panel reviewed available data presented by the TB-PRACTECAL team from trial embedded 
study on cost effectiveness presented during one of the preparatory pre-GDG webinars by Sedona 
Sweeney and colleagues. However, the evidence was considered indirect and not possible to use 
for the judgement on cost-effectiveness. 
• From the data presented: “strong evidence that BPaL would be cost-effective” in the setting 

studied (costs reduced and DALYs averted)
• The study presented by Sweeney is not addressing the PICO of interest directly as it is based on 

a mixed RR/MDR/pre-XDR population (and thus mixed comparator) and on BPaL 600–300 for 
24 weeks, instead of BPaL 600–26

• Estimates of effectiveness (from which DALYs averted were derived) are different from those 
presented in the evidence profile for this PICO (CEA assumes smaller benefits of BPaL over 
comparator and thus estimates for DALYs averted would be conservative vis a vis data from the 
evidence profile)

Comparative costing analyses from Gomez papers not 
applicable here since they are comparing to long WHO 
regimen (+ are based on Lzd dose of 1 200 and efficacy 
estimates from Nix study)
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Results by country: exploratory analysis

Country and regimen
Total costs 
per person Total DALYs

Incremental 
Costs Per 

Person

Incremental 
DALYs Averted 

Per Person

Incremental 
costs per DALY 

averted
Philippines 

SOC $2,385 2.9 
BPaLC $1,290 2.1 -$1,094 0.9 Dominant 
BPaL $1,239 1.8 -$51 0.3 Dominant 
BPaLM $1,202 1.6 -$36 0.2 Dominant 

South_Africa 
SOC $7,615 3.9 
BPaLC $4,526 3.1 -$3,089 0.7 Dominant 
BPaL $4,580 2.9 $54 0.3 £185.99
BPaLM $4,490 2.7 -$90 0.1 Dominant 

India 
SOC $1,661 2.9 
BPaLC $1,054 2.0 -$607 0.9 Dominant 
BPaL $1,000 1.7 -$54 0.3 Dominant 
BPaLM $976 1.6 -$24 0.2 Dominant 

Georgia 
SOC $4,602 2.9 
BPaLC $3,348 2.0 -$1,254 0.9 Dominant 
BPaL $3,293 1.7 -$55 0.3 Dominant 
BPaLM $3,262 1.5 -$31 0.2 Dominant 

Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Reduced 
○ Probably reduced 
○ Probably no impact 
● Probably increased 
○ Increased 
○ Varies 
○ Don’t know

No research evidence searched for. The intervention is a shorter regimen vs comparator and 
differences in ability to decentralize (to enable access 
for remote, underserviced settings and disadvantaged 
populations. 
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Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

No research evidence searched for. 
 
Beverly Stringer’s presentation on PROs from pre-GDG webinar (qualitative study) on the 
patient perspective: Positive impact of shorter treatment on employment status welcomed 

Analyses from van de Berg paper are not applicable here 
since in their study they asked about acceptability of using 
BPaL for pre-XDR patients and when compared to the long 
WHO regimen. 
The panel considered patients and health care providers 
as key stakeholders. The panel considered the following 
aspects as critical with regards to acceptability: regimen 
duration and drug safety monitoring needs (both relating 
to necessary travel, loss of income and general disruption 
of the life of patients; workload for the health care system), 
needs for drug susceptibility testing. The panel judged that 
the BPaL regimen would probably be acceptable.

Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

No research evidence searched for. Analyses from van de Berg paper not applicable here since 
in their study they asked about feasibility of introducing 
BPaL for pre-XDR patients and when compared to the long 
WHO regimen.
The panel considered the following aspects to affect 
feasibility (i.e. to be potential barriers to implementation): 
requirements for drug safety monitoring and requirements 
for drug susceptibility testing. 
The panel noted limited availability of drugs in the 
BPaL regimen for use in DST as a potential barriers to 
implementation and also noted that data on the critical 
concentration of Pretomanid for use in DST is limited. 
However, given the reduced duration, complexity and 
associated workload, the panel judged that implementation 
is probably feasible.
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Summary of judgements

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know
DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know
UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know
CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies
VALUES Important 

uncertainty or 
variability

Possibly important 
uncertainty or 

variability

Probably no 
important 

uncertainty or 
variability

No important 
uncertainty or 

variability

BALANCE OF EFFECTS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and 
savings

Moderate savings Large savings Varies Don’t know

CERTAINTY OF EVIDENCE 
OF REQUIRED RESOURCES

Very low Low Moderate High No included studies

COST EFFECTIVENESS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies No included 
studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know
ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know
FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

Type of recommendation
Strong recommendation against 

the intervention
○ 

Conditional recommendation 
against the intervention

○ 

Conditional recommendation 
for either the intervention or the 

comparison
○ 

Conditional recommendation for 
the intervention

● 

Strong recommendation for the 
intervention

○ 
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Conclusions

Recommendation
The use of the 6-month treatment regimen, composed of bedaquiline, pretomanid and linezolid (BPaL), rather than 9-month regimen (with ethionamide) is suggested in patients with 
MDR/RR-TB and without resistance to fluoroquinolones, who have either had no previous exposure to bedaquiline and linezolid or have been exposed for less than 1 month.

Justification
This section is provided under the summary PICO that this sub-PICO has contributed to

Subgroup considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Implementation considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Monitoring and evaluation
This section is provided under the summary PICO that this sub-PICO has contributed to

Research priorities
This section is provided under the summary PICO that this sub-PICO has contributed to
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Sub-PICO 5.2
Question
Should BPaL vs. WHO_long be used for pulmonary MDR/RR-TB?
POPULATION: pulmonary MDR/RR-TB (FQ-r and FQ-s in the intervention group, FQ-s in the comparator)
INTERVENTION: BPaL
COMPARISON: Longer regimens for MDR/RR-TB constructed in line with 2020 WHO guidelines (also referred to as “longer regimens for MDR/RR-TB” or “WHO_long”)
MAIN OUTCOMES: Treatment success; Failure and recurrence; Death; Lost to follow up; Adverse events; Amplification of drug resistance;
SETTING: Global inpatient and outpatient treatment settings
PERSPECTIVE: Public health and health systems perspective
BACKGROUND: Multidrug-resistant (MDR-) and rifampicin-resistant tuberculosis (MDR-/RR-TB) has emerged as a major problem due to poor management of drug-susceptible 

and transmission of drug-resistant TB. MDR-/RR-TB is treatable but requires different treatment regimen combinations that are sometimes longer and including 
medicines with that are potentially more toxic. The interest in reducing the duration of treatment for MDR/RR-TB motivates a continuous search for shorter 
and safer regimens. In 2016, on the basis of data from observational studies of the shorter regimens in different Asian and African countries, WHO for the first 
time recommended a standardized 9-month regimen, containing an injectable agent providing shorter than the extant 18–20 months standard of care for the 
eligible patients. In 2018, following the results of the Standard Treatment Regimen of Anti-tuberculosis Drugs for Patients with MDR-TB (STREAM) Stage 1 trial, 
further modifications were made to the earlier recommended shorter regimen, also replacing kanamycin by amikacin (based on evidence from the comparative 
effectiveness of these two injectable agents). Evidence of permanent effects attributed to the toxicity of injectable agents, have prompted further advances in the 
development of new treatments such as shorter injectable-sparing regimens. In particular, South African Department of Health shared with WHO the observational 
data on an all-oral bedaquiline-containing shorter regimen of 9 months duration. The all-oral 9-month bedaquiline containing regimen was reviewed and 
recommended by WHO since 2019 with the following combination of medicines (4–6 Bdq[6]-Lfx[Mfx]-Eto-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E). In 2022, new evidence 
from programmatic implementation in South Africa was made available to WHO where this regimen was modified to include 2 months of Linezolid (Lzd, 600mg) 
instead of 4 months of Ethionamide (Eto). 
The pressing need for more effective treatment regimens for patients with extensive drug resistance, including fluoroquinolone resistance and more extensive 
drug-resistance profiles, has been the driver for a number of studies and initiatives to test more effective and novel treatment regimens, including newer 
and repurposed medicines. One of the first studies was the Nix-TB study, conducted by TB Alliance. The Nix-TB study was a one-arm, Phase III, open-label 
observational cohort study that assessed the safety, efficacy, tolerability and pharmacokinetic properties of a 6-month BPaL treatment regimen, extendable to 
9 months for those who missed doses, or who remained culture positive or reverted from culture negative to positive between months 4 and 6 of treatment 
(19). The study was conducted between 2014 and 2019 at three study sites, all in South Africa, with the first patient enrolled in April 2015. The Nix-TB study has 
contributed evidence to WHO that was reviewed by the GDG in November 2019 and gave rise to the previous recommendation for the use of BPaL regimen in 
pre-XDR-TB patients, under operational research conditions. Two randomized controlled trials have concluded in 2021 (TB-PRACTECAL and ZeNix) providing new 
evidence and prompting assessment by WHO in order to develop new or updated recommendations on MDR/RR-TB treatment.

CONFLICT OF 
INTERESTS:

The following panel members were recused from voting on the recommendation according to WHO policy due to potential conflicts-of-interest: Padma 
Chandrasekaran, Guy Marks and Andrew Nunn
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Assessment

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

The COVID-19 pandemic has reversed years of progress in providing essential TB services and 
reducing TB disease burden. The most obvious impact is a large global drop in the number of 
people newly diagnosed with TB and reported. This fell from 7.1 million in 2019 to 5.8 million in 
2020, an 18% decline back to the level of 2012 and far short of the approximately 10 million people 
who developed TB in 2020. 
Reduced access to TB diagnosis and treatment has resulted in an increase in TB deaths. Best 
estimates for 2020 are 1.3 million TB deaths among HIV-negative people (up from 1.2 million in 
2019) and an additional 214 000 among HIV-positive people (up from 209 000 in 2019), with the 
combined total back to the level of 2017. 
Other impacts include reductions between 2019 and 2020 in the number of people provided with 
treatment for drug-resistant TB (-15%, from 177 100 to 150 359, about 1 in 3 of those in need). 
Globally in 2020, 71% (2.1/3.0 million) of people diagnosed with bacteriologically confirmed 
pulmonary TB were tested for rifampicin resistance, up from 61% (2.2/3.6 million) in 2019 and 
50% (1.7/3.4 million) in 2018. Among these, 132 222 cases of MDR/RR-TB and 25 681 cases of 
pre-XDR-TB or XDR-TB were detected, for a combined total of 157 903. This was a large fall (of 
22%) from the total of 201 997 people detected with drug-resistant TB in 2019, consistent with 
similarly large reductions in the total number of people newly diagnosed with TB (18%) and the 
total number of people diagnosed with bacteriologically confirmed pulmonary TB (17%) observed 
between 2019 and 2020. Worldwide, 150 359 people with MDR/RR-TB were enrolled on treatment 
in 2020, down 15% from the total of 177 100 in 2019. This level of enrolment was equivalent to 
about one in three of the people who develop MDR/RR-TB each year. 
More positively, there have been improvements in treatment success rates. Globally in 2018 (the 
latest patient cohort for which data are available), the treatment success rate for MDR/RR-TB was 
59%, reflecting steady improvements in recent years from 50% in 2012.
(Global TB Report 2021)

Drug-resistant TB is a global challenge and access to 
treatment often problematic, with regimens typically being 
long, toxic and expensive. 
More efficacious and shorter treatment regimens for DR-TB 
are necessary to optimize and improve treatment outcomes 
while minimizing adverse events and preventing acquisition 
of additional drug resistance. 
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Trivial 
○ Small 
○ Moderate 
● Large 
○ Varies 
○ Don’t know

The BPaL 600–26 arm of the ZeNix trial, where linezolid 600 mg daily was used for 26 weeks, and 
population included patients with MDR/RR-TB with or without quinolone resistance was compared 
to cohort of MDR/RR-TB patients (without quinolone resistance) from 2021 IPD, treated with longer 
regimens for MDR/RR-TB constructed in line with 2020 WHO guidelines. 
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaL 600–26 regimen 
(n=43) compared to participants with MDR/RR-TB (without quinolone resistance) receiving WHO 
recommended longer regimens (n=850) experienced higher levels of treatment success (100% 
vs 74%), i.e. a 32% relative increase (RR=1.32, 95%CI 1.19 to 1.39 ); lower levels of failure and 
recurrence (2% vs 3%), i.e. a 29% relative reduction (RR=0.71, 95%CI 0.12 to 3.8); lower levels of 
death (0% vs 11%), i.e. 11% absolute reduction (RD= –0.11, 95%CI –0.13 to –0.03 ); lower levels 
of loss to follow-up (0% vs 12%), i.e. 12% absolute reduction (RD= –0.12, 95%CI –0.14 to –0.04 ); 
higher levels of grade 3 to 5 adverse events (14% vs 5%), i.e. a 4 fold relative increase (aRR=3.99, 
95%CI 1.67 to 9.57); and lower levels of amplified resistance (0% vs 2%), i.e. 2% absolute decrease 
(RD= –0.02, 95%CI –0.04 to 0.06). 
The evidence is very uncertain about the effect of BPaL 600–26 regimen on all outcomes.

Treatment duration reduced by 12–18 months, i.e. to 1/3 
to 1/2 of duration of comparator regimen (6–9 months vs 
18–24 months).
 

Pill burden: significant decrease 5–6 times (on average 
from 3’400 to 530).
Considering this research evidence and the additional 
considerations, the GDG panel judged that BPaL 600–
26 regimen may have large desirable effects and noted 
the very low certainty of the evidence. 
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Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute 
effects* (95% CI)

Risk with 
WHO_long

Risk 
difference 
with BPaL

Treatment success 893 
(15 

observational 
studies)

 
Very lowa,b,c,d,e,f

RR 1.32 
(1.19 to 

1.39)

Study population
739 per 1 000 236 more per 

1 000 
(140 more to 

288 more)
Failure and 
recurrence

893 
(15 

observational 
studies)

 
Very lowa,b,c,d,e,f

RR 0.71 
(0.12 to 

3.80)

Study population
33 per 1 000 10 fewer per 

1 000 
(29 fewer to 

92 more)
Death 893 

(15 
observational 

studies)

 
Very lowa,b,c,d,e,f

RD -0.11 
(-0.13 to 

-0.03)

Study population
111 per 1 000 110 fewer 

per 1 000 
(130 fewer to 

30 fewer)
Lost to follow up 893 

(15 
observational 

studies)

 
Very lowa,b,c,d,e,f

RD -0.12 
(-0.14 to 

-0.04)

Study population
118 per 1 000 120 fewer 

per 1 000 
(140 fewer to 

40 fewer)
Amplification of 
drug resistance

893 
(15 

observational 
studies)

 
Very lowa,b,c,d,e,f

RD -0.02 
(-0.04 to 

0.06)

Study population
24 per 1 000 20 fewer per 

1 000 
(40 fewer to 

60 more)
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a. Lack of allocation concealment in the intervention arm. In the ZENIX study, participants, trial 
investigators and staff (including laboratory staff ) were blinded to the dose and scheduled 
duration of linezolid. Participants were unblinded to the use of bedaquiline and pretomanid. 
However, this comparison is between one arm of ZENIX and the WHO long (WHO IPD 2021) 
cohort – a non-randomised comparison. Therefore, we have not downgraded due to the partial 
blinding of ZENIX.

b. Confounding bias. Baseline imbalances were observed in the gender, HIV status, prior TB history, 
past DR-TB treatment status, smear status, culture status and fluoroquinolone-resistance status 
between the two groups (although by including FQ-R TB it is likely to result in worse outcomes 
for the intervention group due to unmeasured confounding factors linked to FQ-R). We were 
able to adjust for the aforementioned measured confounders for the outcomes of success, 
failure/recurrence, loss to follow-up and grade 3 and above adverse events. However, the small 
number of events precluded adjustment for these factors for death or amplified resistance. The 
substantial imbalance in measured covariates suggests unmeasured confounding is also likely.

c. Potential misclassification bias: As the WHO IPD 2021 (WHO long) cohort data were collected 
under programmatic conditions, there is considerable potential to underestimate recurrence, 
as details pertaining to the follow-up period were often missing. Misclassification of death 
during the follow-up period was also possible, with no linked death registry data available in the 
comparator cohort.

d. Considerable variability was observed in the effect estimates between cohorts in the comparator 
group. The overall effect in the comparator is strongly influenced by a small number of larger 
cohorts, which have varying effect estimates.

e. The ZENIX study was a clinical trial conducted in the Russian Federation, Republic of Moldova 
and South Africa. The procedures within the trial in these settings are not necessarily comparable 
with those used in other programmatic settings in which MDR-TB commonly occurs (e.g. 
countries in Southeast Asia). The decision as to whether to downgrade for indirectness is a 
difficult one. Given that the study was conducted in three countries, the intervention and 
outcomes are more likely to reflect practice in a range of other settings. There was serious 
indirectness because the intervention was in a clinical trial, while the comparator was a 
programmatic dataset. Therefore, we have downgraded for indirectness.

f. The small number of individuals included in both the intervention group (n=43) results in a very 
serious risk of imprecision. Therefore, the certainty has been downgraded by two levels.

 
Beyond the ‘Evidence Table’ note: 
Beyond the outcomes captured directly as research evidence in the presented statistical analyses, 
the WHO ‘Target Regimen Profile for rifampicin-resistant tuberculosis’ (WHO, 2016) identified 
certain regimen characteristics as as having desirable anticipated effects. These include a shorter 
treatment duration, reduced pill burden and number of component drugs and manageable DDIs 
Decrease in the treatment duration is therefore an important desirable effect. 
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Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large 
● Moderate 
○ Small 
○ Trivial 
○ Varies 
○ Don’t know

The BPaL 600–26 arm of the ZeNix trial, where linezolid 600 mg daily was used for 26 weeks, and 
population included patients with MDR/RR-TB with or without quinolone resistance was compared 
to cohort of MDR/RR-TB patients (without quinolone resistance) from 2021 IPD, treated with longer 
regimens for MDR/RR-TB constructed in line with 2020 WHO guidelines. 
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaL 600–26 regimen 
(n=43) compared to participants with MDR/RR-TB (without quinolone resistance) receiving WHO 
recommended longer regimens (n=850) experienced higher levels of treatment success (100% 
vs 74%), i.e. a 32% relative increase (RR=1.32, 95%CI 1.19 to 1.39 ); lower levels of failure and 
recurrence (2% vs 3%), i.e. a 29% relative reduction (RR=0.71, 95%CI 0.12 to 3.8); lower levels of 
death (0% vs 11%), i.e. 11% absolute reduction (RD= –0.11, 95%CI –0.13 to –0.03 ); lower levels 
of loss to follow-up (0% vs 12%), i.e. 12% absolute reduction (RD= –0.12, 95%CI –0.14 to –0.04 ); 
higher levels of grade 3 to 5 adverse events (14% vs 5%), i.e. a 4 fold relative increase (aRR=3.99, 
95%CI 1.67 to 9.57); and lower levels of amplified resistance (0% vs 2%), i.e. 2% absolute decrease 
(RD= –0.02, 95%CI –0.04 to 0.06). 
The evidence is very uncertain about the effect of BPaL 600–26 regimen on all outcomes.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of the 
evidence 
(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* 
(95% CI)

Risk with 
WHO_long

Risk difference 
with BPaL

Adverse 
events

893 
(15 observational 

studies)

 
Very lowa,b,c,d,e,f

RR 3.99 
(1.67 to 

9.57)

Study population
47 per 1 000 141 more per 

1 000 
(32 more to 403 

more)

Considering the totality of observed effects of BPaL 
600–26 on these outcomes, the GDG panel judged that 
this regimen may have moderate undesirable effects 
and noted the very low certainty of the evidence.



W
H

O
 consolidated guidelines on tuberculosis. M

odule 4: treatm
ent – 

drug-resistant tuberculosis treatm
ent, 2022 update. W

eb Annexes

W
eb Annex 4. G

RAD
E evidence-to-decision tables

203

202

a. Lack of allocation concealment in the intervention arm. In the ZENIX study, participants, trial 
investigators and staff (including laboratory staff ) were blinded to the dose and scheduled 
duration of linezolid. Participants were unblinded to the use of bedaquiline and pretomanid. 
However, this comparison is between one arm of ZENIX and the WHO long (WHO IPD 2021) 
cohort – a non-randomised comparison. Therefore, we have not downgraded due to the partial 
blinding of ZENIX.

b. Confounding bias. Baseline imbalances were observed in the gender, HIV status, prior TB history, 
past DR-TB treatment status, smear status, culture status and fluoroquinolone-resistance status 
between the two groups (although by including FQ-R TB it is likely to result in worse outcomes 
for the intervention group due to unmeasured confounding factors linked to FQ-R). We were 
able to adjust for the aforementioned measured confounders for the outcomes of success, 
failure/recurrence, loss to follow-up and grade 3 and above adverse events. However, the small 
number of events precluded adjustment for these factors for death or amplified resistance. The 
substantial imbalance in measured covariates suggests unmeasured confounding is also likely.

c. Potential misclassification bias: As the WHO IPD 2021 (WHO long) cohort data were collected 
under programmatic conditions, there is considerable potential to underestimate recurrence, 
as details pertaining to the follow-up period were often missing. Misclassification of death 
during the follow-up period was also possible, with no linked death registry data available in the 
comparator cohort.

d. Considerable variability was observed in the effect estimates between cohorts in the comparator 
group. The overall effect in the comparator is strongly influenced by a small number of larger 
cohorts, which have varying effect estimates.

e. The ZENIX study was a clinical trial conducted in the Russian Federation, Republic of Moldova 
and South Africa. The procedures within the trial in these settings are not necessarily comparable 
with those used in other programmatic settings in which MDR-TB commonly occurs (e.g. 
countries in Southeast Asia). The decision as to whether to downgrade for indirectness is a 
difficult one. Given that the study was conducted in three countries, the intervention and 
outcomes are more likely to reflect practice in a range of other settings. There was serious 
indirectness because the intervention was in a clinical trial, while the comparator was a 
programmatic dataset. Therefore, we have downgraded for indirectness.

f. The small number of individuals included in both the intervention group (n=43) results in a very 
serious risk of imprecision. Therefore, the certainty has been downgraded by two levels.

 
Pretomanid safety
Rodent Toxicology Studies –evidence of direct testicular toxicity
Monkey Toxicology Studies –no evidence for direct testicular toxicity; abnormal sperm findings 
considered to be secondary to declining physical condition
Hormone Data from Clinical Studies –no changes in FSH, LH, Inhibin B consistent with testicular 
toxicity
Paternity Survey –44 children fathered by 38 men (12%) who participated in pretomanid studies of 
4–6 months treatment duration
Semen Study –ongoing study measuring semen in men undergoing pretomanid treatment 
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Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

Adjustment for baseline covariates was not possible for any of the outcomes, except adverse 
events, owing to the small number of events occurring in one or more groups. Certainty was rated 
*very low* for all outcomes. Risk of bias was very serious, with confounding bias evident in the 
imbalance between baseline covariates between groups (adjustment not possible). Downgraded 
two levels for risk of bias. Indirectness was not serious. Inconsistency was serious, with variation 
in the outcomes between the WHO IPD 2021 cohorts. Imprecision was very serious, with small 
numbers in the intervention group (n=43), leading to a downgrading by two levels. 

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute 
effects* (95% CI)

Risk with 
WHO_long

Risk 
difference 
with BPaL

Treatment success 893 
(15 

observational 
studies)

 
Very lowa,b,c,d,e,f

RR 1.32 
(1.19 to 

1.39)

Study population
739 per 1 000 236 more per 

1 000 
(140 more to 

288 more)
Failure and 
recurrence

893 
(15 

observational 
studies)

 
Very lowa,b,c,d,e,f

RR 0.71 
(0.12 to 

3.80)

Study population
33 per 1 000 10 fewer per 

1 000 
(29 fewer to 

92 more)
Death 893 

(15 
observational 

studies)

 
Very lowa,b,c,d,e,f

RD -0.11 
(-0.13 to 

-0.03)

Study population
111 per 1 000 110 fewer 

per 1 000 
(130 fewer to 

30 fewer)
Lost to follow up 893 

(15 
observational 

studies)

 
Very lowa,b,c,d,e,f

RD -0.12 
(-0.14 to 

-0.04)

Study population
118 per 1 000 120 fewer 

per 1 000 
(140 fewer to 

40 fewer)
Adverse events 893 

(15 
observational 

studies)

 
Very lowa,b,c,d,e,f

RR 3.99 
(1.67 to 

9.57)

Study population
47 per 1 000 141 more per 

1 000 
(32 more to 
403 more)

Amplification of 
drug resistance

893 
(15 

observational 
studies)

 
Very lowa,b,c,d,e,f

RD -0.02 
(-0.04 to 

0.06)

Study population
24 per 1 000 20 fewer per 

1 000 
(40 fewer to 

60 more)

Important to highlight (as noted in the CoE assessment) 
that we are comparing data from patients treated 
within a clinical trial to data from patients treated 
under routine programmatic conditions so selection 
criteria, support during treatment etc. are likely to differ. 
E.g. treatment outcomes are typically better under trial 
conditions while AEs are typically underreported under 
programmatic conditions. 
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a. Lack of allocation concealment in the intervention arm. In the ZENIX study, participants, trial 
investigators and staff (including laboratory staff ) were blinded to the dose and scheduled 
duration of linezolid. Participants were unblinded to the use of bedaquiline and pretomanid. 
However, this comparison is between one arm of ZENIX and the WHO long (WHO IPD 2021) 
cohort – a non-randomised comparison. Therefore, we have not downgraded due to the partial 
blinding of ZENIX.

b. Confounding bias. Baseline imbalances were observed in the gender, HIV status, prior TB history, 
past DR-TB treatment status, smear status, culture status and fluoroquinolone-resistance status 
between the two groups (although by including FQ-R TB it is likely to result in worse outcomes 
for the intervention group due to unmeasured confounding factors linked to FQ-R). We were 
able to adjust for the aforementioned measured confounders for the outcomes of success, 
failure/recurrence, loss to follow-up and grade 3 and above adverse events. However, the small 
number of events precluded adjustment for these factors for death or amplified resistance. The 
substantial imbalance in measured covariates suggests unmeasured confounding is also likely.

c. Potential misclassification bias: As the WHO IPD 2021 (WHO long) cohort data were collected 
under programmatic conditions, there is considerable potential to underestimate recurrence, 
as details pertaining to the follow-up period were often missing. Misclassification of death 
during the follow-up period was also possible, with no linked death registry data available in the 
comparator cohort.

d. Considerable variability was observed in the effect estimates between cohorts in the comparator 
group. The overall effect in the comparator is strongly influenced by a small number of larger 
cohorts, which have varying effect estimates.

e. The ZENIX study was a clinical trial conducted in the Russian Federation, Republic of Moldova 
and South Africa. The procedures within the trial in these settings are not necessarily comparable 
with those used in other programmatic settings in which MDR-TB commonly occurs (e.g. 
countries in Southeast Asia). The decision as to whether to downgrade for indirectness is a 
difficult one. Given that the study was conducted in three countries, the intervention and 
outcomes are more likely to reflect practice in a range of other settings. There was serious 
indirectness because the intervention was in a clinical trial, while the comparator was a 
programmatic dataset. Therefore, we have downgraded for indirectness.

f. The small number of individuals included in both the intervention group (n=43) results in a very 
serious risk of imprecision. Therefore, the certainty has been downgraded by two levels.
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Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Important 
uncertainty or 
variability 
○ Possibly important 
uncertainty or 
variability 
● Probably no 
important uncertainty 
or variability 
○ No important 
uncertainty or 
variability

No research evidence searched for. 
Higher treatment efficacy, shorter duration of treatment, lower pill burden and less adverse events 
are usually valued by patients. 

The panel judged that there was probably no important 
uncertainty or variability in how much people value the 
main outcomes. 

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
● Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ Don’t know

 Important to highlight (as noted in the CoE assessment) 
that we are comparing data from patients treated 
within a clinical trial to data from patients treated 
under routine programmatic conditions so selection 
criteria, support during treatment etc. are likely to differ. 
E.g. treatment outcomes are typically better under trial 
conditions while AEs are typically underreported under 
programmatic conditions. 
The GDG judged the benefits of BPaL with linezolid 600–
26 to be large and the undesirable effects to be moderate 
compared to WHO recommended longer regimens. The 
certainty of evidence was judged to be very low. Based on 
this, the panel determined that the balance of health effects 
probably favours BPaL with linezolid 600–26.
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Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large costs 
○ Moderate costs 
○ Negligible costs 
and savings 
○ Moderate savings 
● Large savings 
○ Varies 
○ Don’t know

Summary of findings from three publications on the cost of BPaL compared to WHO_long 
(further detail on each study below)
• From these three publications, the total cost (drugs+delivery) of WHO_long appear to be 

between ~1.5x to 6x higher than for BPaL when looking at comparative estimates within 
country 

• Note that studies are not 100% addressing the comparison of interest: Mulder and Gomez 
papers based on Lzd dose of 1 200 (so cost of Lzd in these publications is higher than 
intervention of interest here) and Sweeney is based on 600–300 for 24 weeks and a mixed RR/
MDR/pre-XDR population 

Mulder et al, 2022: Cost and budget impact analysis [noting co-authors from TB Alliance and 
KNCV]
Methods
• Per-patient treatment cost of BPaL regimen was compared head-to-head with the conventional 

XDR-TB treatment regimen (i.e. WHO_long) in Indonesia, Kyrgyzstan and Nigeria based on cost 
estimates primarily assessed using microcosting method and expected frequency of each TB 
service

• The 5-year budget impact of gradual introduction of BPaL against the status quo was assessed 
using a Markov model that represented patient’s treatment management and outcome pathways

Findings
• The cost per patient completing treatment with BPaL was US$ 7142 in Indonesia, US$ 4782 in 

Kyrgyzstan and US$ 7152 in Nigeria – 57%, 78% and 68% lower than the conventional regimens 
in the respective countries. 

• A gradual adoption of the BPaL regimen over 5 years would result in an 5-year average national 
TB service budget reduction of 17% (US$ 12 880) in XDR-TB treatment related expenditure in 
Indonesia, 15% (US$ 700 247) in Kyrgyzstan and 32% (US$ 1 543 047) in Nigeria

• BPaL regimen can be highly cost-saving compared with the conventional regimens to treat 
patients with XDR-TB in high drug-resistant TB burden settings. 

Gomez et al, 2021: Cost & cost-effectiveness [noting co-authors from TB Alliance] 
Methods
• CEA using Markov model of BPaL (Nix regimen) in South Africa, Philippines and Georgia
• Primary and secondary outcome measures

 – (1) Incremental cost per disability-adjusted life years averted by using BPaL against standard of 
care at the Global Drug Facility list price; 

 – (2) The potential maximum price at which the BPaL regimen could become cost neutral

regimen cost at GDF prices: ~800 $ BPaL (600–26), ~1 300$ 
longer regimen 
The panel judged that the costs for BPaL among pulmonary 
MDR/RR-TB are lower because costs of drugs are lower and 
cost of delivery are also lower due to the shorter duration 
of treatment and lower complexity.
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Findings
• BPaL for XDR-TB is likely to be cost saving in all study settings
• when BPaL is introduced to a wider population, including MDR-TB treatment failure and 

treatment intolerant, we observe increased savings and clinical benefits
• Cost savings from the introduction of the BPaL regimen are higher in settings with a more 

expensive current standard of care
• consequently, the threshold price at which BPaL becomes cost neutral is higher in less expensive 

settings: US$ 3 650 and US$ 3 800 for Georgia and the Philippines, respectively, and US$ 500 for 
South Africa for our base case of only patients with XDR-TB, after factoring in incremental cost of 
ART 

Sedona Sweeney’s presentation on CEA of PRACTECAL regimens from pre-GDG webinar 

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies
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Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
● Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ No included 
studies

Gomez et al, 2021: Cost & cost-effectiveness [noting co-authors from TB Alliance] 
• some indirectness as analyses were based on efficacy estimates from Nix study and a different 

comparator cohort but overall estimates of effect were similar 

Methods
• CEA using Markov model of BPaL (Nix regimen) in South Africa, Philippines and Georgia
• Primary and secondary outcome measures

 – (1) Incremental cost per disability-adjusted life years averted by using BPaL against standard of 
care at the Global Drug Facility list price; 

 – (2) The potential maximum price at which the BPaL regimen could become cost neutral

Findings
• BPaL for XDR-TB is likely to be cost saving in all study settings
• when BPaL is introduced to a wider population, including MDR-TB treatment failure and 

treatment intolerant, we observe increased savings and clinical benefits
• Cost savings from the introduction of the BPaL regimen are higher in settings with a more 

expensive current standard of care
• consequently, the threshold price at which BPaL becomes cost neutral is higher in less expensive 

settings: US$ 3 650 and US$ 3 800 for Georgia and the Philippines, respectively, and US$ 500 for 
South Africa for our base case of only patients with XDR-TB, after factoring in incremental cost of 
ART 

Given their prior judgements (balance of effects probably 
favors the intervention; intervention leads to large savings), 
the panel judged that the cost-effectiveness of the 
intervention probably favors the intervention.

Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Reduced 
○ Probably reduced 
○ Probably no impact 
● Probably increased 
○ Increased 
○ Varies 
○ Don’t know

No research evidence searched for. The panel considered the treatment duration and the ability 
to decentralize treatment (to enable access for remote, 
underserviced settings and disadvantaged populations) to 
affect equity.
Despite not being able to identify relevant research 
evidence, the panel used their collective experience to 
judge that there would likely be advantages associated with 
the use of the BPaL regimen due to its reduced complexity 
and shorter duration. The panel judged that use of the 
BPaL regimen would probably increase equity.



W
eb Annex 4. G

RAD
E evidence-to-decision tables

209

Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

Beverly Stringer’s presentation on PROs from pre-GDG webinar (qualitative study) on the 
patient perspective 
Positive impact of shorter treatment on employment status welcomed 

The panel considered patients and health care providers 
as key stakeholders. The panel considered the following 
aspects as critical with regards to acceptability: regimen 
duration and drug safety monitoring needs (both relating 
to necessary travel, loss of income and general disruption 
of the life of patients; workload for the health care system), 
needs for drug susceptibility testing. The panel judged that 
the BPaL regimen would probably be acceptable.
Listing findings from the study by van de Berg et al, 2021 
(based on 2019 KNCV report, funded by TB Alliance) on 
the provider perspective here under other considerations 
(instead of under research evidence) as acceptability was 
assessed for the pre-XDR population
Methods
• Mixed-methods study among a cross-section of health 

care workers, programmatic and laboratory stakeholders 
between May 2018 and May 2019 in Indonesia, 
Kyrgyzstan, and Nigeria
 – 188 stakeholders participated in this study: 63 from 
Kyrgyzstan, 51 from Indonesia, and 74 from Nigeria; 
majority were health care workers (110), other 
stakeholders interviewed were Laboratory stakeholders 
and Programmatic Stakeholders 

• semi-structured interviews and focus group discussions 
to assess perceptions on acceptability and feasibility of 
implementing BPaL
 – acceptability: anticipated benefits and challenges 
regarding DR TB management with the BPaL regimen 
by the stakeholders; recoded 3-point Likert scale 
(acceptable; neutral; unacceptable)

Findings
• Acceptability: overall high and rated as acceptable by 

>80% across domains 
• Stakeholders 

 – appreciated that BPaL would reduce workload and 
financial burden on the health care system

 – expressed concerns regarding BPaL safety (monitoring), 
long-term efficacy, and national regulatory requirements

 – stressed the importance of addressing current health 
systems constraints as well, especially in treatment and 
safety monitoring systems 
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Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

 The panel considered the following aspects to affect 
feasibility (i.e. to be potential barriers to implementation): 
requirements for drug safety monitoring and requirements 
for drug susceptibility testing. 
The panel noted limited availability of drugs in the 
BPaL regimen for use in DST as a potential barriers to 
implementation and also noted that data on the critical 
concentration of Pretomanid for use in DST is limited. 
However, given the reduced duration, complexity and 
associated workload, the panel judged that implementation 
is feasible.
Listing findings from the study by van de Berg et al, 2021 
(based on 2019 KNCV report, funded by TB Alliance) on 
the provider perspective here under other considerations 
(instead of under research evidence) as feasibility was 
assessed for the pre-XDR population 
Methods
• Mixed-methods study among a cross-section of health 

care workers, programmatic and laboratory stakeholders 
between May 2018 and May 2019 in Indonesia, 
Kyrgyzstan, and Nigeria
 – 188 stakeholders participated in this study: 63 from 
Kyrgyzstan, 51 from Indonesia, and 74 from Nigeria; 
majority were health care workers (110)

• semi-structured interviews and focus group discussions 
to assess perceptions on acceptability and feasibility of 
implementing BPaL
 – feasibility: stakeholders’ expectations regarding the 
practical requirements for implementing the BPaL 
regimen within the context of their health system; 
recorded as overall likelihood of implementing BPaL 
(likely; neutral; unlikely)
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Findings
• Feasibility: 88% (146/166) of the stakeholders would 

likely implement BPaL once available 
• Stakeholders 

 – appreciated that BPaL would reduce workload and 
financial burden on the health care system

 – expressed concerns regarding BPaL safety 
(monitoring), long-term efficacy, and national 
regulatory requirements

 – stressed the importance of addressing current health 
systems constraints as well, especially in treatment and 
safety monitoring systems 

Summary of judgements

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know
DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know
UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know
CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies
VALUES Important 

uncertainty or 
variability

Possibly important 
uncertainty or 

variability

Probably no 
important 

uncertainty or 
variability

No important 
uncertainty or 

variability

BALANCE OF EFFECTS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and 
savings

Moderate savings Large savings Varies Don’t know

CERTAINTY OF EVIDENCE 
OF REQUIRED RESOURCES

Very low Low Moderate High No included studies

COST EFFECTIVENESS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies No included studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know
ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know
FEASIBILITY No Probably no Probably yes Yes Varies Don’t know
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Type of recommendation
Strong recommendation against 

the intervention
○ 

Conditional recommendation 
against the intervention

○ 

Conditional recommendation 
for either the intervention or the 

comparison
○ 

Conditional recommendation for 
the intervention

● 

Strong recommendation for the 
intervention

○ 

Conclusions

Recommendation
The use of the 6-month treatment regimen, composed of bedaquiline, pretomanid and linezolid (BPaL), rather than longer (18-month) regimens is suggested in patients with MDR/
RR-TB and without resistance to fluoroquinolones, who have either had no previous exposure to bedaquiline and linezolid or have been exposed for less than 1 month. 

Justification
This section is provided under the summary PICO that this sub-PICO has contributed to

Subgroup considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Implementation considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Monitoring and evaluation
This section is provided under the summary PICO that this sub-PICO has contributed to

Research priorities
This section is provided under the summary PICO that this sub-PICO has contributed to
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Sub-PICO 5.3
Question
Should BPaL vs. SA_new be used for pulmonary MDR/RR-TB?
POPULATION: pulmonary MDR/RR-TB (FQ-r and FQ-s in the intervention group, FQ-s in the comparator)
INTERVENTION: BPaL
COMPARISON: a shorter all-oral regimen (<12 months) containing at least three Group A medicines – 9-month regimen with linezolid for two months (4–6 Bdq[6]-Lfx[Mfx]-

Lzd[2]-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E), (also referred to as “the 9-month regimen with linezolid” or “SA_new”)
MAIN OUTCOMES: Treatment success; Failure and recurrence; Death; Lost to follow up; Adverse events; Amplification of drug resistance;
SETTING: Global inpatient and outpatient treatment settings
PERSPECTIVE: Public health and health systems perspective
BACKGROUND: Multidrug-resistant (MDR-) and rifampicin-resistant tuberculosis (MDR-/RR-TB) has emerged as a major problem due to poor management of drug-susceptible 

and transmission of drug-resistant TB. MDR-/RR-TB is treatable but requires different treatment regimen combinations that are sometimes longer and including 
medicines with that are potentially more toxic. The interest in reducing the duration of treatment for MDR/RR-TB motivates a continuous search for shorter 
and safer regimens. In 2016, on the basis of data from observational studies of the shorter regimens in different Asian and African countries, WHO for the first 
time recommended a standardized 9-month regimen, containing an injectable agent providing shorter than the extant 18–20 months standard of care for the 
eligible patients. In 2018, following the results of the Standard Treatment Regimen of Anti-tuberculosis Drugs for Patients with MDR-TB (STREAM) Stage 1 trial, 
further modifications were made to the earlier recommended shorter regimen, also replacing kanamycin by amikacin (based on evidence from the comparative 
effectiveness of these two injectable agents). Evidence of permanent effects attributed to the toxicity of injectable agents, have prompted further advances in the 
development of new treatments such as shorter injectable-sparing regimens. In particular, South African Department of Health shared with WHO the observational 
data on an all-oral bedaquiline-containing shorter regimen of 9 months duration. The all-oral 9-month bedaquiline containing regimen was reviewed and 
recommended by WHO since 2019 with the following combination of medicines (4–6 Bdq[6]-Lfx[Mfx]-Eto-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E). In 2022, new evidence 
from programmatic implementation in South Africa was made available to WHO where this regimen was modified to include 2 months of Linezolid (Lzd, 600mg) 
instead of 4 months of Ethionamide (Eto). 
The pressing need for more effective treatment regimens for patients with extensive drug resistance, including fluoroquinolone resistance and more extensive 
drug-resistance profiles, has been the driver for a number of studies and initiatives to test more effective and novel treatment regimens, including newer 
and repurposed medicines. One of the first studies was the Nix-TB study, conducted by TB Alliance. The Nix-TB study was a one-arm, Phase III, open-label 
observational cohort study that assessed the safety, efficacy, tolerability and pharmacokinetic properties of a 6-month BPaL treatment regimen, extendable to 
9 months for those who missed doses, or who remained culture positive or reverted from culture negative to positive between months 4 and 6 of treatment 
(19). The study was conducted between 2014 and 2019 at three study sites, all in South Africa, with the first patient enrolled in April 2015. The Nix-TB study has 
contributed evidence to WHO that was reviewed by the GDG in November 2019 and gave rise to the previous recommendation for the use of BPaL regimen in 
pre-XDR-TB patients, under operational research conditions. Two randomized controlled trials have concluded in 2021 (TB-PRACTECAL and ZeNix) providing new 
evidence and prompting assessment by WHO in order to develop new or updated recommendations on MDR/RR-TB treatment.

CONFLICT OF 
INTERESTS:

The following panel members were recused from voting on the recommendation according to WHO policy due to potential conflicts-of-interest: Padma 
Chandrasekaran, Guy Marks and Andrew Nunn
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Assessment

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

The COVID-19 pandemic has reversed years of progress in providing essential TB services and 
reducing TB disease burden. The most obvious impact is a large global drop in the number of 
people newly diagnosed with TB and reported. This fell from 7.1 million in 2019 to 5.8 million in 
2020, an 18% decline back to the level of 2012 and far short of the approximately 10 million people 
who developed TB in 2020. 
Reduced access to TB diagnosis and treatment has resulted in an increase in TB deaths. Best 
estimates for 2020 are 1.3 million TB deaths among HIV-negative people (up from 1.2 million in 
2019) and an additional 214 000 among HIV-positive people (up from 209 000 in 2019), with the 
combined total back to the level of 2017. 
Other impacts include reductions between 2019 and 2020 in the number of people provided with 
treatment for drug-resistant TB (-15%, from 177 100 to 150 359, about 1 in 3 of those in need). 
Globally in 2020, 71% (2.1/3.0 million) of people diagnosed with bacteriologically confirmed 
pulmonary TB were tested for rifampicin resistance, up from 61% (2.2/3.6 million) in 2019 and 
50% (1.7/3.4 million) in 2018. Among these, 132 222 cases of MDR/RR-TB and 25 681 cases of 
pre-XDR-TB or XDR-TB were detected, for a combined total of 157 903. This was a large fall (of 
22%) from the total of 201 997 people detected with drug-resistant TB in 2019, consistent with 
similarly large reductions in the total number of people newly diagnosed with TB (18%) and the 
total number of people diagnosed with bacteriologically confirmed pulmonary TB (17%) observed 
between 2019 and 2020. Worldwide, 150 359 people with MDR/RR-TB were enrolled on treatment 
in 2020, down 15% from the total of 177 100 in 2019. This level of enrolment was equivalent to 
about one in three of the people who develop MDR/RR-TB each year. 
More positively, there have been improvements in treatment success rates. Globally in 2018 (the 
latest patient cohort for which data are available), the treatment success rate for MDR/RR-TB was 
59%, reflecting steady improvements in recent years from 50% in 2012.
(Global TB Report 2021) 

Drug-resistant TB is a global challenge and access to 
treatment often problematic, with regimens typically being 
long, toxic and expensive. 
More efficacious and shorter treatment regimens for DR-TB 
are necessary to optimize and improve treatment outcomes 
while minimizing adverse events and preventing acquisition 
of additional drug resistance. 
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Trivial 
○ Small 
○ Moderate 
● Large 
○ Varies 
○ Don’t know

The BPaL 600–26 arm of the ZeNix trial, where linezolid 600 mg daily was used for 26 weeks, and 
population included patients with MDR/RR-TB with or without quinolone resistance was compared 
to cohort of MDR/RR-TB patients (without quinolone resistance) treated in South Africa with 
9-month regimen with linezolid for two months. 
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaL with Lzd 600–
26 (n=43) compared to participants with MDR/RR-TB (without quinolone resistance) receiving 
9-month regimen with linezolid (n=4 216) experienced higher levels of treatment success (100% vs 
66%) i.e. 52% relative increase (RR=1.52, 95%CI 1.38 to 1.55), lower levels of failure and recurrence 
(0% vs 1%), i.e. 1% absolute reduction (RD= –0.01, 95%CI –0.02 to 0.07); lower levels of death 
(0% vs 18%), i.e. 18% absolute reduction (RD= –0.18, 95%CI –0.19 to –0.1); lower levels of loss to 
follow-up (0% vs 15%), i.e. 15% absolute reduction (RD= –0.15, 95%CI –0.16 to –0.07); higher levels 
of grade 3 to 5 adverse events (14% vs 5%), i.e. a 3 fold increase (aRR=2.92, 95%CI 1.38 to 6.18); 
and lower levels of amplified resistance (0% vs 1%), i.e. 1% absolute reduction (RD= –0.01, 95%CI 
–0.01 to 0.08).
The evidence is very uncertain about the effect of BPaL 600–26 regimen on all outcomes.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of the 
evidence 
(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* 
(95% CI)

Risk with 
SA_new

Risk difference with 
BPaL

Treatment success 4 259 
(2 observational 

studies)

 
Very lowa,b,c,d,e

RR 1.52 
(1.38 to 

1.55)

Study population
659 per 
1 000

343 more per 1 000 
(250 more to 363 more)

Failure and 
recurrence

4 259 
(2 observational 

studies)

 
Very lowa,b,c,d,e

RD -0.01 
(-0.02 to 

0.07)

Study population
12 per 
1 000

10 fewer per 1 000 
(20 fewer to 70 more)

Death 4 259 
(2 observational 

studies)

 
Very lowa,b,c,d,e

RD -0.18 
(-0.19 to 

-0.10)

Study population
180 per 
1 000

180 fewer per 1 000 
(190 fewer to 100 fewer)

Lost to follow up 4 259 
(2 observational 

studies)

 
Very lowa,b,c,d,e

RD -0.15 
(-0.16 to 

-0.07)

Study population
149 per 
1 000

150 fewer per 1 000 
(160 fewer to 70 fewer)

Amplification of 
drug resistance

4 259 
(2 observational 

studies)

 
Very lowa,b,c,d,e

RD -0.01 
(-0.01 to 

0.08)

Study population
6 per 1 000 10 fewer per 1 000 

(10 fewer to 80 more)

• treatment duration reduced by 0–6 months (6–9 months 
vs 9–12 months) 

Considering this research evidence and the additional 
considerations, the GDG panel judged that BPaL 600–
26 regimen may have large desirable effects and noted 
the very low certainty of the evidence. 
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a. Confounding bias. Baseline imbalances were observed in the gender, HIV status, prior TB 
treatment, smear status, culture positivity and fluoroquinolone resistance status between the 
two groups. In all comparisons we were unable to adjust for measured confounding as the small 
number of events in the intervention group did not allow this (<5 individuals with a positive or 
negative outcome). Confounding bias is due to measured confounding therefore serious. The 
substantial imbalance in measured covariates suggests unmeasured confounding is also likely.

b. Lack of allocation concealment in the intervention arm. In the ZENIX study, participants, trial 
investigators and staff (including laboratory staff ) were blinded to the dose and scheduled 
duration of linezolid. Participants were unblinded to the use of bedaquiline and pretomanid. 
However, this comparison is between one arm of ZENIX and the WHO short (SA 2017) cohort – 
a non-randomised comparison. Therefore, we have not downgraded due to the partial blinding 
of ZENIX.

c. Potential misclassification bias: As the SA 2019 cohort data were collected under programmatic 
conditions, there is considerable potential to underestimate relapse, as details pertaining to 
the follow-up period is often missing. Misclassification of death during the follow-up period is 
also possible, although deaths reported in the South African death registry were linked to the 
participant follow-up data (using a national identification number).

d. The ZENIX study (intervention arm) was a clinical trial conducted in the Russian Federation, 
Republic of Moldova and South Africa. The procedures within the trial in these settings are 
not necessarily comparable with those used in other programmatic settings in which MDR-TB 
commonly occurs. The decision as to whether to downgrade for indirectness is a difficult one. 
Given that the study was conducted in three countries, the intervention and outcomes are more 
likely to reflect practice in a range of other settings. Given the imporant difference between a trial 
and programmatic setting, we have downgraded for indirectness.

e. The small number of individuals included in both the intervention group (n=43) results in a very 
serious risk of imprecision. Therefore, the certainty has been downgraded by two levels.

 
Beyond the ‘Evidence Table’ note:
Beyond the outcomes captured directly as research evidence in the presented statistical analyses, 
the WHO ‘Target Regimen Profile for rifampicin-resistant tuberculosis’ (WHO, 2016) identified 
certain regimen characteristics as as having desirable anticipated effects. These include a shorter 
treatment duration, reduced pill burden and number of component drugs and manageable DDIs. 
Decrease in the treatment duration is therefore an important desirable effect. 
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Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large 
● Moderate 
○ Small 
○ Trivial 
○ Varies 
○ Don’t know

The BPaL 600–26 arm of the ZeNix trial, where linezolid 600 mg daily was used for 26 weeks, and 
population included patients with MDR/RR-TB with or without quinolone resistance was compared 
to cohort of MDR/RR-TB patients (without quinolone resistance) treated in South Africa with 
9-month regimen with linezolid for two months. 
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaL with Lzd 600–
26 (n=43) compared to participants with MDR/RR-TB (without quinolone resistance) receiving 
9-month regimen with linezolid (n=4 216) experienced higher levels of treatment success (100% vs 
66%) i.e. 52% relative increase (RR=1.52, 95%CI 1.38 to 1.55), lower levels of failure and recurrence 
(0% vs 1%), i.e. 1% absolute reduction (RD= –0.01, 95%CI –0.02 to 0.07); lower levels of death 
(0% vs 18%), i.e. 18% absolute reduction (RD= –0.18, 95%CI –0.19 to –0.1); lower levels of loss to 
follow-up (0% vs 15%), i.e. 15% absolute reduction (RD= –0.15, 95%CI –0.16 to –0.07); higher levels 
of grade 3 to 5 adverse events (14% vs 5%), i.e. a 3 fold increase (aRR=2.92, 95%CI 1.38 to 6.18); 
and lower levels of amplified resistance (0% vs 1%), i.e. 1% absolute reduction (RD= –0.01, 95%CI 
–0.01 to 0.08).
The evidence is very uncertain about the effect of BPaL 600–26 regimen on all outcomes.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of the 
evidence 
(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with 
SA_new Risk difference with BPaL

Adverse 
events

4 259 
(2 observational 

studies)

 
Very lowa,b,c,d,e

RR 2.92 
(1.38 to 

6.18)

Study population
49 per 1 000 95 more per 1 000 

(19 more to 256 more)

Considering this research evidence, the GDG panel 
judged that BPaL 600–26 regimen may have moderate 
undesirable effects and noted the very low certainty of 
the evidence. 

a. Confounding bias. Baseline imbalances were observed in the gender, HIV status, prior TB 
treatment, smear status, culture positivity and fluoroquinolone resistance status between the 
two groups. In all comparisons we were unable to adjust for measured confounding as the small 
number of events in the intervention group did not allow this (<5 individuals with a positive or 
negative outcome). Confounding bias is due to measured confounding therefore serious. The 
substantial imbalance in measured covariates suggests unmeasured confounding is also likely.

b. Lack of allocation concealment in the intervention arm. In the ZENIX study, participants, trial 
investigators and staff (including laboratory staff ) were blinded to the dose and scheduled 
duration of linezolid. Participants were unblinded to the use of bedaquiline and pretomanid. 
However, this comparison is between one arm of ZENIX and the WHO short (SA 2017) cohort – 
a non-randomised comparison. Therefore, we have not downgraded due to the partial blinding 
of ZENIX.

c. Potential misclassification bias: As the SA 2019 cohort data were collected under programmatic 
conditions, there is considerable potential to underestimate relapse, as details pertaining to 
the follow-up period is often missing. Misclassification of death during the follow-up period is 
also possible, although deaths reported in the South African death registry were linked to the 
participant follow-up data (using a national identification number).
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d. The ZENIX study (intervention arm) was a clinical trial conducted in the Russian Federation, 
Republic of Moldova and South Africa. The procedures within the trial in these settings are 
not necessarily comparable with those used in other programmatic settings in which MDR-TB 
commonly occurs. The decision as to whether to downgrade for indirectness is a difficult one. 
Given that the study was conducted in three countries, the intervention and outcomes are more 
likely to reflect practice in a range of other settings. Given the imporant difference between a trial 
and programmatic setting, we have downgraded for indirectness.

e. The small number of individuals included in both the intervention group (n=43) results in a very 
serious risk of imprecision. Therefore, the certainty has been downgraded by two levels.

Pretomanid safety
Rodent Toxicology Studies –evidence of direct testicular toxicity
Monkey Toxicology Studies –no evidence for direct testicular toxicity; abnormal sperm findings 
considered to be secondary to declining physical condition
Hormone Data from Clinical Studies –no changes in FSH, LH, Inhibin B consistent with testicular 
toxicity
Paternity Survey –44 children fathered by 38 men (12%) who participated in pretomanid studies of 
4–6 months treatment duration
Semen Study –ongoing study measuring semen in men undergoing pretomanid treatment 
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Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

Adjustment for baseline covariates was not possible for any of the outcomes owing to the small 
number of events in one or more groups. Certainty was rated *very low*. Risk of bias was very 
serious, with confounding bias evident in the imbalance between baseline covariates between 
groups (adjustment not possible). Downgraded two levels for risk of bias. Indirectness was rated 
as not serious. Imprecision was very serious, with small numbers in the intervention group (n=43), 
leading to a downgrading by two levels. 

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of the 
evidence 
(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* 
(95% CI)

Risk with 
SA_new

Risk difference with 
BPaL

Treatment success 4 259 
(2 observational 

studies)

 
Very lowa,b,c,d,e

RR 1.52 
(1.38 to 

1.55)

Study population
659 per 
1 000

343 more per 1 000 
(250 more to 363 more)

Failure and 
recurrence

4 259 
(2 observational 

studies)

 
Very lowa,b,c,d,e

RD -0.01 
(-0.02 to 

0.07)

Study population
12 per 
1 000

10 fewer per 1 000 
(20 fewer to 70 more)

Death 4 259 
(2 observational 

studies)

 
Very lowa,b,c,d,e

RD -0.18 
(-0.19 to 

-0.10)

Study population
180 per 
1 000

180 fewer per 1 000 
(190 fewer to 10 fewer)

Lost to follow up 4 259 
(2 observational 

studies)

 
Very lowa,b,c,d,e

RD -0.15 
(-0.16 to 

-0.07)

Study population
149 per 
1 000

150 fewer per 1 000 
(160 fewer to 70 fewer)

Adverse events 4 259 
(2 observational 

studies)

 
Very lowa,b,c,d,e

RR 2.92 
(1.38 to 

6.18)

Study population
49 per 
1 000

95 more per 1 000 
(19 more to 256 more)

Amplification of 
drug resistance

4 259 
(2 observational 

studies)

 
Very lowa,b,c,d,e

RD -0.01 
(-0.01 to 

0.08)

Study population
6 per 1 000 10 fewer per 1 000 

(10 fewer to 80 more)

This is an indirect comparison of patients treated within 
a clinical trial to data from patients treated under 
routine programmatic conditions so selection criteria, 
support during treatment and other interventions are likely 
to differ.
Treatment outcomes are typically better under trial 
conditions while AEs are typically underreported under 
programmatic conditions.
The GDG acknowledged that the indirect comparison 
and the propensity adjustment is leaving us with very low 
certainty. 
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a. Confounding bias. Baseline imbalances were observed in the gender, HIV status, prior TB 
treatment, smear status, culture positivity and fluoroquinolone resistance status between the 
two groups. In all comparisons we were unable to adjust for measured confounding as the small 
number of events in the intervention group did not allow this (<5 individuals with a positive or 
negative outcome). Confounding bias is due to measured confounding therefore serious. The 
substantial imbalance in measured covariates suggests unmeasured confounding is also likely.

b. Lack of allocation concealment in the intervention arm. In the ZENIX study, participants, trial 
investigators and staff (including laboratory staff ) were blinded to the dose and scheduled 
duration of linezolid. Participants were unblinded to the use of bedaquiline and pretomanid. 
However, this comparison is between one arm of ZENIX and the WHO short (SA 2017) cohort – 
a non-randomised comparison. Therefore, we have not downgraded due to the partial blinding 
of ZENIX.

c. Potential misclassification bias: As the SA 2019 cohort data were collected under programmatic 
conditions, there is considerable potential to underestimate relapse, as details pertaining to 
the follow-up period is often missing. Misclassification of death during the follow-up period is 
also possible, although deaths reported in the South African death registry were linked to the 
participant follow-up data (using a national identification number).

d. The ZENIX study (intervention arm) was a clinical trial conducted in the Russian Federation, 
Republic of Moldova and South Africa. The procedures within the trial in these settings are 
not necessarily comparable with those used in other programmatic settings in which MDR-TB 
commonly occurs. The decision as to whether to downgrade for indirectness is a difficult one. 
Given that the study was conducted in three countries, the intervention and outcomes are more 
likely to reflect practice in a range of other settings. Given the imporant difference between a trial 
and programmatic setting, we have downgraded for indirectness.

e. The small number of individuals included in both the intervention group (n=43) results in a very 
serious risk of imprecision. Therefore, the certainty has been downgraded by two levels.

Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Important 
uncertainty or 
variability 
○ Possibly important 
uncertainty or 
variability 
● Probably no 
important uncertainty 
or variability 
○ No important 
uncertainty or 
variability

No research evidence searched for. 
Higher treatment efficacy, shorter duration of treatment, lower pill burden and less adverse events 
are usually valued by patients. 

The panel judged that there was probably no important 
uncertainty or variability in how much people value the 
main outcomes. 
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Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
● Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ Don’t know

 This is an indirect comparison of patients treated within 
a clinical trial to data from patients treated under 
routine programmatic conditions so selection criteria, 
support during treatment and other interventionts are likely 
to differ.
Treatment outcomes are typically better under trial 
conditions while AEs are typically underreported under 
programmatic conditions.
The GDG acknowledged that the indirect comparison 
and the propensity adjustment is leaving us with very low 
certainty. 
The GDG judged the benefits of BPaL with linezolid 600–
26 to be large and the undesirable effects to be moderate 
compared to receiving 9-month regimen with linezolid. The 
certainty of evidence was judged to be very low. Based on 
this, the panel determined that the balance of health effects 
probably favours BPaL with linezolid 600–26.

Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large costs 
○ Moderate costs 
○ Negligible costs 
and savings 
● Moderate savings 
○ Large savings 
○ Varies 
○ Don’t know

Sedona Sweeney’s presentation on cost & CEA of PRACTECAL regimens from pre-GDG 
webinar 
• From the data presented, the total cost (drugs+delivery) of BPaL appear to be between 4%-18% 

lower than for WHO_short when looking at comparative estimates within country 
• In most settings, BPaL is cost-saving; these cost savings are mostly due to reduced time in care 

and therefore reductions in numbers of outpatient visits, inpatient bed-days, and lab tests 
• The study presented by Sweeney is not addressing the PICO of interest directly as it is based on 

a mixed RR/MDR/pre-XDR population (and thus mixed comparator) and on BPaL 600–300 for 
24 weeks, instead of BPaL 600–26 and using WHO_short rather than SA_new (i.e. Eto instead of 
Lzd) as the comparator

Comparative costing analyses from Mulder and Gomez 
papers not applicable here since they are comparing to 
WHO_long (and, less importantly, are based on Lzd dose 
of 1 200) 
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Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

The panel reviewed available data presented by the TB-PRACTECAL team from trial embedded 
study on cost effectiveness presented during one of the preparatory pre-GDG webinars by Sedona 
Sweeney and colleagues.

The panel judged the certainty of evidence of required 
resources to be very low since the study presented by 
Sweeney is not addressing the PICO of interest directly as 
it is based on a mixed RR/MDR/pre-XDR population (and 
thus mixed comparator), on BPaL 600–300 for 24 weeks, 
instead of BPaL 600–26 and on the 9-month regimen using 
Ethionamide instead of Linezolid.

Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
● No included studies

Sedona Sweeney’s presentation on cost & CEA of PRACTECAL regimens from pre-GDG 
webinar 
• From the data presented: “strong evidence that BPaL would be cost-effective” in the setting 

studied (costs reduced and DALYs averted)
• The study presented by Sweeney is not addressing the PICO of interest directly as it is based on 

a mixed RR/MDR/pre-XDR population (and thus mixed comparator) and on BPaL 600–300 for 
24 weeks, instead of BPaL 600–26 and using WHO_short rather than SA_new (i.e. Eto instead of 
Lzd) as the comparator 

• Estimates of effectiveness (from which DALYs averted were derived) are different from those 
presented in the evidence profile for this PICO (CEA assumes smaller benefits of BPaL over 
comparator and thus estimates for DALYs averted would be conservative vis a vis data from the 
evidence profile)

Comparative costing analyses from Gomez papers not 
applicable here since they are comparing to long WHO 
regimen (+ are based on Lzd dose of 1 200 and efficacy 
estimates from Nix study) 

Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Reduced 
○ Probably reduced 
○ Probably no impact 
● Probably increased 
○ Increased 
○ Varies 
○ Don’t know

No research searched for. The intervention is a shorter regimen and differences 
in ability to decentralize (to enable access for remote, 
underserviced settings and disadvantaged populations) vs 
comparator 
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Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

No research evidence searched for. 
 

Beverly Stringer’s presentation on PROs from pre-GDG webinar (qualitative study) on the 
patient perspective: Positive impact of shorter treatment on employment status welcomed 

Analyses from van de Berg paper are not applicable here 
since in their study they asked about acceptability of using 
BPaL for pre-XDR patients and when compared to the long 
WHO regimen. 
The panel considered patients and health care providers 
as key stakeholders. The panel considered the following 
aspects as critical with regards to acceptability: regimen 
duration and drug safety monitoring needs (both relating 
to necessary travel, loss of income and general disruption 
of the life of patients; workload for the health care system), 
needs for drug susceptibility testing. The panel judged that 
the BPaL regimen would probably be acceptable.

Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

No research evidence searched for. Analyses from van de Berg paper not applicable here since 
in their study they asked about feasibility of introducing 
BPaL for pre-XDR patients and when compared to the long 
WHO regimen.
The panel considered the following aspects to affect 
feasibility (i.e. to be potential barriers to implementation): 
requirements for drug safety monitoring and requirements 
for drug susceptibility testing. 
The panel noted limited availability of drugs in the 
BPaL regimen for use in DST as a potential barriers to 
implementation and also noted that data on the critical 
concentration of Pretomanid for use in DST is limited. 
However, given the reduced duration, complexity and 
associated workload, the panel judged that implementation 
is feasible.
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Summary of judgements

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know
DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know
UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know
CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies
VALUES Important 

uncertainty or 
variability

Possibly important 
uncertainty or 

variability

Probably no 
important 

uncertainty or 
variability

No important 
uncertainty or 

variability

BALANCE OF EFFECTS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and 
savings

Moderate savings Large savings Varies Don’t know

CERTAINTY OF EVIDENCE 
OF REQUIRED RESOURCES

Very low Low Moderate High No included studies

COST EFFECTIVENESS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies No included 
studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know
ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know
FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

Type of recommendation
Strong recommendation against 

the intervention
○ 

Conditional recommendation 
against the intervention

○ 

Conditional recommendation 
for either the intervention or the 

comparison
○ 

Conditional recommendation for 
the intervention

● 

Strong recommendation for the 
intervention

○ 
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Conclusions

Recommendation
The use of the 6-month treatment regimen, composed of bedaquiline, pretomanid and linezolid (BPaL), rather than the 9-month regimen (with linezolid) is suggested in patients with 
MDR/RR-TB without resistance to fluoroquinolones, who have either had no previous exposure to bedaquiline and linezolid or have been exposed for less than 1 month.

Justification
This section is provided under the summary PICO that this sub-PICO has contributed to

Subgroup considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Implementation considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Monitoring and evaluation
This section is provided under the summary PICO that this sub-PICO has contributed to

Research priorities
This section is provided under the summary PICO that this sub-PICO has contributed to
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Sub-PICO 6.1
Question
Should BPaLM vs. local SoC regimens (TB-PRACTECAL comparator) be used for pulmonary MDR/RR-TB or pre-XDR-TB?
POPULATION: pulmonary MDR/RR-TB or pre-XDR-TB (2021 WHO definition)
INTERVENTION: BPaLM (B-Pa-Lzd600->300-Mfx)
COMPARISON: TB-PRACTECAL comparator (SoC treatment regimens confirming to WHO recommendation on shorter and longer regimens, i.e., multiple regimens – local 

standard of care, including: 9–12 month injectable containing regimen; 18–24 month long WHO regimen (pre 2019); 9–12 month all oral regimen; 18–20 month all 
oral regimen)

MAIN OUTCOMES: Treatment success; Failure and recurrence; Death; Lost to follow up; Adverse events; Amplification of drug resistance.
SETTING: Global inpatient and outpatient treatment settings
PERSPECTIVE: Public health and health systems perspective
BACKGROUND: Multidrug-resistant (MDR-) and rifampicin-resistant tuberculosis (MDR-/RR-TB) has emerged as a major problem due to poor management of drug-susceptible 

and transmission of drug-resistant TB. MDR-/RR-TB is treatable but requires different treatment regimen combinations that are sometimes longer and including 
medicines with that are potentially more toxic. The interest in reducing the duration of treatment for MDR/RR-TB motivates a continuous search for shorter 
and safer regimens. In 2016, on the basis of data from observational studies of the shorter regimens in different Asian and African countries, WHO for the first 
time recommended a standardized 9-month regimen, containing an injectable agent providing shorter than the extant 18–20 months standard of care for the 
eligible patients. In 2018, following the results of the Standard Treatment Regimen of Anti-tuberculosis Drugs for Patients with MDR-TB (STREAM) Stage 1 trial, 
further modifications were made to the earlier recommended shorter regimen, also replacing kanamycin by amikacin (based on evidence from the comparative 
effectiveness of these two injectable agents. Evidence of permanent effects attributed to the toxicity of injectable agents, have prompted further advances in the 
development of new treatments such as shorter injectable-sparing regimens. In particular, South African Department of Health shared with WHO the observational 
data on an all-oral bedaquiline-containing shorter regimen of 9 months duration. The all-oral 9-month bedaquiline containing regimen was reviewed and 
recommended by WHO since 2019 with the following combination of medicines (4–6 Bdq[6]-Lfx[Mfx]-Eto-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E). In 2022, new evidence 
from programmatic implementation in South Africa was made available to WHO where this regimen was modified to include 2 months of Linezolid (Lzd, 600mg) 
instead of 4 months of Ethionamide (Eto). 
Data from the single arm, open-label Nix-TB study by the Global TB Alliance was reviewed in 2019 to assess whether a 6-month novel treatment regimen 
consisting of bedaquiline, pretomanid and linezolid safely improves treatment outcomes in patients with MDR/RR-TB and additional resistance to fluoroquinolones 
when compared with other regimens conforming to WHO recommendations. For this purpose, the Nix-TB study data on the BPaL regimen was compared to 
matched records in the IPD. Limitations in study design and the small number of participants observed adverse events did not allow the panel to recommend 
programmatic implementation of the regimen worldwide until additional evidence has been generated. In 2020 WHO DR-TB guidelines, BPaL regimen was 
recommended for use under operational research conditions. Two randomized controlled trials have concluded in 2021 (TB-PRACTECAL and ZeNix) providing new 
evidence and prompting assessment by WHO in order to develop new or updated recommendations on MDR/RR-TB treatment.

CONFLICT OF 
INTERESTS:

The following panel members were recused from voting on the recommendation according to WHO policy due to potential conflicts-of-interest: Padma 
Chandrasekaran
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Assessment

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

The COVID-19 pandemic has reversed years of progress in providing essential TB services and 
reducing TB disease burden. The most obvious impact is a large global drop in the number of 
people newly diagnosed with TB and reported. This fell from 7.1 million in 2019 to 5.8 million in 
2020, an 18% decline back to the level of 2012 and far short of the approximately 10 million people 
who developed TB in 2020. 
Reduced access to TB diagnosis and treatment has resulted in an increase in TB deaths. Best 
estimates for 2020 are 1.3 million TB deaths among HIV-negative people (up from 1.2 million in 
2019) and an additional 214 000 among HIV-positive people (up from 209 000 in 2019), with the 
combined total back to the level of 2017. 
Other impacts include reductions between 2019 and 2020 in the number of people provided with 
treatment for drug-resistant TB (-15%, from 177 100 to 150 359, about 1 in 3 of those in need). 
Globally in 2020, 71% (2.1/3.0 million) of people diagnosed with bacteriologically confirmed 
pulmonary TB were tested for rifampicin resistance, up from 61% (2.2/3.6 million) in 2019 and 
50% (1.7/3.4 million) in 2018. Among these, 132 222 cases of MDR/RR-TB and 25 681 cases of 
pre-XDR-TB or XDR-TB were detected, for a combined total of 157 903. This was a large fall (of 
22%) from the total of 201 997 people detected with drug-resistant TB in 2019, consistent with 
similarly large reductions in the total number of people newly diagnosed with TB (18%) and the 
total number of people diagnosed with bacteriologically confirmed pulmonary TB (17%) observed 
between 2019 and 2020. Worldwide, 150 359 people with MDR/RR-TB were enrolled on treatment 
in 2020, down 15% from the total of 177 100 in 2019. This level of enrolment was equivalent to 
about one in three of the people who develop MDR/RR-TB each year. 
More positively, there have been improvements in treatment success rates. Globally in 2018 (the 
latest patient cohort for which data are available), the treatment success rate for MDR/RR-TB was 
59%, reflecting steady improvements in recent years from 50% in 2012.
(Global TB Report 2021) 

Drug-resistant TB is a global challenge and access to 
treatment often problematic, with regimens typically being 
long, toxic and expensive. 
More efficacious and shorter treatment regimens for DR-TB 
are necessary to optimize and improve treatment outcomes 
while minimizing adverse events and preventing acquisition 
of additional drug resistance. 
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Trivial 
○ Small 
○ Moderate 
● Large 
○ Varies 
○ Don’t know

The BPaLM regimen arm of the TB-PRACTECAL trial with population including patients with 
MDR/RR-TB with or without quinolone resistance (MDR/RR-TB or pre-XDR-TB) was compared to 
comparator arm of the TB-PRACTECAL trial comprised of MDR/RR-TB or pre-XDR-TB patients 
treated with multiple local SoC regimens (including: 9–12-month injectable containing regimen; 
18–24-month long WHO regimen (pre-2019); 9–12 month all oral regimen; 18–20 month all oral 
regimen). 
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaLM regimen 
(n=62) compared to participants receiving WHO recommended standard of care regimens used in 
TB-PRACTECAL trial (n=66) experienced higher levels of treatment success (89% vs 52%), i.e. 73% 
relative increase (aRR=1.73, 95%CI 1.31 to 2.27); lower levels of failure and recurrence (8% vs 26%) 
i.e. 74% relative reduction (aRR=0.26, 95%CI 0.1 to 0.71); lower levels of death (0% vs 3%), i.e. 3% 
absolute reduction (RD= 0.03, 95%CI 0.1 to 0.03); lower levels of loss to follow-up (3% vs 20%), 
i.e. 84% of relative reduction (RR=0.16, 95%CI 0.12 to 0.52); lower levels of grade 3 to 5 adverse 
events (21% vs 51%), i.e. 59% relative reduction (aRR=0.41, 95%CI 0.04 to 0.61) and lower levels of 
amplified resistance (0% vs 2%), i.e. 2% absolute reduction (RD= 0.02, 95%CI 0.07 to 0.02).
BPaLM may improve treatment success, failure and recurrence, death, loss to follow-up, 
amplification of drug-resistance and adverse events but the evidence is very uncertain.

The panel also considered the duration and pill burden with 
the intervention and comparator regimens. The duration 
of the intervention regimen is 24 weeks (5.5 months) so 
treatment duration is reduced compared to the control 
arm by between 3–18 months. The exact magnitude of 
reduction in time on treatment depends on the specific 
comparator regimen, which includes shorter (9–12 months) 
and longer (18–24 months) regimens. The pill burden of the 
intervention regimen is lower than that for the comparator 
regimens. The exact magnitude of reduction in pill burden 
depends on the specific comparator regimen.
Considering this research evidence and the additional 
considerations, the GDG judged that BPaLM may 
have large desirable effects and noted the very low 
certainty of the evidence.
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Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of the 
evidence 
(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* 
(95% CI)

Risk with 
TB-PRACTECAL 

comparator

Risk difference 
with BPaLM

Treatment success 128 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 1.73 
(1.31 to 

2.27)

Study population
515 per 1 000 376 more per 

1 000 
(160 more to 

654 more)
Failure and 
recurrence

128 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.26 
(0.10 to 

0.71)

Study population
258 per 1 000 191 fewer per 

1 000 
(232 fewer to 75 

fewer)
Death 128 

(1 RCT)
 

Very lowa,b,c,d,e,f,g

RD -0.03 
(-0.10 to 

0.03)

Study population
30 per 1 000 31 fewer per 

1 000 
(33 fewer to 29 

fewer)
Lost to follow up 128 

(1 RCT)
 

Very lowa,b,c,d,e,f,g

RR 0.16 
(0.04 to 

0.61)

Study population
197 per 1 000 165 fewer per 

1 000 
(189 fewer to 77 

fewer)
Adverse events 213 

(1 RCT)
 

Very lowa,b,c,d,e,f,g

RR 0.41 
(0.26 to 

0.63)

Study population
509 per 1 000 300 fewer per 

1 000 
(377 fewer to 

188 fewer)
Amplification of 
drug resistance

213 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RD -0.02 
(-0.07 to 

0.02)

Study population
19 per 1 000 19 fewer per 

1 000 
(20 fewer to 18 

fewer)
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a. We observed an imbalance in measured covariates (gender, prior DR-TB, smear status) likely 
arising from the small number of participants in each group. While the adjusted analyses 
accounted for measured confounding, unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons.
c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias in 

the conduct of the trial. Higher loss to follow-up was noted in the comparator group, which is an 
outcome that may be influenced by patient or clinician knowledge of the regimen. 

d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal 
stopping rules do not reduce bias (GRADE Handbook, 2013).

e. Multiple comparator regimens were used, varying across site. This may explain some of the 
substantial inconsistency in the point estimates for treatment outcomes seen between countries 
(Belarus, South Africa and Uzbekistan). The decision whether to downgrade is difficult. We did 
not downgrade for inconsistency as the issue of comparators was addressed under indirectness.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and 
population to which guidelines will apply. (ii) Comparator: Some comparator regimens are sub-
optimal, not according with the WHO standard of care (at the time or presently), and vary by 
country. Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=60 
and n=66). Very few events in the outcomes of interest, causing very serious imprecision. We 
downgraded two levels for imprecision for some outcomes, and one level for others.

 
Beyond the outcomes captured directly as research evidence in the presented statistical analyses, 
the WHO ‘Target Regimen Profile for rifampicin-resistant tuberculosis’ (WHO, 2016) identified 
certain regimen characteristics as having desirable anticipated effects. These include a shorter 
treatment duration, reduced pill burden and number of component drugs and manageable DDIs. 
Decrease in the treatment duration was therefore identified as an additional important 
desirable effect. 
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Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large 
○ Moderate 
○ Small 
● Trivial 
○ Varies 
○ Don’t know

The BPaLM regimen arm of the TB-PRACTECAL trial with population including patients with 
MDR/RR-TB with or without quinolone resistance (MDR/RR-TB or pre-XDR-TB) was compared to 
comparator arm of the TB-PRACTECAL trial comprised of MDR/RR-TB or pre-XDR-TB patients 
treated with multiple local SoC regimens (including: 9–12-month injectable containing regimen; 
18–24-month long WHO regimen (pre-2019); 9–12 month all oral regimen; 18–20 month all oral 
regimen). 
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaLM regimen 
(n=62) compared to participants receiving WHO recommended standard of care regimens used in 
TB-PRACTECAL trial (n=66) experienced higher levels of treatment success (89% vs 52%), i.e. 73% 
relative increase (aRR=1.73, 95%CI 1.31 to 2.27); lower levels of failure and recurrence (8% vs 26%) 
i.e. 74% relative reduction (aRR=0.26, 95%CI 0.1 to 0.71); lower levels of death (0% vs 3%), i.e. 3% 
absolute reduction (RD= 0.03, 95%CI 0.1 to 0.03); lower levels of loss to follow-up (3% vs 20%), 
i.e. 84% of relative reduction (RR=0.16, 95%CI 0.12 to 0.52); lower levels of grade 3 to 5 adverse 
events (21% vs 51%), i.e. 59% relative reduction (aRR=0.41, 95%CI 0.04 to 0.61) and lower levels of 
amplified resistance (0% vs 2%), i.e. 2% absolute reduction (RD= 0.02, 95%CI 0.07 to 0.02).
BPaLM may improve treatment success, failure and recurrence, death, loss to follow-up, 
amplification of drug-resistance and adverse events but the evidence is very uncertain.
There were no undesirable effects among the specified outcomes.
Pretomanid safety
Rodent Toxicology Studies –evidence of direct testicular toxicity
Monkey Toxicology Studies –no evidence for direct testicular toxicity; abnormal sperm findings 
considered to be secondary to declining physical condition
Hormone Data from Clinical Studies –no changes in FSH, LH, Inhibin B consistent with testicular 
toxicity
Paternity Survey –44 children fathered by 38 men (12%) who participated in pretomanid studies of 
4–6 months treatment duration
Semen Study –ongoing study measuring semen in men undergoing pretomanid treatment 

Considering this research evidence and the additional 
considerations, the GDG judged that BPaLM may have 
trivial undesirable effects and noted the very low 
certainty of the evidence.
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Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

The certainty of evidence was rated very low. The risk of bias was judged to be serious or very 
serious, depending on outcome. There was a lack of blinding, early termination of the trial for 
benefit, measured confounding and likely unmeasured confounding and small event numbers 
precluding adjustment for some comparisons. These concerns resulted in downgrading by one or 
two levels depending upon outcome. We did not downgrade for inconsistency. We downgraded for 
indirectness due to differences in population and the comparator regimen by one level. Imprecision 
was serious or very serious according to outcomes, with a small number of events for some 
outcomes resulting downgrading by one to two levels according to outcomes.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of the 
evidence 
(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* 
(95% CI)

Risk with 
TB-PRACTECAL 

comparator

Risk difference 
with BPaLM

Treatment success 128 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 1.73 
(1.31 to 

2.27)

Study population
515 per 1 000 376 more per 

1 000 
(160 more to 

654 more)
Failure and 
recurrence

128 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.26 
(0.10 to 

0.71)

Study population
258 per 1 000 191 fewer per 

1 000 
(232 fewer to 

75 fewer)
Death 128 

(1 RCT)
 

Very lowa,b,c,d,e,f,g

RD -0.03 
(-0.10 to 

0.03)

Study population
30 per 1 000 30 fewer per 

1 000 
(100 fewer to 

30 more)
Lost to follow up 128 

(1 RCT)
 

Very lowa,b,c,d,e,f,g

RR 0.16 
(0.04 to 

0.61)

Study population
197 per 1 000 165 fewer per 

1 000 
(189 fewer to 

77 fewer)
Adverse events 213 

(1 RCT)
 

Very lowa,b,c,d,e,f,g

RR 0.41 
(0.26 to 

0.63)

Study population
509 per 1 000 300 fewer per 

1 000 
(377 fewer to 

188 fewer)
Amplification of 
drug resistance

213 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RD -0.02 
(-0.07 to 

0.02)

Study population
19 per 1 000 20 fewer per 

1 000 
(70 fewer to 

20 more)

As noted in the CoE assessment, it is important to highlight 
that 
• the the population included in the trial that gave rise 

to the data is a mix of MDR/RR and pre-XDR/XDR TB 
patients (82–92% RR/MDR, depending on study arm)

• treatment outcomes for the comparator regimen differ 
for these populations and that 

• 24% of patients were treated with regimens no longer 
recommended by WHO, e.g. containing injectable drugs 
and not containing Bdq
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a. An imbalance in measured covariates (gender, prior DR-TB, smear status) likely arises from 
the small number of participants in each group. While the adjusted analyses will account for 
measured confounding, unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons.
c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias in 

the conduct of the trial. Higher loss to follow-up was noted in the comparator group, which is an 
outcome that may be influenced by patient or clinician knowledge of the regimen. 

d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal 
stopping rules do not reduce bias (GRADE Handbook, 2013).

e. Multiple comparator regimens were used, varying across site. This may explain some of the 
substantial inconsistency in the point estimates for treatment outcomes seen between countries 
(Belarus, South Africa and Uzbekistan). The decision whether to downgrade is difficult. We did 
not downgrade for inconsistency as the issue of comparators was addressed under indirectness.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and 
population to which guidelines will apply. (ii) Comparator: Some comparator regimens are sub-
optimal, not according with the WHO standard of care (at the time or presently), and vary by 
country. Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=60 
and n=66). Very few events in the outcomes of interest, causing very serious imprecision. We 
downgraded two levels for imprecision for some outcomes, and one level for others.

Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Important 
uncertainty or 
variability 
○ Possibly important 
uncertainty or 
variability 
● Probably no 
important uncertainty 
or variability 
○ No important 
uncertainty or 
variability

No evidence research searched for. 

Higher treatment efficacy, shorter duration of treatment, lower pill burden and less adverse events 
are usually valued by patients. 

The panel judged that there was probably no important 
uncertainty or variability in how much people value the 
main outcomes.
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Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
● Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ Don’t know

 As noted in the CoE assessment, it is important to highlight 
that 
• the the population included in the trial that gave rise 

to the data is a mix of MDR/RR and pre-XDR/XDR TB 
patients (82–92% RR/MDR, depending on study arm)

• treatment outcomes for the comparator regimen differ 
for these populations and that 

• 24% of patients were treated with regimens no longer 
recommended by WHO, e.g. containing injectable drugs 
and not containing Bdq

As a result, the balance of effects may be different in 
settings/populations with different FQ-resistance prevalence 
and if only currently recommended regimens are used. 
The GDG judged the benefits of BPaLM to be large and 
the undesirable effects to be trivial compared to WHO 
recommended standard of care regimens. The certainty 
of evidence was judged to be very low. Based on this, 
the panel determined that the balance of health effects 
probably favours BPaLM regimen.
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Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large costs 
○ Moderate costs 
○ Negligible costs 
and savings 
○ Moderate savings 
○ Large savings 
● Varies 
○ Don’t know

Sedona Sweeney’s presentation on cost & CEA of PRACTECAL regimens from pre-GDG 
webinar
• From the data presented, the total cost (drugs+delivery) of WHO_short appear to be between 

1%-15% higher than for BPaLM and between ~1.4x to 1.9x higher for WHO_long when looking 
at comparative estimates within country

• In most settings, BPaLM is cost-saving; these cost savings are mostly due to reduced time in care 
and therefore reductions in numbers of outpatient visits, inpatient bed-days, and lab tests

Lifetime costs

The panel judged that the costs for BPaLM are lower 
because costs of drugs are lower and cost of delivery are 
also lower due to the shorter duration of treatment and 
lower complexity. The GDG judged that the reduction in 
costs varies between moderate and large.
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Results by country: conservative approach

Country and regimen
Total costs per 

person Total DALYs
Incremental Costs 

per person
Philippines 
SOC long $2,127 6.2 
SOC short $1,286 5.1 -$841
BPaL $1,050 5.1 -$236
BPaLC $1,146 5.0 $96 
BPaLM $1,099 4.4 -$47
South Africa 
SOC long $6,896 6.9 
SOC short $4,120 6.3 -$2,776
BPaL $3,554 6.3 -$566
BPaLC $3,687 6.2 $132 
BPaLM $3,739 5.7 $52 
India 
SOC long $1,531 6.8 
SOC short $923 6.1 -$608
BPaL $838 6.1 -$84
BPaLC $923 6.0 $85 
BPaLM $872 5.5 -$51
Georgia 
SOC long $4,499 4.7 
SOC short $3,290 4.1 -$1,209
BPaL $3,164 4.1 -$125
BPaLC $3,264 4.0 $100 
BPaLM $3,246 3.3 -$19

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies
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Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
● Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ No included 
studies

Sedona Sweeney’s presentation on cost & CEA of PRACTECAL regimens from pre-GDG 
webinar 
• From the data presented: «strong evidence that BPaLM would be cost-effective» in the setting 

studied (costs reduced and DALYs averted)
• Note that estimates of effectiveness (from which DALYs averted were derived) are different from 

those presented in the evidence profile for this PICO 

 

Given their prior judgements (balance of effects probably 
favors the intervention; intervention leads to moderate to 
large savings), the panel judged that the cost-effectiveness 
of the intervention probably favors the intervention.

Results by country: conservative approach

Country and regimen
Total costs per 

person Total DALYs
Incremental Costs 

per person
Incremental DALYs 
Averted Per Person

Incremental costs 
per DALY

Philippines 
SOC long $2,127 6.2 
SOC short $1,286 5.1 -$841 1.04 Dominant 
BPaL $1,050 5.1 -$236 0.00 Dominant 
BPaLC $1,146 5.0 $96 0.11 $867
BPaLM $1,099 4.4 -$47 0.62 Dominant 
South Africa 
SOC long $6,896 6.9 
SOC short $4,120 6.3 -$2,776 0.57 Dominant 
BPaL $3,554 6.3 -$566 0.00 Dominant 
BPaLC $3,687 6.2 $132 0.10 $1,375
BPaLM $3,739 5.7 $52 0.54 $97
India 
SOC long $1,531 6.8 
SOC short $923 6.1 -$608 0.70 Dominant 
BPaL $838 6.1 -$84 -0.04 Dominant 
BPaLC $923 6.0 $85 0.10 $838
BPaLM $872 5.5 -$51 0.57 Dominant 
Georgia 
SOC long $4,499 4.7 
SOC short $3,290 4.1 -$1,209 0.57 Dominant 
BPaL $3,164 4.1 -$125 0.02 Dominant 
BPaLC $3,264 4.0 $100 0.12 $833
BPaLM $3,246 3.3 -$19 0.67 Dominant 
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Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Reduced 
○ Probably reduced 
○ Probably no impact 
● Probably increased 
○ Increased 
○ Varies 
○ Don’t know

No research evidence searched for. The panel considered the treatment duration and the ability 
to decentralize treatment (to enable access for remote, 
underserviced settings and disadvantaged populations) to 
affect equity.
Despite not being able to identify relevant research 
evidence, the panel used their collective experience to 
judge that there would likely be advantages associated 
with the use of the BPaLM regimen due to its reduced 
complexity and shorter duration. The panel judged that use 
of the BPaLM regimen would probably increase equity.

Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

Beverly Stringer’s presentation on PROs from pre-GDG webinar (qualitative study) on the 
patient perspective 
• Positive impact of shorter treatment on employment status welcomed 

van de Berg et al, 2021 (based on 2019 KNCV report, 
funded by TB Alliance) on the provider perspective
• Noting that analyses from van de Berg paper are only 

partially applicable here since in their study they asked 
about acceptability of using BPaL for pre-XDR patients 
and when compared to the long WHO regimen 

• Findings: Acceptability: overall high and rated as 
acceptable by >80% across domains

The panel considered patients and health care providers 
as key stakeholders. The panel considered the following 
aspects as critical with regards to acceptability: regimen 
duration and drug safety monitoring needs (both relating 
to necessary travel, loss of income and general disruption 
of the life of patients; workload for the health care system), 
needs for drug susceptibility testing. The panel judged that 
the BPaLM regimen would probably be acceptable.
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Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

 van de Berg et al, 2021 (based on 2019 KNCV report, 
funded by TB Alliance) on the provider perspective
Noting that analyses from van de Berg paper are only 
partially applicable here since in their study they asked 
about feasibility of using BPaL for pre-XDR patients and 
when compared to the long WHO regimen 
The panel considered the following aspects to affect 
feasibility (i.e. to be potential barriers to implementation): 
requirements for drug safety monitoring and requirements 
for drug susceptibility testing. 
The panel noted limited availability of drugs in the 
BPaLM regimen for use in DST as a potential barriers to 
implementation and also noted that data on the critical 
concentration of Pretomanid for use in DST is limited. 
However, given the reduced duration, complexity and 
associated workload, the panel judged that implementation 
is probably feasible.
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Summary of judgements

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know
DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know
UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know
CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies
VALUES Important 

uncertainty or 
variability

Possibly important 
uncertainty or 

variability

Probably no 
important 

uncertainty or 
variability

No important 
uncertainty or 

variability

BALANCE OF EFFECTS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and 
savings

Moderate savings Large savings Varies Don’t know

CERTAINTY OF EVIDENCE 
OF REQUIRED RESOURCES

Very low Low Moderate High No included studies

COST EFFECTIVENESS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies No included studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know
ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know
FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

Type of recommendation
Strong recommendation against 

the intervention
○ 

Conditional recommendation 
against the intervention

○ 

Conditional recommendation 
for either the intervention or the 

comparison
○ 

Conditional recommendation for 
the intervention

● 

Strong recommendation for the 
intervention

○ 
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Conclusions

Recommendation
The use of the 6-month treatment regimen, composed of bedaquiline, pretomanid, linezolid and moxifloxacin (BPaLM), rather than 9-month or longer (18-month) regimens is suggested 
in MDR/RR-TB patients with or without resistance to fluoroquinolones, who have either had no previous exposure to bedaquiline and linezolid or have been exposed for less than 1 
month.

Justification
This section is provided under the summary PICO that this sub-PICO has contributed to

Subgroup considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Implementation considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Monitoring and evaluation
This section is provided under the summary PICO that this sub-PICO has contributed to

Research priorities
This section is provided under the summary PICO that this sub-PICO has contributed to
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Sub-PICO 6.2
Question
Should BPaLM vs. BPaL (Lzd 600mg/300mg) be used for pulmonary MDR/RR-TB and pre-XDR-TB?
POPULATION: pulmonary MDR/RR-TB or pre-XDR-TB (2021 WHO definition)
INTERVENTION: BPaLM (B-Pa-Lzd 600mg->300mg-Mfx) arm of TB-PRACTECAL
COMPARISON: BPaL (Lzd 600mg->300mg) arm of TB-PRACTECAL
MAIN OUTCOMES: Treatment success; Failure and recurrence; Death; Lost to follow up; Adverse events; Amplification of drug resistance.
SETTING: Global inpatient and outpatient treatment settings
PERSPECTIVE: Public health and health systems perspective
BACKGROUND: Multidrug-resistant (MDR-) and rifampicin-resistant tuberculosis (MDR-/RR-TB) has emerged as a major problem due to poor management of drug-susceptible 

and transmission of drug-resistant TB. MDR-/RR-TB is treatable but requires different treatment regimen combinations that are sometimes longer and including 
medicines with that are potentially more toxic. The interest in reducing the duration of treatment for MDR/RR-TB motivates a continuous search for shorter 
and safer regimens. In 2016, on the basis of data from observational studies of the shorter regimens in different Asian and African countries, WHO for the first 
time recommended a standardized 9-month regimen, containing an injectable agent providing shorter than the extant 18–20 months standard of care for the 
eligible patients. In 2018, following the results of the Standard Treatment Regimen of Anti-tuberculosis Drugs for Patients with MDR-TB (STREAM) Stage 1 trial, 
further modifications were made to the earlier recommended shorter regimen, also replacing kanamycin by amikacin (based on evidence from the comparative 
effectiveness of these two injectable agents. Evidence of permanent effects attributed to the toxicity of injectable agents, have prompted further advances in the 
development of new treatments such as shorter injectable-sparing regimens. In particular, South African Department of Health shared with WHO the observational 
data on an all-oral bedaquiline-containing shorter regimen of 9 months duration. The all-oral 9-month bedaquiline containing regimen was reviewed and 
recommended by WHO since 2019 with the following combination of medicines (4–6 Bdq[6]-Lfx[Mfx]-Eto-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E). In 2022, new evidence 
from programmatic implementation in South Africa was made available to WHO where this regimen was modified to include 2 months of Linezolid (Lzd, 600mg) 
instead of 4 months of Ethionamide (Eto). 
Data from the single arm, open-label Nix-TB study by the Global TB Alliance was reviewed in 2019 to assess whether a 6-month novel treatment regimen 
consisting of bedaquiline, pretomanid and linezolid safely improves treatment outcomes in patients with MDR/RR-TB and additional resistance to fluoroquinolones 
when compared with other regimens conforming to WHO recommendations. For this purpose, the Nix-TB study data on the BPaL regimen was compared to 
matched records in the IPD. Limitations in study design and the small number of participants observed adverse events did not allow the panel to recommend 
programmatic implementation of the regimen worldwide until additional evidence has been generated. In 2020 WHO DR-TB guidelines, BPaL regimen was 
recommended for use under operational research conditions. Two randomized controlled trials have concluded in 2021 (TB-PRACTECAL and ZeNix) providing new 
evidence and prompting assessment by WHO in order to develop new or updated recommendations on MDR/RR-TB treatment.

CONFLICT OF 
INTERESTS:

The following panel members were recused from voting on the recommendation according to WHO policy due to potential conflicts-of-interest: Padma 
Chandrasekaran
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Assessment

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

The COVID-19 pandemic has reversed years of progress in providing essential TB services and 
reducing TB disease burden. The most obvious impact is a large global drop in the number of 
people newly diagnosed with TB and reported. This fell from 7.1 million in 2019 to 5.8 million in 
2020, an 18% decline back to the level of 2012 and far short of the approximately 10 million people 
who developed TB in 2020. 
Reduced access to TB diagnosis and treatment has resulted in an increase in TB deaths. Best 
estimates for 2020 are 1.3 million TB deaths among HIV-negative people (up from 1.2 million in 
2019) and an additional 214 000 among HIV-positive people (up from 209 000 in 2019), with the 
combined total back to the level of 2017. 
Other impacts include reductions between 2019 and 2020 in the number of people provided with 
treatment for drug-resistant TB (-15%, from 177 100 to 150 359, about 1 in 3 of those in need). 
Globally in 2020, 71% (2.1/3.0 million) of people diagnosed with bacteriologically confirmed 
pulmonary TB were tested for rifampicin resistance, up from 61% (2.2/3.6 million) in 2019 and 
50% (1.7/3.4 million) in 2018. Among these, 132 222 cases of MDR/RR-TB and 25 681 cases of 
pre-XDR-TB or XDR-TB were detected, for a combined total of 157 903. This was a large fall (of 
22%) from the total of 201 997 people detected with drug-resistant TB in 2019, consistent with 
similarly large reductions in the total number of people newly diagnosed with TB (18%) and the 
total number of people diagnosed with bacteriologically confirmed pulmonary TB (17%) observed 
between 2019 and 2020. Worldwide, 150 359 people with MDR/RR-TB were enrolled on treatment 
in 2020, down 15% from the total of 177 100 in 2019. This level of enrolment was equivalent to 
about one in three of the people who develop MDR/RR-TB each year. 
More positively, there have been improvements in treatment success rates. Globally in 2018 (the 
latest patient cohort for which data are available), the treatment success rate for MDR/RR-TB was 
59%, reflecting steady improvements in recent years from 50% in 2012.
(Global TB Report 2021)
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Trivial 
○ Small 
● Moderate 
○ Large 
○ Varies 
○ Don’t know

The BPaLM regimen arm of the TB-PRACTECAL trial with population including patients with MDR/
RR-TB with or without quinolone resistance (MDR/RR-TB or pre-XDR-TB) was compared to BPaL 
arm of the TB-PRACTECAL trial comprised of MDR/RR-TB or pre-XDR-TB patients. 
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaLM regimen 
(n=62) compared to participants receiving BPaL in TB-PRACTECAL trial (n=60) experienced higher 
levels of treatment success (89% vs 77%), i.e. 15% relative increase (aRR=1.15, 95%CI 0.95 to 1.38); 
lower levels of failure and recurrence (8.1% vs 13%), i.e. 47% relative reduction (aRR= 0.53, 95%CI 
0.17 to 1.63); lower levels of loss to follow-up (3.2% vs 10%), i.e. 32% relative reduction (RR=0.32, 
95%CI 0.08 to 1.34); no difference in death (0% vs 0%), i.e. 0% absolute difference (RD= 0.00, 
95%CI –0.06 to 0.06); higher levels of grade 3 to 5 adverse events (21% vs 20%), i.e. 7% relative 
increase (aRR=1.07, 95%CI 0.62 to 1.88) and lower levels of amplified resistance (0% vs 3%), i.e. 3% 
absolute reduction (RD= –0.03, 95%CI –0.08 to 0.01).
The evidence is very uncertain about the effect of the BPaLM regimen with linezolid on all 
outcomes.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)
Risk with 
BPaL (Lzd 

600mg/300mg)

Risk difference with 
BPaLM

Treatment 
success

122 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 1.15 
(0.95 to 

1.38)

Study population
767 per 1 000 115 more per 1 000 

(38 fewer to 291 more)
Failure and 
recurrence

122 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.53 
(0.17 to 

1.63)

Study population
133 per 1 000 63 fewer per 1 000 

(111 fewer to 84 more)
Death 122 

(1 RCT)
 

Very lowa,b,c,d,e,g

RD 0.00 
(-0.06 to 

0.06)

Study population
0 per 1 000 0 fewer per 1 000 

(60 fewer to 60 more)
Lost to follow up 122 

(1 RCT)
 

Very lowa,b,c,d,e,f,g

RR 0.32 
(0.08 to 

1.34)

Study population
100 per 1 000 68 fewer per 1 000 

(92 fewer to 34 more)
Amplification of 
drug resistance

207 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RD -0.03 
(-0.08 to 

0.01)

Study population
29 per 1 000 30 fewer per 1 000 

(80 fewer to 10 more)

Considering this research evidence and the additional 
considerations, the GDG judged that BPaLM may have 
moderate desirable effects and noted the very low 
certainty of the evidence.
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a. An imbalance in measured covariates (gender, past TB treatment, past DR-TB treatment, 
smear positivity, culture positivity and FQ-S proportion) likely arises from the small number of 
participants in each group. While the adjusted analyses will account for measured confounding, 
unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons
c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias in 

the conduct of the trial. Higher loss to follow-up was noted in the comparator group, which is an 
that may be influenced by patient or clinician knowledge of the regimen. 

d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal 
stopping rules do not reduce bias (GRADE Handbook, 2013).

e. Multiple comparator regimens were used, varying across site. This may explain some of the 
inconsistency in the point estimates for treatment outcomes seen between countries (Belarus, 
South Africa and Uzbekistan). The decision whether to downgrade is a difficult decision. 
Confidence limits for these estimates do overlap, and so we have chosen not to downgrade for 
inconsistency.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and 
population to which guidelines will apply. (ii) Comparator: Some comparator regimens are sub-
optimal, not according with the WHO standard of care (at the time or presently), and vary by 
country. Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=62 
and n=60). Very few events in the outcomes of interest, causing very serious imprecision. We 
downgraded two levels for imprecision for some outcomes, and one level for others.
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Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large 
○ Moderate 
● Small 
○ Trivial 
○ Varies 
○ Don’t know

The BPaLM regimen arm of the TB-PRACTECAL trial with population including patients with MDR/
RR-TB with or without quinolone resistance (MDR/RR-TB or pre-XDR-TB) was compared to BPaL 
arm of the TB-PRACTECAL trial comprised of MDR/RR-TB or pre-XDR-TB patients. 
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaLM regimen 
(n=62) compared to participants receiving BPaL in TB-PRACTECAL trial (n=60) experienced higher 
levels of treatment success (89% vs 77%), i.e. 16% relative increase (aRR=1.16, 95%CI 0.98 to 1.37); 
lower levels of failure and recurrence (0% vs 5%), i.e. 5% absolute reduction (RD= –0.05, 95%CI 
–0.14 to 0.01); lower levels of loss to follow-up (11% vs 18%), i.e. 38% relative reduction (aRR=0.62, 
95%CI 0.26 to 1.48); no difference in death (0% vs 0%), higher levels of grade 3 to 5 adverse events 
(21% vs 20%), i.e. 7% relative increase (aRR=1.07, 95%CI 0.62 to 1.88) and lower levels of amplified 
resistance (0% vs 3%), i.e. 3% absolute reduction (RD= –0.03, 95%CI –0.08 to 0.01).
The evidence is very uncertain about the effect of the BPaLM regimen with linezolid on all outcomes.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of the 
evidence 
(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with BPaL (Lzd 
600mg/300mg)

Risk difference with 
BPaLM

Adverse 
events

207 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 1.07 
(0.61 to 

1.88)

Study population
196 per 1 000 14 more per 1 000 

(76 fewer to 173 more)

a. An imbalance in measured covariates (gender, past TB treatment, past DR-TB treatment, 
smear positivity, culture positivity and FQ-S proportion) likely arises from the small number of 
participants in each group. While the adjusted analyses will account for measured confounding, 
unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons
c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce 

bias in the conduct of the trial. Higher loss to follow-up was noted in the comparator group, 
which is an that may be influenced by patient or clinician knowledge of the regimen. 

d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. 
Formal stopping rules do not reduce bias (GRADE Handbook, 2013).

e. Multiple comparator regimens were used, varying across site. This may explain some of the 
inconsistency in the point estimates for treatment outcomes seen between countries (Belarus, South 
Africa and Uzbekistan). The decision whether to downgrade is a difficult decision. Confidence limits 
for these estimates do overlap, and so we have chosen not to downgrade for inconsistency.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and 
population to which guidelines will apply. (ii) Comparator: Some comparator regimens are sub-
optimal, not according with the WHO standard of care (at the time or presently), and vary by 
country. Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=62 
and n=60). Very few events in the outcomes of interest, causing very serious imprecision. We 
downgraded two levels for imprecision for some outcomes, and one level for others.

Considering this research evidence and the additional 
considerations, the GDG judged that BPaLM may 
have small desirable effects and noted the very low 
certainty of the evidence.
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Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

Confidence limits were wide for most estimates. Certainty was rated *very low*. Risk of bias was 
serious or very serious, for different outcomes. There was a lack of blinding, early termination of 
the trial for benefit, measured confounding and likely unmeasured confounding and small event 
numbers precluding adjustment for some comparisons. These concerns resulted in downgrading 
by one or two levels depending upon outcome. We did not downgrade for inconsistency. We 
downgraded for indirectness due to differences in population and the comparator regimen by one 
level. Imprecision was serious or very serious according to outcome, with a small number of events 
for some outcomes resulting downgrading by one to two levels according to outcomes.
 

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)
Risk with 
BPaL (Lzd 

600mg/300mg)

Risk difference with 
BPaLM

Treatment 
success

122 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 1.15 
(0.95 to 

1.38)

Study population
767 per 1 000 115 more per 1 000 

(38 fewer to 291 more)
Failure and 
recurrence

122 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.53 
(0.17 to 

1.63)

Study population
133 per 1 000 63 fewer per 1 000 

(111 fewer to 84 more)
Death 122 

(1 RCT)
 

Very lowa,b,c,d,e,g

RD 0.00 
(-0.06 to 

0.06)

Study population
0 per 1 000 0 fewer per 1 000 

(60 fewer to 60 more)
Lost to follow up 122 

(1 RCT)
 

Very lowa,b,c,d,e,f,g

RR 0.32 
(0.08 to 

1.34)

Study population
183 per 1 000 125 fewer per 1 000 

(169 fewer to 62 more)
Adverse events 207 

(1 RCT)
 

Very lowa,b,c,d,e,f,g

RR 1.07 
(0.61 to 

1.88)

Study population
196 per 1 000 14 more per 1 000 

(76 fewer to 173 more)
Amplification of 
drug resistance

207 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RD -0.03 
(-0.08 to 

0.01)

Study population
29 per 1 000 30 fewer per 1 000 

(80 fewer to 10 more)

 



W
H

O
 consolidated guidelines on tuberculosis. M

odule 4: treatm
ent – 

drug-resistant tuberculosis treatm
ent, 2022 update. W

eb Annexes

W
eb Annex 4. G

RAD
E evidence-to-decision tables

249

248

a. An imbalance in measured covariates (gender, past TB treatment, past DR-TB treatment, 
smear positivity, culture positivity and FQ-S proportion) likely arises from the small number of 
participants in each group. While the adjusted analyses will account for measured confounding, 
unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons
c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias in 

the conduct of the trial. Higher loss to follow-up was noted in the comparator group, which is an 
that may be influenced by patient or clinician knowledge of the regimen. 

d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal 
stopping rules do not reduce bias (GRADE Handbook, 2013).

e. Multiple comparator regimens were used, varying across site. This may explain some of the 
inconsistency in the point estimates for treatment outcomes seen between countries (Belarus, 
South Africa and Uzbekistan). The decision whether to downgrade is a difficult decision. 
Confidence limits for these estimates do overlap, and so we have chosen not to downgrade for 
inconsistency.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and 
population to which guidelines will apply. (ii) Comparator: Some comparator regimens are sub-
optimal, not according with the WHO standard of care (at the time or presently), and vary by 
country. Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=62 
and n=60). Very few events in the outcomes of interest, causing very serious imprecision. We 
downgraded two levels for imprecision for some outcomes, and one level for others.

Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Important 
uncertainty or 
variability 
○ Possibly important 
uncertainty or 
variability 
● Probably no 
important uncertainty 
or variability 
○ No important 
uncertainty or 
variability

No evidence research searched for. 
 

Higher treatment efficacy, shorter duration of treatment, lower pill burden and less adverse events 
are usually valued by patients. 

The panel judged that there was probably no important 
uncertainty or variability in how much people value the 
main outcomes.
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Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
● Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ Don’t know

 The GDG judged the benefits of BPaLM to be moderate 
and the undesirable effects to be small compared to BPaL. 
The certainty of evidence was judged to be very low. Based 
on this, the panel determined that the balance of health 
effects probably favours BPaLM.

Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large costs 
○ Moderate costs 
○ Negligible costs 
and savings 
○ Moderate savings 
○ Large savings 
● Varies 
○ Don’t know

 The cost savings from improved health outcomes were 
felt to be an important consideration as they could be 
substantial. However, the panel also felt that some of 
the cost will vary e.g. the savings from improved health 
outcomes will depend on underlying FQ-r prevalence. Cost 
may also be affected by access to FQ-DST and accordingly 
the ability to drop Moxi if resistance is found. Therefore the 
GDG judged the resources required to vary.

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies
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Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
● No included studies

The CE study embedded in the trial compared BPaL regimens to other longer regimens, therefore 
may not be useful for comparison between BPaL and BPaLM

both ~ 6month regimens 

Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Reduced 
○ Probably reduced 
● Probably no impact 
○ Probably increased 
○ Increased 
○ Varies 
○ Don’t know

No research evidence searched for. The panel considered the treatment duration and the ability 
to decentralize treatment (to enable access for remote, 
underserviced settings and disadvantaged populations) to 
affect equity.
 
Implementation in some countries may be hampered by 
lack of availability of DST and that could have an impact on 
equitable roll out if DST for moxifloxacin is a requirement 
for implementation

Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

No research evidence searched for. both ~ 6month regimens, only difference is Moxifloxacin in 
BPaLM.
The panel considered patients and health care providers 
as key stakeholders. The panel considered the following 
aspects as critical with regards to acceptability: regimen 
duration and drug safety monitoring needs (both relating 
to necessary travel, loss of income and general disruption 
of the life of patients; workload for the health care system), 
needs for drug susceptibility testing. The panel judged that 
the BPaLM regimen would probably be acceptable.
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Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

No research evidence searched for. The panel considered the following aspects to affect 
feasibility (i.e. to be potential barriers to implementation): 
requirements for drug safety monitoring and requirements 
for drug susceptibility testing. 
both ~ 6month regimens , only difference is Moxifloxacin in 
BPaLM.
The panel noted that rapid DST to moxifloxacin is not 
available in all settings and that this is a potential barriers to 
implementation.  

The panel judged that implementation is probably feasible.
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Summary of judgements

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know
DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know
UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know
CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies
VALUES Important 

uncertainty or 
variability

Possibly important 
uncertainty or 

variability

Probably no 
important 

uncertainty or 
variability

No important 
uncertainty or 

variability

BALANCE OF EFFECTS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and 
savings

Moderate savings Large savings Varies Don’t know

CERTAINTY OF EVIDENCE 
OF REQUIRED RESOURCES

Very low Low Moderate High No included studies

COST EFFECTIVENESS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies No included 
studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know
ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know
FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

Type of recommendation
Strong recommendation against 

the intervention
○ 

Conditional recommendation 
against the intervention

○ 

Conditional recommendation 
for either the intervention or the 

comparison
○ 

Conditional recommendation for 
the intervention

● 

Strong recommendation for the 
intervention

○ 
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Conclusions

Recommendation
The use of the 6-month treatment regimen, composed of bedaquiline, pretomanid, linezolid and moxifloxacin (BPaLM), rather than BPaL is suggested in MDR/RR-TB patients with or 
without resistance to fluoroquinolones, who have either had no previous exposure to bedaquiline and linezolid or have been exposed for less than 1 month.

Justification
This section is provided under the summary PICO that this sub-PICO has contributed to

Subgroup considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Implementation considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Monitoring and evaluation
This section is provided under the summary PICO that this sub-PICO has contributed to

Research priorities
This section is provided under the summary PICO that this sub-PICO has contributed to
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Sub-PICO 6.3
Question
Should BPaLM vs. BPaLC be used for pulmonary MDR/RR-TB and pre-XDR-TB?
POPULATION: pulmonary MDR/RR-TB or pre-XDR-TB (2021 WHO definition)
INTERVENTION: BPaLM (B-Pa-Lzd 600mg->300mg-Mfx) arm of TB-PRACTECAL
COMPARISON: BPaLC (B-Pa-Lzd 600mg->300mg-Cfz) arm of TB-PRACTECAL
MAIN OUTCOMES: Treatment success; Failure and recurrence; Death; Lost to follow up; Adverse events; Amplification of drug resistance.
SETTING: Global inpatient and outpatient treatment settings
PERSPECTIVE: Public health and health systems perspective
BACKGROUND: Multidrug-resistant (MDR-) and rifampicin-resistant tuberculosis (MDR-/RR-TB) has emerged as a major problem due to poor management of drug-susceptible 

and transmission of drug-resistant TB. MDR-/RR-TB is treatable but requires different treatment regimen combinations that are sometimes longer and including 
medicines with that are potentially more toxic. The interest in reducing the duration of treatment for MDR/RR-TB motivates a continuous search for shorter 
and safer regimens. In 2016, on the basis of data from observational studies of the shorter regimens in different Asian and African countries, WHO for the first 
time recommended a standardized 9-month regimen, containing an injectable agent providing shorter than the extant 18–20 months standard of care for the 
eligible patients. In 2018, following the results of the Standard Treatment Regimen of Anti-tuberculosis Drugs for Patients with MDR-TB (STREAM) Stage 1 trial, 
further modifications were made to the earlier recommended shorter regimen, also replacing kanamycin by amikacin (based on evidence from the comparative 
effectiveness of these two injectable agents. Evidence of permanent effects attributed to the toxicity of injectable agents, have prompted further advances in the 
development of new treatments such as shorter injectable-sparing regimens. In particular, South African Department of Health shared with WHO the observational 
data on an all-oral bedaquiline-containing shorter regimen of 9 months duration. The all-oral 9-month bedaquiline containing regimen was reviewed and 
recommended by WHO since 2019 with the following combination of medicines (4–6 Bdq[6]-Lfx[Mfx]-Eto-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E). In 2022, new evidence 
from programmatic implementation in South Africa was made available to WHO where this regimen was modified to include 2 months of Linezolid (Lzd, 600mg) 
instead of 4 months of Ethionamide (Eto). 
Data from the single arm, open-label Nix-TB study by the Global TB Alliance was reviewed in 2019 to assess whether a 6-month novel treatment regimen 
consisting of bedaquiline, pretomanid and linezolid safely improves treatment outcomes in patients with MDR/RR-TB and additional resistance to fluoroquinolones 
when compared with other regimens conforming to WHO recommendations. For this purpose, the Nix-TB study data on the BPaL regimen was compared to 
matched records in the IPD. Limitations in study design and the small number of participants observed adverse events did not allow the panel to recommend 
programmatic implementation of the regimen worldwide until additional evidence has been generated. In 2020 WHO DR-TB guidelines, BPaL regimen was 
recommended for use under operational research conditions. Two randomized controlled trials have concluded in 2021 (TB-PRACTECAL and ZeNix) providing new 
evidence and prompting assessment by WHO in order to develop new or updated recommendations on MDR/RR-TB treatment.

CONFLICT OF 
INTERESTS:

The following panel members were recused from voting on the recommendation according to WHO policy due to potential conflicts-of-interest: Padma 
Chandrasekaran
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Assessment

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

The COVID-19 pandemic has reversed years of progress in providing essential TB services and 
reducing TB disease burden. The most obvious impact is a large global drop in the number of 
people newly diagnosed with TB and reported. This fell from 7.1 million in 2019 to 5.8 million in 
2020, an 18% decline back to the level of 2012 and far short of the approximately 10 million people 
who developed TB in 2020. 
Reduced access to TB diagnosis and treatment has resulted in an increase in TB deaths. Best 
estimates for 2020 are 1.3 million TB deaths among HIV-negative people (up from 1.2 million in 
2019) and an additional 214 000 among HIV-positive people (up from 209 000 in 2019), with the 
combined total back to the level of 2017. 
Other impacts include reductions between 2019 and 2020 in the number of people provided with 
treatment for drug-resistant TB (-15%, from 177 100 to 150 359, about 1 in 3 of those in need). 
Globally in 2020, 71% (2.1/3.0 million) of people diagnosed with bacteriologically confirmed 
pulmonary TB were tested for rifampicin resistance, up from 61% (2.2/3.6 million) in 2019 and 
50% (1.7/3.4 million) in 2018. Among these, 132 222 cases of MDR/RR-TB and 25 681 cases of 
pre-XDR-TB or XDR-TB were detected, for a combined total of 157 903. This was a large fall (of 
22%) from the total of 201 997 people detected with drug-resistant TB in 2019, consistent with 
similarly large reductions in the total number of people newly diagnosed with TB (18%) and the 
total number of people diagnosed with bacteriologically confirmed pulmonary TB (17%) observed 
between 2019 and 2020. Worldwide, 150 359 people with MDR/RR-TB were enrolled on treatment 
in 2020, down 15% from the total of 177 100 in 2019. This level of enrolment was equivalent to 
about one in three of the people who develop MDR/RR-TB each year. 
More positively, there have been improvements in treatment success rates. Globally in 2018 (the 
latest patient cohort for which data are available), the treatment success rate for MDR/RR-TB was 
59%, reflecting steady improvements in recent years from 50% in 2012.
(Global TB Report 2021)
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Trivial 
○ Small 
● Moderate 
○ Large 
○ Varies 
○ Don’t know

The BPaLM regimen arm of the TB-PRACTECAL trial with population including patients with MDR/
RR-TB with or without quinolone resistance (MDR/RR-TB or pre-XDR-TB) was compared to BPaLC 
arm of the TB-PRACTECAL trial comprised of MDR/RR-TB or pre-XDR-TB patients. 
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaLM regimen 
(n=62) compared to participants receiving BPaLC (n=64) in TB-PRACTECAL trial experienced higher 
levels of treatment success (89% vs 81%), i.e. a 11% relative increase (aRR 1.11, 95%CI 0.94 to 1.31); 
lower levels of failure and recurrence (8% vs 9%), i.e. a 30% relative reduction (aRR=0.7, 95%CI 0.22 
to 2.29); lower levels of deaths (0% vs 2%), i.e. a 2% absolute increase (RD=0.02, 95% CI -0.08 to 
0.04); lower levels of loss to follow-up (3% vs 8%), i.e. a 59% relative reduction (RR=0.41, 95% CI 
0.09 to 1.77); lower levels of grade 3 to 5 adverse events (21% vs 34%), i.e. a 39% relative reduction 
(aRR=0.61, 95% CI 0.37 to 1.00); and lower levels of amplified resistance (0% vs 2%), i.e. a 2% 
absolute reduction (RD=-0.02, 95% CI -0.07 to 0.02).
The evidence is very uncertain about the effect of the BPaLM regimen with linezolid on all 
outcomes.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with 
BPaLC Risk difference with BPaLM

Treatment 
success

126 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 1.11 
(0.94 to 

1.31)

Study population
813 per 1 000 89 more per 1 000 

(49 fewer to 252 more)
Failure and 
recurrence

126 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.70 
(0.22 to 

2.29)

Study population
94 per 1 000 28 fewer per 1 000 

(73 fewer to 121 more)
Death 126 

(1 RCT)
 

Very lowa,b,c,d,e,f,g

RD -0.02 
(-0.08 to 

0.04)

Study population
16 per 1 000 20 fewer per 1 000 

(80 fewer to 40 more)
Lost to follow 
up

126 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.41 
(0.09 to 

1.77)

Study population
78 per 1 000 46 fewer per 1 000 

(71 fewer to 60 more)
Adverse 
events

209 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.61 
(0.37 to 

1.00)

Study population
337 per 1 000 131 fewer per 1 000 

(212 fewer to 0 fewer)
Amplification 
of drug 
resistance

209 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RD -0.02 
(-0.07 to 

0.02)

Study population
19 per 1 000 20 fewer per 1 000 

(70 fewer to 20 more)

• Rapid DST to CFZ is not an option but MGIT DST is an 
option for CFZ.

• Monitoring of cross resistance between BDQ and CFZ.
• BPaLC is a more vulnerable regimen in terms of 

resistance mechanisms than BPaLM so surveillance of 
ADR may be particularly important for this regimen.

 
Considering this research evidence, the GDG judged 
that BPaLM may have moderate desirable effects and 
noted the very low certainty of the evidence.
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a. An imbalance in measured covariates (past TB treatment, gender, age and missing FQ-resistance) 
likely arises from the small number of participants in each group. While the adjusted analyses will 
account for measured confounding, unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons
c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias 

in the conduct of the trial. Slightly higher loss to follow-up was noted in the comparator group, 
which is an that may be influenced by patient or clinician knowledge of the regimen. 

d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal 
stopping rules do not reduce bias (GRADE Handbook, 2013).

e. Multiple comparator regimens were used, varying across site. This may explain some of the 
inconsistency in the point estimates for treatment outcomes seen between countries (Belarus, 
South Africa and Uzbekistan). The decision whether to downgrade is a difficult decision. 
Confidence limits for these estimates do overlap, and so we have chosen not to downgrade for 
inconsistency.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and 
population to which guidelines will apply. (ii) Comparator: Some comparator regimens are 
sub-optimal, not according with the WHO standard of care (at the time or presently), and 
vary by country. (iii) Outcomes are also different in the trial than the WHO current definitions. 
Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=62 
and n=64). Very few events in the outcomes of interest, causing very serious imprecision. We 
downgraded two levels for imprecision for some outcomes, and one level for others.

Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large 
○ Moderate 
○ Small 
● Trivial 
○ Varies 
○ Don’t know

The BPaLM regimen arm of the TB-PRACTECAL trial with population including patients with MDR/
RR-TB with or without quinolone resistance (MDR/RR-TB or pre-XDR-TB) was compared to BPaLC 
arm of the TB-PRACTECAL trial comprised of MDR/RR-TB or pre-XDR-TB patients. 
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaLM regimen 
(n=62) compared to participants receiving BPaLC (n=64) in TB-PRACTECAL trial experienced higher 
levels of treatment success (89% vs 81%), i.e. a 11% relative increase (aRR 1.11, 95%CI 0.94 to 1.31); 
lower levels of failure and recurrence (8% vs 9%), i.e. a 30% relative reduction (aRR=0.7, 95%CI 0.22 
to 2.29); lower levels of deaths (0% vs 2%), i.e. a 2% absolute increase (RD=0.02, 95% CI -0.08 to 
0.04); lower levels of loss to follow-up (3% vs 8%), i.e. a 59% relative reduction (RR=0.41, 95% CI 
0.09 to 1.77); lower levels of grade 3 to 5 adverse events (21% vs 34%), i.e. a 39% relative reduction 
(aRR=0.61, 95% CI 0.37 to 1.00); and lower levels of amplified resistance (0% vs 2%), i.e. a 2% 
absolute reduction (RD=-0.02, 95% CI -0.07 to 0.02).
The evidence is very uncertain about the effect of the BPaLM regimen with linezolid on all 
outcomes.

Considering this research evidence, the GDG judged 
that BPaLM may have trivial undesirable effects and 
noted the very low certainty of the evidence.
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Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

Certainty was rated *very low*. Risk of bias was serious or very serious, for different outcomes. 
There was a lack of blinding, early termination of the trial for benefit, measured confounding 
and likely unmeasured confounding and small event numbers precluding adjustment for some 
comparisons. These concerns resulted in downgrading by one or two levels depending upon 
outcome. No downgrading was made for inconsistency. Downgrading was made for indirectness 
due to differences in population and the comparator regimen by one level. Imprecision was serious 
or very serious according to outcome, with a small number of events for some outcomes resulting 
downgrading by one to two levels according to outcomes. 

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with 
BPaLC Risk difference with BPaLM

Treatment 
success

126 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 1.11 
(0.94 to 

1.31)

Study population
813 per 1 000 89 more per 1 000 

(49 fewer to 252 more)
Failure and 
recurrence

126 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.70 
(0.22 to 

2.29)

Study population
94 per 1 000 28 fewer per 1 000 

(73 fewer to 121 more)
Death 126 

(1 RCT)
 

Very lowa,b,c,d,e,f,g

RD -0.02 
(-0.08 to 

0.04)

Study population
16 per 1 000 20 fewer per 1 000 

(80 fewer to 40 more)
Lost to follow 
up

126 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.41 
(0.09 to 

1.77)

Study population
78 per 1 000 46 fewer per 1 000 

(71 fewer to 60 more)
Adverse 
events

209 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.61 
(0.37 to 

1.00)

Study population
337 per 1 000 131 fewer per 1 000 

(212 fewer to 0 fewer)
Amplification 
of drug 
resistance

209 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RD -0.02 
(-0.07 to 

0.02)

Study population
19 per 1 000 20 fewer per 1 000 

(70 fewer to 20 more)
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a. An imbalance in measured covariates (past TB treatment, gender, age and missing FQ-resistance) 
likely arises from the small number of participants in each group. While the adjusted analyses will 
account for measured confounding, unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons
c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias 

in the conduct of the trial. Slightly higher loss to follow-up was noted in the comparator group, 
which is an that may be influenced by patient or clinician knowledge of the regimen. 

d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal 
stopping rules do not reduce bias (GRADE Handbook, 2013).

e. Multiple comparator regimens were used, varying across site. This may explain some of the 
inconsistency in the point estimates for treatment outcomes seen between countries (Belarus, 
South Africa and Uzbekistan). The decision whether to downgrade is a difficult decision. 
Confidence limits for these estimates do overlap, and so we have chosen not to downgrade for 
inconsistency.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and 
population to which guidelines will apply. (ii) Comparator: Some comparator regimens are 
sub-optimal, not according with the WHO standard of care (at the time or presently), and 
vary by country. (iii) Outcomes are also different in the trial than the WHO current definitions. 
Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=62 
and n=64). Very few events in the outcomes of interest, causing very serious imprecision. We 
downgraded two levels for imprecision for some outcomes, and one level for others.

Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Important 
uncertainty or 
variability 
○ Possibly important 
uncertainty or 
variability 
● Probably no 
important uncertainty 
or variability 
○ No important 
uncertainty or 
variability

No evidence research searched for. 

Higher treatment efficacy, shorter duration of treatment, lower pill burden and less adverse events 
are usually valued by patients. 

The panel judged that there was probably no important 
uncertainty or variability in how much people value the 
main outcomes.



W
H

O
 consolidated guidelines on tuberculosis. M

odule 4: treatm
ent – 

drug-resistant tuberculosis treatm
ent, 2022 update. W

eb Annexes

W
eb Annex 4. G

RAD
E evidence-to-decision tables

261

260

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
● Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ Don’t know

 The GDG judged the benefits of BPaLM to be moderate 
and the undesirable effects to be trivial compared to BPaLC. 
The certainty of evidence was judged to be very low. Based 
on this, the panel determined that the balance of health 
effects probably favours BPaLM.

Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large costs 
○ Moderate costs 
● Negligible costs 
and savings 
○ Moderate savings 
○ Large savings 
○ Varies 
○ Don’t know

 Both are 6-month regimens, only difference is Moxifloxacin 
in BPaLM and Clofazimine in BPaLC.

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies
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Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
● No included studies

  

Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Reduced 
○ Probably reduced 
● Probably no impact 
○ Probably increased 
○ Increased 
○ Varies 
○ Don’t know

No research evidence searched for. The panel considered the treatment duration and the ability 
to decentralize treatment (to enable access for remote, 
underserviced settings and disadvantaged populations) to 
affect equity.
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Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

No research evidence searched for. The panel considered patients and health care providers 
as key stakeholders. The panel considered the following 
aspects as critical with regards to acceptability: regimen 
duration and drug safety monitoring needs (both relating 
to necessary travel, loss of income and general disruption 
of the life of patients; workload for the health care system), 
needs for drug susceptibility testing. 
Both intervention and comparator are 6-month regimens, 
only difference is Moxifloxacin in BPaLM and Clofazimine in 
BPaLC. Moxifloxacin and clofazimine have different safety 
profiles. The GDG considered pigmentation as a potential 
barrier for some people with TB.
The panel judged that the BPaLM regimen would probably 
be acceptable.

Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

No research evidence searched for. The panel considered the following aspects to affect 
feasibility (i.e. to be potential barriers to implementation): 
requirements for drug safety monitoring and requirements 
for drug susceptibility testing. 
both ~ 6month regimens based on BPaL, only difference is 
Moxifloxacin in BPaLM and Clofazimine in BPaLC.
The panel judged that implementation is probably feasible.
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Summary of judgements

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know
DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know
UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know
CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies
VALUES Important 

uncertainty or 
variability

Possibly important 
uncertainty or 

variability

Probably no 
important 

uncertainty or 
variability

No important 
uncertainty or 

variability

BALANCE OF EFFECTS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs 
and savings

Moderate savings Large savings Varies Don’t know

CERTAINTY OF EVIDENCE 
OF REQUIRED RESOURCES

Very low Low Moderate High No included studies

COST EFFECTIVENESS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies No included 
studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know
ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know
FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

Type of recommendation
Strong recommendation against 

the intervention
○ 

Conditional recommendation 
against the intervention

○ 

Conditional recommendation 
for either the intervention or the 

comparison
○ 

Conditional recommendation for 
the intervention

● 

Strong recommendation for the 
intervention

○ 
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Conclusions

Recommendation
The use of the 6-month treatment regimen, composed of bedaquiline, pretomanid, linezolid and moxifloxacin (BPaLM), rather than BPaLC is suggested in patients MDR/RR-TB patients 
with or without resistance to fluoroquinolones, who have either had no previous exposure to bedaquiline and linezolid or have been exposed for less than 1 month.

Justification
This section is provided under the summary PICO that this sub-PICO has contributed to

Subgroup considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Implementation considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Monitoring and evaluation
This section is provided under the summary PICO that this sub-PICO has contributed to

Research priorities
This section is provided under the summary PICO that this sub-PICO has contributed to
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Sub-PICO 6.4
Question
Should BPaLC vs. TB-PRACTECAL comparator be used for pulmonary MDR/RR-TB and pre-XDR-TB?
POPULATION: pulmonary MDR/RR-TB or pre-XDR-TB (2021 WHO definition)
INTERVENTION: BPaLC (B-Pa-Lzd 600mg->300mg-Cfz) arm of TB-PRACTECAL
COMPARISON: TB-PRACTECAL comparator (SoC treatment regimens confirming to WHO recommendation on shorter and longer regimens, i.e., multiple regimens – local 

standard of care, including: 9–12 month injectable containing regimen; 18–24 month long WHO regimen (pre 2019); 9–12 month all oral regimen; 18–20 month all 
oral regimen)

MAIN OUTCOMES: Treatment success; Failure and recurrence; Death; Lost to follow up; Adverse events; Amplification of drug resistance.
SETTING: Global inpatient and outpatient treatment settings
PERSPECTIVE: Public health and health systems perspective
BACKGROUND: Multidrug-resistant (MDR-) and rifampicin-resistant tuberculosis (MDR-/RR-TB) has emerged as a major problem due to poor management of drug-susceptible 

and transmission of drug-resistant TB. MDR-/RR-TB is treatable but requires different treatment regimen combinations that are sometimes longer and including 
medicines with that are potentially more toxic. The interest in reducing the duration of treatment for MDR/RR-TB motivates a continuous search for shorter 
and safer regimens. In 2016, on the basis of data from observational studies of the shorter regimens in different Asian and African countries, WHO for the first 
time recommended a standardized 9-month regimen, containing an injectable agent providing shorter than the extant 18–20 months standard of care for the 
eligible patients. In 2018, following the results of the Standard Treatment Regimen of Anti-tuberculosis Drugs for Patients with MDR-TB (STREAM) Stage 1 trial, 
further modifications were made to the earlier recommended shorter regimen, also replacing kanamycin by amikacin (based on evidence from the comparative 
effectiveness of these two injectable agents. Evidence of permanent effects attributed to the toxicity of injectable agents, have prompted further advances in the 
development of new treatments such as shorter injectable-sparing regimens. In particular, South African Department of Health shared with WHO the observational 
data on an all-oral bedaquiline-containing shorter regimen of 9 months duration. The all-oral 9-month bedaquiline containing regimen was reviewed and 
recommended by WHO since 2019 with the following combination of medicines (4–6 Bdq[6]-Lfx[Mfx]-Eto-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E). In 2022, new evidence 
from programmatic implementation in South Africa was made available to WHO where this regimen was modified to include 2 months of Linezolid (Lzd, 600mg) 
instead of 4 months of Ethionamide (Eto). 
Data from the single arm, open-label Nix-TB study by the Global TB Alliance was reviewed in 2019 to assess whether a 6-month novel treatment regimen 
consisting of bedaquiline, pretomanid and linezolid safely improves treatment outcomes in patients with MDR/RR-TB and additional resistance to fluoroquinolones 
when compared with other regimens conforming to WHO recommendations. For this purpose, the Nix-TB study data on the BPaL regimen was compared to 
matched records in the IPD. Limitations in study design and the small number of participants observed adverse events did not allow the panel to recommend 
programmatic implementation of the regimen worldwide until additional evidence has been generated. In 2020 WHO DR-TB guidelines, BPaL regimen was 
recommended for use under operational research conditions. Two randomized controlled trials have concluded in 2021 (TB-PRACTECAL and ZeNix) providing new 
evidence and prompting assessment by WHO in order to develop new or updated recommendations on MDR/RR-TB treatment.

CONFLICT OF 
INTERESTS:

The following panel members were recused from voting on the recommendation according to WHO policy due to potential conflicts-of-interest: Padma 
Chandrasekaran
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Assessment

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

The COVID-19 pandemic has reversed years of progress in providing essential TB services and 
reducing TB disease burden. The most obvious impact is a large global drop in the number of 
people newly diagnosed with TB and reported. This fell from 7.1 million in 2019 to 5.8 million in 
2020, an 18% decline back to the level of 2012 and far short of the approximately 10 million people 
who developed TB in 2020. 
Reduced access to TB diagnosis and treatment has resulted in an increase in TB deaths. Best 
estimates for 2020 are 1.3 million TB deaths among HIV-negative people (up from 1.2 million in 
2019) and an additional 214 000 among HIV-positive people (up from 209 000 in 2019), with the 
combined total back to the level of 2017. 
Other impacts include reductions between 2019 and 2020 in the number of people provided with 
treatment for drug-resistant TB (-15%, from 177 100 to 150 359, about 1 in 3 of those in need). 
Globally in 2020, 71% (2.1/3.0 million) of people diagnosed with bacteriologically confirmed 
pulmonary TB were tested for rifampicin resistance, up from 61% (2.2/3.6 million) in 2019 and 
50% (1.7/3.4 million) in 2018. Among these, 132 222 cases of MDR/RR-TB and 25 681 cases of 
pre-XDR-TB or XDR-TB were detected, for a combined total of 157 903. This was a large fall (of 
22%) from the total of 201 997 people detected with drug-resistant TB in 2019, consistent with 
similarly large reductions in the total number of people newly diagnosed with TB (18%) and the 
total number of people diagnosed with bacteriologically confirmed pulmonary TB (17%) observed 
between 2019 and 2020. Worldwide, 150 359 people with MDR/RR-TB were enrolled on treatment 
in 2020, down 15% from the total of 177 100 in 2019. This level of enrolment was equivalent to 
about one in three of the people who develop MDR/RR-TB each year. 
More positively, there have been improvements in treatment success rates. Globally in 2018 (the 
latest patient cohort for which data are available), the treatment success rate for MDR/RR-TB was 
59%, reflecting steady improvements in recent years from 50% in 2012.
(Global TB Report 2021) 

Drug-resistant TB is a global challenge and access to 
treatment often problematic, with regimens typically being 
long, toxic and expensive. 
More efficacious and shorter treatment regimens for DR-TB 
are necessary to optimize and improve treatment outcomes 
while minimizing adverse events and preventing acquisition 
of additional drug resistance. 
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Trivial 
○ Small 
○ Moderate 
● Large 
○ Varies 
○ Don’t know

The BPaLC regimen arm of the TB-PRACTECAL trial with population including patients with MDR/
RR-TB with or without quinolone resistance (MDR/RR-TB or pre-XDR-TB) was compared to 
comparator arm of the TB-PRACTECAL trial comprised of MDR/RR-TB or pre-XDR-TB patients 
treated with multiple local SoC regimens recommended by WHO at the time of trial conduct 
(including: 9–12-month injectable containing regimen; 18–24-month long WHO regimen (pre-
2019); 9–12 month all oral regimen; 18–20 month all oral regimen). Primary analysis at 72 weeks 
post treatment initiation.
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaLC (n=64) 
compared to participants receiving WHO recommended standard of care regimens used in 
TB-PRACTECAL trial (n=66) experienced higher treatment success (81% vs 52%), i.e. a 55% relative 
increase (aRR= 1.55, 95% CI 1.15 to 2.11); lower levels of failure and recurrence (9% vs 26%) i.e. a 
66% relative reduction (aRR=0.34, 95% CI 0.14 to 0.87); lower levels of deaths (2% vs 3%), i.e. a 48% 
relative reduction (RR=0.52, 95% CI 0.07 to 3.85); lower levels of loss to follow-up (8% vs 20%), i.e. a 
57% relative reduction (aRR= 0.43, 95% CI 0.15 to 1.23); lower levels of grade 3 to 5 adverse events 
(34% vs 51%), i.e. a 33% relative reduction (aRR=0.67, 95% CI 0.46 to 0.97); and higher levels of 
amplified resistance (2% vs 2%), i.e. a 4% relative increase (RR=1.04, 95% CI 0.19 to 5.80).
The evidence is very uncertain about the effect of the BPaLC regimen with linezolid on all 
outcomes.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 
(95% 
CI)

Anticipated absolute effects* (95% CI)
Risk with 

TB-PRACTECAL 
comparator

Risk difference with 
BPaLC

Treatment 
success

130 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 1.55 
(1.15 to 

2.11)

Study population
515 per 1 000 283 more per 1 000 

(77 more to 572 more)
Failure and 
recurrence

130 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.34 
(0.14 to 

0.87)

Study population
258 per 1 000 170 fewer per 1 000 

(222 fewer to 33 fewer)
Death 130 

(1 RCT)
 

Very lowa,b,c,d,e,f,g

RR 0.52 
(0.07 to 

3.85)

Study population
30 per 1 000 15 fewer per 1 000 

(28 fewer to 86 more)
Lost to 
follow up

130 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.43 
(0.15 to 

1.23)

Study population
197 per 1 000 112 fewer per 1 000 

(167 fewer to 45 more)
Adverse 
events

212 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.67 
(0.46 to 

0.97)

Study population
509 per 1 000 168 fewer per 1 000 

(275 fewer to 15 fewer)

The panel also considered the duration and pill burden with 
the intervention and comparator regimens. The duration 
of the intervention regimen is 24 weeks (5.5 months) so 
treatment duration is reduced compared to the control 
arm by between 3–18 months. The exact magnitude of 
reduction in time on treatment depends on the specific 
comparator regimen, which includes shorter (9–12 months) 
and longer (18–24 months) regimens. The pill burden of the 
intervention regimen is lower than that for the comparator 
regimens. The exact magnitude of reduction in pill burden 
depends on the specific comparator regimen.
Considering this research evidence and additional 
considerations, the GDG judged that BPaLC may 
have large desirable effects and noted the very low 
certainty of the evidence.
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a. An imbalance in measured covariates (age, past TB treatment, past DR-TB, smear status) likely 
arises from the small number of participants in each group. While the adjusted analyses will 
account for measured confounding, unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons
c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias in 

the conduct of the trial. This is less likely the case here where both regimens are shorter.
d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal 

stopping rules do not reduce bias (GRADE Handbook, 2013).
e. Multiple comparator regimens were used, varying across site. This may explain some of the 

inconsistency in the point estimates for treatment outcomes seen between countries (Belarus, 
South Africa and Uzbekistan). The decision whether to downgrade is a difficult decision. 
Confidence limits for these estimates do overlap, and so we have chosen not to downgrade for 
inconsistency.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and 
population to which guidelines will apply. (ii) Comparator: Some comparator regimens are 
sub-optimal, not according with the WHO standard of care (at the time or presently), and 
vary by country. (iii) Outcomes are also different in the trial than the WHO current definitions. 
Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=64 
and n=66). Very few events in the outcomes of interest, causing very serious imprecision. We 
downgraded two levels for imprecision for some outcomes, and one level for others.

Beyond the outcomes captured directly as research evidence in the presented statistical analyses, 
the WHO ‘Target Regimen Profile for rifampicin-resistant tuberculosis’ (WHO, 2016) identified 
certain regimen characteristics as having desirable anticipated effects. These include a shorter 
treatment duration, reduced pill burden and number of component drugs and manageable DDIs. 
Decrease in the treatment duration is therefore an important desirable effect. 
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Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large 
○ Moderate 
○ Small 
● Trivial 
○ Varies 
○ Don’t know

The BPaLC regimen arm of the TB-PRACTECAL trial with population including patients with MDR/
RR-TB with or without quinolone resistance (MDR/RR-TB or pre-XDR-TB) was compared to 
comparator arm of the TB-PRACTECAL trial comprised of MDR/RR-TB or pre-XDR-TB patients 
treated with multiple local SoC regimens recommended by WHO at the time of trial conduct 
(including: 9–12-month injectable containing regimen; 18–24-month long WHO regimen (pre-
2019); 9–12 month all oral regimen; 18–20 month all oral regimen). Primary analysis at 72 weeks 
post treatment initiation.
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaLC (n=64) 
compared to participants receiving WHO recommended standard of care regimens used in 
TB-PRACTECAL trial (n=66) experienced higher treatment success (81% vs 52%), i.e. a 55% relative 
increase (aRR= 1.55, 95% CI 1.15 to 2.11); lower levels of failure and recurrence (9% vs 26%) i.e. a 
66% relative reduction (aRR=0.34, 95% CI 0.14 to 0.87); lower levels of deaths (2% vs 3%), i.e. a 48% 
relative reduction (RR=0.52, 95% CI 0.07 to 3.85); lower levels of loss to follow-up (8% vs 20%), i.e. a 
57% relative reduction (aRR= 0.43, 95% CI 0.15 to 1.23); lower levels of grade 3 to 5 adverse events 
(34% vs 51%), i.e. a 33% relative reduction (aRR=0.67, 95% CI 0.46 to 0.97); and higher levels of 
amplified resistance (2% vs 2%), i.e. a 4% relative increase (RR=1.04, 95% CI 0.19 to 5.80).
The evidence is very uncertain about the effect of the BPaLC regimen with linezolid on all 
outcomes.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)
Risk with 

TB-PRACTECAL 
comparator

Risk difference with 
BPaLC

Amplification 
of drug 
resistance

212 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 1.04 
(0.19 to 

5.80)

Study population
19 per 1 000 1 more per 1 000 

(15 fewer to 89 more)

Considering this research evidence and additional 
considerations, the GDG judged that BPaLC may have 
trivial undesirable effects and noted the very low 
certainty of the evidence.
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a. An imbalance in measured covariates (age, past TB treatment, past DR-TB, smear status) likely 
arises from the small number of participants in each group. While the adjusted analyses will 
account for measured confounding, unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons
c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias in 

the conduct of the trial. This is less likely the case here where both regimens are shorter.
d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal 

stopping rules do not reduce bias (GRADE Handbook, 2013).
e. Multiple comparator regimens were used, varying across site. This may explain some of the 

inconsistency in the point estimates for treatment outcomes seen between countries (Belarus, 
South Africa and Uzbekistan). The decision whether to downgrade is a difficult decision. 
Confidence limits for these estimates do overlap, and so we have chosen not to downgrade for 
inconsistency.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and 
population to which guidelines will apply. (ii) Comparator: Some comparator regimens are 
sub-optimal, not according with the WHO standard of care (at the time or presently), and 
vary by country. (iii) Outcomes are also different in the trial than the WHO current definitions. 
Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=64 
and n=66). Very few events in the outcomes of interest, causing very serious imprecision. We 
downgraded two levels for imprecision for some outcomes, and one level for others.

 
Pretomanid safety
• Rodent Toxicology Studies –evidence of direct testicular toxicity.
• Monkey Toxicology Studies –no evidence for direct testicular toxicity; abnormal sperm findings 

considered to be secondary to declining physical condition.
• Hormone Data from Clinical Studies –no changes in FSH, LH, Inhibin B consistent with testicular 

toxicity.
• Paternity Survey –44 children fathered by 38 men (12%) who participated in pretomanid studies 

of 4–6 months treatment duration.
• Semen Study –ongoing study measuring semen in men undergoing pretomanid treatment.
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Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

Certainty was rated *very low*. Risk of bias was serious or very serious, for different outcomes. 
There was a lack of blinding, early termination of the trial for benefit, measured confounding 
and likely unmeasured confounding and small event numbers precluding adjustment for some 
comparisons. These concerns resulted in downgrading by one or two levels depending upon 
outcome. We did not downgrade for inconsistency. We downgraded for indirectness due to 
differences in population and the comparator regimen by one level. Imprecision was serious or 
very serious according to outcome, with a small number of events for some outcomes resulting 
downgrading by one to two levels according to outcomes. 

 
Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)
Risk with 

TB-PRACTECAL 
comparator

Risk difference with BPaLC

Treatment 
success

130 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 1.55 
(1.15 to 

2.11)

Study population
515 per 1 000 283 more per 1 000 

(77 more to 572 more)
Failure and 
recurrence

130 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.34 
(0.14 to 

0.87)

Study population
258 per 1 000 170 fewer per 1 000 

(222 fewer to 33 fewer)
Death 130 

(1 RCT)
 

Very lowa,b,c,d,e,f,g

RR 0.52 
(0.07 to 

3.85)

Study population
30 per 1 000 15 fewer per 1 000 

(28 fewer to 86 more)
Lost to follow 
up

130 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.43 
(0.15 to 

1.23)

Study population
197 per 1 000 112 fewer per 1 000 

(167 fewer to 45 more)
Adverse 
events

212 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.67 
(0.46 to 

0.97)

Study population
509 per 1 000 168 fewer per 1 000 

(275 fewer to 15 fewer)
Amplification 
of drug 
resistance

212 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 1.04 
(0.19 to 

5.80)

Study population
19 per 1 000 1 more per 1 000 

(15 fewer to 89 more)
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a. An imbalance in measured covariates (age, past TB treatment, past DR-TB, smear status) likely 
arises from the small number of participants in each group. While the adjusted analyses will 
account for measured confounding, unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons
c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias in 

the conduct of the trial. This is less likely the case here where both regimens are shorter.
d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal 

stopping rules do not reduce bias (GRADE Handbook, 2013).
e. Multiple comparator regimens were used, varying across site. This may explain some of the 

inconsistency in the point estimates for treatment outcomes seen between countries (Belarus, 
South Africa and Uzbekistan). The decision whether to downgrade is a difficult decision. 
Confidence limits for these estimates do overlap, and so we have chosen not to downgrade for 
inconsistency.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and 
population to which guidelines will apply. (ii) Comparator: Some comparator regimens are 
sub-optimal, not according with the WHO standard of care (at the time or presently), and 
vary by country. (iii) Outcomes are also different in the trial than the WHO current definitions. 
Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=64 
and n=66). Very few events in the outcomes of interest, causing very serious imprecision. We 
downgraded two levels for imprecision for some outcomes, and one level for others.

Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Important 
uncertainty or 
variability 
○ Possibly important 
uncertainty or 
variability 
● Probably no 
important uncertainty 
or variability 
○ No important 
uncertainty or 
variability

No evidence research searched for. 

Higher treatment efficacy, shorter duration of treatment, lower pill burden and less adverse events 
are usually valued by patients. 

The panel judged that there was probably no important 
uncertainty or variability in how much people value the 
main outcomes.
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Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
● Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ Don’t know

 The GDG judged the benefits of BPaLC to be large and 
the undesirable effects to be trivial compared to WHO 
recommended standard of care regimens. The certainty 
of evidence was judged to be very low. Based on this, 
the panel determined that the balance of health effects 
probably favours BPaLC.
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Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large costs 
○ Moderate costs 
○ Negligible costs 
and savings 
○ Moderate savings 
○ Large savings 
● Varies 
○ Don’t know

Sedona Sweeney’s presentation on cost & CEA of PRACTECAL regimens from pre-GDG 
webinar
• From the data presented, the total cost (drugs+delivery) of WHO_short appear to be between 

0%-11% higher than for BPaL and between ~1.4x to 1.9x higher for WHO_long when looking at 
comparative estimates within country.

• In most settings, BPaLC is cost-saving; these cost savings are mostly due to reduced time in care 
and therefore reductions in numbers of outpatient visits, inpatient bed-days, and lab tests.

Lifetime costs

The panel judged that the costs for BPaLM are lower 
because costs of drugs are lower and cost of delivery are 
also lower due to the shorter duration of treatment and 
lower complexity. The GDG judged that the reduction in 
costs varies between moderate and large.
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Results by country: conservative approach

Country and regimen
Total costs per 

person Total DALYs
Incremental Costs 

per person
Philippines 
SOC long $2,127 6.2 
SOC short $1,286 5.1 -$841
BPaL $1,050 5.1 -$236
BPaLC $1,146 5.0 $96 
BPaLM $1,099 4.4 -$47
South Africa 
SOC long $6,896 6.9 
SOC short $4,120 6.3 -$2,776
BPaL $3,554 6.3 -$566
BPaLC $3,687 6.2 $132 
BPaLM $3,739 5.7 $52 
India 
SOC long $1,531 6.8 
SOC short $923 6.1 -$608
BPaL $838 6.1 -$84
BPaLC $923 6.0 $85 
BPaLM $872 5.5 -$51
Georgia 
SOC long $4,499 4.7 
SOC short $3,290 4.1 -$1,209
BPaL $3,164 4.1 -$125
BPaLC $3,264 4.0 $100 
BPaLM $3,246 3.3 -$19

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

  



W
H

O
 consolidated guidelines on tuberculosis. M

odule 4: treatm
ent – 

drug-resistant tuberculosis treatm
ent, 2022 update. W

eb Annexes

W
eb Annex 4. G

RAD
E evidence-to-decision tables

277

276

Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
● Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ No included 
studies

Sedona Sweeney’s presentation on cost & CEA of PRACTECAL regimens from pre-GDG 
webinar 
• From the data presented: “strong evidence that BPaLC would be cost-effective” in the setting 

studied (costs reduced and DALYs averted).
• Note that estimates of effectiveness (from which DALYs averted were derived) are different from 

those presented in the evidence profile for this PICO (CEA assumes smaller benefits of BPaLC 
over comparator and thus estimates for DALYs averted would be conservative vis a vis data from 
the evidence profile).

 

Results by country: conservative approach

Country and regimen
Total costs per 

person Total DALYs
Incremental Costs 

per person
Incremental DALYs 
Averted Per Person

Incremental costs 
per DALY

Philippines 
SOC long $2,127 6.2 
SOC short $1,286 5.1 -$841 1.04 Dominant 
BPaL $1,050 5.1 -$236 0.00 Dominant 
BPaLC $1,146 5.0 $96 0.11 $867
BPaLM $1,099 4.4 -$47 0.62 Dominant 
South Africa 
SOC long $6,896 6.9 
SOC short $4,120 6.3 -$2,776 0.57 Dominant 
BPaL $3,554 6.3 -$566 0.00 Dominant 
BPaLC $3,687 6.2 $132 0.10 $1,375
BPaLM $3,739 5.7 $52 0.54 $97
India 
SOC long $1,531 6.8 
SOC short $923 6.1 -$608 0.70 Dominant 
BPaL $838 6.1 -$84 -0.04 Dominant 
BPaLC $923 6.0 $85 0.10 $838
BPaLM $872 5.5 -$51 0.57 Dominant 
Georgia 
SOC long $4,499 4.7 
SOC short $3,290 4.1 -$1,209 0.57 Dominant 
BPaL $3,164 4.1 -$125 0.02 Dominant 
BPaLC $3,264 4.0 $100 0.12 $833
BPaLM $3,246 3.3 -$19 0.67 Dominant 

Given their prior judgements (balance of effects probably 
favors the intervention; intervention leads to moderate to 
large savings), the panel judged that the cost-effectiveness 
of the intervention probably favors the intervention.
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Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Reduced 
○ Probably reduced 
○ Probably no impact 
● Probably increased 
○ Increased 
○ Varies 
○ Don’t know

No research evidence searched for. The panel considered the treatment duration and the ability 
to decentralize treatment (to enable access for remote, 
underserviced settings and disadvantaged populations) to 
affect equity.
Despite not being able to identify relevant research 
evidence, the panel used their collective experience to 
judge that there would likely be advantages associated with 
the use of the BPaLC regimen due to its reduced complexity 
and shorter duration. The panel judged that use of the 
BPaLC regimen would probably increase equity.

Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

Beverly Stringer’s presentation on PROs from pre-GDG webinar (qualitative study) on the 
patient perspective 
• Positive impact of shorter treatment on employment status welcomed. 

van de Berg et al, 2021 (based on 2019 KNCV report, 
funded by TB Alliance) on the provider perspective
• Noting that analyses from van de Berg paper are only 

partially applicable here since in their study they asked 
about acceptability of using BPaL for pre-XDR patients 
and when compared to the long WHO regimen 

• FindingsAcceptability: overall high and rated as 
acceptable by >80% across domains 

The panel considered patients and health care providers 
as key stakeholders. The panel considered the following 
aspects as critical with regards to acceptability: regimen 
duration and drug safety monitoring needs (both relating 
to necessary travel, loss of income and general disruption 
of the life of patients; workload for the health care system), 
needs for drug susceptibility testing. The panel judged that 
the BPaLC regimen would probably be acceptable.
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Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

 van de Berg et al, 2021 (based on 2019 KNCV report, 
funded by TB Alliance) on the provider perspective
Noting that analyses from van de Berg paper are only 
partially applicable here since in their study they asked 
about feasibility of using BPaL for pre-XDR patients and 
when compared to the long WHO regimen. 
The panel considered the following aspects to affect 
feasibility (i.e. to be potential barriers to implementation): 
requirements for drug safety monitoring and requirements 
for drug susceptibility testing. 
The panel noted limited availability of drugs in the 
BPaLC regimen for use in DST as a potential barriers to 
implementation and also noted that data on the critical 
concentration of Pretomanid for use in DST is limited. 
However, given the reduced duration, complexity and 
associated workload, the panel judged that implementation 
is probably feasible.



W
eb Annex 4. G

RAD
E evidence-to-decision tables

279

Summary of judgements

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know
DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know
UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know
CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies
VALUES Important 

uncertainty or 
variability

Possibly important 
uncertainty or 

variability

Probably no 
important 

uncertainty or 
variability

No important 
uncertainty or 

variability

BALANCE OF EFFECTS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and 
savings

Moderate savings Large savings Varies Don’t know

CERTAINTY OF EVIDENCE 
OF REQUIRED RESOURCES

Very low Low Moderate High No included studies

COST EFFECTIVENESS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies No included studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know
ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know
FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

Type of recommendation
Strong recommendation against 

the intervention
○ 

Conditional recommendation 
against the intervention

○ 

Conditional recommendation 
for either the intervention or the 

comparison
○ 

Conditional recommendation for 
the intervention

● 

Strong recommendation for the 
intervention

○ 
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Conclusions

Recommendation
The use of the 6-month treatment regimen, composed of bedaquiline, pretomanid, linezolid and moxifloxacin (BPaLM), rather than BPaLC is suggested in patients MDR/RR-TB patients 
with or without resistance to fluoroquinolones, who have either had no previous exposure to bedaquiline and linezolid or have been exposed for less than 1 month.

Justification
This section is provided under the summary PICO that this sub-PICO has contributed to

Subgroup considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Implementation considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Monitoring and evaluation
This section is provided under the summary PICO that this sub-PICO has contributed to

Research priorities
This section is provided under the summary PICO that this sub-PICO has contributed to
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Sub-PICO 6.5
Question
Should BPaLC vs. BPaL (Lzd 600mg/300mg) be used for pulmonary MDR/RR-TB and pre-XDR-TB?
POPULATION: pulmonary MDR/RR-TB or pre-XDR-TB (2021 WHO definition)
INTERVENTION: BPaLC (B-Pa-Lzd 600mg->300mg-Cfz) arm of TB-PRACTECAL
COMPARISON: BPaL (B-Pa-Lzd 600mg->300mg) arm of TB-PRACTECAL
MAIN OUTCOMES: Treatment success; Failure and recurrence; Death; Lost to follow up; Adverse events; Amplification of drug resistance;
SETTING: Global inpatient and outpatient treatment settings
PERSPECTIVE: Public health and health systems perspective
BACKGROUND: Multidrug-resistant (MDR-) and rifampicin-resistant tuberculosis (MDR-/RR-TB) has emerged as a major problem due to poor management of drug-susceptible 

and transmission of drug-resistant TB. MDR-/RR-TB is treatable but requires different treatment regimen combinations that are sometimes longer and including 
medicines with that are potentially more toxic. The interest in reducing the duration of treatment for MDR/RR-TB motivates a continuous search for shorter 
and safer regimens. In 2016, on the basis of data from observational studies of the shorter regimens in different Asian and African countries, WHO for the first 
time recommended a standardized 9-month regimen, containing an injectable agent providing shorter than the extant 18–20 months standard of care for the 
eligible patients. In 2018, following the results of the Standard Treatment Regimen of Anti-tuberculosis Drugs for Patients with MDR-TB (STREAM) Stage 1 trial, 
further modifications were made to the earlier recommended shorter regimen, also replacing kanamycin by amikacin (based on evidence from the comparative 
effectiveness of these two injectable agents. Evidence of permanent effects attributed to the toxicity of injectable agents, have prompted further advances in the 
development of new treatments such as shorter injectable-sparing regimens. In particular, South African Department of Health shared with WHO the observational 
data on an all-oral bedaquiline-containing shorter regimen of 9 months duration. The all-oral 9-month bedaquiline containing regimen was reviewed and 
recommended by WHO since 2019 with the following combination of medicines (4–6 Bdq[6]-Lfx[Mfx]-Eto-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E). In 2022, new evidence 
from programmatic implementation in South Africa was made available to WHO where this regimen was modified to include 2 months of Linezolid (Lzd, 600mg) 
instead of 4 months of Ethionamide (Eto). 
Data from the single arm, open-label Nix-TB study by the Global TB Alliance was reviewed in 2019 to assess whether a 6-month novel treatment regimen 
consisting of bedaquiline, pretomanid and linezolid safely improves treatment outcomes in patients with MDR/RR-TB and additional resistance to fluoroquinolones 
when compared with other regimens conforming to WHO recommendations. For this purpose, the Nix-TB study data on the BPaL regimen was compared to 
matched records in the IPD. Limitations in study design and the small number of participants observed adverse events did not allow the panel to recommend 
programmatic implementation of the regimen worldwide until additional evidence has been generated. In 2020 WHO DR-TB guidelines, BPaL regimen was 
recommended for use under operational research conditions. Two randomized controlled trials have concluded in 2021 (TB-PRACTECAL and ZeNix) providing new 
evidence and prompting assessment by WHO in order to develop new or updated recommendations on MDR/RR-TB treatment. 

CONFLICT OF 
INTERESTS:

The following panel members were recused from voting on the recommendation according to WHO policy due to potential conflicts-of-interest: Padma 
Chandrasekaran
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Assessment

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

The COVID-19 pandemic has reversed years of progress in providing essential TB services and 
reducing TB disease burden. The most obvious impact is a large global drop in the number of 
people newly diagnosed with TB and reported. This fell from 7.1 million in 2019 to 5.8 million in 
2020, an 18% decline back to the level of 2012 and far short of the approximately 10 million people 
who developed TB in 2020. 
Reduced access to TB diagnosis and treatment has resulted in an increase in TB deaths. Best 
estimates for 2020 are 1.3 million TB deaths among HIV-negative people (up from 1.2 million in 
2019) and an additional 214 000 among HIV-positive people (up from 209 000 in 2019), with the 
combined total back to the level of 2017. 
Other impacts include reductions between 2019 and 2020 in the number of people provided with 
treatment for drug-resistant TB (-15%, from 177 100 to 150 359, about 1 in 3 of those in need). 
Globally in 2020, 71% (2.1/3.0 million) of people diagnosed with bacteriologically confirmed 
pulmonary TB were tested for rifampicin resistance, up from 61% (2.2/3.6 million) in 2019 and 
50% (1.7/3.4 million) in 2018. Among these, 132 222 cases of MDR/RR-TB and 25 681 cases of 
pre-XDR-TB or XDR-TB were detected, for a combined total of 157 903. This was a large fall (of 
22%) from the total of 201 997 people detected with drug-resistant TB in 2019, consistent with 
similarly large reductions in the total number of people newly diagnosed with TB (18%) and the 
total number of people diagnosed with bacteriologically confirmed pulmonary TB (17%) observed 
between 2019 and 2020. Worldwide, 150 359 people with MDR/RR-TB were enrolled on treatment 
in 2020, down 15% from the total of 177 100 in 2019. This level of enrolment was equivalent to 
about one in three of the people who develop MDR/RR-TB each year. 
More positively, there have been improvements in treatment success rates. Globally in 2018 (the 
latest patient cohort for which data are available), the treatment success rate for MDR/RR-TB was 
59%, reflecting steady improvements in recent years from 50% in 2012.
(Global TB Report 2021)

Drug-resistant TB is a global challenge and access to 
treatment often problematic, with regimens typically being 
long, toxic and expensive. 
More efficacious and shorter treatment regimens for DR-TB 
are necessary to optimize and improve treatment outcomes 
while minimizing adverse events and preventing acquisition 
of additional drug resistance. 
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Trivial 
● Small 
○ Moderate 
○ Large 
○ Varies 
○ Don’t know

This PRACTECAL trial internal comparison was between BPaLC regimen and the BPaL 600–300 
regimen. 
Participants with pulmonary MDR/RR-TB or pre-XDR-TB receiving BPaLC (n=64) compared to 
participants receiving BPaL 600–300 (n=60) experienced higher levels of treatment success (81% 
vs 77%), i.e. a 4% relative increase (aRR=1.04, 95%CI 0.84 to 1.30); lower levels of failure and 
recurrence (9.4% vs 13%), i.e. a 14% relative reduction (aRR=0.86, 95%CI 0.28 to 2.69); higher levels 
of deaths (1.6% vs 0.0%), i.e. a 2% absolute increase (RD=0.02, 95%CI -0.05 to 0.08); lower levels of 
loss to follow-up (7.8% vs 10%), i.e. a 28% relative reduction (aRR=0.72, 95%CI 0.21 to 2.47); higher 
levels of adverse events (34% vs 20%), i.e. a 64% relative increase (aRR=1.64, 95%CI 0.97 to 2.79); 
and lower levels of amplification of drug-resistance (1.9% vs 2.9%), i.e. a 35% relative reduction 
(aRR=0.65, 95%CI 0.13 to 3.21).
The evidence is very uncertain about the effect of BPaLC on all outcomes.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)
Risk with 
BPaL (Lzd 

600mg/300mg)
Risk difference with BPaLC

Treatment 
success

124 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 1.04 
(0.84 to 

1.30)

Study population
767 per 1 000 31 more per 1 000 

(123 fewer to 230 more)
Failure and 
recurrence

124 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.86 
(0.28 to 

2.69)

Study population
133 per 1 000 19 fewer per 1 000 

(96 fewer to 225 more)
Lost to follow 
up

124 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.72 
(0.21 to 

2.47)

Study population
100 per 1 000 28 fewer per 1 000 

(79 fewer to 147 more)
Amplification 
of drug 
resistance

206 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.65 
(0.13 to 

3.21)

Study population
29 per 1 000 10 fewer per 1 000 

(26 fewer to 65 more)

Considering this evidence, the GDG judged that BPaLC 
may have small desirable effects and noted the very 
low certainty of the evidence. 
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a. An imbalance in measured covariates (gender, past TB treatment, past DR-TB, smear status, 
FQ-resistance) likely arises from the small number of participants in each group. While the 
adjusted analyses will account for measured confounding, unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons
c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias 

in the conduct of the trial. Slightly higher loss to follow-up was noted in the comparator group, 
which is an that may be influenced by patient or clinician knowledge of the regimen. 

d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal 
stopping rules do not reduce bias (GRADE Handbook, 2013).

e. Multiple comparator regimens were used, varying across site. This may explain some of the 
inconsistency in the point estimates for treatment outcomes seen between countries (Belarus, 
South Africa and Uzbekistan). The decision whether to downgrade is a difficult decision. 
Confidence limits for these estimates do overlap, and so we have chosen not to downgrade for 
inconsistency.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and 
population to which guidelines will apply. (ii) Comparator: Some comparator regimens are sub-
optimal, not according with the WHO standard of care (at the time or presently), and vary by 
country. (iii) Some outcomes are defined differently in the trial than the WHO current definitions. 
Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=64 
and n=60). Very few events in the outcomes of interest, causing very serious imprecision. We 
downgraded two levels for imprecision for some outcomes, and one level for others.
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Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large 
○ Moderate 
● Small 
○ Trivial 
○ Varies 
○ Don’t know

This PRACTECAL trial internal comparison was between BPaLC regimen and the BPaL 600–300 
regimen. 
Participants with pulmonary MDR/RR-TB or pre-XDR-TB receiving BPaLC (n=64) compared to 
participants receiving BPaL 600–300 (n=60) experienced higher levels of treatment success (81% 
vs 77%), i.e. a 4% relative increase (aRR=1.04, 95%CI 0.84 to 1.30); lower levels of failure and 
recurrence (9.4% vs 13%), i.e. a 14% relative reduction (aRR=0.86, 95%CI 0.28 to 2.69); higher levels 
of deaths (1.6% vs 0.0%), i.e. a 2% absolute increase (RD=0.02, 95%CI -0.05 to 0.08); lower levels of 
loss to follow-up (7.8% vs 10%), i.e. a 28% relative reduction (aRR=0.72, 95%CI 0.21 to 2.47); higher 
levels of adverse events (34% vs 20%), i.e. a 64% relative increase (aRR=1.64, 95%CI 0.97 to 2.79); 
and lower levels of amplification of drug-resistance (1.9% vs 2.9%), i.e. a 35% relative reduction 
(aRR=0.65, 95%CI 0.13 to 3.21).
The evidence is very uncertain about the effect of BPaLC on all outcomes.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)
Risk with 
BPaL (Lzd 

600mg/300mg)
Risk difference with BPaLC

Death 124 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RD 0.02 
(-0.05 to 

0.08)

Study population
0 per 1 000 20 more per 1 000 

(50 fewer to 80 more)
Adverse 
events

206 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 1.64 
(0.97 to 

2.79)

Study population
196 per 1 000 125 more per 1 000 

(6 fewer to 351 more)

Considering this evidence, the GDG judged that BPaLC 
may have small undesirable effects and noted the very 
low certainty of the evidence. 
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a. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and 
population to which guidelines will apply. (ii) Comparator: Some comparator regimens are sub-
optimal, not according with the WHO standard of care (at the time or presently), and vary by 
country. (iii) Some outcomes are defined differently in the trial than the WHO current definitions. 
Downgraded one level.

b. Multiple comparator regimens were used, varying across site. This may explain some of the 
inconsistency in the point estimates for treatment outcomes seen between countries (Belarus, 
South Africa and Uzbekistan). The decision whether to downgrade is a difficult decision. 
Confidence limits for these estimates do overlap, and so we have chosen not to downgrade for 
inconsistency.

c. The number of participants in both intervention and comparator groups was small (n=64 
and n=60). Very few events in the outcomes of interest, causing very serious imprecision. We 
downgraded two levels for imprecision for some outcomes, and one level for others.

d. An imbalance in measured covariates (gender, past TB treatment, past DR-TB, smear status, 
FQ-resistance) likely arises from the small number of participants in each group. While the 
adjusted analyses will account for measured confounding, unmeasured confounding is also likely.

e. Small numbers of events in some outcomes precludes adjustment in some comparisons
f. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias 

in the conduct of the trial. Slightly higher loss to follow-up was noted in the comparator group, 
which is an that may be influenced by patient or clinician knowledge of the regimen. 

g. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal 
stopping rules do not reduce bias (GRADE Handbook, 2013).
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Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

Certainty was rated *very low*. Risk of bias was serious or very serious, for different outcomes. 
There was a lack of blinding, early termination of the trial for benefit, measured confounding 
and likely unmeasured confounding and small event numbers precluding adjustment for some 
comparisons. These concerns resulted in downgrading by one or two levels depending upon 
outcome. We did not downgrade for inconsistency. We downgraded for indirectness due to 
differences in population and the comparator regimen by one level. Imprecision was serious or 
very serious according to outcome, with a small number of events for some outcomes resulting 
downgrading by one to two levels according to outcomes. 
The overall certainty is generally based on the lowest certainty for the agreed critical outcomes.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)
Risk with 
BPaL (Lzd 

600mg/300mg)
Risk difference with BPaLC

Treatment 
success

124 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 1.04 
(0.84 to 

1.30)

Study population
767 per 1 000 31 more per 1 000 

(123 fewer to 230 more)
Failure and 
recurrence

124 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.86 
(0.28 to 

2.69)

Study population
133 per 1 000 19 fewer per 1 000 

(96 fewer to 225 more)
Death 124 

(1 RCT)
 

Very lowa,b,c,d,e,f,g

RD 0.02 
(-0.05 to 

0.08)

Study population
0 per 1 000 20 more per 1 000 

(50 fewer to 80 more)
Lost to follow 
up

124 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.72 
(0.21 to 

2.47)

Study population
100 per 1 000 28 fewer per 1 000 

(79 fewer to 147 more)
Adverse 
events

206 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 1.64 
(0.97 to 

2.79)

Study population
196 per 1 000 125 more per 1 000 

(6 fewer to 351 more)
Amplification 
of drug 
resistance

206 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.65 
(0.13 to 

3.21)

Study population
29 per 1 000 10 fewer per 1 000 

(26 fewer to 65 more)
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a. An imbalance in measured covariates (gender, past TB treatment, past DR-TB, smear status, 
FQ-resistance) likely arises from the small number of participants in each group. While the 
adjusted analyses will account for measured confounding, unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons
c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias 

in the conduct of the trial. Slightly higher loss to follow-up was noted in the comparator group, 
which is an that may be influenced by patient or clinician knowledge of the regimen. 

d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal 
stopping rules do not reduce bias (GRADE Handbook, 2013).

e. Multiple comparator regimens were used, varying across site. This may explain some of the 
inconsistency in the point estimates for treatment outcomes seen between countries (Belarus, 
South Africa and Uzbekistan). The decision whether to downgrade is a difficult decision. 
Confidence limits for these estimates do overlap, and so we have chosen not to downgrade for 
inconsistency.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and 
population to which guidelines will apply. (ii) Comparator: Some comparator regimens are sub-
optimal, not according with the WHO standard of care (at the time or presently), and vary by 
country. (iii) Some outcomes are defined differently in the trial than the WHO current definitions. 
Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=64 
and n=60). Very few events in the outcomes of interest, causing very serious imprecision. We 
downgraded two levels for imprecision for some outcomes, and one level for others.

Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Important 
uncertainty or 
variability 
○ Possibly important 
uncertainty or 
variability 
● Probably no 
important uncertainty 
or variability 
○ No important 
uncertainty or 
variability

No research evidence searched for. 
Higher treatment efficacy, shorter duration of treatment, lower pill burden and less adverse events 
are usually valued by patients.

The panel judged that there was probably no important 
uncertainty or variability in how much people value the 
main outcomes. 
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Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
● Does not favor 
either the intervention 
or the comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ Don’t know

 The GDG judged both the benefits and the undesirable 
effects of BPaLC to be small compared to BPaL. The 
certainty of evidence was judged to be very low. Based on 
this, the panel determined that the balance of health effects 
does not favor either the intervention or the comparison.

Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large costs 
○ Moderate costs 
● Negligible costs 
and savings 
○ Moderate savings 
○ Large savings 
○ Varies 
○ Don’t know

 The panel judged that the costs for are negligibly higher 
because the two regimens are equivalent in duration and 
equivalent in terms of drugs with the addition of clofazimine 
to the intervention regimen being the only difference. The 
cost of clofazimine is about $65 per 6 months regimen.

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies
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Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
● No included studies

No research evidence searched for.  

Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Reduced 
○ Probably reduced 
● Probably no impact 
○ Probably increased 
○ Increased 
○ Varies 
○ Don’t know

No research evidence searched for. The panel considered the treatment duration and the ability 
to decentralize treatment (to enable access for remote, 
underserviced settings and disadvantaged populations) to 
affect equity.
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Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

 The panel considered patients and health care providers 
as key stakeholders. The panel considered the following 
aspects as critical with regards to acceptability: regimen 
duration and drug safety monitoring needs (both relating 
to necessary travel, loss of income and general disruption 
of the life of patients; workload for the health care system), 
needs for drug susceptibility testing. Some panel members 
noted possibly reduced acceptability due to effect of 
clofazimine on pigmentation in some settings.
The panel judged that there were probably no differences 
in acceptability between BPaLC and BPaL given the overall 
similarity of the regimens, and that BPaLC would probably 
be acceptable.

Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

 The panel considered the following aspects to affect 
feasibility (i.e. to be potential barriers to implementation): 
requirements for drug safety monitoring and requirements 
for drug susceptibility testing. The panel judged that there 
were probably no differences in feasibility between BPaLC 
and BPaL given the overall similarity of the regimens, and 
that BPaLC would probably be feasible.
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Summary of judgements

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know
DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know
UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know
CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies
VALUES Important 

uncertainty or 
variability

Possibly important 
uncertainty or 

variability

Probably no 
important 

uncertainty or 
variability

No important 
uncertainty or 

variability

BALANCE OF EFFECTS Favors the 
comparison

Probably favors the 
comparison

Does not favor 
either the 

intervention or the 
comparison

Probably favors the 
intervention

Favors the 
intervention

Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs 
and savings

Moderate savings Large savings Varies Don’t know

CERTAINTY OF EVIDENCE 
OF REQUIRED RESOURCES

Very low Low Moderate High No included studies

COST EFFECTIVENESS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies No included 
studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know
ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know
FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

Type of recommendation
Strong recommendation against 

the intervention
○ 

Conditional recommendation 
against the intervention

● 

Conditional recommendation 
for either the intervention or the 

comparison
○ 

Conditional recommendation for 
the intervention

○ 

Strong recommendation for the 
intervention

○ 
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Conclusions

Recommendation
The use of the 6-month treatment regimen, composed of bedaquiline, pretomanid and linezolid (BPaL), rather than BPaLC is suggested in MDR/RR-TB patients with or without resistance 
to fluoroquinolones, who have either had no previous exposure to bedaquiline and linezolid or have been exposed for less than 1 month.

Justification
This section is provided under the summary PICO that this sub-PICO has contributed to

Subgroup considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Implementation considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Monitoring and evaluation
This section is provided under the summary PICO that this sub-PICO has contributed to

Research priorities
This section is provided under the summary PICO that this sub-PICO has contributed to
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Sub-PICO 6.6
Question
Should BPaL (Lzd 600mg/300mg) vs. local SoC regimens (TB-PRACTECAL comparator) be used for pulmonary MDR/RR-TB and pre-XDR-TB?
POPULATION: pulmonary MDR/RR-TB or pre-XDR-TB (2021 WHO definition)
INTERVENTION: BPaL (B-Pa-Lzd600->300)
COMPARISON: TB-PRACTECAL comparator (SoC treatment regimens confirming to WHO recommendation on shorter and longer regimens, i.e., multiple regimens – local 

standard of care, including: 9–12 month injectable containing regimen; 18–24 month long WHO regimen (pre 2019); 9–12 month all oral regimen; 18–20 month all 
oral regimen)

MAIN OUTCOMES: Treatment success; Failure and recurrence; Death; Lost to follow up; Adverse events; Amplification of drug resistance;
SETTING: Global inpatient and outpatient treatment settings
PERSPECTIVE: Public health and health systems perspective
BACKGROUND: Multidrug-resistant (MDR-) and rifampicin-resistant tuberculosis (MDR-/RR-TB) has emerged as a major problem due to poor management of drug-susceptible 

and transmission of drug-resistant TB. MDR-/RR-TB is treatable but requires different treatment regimen combinations that are sometimes longer and including 
medicines with that are potentially more toxic. The interest in reducing the duration of treatment for MDR/RR-TB motivates a continuous search for shorter 
and safer regimens. In 2016, on the basis of data from observational studies of the shorter regimens in different Asian and African countries, WHO for the first 
time recommended a standardized 9-month regimen, containing an injectable agent providing shorter than the extant 18–20 months standard of care for the 
eligible patients. In 2018, following the results of the Standard Treatment Regimen of Anti-tuberculosis Drugs for Patients with MDR-TB (STREAM) Stage 1 trial, 
further modifications were made to the earlier recommended shorter regimen, also replacing kanamycin by amikacin (based on evidence from the comparative 
effectiveness of these two injectable agents. Evidence of permanent effects attributed to the toxicity of injectable agents, have prompted further advances in the 
development of new treatments such as shorter injectable-sparing regimens. In particular, South African Department of Health shared with WHO the observational 
data on an all-oral bedaquiline-containing shorter regimen of 9 months duration. The all-oral 9-month bedaquiline containing regimen was reviewed and 
recommended by WHO since 2019 with the following combination of medicines (4–6 Bdq[6]-Lfx[Mfx]-Eto-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E). In 2022, new evidence 
from programmatic implementation in South Africa was made available to WHO where this regimen was modified to include 2 months of Linezolid (Lzd, 600mg) 
instead of 4 months of Ethionamide (Eto). 
Data from the single arm, open-label Nix-TB study by the Global TB Alliance was reviewed in 2019 to assess whether a 6-month novel treatment regimen 
consisting of bedaquiline, pretomanid and linezolid safely improves treatment outcomes in patients with MDR/RR-TB and additional resistance to fluoroquinolones 
when compared with other regimens conforming to WHO recommendations. For this purpose, the Nix-TB study data on the BPaL regimen was compared to 
matched records in the IPD. Limitations in study design and the small number of participants observed adverse events did not allow the panel to recommend 
programmatic implementation of the regimen worldwide until additional evidence has been generated. In 2020 WHO DR-TB guidelines, BPaL regimen was 
recommended for use under operational research conditions. Two randomized controlled trials have concluded in 2021 (TB-PRACTECAL and ZeNix) providing new 
evidence and prompting assessment by WHO in order to develop new or updated recommendations on MDR/RR-TB treatment.

CONFLICT OF 
INTERESTS:

The following panel members were recused from voting on the recommendation according to WHO policy due to potential conflicts-of-interest: Padma 
Chandrasekaran
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Assessment

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don’t know

The COVID-19 pandemic has reversed years of progress in providing essential TB services and 
reducing TB disease burden. The most obvious impact is a large global drop in the number of 
people newly diagnosed with TB and reported. This fell from 7.1 million in 2019 to 5.8 million in 
2020, an 18% decline back to the level of 2012 and far short of the approximately 10 million people 
who developed TB in 2020. 
Reduced access to TB diagnosis and treatment has resulted in an increase in TB deaths. Best 
estimates for 2020 are 1.3 million TB deaths among HIV-negative people (up from 1.2 million in 
2019) and an additional 214 000 among HIV-positive people (up from 209 000 in 2019), with the 
combined total back to the level of 2017. 
Other impacts include reductions between 2019 and 2020 in the number of people provided with 
treatment for drug-resistant TB (-15%, from 177 100 to 150 359, about 1 in 3 of those in need). 
Globally in 2020, 71% (2.1/3.0 million) of people diagnosed with bacteriologically confirmed 
pulmonary TB were tested for rifampicin resistance, up from 61% (2.2/3.6 million) in 2019 and 
50% (1.7/3.4 million) in 2018. Among these, 132 222 cases of MDR/RR-TB and 25 681 cases of 
pre-XDR-TB or XDR-TB were detected, for a combined total of 157 903. This was a large fall (of 
22%) from the total of 201 997 people detected with drug-resistant TB in 2019, consistent with 
similarly large reductions in the total number of people newly diagnosed with TB (18%) and the 
total number of people diagnosed with bacteriologically confirmed pulmonary TB (17%) observed 
between 2019 and 2020. Worldwide, 150 359 people with MDR/RR-TB were enrolled on treatment 
in 2020, down 15% from the total of 177 100 in 2019. This level of enrolment was equivalent to 
about one in three of the people who develop MDR/RR-TB each year. 
More positively, there have been improvements in treatment success rates. Globally in 2018 (the 
latest patient cohort for which data are available), the treatment success rate for MDR/RR-TB was 
59%, reflecting steady improvements in recent years from 50% in 2012.
(Global TB Report 2021) 

Drug-resistant TB is a global challenge and access to 
treatment often problematic, with regimens typically being 
long, toxic and expensive. 
More efficacious and shorter treatment regimens for DR-TB 
are necessary to optimize and improve treatment outcomes 
while minimizing adverse events and preventing acquisition 
of additional drug resistance. 
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Trivial 
○ Small 
○ Moderate 
● Large 
○ Varies 
○ Don’t know

The BPaL (B-Pa-Lzd600->300) regimen arm of the TB-PRACTECAL trial with population including 
patients with MDR/RR-TB with or without quinolone resistance (MDR/RR-TB or pre-XDR-TB) was 
compared to comparator arm of the TB-PRACTECAL trial comprised of MDR/RR-TB or pre-XDR-TB 
patients treated with multiple local SoC regimens (including: 9–12-month injectable containing 
regimen; 18–24-month long WHO regimen (pre-2019); 9–12 month all oral regimen; 18–20 month 
all oral regimen). 
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaL (n=60) 
compared to participants receiving WHO recommended standard of care regimens used in 
TB-PRACTECAL trial (n=66) experienced higher levels of treatment success (77% vs 52%), i.e. a 47% 
relative increase (RR=1.47, 95%CI 1.09 to 1.99); lower levels of failure and recurrence (13% vs 26%), 
i.e. a 48% relative reduction (RR=0.52, 95%CI 0.22 to 1.18); lower levels of deaths (0.0% vs 3.0%), 
i.e. a 3% absolute reduction (RD=-0.03, 95%CI -0.10 to 0.03); lower levels of loss to follow-up (10% 
vs 20%), i.e. a 40% relative reduction (RR=0.60, 95%CI 0.24 to 1.56); lower levels of adverse events 
(20% vs 51%), i.e. a 62% relative reduction (RR=0.38, 95%CI 0.24 to 0.60); and higher levels of 
amplification of drug-resistance (2.9% vs 1.9%), i.e. a 59% relative increase (RR=1.59, 95%CI 0.32 to 
7.84).
BPaL may improve treatment success, failure and recurrence, death, loss to follow-up and adverse 
events while leading to more amplification of drug-resistance but the evidence is very uncertain.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)
Risk with 

TB-PRACTECAL 
comparator

Risk difference with BPaL 
(Lzd 600mg/300mg)

Treatment 
success

126 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 1.47 
(1.09 to 

1.99)

Study population
515 per 1 000 242 more per 1 000 

(46 more to 510 more)
Failure and 
recurrence

126 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.52 
(0.22 to 

1.18)

Study population
258 per 1 000 124 fewer per 1 000 

(201 fewer to 46 more)
Death 126 

(1 RCT)
 

Very lowa,b,c,d,e,f,g

RD -0.03 
(-0.10 to 

0.03)

Study population
30 per 1 000 30 fewer per 1 000 

(100 fewer to 30 more)
Lost to follow 
up

126 
(1 RCT)

 
Very lowa,b,c,d,e,f,h

RR 0.60 
(0.24 to 

1.56)

Study population
197 per 1 000 79 fewer per 1 000 

(150 fewer to 110 more)
Adverse 
events

210 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.38 
(0.24 to 

0.60)

Study population
509 per 1 000 316 fewer per 1 000 

(387 fewer to 204 fewer)

The panel also considered the duration and pill burden with 
the intervention and comparator regimens. The duration 
of the intervention regimen is 24 weeks (5.5 months) so 
treatment duration is reduced compared to the control 
arm by between 3–18 months. The exact magnitude of 
reduction in time on treatment depends on the specific 
comparator regimen, which includes shorter (9–12 months) 
and longer (18–24 months) regimens. The pill burden of the 
intervention regimen is lower than that for the comparator 
regimens. The exact magnitude of reduction in pill burden 
depends on the specific comparator regimen.
Considering this research evidence and the additional 
considerations, the GDG judged that BPaL may 
have large desirable effects and noted the very low 
certainty of the evidence.
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a. An imbalance in measured covariates (prior TB, prior DR-TB) likely arises from the small 
number of participants in each group. While the adjusted analyses will account for measured 
confounding, unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons.
c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias in 

the conduct of the trial. Higher loss to follow-up was noted in the comparator group, which is an 
outcome that may be influenced by patient or clinician knowledge of the regimen. 

d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal 
stopping rules do not reduce bias (GRADE Handbook, 2013).

e. Multiple comparator regimens were used, varying across site. This may explain some of the 
substantial inconsistency in the point estimates for treatment outcomes seen between countries 
(Belarus, South Africa and Uzbekistan). The decision whether to downgrade is a difficult decision. 
We did not downgrade for inconsistency as the issue of comparators was addressed under 
indirectness.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and 
population to which guidelines will apply. (ii) Comparator: Some comparator regimens are sub-
optimal, not according with the WHO standard of care (at the time or presently), and vary by 
country. Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=60 
and n=66). Very few events in the outcomes of interest, causing very serious imprecision. We 
downgraded two levels for imprecision for some outcomes, and one level for others.

h. A lack of blinding is important for loss to follow-up, and adverse event reporting where 
participant and clinician knowledge of the regimen may influence behaviours relating to 
treatment follow-up.

 
Beyond the outcomes captured directly as research evidence in the presented statistical analyses, 
the WHO ‘Target Regimen Profile for rifampicin-resistant tuberculosis’ (WHO, 2016) identified 
certain regimen characteristics as having desirable anticipated effects. These include a shorter 
treatment duration, reduced pill burden and number of component drugs and manageable DDIs. 
Decrease in the treatment duration is therefore an important desirable effect. 
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Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large 
○ Moderate 
○ Small 
● Trivial 
○ Varies 
○ Don’t know

The BPaL (B-Pa-Lzd600->300) regimen arm of the TB-PRACTECAL trial with population including 
patients with MDR/RR-TB with or without quinolone resistance (MDR/RR-TB or pre-XDR-TB) was 
compared to comparator arm of the TB-PRACTECAL trial comprised of MDR/RR-TB or pre-XDR-TB 
patients treated with multiple local SoC regimens (including: 9–12-month injectable containing 
regimen; 18–24-month long WHO regimen (pre-2019); 9–12 month all oral regimen; 18–20 month 
all oral regimen). 
Participants with MDR/RR-TB (with or without quinolone resistance) receiving BPaL (n=60) 
compared to participants receiving WHO recommended standard of care regimens used in 
TB-PRACTECAL trial (n=66) experienced higher levels of treatment success (77% vs 52%), i.e. a 47% 
relative increase (RR=1.47, 95%CI 1.09 to 1.99); lower levels of failure and recurrence (13% vs 26%), 
i.e. a 48% relative reduction (RR=0.52, 95%CI 0.22 to 1.18); lower levels of deaths (0.0% vs 3.0%), 
i.e. a 3% absolute reduction (RD=-0.03, 95%CI -0.10 to 0.03); lower levels of loss to follow-up (10% 
vs 20%), i.e. a 40% relative reduction (RR=0.60, 95%CI 0.24 to 1.56); lower levels of adverse events 
(20% vs 51%), i.e. a 62% relative reduction (RR=0.38, 95%CI 0.24 to 0.60); and higher levels of 
amplification of drug-resistance (2.9% vs 1.9%), i.e. a 59% relative increase (RR=1.59, 95%CI 0.32 to 
7.84).
BPaL may improve treatment success, failure and recurrence, death, loss to follow-up and adverse 
events while leading to more amplification of drug-resistance but the evidence is very uncertain.

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)
Risk with 

TB-PRACTECAL 
comparator

Risk difference with BPaL 
(Lzd 600mg/300mg)

Amplification 
of drug 
resistance

210 
(1 RCT)

 
Very lowa,b,c,d,e,f

RR 1.59 
(0.32 to 

7.84)

Study population
19 per 1 000 11 more per 1 000 

(13 fewer to 127 more)

Considering this research evidence and the additional 
considerations, the GDG judged that BPaL may have 
trivial undesirable effects and noted the very low 
certainty of the evidence.



W
eb Annex 4. G

RAD
E evidence-to-decision tables

299

a. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and 
population to which guidelines will apply. (ii) Comparator: Some comparator regimens are sub-
optimal, not according with the WHO standard of care (at the time or presently), and vary by 
country. Downgraded one level.

b. Multiple comparator regimens were used, varying across site. This may explain some of the 
substantial inconsistency in the point estimates for treatment outcomes seen between countries 
(Belarus, South Africa and Uzbekistan). The decision whether to downgrade is a difficult decision. 
We did not downgrade for inconsistency as the issue of comparators was addressed under 
indirectness.

c. An imbalance in measured covariates (prior TB, prior DR-TB) likely arises from the small 
number of participants in each group. While the adjusted analyses will account for measured 
confounding, unmeasured confounding is also likely.

d. Small numbers of events in some outcomes precludes adjustment in some comparisons.
e. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias in 

the conduct of the trial. Higher loss to follow-up was noted in the comparator group, which is an 
outcome that may be influenced by patient or clinician knowledge of the regimen. 

f. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal 
stopping rules do not reduce bias (GRADE Handbook, 2013).

Pretomanid safety
Rodent Toxicology Studies –evidence of direct testicular toxicity
Monkey Toxicology Studies –no evidence for direct testicular toxicity; abnormal sperm findings 
considered to be secondary to declining physical condition
Hormone Data from Clinical Studies –no changes in FSH, LH, Inhibin B consistent with testicular 
toxicity
Paternity Survey –44 children fathered by 38 men (12%) who participated in pretomanid studies of 
4–6 months treatment duration
Semen Study –ongoing study measuring semen in men undergoing pretomanid treatment 
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Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

Certainty was rated *very low*. Risk of bias was serious or very serious, for different outcomes. 
There was a lack of blinding, early termination of the trial for benefit, measured confounding 
and likely unmeasured confounding and small event numbers precluding adjustment for some 
comparisons. These concerns resulted in downgrading by one or two levels depending upon 
outcome. We did not downgrade for inconsistency. We downgraded for indirectness due to 
differences in the population, definitions of outcomes and the comparator regimen. Imprecision 
was serious or very serious according to outcomes, with a small number of events for some 
outcomes. 
The overall certainty is generally based on the lowest certainty for the agreed critical outcomes. 

Outcomes

№ of 
participants 

(studies) 
Follow-up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)
Risk with 

TB-PRACTECAL 
comparator

Risk difference with BPaL 
(Lzd 600mg/300mg)

Treatment 
success

126 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 1.47 
(1.09 to 

1.99)

Study population
515 per 1 000 242 more per 1 000 

(46 more to 510 more)
Failure and 
recurrence

126 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.52 
(0.22 to 

1.18)

Study population
258 per 1 000 124 fewer per 1 000 

(201 fewer to 46 more)
Death 126 

(1 RCT)
 

Very lowa,b,c,d,e,f,g

RD -0.03 
(-0.10 to 

0.03)

Study population
30 per 1 000 30 fewer per 1 000 

(100 fewer to 30 more)
Lost to follow 
up

126 
(1 RCT)

 
Very lowa,b,c,d,e,f,h

RR 0.60 
(0.24 to 

1.56)

Study population
197 per 1 000 79 fewer per 1 000 

(150 fewer to 110 more)
Adverse 
events

210 
(1 RCT)

 
Very lowa,b,c,d,e,f,g

RR 0.38 
(0.24 to 

0.60)

Study population
509 per 1 000 316 fewer per 1 000 

(387 fewer to 204 fewer)
Amplification 
of drug 
resistance

210 
(1 RCT)

 
Very lowa,b,c,d,e,f

RR 1.59 
(0.32 to 

7.84)

Study population
19 per 1 000 11 more per 1 000 

(13 fewer to 127 more)

As noted in the CoE assessment, it is important to highlight 
that 
• the the population included in the trial that gave rise 

to the data is a mix of MDR/RR and pre-XDR/XDR TB 
patients (82–92% RR/MDR, depending on study arm)

• treatment outcomes for the comparator regimen differ 
for these populations and that 

• 24% of patients were treated with regimens no longer 
recommended by WHO, e.g. containing injectable drugs 
and not containing Bdq
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a. An imbalance in measured covariates (prior TB, prior DR-TB) likely arises from the small 
number of participants in each group. While the adjusted analyses will account for measured 
confounding, unmeasured confounding is also likely.

b. Small numbers of events in some outcomes precludes adjustment in some comparisons.
c. A lack of blinding of patients, caregivers and those adjudicating outcomes may introduce bias in 

the conduct of the trial. Higher loss to follow-up was noted in the comparator group, which is an 
outcome that may be influenced by patient or clinician knowledge of the regimen. 

d. The trial was stopped early for benefit, with few events (<200). This can introduce bias. Formal 
stopping rules do not reduce bias (GRADE Handbook, 2013).

e. Multiple comparator regimens were used, varying across site. This may explain some of the 
substantial inconsistency in the point estimates for treatment outcomes seen between countries 
(Belarus, South Africa and Uzbekistan). The decision whether to downgrade is a difficult decision. 
We did not downgrade for inconsistency as the issue of comparators was addressed under 
indirectness.

f. A single trial. Serious indirectness (i) Populations: Differences in population of a trial and 
population to which guidelines will apply. (ii) Comparator: Some comparator regimens are sub-
optimal, not according with the WHO standard of care (at the time or presently), and vary by 
country. Downgraded one level.

g. The number of participants in both intervention and comparator groups was small (n=60 
and n=66). Very few events in the outcomes of interest, causing very serious imprecision. We 
downgraded two levels for imprecision for some outcomes, and one level for others.

h. A lack of blinding is important for loss to follow-up, and adverse event reporting where 
participant and clinician knowledge of the regimen may influence behaviours relating to 
treatment follow-up.

Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Important 
uncertainty or 
variability 
○ Possibly important 
uncertainty or 
variability 
● Probably no 
important uncertainty 
or variability 
○ No important 
uncertainty or 
variability

No evidence research searched for. 

Higher treatment efficacy, shorter duration of treatment, lower pill burden and less adverse events 
are usually valued by patients. 

The panel judged that there was probably no important 
uncertainty or variability in how much people value the 
main outcomes.
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Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
● Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ Don’t know

 As noted in the CoE assessment, it is important to highlight 
that 
• the the population included in the trial that gave rise 

to the data is a mix of MDR/RR and pre-XDR/XDR TB 
patients (82–92% RR/MDR, depending on study arm)

• treatment outcomes for the comparator regimen differ 
for these populations and that 

• 24% of patients were treated with regimens no longer 
recommended by WHO, e.g. containing injectable drugs 
and not containing Bdq

As a result, the balance of effects may be different in 
settings/populations with different FQ-resistance prevalence 
and if only currently recommended regimens are used. 
The GDG judged the benefits of BPaL to be large and 
the undesirable effects to be trivial compared to WHO 
recommended standard of care regimens. The certainty 
of evidence was judged to be very low. Based on this, 
the panel determined that the balance of health effects 
probably favors BPaL regimen.

Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Large costs 
○ Moderate costs 
○ Negligible costs 
and savings 
○ Moderate savings 
○ Large savings 
● Varies 
○ Don’t know

Sedona Sweeney’s presentation on cost & CEA of PRACTECAL regimens from pre-GDG 
webinar
• From the data presented, the total cost (drugs+delivery) of WHO_short appear to be between 

4%-18% higher than for BPaL and between ~1.5x to 6x higher for WHO_long when looking at 
comparative estimates within country

• In most settings, BPaL is cost-saving; these cost savings are mostly due to reduced time in care 
and therefore reductions in numbers of outpatient visits, inpatient bed-days, and lab tests

• Note that the study presented by Sweeney is not 100% addressing the PICO of interest (as it is 
based on 600–300 for 24 weeks, instead of 600–26) 

The panel judged that the costs for BPaL are lower because 
costs of drugs are lower and cost of delivery are also 
lower due to the shorter duration of treatment and lower 
complexity. The GDG judged that the reduction in costs 
varies between moderate and large.
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Lifetime costs

 

Results by country: conservative approach

Country and regimen
Total costs per 

person Total DALYs
Incremental Costs 

per person
Philippines 
SOC long $2,127 6.2 
SOC short $1,286 5.1 -$841
BPaL $1,050 5.1 -$236
BPaLC $1,146 5.0 $96 
BPaLM $1,099 4.4 -$47
South Africa 
SOC long $6,896 6.9 
SOC short $4,120 6.3 -$2,776
BPaL $3,554 6.3 -$566
BPaLC $3,687 6.2 $132 
BPaLM $3,739 5.7 $52 
India 
SOC long $1,531 6.8 
SOC short $923 6.1 -$608
BPaL $838 6.1 -$84
BPaLC $923 6.0 $85 
BPaLM $872 5.5 -$51
Georgia 
SOC long $4,499 4.7 
SOC short $3,290 4.1 -$1,209
BPaL $3,164 4.1 -$125
BPaLC $3,264 4.0 $100 
BPaLM $3,246 3.3 -$19
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Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
● Very low 
○ Low 
○ Moderate 
○ High 
○ No included 
studies

  

Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor 
either the intervention 
or the comparison 
● Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
○ No included 
studies

Sedona Sweeney’s presentation on cost & CEA of PRACTECAL regimens from pre-GDG 
webinar 
• From the data presented: “strong evidence that BPaL would be cost-effective” in the setting 

studied (costs reduced and DALYs averted)
• Note that estimates of effectiveness (from which DALYs averted were derived) are different from 

those presented in the evidence profile for this PICO (CEA assumes smaller benefits of BPaL over 
comparator and thus estimates for DALYs averted would be conservative vis a vis data from the 
evidence profile)

 

Given their prior judgements (balance of effects probably 
favors the intervention; intervention leads to moderate to 
large savings), the panel judged that the cost-effectiveness 
of the intervention probably favors the intervention.
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Results by country: conservative approach

Country and regimen
Total costs per 

person Total DALYs
Incremental Costs 

per person
Incremental DALYs 
Averted Per Person

Incremental costs 
per DALY

Philippines 
SOC long $2,127 6.2 
SOC short $1,286 5.1 -$841 1.04 Dominant 
BPaL $1,050 5.1 -$236 0.00 Dominant 
BPaLC $1,146 5.0 $96 0.11 $867
BPaLM $1,099 4.4 -$47 0.62 Dominant 
South Africa 
SOC long $6,896 6.9 
SOC short $4,120 6.3 -$2,776 0.57 Dominant 
BPaL $3,554 6.3 -$566 0.00 Dominant 
BPaLC $3,687 6.2 $132 0.10 $1,375
BPaLM $3,739 5.7 $52 0.54 $97
India 
SOC long $1,531 6.8 
SOC short $923 6.1 -$608 0.70 Dominant 
BPaL $838 6.1 -$84 -0.04 Dominant 
BPaLC $923 6.0 $85 0.10 $838
BPaLM $872 5.5 -$51 0.57 Dominant 
Georgia 
SOC long $4,499 4.7 
SOC short $3,290 4.1 -$1,209 0.57 Dominant 
BPaL $3,164 4.1 -$125 0.02 Dominant 
BPaLC $3,264 4.0 $100 0.12 $833
BPaLM $3,246 3.3 -$19 0.67 Dominant 

Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ Reduced 
○ Probably reduced 
○ Probably no impact 
● Probably increased 
○ Increased 
○ Varies 
○ Don’t know

No research evidence searched for. The panel considered the treatment duration and the ability 
to decentralize treatment (to enable access for remote, 
underserviced settings and disadvantaged populations) to 
affect equity.
Despite not being able to identify relevant research 
evidence, the panel used their collective experience to 
judge that there would likely be advantages associated with 
the use of the BPaL regimen due to its reduced complexity 
and shorter duration. The panel judged that use of the 
BPaL regimen would probably increase equity. 
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Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

Beverly Stringer’s presentation on PROs from pre-GDG webinar (qualitative study) on the 
patient perspective 
• Positive impact of shorter treatment on employment status welcomed 

van de Berg et al, 2021 (based on 2019 KNCV report, 
funded by TB Alliance) on the provider perspective
• Noting that analyses from van de Berg paper are only 

partially applicable here since in their study they asked 
about acceptability of using BPaL for pre-XDR patients 
and when compared to the long WHO regimen 

• Findings Acceptability: overall high and rated as 
acceptable by >80% across domains 

The panel considered patients and health care providers 
as key stakeholders. The panel considered the following 
aspects as critical with regards to acceptability: regimen 
duration and drug safety monitoring needs (both relating 
to necessary travel, loss of income and general disruption 
of the life of patients; workload for the health care system), 
needs for drug susceptibility testing. The panel judged that 
the BPaL regimen would probably be acceptable.
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Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don’t know

van de Berg et al, 2021 (based on 2019 KNCV report, 
funded by TB Alliance) on the provider perspective
• Noting that analyses from van de Berg paper are only 

partially applicable here since in their study they asked 
about feasibility of using BPaL for pre-XDR patients and 
when compared to the long WHO regimen 

The panel considered the following aspects to affect 
feasibility (i.e. to be potential barriers to implementation): 
requirements for drug safety monitoring and requirements 
for drug susceptibility testing. 
The panel noted limited availability of drugs in the 
BPaL regimen for use in DST as a potential barriers to 
implementation and also noted that data on the critical 
concentration of Pretomanid for use in DST is limited.  

However, given the reduced duration, complexity and 
associated workload, the panel judged that implementation 
is probably feasible.
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Summary of judgements

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know
DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know
UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know
CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies
VALUES Important 

uncertainty or 
variability

Possibly important 
uncertainty or 

variability

Probably no 
important 

uncertainty or 
variability

No important 
uncertainty or 

variability

BALANCE OF EFFECTS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and 
savings

Moderate savings Large savings Varies Don’t know

CERTAINTY OF EVIDENCE 
OF REQUIRED RESOURCES

Very low Low Moderate High No included studies

COST EFFECTIVENESS Favors the 
comparison

Probably favors the 
comparison

Does not favor either 
the intervention or 

the comparison

Probably favors the 
intervention

Favors the 
intervention

Varies No included studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know
ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know
FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

Type of recommendation
Strong recommendation against 

the intervention
○ 

Conditional recommendation 
against the intervention

○ 

Conditional recommendation 
for either the intervention or the 

comparison
○ 

Conditional recommendation for 
the intervention

● 

Strong recommendation for the 
intervention

○ 
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Conclusions

Recommendation
The use of the 6-month treatment regimen, composed of bedaquiline, pretomanid and linezolid (BPaL), rather than 9-month or longer (18-month) regimens is suggested in patients 
MDR/RR-TB patients with or without resistance to fluoroquinolones, who have either had no previous exposure to bedaquiline and linezolid or have been exposed for less than 1 month.

Justification
This section is provided under the summary PICO that this sub-PICO has contributed to

Subgroup considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Implementation considerations
This section is provided under the summary PICO that this sub-PICO has contributed to

Monitoring and evaluation
This section is provided under the summary PICO that this sub-PICO has contributed to

Research priorities
This section is provided under the summary PICO that this sub-PICO has contributed to
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A4.2 WHO treatment guidelines for multidrug- and 
rifampicin-resistant tuberculosis, 2020 update
Refer to Annex 4: GRADE evidence-to- decision tables in the WHO consolidated guidelines 
on tuberculosis. Module 4: treatment – drug-resistant tuberculosis treatment. Online annexes 
(9789240007062-eng.pdf (who.int), accessed 13 September 2022).

A4.3 WHO treatment guidelines for isoniazid-
resistant tuberculosis, 2018
Refer to Annex 6: GRADE evidence summary tables in the WHO treatment guidelines for isoniazid-
resistant tuberculosis. Online Annexes: Supplement to the WHO treatment guidelines for drug-resistant 
tuberculosis (who-treatment-guidelines-isoniazid-resistant-tb-online-grade-tables-annexes.pdf, 
accessed 10 October 2022).

A4.4 WHO treatment guidelines for multidrug- and 
rifampicin-resistant tuberculosis, 2018 update
Refer to Annex 9: GRADE evidence-to-decision tables in the WHO treatment guidelines for multidrug-
and rifampicin-resistant tuberculosis, 2018 update (https://cdn.who.int/media/docs/default-source/
hq-tuberculosis/annexes-8–10_grade-evidence-summary-tables.pdf , accessed 12 October 2022).

A4.5 WHO treatment guidelines for drug-resistant 
tuberculosis, 2016 update
Refer to Annex 5: Evidence-to-decision tables (question 4) in the WHO treatment guidelines for drug- 
resistant tuberculosis, 2016 update (9789241549639-webannexes-eng.pdf (who.int), accessed 10 
October 2022).

A4.6 WHO guidelines for the programmatic 
management of drug-resistant tuberculosis, 2011 
update
Refer to Annex 2: GRADE glossary and summary of evidence tables (questions 6 and 7) in the 
Guidelines for the programmatic management of drug-resistant tuberculosis, 2011 update (WHO_
HTM_TB_2011.6b_eng.pdf, accessed 10 October 2022), where the content of the evidence-to-decision 
process was summarized in the remarks relating to each recommendation.

https://apps.who.int/iris/bitstream/handle/10665/332678/9789240007062-eng.pdf
https://cdn.who.int/media/docs/default-source/hq-tuberculosis/who-treatment-guidelines-isoniazid-resistant-tb-online-grade-tables-annexes.pdf?sfvrsn=729c9e5c_3
https://cdn.who.int/media/docs/default-source/hq-tuberculosis/annexes-8-10_grade-evidence-summary-tables.pdf
https://cdn.who.int/media/docs/default-source/hq-tuberculosis/annexes-8-10_grade-evidence-summary-tables.pdf
https://apps.who.int/iris/bitstream/handle/10665/250125/9789241549639-webannexes-eng.pdf?sequence=5&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/70677/WHO_HTM_TB_2011.6b_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/70677/WHO_HTM_TB_2011.6b_eng.pdf?sequence=1
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Glossary

Term Definition

AE Adverse Event

B / Bdq Bedaquiline

Cfz Clofazimine

E/EMB Ethambutol

Eto Ethionamide

FQ Fluoroquinolone 

H Isoniazid (also INH)

HIV Human Immunodeficiency Virus

Hh High dose-isoniazid

INH Isoniazid (also H)

Km Kanamycin

Lfx Linezolid

LTFU Loss to follow up

Lzd Linezolid

MDR-TB Multi-drug Resistant Tuberculosis

MDR/RR-TB Multidrug-resistant or rifampicin-resistant tuberculosis

Mfx Moxifloxacin

Pa Pretomanid

PICO Population, Intervention, Comparison, Outcome

PLHIV People Living with HIV

Pre-XDR TB Multidrug-resistant or rifampicin-resistant tuberculosis that is resistant 
to a fluoroquinolone

QTcF Q-T segment, corrected according to the Fridericia formula

RCT Randomized Controlled Trial

RR Rifampicin resistant

SAE Serious adverse event

SOC Standard of care

Trd Terizidone

TB Tuberculosis

WHO World Health Organization

XDR-TB Extensively drug-resistant tuberculosis

Z/PZA Pyrazinamide
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A5.1 Background and rationale
Rifampicin-resistant (RR) and multidrug-resistant (MDR)- tuberculosis (TB) pose a major challenge to 
global TB control. The prolonged and toxic drug regimens traditionally used to treat MDR/RR-TB have 
meant that patients with drug-resistant TB experience poorer treatment outcomes than for patients 
with drug-susceptible TB. Evidence from randomised trials to guide treatment has been limited. Recent 
World Health Organisation (WHO) guidelines on treatment of drug-resistant TB have primarily relied 
upon observational data from cohort studies, and consequently current recommendations remain 
conditional with very low certainty in the estimates of effect (1). 

The standard of care for MDR/RR-TB, caused by M. tuberculosis that is resistant to rifampicin, with or 
without isoniazid resistance, has changed considerably over the past two decades. Since 2016, WHO 
has recommended against the use of injectable antibiotics, which had previously been the cornerstone 
of treatment for MDR-TB (2). All-oral regimens are now standard of care, and the comparator against 
which novel regimens are evaluated. The priority for MDR/RR-TB treatment is for well-tolerated 
regimens that are ‘short course’ shorter regimens, preferably no more than 6 months in length.

This evidence review aims to evaluate the efficacy and safety of novel short-course oral regimens to 
treat MDR/RR-TB, in comparison to the 2020 WHO-recommended regimens. This will be undertaken 
by conducting analyses of data from clinical trials and individual patient data meta-analyses of cohorts 
treated for MDR/RR-TB in programmatic settings.

A5.2 Regimen classifications
Nomenclature

This statistical analysis plan will evaluate regimens ranging from 24 weeks (5.5 months) to 24 months 
in duration. For clarity, the range of intended treatment for individuals will be described in months, 
rather than using the more ambiguous terms “short” or “longer”. Where we refer to WHO guidelines 
as a standard of care, the year of publication of the specific recommendation will be described in 
brackets (e.g. WHO (2016)). Although some regimens may be described as ‘9–11 month’ regimens, for 
consistency we will use the range ‘9–12 months’, as patients may receive treatment up to 12 months.

In contrast to previous WHO Guidelines, these analyses will assess the effectiveness and safety of 
specific regimens, containing multiple drugs.

Population

The population of interest comprises patients with rifampicin-resistant or multidrug-resistant 
(MDR)-TB that is confirmed on phenotypic or genotypic drug susceptibility testing. Patients with 
rifampicin resistance will be included regardless of the isoniazid susceptibility status of the individual, 
in accordance with previous WHO guidelines.

Intervention regimens of interest

All-oral modified shorter (5.5–12* month) regimens: For these regimens, the intervention group 
comprises individuals receiving a regimen up to 12 months in duration that includes bedaquiline and 
linezolid. The regimens to be evaluated include:

(i) 5.5–9 month BPaL regimens (e.g. TB PRACTECAL, NIX, ZENIX studies), including different 
doses and durations of linezolid.

(ii) 5.5 month (24 week) BPaLM regimen (e.g. TB PRACTECAL trial) 
(iii) 5.5 month BPaLC regimen (e.g. TB PRACTECAL trial)
(iv) 6–9 months individualised regimen (e.g. NeXT trial)
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(v) 9–12 months duration (e.g. oral short-course BDQ and LZD-containing South African regimen 
2019 cohort)** (SA new)

Comparator regimens

A number of comparator regimens will be evaluated, including:

C1.  WHO long regimen: WHO-recommended (2018) longer (≥18 month) regimen (all-oral 
initial regimen) (1): This comparator group includes individuals taking the WHO-recommended 
(2019) regimen that is intended to be for at least 18 months’ duration. This comprises initially 4 
TB agents likely to be effective (including a fluoroquinolone**, bedaquiline and linezolid), plus at 
least one of clofazimine and/or cycloserine/terizidone and/or appropriate suitable Group C drugs. 
At least 3 agents must be included after bedaquiline is stopped.** These guidelines allow for an 
injectable agent, if given as a WHO (2018) Group C drug according to the drug susceptibility of 
the individual.

C2.  WHO short regimen: Short (9–12* months) bedaquiline containing all-oral regimen (2019 
WHO Rapid communication) (3): This comparator group includes individuals taking an all-oral 
regimen for 9–12* months’ total duration. This regimen includes bedaquiline, a fluoroquinolone if 
indicated***, and does not include an injectable or linezolid. Specifically, the regimen comprises: 
bedaquiline, levofloxacin/moxifloxacin, clofazimine, ethionamide, ethambutol, isoniazid (high dose) 
and pyrazinamide for 4 months (with the possibility of extending to 6 months if the patient remains 
sputum smear positive or culture positive at the end of the fourth month), followed by 5 months of 
treatment with levofloxacin/moxifloxacin, clofazimine, ethambutol and pyrazinamide. Bedaquiline 
use in this regimen is for 6 months.(4) This regimen has been conditionally recommended in a 
WHO MDR-TB guidelines (2020). This includes the South African 2017 regimen.

C3.  Injectable-based short regimen: WHO-recommended (2016) short-regimens (9–12* 
months) (including an injectable) (2). This comparator group includes individuals taking WHO-
recommended (2016) short-course regimen. It must include a 4 month intensive phase (e.g. 
moxifloxacin/levofloxacin, amikacin (kanamycin or capreomycin may be included), prothionamide/
ethionamide, clofazimine, high-dose isoniazid, pyrazinamide and ethambutol); followed by 
5 months continuation phase (e.g. with moxifloxacin/levofloxacin, clofazimine, ethambutol 
and pyrazinamide). Bedaquiline is not included, and regimens not tailored to drug resistance. 
Cycloserine or PAS may be substituted for other drugs in this regimen.

C4.  Injectable-based long regimen: WHO-recommended (2011/2016) longer (≥18 month) 
regimen (including an injectable) (2): This comparator group includes individuals taking the 
WHO-recommended (2011/2016) regimen that is intended to be for at least 18 months’ duration. 
This comprises initially 5 TB agents likely to be effective (including a fluoroquinolone, an injectable 
antibiotic, pyrazinamide plus at least 2 others) during an intensive phase and a total of 20 months.

Regimens excluded from analyses

The following regimens will be excluded from the present analyses.

• Short regimens without bedaquiline and not conforming to WHO (2020) recommendations. 
Individuals receiving these regimens will not be included in comparative analyses, as they lack 
bedaquiline which is considered one of the most effective drugs in a regimen to treat MDR/RR-TB.

• Short-course regimens including bedaquiline and an injectable. Individuals initially treated 
with injectable antibiotics before transitioning to a bedaquiline-containing regimen will be not be 
included in comparative analyses, as these do not comply with current WHO 2020 Guidelines.

*Note that 12 month regimens include any period up to 365 days. The nomenclature 9–12 months 
is used in the WHO 2020 consolidated treatment guidelines.
** It is expected the public call will contribute largely to the comparator regimens.
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***Fluoroquinolone antibiotics are a part of standardised treatment for MDR/RR-TB in the 2019 
WHO guidelines and 2020 Consolidated guidelines. In order to be considered consistent with WHO 
recommendations, a fluoroquinolone antibiotic (levofloxacin or moxifloxacin) must be included unless 
fluoroquinolone resistance has been demonstrated.

The duration of regimens will be based upon the intended time of the regimen at the start of treatment 
(i.e. an intention to treat analysis), in the primary analysis. Some individuals may stop the regimens 
early, such as due to death, loss to follow-up or treatment failure. We will perform additional sensitivity 
analyses looking at the actual dose and duration of treatment received for selected antibiotics (e.g. 
linezolid), given that toxicity may require early decreases in the dose of linezolid.

A5.3 Eligibility for inclusion in this evidence review
The datasets included in this review were identified by the WHO Global TB program in 2021 as a result 
of a public call for data. They include clinical trials and cohorts of patients treated for MDR/RR-TB 
that have become available between the previous WHO Guideline Development Group meeting in 
April 2017 and December 2021.

Eligibility of datasets for inclusion

The following criteria will be required for inclusion of a dataset in this review:

1. Data from clinical trials (with or without a comparator group) or cohorts of patients treated for 
MDR/RR-TB within a programmatic setting.

2. At least 25 patients completed treatment and in whom an end-of-treatment outcome was assigned.
3. The included patients have MDR/RR-TB.
4. Individual records (i.e. one row per treatment episode) which specify the individual regimen(s) 

used, the duration of treatment and for which sufficient data are available to allow assignment of 
treatment outcomes for most participants.

5. Included patients are treated with an intervention or comparator regimen relevant to this review, 
listed above.

Eligibility of participants for inclusion

Within included datasets, eligibility criteria will be applied to select patients who conform to the WHO 
PICO questions. The following criteria will be required for inclusion of patients in the analysis:

1. Bacteriologically-confirmed M. tuberculosis (PCR or culture)
2. RR or MDR-TB (i.e. having resistance to rifampicin, +/- isoniazid) confirmed by phenotypic 

or genotypic drug susceptibility testing, with testing performed within 365 days prior to 
commencement of treatment; or probable rifampicin resistance.

3. Patient outcomes can be determined, in accordance with 2013 or 2021 WHO definitions or other 
standardised definitions (e.g Laserson 2005 (5)).

4. Treatment regimen composition and duration can be determined.
5. For PICO questions where fluoroquinolone status is used to assign treatment, the fluoroquinolone 

resistance status at baseline.

Additional specific eligibility criteria are listed for included regimens, described in the section below 
relevant to those regimens.
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A5.4 Outcomes to be analysed
Outcomes for PICO questions

The WHO-directed PICOs list the following five treatment outcomes: (a) cured, (b) treatment completed, 
(c) treatment failed, (d) died, (e) lost to follow-up. They also list (f ) adverse events (including drug-
drug interactions for HIV-infected patients) and (g) amplification (acquisition) of drug-resistance.

Outcome definitions

Outcome definitions in each dataset will be classified based upon standardised guidelines. The 
following principles will apply to outcome definitions:

1. Wherever possible, we will follow the outcome definitions for MDR-TB that were adopted in 
November 2020 by WHO (6). 

2. For internal comparisons within clinical trials, we will follow the outcome definitions used in that 
clinical trial (e.g. internal comparisons for the TB PRACTECAL trial).

3. If it is not possible to report outcomes according to the 2020 definitions for both intervention and 
comparator regimens, we will follow the Laserson (2005) definitions (5) (e.g. these are followed 
in the South African EDRWeb dataset), or the WHO 2013 definitions (7).

In the comparative analyses, we will combine cure and treatment completed as treatment success. An 
individual assessed at the end of follow-up after successful TB treatment, who is alive and free of TB 
at the time of follow-up (i.e. on the date of censoring) – or having no documented relapse – will be 
defined as having an outcome of ‘sustained treatment success’, in accordance with WHO definitions 
in 2020 (6). The analytic approach to different follow-up times is described below. ’Transfer out’ will 
be excluded from denominator in the primary analyses, as the outcomes in this group are unknown.

Outcomes

The primary comparisons will be for specific treatment outcomes (e.g. relapse-free treatment success, 
death). 

The primary comparisons will be made, where data for both the intervention and comparator 
groups allow:

1. (Relapse-free) Sustained treatment success
2. Death (due to any cause)
3. Loss to follow-up up
4. Treatment failure (also including recurrence if follow-up period is included in the analysis)#
5. The proportion of individuals with at least one Grade 3–4 adverse event, during the treatment period 
6. The proportion of individuals with at least one Grade 3–4 adverse event due to drug-drug 

interactions, during the treatment period.
7. Amplification of drug resistance

Additional sensitivity analyses will be performed to assess the influence of loss-to-follow-up upon 
the effect estimates:

1. (Relapse-free) Treatment success (success/failure/relapse/death in denominator)** 
2. (Relapse-free) Treatment success (success/failure/relapse in denominator)***

** Loss to follow-up excluded
*** Loss to follow-up and death excluded
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Sensitivity analyses

Additional sensitivity analyses will be performed to evaluate the effect of eligibility criteria and different 
follow-up times upon outcomes. 

These include the following:

(a) Follow-up to 12-months, for regimens no more than 12 months in duration.

(b) Follow-up to 18-months, for regimens no more than 18 months in duration.

(c) For cohorts with incomplete follow-up data, we will model the best and worst case analysis of 
mortality to evaluate the sensitivity of results to follow-up mortality.

Other additional sensitivity analyses will be performed.

A5.5 Stratification
Effect estimates will be presented for all included individuals as well as stratified by the following 
characteristics, where possible: 

1. Fluoroquinolone resistant vs fluoroquinolone susceptible or unknown susceptibility to 
fluoroquinolones

2. Smear positive vs smear negative
3. Cavitation on chest Xray vs no cavitation on chest Xray
4. HIV positive vs HIV negative
5. Culture positive at baseline versus culture negative at baseline
6. Age 0 to 14 versus 15 years and above (for cohorts where children are included)
7. Smoking versus non-smoking
8. Diabetes versus no diabetes
9. Prior TB treatment history

A5.6 Statistical analyses
A5.6.1 Descriptive analyses
We will perform descriptive analyses of the baseline characteristics of participants in all included 
studies. These will include demographics, diagnostic test results, treatment regimens, treatment 
outcomes (defined as above).

Participant characteristics reported in descriptive analyses will include gender, age, body mass index, 
smoking status, HIV status, HIV viral load, previous TB treatment history. Additional relevant covariates 
will be included. 

Disease characteristics will include baseline smear status, baseline culture status and drug susceptibility 
to first- and second-line TB medications. 

A5.6.2 Comparative analyses
Comparative analyses will be performed within individual studies and between multiple studies.
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Within study comparisons

For studies in which both a short-course (6 month) regimen and a relevant comparator are used, we 
will conduct pairwise comparisons between each of the short-course regimens and the comparator. 
For included randomised trials (e.g. the TB PRACTECAL Trial, NEXT trial), the primary outcome of the 
pre-specified analysis will also be calculated by our team and reported. 

Between study comparisons

(i) Pairwise comparisons between studies

We will conduct comparisons addressing each PICO question by comparing outcomes among cohorts 
in which participants receive either the intervention or control regimen relevant to that question. 
These are described below, grouped according to each PICO.

(ii) IPD network meta-analysis of alternative regimens

If possible where comparator or intervention regimens are shared by multiple included studies, we 
will perform an IPD network meta-analysis for multiple regimens where common comparator groups 
allow multiple regimens to be compared. This approach will enable a rank to be assigned to different 
regimens, after adjustment for participant characteristics. Fig. A5.1 shows the comparisons between 
regimens in the IPD network meta-analysis.
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Fig. A5.1: Map of dataset comparisons
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Methods used for analysis and data synthesis
For comparisons between datasets or cohorts, outcomes will be presented as unadjusted and adjusted 
risk ratios. Adjusted risk ratios will be calculated using a log-binomial generalized linear regression 
(binomial error distribution with log link function). Confounders will be adjusted for using inverse 
probability propensity score weighting. When outcome rates are close to the boundary (fewer than 
5 positive or negative cases) adjusted risk ratios will not be calculated and unadjusted ratios alone 
will be presented.  For outcomes where the number of outcome events is 0, an unadjusted risk 
difference will be calculated. For unadjusted risk differences or risk ratios, the score method will be 
used for confidence interval calculation. If convergence issues arise, a Poisson regression with robust 
variance estimation will be used. If both models have convergence issues and so relative risks cannot 
be estimated, logistic regression will be used to estimate odds ratios. These approaches will apply 
where one arm of a randomised trial is being compared to an external population, and in randomised 
trials in which sub-group analyses are performed (including by fluoroquinolone resistance status). 
Covariate selection for calculation of Propensity Scores will be based on data availability and clinical 
knowledge. The covariates considered for inclusion in the propensity scores analysis include age, 
gender, baseline smear result, HIV status (including antiretroviral treatment status), prior treatment 
history including whether previous infection was drug resistant, body mass index, smoking status, 
diabetes diagnosis, cavitation at baseline, disease site, and presence of bilateral disease.

Missing data

For the calculation of adjusted risk ratios, multiple imputation by chain equations using the “within” 
propensity score approach will be used to account for missing data in potential confounders when the 
proportion of missing values for a confounder is less than 45%. At least 20 iterations will be used to 
impute the value of missing exposure variables, and these results will be compared to complete case 
analysis. Where drug susceptibility test results are missing, in the primary analyses we will assume that a 
missing result is equivalent to susceptible (except for rifampicin, where evidence of resistance is required). 

Exploratory analyses

Additional analyses may be carried out based upon observations of the data. Such analysis will be 
hypothesis generating. These may include evaluating the effect of the duration of individual drugs, 
adherence measures and the effect of treatment toxicity upon treatment outcomes. If possible, we 
will undertake a sensitivity analysis where we exclude participants with missing resistance profiles.

A5.7 GRADE evidence profiles
Evidence profiles will be prepared for each PICO question in accordance with the GRADEpro 
methodology (www.gradepro.org) (8), in accordance with standard approaches (9). We will report 
the following criteria for each PICO question:

(a) Study design
(b) Risk of bias
(c) Imprecision
(d) Inconsistency
(e) Indirectness
(f ) Publication bias
(g) Magnitude of effect
(h) Plausible confounding
(i) Dose-effect response gradient

http://www.gradepro.org
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A5.8 Limitations and potential sources of bias
We expect that comparative analyses performed within the included randomised trials populations will 
not be affected by unmeasured confounding. However, the effect estimates of comparisons between 
trials may be affected by confounding. In particular, differences in the characteristics of participants, 
programmatic differences between settings, differences in the standard of care, the timing of diagnosis 
and other factors may introduce unmeasured confounding.

Limitations relating to the analysis of individual cohorts are described in the narrative of that cohort, 
described below. Incomplete data may be a limitation in some datasets.

A5.9 Description of included datasets
Table A5.1 summarises the datasets included in these analyses. Detailed descriptions of each dataset, 
and analytic issues, are presented below. 
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Table A5.1: Description of included cohorts

Trial (Setting) Population Intervention regimen(s) Comparator regimen(s) Outcome measures

TB-PRACTECAL trial  
(South Africa, Belarus, 
Uzbekistan)

Microbiologically-
confirmed M. tb in 
sputum and resistance to 
rifampicin
The primary analysis 
population is followed up 
at 72 weeks. 

The number of people 
reaching 24, 72 and 
108 weeks differs as the 
study was terminated early.

24 weeks BPALM 
(B-Pa-Lzd600->300-Mfx)
24 weeks BPALC 
(B-Pa-Lzd600->300-Cfz)
24 weeks BPAL 
(B-Pa-Lzd600->300)

Multiple – local standard of 
care, including:
• 9–12 month injectable 
containing regimen

• 18–24 month long WHO 
regimen (pre 2019)

• 9–12 month all oral 
regimen

• 18–20 month all oral 
regimen

Primary outcome: 
(trial-defined)
Composite of unsuccessful 
outcomes (death, loss to 
follow-up, treatment failure, 
recurrence or withdrawal 
from treatment) vs treatment 
success.
Secondary outcomes 
(trial-defined):
• 24 week culture conversion
• Frequency of SAEs, grade 
3–5 AEs

• Unfavourable outcomes 
(failure, treatment 
discontinuation, death, LTF 
and still on treatment)

NIX 
(South Africa)

14 years or older
XDR-TB or treatment 
intolerant non-responsive 
MDR-TB

6–9 BPaL1 200-26

Including linezolid 
1 200mg daily for 
6 months (option of 
9 months for subjects who 
remain culture positive at 
month 4)1

No standard of care 
control group.

Study outcome: 
bacteriologic failure, relapse 
or clinical failure until 
6 months after treatment

1 21 patients in the NIX study received 600mg bd, at the beginning of the recruitment period.
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Trial (Setting) Population Intervention regimen(s) Comparator regimen(s) Outcome measures

ZENIX (South Africa, 
Eastern Europe and Russia)

14 years and older 
XDR-TB, pre-XDR-TB or 
intolerant/non-responsive 
MDR/RR-TB
Stratified by HIV status and 
type of TB
Phase 3 partially blinded

6–9 BPaL
4 arms with varying 
linezolid dosing
BPaL1 200-26 weeks

BPaL1 200-9 weeks

BPaL600-26 weeks

BPaL600-9 weeks

Treatment extended if 
culture positive in weeks 
16 to 26

No standard of care 
control group.

Primary: Incidence of 
bacteriologic failure or 
relapse or clinical failure 
through follow up until 
26 weeks after the end of 
treatment.
Primary analysis in linezolid 
1 200–26 week group.

South African TB Program 
2019 cohort, EDRWeb  
(South Africa)

Confirmed rifampicin 
resistance, based upon 
GeneXpert MTB/RIF or line 
probe assay

Longer regimen: ≥ 
18 months including 
bedaquiline, levofloxacin, 
linezolid, teridizone and 
clofazimine
Shorter regimen 
including: 9–12 months 
of bedaquiline, linezolid 
(2 months), levofloxacin, 
clofazimine, high-dose 
isoniazid, pyrazinamide 
and ethambutol

No comparator group. Treatment success, treatment 
completion, failure, relapse, 
death. 
Post-treatment death and 
relapse evaluated through 
linkage to programmatic 
data and mortality registers.

South African TB Program 
2017 cohort, EDRWeb 
dataset (South Africa)

Confirmed rifampicin 
resistance, based upon 
GeneXpert MTB/RIF or line 
probe assay

N/A Shorter regimen: 
9–12 months; 4-6Bdq-Lfx/
Mfx-Eto-E-Z-Hh-Cfz), with 
<1% receiving linezolid.

Treatment success, treatment 
completion, failure, relapse, 
death. 
Post-treatment death and 
relapse evaluated through 
linkage to programmatic 
data and mortality registers.
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Trial (Setting) Population Intervention regimen(s) Comparator regimen(s) Outcome measures

2021 WHO Individual 
Patient Data
(multiple cohorts following 
a public call for data by 
WHO)

Confirmed rifampicin 
resistance, based upon 
molecular or culture-based 
drug susceptibility testing

Not applicable The WHO IPD data will 
be used as an external 
comparator regimen. 
Included participants 
receive 9–12 months oral 
regimens using at least 
bedaquiline and linezolid; 
OR
use WHO (2019) 
bedaquiline-containing 
all-oral regimen 
(9–12 months) in the 
combination: 4-6 
Bdq(6 m)-Lfx/Mfx-Cfz-
Z-E-Hh-Eto / 5 Lfx/
Mfx-Cfz-Z-E ; OR 
≥ 18 months all-oral 
treatment regimen 
containing at least Bdq & 
Lzd (WHO long). 

2020 WHO definitions, 
where possible.

NeXT trial (10) 
(South Africa)

GeneXpert positive MTB 
and
Rifampicin resistance 
on at least two drug 
susceptibility tests
No resistance to 
fluoroquinolones or 
second line injectables 
(n=154)
Open label RCT

6–9 month Lzd-Bdq-
Lfx-PZA-Eto/high dose 
isoniazid/Trd (gene-
directed individualised)

2015–16: 21–24 months 
regimen: of Km-Mox-PZA-
Eto/Hh-Trd for 6–8 months 
then Mox-PZA-Eth-Trd for 
18 months after 2 negative 
sputum cultures. 
2016 onwards: 9–11 Km 
(6–8) -Mfx-Cfz-Trd-Z-Eto/
Hh
And longer regimen: 
18–20 Km (6–8) 
-Mfx-Cfz-Trd-Z-Eto/Hh

Treatment stops after 3 
negative cultures
Treatment success 
24 months after treatment 
initiation (cured and 
treatment completed 
without relapse)
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A5.9.1 TB-PRACTECAL trial
Study design
This was a multi-centre open label randomised controlled Phase 2/3 trial evaluating short-course 
(24 weeks) all-oral regimens consisting of bedaquiline and pretomanid in combination with existing 
and re-purposed anti-TB drugs for the treatment of biologically-confirmed pulmonary RR/MDR-TB 
(including fluroquinolone susceptible and fluoroquinolone resistant disease).

Stage 1 of this study was a Phase 2 safety and preliminary efficacy study. The objective of this 
component was to select drug regimens for evaluation in the second stage, based upon 8 week safety 
and efficacy endpoints. Patients were recruited into three parallel intervention arms and a standard 
of care control group (Fig. A5.2). The protocol specified that interventional arms that did not meet 
predefined safety and efficacy criteria (culture conversion>40%, percentage discontinuation and death 
<45% at 8 weeks) were not to be considered for further evaluation.

Stage 2 of this study was a Phase 3 safety and efficacy study (11). The primary objective of this 
component was to evaluate the safety and efficacy of three investigational regimens containing 
bedaquiline and pretomanid compared with the standard of care at 72 weeks post randomisation. 
Secondary objectives included an evaluation of (a) the rates of culture conversion between the 
standard of care and investigational arms at 12 weeks and 24 weeks; (b) the frequency of SAEs, grade 
3 and higher AEs; (c) The unfavourable outcomes (including failure, treatment discontinuation, death, 
loss to follow-up, still on treatment at 18 weeks and recurrence) at 24, 48 and 108 weeks.

The primary efficacy outcome of the phase 3 study was the composite endpoint of unfavourable 
outcomes (failure, death, treatment discontinuation, recurrence, loss to follow-up) at 72 weeks 
post-randomisation. 

Relevant secondary efficacy outcomes included (a) culture conversion at 12 and 24 weeks; 
unfavourable outcomes at 24 weeks post-randomisation; (c) Unfavourable outcomes at 108 weeks 
post randomisation; (d) Median time to culture conversion; (e) Recurrence by week 48 in the 
investigational arms.

Eligibility criteria included people aged 15 and over with microbiological (molecular or phenotypic) 
confirmation of M. tuberculosis in sputum and resistance to at least rifampicin by a molecular or 
phenotypic drug susceptibility test.

Participants were randomised in a 1:1:1:1 ratio into either the standard of care or one of the three 
intervention arms (Fig. A5.2).

Fig. A5.2: Overview of TB-PRACTECAL Trial design

PRACTECAL 1 regimen B-Pa-Lzd600->300-Mfx

B-Pa-Lzd600->300-Cfz

B-Pa-Lzd600->300

Shorter SoC regimen

Long SoC regimen

PRACTECAL 2 regimen

PRACTECAL 3 regimen

Control

Time points in weeks

0 16 24 36–44 72–96
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Study regimens
The three intervention regimens comprised the following (see Table A5.2):

Arm 1: 24 weeks of B-Pa-Lzd-Mfx (BPaLM), 

Arm 2: 24 weeks of B-Pa-Lzd-Cfz (BaLC), 

Arm 3: 24 weeks of B-Pa-Lzd (BPaL) 

Control: Two alternative durations of the standard of care regimens were available. 

• 36–44 week short-course regimen 
• 72–96 week-long regimen.

Table A5.2: Summary of antibiotic dosing for TB-PRACTECAL study regimens

Regimen Dosing

Regimen 1 – B + 
Pa + Lzd + Mfx

B – 400 mg once daily for 2 weeks followed by 200 mg 3 times per week 
for 22 weeks; Pa – 200mg once daily ; Mfx – 400 mg once daily; Lzd – 
600mg daily for 16 weeks then 300mg daily for the remaining 8 weeks or 
earlier when moderately tolerated 

Regimen 2 – B + 
Pa + Lzd + Cfz 

B – 400 mg once daily for 2 weeks followed by 200 mg 3 times per week 
for 22 weeks; Pa – 200mg once daily; Lzd – 600mg daily for 16 weeks 
then 300mg daily for the remaining 8 weeks or earlier when moderately 
tolerated; Cfz – 50 mg (less than 33 kg), 100 mg (more than 33 kg) 

Regimen 3 – B+ 
Pa + Lzd 

B – 400 mg once daily for 2 weeks followed by 200 mg 3 times per week 
for 22 weeks; Pa – 200mg once daily; Lzd – 600mg daily for 16 weeks 
then 300mg daily for the remaining 8 weeks or earlier when moderately 
tolerated 

Regimen 4: 
comparator

Comparator regimens selected to comply with WHO recommendations at 
the time of the trial*. Multiple comparators include:
1) 9–11 month injectable-containing regimen, OR
2) 18–24 month conventional regimen (pre-2019): 18–24 Bdq-Lzd-Cfz-

Dlm-Cs (+/- Imp/PAS/Am/Pto) (Belarus), OR
3) 9–11 month all oral regimen: 6–8 Bdq-Lzd-Cfz-Trd (South Africa), OR
4) 12–16 month all-oral Lfx-Cfz-Trd (South Africa), OR
5) 18–20 month all-oral regimen: 18–24 Bdq-Lzd-Cfz-Dlm-Cs (+/- Imp/

PAS/Am/Pto) (Uzbekistan)

* Selection of the comparator regimens followed the following approaches:
• All shorter regimens were standardised (pre-2019 South African 9–12 month all oral regimens and 

WHO 9–12 month regimens).
• All longer regimens were started with an agreed approach to regimen construction but individualised 

to DST. If the guideline were updated during the trial participation, the participant moved to the 
new duration. 

• A small number of patients moved from long injectable to long oral regimen as a planned deviation 
when the WHO recommendation was updated.

• The duration of individuals in the control arm depended upon treatment response. 
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Trial definitions of treatment failure were:
• For shorter (6 month) MDR-TB regimens (Arms 1–3) and 9–11 month regimen (Standard of care 

Arm 4): The presence of a positive mycobacterial culture in MGIT liquid media in each of two 
separate specimens taken at least four weeks apart from Week 16 (+/- 2 weeks) or later

• Conventional standard of care regimen (Arm 4): The presence of a positive mycobacterial culture 
in MGIT liquid media in each of two separate specimens taken at least four weeks apart (+/- 
2 weeks) from Week 28 until Week 108 (TB PRACTECAL Protocol v7.1 14/8/2020 p42).

The protocol-specified follow-up time for loss to follow-up, and still on treatment, was until 108 weeks 
after starting treatment.

Early termination of the TB-PRACTECAL study
The study was terminated early following a recommendation by the TB-PRACTECAL Data Safety 
Monitoring Board (DSMB) on 18th March 2021. The decision was based upon a pre-specified difference 
of at least three standard deviations in the interim analysis of a major endpoint. The level of evidence 
was reached favouring bedaquiline, pretomanid, linezolid and moxifloxacin (the BPALM regimen, 
Arm 1) versus standard of care for the primary outcome of the percentage of study participants 
with an unfavourable outcome. The DSMB reported that this was primarily driven by a higher rate of 
discontinuation in the control arm. No treatment failure or recurrence events were reported to have 
occurred. Five deaths were reported in the control arm and none in the BPALM intervention arm. A 
data lock was implemented for all data and specimens collected up to 18th March 2021.

Analytic considerations
A number of factors will be considered during the analysis of the PRACTECAL trial data. First, the early 
termination of the trial has had several impacts. Firstly, the power to detect a difference between arms 
will be reduced. This is in part because a smaller number of individuals than planned based upon the 
original sample size calculation were enrolled. This reduced the number reaching the primary end-
point at 72 week follow-up period. Furthermore, the sample size for the original trial was based upon 
a non-inferiority design with a 12% non-inferiority margin. Therefore, post-hoc superiority analyses 
of trial data may be underpowered.

Second, the comparator regimens in the trial changed over time. This reduced the number of 
participants that could be included in comparative analyses of single comparator regimens. 
Comparator regimens will be combined in the primary analyses, in accordance with the PRACTECAL 
protocol. The inclusion of older regimens at the start of the trial may result in a higher proportion of 
unsuccessful outcomes in the comparator group than if only the later regimens were used. We will 
explore this possibility in sensitivity analyses. 

We note that the study design of TB-PRACTECAL was a non-inferiority study. The trial’s pre-specified 
non-inferiority margin will be presented to the Guideline Development Group. For within-trial and 
between-trial comparisons involving the TB-PRACTECAL intervention group, point estimates with 
95% confidence limits will be presented to the Guideline Development Group.

A5.9.2 South African 2017 cohort (South Africa old 
cohort)
Background
The South African TB program initiates treatment for around 10,000 patients with MDR/RR-TB 
annually (12). This review includes two separate datasets, one group of patients who enrolled on 
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treatment in 2017 (using a bedaquiline based oral regimen), described here, and a second enrolled 
in 2019 (using an oral regimen including bedaquiline and linezolid), which is described below. 

Bedaquiline-containing short-course regimen
From January 2017, the South African TB Program began to introduce a 9–12 month short-course 
regimen where bedaquiline was given in place of one based upon injectable antibiotics. The 
composition was 9–12 months Bdq-Lfx/Mfx-Eto-E-Z-Hh-Cfz. Only 0.5% of these patients received 
linezolid. 

Eligibility criteria for this regimen included:

• No prior exposure (>1 month) to second line drugs, and
 – Included rifampicin mono-resistant TB (with phenotypic susceptibility to isoniazid), or
 – Rifampicin resistant TB, or
 – Multidrug-resistant TB with inhA or katG mutations, but not both, with susceptibility to 

fluoroquinolones and injectables.
• Uncomplicated RR/MDR extrapulmonary TB
• People living with HIV, already on or due to start ART
• Pregnant women
• Children <12 years, with bedaquiline replaced by an alternative drug

Exclusion criteria for this regimen included:

• Any previous exposure to second-line treatment for >1 month, regardless of previous outcome
• Pre-XDR-TB (resistant to fluoroquinolone or second line injectable) or XDR-TB (fluoroquinolone 

and injectable resistance)
• MDR-TB with resistance to bedaquiline, clofazimine or linezolid
• Cases where additional second-line drug resistance is suspected (e.g. in contacts of pre-XDR-TB 

and XDR-TB, or contacts with second line treatment failure)
• Complicated or severe extrapulmonary RR/MDR-TB (e.g. meningitis, osteoarticular, pericardial 

effusion, abdominal TB)
• RR/MDR-TB with extensive disease (e.g. extensive bilateral pulmonary cavitations)
• Other situation in which clinician is uncertain about eligibility. 

Patients not meeting these criteria, who were not given an injectable antibiotic, received an 
18–24 month bedaquiline containing regimen.

Data linkage to establish relapse and post-treatment death
Follow-up data for all South African cohorts was available post treatment completion based upon 
the South African Electronic Drug Resistant TB register (EDRWeb) and routine mortality reporting. 
Patients treated through the South African TB Program are registered using a unique identifier. If a 
patient was retreated, then this may be identifiable on EDRWeb by linkage according to the individual’s 
unique identifier. Linkage will be undertaken by the South African TB Program. Deaths were classified 
as either during or post treatment.

Data from EDRWeb included information about participant demographics, treatment site, prior 
treatment history, HIV infection, antiretroviral treatment use, drug treatment, culture and smear 
results during treatment, regimen, drug resistance testing (phenotypic and genotypic), treatment 
regimen type and treatment outcomes.
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Criteria for inclusion of 9–12 month South African regimens in this 
review
In these analyses, we have included the South African 9–12 month regimen in our comparative 
analyses for the South African Short regimen (2017).

We define the eligibility in the South African programmatic datasets as follows:

The short regimen (target 9–12 months at treatment commencement) will require each of the following:

(i) Classified as receiving a short regimen on EDRWeb
(ii) Had a treatment duration not exceeding 12 months
(iii) Received 6 or more drugs during treatment
(iv) Including bedaquiline
(v) If given an outcome of cure or complete, had a treatment duration of 8.5 months or more

A5.9.3 South African National TB Program 2019 
cohort
Background
From mid 2018, ethionamide was replaced with linezolid for 2 months. Linezolid replaced ethionamide 
in this regimen as the South African National Drug Resistance Survey found that 44.7% of MDR-TB 
isolates were resistant to ethionamide, and inhA mutations comprised 35% of cases of MDR-TB. 
Ethionamide also contributed to nausea and vomiting, leading to sub-optimal absorption and 
poor adherence.

9–12 month oral regimen containing Bdq and Lzd
The cohort includes patients commencing treatment from 1 Jan 2019 to 31 December 2019, when 
this regimen had been widely adopted. The 2019 data were chosen as this was a time when the 
program largely had transitioned to the current regimens, and where follow-up of most patients had 
been completed.

Patients with rifampicin resistance diagnosed on GeneXpert or Line Probe Assay in were allocated 
to treatment based upon a treatment algorithm that incorporated baseline clinical characteristics of 
patients. Eligibility for these regimens included one of:

a. RR-TB: based on initial GeneXpert MTB/RIF result, while awaiting further genotypic 1st and 2nd 
line line probe assay results

b. RIF mono-resistant TB: RR and susceptibility to isoniazid, phenotypic DST for isoniazid carried out 
to confirm isoniazid susceptibility.

c. MDR-TB: with either inhA or katG mutation, but not both, and susceptible to fluoroquinolones and 
injectable antibiotics

Patients received the 9–12 month regimen unless they had poor prognostic factors, in which case a 
longer ≥ 18 month regimen was given. Patients received treatment with a long-course (≥ 18–24 month) 
regimen if any of the following criteria were met:

• Prior treatment with second-line drugs (>1 month)
• Complicated extrapulmonary TB (meningitis, osteoarticular, pericarditis, abdominal)
• Contact with XDR or pre-XDR-TB
• Age <6 years
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• Extensive disease on chest Xray
• Both INH mutations (inhA and katG) on LPA
• Haemoglobin <8g/dL at diagnosis
• Resistance to a fluoroquinolone, linezolid or clofazimine or an indeterminate line probe assay result 

for fluoroquinolone resistance.

Otherwise, patients were commenced on a 9–12 month oral regimen including bedaquiline and 
linezolid. This ‘modified regimen’ comprised 4–6 Lzd(2m)-Bdq(6m)-Lfx-Cfz-Hh-Z-E/5 Lfx-Cfz-Z-E) 
for FQ-S TB, for patients with less severe disease. 

In this regimen, for children 12 years or older (30kg or older) bedaquiline was given for at least 
6 months, but may be extended to 9 months if there was a delayed smear and/or culture conversation 
(if Hh was extended to 6 months), no second line probe assay or phenotypic drug susceptibility test 
results were available, or line probe assay second-line results were uninterpretable. The intensive 
phase was 4 months, and could be extended to 6 months depending upon treatment response (smear 
conversion and clinical response at month 4 of treatment). The continuation phase was 5 months, 
and most patients received 9–11 months of treatment.

For children 6–12 years (weight 15–30kg), the regimen replaced the injectable with delamanid (Dlm). 
The regimen was 4–6Lzd(2 months)-Dlm(6 months)-Lfx-Cfz-Hh-Z-E and 5 Lfx-Cfz-Z-E. In children <6 
years (weight <15kg), the regimen comprised 4–6Lzd(2 months)-PAS-Lfx-Cfz-Hh-Z-E/5Lfx-Cfz-Z-E.

≥ 18 month regimen
The composition of the standard longer regimen comprised ≥ 18 months of bedaquiline, levofloxacin, 
linezolid, teridizone and clofazimine. Modifications to this regimen were allowed according to the 
following: 

• Individuals with rifampicin-resistant TB meningitis: will receive a longer individualised regimen that 
includes delamanid, pyrazinamide and high-dose isoniazid or ethionamide.

• Patients with resistance to bedaquiline, linezolid or clofazimine: will receive individualised treatment 
following expert advice by a committee.

• Patients with haemoglobin under 8g/dL: will not receive linezolid, which will be replaced with two 
additional (WHO 2018 ‘group C’) drugs that include delamanid.

Individuals with persistent culture positivity on the 9–12 month regimen may be transitioned to the 
longer course regimen.

Analytic issues
The South African 2019 cohort was allocated to one of two treatment groups (short course and longer 
course) based upon the clinical and microbiological characteristics of included individuals. Therefore, 
confounding by indication is likely (13). As a result of confounding, a comparison of the effectiveness 
of the longer and shorter regimens within the South African dataset alone will not be performed. 
Conclusions drawn from comparisons with the South African 9–12 month regimen will need to take 
into account the less severe nature of the disease affecting patients in this cohort. 

The different treatment periods (9–12 months vs ≥18 months) will mean that, overall, patients will 
interact with the TB program for a shorter time in 9–12 month group than for the ≥18 month group. As 
a result, patients receiving the longer regimen potentially have a longer time in which non-TB related 
deaths or Serious Adverse Events unrelated to the regimen may be reported. This may introduce 
bias between groups, if longer and shorter regimens are compared. This is likely to be overcome, to 
some extent, through the reporting of deaths and linkage to the South African EDRWeb database. 

The South African cohort has a high prevalence of HIV. Adjustment for HIV status will need to be 
made in order to compare the cohort to external cohorts. However, confounding due to unmeasured 
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differences related to the setting and health system are likely for comparisons between the South 
African cohort and other external cohorts.

A5.9.4 2021 WHO Individual Participant Dataset
Background
In 2021, WHO issued a public call for data to serve as a comparator group (standard of care) against 
which 6–9 month regimens can be compared. These cohorts received treatment with bedaquiline 
and linezolid for a duration ranging from 6 to 24 months. Patients receiving injectable antibiotics 
were excluded. 

Included datasets will include individuals using the one of the following regimens:

a) 6–12 months all-oral regimens using at least bedaquiline and linezolid; or
b) 9–12 month WHO (2019) bedaquiline-containing all-oral regimen in the combination, such as 

4–6 Bdq(6m)-Lfx/Mfx-Cfz-Z-E-Hh-Eto / 5m Lfx/Mfx-Cfz-Z-E; or 
c) ≥ 18 months WHO (2018) all-oral treatment regimen containing at least Bdq and Lzd.

To be eligible for inclusion in a short comparator regimen (target 9–12 months at treatment 
commencement), patients must have each of the following:

(i) A treatment duration not exceeding 12 months
(ii) Received 6 or more drugs during treatment
(iii) Including bedaquiline
(iv) If given an outcome of cure or complete, had a treatment duration of 8.5 months or more

To be eligible for inclusion in a long comparator regimen (target 18–24 months), patients must have 
each of the following: 

(i) Classified as a long regimen in the dataset (if stated)
(ii) Treatment duration not longer than 24 months
(iii) Received 4 or more drugs (regardless of drug susceptibility, i.e. regardless of whether they were 

likely to be effective)
(iv) Including bedaquiline
(v) If given an outcome of cure or complete, had a treatment duration of 17.5 months or more.

Comparisons
This dataset will comprise a population against which multiple comparisons may be made. The 
analyses are described in detail under the specific regimens.

Analytic issues
This population may be subject to confounding by indication (affecting internal validity) and selection 
bias (affecting its external validity). Cohorts may not be representative of all patients in their settings, 
as individuals may be selected for this regimen based upon baseline clinical characteristics that may 
indicate less severe, or more severe, disease. Comparing participants in these cohorts against external 
comparators is likely to result in unmeasured confounding due to differences between settings and 
patient characteristics.
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A5.9.5 NEXT trial
Background
The Newer and Emerging Treatment for MDR/RR-TB (NEXT) trial is a phase II/III open-label randomised 
controlled trial evaluating the effectiveness of an all-oral 6–9 month regimen for treatment of MDR-TB 
in South Africa (10), against a local standard of care regimen. Principal Investigator is Keertan Dheda, 
University of Cape Town. The trial is funded by the South African Medical Research Council.

Participants
Patients were recruited from 5 sites in South Africa. Eligibility included patients with RR/MDR-TB, 
with FQ and SLID resistance excluded. The modified intention to treat population excluded people 
who did not meet microbiologic criteria (RR/MDR-TB which was RIF resistant or FQ/SLID susceptible 
on phenotypic testing), individuals who received regimens outside the study protocol or individuals 
randomised in error.

Intervention regimen: Drug susceptibility test-directed 6–9 months 
The intervention regimen is a 6–9 month treatment with Lzd-Bdq-Lfx-Trd-PZA-and Eto or Hh. The 
regimen was individualised based upon genotypic testing. This informed the use of Hh vs ethionamide. 
Treatment was stopped after 3 consecutive negative cultures. Follow-up was for 15–18 months post 
treatment completion (i.e. 24 months post enrolment). 

Comparator regimens
The comparator regimen was treatment outcomes in the same setting, using locally-
recommended regimens:

a) December 2014- September 2016: 18–20 months treatment duration. This comprised Km-Mox-
PZA-Cfz-Eto/Hh-Trd for 6–8 months then Mox-PZA-Eth-Trd until 18 months after 2 negative 
sputum cultures. Follow-up for 4–6 months post treatment completion. 

b) October 2016 – October 2018: 9–12 month regimen: : 9–11 months treatment duration. 
Mfx-Km (6–8)-Cfz-Trd-PZA-Eto/Hh. Follow-up for 13–15 months post treatment completion.

Outcome measures
The primary outcome was the 2013 WHO-defined favourable outcome (sum of cured and treatment 
completed) without events defining an unfavourable outcome (death, treatment failure, default, 
relapse and reinfection) at 24 months after initiation of treatment.

Failure was defined as:

 – Permanent change of regimen due to lack of culture conversion, relapse, acquired resistance 
to FQN or SLI or adverse events resulting in permanent drug substitution. A change of 
regimen included:
 y Substitution of one or more WHO 2016 Group A drugs, OR
 y Substitution of 2 or more WHO 2016 Group B drugs, OR

Design and analytic considerations
The study was stopped prematurely because bedaquiline was introduced as a part of standardised 
treatment for MDR/RR-TB. The study was unblinded, although laboratory and analytical teams were 
blinded. 
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This study excludes individuals with fluoroquinolone resistance. The study was conducted in a setting 
with a high prevalence of HIV, and may not be generalisable to settings with a low prevalence of HIV. 
It will not be generalisable to individuals with fluoroquinolone resistance. 

The standard of care at the time of the study included injectable antibiotics. Therefore, the primary 
comparison of interest comprises the between-study comparison. 

Trial registry
https://clinicaltrials.gov/ct2/show/NCT02454205

A5.9.6 NIX-TB study
Background
A Phase 3 single-group open label intervention study assessing the safety and efficacy of bedaquiline, 
pretomanid and linezolid for subjects with extensively drug-resistant (XDR)-TB or treatment-
intolerant non-responsive MDR-TB. 

The study was conducted at three South African sites. The intervention was B-Pa-LZD(1200mg daily) 
for 6 months (option for 9 months for subjects who remain culture positive at month 4). The primary 
outcome was the incidence of bacteriologic failure or relapse or clinical failure through until 6 months 
after the end of treatment. Participants were aged 14 years and older. Participants were followed up 
for 24 months post enrolment.

109 patients were enrolled and included in the evaluation of efficacy and safety. This study was 
funded by the TB Alliance and others. The primary study analysis has been published (14). (https://
clinicaltrials.gov/ct2/show/NCT02333799)

Analytic issues
This study lacks an internal comparator group, and therefore will be compared to external comparators. 
This is likely to result in unmeasured confounding. The study population includes a high proportion 
of individuals with HIV. Therefore, the findings may not be applicable to other populations.

A5.9.7 ZENIX study
Background
The study aimed to evaluate the efficacy, safety and tolerability of various doses and durations of 
linezolid plus bedaquiline and pretomanid after 26 weeks of treatment in patients with pulmonary 
XDR-TB, pre-XDR-TB or treatment intolerant or non-responsive MDR-TB. 

A phase 3 partially-blinded randomised clinical trial in four parallel treatment groups. Participants 
were randomised stratified by HIV status and type of TB. Participants received 26 weeks of treatment 
with bedaquiline, pretomanid and linezolid. Each of the four arms varied the dose and duration of 
linezolid: 1200mg 26 weeks; 1200mg 9 weeks; 600mg 26 weeks; 600mg 9 weeks. The study was 
conducted in The Russian Federation, Republic of Moldova and South Africa.

If the sputum sample was culture positive between week 16 and week 26 of treatment, the treatment 
could be extended to 39 weeks. Completion of follow-up is expected by December 2021. https://
clinicaltrials.gov/ct2/show/NCT03086486.

https://clinicaltrials.gov/ct2/show/NCT02333799
https://clinicaltrials.gov/ct2/show/NCT02333799
https://clinicaltrials.gov/ct2/show/NCT03086486
https://clinicaltrials.gov/ct2/show/NCT03086486
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The primary study outcome is the incidence of bacteriologic failure or relapse or clinical failure through 
follow up until 26 weeks after the end of treatment. The secondary outcomes include incidence of 
bacteriologic failure or relapse or clinical failure through follow up until 78 weeks after the end of 
treatment. 

Analytic issues
This study does not include a standard of care arm that uses a WHO-recommended regimen. As a 
result, external comparators will be used to assess the difference between these regimens and the 
WHO standard of care. This may result in unmeasured confounding influencing the effect estimates.

This study includes individuals with either pre-XDR or XDR-TB, or intolerance/lack of response to 
treatment for MDR/RR-TB. That is, some of these patients have fluoroquinolone resistance. 

As a result, individuals with fluoroquinolone-susceptible TB can be used as a part of the intervention 
regimen for PICO 1.9, and individuals with fluoroquinolone-resistant TB can be used as a part of the 
intervention regimen for PICO 1.6 (fluoroquinolone-resistant MDR/RR-TB).

The study was not powered to detect a difference in clinical outcomes for the different arms. Hence, 
we will present internal comparisons between the different arms, based upon the pre-specified 
primary endpoint.

A5.9.8 WHO IPD 2021 datasets
The WHO Individual Patient Data (IPD) 2021 comprises 14 datasets, provided in response to an 
external call for data by WHO in mid 2022. These patients largely received standardised oral regimens 
(18–24 months), including bedaquiline. Some also included linezolid. The Table shows the setting, 
years, regimen types and regimen duration for these datasets.

Table A5.3: Datasets included in the WHO IPD dataset

# WHO IPD Dataset name Site(s) Participants

1 Belarus Belarus 101

2 Georgia Georgia 160

3 Moldova Moldova 132

4 Russia Russia 50

5 Somalia Somalia 25

6 India India 409

7 Einstein dataset Multiple sites 195

8 End TB Harvard Multiple sites 2 804

9 France dataset Multiple sites 298

10 MSF Mozambique Mozambique 191

11 MSF PNG PNG 83

12 MSF Belgium Belgium 214

13 MSF Georgia/Armenia Georgia, Armenia 82

14 NIX comparator South Africa 102
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A5.10 Comparisons of regimens
The following section describes the approach to each of the 10 PICO questions that will be undertaken 
as a part of this review. The regimens evaluated in this review are summarised in Appendix 1. The 
PICO questions and the comparisons between regimens are summarised in Appendix 2.

Timing of follow up for comparisons between regimens
The analyses undertaken for this evidence review combine results from cohorts with differing follow-up 
times post treatment initiation. There are differences in the follow-up time between cohorts (from 
5.5 months to 24 months) and within single cohorts (e.g. the WHO IPD 2021 dataset combines 
multiple cohorts with variable follow-up times). Follow-up time can be separated into the time 
between commencement of treatment and treatment completion and the period from treatment 
completion until the end of follow-up. For shorter regimens, post-treatment follow-up is particularly 
important, since higher relapse rates may be a consequence of shorter treatments that do not 
completely remove M. tuberculosis. Where possible, it is important that follow-up time between two 
groups in a comparison be equivalent, so that participants have an equivalent opportunity for death 
or relapse. In these analyses, we have taken the approach of measuring follow-up time from the start 
date of treatment rather than after the date of treatment completion, in order to minimise the effect 
of differences in total follow-up time.

The principles for accounting for time periods of follow-up are to:

• Where possible, follow up participants in the intervention and control groups for the same time 
total time period, to allow both groups to have an equal likelihood of unsuccessful outcomes (e.g. 
death).

• Limit follow-up to 24 months’ follow-up post treatment initiation for all cohorts. There are no 
analyses in which both intervention and comparator cohorts have more than 24 months of 
follow-up available. 

• We will select a primary analysis that optimises the number of participants included in both groups. 
For shorter (6–9 month regimens) we will aim to include follow-up time in the comparison to allow 
for relapse to be captured.

Several additional factors need to be considered:

• A number of cohorts included in the WHO IPD 2021 dataset taking longer oral (e.g. 18–24 months) 
often either lack a period of follow-up after the treatment period. In these cohorts, relapse may not 
be reported after treatment. The follow-up time for patients in several cohorts taking the shorter 
(6–9 or 9–12 month) regimens is also limited. This creates challenges in comparing outcomes over 
a fixed follow-up time between some cohorts.

• When comparing cohorts of patients receiving longer regimens to those with shorter regimens, 
it may be necessary to truncate the post-treatment follow-up of the longer regimen in order to 
allow for a similar total follow-up time for both cohorts. This approach could result in a slight 
underestimation of relapse in the patients in the cohort of a longer duration. It is likely that the 
greatest proportion of true relapse would occur within the first 6–12 months after treatment 
completion (15).

• Truncating the timing of follow-up in order to allow for an equivalent time period for both groups 
may result in a small number of events that occur after the cut-point (censor date) being excluded. 
For example, censoring follow-up at 72 weeks would mean that participants who initially have 
treatment success, then experience relapse after 72 weeks, would be classified as having “treatment 
success” at 72 weeks despite subsequently relapsing. In order to evaluate the effect of this potential 
misclassification, we will perform additional sensitivity analyses that compare outcomes at later 
time points where possible. However, generally when longer follow-up periods are adopted there 
is a smaller number of participants available and therefore less precision in the estimates. 
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• For comparisons where the follow-up time differs between cohorts, it will be necessary to reduce 
the follow-up time for one of the cohorts. There is a trade-off between follow-up period and the 
number of participants in this review (i.e. between precision and bias). For example, when the 24 
or 72 week cohorts from PRACTECAL are compared with cohorts that have longer periods of 
follow-up, the proportion of relapse occurring in the longer regimens may be under-estimated 
relative to that of the shorter regimens. Allowing only a short follow-up time for the short regimens 
in comparison to the longer regimens might make these regimens appear more effective (i.e. the 
opportunity for death or loss to follow-up may be greater). An advantage of having a shorter 
duration of follow-up is that complete follow-up is available for a larger proportion of participants, 
allowing more participants to be included in the analysis (potentially increasing precision). However, 
truncating follow-up may allow for a lower number of unsuccessful outcomes to be reached (i.e. 
fewer relapses or deaths reported), potentially reducing precision. 

• The 72 week cohort from PRACTECAL will be chosen for the primary analyses, where the median 
period of follow-up in the comparator regimen is at least 72 weeks. We will consider 72 weeks 
(18x4 weeks) to be the equivalent to 18 months of follow-up for other cohorts. Where the median 
follow-up time is less than 72 weeks, we will compare the outcomes at 12 months and/or 6 months. 
Where possible, we will conduct additional sensitivity analyses to evaluate outcomes with 24 and 
108 week follow-up period. 

For the PICO questions, we have constructed figures to illustrate the approaches taken to follow-up 
time. Comments accompany each comparison, justifying the choice of primary and secondary analyses. 
The following key describes the interpretation of symbols used in the analysis of follow-up time.

PICO comparisons are provided, updated for the version of the PICOs of 10 Feb 2022.

Key:

Primary comparison Treatment period

Secondary comparisons Follow-up period

  Period of follow-up excluded from the analyses
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PICO 1 – Comparison 1.1

Population MDR/RR TB

Intervention SA new (South Africa 2019, Bdq-Lfx-Lzd-E-Z-H(h)-Cfz)

Comparator WHO Short (South Africa 2017 SA Old) (Bdq-Lfx/Mfx-Eto-E-Z-Hh-Cfz)

Intervention
SA_new
South Africa 
2019

9–12 month treatment Follow-up period

Comparator
WHO short 
(SA_old) South 
Africa 2017

9–12 month treatment Follow-up period

12 months 
follow-up

24 months 
follow-up

Comments:

• Relapse with the South African Regimen was based upon the EDRWeb database. Mortality data 
were based upon linking the South African death register with the EDRWeb database.

• Both datasets have the same approach to follow-up, with up to 12 to 24 months of follow-up data 
available and therefore misclassification is likely to be non-differential between groups.

• The primary analysis will be for 24 months of follow-up. A sensitivity analysis will be performed 
for 12 months’ follow up.
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PICO 1 – Comparison 1.2

Population MDR/RR TB

Intervention SA new (South Africa 2019, Bdq-Lfx-Lzd-E-Z-H(h)-Cfz)

Comparator WHO long – IPD 2021 (multiple cohorts, all-oral regimens containing Bdq)

Intervention
SA_new
South Africa 
2019

9–12 month treatment

Comparator
WHO long 
IPD 2021

18–24 month treatment

18 months 24 months 
follow-up

Comments:

• Relapse with the South African Regimen was based upon the EDRWeb database. Mortality data 
were based upon linking the South African death register with the EDRWeb database.

• WHO IPD datasets have variable follow-up periods. Most datasets do not have relapse data 
reported, potentially leading to an underestimate of relapse.

• Follow-up of the South African cohort will be censored at 24 months, including mortality and 
relapse data.

• In the primary analyses we will measure:
a) outcome up to the end of 24 month follow-up period for the WHO IPD comparator (either 

the outcome at the time of the 24 month follow-up, or for those who do not reach 24 months, 
use data from the last recorded visit to determine the outcome (e.g. if the last culture was 
negative, we would record the patient as cured).

• Sensitivity analyses will evaluate: 
a) outcome for those who reached 24 months (only include the population who has had an 

outcome of death, LTF, failure before 24 months, or reaches 24 months).
b) end-of-treatment outcomes at 18 months, for those who completed at least 18 months 

of treatment (either the outcome at the time of the 18 month treatment, or for those who 
had not reached the treatment outcome by 18 months, apply the end-of-treatment outcomes 
that occurred before the end of 24 months).
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PICO 2 – Comparison 2.1

Population MDR/RR TB

Intervention NeXT study (6–9 month Lzd-Bdq-Lfx-PZA-Eto/Hh/Trd [gene-directed 
individualised])

Comparator NeXT Standard of care (including all NIX comparators, comprising 
(a) 18–20 months, follow-up to 24 months (b) 9–11 months, follow-up to 
24 months)

Intervention
NEXT 
intervention

6–9 month treatment Follow-up period

Comparator
NeXT SOC

9–20 month treatment

24 months 
follow-up

Comments:

• Follow-up time for the intervention group was at least 24 months.
• A small proportion of participants in the NeXT SOC had follow-up (post treatment) beyond 

24 months after treatment commencement, and we will censor data at 24 months for consistency 
between arms.
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PICO 2 – Comparison 2.2

Population MDR/RR 

Intervention NeXT study (6–9 month Lzd-Bdq-Lfx-PZA-Eto/Hh/Trd [gene-directed 
individualised])

Comparator WHO Short (South Africa 2017 SA Old) (Bdq-Lfx/Mfx-Eto-E-Z-Hh-Cfz)

Intervention
NEXT 
intervention

6–9 month treatment

Comparator
WHO short 
(SA_old) South 
Africa 2017

9–12 month treatment

12 months 
follow-up

24 months 
follow-up

Comments:

• Follow-up for both studies extends to 24 months, with death and relapse outcomes for the South 
African available beyond 24 months.

• The two datasets will be censored at 24 months.
• A sensitivity analysis will be done using a follow-up time of 12 months.
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PICO 2 – Comparison 2.3

Population MDR/RR TB

Intervention NeXT study (6–9 month Lzd-Bdq-Lfx-PZA-Eto/Hh/Trd [gene-directed 
individualised])

Comparator WHO long – IPD 2021 (multiple cohorts, all-oral regimens containing Bdq)

Intervention
NEXT 
intervention

6–9 month treatment

Comparator
WHO long 
IPD 2021

18–24 month treatment

18 months 
follow-up

24 months 
follow-up

Comments:

• For the WHO IPD cohort, follow-up time available was between 18 and 24 months. For the NeXT 
intervention cohort, follow up was at least 24 months. 

• For the WHO IPD cohort, we will include two alternate definitions of 24 month outcomes as per 
PICO 1 (outcome up to and including 24 month follow-up [primary], and outcome only for those 
who reached 24 months [sensitivity analysis]).

• A sensitivity analysis will be done for follow-up to 18 months. For the WHO cohort, the outcomes 
will be recorded as per PICO 1 Comparison 1.2 (end of treatment outcomes for those still on 
treatment at 18 months will be their final outcome of treatment between 18 and 24 months).
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PICO 2 – Comparison 2.4

Population MDR/RR TB

Intervention NeXT study (6–9 month Lzd-Bdq-Lfx-PZA-Eto/Hh/Trd [gene-directed 
individualised])

Comparator SA new (South Africa 2019, Bdq-Lfx-Lzd-E-Z-H(h)-Cfz)

Intervention
NEXT 
intervention

6–9 month treatment

Comparator
SA_new
South Africa 
2019

9–12 month treatment

12 months 
follow-up

24 months 
follow-up

Comments:

• Follow-up time available for both arms was at least 24 months in the NeXT intervention group. 
The primary analysis will comprise follow-up to 24 months (including post-treatment death and 
relapse in the South African cohort).

• A sensitivity analysis will be performed at 12 months of follow-up.
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PICO 3 – Comparison 3.1

Population MDR/RR and pre-XDR TB

Intervention BPaL cohorts from PRACTECAL, NIX and ZENIX studies (excluding 
Lzd-1 200-26); i.e. 4 cohorts in total

Comparator BPaL (ZENIX)

Intervention
All BPaL  
(except Lzd- 
1 200-26)

6 month 
treatment

Comparator
BPaL 
(Lzd-1 200-26)

6 month 
treatment

24 week 
follow-up

12 month 
follow-up

18 month 
follow-up

24 month 
follow-up

Comments:

• BPaL cohorts include: (a) PRACTECAL study (Lzd 600mg daily for 16 weeks then 300mg daily for the 
remaining 8 weeks or earlier when moderately tolerated); (b) NIX (Lzd 1200mg daily for 26 weeks, 
with option for 39 weeks / 9 months for subjects who remain culture positive); (c) ZENIX (4 BPaL 
arms: 1200mg 26 weeks; 1200mg 9 weeks; 600mg 26 weeks; 600mg 9 weeks). 

• In the PRACTECAL study, the 72 week and 108 week follow-up data include a smaller number of 
participants than the 24 week cohort, as the study had been terminated early. 

• In ZENIX, participants had at least 26 weeks of follow-up after treatment completion (i.e. 12 months 
total follow-up after enrolment), unless they reached an end-point earlier, and a small proportion 
had 76 weeks of follow-up post treatment completion.

• The primary analysis for this comparison will be at 12 months. Sensitivity analyses will be performed 
for outcomes at (a) 6 months (i.e. expected end of treatment); (b) 18 months, and (c) 24 months 
for all those who are eligible to reach those follow-up periods. People who only reach 24 weeks 
are censored at that date, and will not be included in analyses of the subsequent follow-up period.

• In the TB PRACTECAL, the proportion of participants reaching 108 weeks (>24 months) is small, 
reducing the precision of estimates that include this population.

For each arm of the Linezolid-containing regimens, the outcomes will be presented in two ways:

• Outcomes stratified by the intention to treat in the group (linezolid dose and duration assigned at 
start of treatment period), in the primary analysis.

• Outcomes stratified by actual linezolid exposure by <25%, 25–49%, 50–74%, 75% and above of 
the intended duration of the maximum stated dose (e.g. for Lzd 1200–26, if a person had 14 weeks 
of therapy then they would be considered to be in the 50–74% quartile), as a sensitivity analysis.
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PICO 3 – Comparison 3.2

Population MDR/RR and pre-XDR TB

Intervention BPaL (1 200–9 from ZENIX)

Comparator BPaL (Lzd-1 200-26 ZENIX studies)

Intervention
BPaL  
(LZD 1 200-9)

6 month 
treatment

Comparator
BPaL 
(Lzd-1 200-26)

6 month 
treatment

24 week 
follow-up

12 month 
follow-up*

18 month 
follow-up

24 month 
follow-up

Comments: 

• The primary analysis for this question will be at 12 months. Sensitivity analyses will be performed 
for outcomes at (a) 6 months (i.e. end of treatment), and (b) 18 months, and (c) 24 months for all 
those who reach those follow-up periods. People who only reach 24 weeks are censored at that 
date, and do not get included in subsequent follow-up.
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PICO 3 – Comparison 3.3

Population MDR/RR and pre-XDR TB

Intervention BPaL (600–26 from ZENIX)

Comparator BPaL (1 200–26 ZENIX studies); i.e. 2 cohorts in total

Intervention
BPaL 
(LZD 600-26)

6 month 
treatment

Comparator
BPaL 
(Lzd-1 200-26)

6 month 
treatment

24 week 
follow-up

12 month 
follow-up*

18 month 
follow-up

24 month 
follow-up

Comments: 

As for Comparison 3.1.

PICO 3 – Comparison 3.4

Population MDR/RR and pre-XDR TB

Intervention BPaL (600–9 from ZENIX)

Comparator BPaL (Lzd-1 200-26 ZENIX studies)

Intervention
BPaL  
(LZD 600-9)

6 month 
treatment

Comparator
BPaL 
(Lzd-1 200-26)

6 month 
treatment

24 week 
follow-up

12 month 
follow-up*

18 month 
follow-up

24 month 
follow-up

Comments: 

As for Comparison 3.1.
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PICO 3 – Comparison 3.5

Population MDR/RR and pre-XDR TB

Intervention BPaL (600–300 from TB PRACTECAL)

Comparator BPaL (Lzd-1 200-26 ZENIX)

Intervention
BPaL  
(LZD 600-300)

6 month 
treatment

Comparator
BPaL 
(Lzd-1 200-26)

6 month 
treatment

24 week 
follow-up

12 month 
follow-up*

18 month 
follow-up

24 month 
follow-up

Comments: 

As for Comparison 3.1.
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PICO 4 – Comparison 4.1

Population pre-XDR TB (Fluoroquinolone resistant TB)

Intervention BPaL (600–26 ZENIX)

Comparator WHO long – IPD 2021 (multiple cohorts, all-oral regimens containing Bdq)

Intervention
BPaL regimens

6 month 
treatment

Comparator
WHO IPD

18 month  treatment

18 months 
follow-up

24 months 
follow-up

Comments:

• The 72 week follow-up in PRACTECAL has substantially more participants than the 108 week (2 
year) follow-up, based upon data provided. 

• The primary comparison will be performed at 18 months (censoring WHO IPD who do not have 
an outcome recorded beyond that time) and 72 weeks (18x4 weeks, which is 16.6 months) in the 
ZENIX BPaL group.

• A sensitivity analysis will also be performed for follow-up to 24 months.
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PICO 5 – Comparison 5.1

Population MDR/RR TB (FQ-R and FQ-S)

Intervention BPaL 600–26 (ZENIX)

Comparator WHO Short (South Africa 2017 SA Old) (Bdq-Lfx/
Mfx-Eto-E-Z-Hh-Cfz)

Intervention
BPaL regimens

6 month 
treatment

Comparator
WHO short 
(SA_old) South 
Africa 2017

9-12 month treatment

12 months 
follow-up

18 months 
follow-up

24 months 
follow-up

Comments:

• The primary analysis will be performed at 12 months after treatment commencement, allowing 
for the inclusion of most participants receiving the intervention regimens, and allowing for some 
follow-up time to allow for relapse for the South African regimen.

• Sensitivity analyses will be performed for 18 months and 24 months.
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PICO 5 – Comparison 5.2

Population MDR/RR TB 

Intervention BPaL 600–26 (ZENIX) (FQ-R and FQ-S)

Comparator WHO_short (S Africa 2017) (Bdq-Lfx/Mfx-Eto-E-Z-Hh-Cfz) FQ-S

Intervention
BPaL 600-26

6 month 
treatment

Comparator
WHO short  
(SA 2017)

9-12 month treatment

12 months 
follow-up

18 months 
follow-up

24 months 
follow-up

Comments: 

• Therefore, the primary analysis will be at 12 months. A secondary analysis at 18 and 24 months 
will be performed.
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PICO 5 – Comparison 5.3

Population MDR/RR TB

Intervention BPaL 600–26 ZENIX (FQR and FQ-S)

Comparator SA new (South Africa 2019, Bdq-Lfx-Lzd-E-Z-H(h)-Cfz)

Intervention
BPaL 600-26 
ZENIX

6 month 
treatment

Comparator
SA_new
South Africa 
2019

9-12 month treatment

12 months 18 months 24 months 
follow-up

Comments: 

• The primary analysis will be at 12 months, to allow for completion of the 9–12 month South African 
(SA new) regimen and allow for the inclusion of the maximum number of participants to be included 
in the BPaL intervention group.

• Secondary analyses will be performed at 18 months and 24 months. 
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PICO 5 – Comparison 5.4

Population MDR/RR TB 

Intervention BPaL ZENIX 600–26 (FQ-R and FQ-S)

Comparator NeXT intervention regimen (6–9 month Lzd-Bdq-Lfx-PZA-Eto/Hh/Trd 
[gene-directed individualised])

Intervention
BPaL 600-26

6 month 
treatment

18 months

Comparator
NEXT 
intervention

6-9 month treatment

12 months 18 months 24 months 
follow-up

Comments: 

• The primary analysis will be performed at 12 months, allowing for the inclusion of most participants 
receiving the intervention regimens, and allowing for follow-up beyond the treatment period for 
the NEXT intervention regimen.

• Sensitivity analyses will be performed at 18 months and 24 months.
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PICO 6 – Comparison 6.1

Population MDR/RR TB and pre-XDR TB

Intervention TB PRACTECAL BPaLM regimen (24 weeks)

Comparator TB PRACTECAL Standard of care (four different regimens, combined)

Intervention
BPaLM 
PRACTECAL

6 month 
treatment

16.6 months 
(72 weeks)

Comparator
PRACTECAL 
internal SOC

36 (short) to 72 (long) weeks treatment

16.6 months 
(72 weeks)

24 months 
(108 weeks)

Comments: 

• The pre-specified primary outcome for the TB PRACTECAL trial is evaluated at 72 weeks after 
treatment initiation, including participants whose data were available at the time of the Guideline 
Development Group.

• The 72 week follow-up in PRACTECAL has substantially more participants’ data available than the 
108 week (2 year) follow-up. 

• The comparator regimen has either short (36 weeks) or long (72 week) follow-up. Almost all people 
on the comparator regimen complete treatment before 72 weeks. Follow-up is to 108 weeks in 
approximately 2/3 of those who complete treatment in the SOC arm.

• The primary analysis will be performed at 72 weeks, as this time period has the greatest number of 
participants (improving precision); a limitation is that this at time point the post-treatment follow-up 
for participants in the SOC arm is short, potentially underestimating relapse rates in the comparator.

• Sensitivity analyses will be performed at 108 weeks (~24 months), which is the follow up time for 
a trial-specified secondary outcome.

PICO 6 – Comparison 6.2

Population MDR/RR TB and pre-XDR TB (regardless of fluoroquinolone resistance)

Intervention TB PRACTECAL BPaLM regimen (24 weeks)

Comparator TB PRACTECAL BPaL600-300 (24 weeks)

Comments: 

A stratified analysis will be performed for each of the regimens. See Comparison 6.1 comments.
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PICO 6 – Comparison 6.3

Population MDR/RR TB and pre-XDR TB (regardless of fluoroquinolone resistance)

Intervention TB PRACTECAL BPaLM regimen (24 weeks)

Comparator TB PRACTECAL BPaLC regimen (24 weeks) 

Comments: 

A stratified analysis will be performed for each of the regimens. Refer to Comments for Comparison 6.1.

PICO 6 – Comparison 6.4

Population MDR/RR TB and pre-XDR TB (regardless of fluoroquinolone resistance)

Intervention TB PRACTECAL BPaLC regimen (24 weeks)

Comparator TB PRACTECAL Standard of care 

Comments: 

A stratified analysis will be performed for each of the regimens. Refer to Comments for Comparison 6.1.

PICO 6 – Comparison 6.5

Population MDR/RR TB and pre-XDR TB (regardless of fluoroquinolone resistance)

Intervention TB PRACTECAL BPaLC regimen (24 weeks)

Comparator TB PRACTECAL BPaL 600–300 regimen (24 weeks)

Comments: 

A stratified analysis will be performed for each of the regimens. Refer to Comments for Comparison 6.1.

PICO 6 – Comparison 6.6

Population MDR/RR TB and pre-XDR TB (regardless of fluoroquinolone resistance)

Intervention TB PRACTECAL BPaL 600–300 regimen (24 weeks)

Comparator TB PRACTECAL BPaL Standard of care

Comments: 

A stratified analysis will be performed for each of the regimens. Refer to Comments for Comparison 6.1.
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PICO 7 – Comparison 7.1

Population pre-XDR TB (fluoroquinolone resistance)

Intervention TB PRACTECAL BPaLM regimen (24 weeks)

Comparator WHO long – IPD 2021 (multiple cohorts, all-oral regimens containing Bdq)

Intervention
BPaLM

6 month 
treatment

18 months (72 weeks for 
PRACTECAL)

Comparator
WHO long 
IPD 2021

18 month  treatment

18 months 
follow-up

24 months 
follow-up

Comments:

• In the WHO IPD dataset, most patients are treated for at least 18 months. The PRACTECAL study 
has a greater number of participants completing 72 weeks follow-up, compared to after this time. 

• The primary comparison will be at 18 months (WHO comparator) and 16.6 months (PRACTECAL). 
This may resulting in a small underestimate of the number of people with death or relapse in the 
PRACTECAL arm, however, extending beyond this time will result in a loss of power. 

• Two outcome definitions for WHO IPD 24 month follow-up described above.
• The sensitivity analysis will be performed at 24 months (equivalent to 108 weeks in PRACTECAL). 
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PICO 7 – Comparison 7.2

Population pre-XDR TB (fluoroquinolone resistance)

Intervention TB PRACTECAL BPaLM regimen (24 weeks)

Comparator BPaL excluding 1 200–26, from PRACTECAL, ZENIX studies, i.e. 4 cohorts in 
total

Intervention
BPaLM

6 month 
treatment

18 months (72 weeks for 
PRACTECAL)

Comparator
All BPaL (except 
Lzd-1 200-26)

6 month 
treatment

6 month 
follow-up

12 month 
follow-up

18 month 
follow-up

24 month 
follow-up

Comments:

• The primary analysis for this comparison will be at 12 months, to allow time for post-treatment 
relapse to occur. As the TB PRACTECAL regimen has a smaller number of participants completing 
12 months’ follow-up, the precision of this estimate will be lower than for 6 months’ post 
treatment commencement.

• Sensitivity analyses will be performed for outcomes at (a) 6 months (i.e. expected end of treatment); 
(b) 18 months (72 weeks for TB PRACTECAL), and (c) 24 months for all those who are eligible to 
reach those follow-up periods. People who only reach 24 weeks are censored at that date, and 
will not be included in analyses of the subsequent follow-up period.

• In the TB PRACTECAL, the proportion of participants reaching 108 weeks (>24 months) is small, 
reducing the precision of estimates that include this population.



WHO consolidated guidelines on tuberculosis. Module 4: treatment – 
drug-resistant tuberculosis treatment, 2022 update. Web Annexes356

PICO 7 – Comparison 7.3

Population pre-XDR TB (fluoroquinolone resistance)

Intervention TB PRACTECAL BPaLM regimen (24 weeks)

Comparator TB PRACTECAL BPaLC regimen (24 weeks)

Intervention
BPaLM

6 month 
treatment

18 months (72 weeks for 
PRACTECAL)

Comparator
BPaLC

6 month 
treatment

6 month 
follow-up

12 month 
follow-up

18 month 
follow-up

24 month 
follow-up

Comments:

• The primary analysis for this comparison will be at 72 weeks months, to allow time for post-
treatment relapse to occur. As the TB PRACTECAL regimen has a smaller number of participants 
completing 72 weeks’ follow-up, compared to 24 weeks, the precision of this estimate will be lower 
than for 6 months’ post treatment commencement.

• Sensitivity analyses will be performed for outcomes at (a) 24 weeks and 108 (populations defined 
by the TB PRACTECAL protocol). 
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PICO 8 – Comparison 8.1

Population MDR/RR TB (without fluoroquinolone resistance)

Intervention TB PRACTECAL BPaLM regimen (24 weeks)

Comparator WHO Short (South Africa 2017 SA Old) (Bdq-Lfx/Mfx-Eto-E-Z-Hh-Cfz)

Intervention
BPaLM

6 month 
treatment

18 months 
(72 weeks)

24 months 
(108 weeks)

Comparator
WHO short 
(SA_old) South 
Africa 2017

9-12 month treatment

12 months 18 months 24 months

Comments: 

• The primary analysis will be performed at 72 weeks. The 72 week cohort in the TB PRACTECAL 
study is larger than the 108 week cohort. Therefore, greater precision is achieved by choosing the 
72 week population as the intervention group. The comparator will comprise 18 month follow-up 
data for the WHO short (South African 2017) regimen. 
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PICO 8 – Comparison 8.2

Population MDR/RR TB (without fluoroquinolone resistance)

Intervention TB PRACTECAL BPaLM regimen (24 weeks)

Comparator WHO long – IPD 2021 (multiple cohorts, all-oral regimens containing Bdq)

Intervention
BPaLM

6 month 
treatment

18 months (72 weeks for 
PRACTECAL)

Comparator
WHO IPD

18 month  treatment

18 months 
follow-up

24 months 
(108 weeks)

Comments:

• The 72 week follow-up period for PRACTECAL has a greater number of participants than after 
that time point. Therefore, the primary analysis at 18 months will be comparing the 72 week 
(16.6 month) follow-up of the PRACTECAL BPaLM regimen with the 18 month follow-up of the 
WHO IPD (i.e. those in the WHO IPD who have at least 18 months of follow-up reported). 

• No relapse was reported between 16.6 and 18 months in any PRACTECAL intervention arm. 
However, the larger numbers of participants will improve precision of the estimate compared to 
the 108 week population.

A secondary analysis will be performed that compares the 24 month outcomes for BPaLM and WHO 
IPD, among those in the WHO IPD who have at least 24 months of follow-up data available.
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PICO 8 – Comparison 8.3

Population MDR/RR TB (without fluoroquinolone resistance)

Intervention TB PRACTECAL BPaLM regimen (24 weeks)

Comparator SA new (South Africa 2019, Bdq-Lfx-Lzd-E-Z-H(h)-Cfz)

Intervention
BPaLM

6 month 
treatment

18 months 
(72 weeks for 
PRACTECAL)

24 months 
(108 weeks)

Comparator
SA_new
South Africa 
2019

9-12 month treatment

12 months 18 months 24 months

Comments: 

• The 72 week follow-up in PRACTECAL has substantially more participants than the 108 week (2 
year) follow-up population. 

• The comparator regimen is the South African 2019 short-course (9–12 months) regimen.
• The primary analysis will be performed at 72 weeks, as this time period has the greatest number of 

participants in the intervention arm (improving precision), and a follow-up time of at least 6 months 
for both populations (ensuring that early relapse is captured).

• Sensitivity analyses will be performed at 108 weeks (24 months) and 12 months.
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PICO 8 – Comparison 8.4

Population MDR/RR TB (without fluoroquinolone resistance)

Intervention TB PRACTECAL BPaLM regimen (24 weeks)

Comparator NeXT study (6–9 month Lzd-Bdq-Lfx-PZA-Eto/Hh/Trd [gene-directed 
individualised])

Intervention
BPaLM

6 month 
treatment

12 months 18 months 
(72 weeks)

24 months 
(108 weeks)

Comparator
NEXT 
intervention

6-9 month treatment

12 months 18 months 24 months

Comments: 

• The primary analysis will be performed at 72 weeks, allowing for follow-up beyond the treatment 
period for the NEXT intervention regimen.

• Sensitivity analyses will be performed at 12 and 24 months of follow-up (allowing for the full 
follow-up time of PRACTECAL, with a smaller cohort).
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PICO 8 – Comparison 8.5

Population MDR/RR TB (without fluoroquinolone resistance)

Intervention TB PRACTECAL BPaLM regimen (24 weeks)

Comparator BPaL all from PRACTECAL, NIX and ZENIX studies (excluding Lzd-1 200-26 
in the primary analysis), i.e. 6 cohorts in total

Intervention
BPaLM 
regimens

6 month 
treatment

18 months    
(72 weeks)

24 months 
(108 weeks)

Comparator
BPaL regimens

6 month 
treatment

6 months 18 months    
(72 weeks)

24 months 
(108 weeks)

Comments: 

• The primary comparison will be at 72 weeks, to capture early post-treatment relapse. 
• Sensitivity analyses will be performed at 6 months and 108 weeks (24 months) months of follow-up 

(allowing for the full follow-up time of PRACTECAL, with a smaller cohort).
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PICO 8 – Comparison 8.6

Population MDR/RR TB (without fluoroquinolone resistance)

Intervention TB PRACTECAL BPaLM regimen (24 weeks)

Comparator TB PRACTECAL BPaLC regimen (24 weeks)

Intervention
BPaLM

6 month 
treatment

18 months    
(72 weeks)

24 months 
(108 weeks)

Comparator
BPaLC

6 month 
treatment

6 months 
(24 weeks)

18 months    
(72 weeks)

24 months 
(108 weeks)

Comments: 

• The primary comparison will be at 72 weeks, to capture early post-treatment relapse. 
• Sensitivity analyses will be performed at 6 months and 108 weeks (24 months) months of follow-up 

(allowing for the full follow-up time of PRACTECAL, with a smaller cohort).



Web Annex 5. Statistical analysis plan 363

PICO 9 – Comparison 9.1

Population Pre-XDR TB (with fluoroquinolone resistance)

Intervention TB PRACTECAL BPaLC regimen (24 weeks)

Comparator WHO long – IPD 2021 (multiple cohorts, all-oral regimens containing Bdq)

Intervention
BPaLC

6 month 
treatment

18 months 
(72 weeks)

24 months 
(108 weeks)

Comparator
WHO long 
IPD 2021

6 month 
treatment

18 months 24 months 

Comments: 

• The 72 week follow-up in PRACTECAL has substantially more participants than the 108 week (2 
year) follow-up. Hence the primary comparison will be at 72 weeks.

• Sensitivity analyses will be performed at 108 weeks (24 months) months of follow-up (allowing for 
the full follow-up time of PRACTECAL, with a smaller cohort).
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PICO 9 – Comparison 9.2

Population Pre-XDR TB (with fluoroquinolone resistance)

Intervention TB PRACTECAL BPaLC regimen (24 weeks)

Comparator BPaL all (excluding Lzd-1 200-26) from PRACTECAL, NIX and ZENIX studies

Intervention
BPaLC regimens

6 month 
treatment

18 months 
(72 weeks)

Comparator
WHO IPD 2021

6-9 month treatment

18 months 
follow-up

24 months 
(108 weeks)

Comments:

• The primary analysis for this comparison will be at 12 months.
•  Sensitivity analyses will be performed for outcomes at (a) 6 months (i.e. expected end of treatment); 

(b) 18 months, and (c) 24 months for all those who are eligible to reach those follow-up periods. 
People who only reach 24 weeks are censored at that date, and will not be included in analyses of 
the subsequent follow-up period.
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PICO 10 – Comparison 10.1

Population MDR/RR TB (without fluoroquinolone resistance)

Intervention TB PRACTECAL BPaLC regimen (24 weeks)

Comparator WHO Short (South Africa 2017 SA Old) (Bdq-Lfx/Mfx-Eto-E-Z-Hh-Cfz)

Intervention
PRACTECAL 
BPaLC

6 month 
treatment

Comparator
WHO short 
(SA_old) South 
Africa 2017

6 month 
treatment

24 week 
follow-up

12 month 
follow-up 

18 month 
follow-up

24 month 
follow-up

Comments:
• In the PRACTECAL study, the 72 week and 108 week follow-up data include a smaller number of 

participants than the 24 week cohort. 
• Primary analysis for this question will be at 18 months (72 weeks for TB PRACTECAL) to allow most 

participants in NIX and ZENIX to be included. Sensitivity analyses will be performed at 12 months, 
6 months, i.e. at treatment completion and 108 weeks.
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PICO 10 – Comparison 10.2

Population MDR/RR TB (without fluoroquinolone resistance)

Intervention TB PRACTECAL BPaLC regimen (24 weeks)

Comparator WHO long – IPD 2021 (multiple cohorts, all-oral regimens containing Bdq)

Intervention
PRACTECAL 
BPaLC regimen

6 month 
treatment

18 months 
(72 weeks)

Comparator
WHO IPD 2021

18 month  treatment

18 months 
follow-up

24 months 
(108 weeks)

Comments:

• The 72 week follow-up period for PRACTECAL has a greater number of participants than after that 
time point. Therefore, the primary analysis will be comparing the 72 week (16.6 month) follow-up 
of the PRACTECAL BPaLC regimen with the 18 month follow-up of the WHO IPD (i.e. those in the 
WHO IPD who have at least 18 months of follow-up reported). This may slightly underestimate 
the number of deaths and relapse cases in the PRACTECAL intervention arm, since a substantial 
proportion of participants in PRACTECAL who have outcomes at 16.6 months do not yet have 
follow-up outcomes reported for the period between 72 weeks (16.6 months) and 18 months. 
However, among those who did have follow-up between 16.6 months and 18 months, none died. 
However, the larger numbers of participants will improve precision of the estimate at this time 
point, rather than at 24 months weeks.

• A secondary analysis will be performed that compares the 24 month outcomes for BPaLM and 
WHO long – IPD 2021, among those in the WHO IPD who have at least 24 months of follow-up 
data available.
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PICO 10 – Comparison 10.3

Population MDR/RR TB (without fluoroquinolone resistance)

Intervention TB PRACTECAL BPaLC regimen (24 weeks)

Comparator SA new (South Africa 2019, Bdq-Lfx-Lzd-E-Z-H(h)-Cfz)

Intervention
BPaLC

6 month 
treatment

18 months 
(72 weeks)

24 months 
(108 weeks)

Comparator
SA_new
South Africa 
2019

9-12 month treatment

12 months 18 months 
(72 weeks)

24 months 
(108 weeks)

Comments: 

• The primary analysis will be performed at 18 months (72 weeks for TB PRACTECAL), as this 
time period has the greatest number of participants in the intervention arm (PRACTECAL, 
improving precision).

• Sensitivity analyses will also be performed at 108 weeks (24 months) and 12 months.
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PICO 10 – Comparison 10.4

Population MDR/RR TB (without fluoroquinolone resistance)

Intervention TB PRACTECAL BPaLC regimen (24 weeks)

Comparator NeXT study (6–9 month Lzd-Bdq-Lfx-PZA-Eto/Hh/Trd [gene-directed 
individualised])

Intervention
BPaLC regimens

6 month 
treatment

18 months 
(72 weeks)

24 months 
(108 weeks)

Comparator
NEXT 
intervention

6-9 month treatment

12 months 18 months 24 months 
follow-up

Comments: 

• The primary analysis will be performed at 72 weeks, allowing for follow-up beyond the treatment 
period for the NEXT intervention regimen.

• Sensitivity analyses will be performed at 12 months (allowing inclusion of more participants in NIX 
and ZENIX) and 24 months of follow-up (allowing for the full follow-up time of PRACTECAL, with 
a smaller cohort).
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PICO 10 – Comparison 10.5

Population MDR/RR TB (without fluoroquinolone resistance)

Intervention TB PRACTECAL BPaLC regimen (24 weeks)

Comparator BPaL all from PRACTECAL, NIX and ZENIX studies (excluding Lzd-1 200-26 
in the primary analysis)

Intervention
PRACTECAL 
BPaLC

6 month 
treatment

Comparator
BPaL (all doses, 
NIX, ZENIX)

6 month 
treatment

6 months 18 month 
follow-up

24 month 
follow-up

Comments:

• The primary analysis for this question will be at 12 months, to allow most participants in NIX and 
ZENIX to be included. Sensitivity analyses will be performed at 6 months and 24 months.

Background question

Population MDR/RR or pre-XDR TB 

Intervention BPaL all from PRACTECAL, NIX and ZENIX studies 

In this analysis, we will present descriptive statistics relating to the incidence of Grade 3–5 adverse 
events and Serious Adverse Events (SAEs). We will determine the incidence of the following adverse 
events of special interest: QT prolongation, peripheral neuropathy, optic neuritis, myelosuppression 
and hepatotoxicity. 

Participants will be classified according to the regimen and dose to which they were assigned. We 
will also present the proportion of people who completed their assigned linezolid dose. Comparisons 
will be made between regimens, using risk difference or relative risk. 

Additional data regarding the pharmacokinetics of linezolid will be sought and presented, where 
available from included trials.
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Appendix 1: Summary of regimens evaluated in the 
WHO review

WHO_long

Currently recommended by WHO all-oral 18-20-month regimens designed 
based on drug groups table (include group A: Fq, Bdq, Lzd and group B: 
cycloserine, clofazimine and possibly group C medicines): 18 Bdq(6 m or 
longer)-(Lfx/Mfx)-Lzd-(Cfz or Cs)

WHO_short Currently recommended by WHO shorter, all oral 9-11-month regimen including 
Bdq and Fq (no Lzd): 4–6 Bdq(6 m)-(Lfx/Mfx)-Cfz-Z-E-Hh-Eto / 5 Lfx-Cfz-Z-E 

SA_new
Shorter, all oral 9-11 month regimen used in SA since 2008 including Bdq, Fq, Lzd): 
4–6 Bdq(6 m)-Lzd-Lfx-Cfz-Z-E-Hh / 5 Lfx-Cfz-Z-E 

NeXT Experimental regimen from NeXT RCT: 6-9 months of Bdq-Lfx-Lzd-Z-Eto (or H 
high dose or terizidone)

BPaL 6-9-month Bdq-Pa-Lzd (dosing varied 1 200, 600 with possible dose decrease in 
case of toxicity as well as duration 2-6 months)

BPaLM 6-month Bdq-Pa-Lzd-Mfx (Lzd 600 mg) 

BPaLC 6-month Bdq-Pa-Lzd-Cfz (Lzd 600 mg)

INJ_based Older, not currently recommended injectable (Km, Cm, Am) and quinolone based 
regimens, shorter or longer and without inclusion of Bdq or Lzd. 
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Appendix 2: WHO PICO questions and comparisons (25/2/2022)
 

PICO # PICO question Population Intervention 
regimen Comparator [data source] Comparison #

1 Should a shorter all-oral regimen (less 
than 12 months) containing at least three 
Group A medicines be used in patients 
with MDR/RR-TB and fluoroquinolone 
resistance excluded?

MDR/RR SA_new WHO_short [SA_old] 1.1

WHO_long [IPD], FQ-s 1.2

2 Should a 6-to-9-month shorter all-oral 
regimen containing Lzd, Bdq, Lfx, Z, Eto/
Hh/Trd be used in patients with MDR/
RR-TB and fluoroquinolone resistance 
excluded?

MDR/RR NExT mix of SOC [NExT] 2.1

WHO_short [SA_old] 2.2

WHO_long [IPD], FQ-s 2.3

SA_new 2.4

3 Should BPaL regimens with lower linezolid 
exposure (dose or duration) be used 
instead of the original BPaL regimen 
in patients who are eligible for BPaL 
regimen?

MDR/RR 
and 
pre-XDR

BPaL (all 4 
modified)

BPaL 1 200-26 [ZeNix] 3.1

BPaL 1 200–9 3.2

BPaL 600–26 3.3

BPaL 600–9 3.4

BPaL 600–300 3.5

4 Should 6-month regimen using 
bedaquiline, pretomanid, linezolid 
be used in patients with pulmonary 
pre-XDR-TB (MDR/RR-TB with 
fluoroquinolone resistance)?

pre-XDR BPaL 600–26 
(FQ-r only)

WHO_long [IPD], FQ-r 4.1
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PICO # PICO question Population Intervention 
regimen Comparator [data source] Comparison #

5 Should 6-month regimen using 
bedaquiline, pretomanid and linezolid be 
used in patients with pulmonary MDR/
RR-TB and without fluoroquinolone 
resistance?

MDR/RR BPaL 600–26 
(FQ-r and FQ-s)

WHO_short [SA_old] 5.1

WHO_long [IPD], FQ-s 5.2

SA_new 5.3

NeXT 5.4

6 Should 6-month regimen using 
bedaquiline, pretomanid, linezolid with or 
without addition of moxifloxacin (BPaLM) 
or clofazimine be used in patients with 
pulmonary MDR/RR-TB (with or without 
fluoroquinolone resistance)?

MDR/RR 
and 
pre-XDR

BPaLM trial-internal mix of SOC [PRACTECAL] 6.1

BPaLM BPaL600-300 [PRACTECAL] 6.2

BPaLM BPaLC [PRACTECAL] 6.3

BPaLC trial-internal mix of SOC [PRACTECAL] 6.4

BPaLC BPaL600-300 [PRACTECAL] 6.5

BPaL 600–300 trial-internal mix of SOC [PRACTECAL] 6.6

7 Should 6-month regimen using 
bedaquiline, pretomanid, linezolid 
and moxifloxacin (BPaLM) be used in 
patients with pulmonary pre-XDR-TB 
(MDR/RR-TB with fluoroquinolone 
resistance)?

pre-XDR BPaLM (FQ-r) WHO_long [IPD], FQ-r 7.1

BPaL (all 4 modified), FQ-r 7.2

BPaLC [PRACTECAL], FQ-r 7.3

BPaL600-300 [PRACTECAL], FQ-r 7.4

trial-internal mix of SOC 
[PRACTECAL], FQ-r

7.5
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PICO # PICO question Population Intervention 
regimen Comparator [data source] Comparison #

5 Should 6-month regimen using 
bedaquiline, pretomanid and linezolid be 
used in patients with pulmonary MDR/
RR-TB and without fluoroquinolone 
resistance?

MDR/RR BPaL 600–26 
(FQ-r and FQ-s)

WHO_short [SA_old] 5.1

WHO_long [IPD], FQ-s 5.2

SA_new 5.3

NeXT 5.4

6 Should 6-month regimen using 
bedaquiline, pretomanid, linezolid with or 
without addition of moxifloxacin (BPaLM) 
or clofazimine be used in patients with 
pulmonary MDR/RR-TB (with or without 
fluoroquinolone resistance)?

MDR/RR 
and 
pre-XDR

BPaLM trial-internal mix of SOC [PRACTECAL] 6.1

BPaLM BPaL600-300 [PRACTECAL] 6.2

BPaLM BPaLC [PRACTECAL] 6.3

BPaLC trial-internal mix of SOC [PRACTECAL] 6.4

BPaLC BPaL600-300 [PRACTECAL] 6.5

BPaL 600–300 trial-internal mix of SOC [PRACTECAL] 6.6

7 Should 6-month regimen using 
bedaquiline, pretomanid, linezolid 
and moxifloxacin (BPaLM) be used in 
patients with pulmonary pre-XDR-TB 
(MDR/RR-TB with fluoroquinolone 
resistance)?

pre-XDR BPaLM (FQ-r) WHO_long [IPD], FQ-r 7.1

BPaL (all 4 modified), FQ-r 7.2

BPaLC [PRACTECAL], FQ-r 7.3

BPaL600-300 [PRACTECAL], FQ-r 7.4

trial-internal mix of SOC 
[PRACTECAL], FQ-r

7.5

PICO # PICO question Population Intervention 
regimen Comparator [data source] Comparison #

8 Should 6-month regimen using 
bedaquiline, pretomanid, linezolid 
and moxifloxacin (BPaLM) be used 
in patients with pulmonary MDR/
RR-TB and without fluoroquinolone 
resistance?

MDR/RR BPaLM (FQ-S) WHO_short [SA_old] 8.1

WHO_long [IPD], FQ-s 8.2

SA_new 8.3

NeXT 8.4

BPaL (all 4 modified), FQ-s 8.5

BPaLC [PRACTECAL], FQ-s 8.6

BPaL600-300 [PRACTECAL], FQ-S 8.7

trial-internal mix of SOC, FQ-s 
[PRACTECAL]

8.8

9 Should 6-month regimen using 
bedaquiline, pretomanid, linezolid 
and clofazimine (BPaLC) be used in 
patients with pulmonary pre-XDR-TB 
(MDR/RR-TB with fluoroquinolone 
resistance)?

pre-XDR BPaLC (FQ-r) WHO_long [IPD], FQ-r 9.1

BPaL (all 4 modified), FQ-r 9.2

trial-internal mix of SOC 
[PRACTECAL], FQ-r

9.3

BPaL600-300 [PRACTECAL], FQ-r 9.4

10 Should 6-month regimen using 
bedaquiline, pretomanid, linezolid 
and clofazimine (BPaLC) be used 
in patients with pulmonary MDR/
RR-TB and without fluoroquinolone 
resistance?

MDR/RR BPaLC (FQ-s) WHO_short [SA_old] 10.1

WHO_long [IPD], FQ-s 10.2

SA_new 10.3

NeXT 10.4

BPaL (all 4 modified), FQ-s 10.5

trial-internal mix of SOC 
[PRACTECAL], FQ-s

10.6

BPaL600-300 [PRACTECAL], FQ-s 10.7
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Question 1 (SA_new regimen)
Should a shorter all-oral regimen (less than 12 months) containing at least three Group A medicines 
be used in patients with MDR/RR-TB (fluoroquinolone resistance excluded)?

Population Intervention* Comparator** Outcome

Patients with MDR/
RR-TB (FQ resistance 
excluded, plus other 
inclusion criteria as for 
SA_new)
Stratified by:
• Adults, adolescents, 
children

• PTB, EXPTB
• Comorbidities: HIV, 
diabetes 

SA_new  ‒WHO_short
 ‒WHO_long***

1. Treatment success
2. Failure and recurrence
3. LTFU
4. Death
5. Adverse events (DDIs for 

HIV-infected patients, if 
data available)

6. Amplification of drug 
resistance

* Data sources: South Africa + OR in other countries (public call)

** Data sources:  
- Shorter regimen: SA (provided by country & 2 comparator regimens in TB-PRATECAL) & other countries (public call or OR studies) 
- Longer regimens: Belarus, Republic of Moldova, Georgia, Russia Federation, and others (public call)

*** If eligibility criteria for the SA_new is aligned and restricted to the same criteria as WHO_short then comparisons with the WHO_long 
becomes less relevant but if sufficient data we do this comparison (we may not have sufficient numbers of records with truly WHO-
long, restricted to the same population as SA_new)

Note: public call for additional data is required for both intervention and comparator
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Question 2 (NeXT study regimen)
• Should a 6-to-9-month shorter all-oral regimen containing Lzd, Bdq, Lfx, Z, Eto/Hh/Trd be used 

in patients with MDR/RR-TB (fluoroquinolone resistance excluded)?

Population Intervention* Comparator Outcome

Patients with MDR/
RR-TB and FQ 
resistance excluded 
(plus other inclusion 
criteria as in NeXT trial)
Stratified by:
• Adults, adolescents, 
children

• PTB, EXPTB
• Comorbidities: HIV, 
diabetes 

NeXT
Injectable-based 
longer or shorter 
regimen (within 
trial comparison)

• Treatment success 
(24 months after initiation 
of treatment) 

External 
comparators**:
 ‒WHO_short
 ‒SA_new
 ‒WHO_long***

1. Treatment success
2. Failure and Recurrence
3. LTFU
4. Death
5. Adverse events (DDIs for 

HIV-infected patients)
6. Amplification of drug 

resistance

*  Source of data: NExT Clinical TRial – SA. Six to nine months of all-oral regimen: Linezolid 600mg daily (reduce to 300mg if toxicity occurs), 
Bedaquiline 400mg for 2 weeks, followed by 200mg three times per week, Levofloxacin 750mg (<50kg) or 1 000mg (>50kg) daily, PZA 
1 000–1 750mg (40–50kg) or 1 750–2 000mg (51–70kg) or 2 000–2 500mg (71–90kg) daily, Ethionamide 15mg/kg (max 900mg) daily, 
or high-dose Isoniazid 500mg (40–50kg) or 750mg (51–70kg) or 750–1 000mg (71–90kg) daily, or Terizidone 750mg (40–70kg) or 
750–1 000mg (71–90kg) daily. Trd is used only for patients with KatG mutation (Eto and Hh no more effective) 

**  Data sources:  
• Shorter regimens: SA (provided by NTP) & other countries (public call or OR studies) 
• Longer regimens: Belarus, Republic of Moldova, Georgia, Russia Federation, and others (public call, if available)

*** If eligibility criteria for the NeXT is aligned and restricted to the same criteria as WHO_short then comparisons with the WHO_long 
becomes less relevant but if sufficient data we do this comparison (we may not have sufficient numbers of records with truly WHO-
long, restricted to the same population as NeXT)
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Background Question 1 (ZeNix and TB-PRACTECAL study regimens)
What is the safety profile of BPaL regimens with different levels of exposure to linezolid when used 
in MDR-TB patients?

Population Intervention Comparator Outcome

Patients with pulmonary 
MDR-TB (with or without 
fluoroquinolone resistance) 
 
Stratified by:
• HIV
• Site1

All BPaL regimens 
combined and 
stratified:
1. Lzd 1200mg x 

26 weeks + Pa + 
Bdq

2. Lzd 1200 mg x 
9 weeks + Pa + Bdq

3. Lzd 600 mg x 
26 weeks + Pa + 
Bdq

4. Lzd 600 mg x 
9 weeks + Pa + Bdq

5. Lzd (600mg x 
16 weeks, 300mg 
x 8 weeks) + Pa + 
Bdq2

Adverse events
• SAEs 
• AEs of special 
interest: QT 
prolongation, 
peripheral 
neuropathy, 
optic neuritis, 
myelosuppression, 
hepatotoxicity.

1 There is significant difference in AEs between sites in ZeNix study.
2  TB-PRACTECAL arm 3 regimen.
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Question 3 (The BPaL regimens with lower Lzd exposure – ZeNix and 
TB-PRACTECAL regimens)
Should BPaL regimens with lower linezolid exposure (dose or duration) be used instead of the original 
BPaL regimen in patients who are eligible for BPaL regimen?

Population Intervention Comparator Outcome

Patients with pulmonary 
pre-XDR-TB (MDR/RR-TB 
and fluoroquinolone 
resistance) and treatment 
intolerant or non-
responsive MDR-TB1

Stratified by:
• MDR/RR-TB with FQ 
resistance 

• MDR/RR-TB without FQ 
resistance

• Adults, adolescents 
(17–19 yrs old)

• Comorbidities: HIV, 
diabetes 

If data available:
• Smear positivity 
• Culture positivity 
• Cavitation on chest 
x-ray 

• Smoker status

Modified BPaL 
regimen with 
lower Lzd 
exposure:
1. Lzd 1200 mg x 

9 weeks + Pa + 
Bdq

2. Lzd 600 mg x 
26 weeks + Pa 
+ Bdq

3. Lzd 600 mg x 
9 weeks + Pa + 
Bdq

4. External data 
(compare if 
useful)  
Lzd (600 mg 
x 16 weeks 
and 300mg x 
8 weeks) + Pa + 
Bdq2

The BPaL 
regimen3: 
Lzd 1 200mg x 
26 weeks + Pa 
+ Bdq
1. BPaL cohort 

in ZeNix 
study; and 

2. External 
data 
(compare if 
useful) 

Nix and 
ZeNix cohorts 
combined.

1. Treatment success
2. Failure and Recurrence 
3. Death
4. Lost to follow up
5. Adverse events (DDIs for 

HIV-infected patients)
6. Amplification of drug 

resistance

1  ZeNix study population also includes MDR/RR-TB patients with additional resistance to fluoroquinolone or injectable agents. Patients 
with treatment intolerant or non-responsive MDR-TB in the study are mainly intolerant or nonresponsive to the previously WHO 
recommended regimens (prior to the 2 020 recommendation).

2  TB-PRACTECAL arm 3 regimen – external comparator, non-randomized.
3  Data source: 1) BPaL cohort in ZeNix study; and 2) Nix and ZeNix cohorts combined. There is a difference in Bdq dosing between NiX 

and ZeNix studies.
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Question 4. Should 6-month regimen using bedaquiline, pretomanid, 
linezolid be used in patients with pulmonary pre-XDR-TB (MDR/RR-TB 
with fluoroquinolone resistance)?

Population Intervention Comparator Outcome

Patients with 
microbiologically 
confirmed 
pulmonary MDR/
RR-TB and with FQ 
resistance
Stratified by:
• Smear positivity 
• Culture positivity 
• Cavitation on chest 
x-ray 

• Smoker status
• HIV status 
• Diabetes status 

• BPaL1 – Combined but 
if possible stratified by 
regimen 

 ‒6–9 Lzd 1200mg x 
26 weeks + Pa + B 
 ‒6–9 Lzd 1200 mg x 
9 weeks + Pa + Bdq
 ‒6–9 Lzd 600 mg x 
26 weeks + Pa + Bdq
 ‒6–9 Lzd 600 mg x 
9 weeks + Pa + Bdq
 ‒6–9 Lzd 600–300 mg + 
Pa+ Bdq

WHO_long2 1. Treatment success 
2. Failure and Recurrence 
3. Death
4. Lost to follow up
5. Adverse events (DDIs 

for HIV-infected 
patients, if available)

6. Amplification of drug 
resistance

1  Nix & Zenix & PRACTECAL studies
2  Data sources:  

- Data contributed by countries (public call – for LR); 
- EndTB regimens (IPD); 

Question 5. Should 6-month regimen using bedaquiline, pretomanid 
and linezolid be used in patients with pulmonary MDR/RR-TB and 
without fluoroquinolone resistance?

Population Intervention Comparator Outcome

Patients with 
pulmonary MDR/
RR-TB and without 
FQ resistance
Stratified by:
• Smear positivity 
• Culture positivity 
• Cavitation on chest 
x-ray 

• Smoker status
• HIV status 
• Diabetes status 

• BPaL1 – Combined but 
if possible stratified by 
regimen 

 ‒6–9 Lzd 1200mg x 
26 weeks + Pa + B 
 ‒6–9 Lzd 1200 mg x 
9 weeks + Pa + Bdq
 ‒6–9 Lzd 600 mg x 
26 weeks + Pa + Bdq
 ‒6–9 Lzd 600 mg x 9 weeks 
+ Pa + Bdq
 ‒6–9 Lzd 600–300 mg + 
Pa+ Bdq

Other 
regimens 
conforming 
to WHO 
guidelines2

 ‒Shorter 
regimen
 ‒Longer 
regimens

Other 
regimens:
 ‒NeXT 
 ‒SA_new

1. Treatment success 
2. Failure and 

Recurrence 
3. Death
4. Lost to follow up
5. Adverse events 

(DDIs for HIV-
infected patients, if 
data available)

6. Amplification of 
drug resistance

1  Nix & Zenix & PRACTECAL studies
2  Data sources:  

- Data contributed by countries (public call – for both SR & LR); 
- IPD: all-oral SR (from SA), EndTB regimens; 
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Internal TB-PRACTECAL trial comparison
Question 6. Should 6-month regimen using bedaquiline, pretomanid, 
linezolid and moxifloxacin (BPaLM) be used in patients with pulmonary 
MDR/RR-TB (with or without fluoroquinolone resistance)?

Population Intervention Comparator Outcome

Patients with 
microbiologically 
confirmed pulmonary 
MDR/RR-TB (regardless of 
FQ resistance status)
Stratified by:
• Fluoroquinolone 
resistance

• Smear positivity 
• Culture positivity 
• Cavitation on chest x-ray 
• Smoker status
• HIV status
• Diabetes status 
• Study site

BPaLMa 1. TB-PRACTECAL 
control regimens – 
Standard of Care 
(SOC) regimens – all 
combined

2. SOC regimen 
stratification:

• 9–11 month shorter 
injectable regimen

• 18–24 month 
conventional regimen 
(pre-2019)

• 9–11 month shorter all 
oral regimen (SA)

• 18–20 month longer 
all oral regimen

1. Unfavourable 
treatment 
outcome (failure, 
discontinuation, 
death, 
recurrence, loss 
to follow-up) at 
72 weeks post-
randomisation

2. Adverse events 
(SAEs or Grade 
3 or higher AEs 
at 72 weeks post 
randomisation; 
DDIs for HIV-
infected patients)

3. Amplification of 
drug resistance

a  TB-Practecal intervention arm 1: Bedaquiline: 400 mg once daily for 2 weeks followed by 200 mg 3 times per week for 22 weeks, 
Pretomanid: 200mg once daily for 24 weeks, Moxifloxacin: 400 mg once daily for 24 weeks, Linezolid: 600mg daily for 16 weeks then 
300mg daily for the remaining 8 weeks or earlier when moderately tolerated.
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TB-PRACTECAL intervention regimens vs external 
comparators
Question 7. Should 6-month regimen using bedaquiline, pretomanid, 
linezolid and moxifloxacin (BPaLM) be used in patients with pulmonary 
pre-XDR-TB (MDR/RR-TB with fluoroquinolone resistance)?

Population Intervention Comparator Outcome

Patients with 
microbiologically 
confirmed 
pulmonary MDR/
RR-TB and with FQ 
resistance
Stratified by:
• Smear positivity 
• Culture positivity 
• Cavitation on chest 
x-ray 

• Smoker status
• HIV status 
• Diabetes status

BPaLM:
6 Bdq-Pa-
Lzd-Mfx1

• WHO_long2

• BPaL3-Combined but if 
possible stratified by 
regimen 
 ‒6–9 Lzd 1200mg x 26 weeks 
+ Pa + B 
 ‒6–9 Lzd 1200 mg x 9 weeks 
+ Pa + Bdq
 ‒6–9 Lzd 600 mg x 26 weeks 
+ Pa + Bdq
 ‒6–9 Lzd 600 mg x 9 weeks 
+ Pa + Bdq
 ‒6–9 Lzd 600–300 mg + Pa+ 
Bdq

• BPaLC

1. Treatment 
Success 

2. Failure and 
recurrence

3. Death
4. LTFU
5. Adverse events 

(DDIs for HIV-
infected patients, 
if data are 
available)

6. Amplification of 
drug resistance

1  TB-Practecal intervention arm 1: Bedaquiline: 400 mg once daily for 2 weeks followed by 200 mg 3 times per week for 22 weeks 
Pretomanid: 200mg once daily for 24 weeks Moxifloxacin: 400 mg once daily for 24 weeks Linezolid: 600mg daily for 16 weeks then 
300mg daily for the remaining 8 weeks or earlier when moderately tolerated.

2  Data sources:  
- Data contributed by countries (public call – for LR); 
- EndTB regimens (IPD); 

3  Nix & Zenix & PRACTECAL studies
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Question 8. Should 6-month regimen using bedaquiline, pretomanid, 
linezolid and moxifloxacin (BPaLM) be used in patients with pulmonary 
MDR/RR-TB and without fluoroquinolone resistance?

Population Intervention Comparator Outcome

Patients with 
microbiologically 
confirmed 
pulmonary MDR/
RR-TB and without 
FQ resistance
Stratified by:
• Smear positivity 
• Culture positivity 
• Cavitation on chest 
x-ray 

• Smoker status
• HIV status 
• Diabetes status

TB-PRACTECAL Arm 
1 regimen (BPaLM)a:
6 Bdq-Pa-Lzd-Mfx

Other regimens 
conforming to WHO 
guidelinesb

 ‒WHO_short
 ‒WHO_long

Other regimens:
 ‒NeXT regimen
 ‒SA_new
 ‒BPaL
 ‒BPaLC

1. Treatment success
2. Failure and 

Recurrence 
3. Death
4. Lost to follow up
5. Adverse events 

(DDIs for HIV-
infected patients, 
if data are 
available)

6. Amplification of 
drug resistance

a  TB-Practecal intervention arm 1: Bedaquiline: 400 mg once daily for 2 weeks followed by 200 mg 3 times per week for 22 weeks, 
Pretomanid: 200mg once daily for 24 weeks Moxifloxacin: 400 mg once daily for 24 weeks, Linezolid: 600mg daily for 16 weeks then 
300mg daily for the remaining 8 weeks or earlier when moderately tolerated.

b  Data sources:  
- Data contributed by countries (public call – for both SR & LR); 
- IPD: all-oral SR (from SA), EndTB regimens; 
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Question 9. Should 6-month regimen using bedaquiline, pretomanid, 
linezolid and clofazimine (BPaLC) be used in patients with pulmonary 
pre-XDR-TB (MDR/RR-TB with fluoroquinolone resistance)?

Population Intervention Comparator Outcome

Patients with 
microbiologically 
confirmed 
pulmonary MDR/
RR-TB and with 
FQ resistance
Stratified by:
• Smear positivity 
• Culture positivity 
• Cavitation on 
chest x-ray 

• Smoker status
• HIV status 
• Diabetes status 

BPaLC:
6 Bdq-Pa-Lzd-Cfz1

• WHO_long2

• BPaL3-Combined but 
if possible stratified 
by regimen 
 ‒6–9 Lzd 1200mg x 
26 weeks + Pa + B 
 ‒6–9 Lzd 1200 mg x 
9 weeks + Pa + Bdq
 ‒6–9 Lzd 600 mg x 
26 weeks + Pa + Bdq
 ‒6–9 Lzd 600 mg x 
9 weeks + Pa + Bdq
 ‒6–9 Lzd 600–300 mg 
+ Pa+ Bdq

1. Treatment success 
2. Failure and 

Recurrence 
3. Death
4. Lost to follow up
5. Adverse events (DDIs 

for HIV-infected 
patients, if data are 
available)

6. Amplification of drug 
resistance

1  TB-Practecal intervention arm 2. Linezolid use: 600mg daily for 16 weeks then 300mg daily for the remaining 8 weeks or earlier when 
moderately tolerated.

2  Data sources:  
- Data contributed by countries (public call – for LR); 
- EndTB regimens (IPD); 

3  Nix & Zenix & PRACTECAL studies
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Question 10. Should 6-month regimen using bedaquiline, pretomanid, 
linezolid and clofazimine (BPaLC) be used in patients with pulmonary 
MDR/RR-TB and without fluoroquinolone resistance?

Population Intervention Comparator Outcome

Patients with 
pulmonary MDR/
RR-TB and without 
FQ resistance
Stratified by:
• Smear positivity 
• Culture positivity 
• Cavitation on chest 
x-ray 

• Smoker status
• HIV status 
• Diabetes status 

BPaLCa:
6 Bdq-Pa-
Lzd-Cfz

Other regimens conforming 
to WHO guidelinesb

 ‒Shorter regimen
 ‒Longer regimens

Other regimens:
 ‒6–9 Lzd Bdq Lfx Z Eto/Hh/
Trd  
(NeXT regimen)
 ‒All-oral shorter regimen 
containing 3 group A 
medicines (SA regimen 
2019)
 ‒6–9 Lzd 600–300 mg + Pa+ 
Bdq (PRATECAL arm)
 ‒BPaL regimens (Nix/Zenix)

1. Treatment success 
2. Failure and 

Recurrence 
3. Death
4. Lost to follow up
5. Adverse events 

(DDIs for HIV-
infected patients if 
data are available)

6. Amplification of 
drug resistance

a  TB-Practecal intervention arm 2, with Linezolid 600mg daily for 16 weeks then 300mg daily (or 600mg x3/wk) for the remaining 8 weeks 
or earlier when moderately tolerated.

b  Data sources:  
- Data contributed by countries (public call – for both SR & LR); 
- IPD: all-oral SR (from SA), EndTB regimens; 
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Appendix 3: Outcome definitions

2020 WHO MDR/RR-TB Outcome definitions 

Reference: (6)

Outcome  Definition 

Treatment 
failed

A patient whose treatment regimen needed to be terminated or permanently 
changeda to a new regimen or treatment strategy.

Cured  A pulmonary TB patient with bacteriologically confirmed TB at the beginning 
of treatment who completed treatment as recommended by the national 
policy, with evidence of bacteriological responseb and no evidence of failure.

Treatment 
completed

A patient who completed treatment as recommended by the national policy, 
whose outcome does not meet the definition for cure or treatment failure.

Died  A patient who diedc before starting treatment or during the course of 
treatment.

Lost to 
Follow-up 

A patient who did not start treatment or whose treatment was interrupted for 
2 consecutive months or more

Not evaluated A patient for whom no treatment outcome was assigned

Treatment 
success

The sum of cured and treatment completed.d

Sustained 
treatment 
success

An individual assessed at 6 months (for DR-TB and DS-TB) and at 12 months 
(for DR-TB only) after successful TB treatment, who is alive and free of TB.

a Reasons for the change include:

• no clinical response and/or no bacteriological response (see note ‘b’);

• adverse drug reactions; or

• evidence of additional drug resistance to medicines in the regimen.
b  “Bacteriological response” refers to bacteriological conversion with no reversion.

• “bacteriological conversion” describes a situation in a patient with bacteriologically confirmed TB where at least two consecutive cultures 
(for DR-TB and DS-TB) or smears (for DS-TB only), taken on different occasions at least 7 days apart, are negative.

• “bacteriological reversion” describes a situation where at least two consecutive cultures (for DR-TB and DS-TB) or smears (for DS-TB 
only), taken on different occasions at least 7 days apart, are positive either after the bacteriological conversion or in patients without 
bacteriological confirmation of TB. 

c  Patient died for any reason.
d  This includes cases “transferred out” to another treatment unit and those whose treatment outcome is unknown; however, it excludes 

those lost to follow-up.
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2013 WHO MDR/RR-TB outcome definitions 

Reference: (16)

Outcome  Definition 

Cure  Treatment completed as recommended by the national policy without 
evidence of failure AND three or more consecutive cultures taken at least 
30 days apart are negative after the intensive phase (or Month 8 if no 
intensive phase). 

Complete  Treatment completed as recommended by the national policy without 
evidence of failure BUT no record that three or more consecutive cultures 
taken at least 30 days apart are negative after the intensive phase (or Month 
8 if no intensive phase). 

Failure  Treatment terminated or need for permanent regimen change of at least 
two anti-TB drugs because of: (1) lack of conversion by the end of the 
intensive phase, or (2) bacteriological reversion in the continuation phase 
after conversion to negative, or (3) evidence of additional acquired resistance 
to fluoroquinolones or second-line injectable drugs, or (4) adverse drug 
reactions. 

Death  A patient who dies for any reason during the course of treatment.

Lost to 
Follow-up 

A patient whose treatment was interrupted for 2 consecutive months or 
more. 

2005 WHO Laserson outcome definitions

Reference: (5)

Outcome  Definition 

Cure  Completed treatment according to program protocol and has at least 
five consecutive negative cultures from samples collected at least 30 days 
apart in the final 12 months of treatment. If only one positive culture is 
reported during that time, and there is no concomitant clinical evidence 
of deterioration, a patient may still be considered cured, provided that this 
positive culture is followed by a minimum of three consecutive negative 
cultures taken at least 30 days apart.

Complete  Completed treatment according to program protocol but does not meet the 
definition for cure because of lack of bacteriological results (i.e. fewer than 
five cultures were performed in the final 12 months of treatment).

Failure  Treatment will be considered to have failed if two or more of the five cultures 
recorded in the final 12 months of therapy are positive, or if any one of the 
final three cultures is positive. (Treatment will also be considered to have 
failed if a clinical decision has been made to terminate treatment early 
because of poor clinical or radiological response or adverse events).

Death  A patient who dies for any reason during the course of MDR/RR-TB 
treatment.

Lost to 
Follow-up 

A patient whose treatment was interrupted for two or more consecutive 
months for any reason without medical approval.
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Other definitions
Source: WHO Consolidated Guidelines on TB 2020 (17)

Drug susceptibility testing (DST): in vitro testing using either molecular, genotypic techniques 
to detect resistance-conferring mutations, or phenotypic methods to determine susceptibility to a 
medicine.1 

Extensive (or advanced) tuberculosis (TB) disease: presence of bilateral cavitary disease or 
extensive parenchymal damage on chest radiography. In children aged under 15 years, advanced 
disease is usually defined by the presence of cavities or bilateral disease on chest radiography. 

Extensively drug resistant TB (XDR-TB): Definition revised in 2020: TB caused by Mycobacterium 
tuberculosis (M. tuberculosis) that fulfil the definition of MDR/RR-TB and that are also resistant to any 
fluoroquinolone and at least one additional Group A drug [i.e. linezolid or bedaquiline, according to 
2020 guidelines] (18). 

Longer multidrug-resistant TB (MDR-TB) regimens: used for treatment of multidrug- or rifampicin- 
resistant TB (MDR/RR-TB), these regimens last 18 months or more, and are designed using a hierarchy 
of recommended medicines, including a minimum number of medicines considered to be effective 
based on drug-resistance patterns or patient history. The features and indications of these regimens 
are further elaborated in the Recommendations in these guidelines. 

MDR-TB: TB caused by Mycobacterium Tuberculosis (M. tuberculosis) strains that are resistant to at 
least both rifampicin and isoniazid. 

New case: a newly registered episode of TB in a patient who has never been treated for TB or has 
taken anti-TB medicines for less than 1 month. 

Operational research or implementation research: “the use of systematic research techniques for 
programme decision-making to achieve a specific outcome”.2 In the context of this document, it is also 
applied research that aims to develop the critical evidence base that informs the effective, sustained 
and embedded adoption of interventions within a health system, to improve health or patient 
outcomes. Such research deals with the knowledge gap between efficacy, effectiveness and current 
practice to produce the greatest gains in disease control.3 Operational research also provides decision- 
makers with information to enable them to improve the performance of their health programmes.4 

Previously treated: patients who have received 1 month or more of anti-TB medicines in the past. 
Previously treated cases may have been treated with a first-line regimen for drug-susceptible TB or 
a second-line regimen for drug-resistant forms (e.g. shorter MDR-TB regimen). 

Rifampicin-resistant TB (RR-TB): TB caused by M. tuberculosis strains resistant to rifampicin. These 
strains may be susceptible or resistant to isoniazid (i.e. MDR-TB), or resistant to other first-line or 
second-line TB medicines. In these guidelines and elsewhere, MDR-TB and RR-TB cases are often 
grouped together as MDR/RR-TB and are eligible for treatment with MDR-TB regimens. 

Rifampicin-susceptible, isoniazid-resistant TB (Hr-TB): caused by M. tuberculosis strains resistant 
to isoniazid and susceptible to rifampicin. 

Second-line TB medicine (or drug): an agent used for the treatment of drug-resistant TB. First- 
line TB medicines used to treat drug-susceptible TB – ethambutol, isoniazid and pyrazinamide – may 
also be used in MDR-TB regimens. Streptomycin is now considered a second-line TB medicine and is 
used only as a substitute for amikacin in the following situations: when amikacin is not available, when 
there is confirmed resistance to amikacin but confirmed susceptibility to streptomycin, and when an 
all-oral regimen cannot be constituted. 
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Serious adverse events: is an adverse event that leads to death or a life-threatening experience, 
to hospitalization or prolongation of hospitalization, to persistent or significant disability, or to a 
congenital anomaly. Serious adverse events that do not immediately result in one of these outcomes 
but that require an intervention to prevent such an outcome from happening are included. Serious 
adverse events may require a drastic intervention, such as termination of the drug suspected of 
having caused the event. 

Severe extrapulmonary TB: presence of miliary TB or TB meningitis. In children aged under 15 
years, extrapulmonary forms of disease other than lymphadenopathy (peripheral nodes or isolated 
mediastinal mass without compression) are considered as severe. 

Shorter MDR/RR-TB regimen: a course of treatment for MDR/RR-TB lasting 9–12 months, which 
is largely standardized, and whose composition and duration follows closely the one for which there 
is documented evidence from different settings. 

Treatment outcomes and relapse: the categories for treatment outcomes used in these guidelines 
and the term relapse were applied according to the definitions agreed for use by TB programmes, 
unless otherwise specified.5 

1 Implementing tuberculosis diagnostics: a policy framework. Geneva: World Health Organization; 2 015 (WHO/HTM/TB/2 015.11; http:// 
apps.who.int/iris/bitstream/1 0665/1 62712/1/9 7892 4150 8612_eng.pdf, accessed 15 February 2 019). 

2   Allotey P, Reidpath DD, Ghalib H, Pagnoni F, Skelly WC (2 008) Efficacious, effective, and embedded interventions: implementation 
research in infectious disease control. BMC Public Health 8: 343. 

3   The Global Fund and World Health Organization. Guide to operational research in programmes supported by the Global Fund. Geneva: 
The Global Fund; 2 007. 

4   Expanding capacity for operations research in reproductive health: summary report of a consultative meeting, World Health Organization, 
Geneva, Switzerland, December 10–12, 2 001. Geneva: World Health Organization; 2 003. 

5  Definitions and reporting framework for tuberculosis – 2 013 revision. Geneva: World Health Organization; 2 013 (WHO/ HTM/TB/2 013.2; 
http://apps.who.int/iris/bitstream/1 0665/7 9199/1/9 7892 4150 5345_eng.pdf, accessed 15 February 2 019).  
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Appendix 4: Summary of previous relevant WHO 
MDR-TB Guidelines and reports

Date of 
release Update Description

1997 Guidelines for the management of 
drug-resistant tuberculosis (19)

Treatment guidelines for drug-resistant 
TB.

2006 Guidelines for the programmatic 
management of drug-resistant 
tuberculosis

Recommendation for MDR-TB to be 
incorporated into comprehensive 
national TB control plans. Standardised 
18 month regimen.

2008 Guidelines for the programmatic man-
agement of drug-resistant tuberculosis. 
Emergency update 2008 (20)

Updated guidelines 2008.

2009 Guidelines for treatment of 
tuberculosis 4th Edition (21)

Consolidated guidelines for treatment of 
tuberculosis

2011 WHO guidelines for the programmatic 
management of drug-resistant 
tuberculosis: 2011 update (22)

Incorporation of rapid DST and updated 
treatment categories. Recommended 
4–5 drugs for recommended 20 months, 
with 8 month intensive phase.

2016 WHO treatment guidelines for drug-
resistant tuberculosis – 2016 update (2)

Recommended use of 9–12 month 
regimen under programmatic monitoring 

March 
2019

WHO consolidated guidelines on drug-
resistant tuberculosis treatment (1)

Revision recommending all-oral regimen 
based upon 

15 June 
2020

WHO Consolidated Guidelines on 
Tuberculosis, Module 4: Treatment – 
Drug-Resistant Tuberculosis Treatment 
(17)

Incorporate guideline update from 
GDG meeting in November 2019. New 
recommendations included:
(a) Effectiveness and safety of all-oral 

Bdq-containing regimen 9–12 months
(b) Effectiveness and safety of 6–9 month 

regimen of Bdq, Pretomanid and Lzd 
with FQR-MDR-TB

(c) Bdq as a part of longer regimens for 
more than 6 months

(d) Concurrent use of Bdq and Dlm as 
part of longer regimens

(e) Bdq in pregnancy

November 
2020

Meeting report of the WHO expert 
consultation on drug-resistant 
tuberculosis treatment outcome 
definitions (6)

Revised outcome definitions for both 
drug susceptible and drug-resistant TB.

October 
2020

Meeting report of the WHO expert 
consultation on the definition of 
extensively drug-resistant tuberculosis, 
27–29 October 2020. (18)

Updated definition of pre-XDR TB and 
XDR-TB, to reflect the effectiveness of 
updated treatment regimens.
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Presentation Objectives

Objectives of this Presentation are to:
– Review of our approach to presenting the PICO questions
– Present the evidence to address PICO 1 (evaluating the all-oral

9-11 month SA new regimen)
– Assess the certainty of the estimates for PICO 1

The University of Sydney Page 3

Introducing the evidence review team

Prof Greg Fox

Dr Hannah Morgan

Assoc. Prof Timothy Schlub

Ms Ellie Medcalf

Dr Tasnim Hasan

The University of Sydney

Overview of Regimens and PICOs

A revised overview document 
(PDF) has been produced to 
orient GDG members to the 
regimens, definitions, PICO 
questions and comparisons

Page 4
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Abbreviations of regimens evaluated

Currently recommended by WHO all-oral 18-20-month regimens designed based on drug groups 
table (include group A: Fq, Bdq, Lzd and group B: cycloserine, clofazimine and possibly group C 

medicines): 18 Bdq(6 m or longer)-(Lfx/Mfx)-Lzd-(Cfz or Cs)
WHO_long

Currently recommended by WHO shorter, all oral 9-11-month regimen including Bdq and Fq (no 
Lzd): 4–6 Bdq(6 m)-(Lfx/Mfx)-Cfz-Z-E-Hh-Eto / 5 Lfx-Cfz-Z-EWHO_short*

Shorter, all oral 9-11 month regimen used in SA since 2008 including Bdq, Fq, Lzd):
4–6 Bdq(6 m)-Lzd-Lfx-Cfz-Z-E-Hh / 5 Lfx-Cfz-Z-ESA_new**

Experimental regimen from NeXT RCT: 6-9 months of Bdq-Lfx-Lzd-Z-Eto (or H high dose or 
terizidone)NeXT

6-9-month Bdq-Pa-Lzd (dosing varied 1200, 600 with possible dose decrease in case of toxicity as 
well as duration 2-6 months)BPaL

6-month Bdq-Pa-Lzd-Mfx (Lzd 600 mg) BPaLM
6-month Bdq-Pa-Lzd-Cfz (Lzd 600 mg)BPaLC

Older, not currently recommended injectable (Km, Cm, Am) and quinolone based regimens, 
shorter or longer and without inclusion of Bdq or Lzd. INJ_based

*South African 2017 regimen; ** South African 2019 regimen

Comparator 
regimens

Intervention 
regimens

The University of Sydney Page 6

2020 WHO MDR/RR-TB outcome definitions
Outcome Definition

Cured
A pulmonary TB patient with bacteriologically confirmed TB at the beginning of treatment 
who completed treatment as recommended by the national policy, with evidence of 
bacteriological response and no evidence of failure.

Treatment completed
A patient who completed treatment as recommended by the national policy, whose 
outcome does not meet the definition for cure or treatment failure.

Treatment failed
A patient whose treatment regimen needed to be terminated or permanently changed to a 
new regimen or treatment strategy.

Died A patient who died before starting treatment or during the course of treatment.

Lost to Follow-up
A patient who did not start treatment or whose treatment was interrupted for 2 consecutive 
months or more

Not evaluated A patient for whom no treatment outcome was assigned
Treatment success The sum of cured and treatment completed.

Sustained treatment success
An individual assessed at 6 months (for DR-TB and DS-TB) and at 12 months (for DR-TB 
only) after successful TB treatment, who is alive and free of TB.

The University of Sydney Page 7

WHO Consolidated Guidelines on TB 2020
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PICO 1

Should a shorter all-oral regimen (less 
than 12 months) containing at least three 
Group A medicines be used in patients 
with MDR/RR-TB and fluoroquinolone 
resistance excluded? 

The University of Sydney Page 10

PICO 1
Comparison 1.1
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PICO 1
Compared to a 9-12 month BDQ-containing oral regimen, should a shorter all-oral 
regimen (9-12 months) containing at least BDQ, LZD and LFX/MFX be used in 
patients with MDR/RR-TB and fluoroquinolone resistance excluded?

Population 1) Confirmed RR TB or MDR-TB
2) Excluding patients with FQ-R TB at baseline
3) Excluding those with second-line drug use for at least a month

Intervention 1) Patients with at least bedaquiline, linezolid and FQN (i.e. 3
Group A medicines) used during treatment 
2) Intended duration of treatment 9 to 11.9 months
3) All oral regimen (excluding use of injectable antibiotics)

Comparator 1) 9-12 month bedaquiline-containing all-oral regimen (South
Africa 2017 cohort)
2) All oral regimen (Excluding use of injectable antibiotics)

PICO 1 Comparison 1.1 SA_new vs WHO_short

Intervention SA_new (S Africa 2019) (Bdq-Lfx-Lzd-E-Z-H(h)-Cfz)*

Comparator WHO_short (S Africa 2017) (Bdq-Lfx/Mfx-Eto-E-Z-Hh-Cfz)**

Time of follow-up 24 months post treatment initiation

*SA New regimen:
(a) 4-6 months (intensive phase): Bdq(6-9 months)-
Lfx-Lzd(2 months)-E-Z-H(h)-Cfz
(b) 5 months (continuation phase: Lfx-Cfz-Z-E (Bdq)

**WHO_short (SA 2017) regimen:
Bdq-Lfx / Mfx-Eto-E-Z-H(h)-Cfz (9-12 months)

The University of Sydney Page 12

South African 2017 dataset (WHO_short)

9-12 months Bdq-Lfx/Mfx-Eto-E-Z-Hh-Cfz

South African “old” regimen , including ethionamide

Patients were included in the comparative analyses if all of the following 
applied:
– Were classified as receiving a short regimen on EDRWeb database
– Had a treatment duration not exceeding 12 months
– Received 5 or more drugs during treatment
– Received bedaquiline
– If given an outcome of cure or complete, had a treatment duration of 8.5

months or more

WHO_short

Page 12
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South African 2019 regimen

Adults (>12 years) including linezolid 
– 4-6 month intensive phase: Lzd(2m)-Bdq(6m)-Lfx-Cfz-Hh-Z-E
– 5 month continuation phase: Lfx-Cfz-Z-E 

Children 6-12 years (weight 15-30kg)*
– 4-6 month intensive phase Lzd(2 months)-Dlm(6 months)-Lfx-Cfz-Hh-Z-E 
– 5 month continuation phase: Lfx-Cfz-Z-E. 

Children <6 years (weight <15kg), 
– 4-6 month intensive phase Lzd(2 months)-PAS-Lfx-Cfz-Hh-Z-E
– 5 month continuation phase Lfx-Cfz-Z-E.

SA_new

*very few children included: 16 (0.2%) age <12 years in 2017, 20 (0.24%) in 2019
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PICO 1 Comparison 1.1 SA_new vs WHO_short

Intervention SA_new (S Africa 2019) (Bdq-Lfx-Lzd-E-Z-H(h)-Cfz)

Comparator WHO_short (S Africa 2017) (Bdq-Lfx/Mfx-Eto-E-Z-Hh-Cfz)

Time of follow-up 24 months post treatment initiation

Key

Primary 
follow-up
time

Sensitivity 
analyses

The University of Sydney Page 15

Clinical characteristics SA_new (SA 2019) WHO_short (SA 2017)

n (%) n (%)

Total 4244 (100%) 880 (100%)

Age (median, IQR) 37 (29-46) 41 (32-50)

Adults 18+ 4082 (96%) 867 (99%)

Male 2536 (60%) 534 (61%)

HIV positive 2826 (67%) 637 (72%)

Past TB treatment 1654 (39%) 371 (42%)

Past DR-TB treatment 123 (3%) 30 (3%)

AFB Smear positive 1451 (34%) 341 (39%)

Culture positive 2101 (50%) 399 (45%)

Pre-XDR (FQ-R) TB 0 (0%) 0 (0%)

Descriptive analyses – PICO 1 Comparison 1.1

The University of Sydney Page 16

Clinical characteristics SA_new (SA 2019) WHO_short (SA 2017)

n (%) n (%)

Drugs used 4244 (100%) 880 (100%)

Bedaquiline 4244 (100%) 880 (100%)

Linezolid 4244 (100%) 76 (9%)

Moxifloxacin/levofloxacin 4244 (100%) 868 (99%)

Ethionamide or prothaniomide 301 (7%) 817 (93%)

Ethambutol 4155 (98%) 847 (96%)

Pyrazinamide 4170 (98%) 874 (99%)

Isoniazid 4028 (95%)* 758 (86%)

Clofazamine 4098 (97%) 851 (97%)

Injectable antibiotic 0 (0%) 0 (0%)

Descriptive analyses – PICO 1 Comparison 1.1

*Isoniazid any 4028 (95%)

High-dose INH 3769 (89%)

Low-dose INH 304 (7%)
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Forest plot of primary outcome

SA new WHO short

The University of Sydney Page 18

Regimens Outcome measures Propensity score model

SA new WHO 
short

Unadj. RR (95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 4244 880

Outcomes
Treatment 
success 2705 (64%) 581 (66%) 0.97 (0.92, 1.02) 0.96 (0.91, 1.01) 0.112

Age, sex, HIV status, ART treatment (for those with HIV), 
AFB smear, past TB, previous DR TB, site of disease

Failure & 
recurrence 47 (1%) 12 (1%) 0.81 (0.43, 1.52) 0.80 (0.42, 1.53) 0.5056 As above

Death 853 (20%) 185 (21%) 0.96 (0.83, 1.10) 1.03 (0.89, 1.20) 0.6452 As above

Loss to 
follow-up 639 (15%) 102 (12%) 1.30 (1.07, 1.58) 1.19 (0.98, 1.45) 0.0813 As above

Grade 3 or 
more AE 213 (5%) Not reported NA NA Adverse events not available for S Africa 2017

Amplified 
resistance 26 (1%) 0 (0%) 0.01 (0, 0.01) RD 0.036 Adjustment not possible

PICO 1 Comparison 1.1 SA_new vs WHO_short

Intervention SA_new (S Africa 2019) (Bdq-Lfx-Lzd-E-Z-H(h)-Cfz)

Comparator WHO_short (S Africa 2017) (Bdq-Lfx/Mfx-Eto-E-Z-Hh-Cfz)

Time of follow-up 24 months post treatment initiation

*Sensitivity estimates for aRR for treatment success: 
12 month aRR 0.96 (0.91-1.01), p-value 0.0801

The University of Sydney Page 19

Comparison 1.1 - Summary of primary outcomes

– 4% lower treatment success, 19% higher loss to follow-up with 
the SA new regimen (adjusted RR)

– Acquired resistance 1% higher with SA New (risk difference)
– Grade 3-5 adverse events not reported adequately
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Sub-group 
analyses

Successful treatment
SA new WHO short

The University of Sydney Page 21

Sub-group analyses PICO 1.1 (treatment success)
Regimens Outcomes Propensity score model

SA new WHO short Unadj. 
RR

(95% CI) aRR
(or RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup
Age <15

69 57 (83%) 7 4 (57%) 1.45 (0.75, 2.77) 1.42 (0.7, 2.89) 0.3354

Age, sex, HIV status, ART treatment (for those 
with HIV), AFB smear, previous TB, previous DR 
TB, previous site of disease

Age ≥15 4152 2629 (63%) 870 575 (66%) 0.96 (0.91, 1.01) 0.95 (0.9, 1.00) 0.0653 As above

Pulmonary
4125 2626 (64%) 857 564 (66%) 0.97 (0.92, 1.02) 0.96 (0.91, 1.01) 0.1306

Age, sex, HIV status, ART treatment (for those 
with HIV), AFB smear, previous TB treatment, 
previous DR TB

EPTB 81 51 (63%) 23 17 (74%) 0.85 (0.63, 1.14) 0.90 (0.65, 1.26) 0.5507 As above

Smear +
1451 931 (64%) 341 221 (65%) 0.99 (0.91, 1.08) 0.97 (0.89, 1.06) 0.4904

Age, sex, HIV status, ART treatment (for those 
with HIV), previous TB treatment, , previous DR 
TB, site of disease

Smear -
2379 1608 (68%) 450 313 (70%) 0.97 (0.91, 1.04) 0.98 (0.91, 1.05) 0.5414 As above

HIV pos
2826 1759 (62%) 637 411 (65%) 0.96 (0.9, 1.03) 0.97 (0.91, 1.04) 0.3934

Age, sex, ART treatment, AFB smear, previous 
TB treatment, previous DR TB, site of disease

HIV neg
1406 939 (67%) 242 169 (70%) 0.96 (0.87, 1.05) 0.92 (0.84, 1.00) 0.0618

Age, sex, AFB smear, previous TB treatment,  
previous DR TB, site of disease

Past TB
1654 964 (58%) 371 229 (62%) 0.94 (0.86, 1.03) 0.95 (0.86, 1.04) 0.2469

Age, sex, HIV status, ART treatment (for those 
with HIV), AFB smear, site of disease

No past TB
2590 1741 (67%) 509 352 (69%) 0.97 (0.91, 1.04) 0.96 (0.9, 1.03) 0.2493 As above

The University of Sydney Page 22

Comparison 1.1 - Summary of subgroup outcomes

– Lower treatment success for most sub-groups, although wide 
confidence limits

– 8% lower treatment success in people without HIV
– 5% lower treatment success in those >15 years
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Comparison 1.1 - Limitations

– Cohorts exclude patients with more severe disease and risk 
factors for poor outcomes

– Acquired drug resistance likely under-reported
– Missing data preclude adjustment for some baseline 

characteristics
– Unable to assess drug-drug interactions causing adverse events 

due to a lack of data 
– Baseline covariates not available include: radiological findings, 

comorbidities other than HIV

The University of Sydney Page 24

Factors influencing certainty assessment – PICO 1.1
No of 

studies
Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations

2 Observational 
studies

seriousa,b not serious seriousc not serious none

↓ ↓

Risk of bias
a. Potential misclassification bias: 
- underestimate relapse
- misclassification of death 
- The misclassification is non-differential between 

arms 
b. Failure to adequately control confounding: Limited 
information about baseline disease severity was 
available in both intervention and comparator groups
e. f. Adverse events and amplification of drug 
resistance often not routinely measured

Indirectness
c. Indirectness
Intervention and comparator undertaken in one 
country. The findings may not be generalisable to 
other populations.

⨁⨁◯◯◯◯◯◯
Very low

Observational studies without special 
strengths/limitations provide low quality
evidence. After downgrading, the 
certainty for all outcomes was rated:

The University of Sydney Page 25

Supplementary slides
PICO 1.1
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South African datasets

– The South African TB program initiates treatment for around 
10,000 patients with MDR/RR-TB annually. 

– This review includes two separate South African datasets, 
(a) enrolled in 2017 using an oral bedaquiline-based 

regimen, 
(b) enrolled in 2019 using an oral regimen including 

bedaquiline and linezolid 
– Linkage undertaken with the South African death registry, to 

establish death during or post treatment

The University of Sydney Page 27

Eligibility criteria for 9-12 month regimens

Inclusion criteria
– No prior exposure (>1 month) to second line drugs, including

– Rifampicin mono-resistant TB (with phenotypic susceptibility to isoniazid), or
– Rifampicin resistant TB and susceptibility to isoniazid, or
– Multildrug-resistant TB with inhA or katG mutations, but not both, with

susceptibility to fluoroquinolones and injectables.
– Uncomplicated RR/MDR extra-pulmonary TB
– People living with HIV, already on or due to start ART
– Pregnant women with PTB +/- uncomplicated extrapulmonary TB (with National

Clinical Advisory Committee review)
– Children <12 years, with confirmed or presumed RR/MDR-TB. Bedaquiline may have

to be replaced by an alternative drug

The University of Sydney Page 28

South African datasets
Exclusion criteria
– Any previous exposure to second-line treatment for >1 month, regardless of

previous outcome
– Pre-XDR-TB (resistant to fluoroquinolone or second line injectable) or XDR-TB

(fluoroquinolone and injectable resistance)
– MDR-TB with resistance to bedaquiline, clofazimine or linezolid
– Cases where additional second-line drug resistance is suspected (e.g. in contacts of

pre-XDR-TB and XDR-TB, or contacts with second line treatment failure)
– Complicated or severe extrapulmonary RR/MDR-TB (e.g. meningitis, osteoarticular,

pericardial effusion, abdominal TB)
– RR/MDR-TB with extensive disease (e.g. extensive bilateral cavitation)
– Other situation in which clinician is uncertain about eligibility.

Page 28
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Laboratory tests for South African datasets

– First and second-line genotypic testing using line probe assays
– Usually carried out on direct samples following detection of RR-TB on 

GeneXpert 
– If results of 1st and 2nd-line LPA on direct samples are inconclusive or inadequate, 

then tests are repeated on cultured isolate
– Phenotypic DST for FQ (MFX 0.25 mcg/mL or LFX) carried out for cultured isolates 

where second-line LPA indicates FQN susceptibility
– If FQN resistance is detected after patient commenced short regimen, then patient 

should be switched to the longer regimen for pre-XDR/XDR-TB

The University of Sydney Page 30

South African 2017 dataset (WHO_short)

9-12 months Bdq-Lfx/Mfx-Eto-E-Z-Hh-Cfz

South African “old” regimen , including ethionamide

Patients were included in the comparative analyses if all of the following 
applied:
– Were classified as receiving a short regimen on EDRWeb database
– Had a treatment duration not exceeding 12 months
– Received 5 or more drugs during treatment
– Received bedaquiline
– If given an outcome of cure or complete, had a treatment duration of 8.5

months or more

WHO_short

Page 30
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South African 2019 cohort

– South African ‘new’ regimen, including bedaquiline and linezolid
– From mid-2018, ethionamide was replaced with linezolid since 45% of

MDR-TB isolates were resistant to ethionamide, and inhA mutations
comprised 35% of MDR-TB

– Cohort from 1 Jan 2019 – 31 Dec 2019 when this regimen had been
widely adopted

SA_new
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South African 2019 cohort

Adults (>12 years) including linezolid 
– 4-6 month intensive phase: Lzd(2m)-Bdq(6m)-Lfx-Cfz-Hh-Z-E
– 5 month continuation phase: Lfx-Cfz-Z-E 

Children 6-12 years (weight 15-30kg)*
– 4-6 month intensive phase Lzd(2 months)-Dlm(6 months)-Lfx-Cfz-Hh-Z-E 
– 5 month continuation phase: Lfx-Cfz-Z-E. 

Children <6 years (weight <15kg), 
– 4-6 month intensive phase Lzd(2 months)-PAS-Lfx-Cfz-Hh-Z-E
– 5 month continuation phase Lfx-Cfz-Z-E.

SA_new

*very few children included: 16 (0.2%) age <12 years in 2017, 20 (0.24%) in 2019

The University of Sydney Page 33

South African 2019 cohort

Exclusion criteria from 9-12 month the regimen (poor prognostic factors):
– Prior treatment with second-line drugs (>1 month)
– Complicated extrapulmonary TB (meningitis, osteoarticular, pericarditis, 

abdominal)
– Contact with XDR or pre-XDR-TB
– Age <6 years
– Extensive disease on chest Xray
– Both INH mutations (inhA and katG) on LPA
– Haemoglobin <8g/dL at diagnosis
– Resistance to FQN, linezolid or clofazimine or an indeterminate LPA result for 

FQN resistance

SA_new

The University of Sydney Page 34

Legend:
Hb: Haemoglobin
BDQ: Bedaquiline
LZD: Linezolid
CFZ: Clofazimine
hdINH: High does isoniazid
Z: Pyrazinamide
E: Ethambuthol
LPA: Line Probe Assay
DST: Drug Susceptibility Test
INH: Isoniazid
FLQ: Fluoroquinolone
ETO: Ethionamide
DLM: Delamanid
TRD: Terizidone

Xpert or LPA reported as
rifampicin resistant

History of previous treatment with 2nd line drugs > 1/12
Complicated EPTB 

(meningitis, osteoarticular, pericarditis, abdominal)
Contact with XDR or pre-XDR
Younger than 6 years
Extensive disease on CXR
Both INH mutations (inhA and KatG) on LPA

One or more of theseNone of these

Hb ≥ 8g/dL at 
diagnosis or 
following transfusion

No

Yes

Start individualised LONG COURSE

Start SHORT COURSE
BDQ-LZD-LFX-CFZ-hdINH-Z-E

Send sample for “DR-TB Reflex DST Testing” 
(includes smear, culture, first & second line LPA & 
phenotypic DST)

Review LPA and 
phenotypic DST
results

Standard initial longer regimen is:
BDQ, LFX, LZD, TRD and CFZ

If FLQ resistance: replace LFX with DLM and 
another group C drug
If age < 6 yrs: to receive individualized 
injectable—free regimen, including new drugs 
where possible. Duration dependent on site 
and severity of disease. 
If RR-TB meningitis: longer individualized 
regimen, including  DLM, PZA, AND [HDINH 
OR ETO] 
Resistance to BDQ, LZD, or CFZ: discuss with 
NCAC
If Hb < 8 g/dL and not in hospital: replace LZD 
with one or 2 group C drugs, including  DLM

Resistance to 
FLQ, 
injectable, BDQ, 
LZD or CFZ

Both INH mutations

INH susceptible on 
LPA
and phenotypic 

Reduce INH to normal dose (300mg 
daily in adults)  and continue SHORT 
COURSE

Only one INH mutation (not both) and 
both FLQ and injectable susceptible Continue SHORT COURSE

LPA inconclusive Send repeat specimen and continue SHORT COURSE
Consider switch to LONG COURSE if no clinical improvement

Hospitalise

Flow diagram for RR-TB patients 
in South Africa

Switch to LONG COURSE

Switch to LONG COURSE

Source: South African TB Program
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Combinations of drugs in South African 2019 cohort

Short Regimens Included:

Bdq, Cfz, E, Eto, H, Lfx, Lzd, Mfx, Z

Bdq, Cfz, E, Eto, H, Lfx, Lzd, Z

Bdq, Cfz, E, Eto, High dose INH, Lfx, Lzd

Bdq, Cfz, E, Eto, High dose INH, Lfx, Lzd, Mfx, Z

Bdq, Cfz, E, Eto, High dose INH, Lfx, Lzd, Z

Bdq, Cfz, E, Eto, High dose INH, Lzd, Mfx, Z

Bdq, Cfz, E, Eto, High dose INH, Lzd, Z

Bdq, Cfz, E, Eto, Lfx, Lzd

Bdq, Cfz, E, Eto, Lfx, Lzd, Z

Bdq, Cfz, E, H, High dose INH, Lfx, Lzd, Mfx, Z

Bdq, Cfz, E, H, High dose INH, Lfx, Lzd, Z

Bdq, Cfz, E, H, Lfx, Lzd, Mfx, Z

Bdq, Cfz, E, H, Lfx, Lzd, Z

Bdq, Cfz, E, H, Lzd, Mfx, Z

Bdq, Cfz, E, High dose INH, Lfx, Lzd

Bdq, Cfz, E, High dose INH, Lfx, Lzd, Mfx, Z

Bdq, Cfz, E, High dose INH, Lfx, Lzd, R, Z

Bdq, Cfz, E, High dose INH, Lfx, Lzd, Z

Bdq, Cfz, E, High dose INH, Lzd, Z

Bdq, Cfz, E, INH, Lfx, Lzd, Z

Bdq, Cfz, E, Lfx, Lzd

Bdq, Cfz, E, Lfx, Lzd, Mfx, Z

Bdq, Cfz, E, Lfx, Lzd, R

Bdq, Cfz, E, Lfx, Lzd, Z

Bdq, Cfz, E, Lzd, Mfx, Z

Bdq, Cfz, H, Lfx, Lzd, Z

Bdq, Cfz, High dose INH, Lfx, Lzd, Z

Bdq, Cfz, High dose INH, Lzd, Mfx, Z

Source: South African TB Program

The University of Sydney Page 36

Composition of the all oral shorter regimen of 9-12 months duration 
including bedaquiline 
(SA old, WHO short)

Bdq-Lfx/Mfx-Eto-E-Z-HH-Cfz*

*only 0.5% received LZD

Adapted from slides provided by South African NTP

The University of Sydney Page 37

Inclusion criteria for the short regimen:
1. Individuals with RR/MDR-TB, without prior exposure (>1 

month) to SLD; this includes:
a. RR-TB: based on initial GXP result, while awaiting further genotypic 

1st and 2nd line LPA results
b. RIF mono-resistant TB: RR and susceptibility to H → phenotypic HDST

will be carried out to confirm H susceptibility
c. MDR-TB: with either inhA or katG mutation, but not both, and 

susceptible to FLQ and INJ

SA old (2017) eligibility criteria

Adapted from slides provided by South African NTP
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2. Uncomplicated RR/MDR Extra-pulmonary TB (EPTB)
3. People living with HIV: already on ART or due to start (or restart) 

ART
4. Pregnant women: with PTB +/- uncomplicated EPTB may receive the 

short regimen once the case has been reviewed by the National 
Clinical Advisory Committee (NCAC) for surveillance purposes 

5. Children <12yrs: younger children with confirmed or presumed 
RR/MDR-TB. Bedaquiline may have to be replaced by an 
alternative drug until further dosing data becomes available

SA old (2017) eligibility criteria

Adapted from slides provided by South African NTP

The University of Sydney Page 39

1. Any previous exposure to second–line treatment for RR-TB 
(>1 month) regardless of a successful treatment outcome

2. All pre-XDR-TB and XDR-TB
3. MDR-TB with additional resistance to BDQ, CFZ or LZD
4. RR/MDR-TB in cases where additional SLD resistance is 

suspected, despite confirmed susceptibility on 2nd line LPA 
or phenotypic DST; this includes:
o close contacts of patients with confirmed pre-XDR-TB and XDR-TB
o close contacts of patients with second-line TB treatment failure

SA old (2017) exclusion criteria

Adapted from slides provided by South African NTP

The University of Sydney Page 40

5. Complicated and/or severe forms of extra-pulmonary 
RR/MDR-TB disease – e.g. meningitis, osteo-articular, 
pericardial effusion, abdominal TB – these patients must 
be treated with a long regimen

6. RR/MDR-TB with extensive disease e.g. extensive bilateral 
pulmonary cavitations

7. Any other situation in which the clinician is uncertain of a 
patient’s eligibility for the short treatment regimen

SA Old (2017) Exclusion criteria

Modified from slides provided by South African NTP
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Composition of the SA New 2019 regimen

Modified from slides provided by South African NTP

The University of Sydney Page 42

COMPOSITION OF THE MODIFIED STANDARDIZED 
TREATMENT REGIMEN INCLUDING LZD AND BDQ*

Modified from slides provided by South African NTP

The University of Sydney Page 43

COMPOSITION OF THE SA new regimen including linezolid and 
bedaquiline*

Adapted from slides provided by South African NTP
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– *Delamanid is the preferred replacement for the 
injectable agent in the short regimen in this age group. 
DLM is given for a full 6 months

– Recommended dosing is as follows: >35kg: 100 mg twice 
daily; 20-35 kg: 50 mg twice daily; 10-20 kg: 25 mg 
twice daily

– The change from intensive to continuation phase is 
indicated by dropping HHD

COMPOSITION OF THE MODIFIED STANDARDIZED TREATMENT 
REGIMEN (SA new) INCLUDING LZD AND BDQ*

Adapted from slides provided by South African NTP

The University of Sydney Page 45

COMPOSITION OF THE SA new regimen INCLUDING LZD AND 
BDQ*

The University of Sydney Page 46

– Bedaquiline is given for at least 6 months, but in 
some situations may be extended to 9 months:
– delayed smear and/or culture conversion (i.e. if Hhd

was extended to 6 months)
– no 2nd line LPA or phenotypic DST results available, 

or LPA 2nd line uninterpretable

COMPOSITION OF THE MODIFIED STANDARDIZED TREATMENT 
REGIMEN INCLUDING LZD AND BDQ*

Modified from slides provided by South African NTP
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PICO 1
Comparison 1.2

The University of Sydney Page 48

PICO 1
Compared to a 18 month BDQ-containing oral regimen, should a shorter all-oral 
regimen (9-12 months) containing at least BDQ, LZD and LFX/MFX be used in 
patients with MDR/RR-TB and fluoroquinolone resistance excluded?

Population 1) Confirmed RR TB or MDR-TB
2) Excluding patients with FQ-R TB at baseline
3) Excluding those with second-line drug use for at least a month

Intervention 1) Patients with at least bedaquiline, linezolid and FQN (i.e. 3 
Group A medicines) used during treatment

2) Intended duration of treatment 9 to 11.9 months
3) All oral regimen (excluding use of injectable antibiotics)

Comparator 1) WHO long individual participant data meta-analysis (multiple 
cohorts containing bedaquiline)**

2) Intended duration 18 months or more

PICO 1 Comparison 1.2 SA_new vs WHO_long

Intervention SA_new (S Africa 2019) (Bdq-Lfx-Lzd-E-Z-H(h)-Cfz)

Comparator WHO long - IPD 2021 (multiple cohorts, all-oral regimens containing Bdq)

Time of follow-up 24 months post treatment initiation

*SA New regimen:
(a) 4-6 months (intensive phase): Bdq(6-9 months)-
Lfx-Lzd(2 months)-E-Z-H(h)-Cfz
(b) 5 months (continuation phase: Lfx-Cfz-Z-E (Bdq))

**WHO long regimen:
Bedaquiline-containing regimens, total duration 18 
months or more

The University of Sydney Page 49

PICO 1 Comparison 1.2 SA_new vs WHO_long

Intervention SA_new (S Africa 2019) (Bdq-Lfx-Lzd-E-Z-H(h)-Cfz)

Comparator WHO long - IPD 2021 (multiple cohorts, all-oral regimens containing Bdq)

Time of follow-up 24 months post treatment initiation

Key

Primary 
follow-up
time

Sensitivity 
analyses



WHO consolidated guidelines on tuberculosis. Module 4: treatment – 
drug-resistant tuberculosis treatment, 2022 update. Web Annexes408

The University of Sydney Page 50

Eligibility for WHO IPD 2021 datasets

Eligibility of datasets for inclusion Eligibility of participants for inclusion
• Data from clinical trials (with or without a comparator 

group) or cohorts of patients treated for MDR/RR-TB within 
a programmatic setting.

• At least 25 patients completed treatment and in whom an 
end-of-treatment outcome was assigned.

• The included patients have MDR/RR-TB.
• Individual records (i.e. one row per treatment episode) 

which specify the individual regimen(s) used, the duration of 
treatment and for which sufficient data are available to 
allow assignment of treatment outcomes for most 
participants.

• Included patients are treated with an intervention or 
comparator regimen relevant to this review, listed above.

• Bacteriologically-confirmed M. tuberculosis (PCR or culture)
• RR or MDR-TB (i.e. having resistance to rifampicin, +/-

isoniazid) confirmed by phenotypic or genotypic drug 
susceptibility testing, with testing performed within 365 
days prior to commencement of treatment; or probable 
rifampicin resistance.

• Patient outcomes can be determined, in accordance with 
2013 or 2021 WHO definitions or other standardised 
definitions (e.g. Laserson 2005).

• Treatment regimen composition and duration can be 
determined.

• For PICO questions where fluoroquinolone status is used to 
assign treatment, the fluoroquinolone resistance status at 
baseline is available.

The University of Sydney Page 51

WHO Individual Patient Dataset 2021 (1)

Dataset Rifampicin 
resistance
N 

HIV
N (row %)

Prior DR 
treatment
N (row %)

Baseline 
culture pos
N (row %)

Fq 
resistance
N (row %)

Bdq used 
in regimen
N (row %)

Lzd used in 
regimen
N (row %)

Successful 
outcome*
N (row %)

Total 
included

3928 565 (14) 2008 (51) 2280 (58) 1190 (25) 2781 (71) 1005 (26) 3028 (77)

Belarus 93 9 (10) 37 (40) 84 (90) 84 (90) 92 (99) 93 (100) 80 (86)

Moldova 118 18 (15) 83 (70) 118 (100) 110 (93) 117 (99) 118 (100) 81 (69)

Georgia 151 6 (4) 62 (41) 151 (100) 40 (26) 150 (99) 151 (100) 115 (76)

Russia 50 4 (8) 39 (78) 50 (100) 26 (52) 49 (98) 50 (100) 31 (62)

Somalia 25 0 (0) 12 (48) 18 (72) 0 (0) 18 (72) 19 (76) 25 (100)

India 217 2 (1) NA NA 29 (13) 217 (100) 216 (100) 180 (82)

Mozambique 79 52 (66) 8 (10) 15 (19) 2 (3) 79 (100) 74 (94) 54 (68)

*at end of 24 month follow up period
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WHO Individual Patient Dataset 2021 (2)

Dataset Rifampicin 
resistance
N 

HIV
N (%)

Prior DR 
treatment
N (row %)

Baseline 
culture pos
N (row %)

Fq
resistance
N (row %)

Bdq used 
in regimen
N (row %)

Lzd used in 
regimen
N (row %)

Successful 
outcome*
N (row %)

EndTB Harvard 
(multiple sites)

2509 327 (13) 1800 (72) 1391 (55) 1298 1942 (77) 2209 (88) 1944 (77)

France dataset
(multiple sites)

218 126 
(12)

NA 159 (73) 72 (33) 44 (20) 176 (81) 191 (87)

Einstein
(multiple sites)

162 108 (67) 66 (41) 136 (84) 89 (55) 161 (99) 146 (90) 108 (66)

India (MSF) 149 1 (1) 134 (90) 76 (51) 110 (74) 141 (95) 216 (100) 96 (65)

Papua New 
Guinea (MSF)

83 10 (12) NA 19 (23) 4 (5) 83 (100) 83 (100) 72 (87)

Georgia/ 
Armenia (MSF)

74 2 (3) NA 59 (80) 0 (0) 74 (100) 74 (100) 39 (53)

Nix comparator 
(South Africa)

102 52 (51) 89 (87) NA NA 102 (100) 86 (84) 66 (65)
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Clinical characteristics SA_new (SA 2019) WHO_long (IPD 2021)

n (%) n (%)

Total 4244 (100%) 850* (100%)

Age (median, IQR) 37 (29-46) 34 (24-45)

Adults 18+ 4082 (96%) 765 (90%)

Male 2536 (60%) 470 (41%)

HIV positive 2826 (67%) 129 (15%)

Past TB treatment 1654 (39%) 376 (44%)

Past DR-TB treatment 123 (3%) 214 (25%)

AFB Smear positive 1451 (34%) 297 (35%)

Culture positive 2101 (50%) 287 (34%)

Pre-XDR (FQ-R) TB 0 (0%) 0 (0%)

Descriptive analyses – PICO 1 Comparison 1.2

*Note that although the number of participants included in the WHO long cohort (n=850) is 
similar to the SA old 2017 cohort (n=880) for PICO 1.1 and 1.2, these are different cohorts.

The University of Sydney Page 54

Clinical characteristics SA_new (SA 2019) WHO_long (IPD 2021)

n (%) n (%)

Drugs used 4244 (100%) 850 (100%)

Bedaquiline 4244 100% 850 100%

Linezolid 4244 100% 850 100%

Moxifloxacin/levofloxacin 4244 100% 850 100%

Ethionamide or prothionamide 301 7% 185 22%

Ethambutol 4155 98% 98 12%

Pyrazinamide 4170 98% 314 37%

Isoniazid 304 7% 53 6%

Clofazamine 4098 97% 790 93%

Delamanid 30 1% 108 13%

Amikacin 0 0% 84 10%

Capreomycin 0 0% 17 2%

Kanamycin 0 0% 0 0%

PAS 34 1% 166 20%

Amoxicilin/clavulanic acid 18 0% 54 6%

Imipenem –cilastatin or meropenem 1 0% 43 5%

Descriptive analyses – PICO 1 Comparison 1.2

The University of Sydney Page 55

Forest plot of primary outcome

SA new WHO long
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PICO 1 Comparison 1.2 SA_new vs WHO_long

Intervention SA_new (S Africa 2019) (Bdq-Lfx-Lzd-E-Z-H(h)-Cfz)

Comparator WHO long - IPD 2021 (multiple cohorts, all-oral regimens containing Bdq)

Time of follow-up 24 months post treatment initiation

*Sensitivity estimates for aRR for treatment success:
18 month aRR 0.91 (0.84-0.98), p 0.0161

Regimens Outcome measures Propensity score model

SA new WHO 
long IPD

Unadj. RR (95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 4244 850

Outcomes Age, diabetes, sex, HIV status, past TB, smear 
status, disease site, ART use (if HIV+)

Treatment 
success 2705 (64%) 626 (74%) 0.87 (0.83, 0.91) 0.90 (0.83, 0.98) 0.0163 As above

Failure & 
recurrence 47 (1%) 29 (3%) 0.32 (0.21, 0.51) 0.29 (0.14, 0.58) 0.0005

As above

Death
853 (20%) 95 (11%) 1.80 (1.47, 2.19) 1.38 (1.00, 1.91) 0.0511

As above

Loss to 
follow-up 639 (15%) 100 (12%) 1.28 (1.05, 1.56) 1.33 (0.97, 1.81) 0.0765

As above

Grade 3 or 
more AE 213 (5%) 40 (5%) 1.07 (0.77, 1.48) 1.00 (0.59, 1.69) 0.9929 As above

Amplified 
resistance 26 (1%) 20 (2%) 0.26 (0.15, 0.46) 0.27 (0.12, 0.61) 0.0017

As above

The University of Sydney Page 57

Key findings

- 10% reduction in the RR of treatment success with SA new 
compared to WHO long

- 71% reduction in RR of treatment failure with SA new
- 38% increase in RR of death with SA new
- 33% increase in RR of lost to follow-up with SA new
- No difference in adverse events (Grade 3 or above)

The University of Sydney Page 58

Successful treatment
Sub-group 
analyses SA new WHO long
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Sub-group analyses PICO 1.2 (treatment success)
Regimens Outcomes Propensity score model

SA new WHO long Unadj. 
RR

(95% CI) aRR (or 
RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup
Age <15

69 57 (83%) 23 20 (87%) 0.95 (0.78, 1.15) 0.7535 Adjustment not possible

Age ≥15
4152 2629 (63%) 789 590 (75%) 0.85 (0.81, 0.89) 0.87 (0.79, 0.95) 0.0016

Age, diabetes, sex, HIV status, past TB, smear 
status, disease site, ART use (if HIV+)

Pulmonary
4163 2654 (64%) 734 564 (77%) 0.83 (0.79, 0.87) 0.81 (0.76, 0.86) <0.001

Age, diabetes, sex, HIV status, past TB, smear 
status, ART use (if HIV+)

EPTB 81 51 (63%) 60 52 (87%) 0.73 (0.60, 0.88) 0.82 (0.56, 1.20) 0.303 As above

Smear +
1451 931 (64%) 297 206 (69%) 0.93 (0.85, 1.01) 0.96 (0.84, 1.09) 0.5182

Age, diabetes, sex, HIV status, past TBdisease 
site, ART use (if HIV+)

Smear -
2379 1608 (68%) 261 217 (83%) 0.81 (0.76, 0.86) 0.88 (0.79, 0.97) 0.0145 As above

HIV pos
2826 1759 (62%) 129 80(62%) 1.0 (0.87, 1.15) 0.95 (0.79, 1.13) 0.5469

Age, diabetes, sex, past TB, smear status, disease 
site, ART use

HIV neg
1406 939(67%) 685 525(77%) 0.87 (0.82, 0.92) 0.89 (0.84, 0.95) <0.001

Age, diabetes, sex, past TB, smear status, disease 
site

Past TB
1654 964 (58%) 376 292 (78%) 0.75 (0.70, 0.80) 0.76 (0.68, 0.84) <0.001

Age, diabetes, sex, HIV status, smear status, 
disease site, ART use (if HIV+)

No past TB
2590 1741 (67%) 474 334 (70%) 0.95 (0.89, 1.02) 1.03 (0.9, 1.18) 0.7012 As above
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Comparison 1.2 – Sub-group findings

– Lower treatment success across all sub-groups apart from no 
history of prior TB.

– Substantially lower for those with prior TB, HIV negative, smear 
negative disease, age≥15 and pulmonary TB

The University of Sydney Page 61

Secondary 
analyses SA new WHO long
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Sensitivity analyses – effect of country variable upon 
odds of treatment success in WHO IPD 2021 dataset

• We are unable to adjust for 
country in PICO 1.2, as there is 
no overlap in settings between 
the regimens*.

• The figure shows the effect of  
region or country upon 
treatment success ** and 
adjusting for age, smear status.

• The country variable is strongly 
significant: sustained success is 
different across countries after 
adjustment

*Combining trial and programmatic datasets from S. Africa not appropriate
**Restricting analysis to countries with at least 10 people

The University of Sydney Page 63

Sensitivity analyses – PICO 1.2 treatment success (SA new vs 
WHO IPD) stratified by country/region in the comparator

• Proportion treatment success 
for countries overlap one 
another

• South Africa (top line) is the 
intervention country.

• Vertical dotted line is the overall 
proportion of success in the 
WHO long dataset

• Significant heterogeneity is seen

The University of Sydney Page 64

Sensitivity analysis – WHO IPD 2021 - conclusions

• In propensity score analysis, a significant difference between comparator and 
intervention

• Difference is driven by largest countries in WHO long (India (302), Euro (145), PNG 
(74) and AFRO (59) which have higher success than S Africa 

• It is difficult to distinguish regimen effect from setting
• Large sites in WHO long IPD influence outcomes
• Heterogeneity and unmeasured confounding limits the utility of performing IPDs of 

observational datasets, reinforcing the importance of RCTs to guide decision-making
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Limitations

– Different settings likely to result in unmeasured confounding
– Smear and culture results missing in up to 40% of both WHO 

and SA datasets
– Heterogeneity in the comparator group
– Information about previous TB treatment not always reliably 

provided

The University of Sydney Page 66

Factors influencing certainty assessment – PICO 1.2
No of 

studies
Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations

15 Observational 
studies

very seriousa,b seriousc serious not serious none

↓↓ ↓ ↓

Risk of bias
a. Potential misclassification bias: 
- underestimate relapse
- misclassification of death 
- misclassification is likely different between arms
- death likely under-reported in WHO IPD 2021
b. Failure to adequately control confounding: Limited 
information about baseline disease severity was 
available in both intervention and comparator groups
e. f. Adverse events and amplification of drug resistant 
often not routinely reported leading to potential 
misclassification

Inconsistency
Considerable variation in the effect estimate between 
cohorts in the comparator group

Indirectness
c. Indirectness
Intervention undertaken in one country. The findings 
may not be generalisable to other populations.

⨁⨁◯◯◯◯◯◯
Very low

Certainty for all outcomes rated:

The University of Sydney Page 67

2022 WHO GDG for the treatment of DR-TB

Session 1

PICO 1
Supplementary slides
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Clinical characteristics SA_new (SA 2019) WHO_short (SA 2017)

n (%) n (%)

Drugs used 4244 (100%) 880 (100%)

Bedaquiline 4244 (100%) 880 (100%)

Linezolid 4244 (100%) 76 (9%)

Moxifloxacin/levofloxacin 4244 (100%) 868 (99%)

Ethionamide or 
prothaniomide

301 (7%) 817 (93%)

Ethambutol 4155 (98%) 847 (96%)

Pyrazinamide 4170 (98%) 874 (99%)

Isoniazid any 4028 (95%) 758 (86%)

High-dose INH 3769 (89%) N/A N/A

Low-dose INH 304 (7)% N/A N/A

Clofazamine 4098 (97%) 851 (97%)

Injectable antibiotic 0 (0%) 0 (0%)

Descriptive analyses – PICO 1 Comparison 1.1
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Outcomes by province for 2017 and 2019 cohorts 
PICO 1 Comparison 1.1

SA new 2019, n (%) SA old 2017, n (%)

Province Total Success Death LTFU Total Success Death LTFU

Eastern Cape** 836 (20) 541 (65) 168(20) 119 (14) 252 (29) 179 (71) 45 (18) 22 (9)

Free State 141 (3) 97 (69) 24(17) 19(13) 39 (4) 26 (67) 10 (26) 3 (8)

Gauteng 494 (12) 303 (61) 101(20) 83(17) 99 (11) 540 (51) 23 (23) 26 (26)

Kwazulu-Natal 1076 (25) 688 (64) 216(20) 161(15) 200 (23) 139 (70) 35 (18) 25 (13)

Limpopo 122 (3) 71 (58) 27(22) 22(18) 26 (3) 17 (65) 8 (31) 1 (4)

Mpumalanga** 255 (6) 169 (66) 48(18) 34(13) 128 (15) 92 (72) 21 (16) 13 (10)

North West 186 (4) 126 (68) 25(13) 33(17) 85 (10) 45 (53) 28 (33) 11 (13)

Northern Cape 142 (3) 88 (62) 36(25) 17(11) 30 (3) 17 (57) 13 (43) 0 (0)

Western Cape ** 992 (23) 622 (63) 208(21) 151(15) 21 (2) 16 (76) 2 (10) 1 (5)
Total 4244 2,705 (64) 853 (20) 639 (15) 880 581 (66) 185 (21) 102  (12)

**Provinces with substantial differences
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Clinical characteristics SA_new (SA 2019) WHO_short (SA 2017) WHO long IPD 2021

n (%) n (%) n (%)

Total participants in dataset 8,250 8,369 4,367

Fluoroquinolone resistance 681 (8)% 1 (0%) 1381 (32%)

Fluoroquinolone susceptible 3937 (48)% 3419 (41%) 581 (13%)

Fluoroquinolone missing 3632 (44)% 4949 (59%) 2406 (55%)

Included in PICOs 1.1, 1.2 4244 880 850

Fluoroquinolone resistance 0 (0%) 0 (0%) 0 (0%)

Fluoroquinolone susceptible 2197 (52%) 438 (50%) 127 (15%)

Fluoroquinolone missing* 2047 (48%) 442 (50%) 723 (85%)

Fluoroquinolone resistance data in PICO 1 cohorts

*Missing FQN status assigned as susceptible in classification of patients in primary analysis
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Sensitivity analyses
FQ status known only

PICO 1.1

The University of Sydney Page 72

Regimens Outcome measures Propensity score model

SA new WHO 
long

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-
value

Covariates included in model

n (%) n (%)

Total 2197 438

Outcomes
Treatment 
success

1433 (65%) 304 (69%) 0.94 (0.88, 1.01) 0.93 (0.87, 1) 0.0581
Age, sex, HIV, prior TB, smear status, disease site 

and ART (if HIV positive)

Failure & 
recurrence

30 (1%) 8 (2%) 0.75 (0.35, 1.62) 0.75 (0.34, 1.66) 0.4829 As above

Death 403 (18%) 77 (18%) 1.04 (0.84, 1.3) 1.13 (0.9, 1.42) 0.2894 As above

Loss to 
follow-up

331 (15%) 49 (11%) 1.35 (1.02, 1.79) 1.24 (0.93, 1.65) 0.1484 As above

Amplified 
resistance

18 (1%) 0 (0%) 0.01 (0.00, 0.01) RD 0.0575 Adjustment not possible

PICO 1.1 – Sensitivity 
FQ R or S known only

SA_new vs WHO_short
(excluding individuals where FQ resistance status was unknown)

Intervention SA_new (S Africa 2019) (Bdq-Lfx-Lzd-E-Z-H(h)-Cfz)

Comparator WHO_short (SA 2017)

Time of follow-up 24 months post treatment initiation

The University of Sydney Page 73

Sensitivity analysis 1.1 – excluding FQ status unknown

– Sensitivity:
- 7% lower treatment success (adjusted RR)
- 24% higher loss to follow-up (adjusted RR)
- Acquired resistance 1% higher (risk difference)

– Primary:
– 4% lower treatment success (although crosses null), 19% higher loss to 

follow-up with the SA new regimen (adjusted RR)
– Acquired resistance 1% higher with SA New (risk difference)
– Grade 3-5 adverse events not reported adequately
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Sensitivity – only FQ status known (treatment success) PICO 1.1
Regimens Outcomes Propensity score model

SA new WHO short Unadj. 
RR

(95% CI) aRR (95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup

Age <15 28 23 (82%) 2 1 (50%) 1.64 (0.41, 6.64) 2.04 (0.36, 11.47) 0.417 Age/sex/HIV/Past TB/smear status/previous 
DR TB/disease site/ART if HIV positive

Age ≥15 2159 1401 (65%) 434 302 (70%) 0.93 (0.87, 1) 0.93 (0.86, 1) 0.0365 Age/sex/HIV/Past TB/smear status/previous 
DR TB/disease site/ART if HIV positive

Pulmonary 2157 1405 (65%) 430 297 (69%) 0.94 (0.88, 1.01) 0.94 (0.87, 1.01) 0.0812 Age/sex/HIV/Past TB/smear status/previous 
DR TB/ART if HIV positive

EPTB 28 20 (71%) 8 7 (88%) 0.82 (0.57, 1.16) 1.01 (0.57, 1.78) 0.9825 Age/sex/HIV/Past TB/smear status/previous 
DR TB/ART if HIV positive

Smear + 982 648 (66%) 230 160 (70%) 0.95 (0.86, 1.04) 0.92 (0.84, 1.02) 0.1024 Age/sex/HIV/Past TB/previous DR TB/disease 
site/ART if HIV positive

Smear - 1062 711 (67%) 174 121 (70%) 0.96 (0.87, 1.07) 0.99 (0.88, 1.11) 0.854 Age/sex/HIV/Past TB/previous DR TB/disease 
site/ART if HIV positive

HIV pos 1441 918 (64%) 314 213 (68%) 0.94 (0.86, 1.02) 0.95 (0.87, 1.04) 0.2384 Age/sex/Past TB/smear status/previous DR 
TB/disease site/ART if HIV positive

HIV neg 754 514 (68%) 124 91 (73%) 0.93 (0.83, 1.04) 0.9 (0.8, 1.01) 0.0836 Age/sex/Past TB/smear status/previous DR 
TB/disease site/

Past TB 905 535 (59%) 203 125 (62%) 0.96 (0.85, 1.08) 0.97 (0.86, 1.1) 0.6519 Age/sex/HIV/smear status/previous DR 
TB/disease site/ART if HIV positive

No past TB 1292 898 (70%) 235 179 (76%) 0.91 (0.84, 0.99) 0.91 (0.84, 0.98) 0.0196 Age/sex/HIV/smear status/previous DR 
TB/disease site/ART if HIV positive
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Sensitivity analysis 1.1 – excluding FQ status unknown

Sensitivity:
– Lower treatment success for most sub-groups, wide confidence limits
– 10% lower treatment success in people with HIV (aRR)
– 7% lower treatment success in those 15 years and over (aRR)

Primary:
– Lower treatment success for most sub-groups, although wide confidence limits
– 8% lower treatment success in people without HIV
– 5% lower treatment success in those >15 years

The University of Sydney Page 76

Primary analysis
FQ unknown recorded as 
FQS
PICO 1.1
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Regimens Outcome measures Propensity score model

SA new WHO 
short

Unadj. RR (95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 4244 880

Outcomes
Treatment 
success 2705 (64%) 581 (66%) 0.97 (0.92, 1.02) 0.96 (0.91, 1.01) 0.112

Age, sex, HIV status, ART treatment (for those with HIV), 
AFB smear, previous DRTB treatment, site of disease

Failure & 
recurrence 47 (1%) 12 (1%) 0.81 (0.43, 1.52) 0.80 (0.42, 1.53) 0.5056 As above

Death 853 (20%) 185 (21%) 0.96 (0.83, 1.10) 1.03 (0.89, 1.20) 0.6452 As above

Loss to 
follow-up 639 (15%) 102 (12%) 1.30 (1.07, 1.58) 1.19 (0.98, 1.45) 0.0813 As above

Grade 3 or 
more AE 213 (5%) Not reported NA NA Adverse events not available for S Africa 2017

Amplified 
resistance 26 (1%) 0 (0%) 0.01 (0, 0.01) RD 0.036 Adjustment not possible

PICO 1 Comparison 1.1 SA_new vs WHO_short (primary analysis, in main slideset)

Intervention SA_new (S Africa 2019) (Bdq-Lfx-Lzd-E-Z-H(h)-Cfz)

Comparator WHO_short (S Africa 2017) (Bdq-Lfx/Mfx-Eto-E-Z-Hh-Cfz)

Time of follow-up 24 months post treatment initiation

*Sensitivity estimates for aRR for treatment success: 
12 month aRR 0.96 (0.91-1.01), p-value 0.0801
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Sub-group analyses PICO 1.1 (treatment success)
Regimens Outcomes Propensity score model

SA new WHO short Unadj. 
RR

(95% CI) aRR
(or RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup
Age <15

69 57 (83%) 7 4 (57%) 1.45 (0.75, 2.77) 1.42 (0.7, 2.89) 0.3354

Age, sex, HIV status, ART treatment (for those 
with HIV), AFB smear, previous DRTB treatment, 
site of disease

Age ≥15 4152 2629 (63%) 870 575 (66%) 0.96 (0.91, 1.01) 0.95 (0.9, 1.00) 0.0653 As above

Pulmonary
4125 2626 (64%) 857 564 (66%) 0.97 (0.92, 1.02) 0.96 (0.91, 1.01) 0.1306

Age, sex, HIV status, ART treatment (for those 
with HIV), AFB smear, previous DRTB treatment

EPTB 81 51 (63%) 23 17 (74%) 0.85 (0.63, 1.14) 0.90 (0.65, 1.26) 0.5507 As above

Smear +
1451 931 (64%) 341 221 (65%) 0.99 (0.91, 1.08) 0.97 (0.89, 1.06) 0.4904

Age, sex, HIV status, ART treatment (for those 
with HIV), previous DRTB treatment, site of 
disease

Smear -
2379 1608 (68%) 450 313 (70%) 0.97 (0.91, 1.04) 0.98 (0.91, 1.05) 0.5414 As above

HIV pos
2826 1759 (62%) 637 411 (65%) 0.96 (0.9, 1.03) 0.97 (0.91, 1.04) 0.3934

Age, sex, ART treatment, AFB smear, previous 
DRTB treatment, site of disease

HIV neg
1406 939 (67%) 242 169 (70%) 0.96 (0.87, 1.05) 0.92 (0.84, 1.00) 0.0618

Age, sex, AFB smear, previous DRTB treatment, 
site of disease

Past TB
1654 964 (58%) 371 229 (62%) 0.94 (0.86, 1.03) 0.95 (0.86, 1.04) 0.2469

Age, sex, HIV status, ART treatment (for those 
with HIV), AFB smear, site of disease

No past TB
2590 1741 (67%) 509 352 (69%) 0.97 (0.91, 1.04) 0.96 (0.9, 1.03) 0.2493 As above

The University of Sydney Page 79

Sensitivity analyses
FQ status known only

PICO 1.2
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PICO 1.2 – Sensitivity 
FQ R or S known only

SA_new vs WHO_long IPD 2021 
(excluding individuals where FQ resistance status was unknown)

Intervention SA_new (S Africa 2019) (Bdq-Lfx-Lzd-E-Z-H(h)-Cfz)

Comparator WHO long - IPD 2021 (multiple cohorts, all-oral regimens containing Bdq)

Time of follow-up 24 months post treatment initiation

*Sensitivity estimates for aRR for treatment success:
18 month aRR 0.91 (0.84-0.98), p 0.0161

Regimens Outcome measures Propensity score model

SA new WHO 
long IPD

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 2197 127

Outcomes
Treatment 
success 1433 (65%) 104 (82%) 0.8 (0.73, 0.87) 0.78 (0.69, 0.88) p<0.001

Age, diabetes, sex, HIV status, smear status, 
disease site, ART (if HIV positive)

Failure & 
recurrence 30 (1%) 5 (4%) 0.35 (0.14, 0.88) 0.25 (0.07, 0.85) 0.0259 As above

Death
403 (18%) 10 (8%) 2.33 (1.28, 4.25) 3.74 (1.48, 9.46) 0.0053

As above

Loss to 
follow-up 331 (15%) 8 (6%) 2.39 (1.21, 4.71) 2.68 (0.99, 7.21) 0.0513

As above

Grade 3 or 
more AE 89 (4%) 7 (6%) 0.73 (0.35, 1.55) 1.43 (0.49, 4.12) 0.5116

As above

Amplified 
resistance 18 (1%) 7 (6%) 0.15 (0.06, 0.35) 0.33 (0.13, 0.84) 0.0201 As above
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Sensitivity analysis 1.1 – excluding FQ status unknown

Sensitivity:
- Lower treatment success (aRR 0.78) and treatment failure (aRR 0.25)
- Higher mortality
- Higher proportion loss to follow-up
- No difference in grade 3 or more AE
- Less amplified resistance

Primary analysis
- Lower treatment success (aRR 0.90) and treatment failure (aRR 0.29)
- Higher mortality
- Higher proportion lost to follow-up
- No difference in adverse events (Grade 3 or above)
- Less amplified resistance

Page 81
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Sensitivity analysis – excluding FQS unknown
PICO 1.2 (treatment success)

Regimens Outcomes Propensity score model
SA new WHO long Unadj. 

RR
(95% CI) aRR (or 

RD)
(95% CI) p-

value
Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup
Age <15

28 23 (82%) 1 1 (100%) 0.82 (0.69, 0.98) 0.83 (0.7, 0.98) 0.0289

Age/diabetes/sex/HIV status /past 
TB/smear status/disease site/ART if HIV 

positive

Age ≥15

2159 1401 (65%) 126 103 (82%) 0.79 (0.73, 0.87) 0.78 (0.69, 0.87) <0.0001

Age/diabetes/sex/HIV status /past 
TB/smear status/disease site/ART if HIV 

positive

Pulmonary
2169 1413 (65%) 125 102 (82%) 0.8 (0.73, 0.87) 0.78 (0.69, 0.88) <0.0001

Age/diabetes/sex/HIV status /past 
TB/smear status/ART if HIV positive

EPTB
28 20 (71%) 2 2 (100%) 0.71 (0.57, 0.9) 0.74 (0.59, 0.93) 0.0102

Age/diabetes/sex/HIV status /past 
TB/smear status/ART if HIV positive

Smear +
982 648 (66%) 60 43 (72%) 0.92 (0.78, 1.09) 0.87 (0.68, 1.11) 0.2736

Age/diabetes/sex/HIV status /past 
TB/disease site/ART if HIV positive

Smear -
1062 711 (67%) 49 47 (96%) 0.7 (0.65, 0.75) 0.68 (0.65, 0.72) <0.0001

Age/diabetes/sex/HIV status /past 
TB/disease site/ART if HIV positive

HIV pos
1441 918 (64%) 14 13 (93%) 0.69 (0.59, 0.8) 0.69 (0.59, 0.8) <0.0001

Age/diabetes/sex/past TB/smear 
status/disease site/ART if HIV positive

HIV neg
754 514 (68%) 111 90 (81%) 0.84 (0.76, 0.93) 0.84 (0.73, 0.97) 0.0165

Age/diabetes/sex/past TB/smear 
status/disease site

Past TB
905 535 (59%) 97 78 (80%) 0.74 (0.66, 0.82) 0.73 (0.62, 0.85) 0.0001

Age/diabetes/sex/HIV status /smear 
status/disease site/ART if HIV positive

No past TB 1292 898 (70%) 30 26 (87%) 0.8 (0.69, 0.93) 0.8 (0.68, 0.94) 0.0058 Age/diabetes/sex/HIV status /smear 
status/disease site/ART if HIV positive
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Sensitivity analysis 1.1 – excluding FQ status unknown

Sensitivity analysis:
– Lower treatment success across all sub-groups
– Substantially lower treatment success for those with prior TB, smear negative, HIV

positive, HIV negative, <15, pulmonary and EPTB

Primary analysis:
– Lower treatment success across all sub-groups.
– Substantially lower for those with prior TB, smear negative disease and <15 and

pulmonary TB
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Primary analysis
FQ unknown recorded as 
FQS
PICO 1.2
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PICO 1 Comparison 1.2 SA_new vs WHO_long

Intervention SA_new (S Africa 2019) (Bdq-Lfx-Lzd-E-Z-H(h)-Cfz)

Comparator WHO long - IPD 2021 (multiple cohorts, all-oral regimens containing Bdq)

Time of follow-up 24 months post treatment initiation

*Sensitivity estimates for aRR for treatment success:
18 month aRR 0.91 (0.84-0.98), p 0.0161

Regimens Outcome measures Propensity score model

SA new WHO 
long IPD

Unadj. RR (95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 4244 850

Outcomes Age, diabetes, sex, HIV status, past TB, smear 
status, disease site, ART use (if HIV+)

Treatment 
success 2705 (64%) 626 (74%) 0.87 (0.83, 0.91) 0.90 (0.83, 0.98) 0.0163 As above

Failure & 
recurrence 47 (1%) 29 (3%) 0.32 (0.21, 0.51) 0.29 (0.14, 0.58) 0.0005

As above

Death
853 (20%) 95 (11%) 1.80 (1.47, 2.19) 1.38 (1.00, 1.91) 0.0511

As above

Loss to 
follow-up 639 (15%) 100 (12%) 1.28 (1.05, 1.56) 1.33 (0.97, 1.81) 0.0765

As above

Grade 3 or 
more AE 213 (5%) 40 (5%) 1.07 (0.77, 1.48) 1.00 (0.59, 1.69) 0.9929 As above

Amplified 
resistance 26 (1%) 20 (2%) 0.26 (0.15, 0.46) 0.27 (0.12, 0.61) 0.0017

As above
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Sub-group analyses PICO 1.2 (treatment success)
Regimens Outcomes Propensity score model

SA new WHO long Unadj. 
RR

(95% CI) aRR (or 
RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup
Age <15

69 57 (83%) 23 20 (87%) 0.95 (0.78, 1.15) 0.7535 Adjustment not possible

Age ≥15
4152 2629 (63%) 789 590 (75%) 0.85 (0.81, 0.89) 0.87 (0.79, 0.95) 0.0016

Age, diabetes, sex, HIV status, past TB, smear 
status, disease site, ART use (if HIV+)

Pulmonary
4163 2654 (64%) 734 564 (77%) 0.83 (0.79, 0.87) 0.81 (0.76, 0.86) <0.001

Age, diabetes, sex, HIV status, past TB, smear 
status, ART use (if HIV+)

EPTB 81 51 (63%) 60 52 (87%) 0.73 (0.60, 0.88) 0.82 (0.56, 1.20) 0.303 As above

Smear +
1451 931 (64%) 297 206 (69%) 0.93 (0.85, 1.01) 0.96 (0.84, 1.09) 0.5182

Age, diabetes, sex, HIV status, past TBdisease 
site, ART use (if HIV+)

Smear -
2379 1608 (68%) 261 217 (83%) 0.81 (0.76, 0.86) 0.88 (0.79, 0.97) 0.0145 As above

HIV pos
2826 1759 (62%) 129 80(62%) 1.0 (0.87, 1.15) 0.95 (0.79, 1.13) 0.5469

Age, diabetes, sex, past TB, smear status, disease 
site, ART use

HIV neg
1406 939(67%) 685 525(77%) 0.87 (0.82, 0.92) 0.89 (0.84, 0.95) <0.001

Age, diabetes, sex, past TB, smear status, disease 
site

Past TB
1654 964 (58%) 376 292 (78%) 0.75 (0.70, 0.80) 0.76 (0.68, 0.84) <0.001

Age, diabetes, sex, HIV status, smear status, 
disease site, ART use (if HIV+)

No past TB
2590 1741 (67%) 474 334 (70%) 0.95 (0.89, 1.02) 1.03 (0.9, 1.18) 0.7012 As above
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A6.2 Session 2
PICO 2: 9-12 month Lzd, Bdq, Lfx, Z, Eto/Hh/Trd 
vs standard of care (NEXT trial)
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2022 WHO GDG for the treatment of DR-TB

Session 2

PICO 2: 9-12 month Lzd, 
Bdq, Lfx, Z, Eto/Hh/Trd
vs standard of care 
(NEXT trial)

Professor Greg Fox
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Dr Hannah Morgan 
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Presentation Objectives

Objectives of this Presentation are to:
– Overview of the NEXT trial
– Present the evidence to address PICO 2
– Evaluate the quality of evidence for comparisons 2.1-2.4

The University of Sydney Page 3
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NEXT trial design
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NEXT trial

– Objective: to evaluate the effectiveness of a 6-month oral 
regimen for treating MDR/RR-TB

– Setting: 5 sites in South Africa, many recruited at satellite clinics 
in community settings.

– Design: open label RCT (lab and analytic team blinded)
– Randomisation: block randomisation at site level, not stratified 

for baseline characteristics
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Eligibility for NEXT trial

Eligibility of participants for inclusion Eligibility of participants for exclusion
• Age 18 or older
• Newly diagnosed pulmonary TB (culture and/or Xpert

positive)
• Rifampicin resistance detected using at least two 

susceptibility testing assays (GeneXpert, HAINMTBDRplus, 
phenotypic)

• Written informed consent
• Body weight 40-90kg
• Women of non-child bearing potential or birth control use

• Known to have resistance to FQN* or second line injectable 
drug (XDR-TB or pre-XDR-TB)

• Previous treatment for MDR-TB or XDR-TB or with 
bedaquiline

• Currently on MDR-TB treatment for 2 weeks or more
• Karnofsky score <50
• Allergy to trial drugs
• Participant in other clinical trials likely to interact
• Pregnancy, breast feeding or planned to conceive a child 

within 6 months of cessation
• ECG abnormalities (especially QT prolongation)
• Specific medication exclusions
• Post-randomisation: FQN or SLID detected on DST

*Using GeneXpert MTB/RIF and GenoType HainMTBDRplus or sl
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NEXT trial algorithm

Source: NEXT trial investigators

Intervention regimen:
• 5 drugs (Bdq, Lzd, Lfx

and 2 Group B or C 
drugs selected using 
genotype)**

• 6 months, extended to 
9 based on culture

**inhA only  use Hh
katG only  use ethionamide
inhA + katG use teridizone

Initial comparator 
regimen* (12/14-9/16)
• 18-20 month regimen
• Km (6 mo), Mfx,

Eto/Hh/Trd**, Cfz

Later comparator 
regimen* (10/16-10/18)
• 9-11 month regimen
• Mfx, Eth/Hh/Trd/Km 

Cfz

*Patients with rifampicin mono-
resistant TB received same 
regimen including Hh

Two comparator 
regimens at different 
times
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NEXT intervention regimen

6-9 Bdq-Lfx-Lzd-Z-Eto (or H high dose or terizidone)

Linezolid dosing: 600mg daily, reduce to 300mg if toxicity occurs

Choice between Hh/Trd/Eto based upon inhA and katG mutations 

Audiometry performed to monitor ototoxicity

NeXT

Page 9
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Planned sample size: NEXT trial

Sample sizes required to detect differences shown (p=0.05, power=0.8)

NeXT

25% 30% 40% 50% 60%

50% 147 235

60% 235

70% 235

80% 207

Proportion success in comparator
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Actual recruitment mITT population = 93 people
Data contributors estimate powered to detect 20% effect

Source: Esmail et al, in press. 
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NEXT trial drug doses

Source: Esmail et al, in press. 

during the post-treatment follow-up period.
Adverse events were graded according to
the modified toxicity events criteria by the
National Institute of Allergy and Infectious
Disease (Division of AIDS [DAIDS] adverse

events grading table, version 2.1, July 2017).
DAIDS grade 3 and 4 criteria necessitated
drug substitution/replacement (see the
online supplement for details of drug
stoppage rules).

Study Outcomes
The primary outcomemeasure was the 2013
WHO-defined favorable outcome (sum of
cured and treatment completed) without any
events defining an unfavorable outcome

December 2014 – September 2016
(18–20 months treatment duration)*

December 2016 – September 2018
(9–11 months treatment duration)*

Conventional Arm
(5 to 6 drug injection-based regimen) (5 drug all-oral regimen)

Drug Daily Dose

1. Kanamycin† 500–750mg (40–50kg)
1,000mg (51–90kg)

2. Moxifloxacin

3. Clofazimine

4. Pyrazinamide

5. Terizidone‡

or

Ethionamide‡

or

High dose Isoniazid‡

400mg

50mg (<30kg)
100mg (>30kg)

1,000–1,750mg (40–50kg)
1,750–2,000mg (51–70kg)
2,000–2,500mg (71–90kg)

750mg (40–70kg)
750–1,000mg (71–90kg)

500mg (40–50kg)
750mg (51–70kg)
750–1,000mg (71–90kg)

10–15mg/kg

•   Follow-up for 12 months post-treatment completion

Drug

3.Clofazimine

4.Pyrazinamide

5.Ethambutol

6.Terizidone‡§

or

Ethionamide‡§

or

High dose Isoniazid‡§

2. Moxifloxacin

or

Levofloxacin

Daily dose and Frequency

400mg

750mg(<50kg)

1,000mg (>50kg)

50mg (<30kg)
100mg (>30kg)

1,000mg (<30kg)
1,500mg (>30–50kg)
2,000mg (>50kg)

800mg (<30–50kg)
1,200mg (>50kg)

750mg (40–70kg)
750–1,000mg (71–90kg)

500mg (40–50kg)
750mg (51–70kg)
750–1,000mg (71–90kg)

10–15mg/kg

1:1 Randomization Interventional Arm

November 2018

November 2020

Trial terminated due to the inclusion of bedaquiline into the South African National TB Program’s MDR-TB treatment regimen

Completion of 24-month follow-up post-treatment initiation for all patients

Daily dose and FrequencyDrug

400mg daily for 2 weeks followed by
200mg 3 times a week for 24 weeks

600mg

750mg (<50kg)
1,000mg (>50kg)

1,000–1,750mg (40–50kg)
1,750–2,000mg (51–70kg)
2,000–2,500mg (71–90kg)

750mg (40–70kg)
750–1,000mg (71–90kg)

15mg/kg (maximum of 900mg)

500mg (40–50kg)
750mg (51–70kg)
750–1,000mg (71–90kg)

1. Bedaquiline (Group A)

2. Linezolid (Group A)

3. Levofloxacin (Group A)

4. Pyrazinamide (Group C)

5. Terizidone|| (Group B)

or

Ethionamide|| (Group C)

or

High dose Isoniazid|| (Group C)

•   Follow-up for 15–18 months post-treatment completion

MDR/RR-TB patients recruited from 5 sites across South Africa

•   Follow-up for 13–15 months post-treatment completion

15mg/kg (max 1,000mg)1. Kanamycin§

December 2014 – October 2018
(6–9 month treatment duration)*

Figure 1. Trial overview. *The length of treatment was dependent on the time to culture conversion (see RESULTS section for the proportion that
received 6 months vs. 6–9 months of treatment). †In pre-2016 injection-based regimen, kanamycin was given for �6 months during the intensive
phase of treatment (and was continued for up to 8 months, i.e., 2 months after culture conversion occurred), as per WHO and SA MDR-TB
treatment guidelines. ‡The conventional regimen mirrored the standard of care at the time of recruitment. The choice of drugs (terizidone,
ethionamide, and high-dose INH) was determined by the genotypic resistance profile, i.e., drug selected based on katG and/or inhA mutations.
§In the post-2016 injection-based regimen, kanamycin (in addition to INH and/or ethionamide and/or terizidione) was given for 4–6 months
during the intensive phase of treatment as per the SA NTP Guidelines for the shorter treatment of MDR-TB. ||The choice of the fifth group B/C
drug in the interventional arm was determined by the genotypic resistance profile, i.e., drug selected based on katG, inhA, or both mutations.
INH= isoniazid; MDR/RR-TB=multidrug-resistant/rifampicin-resistant tuberculosis; NTP=National Tuberculosis Programme; SA=South African;
WHO=World Health Organization.

ORIGINAL ARTICLE

Esmail, Oelofse, Lombard, et al.: Six-Month All-Oral Regimen for MDR-TB 1217

* The length of treatment was dependent on the time to culture conversion (see results section for the proportion that received 6 months vs 6–9 months of treatment).
† In pre-2016 injection-based regimen, kanamycin was given for ˜6 months during the intensive phase of treatment (and was continued for up to 8 months i.e. 2 months after culture conversion occurred), as per WHO and 
SA MDR-TB treatment guidelines.
‡ The conventional regimen mirrored the standard of care at the time of recruitment. The choice of drugs (terizidone, ethionamide and high-dose INH) was determined by the genotypic resistance profile i.e. drug selected 
based on katG and/or inhA mutations.
§ In the post-2016 injection-based regimen, kanamycin (in addition to INH and/or ethionamide and/or terizidione), was given for 4–6 months during the intensive phase of treatment as per the SA NTP Guidelines for the 
shorter treatment of MDR-TB.
|| The choice of the 5th group B/C drug in the interventional arm was determined by the genotypic resistance profile i.e. drug selected based on katG, inhA or both mutations.
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Early termination of NEXT trial

– In October 2018, the trial was terminated early due to change 
in comparator regimen to include the routine use of bedaquiline

– Bedaquiline was permitted for use in the comparator arm if 
needed.

The University of Sydney Page 12

mITT vs ITT populations

– 111 people in ITT population, 93 included in mITT population
– 18 people excluded due to “violation of entry criteria and exposure to 

regimens outside scope of study protocol”

– Retention to 24 months, or to end point:
– in 98% in SOC arm and 90% in intervention arm

– Adherence support:
– Treatment given by daily directly observed therapies (DOT) in first ~6 

months, then in community by DOTs supporter, patient families, 
community leaders

The University of Sydney Page 13

Recruitment and 
follow up 
consort diagram

Source: Esmail et al, in press. 

(including treatment failure, relapse,
reinfection, default, or death) 24 months
after initiation of treatment in either arm (see
Table E4 for details of the definitions of each
type of outcome event) (16–18). A 24-month
patient-centered outcome (>12-mo relapse-
free cure) was defined as treatment success
24 months after treatment initiation in the
absence of any unfavorable outcome
(treatment failure, death, relapse, or default)
but specifically excluding a drug

substitution–related unfavorable outcome
(the latter was included in theWHO-defined
outcome). Treatment failure was defined in
the protocol as the need for permanent
regimen change (>2 group B/C drugs or>1
group A drug) because of either lack of
culture conversion (defined in detail in Table
E4), bacteriological reversion, acquired
resistance to fluoroquinolones or second-line
injectable drugs, or adverse events resulting
in permanent drug substitution (see Table E4

for details). Thus, participants in the SOC
arm had toxicity-related kanamycin
substitution (i.e., replacement with
bedaquiline), and in the intervention arm,
linezolid was substituted (there were no cases
of bedaquiline substitution). Patients in both
arms with microbiological failure were
presented to an independent committee of
TB experts, who recommended an empiric
salvage regimen consisting of at least three to
four likely effective new agents (drugs not

• 4 non-RR/MDR-TB (2 
 rifampicin sensitive TB‡; 2
 FQ/SLID resistance on 
 phenotypic testing)
• 3 received regimens outside 
 scope of protocol§

695 TB patients prescreened

181 were assessed for eligibility 

111 underwent randomization

55 (49.5%) assigned to
injection-based regimen

56 (50.5%) assigned to
all-oral regimen

• 9 non-RR/MDR-TB (5 rifampicin 
 sensitive TB‡; 4 FQ/SLID resistance
 on phenotypic testing)
• 2 randomized in error 
 (baseline hearing loss, renal 
 impairment)

11 (20.0%) were excluded

•  1 (2.3%) LTFU

44 (80.0%) included in the
modified intention-to-

treat analysis

49 (87.5%) included in the 
modified intention-to-treat 

analysis

43 (97.7%) included in 
the per-protocol analysis

44 (89.8%) included in 
the per-protocol analysis

• 277 rifampicin-sensitive TB*
• 82   no Xpert* results
• 90   Karnofsky score <50 
• 65   TB treatment > 2 weeks

514 did not qualify

70 prerandomization exclusions

• 38 baseline hearing loss
• 17 resistance to SLID/FQ†

• 11 rifampicin-sensitive TB‡

 (during screening)
• 4 refused consent

7 (12.5%) were excluded

• 3 (6.1%) LTFU
• 2 (4.1%) withdrawal of consent

Figure 2. Consolidated Standards of Reporting Trials diagram of the NExT (New and Emerging Therapies for Drug-Resistant Tuberculosis)
study. In the conventional arm, 8 of 55 patients (14.5%) received the 18- to 20-month injectable regimen, and 47 of 55 (85.5%) received the
9- to 11-month injectable regimen. The modified intention-to-treat population comprised all participants who underwent randomization, except for
those in whom isolates obtained before randomization were subsequently found to be susceptible to rifampicin, or resistant to fluoroquinolones
or second-line injectable drugs on phenotypic or genotypic drug-susceptibility testing, or who received treatment regimens outside the scope of
the protocol (i.e., erroneously received the intervention regimen for longer than 9 mo). The per-protocol population comprised participants in the
modified intention-to-treat population, excluding those participants who did not adhere to protocolized treatment for reasons other than treatment
failure or death. *Resistance pattern was detected using Xpert MTB/RIF or Xpert MTB/RIF ULTRA. †Resistance detected using sputum-based
genomic tests, i.e., line probe assays (Hain MTBDRplus/Hain MTBDRsl). ‡Resistance pattern was detected using the Hain MTBDRplus assay
using culture isolates. §Participants received the interventional regimen for .9 months. FQ= fluoroquinolone; LTFU= lost to follow-up; MDR-
TB=multidrug-resistant tuberculosis; RR-TB= rifampicin-resistant tuberculosis; SLID= second-line injectable drugs; TB= tuberculosis.

ORIGINAL ARTICLE

1218 American Journal of Respiratory and Critical Care Medicine Volume 205 Number 10 | May 15 2022

Footnote
RR-TB: Rifampicin resistant tuberculosis; MDR-TB: Multi-drug resistant tuberculosis; LTFU: lost to follow up; SLID: Second line injectable drugs; FQ: Fluoroquinolone  
* Resistance pattern was detected using Xpert MTB/RIF or Xpert MTB/RIF ULTRA 
† Resistance detected using sputum-based genomic tests i.e. line probe assays (Hain MTBDRplus/Hain MTBDRsl)
‡ Resistance pattern was detected using the Hain MTBDRplus assay using culture isolates
§ Participants received the interventional regimen for >9 months



WHO consolidated guidelines on tuberculosis. Module 4: treatment – 
drug-resistant tuberculosis treatment, 2022 update. Web Annexes426

The University of Sydney Page 15

NEXT trial outcomes

Primary trial-defined outcome:
2013 WHO-defined favourable outcome (sum of cured and treatment 
completed) without events defining an unfavourable outcome (death, treatment 
failure*, default, relapse and reinfection) at 24 months after initiation of 
treatment.

*Failure was defined as a permanent change of regimen due to lack of culture conversion, relapse, acquired 
resistance to FQN or SLI or adverse events resulting in permanent drug substitution. 

A change of regimen included: (a) Substitution of ≥ 1 WHO Group A drugs, OR; (b) Substitution ≥ 2 WHO Group B 
drugs due to lack of culture conversion, bacteriological reversion, acquired resistance (Fq or SLI) or AE requiring 
drug substitution.

If failure, an independent committee of TB experts recommended empiric salvage regimen of 3-4 likely effective new 
drugs (not used by patient previously, or program previously) as DST to Bdq,Lzd,Trd, Dlm and carbapenem not 
available.

The University of Sydney Page 16

Sensitivity analyses – definition of treatment failure
NEXT definition WHO 2020 definition

Treatment terminated or the need 
for a permanent regimen change 
of at least two anti-TB drugs 
because of one of the following:
1. No cure attained and 2 

consecutive positive cultures 
during months 5 or 6 or 7. If 
one or more of these sputum 
samples are unavailable or 
contaminated this will be 
deemed as culture positive if 
there is a deteriorating clinical 
picture (deteriorating 
symptoms and/or weight 
and/or CXR

2. Adverse events

A patient whose treatment regimen 
needed to be terminated or 
permanently changed to a new 
regimen or treatment strategy.

Sensitivity analysis: failure

Sensitivity analysis for failure in 
comparisons including the NEXT regimens, 
to align them with programmatic 
definitions used in external comparators:

failure to achieve sputum conversion
OR
bacteriological reversion in the 
continuation phase after conversion to 
negative
OR
bacteriological reversion after 
completion of treatment (relapse)WHO 2013 definition of failure:

A TB patient whose sputum 
smear or culture is positive at 
month 5 or later during treatment. 

The University of Sydney Page 14Source: Esmail et al, in press. 

NEXT outcome definitions

 

Table E4. Outcome definitions 
 

 
TREATMENT 
OUTCOME 

DEFINITIONS 

SOC BDQ/LZD 

FA
VO

RA
LB

E 
 O

U
TC

O
M

E 

Cure 

Treatment completed as recommended by the National TB programme 
without evidence of failed treatment (or other unfavourable outcome) 
AND three or more consecutive cultures taken at least 30 days apart 
are negative after the intensive phase. 

Treatment completed as per regimen without evidence of failed treatment 
(or other unfavourable outcome) AND with three or more consecutive 
cultures taken at least 30 days apart being negative by month 7 or earlier 
(i.e. identified at month 9 visit or earlier). 

 
Treatment 
complete 

Treatment completed as recommended by the national policy without 
evidence of failed treatment (or other unfavourable outcome) BUT no 
record that three or more consecutive cultures taken at least 30 days 
apart are negative after the intensive phase, and accompanied by 
clinical improvement (improved symptoms and/or weight and/or chest 
x-ray). 

Treatment completed as per regimen without evidence of failed treatment 
(or other unfavourable outcome) BUT no available record of culture 
outcome (sputum unavailable or result missing or contaminated culture) and 
accompanied by clinical improvement (improved symptoms and/or weight 
and/or chest x-ray). 

U
N

FA
VO

RA
BL

E 
 O

U
TC

O
M

E 

Failed 
treatment  

Treatment terminated or the need for permanent regimen change of at 
least two anti-TB drugs because of any one of the following:   
- lack of conversion by the end of the intensive phase.  
- bacteriological reversion in the continuation phase after conversion 

to negative.  
- evidence of additional acquired resistance to fluoroquinolones or 

second-line injectable drugs.  
- adverse events#.  

Treatment terminated or the need for a permanent regimen change of at 
least two anti-TB drugs because of one of the following: 
- No cure attained and 2 consecutive positive cultures during months 5 or 6 

or 7. If one or more of these sputum samples are unavailable or 
contaminated this will be deemed as culture positive if there is a 
deteriorating clinical picture (deteriorating symptoms and/or weight 
and/or chest x-ray). 

- adverse events#. 

Death A patient who died for any reason while on any TB treatment.    As per conventional arm 

Default Missing 2 or more months of treatment (as per the SA MDR-TB 
treatment guidelines) but the participant is traceable and alive$. 

Missing 1 or more months of treatment (as per the SA drug-sensitive TB 
treatment guidelines) but the participant is traceable and alive.$ 

Relapse* Cured/treatment completed but culture positive in the treatment-free 
follow-up phase with the identical strain. ** As per conventional arm 

Re-
infection* 

Cured/treatment completed but culture positive in the treatment-free 
follow-up phase with a non-concordant strain type. ** As per conventional arm 

U
N

AS
S

ES
AB

LE
 

Lost to 
follow-up 

Participant becomes untraceable at any point and remains untraceable 
for the rest of the trial duration. As per conventional arm 

E18

 Withdrawn Post-randomisation exclusion (e.g. SLID resistance) 
Consent withdrawn by participant  As per conventional arm 

E19

U
N

AS
SE

SS
AB

LE
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Treatment failure – intervention and comparator groups

Need to change at least 2 
anti-TB drugs?

Individualised treatment 
change by clinical panel

Continue original 
regimen

Microbiological 
failure

Success, LTF 
death, relapse

Microbiological 
failure

Success, LTF, 
death, relapse

Regimen based upon 
Group A, B, C

Yes
No

Definition 1 (trial definition)

Need to change at least 2 
anti-TB drugs?

Individualised treatment 
change by clinical panel

Continue original 
regimen

Microbiological 
failure

Success,LTF
death, relapse

Microbiological 
failure

Success,LTF
death, relapse

Regimen based upon 
Group A, B, C

Yes
No

Definition 2 (sensitivity)

The University of Sydney Page 18

Definitions of failure

NEXT intervention NEXT comparator

Primary definition Redefined 
failure 

Primary 
definition

Redefined 
failure

n (%) n (%) n (%) n (%)

Total 49 49 44 49

Outcomes
Treatment success

25 (51%) 35 (71%) 12* (27%) 29 (66%)
Failure & 
recurrence 12 (24%) 2 (4%) 26 (59%) 9 (20%)
Death

4** (8%) 4 (8%) 4 **(9%) 4 (9%)
Loss to follow-up

8 (16%) 8 (16%) 2 (5%) 2 (5%)
Grade 3 or more 
AE*** 17 (35%) 17 (35%) 10 (23%) 10 (23%)
Amplified 
resistance NR NR NR NR

The University of Sydney Page 19

Reclassification of outcomes

Intervention group:
Trial-defined outcomes: 12 with treatment 
failure, of which 3 had a treatment change as 
the reason for the definition of failure (one with 
known microbiological failure). 
One additional microbiological failure

Comparator group:
Trial defined outcomes: 26 with treatment 
failure, of which 24 had a treatment change as 
the reason for the definition of failure (including 
two with known microbiological failure).

12 failure 2 failure

10 reclassified:
- 2 had a change in regimen, then converted
- 8 the reason for failure not documented, 

then converted

Trial definition Redefined 
failure

26 failure 9 failure

17 reclassified:
- All 17 had regimen changes then converted
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PICO 2

Should a 6-to-9-month shorter all-oral 
regimen containing Lzd, Bdq, Lfx, Z, 
Eto/Hh/Trd be used in patients with 
MDR/RR-TB and fluoroquinolone 
resistance excluded?

The University of Sydney Page 21

PICO 2
Comparison 2.1

The University of Sydney Page 22

PICO 2
Should a 6-to-9-month shorter all-oral regimen containing Lzd, Bdq, Lfx, Z, 
Eto/Hh/Trd be used in patients with MDR/RR-TB and fluoroquinolone resistance 
excluded? (compared to a standard of care regimen)

Population 1) Confirmed RR TB or MDR-TB
2) Excluding patients with FQ-R TB at baseline
3) Excluding those with resistance to second-line agents at 
baseline

Intervention 1) Patients with 6-9 months Lzd-Bdq-Lfx-Z-Eto/high dose 
isoniazid/Trd (NEXT regimen, gene-directed, individualised)
2) Intended duration of treatment 6 to 9 months
3) Excluding use of injectable antibiotic

Comparator 1) NeXT all comparator regimen >9 months
2) May include injectable antibiotic (kanamycin in all regimens)

PICO 2 Comparison 2.1 NeXT regimen vs NeXT standard of care

Intervention NeXT regimen (6-9 months Bdq/Lzd)

Comparator NeXT standard of care composite regimen

Time of follow-up 24 months post treatment initiation
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Setting – PICO 2.1

5 sites

Intervention 
and
comparator

The University of Sydney Page 24

Clinical characteristics NeXT regimen NeXT SOC

n (%) n (%)

Total 49 (100%) 44 (100%)

Age (median, IQR) 35 (29-40) 37.5 (27-45)

Adults 18+ 49 (100%) 44 (100%)

Male 34 (69%) 28 (63%)

HIV positive* 27 (55%) 24 (55%)

Past TB treatment 19 (39%) 23 (52%)

Past DR-TB treatment 0 (0%) 0 (0%)

AFB Smear positive 31 (63%) 29 (66%)

Culture positive 45 (92%) 41 (93%)

Pre-XDR (FQ-R) TB 0 (0%) 0 (0%)

FQ susceptible 37 (76%) 36 (82%)

FQ resistance status missing 12 (24%) 8 (18%)

Descriptive analyses – PICO 2 Comparison 2.1

*Authors report all HIV-infected participants received ART

The University of Sydney

Clinical characteristics NeXT regimen NeXT SoC

n (%) n (%)

Drugs used 49 (100%) 44 (100%)

Bedaquiline 49 100% 28*a 64%

Linezolid 47 96% 2 5%

Moxifloxacin/levofloxacin 49 100% 44 100%

Ethionamide or prothaniomide 18 37% 33 75%

Ethambutol 19 39% 39 89%

Pyrazinamide 49 100% 40 91%

Isoniazid 39 80% 35 80%

Clofazamine 12 24% 32 73%

Injectable antibiotic 1 4% 44 100%

Descriptive analyses – PICO 2 Comparison 2.1

*In comparator group:
(a) 8 received 18-20 month SOC regimen, of which 4/8 received BDQ for <6 months.
(b) 36 allocated to 9-11 month SOC regimen. 24/36 received BDQ up to 6 months (except 1 person received ~8 months)
a Outcomes for those given Bdq in comparator: 24 / 28 of patients on Bdq had ‘treatment failure’, 3 cure and 1 death. Page 25
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Key

Primary 
follow-up
time

Sensitivity 
analyses

PICO 2 Comparison 2.1 NeXT regimen vs NeXT standard of care

Intervention NeXT regimen (6-9 months Bdq/Lzd)

Comparator NeXT standard of care

Time of follow-up 24 months post treatment initiation

The University of Sydney Page 27

Forest plot of primary outcome, according to NEXT 
study outcome definitions

The University of Sydney Page 28

Regimens Outcome measures Propensity score model
NeXT 
intervention

NeXT 
SOC

Unadj. RR (95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 49 44

Outcomes
Treatment 
success 25 (51%) 12* (27%) 1.87 (1.07, 3.26) 1.92 (1.06,3.48) 0.0314

Age, log of BMI, diabetes, smoking, sex, HIV 
status, past TB, smear positive, cavitation, 

bilateral TB, ART (if HIV+)
Failure & 
recurrence 12 (24%) 26 (59%) 0.41 (0.24, 0.72) 0.43 (0.25,0.76) 0.0033 As above

Death 4** (8%) 4 **(9%) 0.90 (0.26, 3.12) NA NA 1.0 Adjustment not possible due to small numbers 
of outcomes

Loss to 
follow-up 8 (16%) 2 (5%) 3.59 (0.93, 14.51) NA NA 0.0954 Adjustment not possible due to small numbers 

of outcomes

Grade 3 or 
more AE*** 17 (35%) 10 (23%) 1.53 (0.78, 2.97) 1.40 (0.71, 2.79) 0.3334 As above

Amplified 
resistance

NR NR Amplified resistance not available

PICO 2 Comparison 2.1 NeXT regimen vs NeXT standard of care

Intervention NeXT regimen (6-9 months Bdq/Lzd)

Comparator NeXT standard of care

Time of follow-up 24 months post treatment initiation

*Dataset provided by NEXT included 12 people with success, however accepted manuscript reported 10 with treatment success
**2 deaths in control arm and 3 deaths in intervention arm TB related. ***Qtc >500ms in 1 person in comparator, 0 in intervention.
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Forest plot of sub-group analyses

The University of Sydney Page 30

Sub-group analyses PICO 2.1 (treatment success)
Regimens Outcomes Propensity score model

NeXT intervention NeXT SoC Unadj. 
RR

(95% CI) aRR
(or RD)

(95% CI) p-value Covariates included in 
model

Total Success
n (%)

Total Success
n (%)

Subgroup

Age<15 0 NA 0 NA NA NA

Age≥15 49 25 (51%) 44 12 (27%) 1.87 (1.07, 3.26) 1.92 (1.06, 3.49) 0.0308
Age/log of BMI/ diabetes/ smoking /sex/ HIV status/ 
past TB/ AFB smear at baseline/ cavitation/ bilateral 
disease/ ART if HIV positive

Pulmonary 
TB

49 25 (51%) 44 12 (27%) 1.87 (1.07, 3.26) 1.92 (1.06, 3.49) 0.0308
Age/log of BMI/ diabetes/ smoking /sex/ HIV status/ 
past TB/ AFB smear at baseline/ cavitation/ bilateral 
disease/ ART if HIV positive

Smear - 17 10 (59%) 12 3 (25%) 2.35 (0.94, 6.98) na na Adjustment not possible

Smear + 31 14 (45%) 29 8 (28%) 1.64 (0.81, 3.32) 1.75 (0.83, 3.68) 0.1436
Age/log of BMI/ diabetes/ smoking /sex/ HIV status/ 
past TB/ cavitation/ bilateral disease/ ART if HIV 
positive

HIV+ 27 13 (48%) 24 6 (25%) 1.93 (0.87, 4.27) 1.56 (0.69, 3.54) 0.2907
Age/log of BMI/ diabetes/ smoking /sex/ past TB/ AFB 
smear at baseline/ cavitation/ bilateral disease/ ART if 
HIV positive

HIV- 22 12 (55%) 20 6 (30%) 1.82 (0.84, 3.93) 2.12 (0.87, 5.12) 0.0973 Age/log of BMI/ diabetes/ smoking /sex/ past TB/ AFB 
smear at baseline/ cavitation/ bilateral disease

Non-smoker 25 13 (52%) 22 7 (32%) 1.63 (0.80, 3.35) 1.64 (0.72, 3.74) 0.2368
Age/log of BMI/ diabetes/sex/ HIV status/ past TB/ 
AFB smear at baseline/ cavitation/ bilateral disease/ 
ART if HIV positive

Smoker 24 12 (50%) 22 5 (23%) 2.20 (0.92, 5.24) 1.80 (0.72, 4.51) 0.2127
Age/log of BMI/ diabetes/sex/ HIV status/ past TB/ 
AFB smear at baseline/ cavitation/ bilateral disease/ 
ART if HIV positive

Past TB 19 10 (53%) 23 7 (30%) 1.73 (0.82, 3.66) 1.81 (0.74, 4.38) 0.1934
Age/log of BMI/ diabetes/ smoking /sex/ HIV status/ 
AFB smear at baseline/ cavitation/ bilateral disease/ 
ART if HIV positive

No past TB 30 15 (50%) 21 5 (24%) 2.10 (0.90, 4.89) 2.38 (0.94, 6.02) 0.0671
Age/log of BMI/ diabetes/ smoking /sex/ HIV status/ 
AFB smear at baseline/ cavitation/ bilateral disease/ 
ART if HIV positive

The University of Sydney Page 31

PICO 2.1 – Primary outcomes

– With the intervention regimen:
– Higher treatment success (aRR 1.92), lower failure/recurrence (aRR

0.43) in the NeXT intervention compared to SOC
– No difference in death
– Loss to follow-up higher in NeXT intervention, although limited precision

(unadjRR 3.59 (CI 0.93, 14.51))
– Higher incidence of grade 3-5 adverse events (aRR 1.40)
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Adverse events

– NEXT trial publication reports:
– In intervention group: Linezolid caused serious AEs in 11/17 (64.7%)

of participants where drug was stopped, 10/11 (90.1%) of which were
related to anaemia.

– In comparator group: Kanamycin was culprit drug in 27/31 (87.1%)
participants with serious AEs where drug was stopped, 19/27 (70.4%)
of which related to high frequency hearing loss.

Source: Esmail et al, in press.

The University of Sydney Page 33

Sensitivity analyses
PICO 2.1

The University of Sydney Page 34

Definitions of failure

NEXT intervention NEXT comparator

Primary definition Redefined 
failure 

Primary 
definition

Redefined 
failure

n (%) n (%) n (%) n (%)

Total 49 49 44 49

Outcomes
Treatment success

25 (51%) 35 (71%) 12 (27%) 29 (66%)
Failure & 
recurrence 12 (24%) 2 (4%) 26 (59%) 9 (20%)
Death

4 (8%) 4 (8%) 4 (9%) 4 (9%)
Loss to follow-up

8 (16%) 8 (16%) 2 (5%) 2 (5%)
Grade 3 or more 
AE 17 (35%) 17 (35%) 10 (23%) 10 (23%)
Amplified 
resistance NR NR NR NR
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Reclassification of outcomes

Intervention group:
Trial-defined outcomes: 12 with treatment 
failure, of which 3 had a treatment change as 
the reason for the definition of failure (one with 
known microbiological failure). 
One additional microbiological failure

Comparator group:
Trial defined outcomes: 26 with treatment 
failure, of which 24 had a treatment change as 
the reason for the definition of failure (including 
two with known microbiological failure).

12 failure 2 failure

10 reclassified:
- 2 had a change in regimen, then converted
- 8 the reason for failure not documented, 

then converted

Trial definition Redefined 
failure

26 failure 9 failure

17 reclassified:
- All 17 had regimen changes then converted

The University of Sydney Page 36

Forest plot of primary outcome, reclassified outcomes

The University of Sydney

Regimens Outcome measures Propensity score model

NeXT 
intervention

NeXT 
comparator

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 49 44

Redefined 
outcomes
Treatment 
success 35 (71%) 29 (66%) 1.08 (0.82, 1.43) 1.04 (0.79, 1.39) 0.7666

Age, log of BMI, diabetes, smoking, sex, HIV status, prior 
TB, AFB smear at baseline, cavitation, bilateral disease,  
ART (if HIV positive)

Failure & 
recurrence 2 (4%) 9 (20%) 0.20 (0.05, 0.76) 0.0222 Adjustment not possible due to low outcome rates

Death
4 (8%) 4 (9%) 0.90 (0.26, 3.12) 1.000 Adjustment not possible due to low outcome rates

Loss to 
follow-up 8 (16%) 2 (5%) 3.59 (0.93, 14.51) 0.0954 Adjustment not possible due to low outcome rates

Grade 3 or 
more AE 17 (35%) 10 (23%) 1.53 (0.78, 2.97) 1.4 (0.7, 2.78) 0.3352 As above

Amplified 
resistance

NR NR Amplified resistance not available

PICO 2 Comparison 2.1 Sensitivity analysis: redefined treatment failure

Intervention NeXT regimen (6-9 months Bdq/Lzd)

Comparator NeXT comparator

Time of follow-up 24 months post treatment initiation

Page 37
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Forest plot of sub-group analyses (redefined outcomes)

The University of Sydney Page 39

Sub-group analyses PICO 2.1 (treatment success)
Sensitivity analysis: redefined failure

Regimens Outcomes Propensity score model
NeXT 

intervention
NeXT SOC Unadj. 

RR
(95% CI) aRR (or 

RD)
(95% CI) p-

value
Covariates included in 
model

Total Success
n (%)

Total Success
n (%)

Subgroup
Age<15 0 0

Age≥15 49 35 (71%) 44 29 (66%) 1.08 (0.82, 1.43) 1.05 (0.79, 1.39) 0.7581
Age/ log of BMI/ diabetes/ smoking/sex/ HIV status/ 
past TB/ AFB smear at baseline/ cavitation/ bilateral 
disease/ ART status if HIV positive 

Pulmonary TB 49 35 (71%) 44 29 (66%) 1.08 (0.82, 1.43) 1.04 (0.79, 1.39) 0.7626
Age/ log of BMI/ diabetes/ smoking/sex/ HIV status/ 
past TB/ AFB smear at baseline/ cavitation/ bilateral 
disease/ ART status if HIV positive 

EPTB 0 0

Smear + 31 23 (74%) 29 18 (62%) 1.2 (0.84, 1.7) 1.19 (0.82, 1.73) 0.3563
Age/ log of BMI/ diabetes/ smoking/sex/ HIV status/ 
past TB/ cavitation/ bilateral disease/ ART status if HIV 
positive 

Smear - 17 11 (65%) 12 9 (75%) 0.86 (0.52, 1.49) 0.6942
Age/ log of BMI/ diabetes/ smoking/sex/ HIV status/ 
past TB/ cavitation/ bilateral disease/ ART status if HIV 
positive 

HIV+ 27 20 (74%) 24 15 (62%) 1.19 (0.81, 1.74) 1.18 (0.8, 1.76) 0.4027
Age/ log of BMI/ diabetes/ smoking/sex/past TB/ AFB 
smear at baseline/ cavitation/ bilateral disease/ ART 
status if HIV positive 

HIV- 22 15 (68%) 20 14 (70%) 0.97 (0.65, 1.46) 0.90 (0.58, 1.41) 0.655
Age/ log of BMI/ diabetes/ smoking/sex/ past TB/ AFB 
smear at baseline/ cavitation/ bilateral disease

Non smoker 25 18 (72%) 22 15 (68%) 1.06 (0.73, 1.54) 1.11 (0.68, 1.8) 0.6799
Age/ log of BMI/ diabetes/sex/ HIV status/ past TB/ 
AFB smear at baseline/ cavitation/ bilateral disease/ 
ART status if HIV positive 

Smoker 24 17 (71%) 22 14 (64%) 1.11 (0.74, 1.67) 1.02 (0.68, 1.53) 0.9162
Age/ log of BMI/ diabetes/sex/ HIV status/ past TB/ 
AFB smear at baseline/ cavitation/ bilateral disease/ 
ART status if HIV positive 

Past TB 19 12 (63%) 23 14 (61%) 1.04 (0.65, 1.67) 0.96 (0.52, 1.77) 0.8886
Age/ log of BMI/ diabetes/ smoking/sex/ HIV status/ 
AFB smear at baseline/ cavitation/ bilateral disease/ 
ART status if HIV positive 

No past TB 30 23 (77%) 21 15 (71%) 1.07 (0.77, 1.5) 1.05 (0.74, 1.49) 0.7671
Age/ log of BMI/ diabetes/ smoking/sex/ HIV status/ 
AFB smear at baseline/ cavitation/ bilateral disease/ 
ART status if HIV positive 
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Sensitivity analysis 2.1 – reclassifying 
failure/recurrence
Redefining failure has an effect on the primary outcomes of treatment success and 
failure/recurrence.
– The effect upon treatment success changes from aRR 1.92 (95% CI 1.06-3.48, p=0.0314) to 

aRR 1.04 (0.79, 1.39, p=0.7666)
– The effect upon failure/relapse changes, from 0.43 (0.25-0.76, p=0.0033) to 0.2 (0.05-0.76, 

p=0.0222)

Sensitivity analysis:
For the intervention regimen:
- Similar treatment success (aRR 1.04)
- Reduction in treatment failure
- No difference in death
- Higher loss to follow-up, as seen in primary analysis
- Higher grade 3 and above adverse events, as seen in primary analysis
- Sub-group analyses in same direction as for primary analysis, with wide confidence limits
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Limitations

– Open label study, prone to bias in clinical decisions (including 
clinician changes in regimens, which were defined as failure)

– Very small sample size
– Imbalance in some baseline covariates
– Comparator regimen does not align with current WHO 2020 

standard of care
– Definition of treatment failure led to a high proportion of 

individuals changing regimens being considered failure

The University of Sydney Page 42

Factors influencing certainty assessment – PICO 2.1
Outcome Risk of bias Inconsistency Indirectness Imprecision Overall 

downgrading
Certainty

Success Serious ↓ Not serious Very serious ↓↓ Serious ↓ ↓↓↓↓ ⨁◯◯◯
Very low

Failure/ 
recurrence

Serious ↓ Not serious Very serious ↓↓ Serious ↓ ↓↓↓↓ ⨁◯◯◯
Very low

Death Serious ↓ Not serious Very serious ↓↓ Very serious ↓↓ ↓↓↓↓↓ ⨁◯◯◯
Very low

Loss to 
follow-up

Very serious ↓↓ Not serious Very serious ↓↓ Very serious ↓↓ ↓↓↓↓↓↓ ⨁◯◯◯
Very low

Adverse 
events 

(Grade 3+)
Very serious ↓↓ Not serious Very serious ↓↓ Serious ↓ ↓↓↓↓↓ ⨁◯◯◯

Very low

Amplification 
drug 

resistance
N/A N/A N/A N/A - ⨁◯◯◯

Very low

The University of Sydney Page 43

Factors influencing certainty assessment – PICO 2.1
No of 

studies
Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations

1 Randomised 
trial

Very serious not serious Very serious Very serious none

↓↓ ↓↓ ↓↓
Risk of bias
Lack of blinding (except lab staff and analysts).
Low sample size led to imbalance between the groups (gender, 
past TB treatment, FQ resistance) despite randomisation.
Trial was stopped early due to change in comparator.
Together, these led to downgrading by one to two levels,
depending upon outcome.

Indirectness
Comparator: The comparator regimen is injectable base and does 
not follow the current 2020 WHO standard of care. 
Outcome definitions: These differ from current WHO definitions; 
however, the same approach is taken in both groups.
Populations: study was undertaken in one country, in a clinical trial.
We considered downgrading by one or two levels. The decision was 
to downgrade by two levels.

⨁⨁◯◯◯◯◯◯
Very low

Imprecision
The number of participants in both intervention 
and comparator groups was small (n=49 and 
n=44). Very few events in the outcomes of 
interest, causing very serious imprecision for 
some outcomes. We downgraded two levels
for imprecision for some outcomes, and one 
level for others.

Randomized trials without important limitations 
provide high quality evidence. After 
downgrading, the certainty for all outcomes was 
rated:
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PICO 2
Comparison 2.2
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PICO 2
Should a 6-to-9-month shorter all-oral regimen containing Lzd, Bdq, Lfx, Z, 
Eto/Hh/Trd be used in patients with MDR/RR-TB and fluoroquinolone resistance 
excluded? (compared to a standard of care regimen)

Population 1) Confirmed RR TB or MDR-TB
2) Excluding patients with FQ-R TB at baseline
3) Excluding those with second-line use for at least a month

Intervention 1) Patients with 6-9 month Lzd-Bdq-Lfx-Z-Eto/high dose 
isoniazid/Trd (gene-directed, individualised)
2) Intended duration of treatment 6 to 9 months
3) Excluding use of injectable antibiotic

Comparator 1) 9-12 month bedaquiline-containing all-oral regimen (South 
Africa 2017 cohort)
2) All oral regimen (Excluding use of injectable antibiotics at 
treatment initiation)

PICO 2 Comparison 2.2 NeXT regimen vs WHO short – redefined outcomes

Intervention NeXT regimen (6-9 months Bdq/Lzd)

Comparator WHO short (S Africa 2017)

Time of follow-up 24 months post treatment initiation

The University of Sydney Page 46

Key

Primary 
follow-up
time

Sensitivity 
analyses

PICO 2 Comparison 2.2 NeXT regimen vs WHO short – redefined outcomes

Intervention NeXT regimen (6-9 months Bdq/Lzd)

Comparator WHO short (S Africa 2017)

Time of follow-up 24 months post treatment initiation
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Clinical characteristics NeXT regimen WHO short (SA 2017)

n (%) n (%)

Total 49 (100%) 880 (100%)

Age (median, IQR) 35 (29-40) 41 (32-50)

Adults 18+ 49 (100%) 867 (99%)

Male 34 (69%) 534 (61%)

HIV positive 27 (55%) 637 (72%)

Past TB treatment 19 (39%) 371 (42%)

Past DR-TB treatment 0 (0%) 30 (3%)

AFB Smear positive 31 (63%) 341 (39%)

Culture positive 45 (92%) 399 (45%)

Pre-XDR (FQ-R) TB 0 (0%) 0 (0%)

FQ susceptible 37 (76%) 438 (50%)

FQ resistance status missing 12 (24%) 442 (50%)

Descriptive analyses – PICO 2 Comparison 2.2

The University of Sydney Page 48

Clinical characteristics NeXT regimen WHO short (SA 2017)

n (%) n (%)

Drugs used 49 (100%) 880 (100%)

Bedaquiline 49 (100% 880 (100%)

Linezolid 47 (96%) 76 (9%)

Moxifloxacin/levofloxacin 49 (100%) 868 (99%)

Ethionamide or prothaniomide 18 (37%) 817 (93%)

Ethambutol 19 (39%) 847 (96%)

Pyrazinamide 49 (100%) 874 (99%)

Isoniazid 39 (80%) 758 (86%)

Clofazamine 12 (24%) 851 (97%)

Injectable antibiotic 0 (0%) 0 (0%)

Descriptive analyses – PICO 2 Comparison 2.2

The University of Sydney Page 49

Forest plot of primary outcome (redefined outcomes)
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The University of Sydney

Regimens Outcome measures Propensity score model

NeXT 
intervention

WHO short 
(S Africa 
2017)

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 49 880

Outcomes
Treatment 
success 35 (71%) 581(66%) 1.08 (0.9, 1.3) 1.07 (0.87, 1.32) 0.5222

Age, sex, HIV status, past TB, AFB smear at 
baseline, ART (for people with HIV)

Failure & 
recurrence 2 (4%) 12(1%) 2.99 (0.76, 11.27) 0.1657

Adjustment not possible due to low outcome 
rate

Death
4 (8%) 185(21%) 0.39 (0.15,0.92) 0.0281

Adjustment not possible due to low outcome 
rate 

Loss to 
follow-up 8 (16%) 102(12%) 1.41 (0.73,2.72) 1.21 (0.56, 2.61) 0.6293

Age, sex, HIV status, past TB, AFB smear at 
baseline, ART (for people with HIV)

Grade 3 or 
more AE 17 (35%) NR NA NA

Amplified 
resistance NR NR NA NA

PICO 2 Comparison 2.2 NeXT regimen vs WHO short – redefined outcomes

Intervention NeXT regimen (6-9 months Bdq/Lzd)

Comparator WHO short (S Africa 2017)

Time of follow-up 24 months post treatment initiation

Page 50
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PICO 2.2 – Primary outcomes (reclassified outcome)

- Higher treatment success in NeXT than WHO short
- Higher failure, recurrence (aRR 2.99)
- Lower death (unadj RR 0.39)
- Higher loss to follow-up
- Unable to assess adverse events due to lack of reporting

in South African dataset 2017
- Limited covariates available for adjustment in the

comparator group

The University of Sydney Page 52

Forest plot of sub-group analyses (redefined 
outcomes)
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Sub-group analyses PICO 2.2 (treatment success)
Redefined outcomes 

Regimens Outcomes Propensity score model
NeXT 

intervention
WHO short (S 
Africa 2017)

Unadj. 
RR

(95% CI) aRR (or 
RD)

(95% CI) p-
value

Covariates included in 
model

Total Success
n (%)

Total Success
n (%)

Subgroup

Age<15 0 NA 7 4(57%) NA NA

Age≥15 49 35 (71%) 873 577 (66%) 1.08 (0.9, 1.3) 1.07 (0.87, 1.32) 0.5233
Age/sex/HIV status /past TB /AFB smear 
at baseline/ART if HIV positive 

Pulmonary TB 49 35 (71%) 857 564 (66%) 1.09 (0.9, 1.3) 1.07 (0.87, 1.32) 0.5001
Age/sex/HIV status /past TB /AFB smear 
at baseline/ART if HIV positive 

EPTB 0 NA 23 17 (74%) NA NA

Smear + 31 23 (74%) 341 221 (65%) 1.14 (0.92, 1.43) 1.13 (0.89, 1.45) 0.3124
Age/sex/HIV status /past TB /ART if HIV 
positive 

Smear - 17 11 (65%) 450 313 (70%) 0.93 (0.65, 1.33) 0.98 (0.7, 1.39) 0.929
Age/sex/HIV status /past TB /ART if HIV 
positive 

HIV+ 27 20 (74%) 637 411 (65%) 1.15 (0.91, 1.45) 1.12 (0.87, 1.44) 0.3934
Age/sex/past TB /AFB smear at 
baseline/ART if HIV positive 

HIV- 22 15 (68%) 242 169 (70%) 0.98 (0.73, 1.31) 0.97 (0.69, 1.36) 0.8598
Age/sex/past TB /AFB smear at 
baseline/ART if HIV positive 

Past TB 19 12 (63%) 371 229 (62%) 1.02 (0.72, 1.46) 1.08 (0.77, 1.51) 0.6532
Age/sex/HIV status /AFB smear at 
baseline/ART if HIV positive 

No past TB 30 23 (77%) 509 352 (69%) 1.11 (0.9, 1.36) 1.1 (0.86, 1.41) 0.467
Age/sex/HIV status /AFB smear at 
baseline/ART if HIV positive 

The University of Sydney Page 54

Original outcome 
definitions
PICO 2.2

The University of Sydney

Regimens Outcome measures Propensity score model

NeXT 
intervention

WHO short 
(S Africa 
2017)

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 49 880

Outcomes
Treatment 
success 25 (51%) 581(66%) 0.77 (0.58,1.02) 0.78 (0.58, 1.06) 0.1096

Age, sex, HIV status, past TB, AFB smear at 
baseline, ART (if HIV positive)

Failure & 
recurrence 12 (24%) 12(1%) 17.96 (8.51, 37.89) 15.87 (7.21, 34.89) <0.0001

Adjustment not possible due to small numbers 
in outcome

Death
4 (8%) 185(21%) 0.39 (0.15,0.92) 0.0281

Adjustment not possible due to small 
numbers in outcome

Loss to 
follow-up 8 (16%) 102(12%) 1.41 (0.73,2.72) 1.2 (0.55,2.59) 0.6447 As above

Grade 3 or 
more AE 17 (35%) NR NA NA

Amplified 
resistance NR NR NA NA

PICO 2 Comparison 2.2 Sensitivity analysis: Next defined outcome 

Intervention NeXT regimen (6-9 months Bdq/Lzd)

Comparator WHO short (S Africa 2017)

Time of follow-up 24 months post treatment initiation

Page 55
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Forest plot of primary outcome
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Sub-group analyses PICO 2.2 (treatment success)
Sensitivity analysis: NEXT defined outcome 

Regimens Outcomes Propensity score model

NeXT 
intervention

WHO short         
(S Africa 2017)

Unadj. 
RR

(95% CI) aRR (or 
RD)

(95% CI) p-
value

Covariates included in 
model

Total Success
n (%)

Total Success
n (%)

Subgroup

Age<15 0 7 4 (57%)

Age≥15 49 25 (51%) 873 577 (66%) 0.77 (0.58, 1.02) 0.78 (0.58, 1.06) 0.1061
Age, sex, HIV status, past TB, AFB smear 

at baseline, ART (if HIV positive)

Pulmonary TB 49 25 (51%) 857 564 (66%) 0.78 (0.59, 1.02) 0.78 (0.58, 1.06) 0.1132
Age, sex, HIV status, past TB, AFB smear 

at baseline, ART (if HIV positive)

EPTB 0 23 17 (74%)

Smear + 31 14 (45%) 341 221 (65%) 0.70 (0.47, 1.04) 0.64 (0.4, 1.02) 0.0584
Age, sex, HIV status, past TB, ART (if HIV 

positive)

Smear - 17 10 (59%) 450 313 (70%) 0.85 (0.57, 1.26) 0.85 (0.55, 1.31) 0.4666
Age, sex, HIV status, past TB, ART (if HIV 

positive)

HIV+ 27 13 (48%) 637 411 (65%) 0.75 (0.5, 1.11) 0.75 (0.5, 1.13) 0.1656
Age, sex, past TB, AFB smear at baseline, 

ART (if HIV positive)

HIV- 22 12 (55%) 242 169 (70%) 0.78 (0.53, 1.15) 0.83 (0.55, 1.25) 0.3760 Age, sex, past TB, AFB smear at baseline

Past TB 19 10 (53%) 371 229 (62%) 0.85 (0.55, 1.32) 0.96 (0.64, 1.42) 0.8199
Age, sex, HIV status, AFB smear at 

baseline, ART (if HIV positive)

No past TB 30 15 (50%) 509 352 (69%) 0.72 (0.5, 1.04) 0.7 (0.46, 1.08) 0.111
Age, sex, HIV status, AFB smear at 

baseline, ART (if HIV positive)

The University of Sydney Page 58

Forest plot of sub-group analyses
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Limitations

NEXT cohort
– Open label study, prone to bias 

(including clinician changes in regimens, 
which were defined as failure)

– Very small sample size
– Imbalance in some baseline covariates
– Comparator group does not align with 

current WHO 2020 standard of care
– Definition of treatment failure led to a 

high proportion of individuals changing 
regimens being considered failure

SA 2017 cohort
– A difference in definition of failure 

between the two cohorts*
– Programmatic dataset with likely 

misclassification (underestimates of 
relapse and death)

– A lack of data about baseline 
covariates reflecting disease severity

– Potential selection bias, relating to the 
population chosen to introduce a new 
regimen in a programmatic setting

*Additional sensitivity analyses performed to address this issue

The University of Sydney Page 60

Factors influencing certainty assessment – PICO 2.2
Outcome Risk of bias Inconsistency Indirectness Imprecision Overall 

downgrading
Certainty

Success Very serious ↓↓ Not serious Very serious ↓↓ Serious ↓ ↓↓↓↓ ⨁◯◯◯
Very low

Failure/ 
recurrence

Very serious ↓↓ Not serious Very serious ↓↓ Serious ↓ ↓↓↓↓ ⨁◯◯◯
Very low

Death Very serious ↓↓ Not serious Very serious ↓↓ Very serious ↓↓ ↓↓↓↓↓ ⨁◯◯◯
Very low

Loss to 
follow-up

Very serious ↓↓ Not serious Very serious ↓↓ Very serious ↓↓ ↓↓↓↓↓↓ ⨁◯◯◯
Very low

Adverse 
events 

(Grade 3+)
N/A N/A N/A N/A - ⨁◯◯◯

Very low

Amplification 
drug 

resistance
N/A N/A N/A N/A - ⨁◯◯◯

Very low

The University of Sydney Page 61

Factors influencing certainty assessment – PICO 2.2
No of 

studies
Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations

1 Randomised 
trial

Very serious not serious Very serious Very serious none

↓↓ ↓↓ ↓↓
Risk of bias
Lack of blinding in NeXT 
Trial was stopped early due to change in comparator
Unmeasured confounding likely between different settings
Misclassification bias in South African 2017 cohort (death, relapse 
may be underestimated)
Together, these led to downgrading by two levels, depending upon 
outcome.

Indirectness
Outcome definitions differ between settings. It is not possible to 
account fully for this difference.
The decision was to downgrade by two levels, primarily on account 
of this difference in the outcome classification.

⨁⨁◯◯◯◯◯◯
Very low

Imprecision
The number of participants in the intervention 
groups (n=49). Very few events in the outcomes 
of interest, causing very serious imprecision for 
some outcomes. We downgraded two levels
for imprecision for some outcomes, and one 
level for others.

Observational studies trials without important 
limitations provide low quality evidence. After 
downgrading, the certainty for all outcomes was 
rated:
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Supplementary slides
PICO 2.2

The University of Sydney

Regimens Outcome measures Propensity score model

NeXT 
intervention

WHO short 
(S Africa 
2017)

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 49 438

Outcomes
Treatment 
success 35 (71%) 304(69%) 1.03 (0.85, 1.24) 1.04 (0.85, 1.27) 0.7376

Age, sex, HIV status, past TB, AFB smear at 
baseline, ART (if HIV positive)

Failure & 
recurrence 2 (4%) 8(2%) 2.23 (0.54, 8.83) 0.2659 Adjustment not possible

Death
4 (8%) 77(18%) 0.46 (0.18, 1.12) 0.1069 Adjustment not possible

Loss to 
follow-up 8 (16%) 49(11%) 1.46 (0.73, 2.9) 1.08 (0.48, 2.45) 0.8475

As above

Grade 3 or 
more AE 17(25%) NR NA NA

Amplified 
resistance NR NR NA

PICO 2 Comparison 2.2 Sensitivity analysis: excluding FQ status unknown (redefined outcome)

Intervention NeXT regimen (6-9 months Bdq/Lzd)

Comparator WHO short (S Africa 2017)

Time of follow-up 24 months post treatment initiation

Page 63
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Sub-group analyses PICO 2.2 (treatment success)
Sensitivity analysis: excluding FQ status unknown (redefined)

Regimens Outcomes Propensity score model
NeXT 

intervention
WHO short (S 
Africa 2017)

Unadj. 
RR

(95% CI) aRR (or 
RD)

(95% CI) p-
value

Covariates included in 
model

Total Success
n (%)

Total Success
n (%)

Subgroup

Age<15 0 2 1(50%) NA NA

Age≥15 49 35 (71%) 436 303(69%) 1.03 (0.85, 1.24) 1.03 (0.85, 1.27) 0.742
Age, sex, HIV status, past TB, AFB smear 

at baseline, ART (if HIV positive)

Pulmonary TB 49 35 (71%) 430 297(69%) 1.03 (0.86, 1.25) 1.04 (0.85, 1.27) 0.6952
Age, sex, HIV status, past TB, AFB smear 

at baseline, ART (if HIV positive)

EPTB 0 0 8 7(88%) NA NA

Smear + 31 23 (74%) 230 160 (70%) 1.07 (0.85, 1.34) 1.04 (0.81, 1.34) 0.7423
Age, sex, HIV status, past TB, ART (if HIV 

positive)

Smear - 17 11 (65%) 174 121 (70%) 0.93 (0.65, 1.34) 1.02 (0.72, 1.44) 0.9149
Age, sex, HIV status, past TB, ART (if HIV 

positive)

HIV+ 27 20 (74%) 314 213(68%) 1.09 (0.86, 1.38) 1.08 (0.84, 1.38) 0.5359
Age, sex, past TB, AFB smear at baseline, 

ART (if HIV positive)

HIV- 22 15 (68%) 124 91(73%) 0.93 (0.69, 1.26) 0.94 (0.68, 1.31) 0.7235
Age, sex, past TB, AFB smear at baseline, 

ART (if HIV positive)

Past TB 19 12 (63%) 203 125(62%) 1.03 (0.72, 1.47) 1.11 (0.79, 1.56) 0.5501
Age, sex, HIV status, AFB smear at 

baseline, ART (if HIV positive)

No past TB 30 23 (77%) 235 179(76%) 1.01 (0.82, 1.24) 1 (0.78, 1.28) 0.9992
Age, sex, HIV status, AFB smear at 

baseline, ART (if HIV positive)
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The University of Sydney

Regimens Outcome measures Propensity score model

NeXT 
intervention

WHO short 
(S Africa 
2017)

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 49 438

Outcomes
Treatment 
success 25(51%) 304(69%) 0.74 (0.55,0.97) 0.73 (0.54,1.0) 0.0469

Age, sex, HIV status, past TB, AFB smear at 
baseline, ART (if HIV positive)

Failure & 
recurrence 12(24%) 8(2%) 13.41 (5.76,31.20) 13.56 (5.69, 32.29) <0.001 As above

Death
4(8%) 77(18%) 0.46 (0.18,1.12) Adjustment not possible

Loss to 
follow-up 8(16%) 49(11%) 1.46 (0.73,2.90) 1.08 (0.48, 2.44) 0.8515 As above

Grade 3 or 
more AE 17(25%) NR NA NA

Amplified 
resistance NR NA

PICO 2 Comparison 2.2 Sensitivity analysis: excluding FQ status unknown (next defined outcome)

Intervention NeXT regimen (6-9 months Bdq/Lzd)

Comparator WHO short (S Africa 2017)

Time of follow-up 24 months post treatment initiation
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Sub-group analyses PICO 2.2 (treatment success)
Sensitivity analysis: excluding FQ status unknown (next outcome)

Regimens Outcomes Propensity score model
NeXT 

intervention
WHO short

(S Africa 2017)
Unadj. 
RR

(95% CI) aRR (or 
RD)

(95% CI) p-
value

Covariates included in 
model

Total Success
n (%)

Total Success
n (%)

Subgroup

Age<15 2 1(50%)

Age≥15 49 25(51%) 436 303(69%) 0.73 (0.55, 0.97) 0.73 (0.54, 1.0) 0.0466
Age, sex, HIV status, past TB, AFB smear 

at baseline, ART (if HIV positive)

Pulmonary TB 49 25(51%) 430 297(69%) 0.74 (0.56, 0.98) 0.74 (0.54, 1.0) 0.0509
Age, sex, HIV status, past TB, AFB smear 

at baseline, ART (if HIV positive)

EPTB 0 0 8 7(88%) NA

Smear - 17 10(59%) 174 121(70%) 0.85 (0.56, 1.27) 0.86 (0.55,1.36) 0.5273
Age, sex, HIV status, past TB, ART (if HIV 

positive)

Smear + 31 14(45%) 230 160(70%) 0.65 (0.44,0.97) 0.60 (0.38,0.95) 0.0287
Age, sex, HIV status, past TB,  ART (if HIV 

positive)

HIV+ 27 13(48%) 314 213(68%) 0.71 (0.48, 1.06) 0.71 (0.47, 1.06) 0.0956
Age, sex, past TB, AFB smear at baseline, 

ART (if HIV positive)

HIV- 22 12(55%) 124 91(73%) 0.74 (0.50, 1.10) 0.79 (0.52, 1.19) 0.2621
Age, sex, past TB, AFB smear at baseline, 

ART (if HIV positive)

Past TB 19 10(53%) 203 125(62%) 0.85 (0.55, 1.33) 0.98 (0.66, 1.46) 0.9121
Age, sex, HIV status, AFB smear at 

baseline, ART (if HIV positive)

No past TB 30 15(50%) 235 179(76%) 0.66 (0.46, 0.95) 0.63 (0.40, 0.97) 0.0357
Age, sex, HIV status, AFB smear at 

baseline, ART (if HIV positive)

The University of Sydney Page 67

PICO 2
Comparison 2.3
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PICO 2
Should a 6-to-9-month shorter all-oral regimen containing Lzd, Bdq, Lfx, Z, 
Eto/Hh/Trd be used in patients with MDR/RR-TB and fluoroquinolone resistance 
excluded? (compared to a standard of care regimen)

Population 1) Confirmed RR TB or MDR-TB
2) Excluding patients with FQ-R TB at baseline
3) Excluding those with second-line use for at least a month

Intervention 1) Patients with 6-9 month Lzd-Bdq-Lfx-Z-Eto/high dose 
isoniazid/Trd (gene-directed individualised)
2) Intended duration of treatment 6 to 9 months
3) Excluding use of injectable antibiotic

Comparator 1) WHO long individual participant data meta-analysis (multiple 
cohorts containing bedaquiline)

2) Intended duration 18 months or more

PICO 2 Comparison 2.3 NeXT regimen vs WHO long – redefined outcomes

Intervention NeXT regimen (6-9 months Bdq/Lzd)

Comparator WHO long (WHO IPD 2021) FQ-s

Time of follow-up 24 months post treatment initiation

The University of Sydney Page 69

Key

Primary 
follow-up
time

Sensitivity 
analyses

PICO 2 Comparison 2.3 NeXT regimen vs WHO long – redefined outcomes

Intervention NeXT regimen (6-9 months Bdq/Lzd)

Comparator WHO long (WHO IPD 2021) FQ-s

Time of follow-up 24 months post treatment initiation

The University of Sydney Page 70

Clinical characteristics NeXT regimen WHO long (IPD)

n (%) n (%)

Total 49 (100%) 850 (100%)

Age (median, IQR) 35 (29-40) 34 (24-45)

Adults 18+ 49 (100%) 765 (90%)

Male 34 (69%) 470 (55%)

HIV positive 27 (55%) 129 (15%)

Past TB treatment 19 (39%) 376 (44%)

Past DR-TB treatment 0 (0%) 214 (25%)

AFB Smear positive 31 (63%) 297 (35%)

Culture positive 45 (92%) 287 (34%)

Pre-XDR (FQ-R) TB 0 (0%) 0 (0%)

FQ susceptible 37 (76%) 127 (15%)

FQ resistance status missing 12 (24%) 723 (85%)

Descriptive analyses – PICO 2 Comparison 2.3
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Clinical characteristics NeXT regimen WHO long (IPD)

n (%) n (%)

Drugs used 49 (100%) 850 (100%)

Bedaquiline 49 (100%) 850 (100%)

Linezolid 47 (96%) 850 (100%)

Moxifloxacin/levofloxacin 49 (100%) 850 (100%)

Ethionamide or prothaniomide 18 (37%) 185 (22%)

Ethambutol 19 (39%) 98 (12%)

Pyrazinamide 49 (100%) 314 (37%)

Isoniazid 39 (80%) 53 (6%)

Clofazamine 12 (24%) 790 (93%)

Injectable antibiotic 0 (0%) 84 (10%)

Descriptive analyses – PICO 2 Comparison 2.3

The University of Sydney Page 72

Forest plot of primary analysis (redefined outcomes)

The University of Sydney

Regimens Outcome measures Propensity score model

NeXT 
intervention

WHO IPD 
2021

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 49 850

Outcomes
Treatment 
success

35 (71%) 626 (74%) 0.97 (0.81, 1.16) 0.88 (0.66, 1.19) 0.4195

Age, log of BMI, diabetes, smoking, sex, HIV 
status, past TB, AFB smear at baseline, ART 
(if HIV positive)

Failure & 
recurrence 2 (4%) 29 (3%) 1.20 (0.32, 4.22) NA 0.6838 Adjustment not possible

Death
4 (8%) 95 (11%) 0.73 (0.28, 1.76) NA 0.6433 Adjustment not possible

Loss to 
follow-up 8 (16%) 100 (12%) 1.39 (0.72, 2.69) 2.32 (1.17, 4.6) 0.016 As above

Grade 3 or 
more AE 17 (35%) 40 (5%) 7.37 (4.52, 12.02) 8.3 (4.68, 14.81) <0.0001 As above

Amplified 
resistance NA NA NA

PICO 2 Comparison 2.3 NeXT regimen vs WHO long – redefined outcome

Intervention NeXT regimen (6-9 months Bdq/Lzd)

Comparator WHO long (WHO IPD 2021) FQ-s

Time of follow-up 24 months post treatment initiation

Page 73
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Forest plot of sub-group analyses (redefined outcome)
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Sub-group analyses PICO 2.3 (treatment success)
Redefined outcome

Regimens Outcomes Propensity score model
NeXT 

intervention
WHO long IPD 

2021
Unadj. 
RR

(95% CI) aRR (or 
RD)

(95% CI) p-
value

Covariates included in 
model

Total Success
n (%)

Total Success
n (%)

Subgroup

Age<15 0 0 23 20 (87%)

Age≥15 49 35 (71%) 792 593 (75%) 0.95 (0.8, 1.14) 0.86 (0.63, 1.17) 0.3465

Age, log of BMI, diabetes, smoking, sex, 
HIV status, past TB, AFB smear at baseline, 
ART (if HIV positive)

Pulmonary TB 49 35 (71%) 734 564 (77%) 0.93 (0.78, 1.11) 0.84 (0.61, 1.15) 0.2766

Age, log of BMI, diabetes, smoking, sex, 
HIV status, past TB, AFB smear at baseline, 
ART (if HIV positive)

EPTB 0 60 52 (87%)

Smear + 31 23 (74%) 297 206 (69%) 1.07 (0.86, 1.33) 0.85 (0.55, 1.33) 0.4874
Age, log of BMI, diabetes, smoking, sex, 
HIV status, past TB, ART (if HIV positive)

Smear - 17 11 (65%) 261 217 (83%) 0.78 (0.55, 1.11) 0.9 (0.65, 1.26) 0.5404
Age, log of BMI, diabetes, smoking, sex, 
HIV status, past TB, ART (if HIV positive)

HIV+ 27 20 (74%) 129 80 (62%) 1.19 (0.92, 1.55) 1.15 (0.85, 1.55) 0.3519

Age, log of BMI, diabetes, smoking, sex, 
past TB, AFB smear at baseline, 
ART (if HIV positive)

HIV- 22 15 (68%) 685 525 (77%) 0.89 (0.67, 1.19) 0.81 (0.52, 1.24) 0.3338

Age, log of BMI, diabetes, smoking, sex, 
past TB, AFB smear at baseline, 
ART (if HIV positive)

Past TB 19 12 (63%) 376 292 (78%) 0.81 (0.57, 1.15) 0.81 (0.5, 1.31) 0.3878

Age, log of BMI, diabetes, smoking, sex, 
HIV status, AFB smear at baseline, 
ART (if HIV positive)

No past TB 30 23 (77%) 474 334 (70%) 1.09 (0.89, 1.34) 0.94 (0.61, 1.45) 0.775

Age, log of BMI, diabetes, smoking, sex, 
HIV status, AFB smear at baseline, 
ART (if HIV positive) Page 75

The University of Sydney Page 76

PICO 2.3 – Primary analysis (redefined outcome)

- Lower treatment success (aRR 0.88)
- No difference in failure/recurrence
- Higher loss to follow-up (aRR 2.32)
- Higher grade 3 and above adverse events (aRR 8.3)
- For sub-groups, wide confidence limits for all sub-groups due to small numbers.
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Primary outcome (trial 
definitions)
PICO 2.3

The University of Sydney Page 78

Forest plot of primary outcome

The University of Sydney

PICO 2 Comparison 2.3 NeXT regimen vs WHO long: Next defined outcomes

Intervention NeXT regimen (6-9 months Bdq/Lzd)

Comparator WHO long (WHO IPD 2021) FQ-s

Time of follow-up 24 months post treatment initiation

Regimens Outcome measures Propensity score model

NeXT 
intervention

WHO long 
(WHO IPD)

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 49 850

Outcomes
Treatment 
success

25 (51%) 626 (74%) 0.69 (0.53, 0.91) 0.75 (0.53, 1.07) 0.1094

Age, log of BMI, diabetes, smoking, sex, HIV 
status, past TB, smear status, ART (if HIV 
positive)

Failure & 
recurrence 12 (24%) 29 (3%) 7.18 (3.91, 13.18) 3.30 (1.55, 7.09) 0.0019 As above
Death

4 (8%) 95 (11%) 0.73 (0.28, 1.76) 0.6433
Adjustment not possible due to small outcome 
numbers

Loss to 
follow-up 8 (16%) 100 (12%) 1.39 (0.72, 2.69) 2.31 (1.16, 4.59) 0.0169 As above
Grade 3 or 
more AE 17 (35%) 40 (5%) 7.37 (4.52, 12.02) 8.31 (4.7, 14.83) <0.001 As above
Amplified 
resistance NR NR NA NA

Page 79
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Forest plot of sub-group analyses

The University of Sydney Page 81

Sub-group analyses PICO 2.3 (treatment success)
Regimens Outcomes Propensity score model

NeXT intervention WHO long
(WHO IPD)

Unadj. 
RR

(95% CI) aRR (or 
RD)

(95% CI) p-
value

Covariates included in 
model

Total Success
n (%)

Total Success
n (%)

Subgroup
Age<15 0 23 20 (87%)

Age≥15 49 25 (51%) 792 593 (75%) 0.68 (0.52, 0.9) 0.74 (0.52, 1.06) 0.1031
Age, log BMI, diabetes, smoking, sex, HIV, 
past TB, smear status, ART (if HIV +)

Pulmonary TB 49 25 (51%) 734 564 (77%) 0.66 (0.5, 0.88) 0.73 (0.51, 1.06) 0.0983
Age, log BMI, diabetes, smoking, sex, HI, 
past TB, smear status, ART (if HIV +)

EPTB 0 60 52 (87%)

Smear - 17 10 (59%) 261 217 (83%) 0.71 (0.47, 1.06) 0.88 (0.62, 1.25) 0.4776
Age, log BMI, diabetes, smoking, sex, 
HIV, past TB, ART (if HIV +)

Smear + 31 14 (45%) 297 206 (69%) 0.65 (0.44, 0.97) 0.61 (0.33, 1.13) 0.1159
Age, log BMI, diabetes, smoking, sex, HIV, 
past TB, ART (if HIV +)

HIV+ 27 13 (48%) 129 80 (62%) 0.78 (0.51, 1.17) 0.81 (0.52, 1.27) 0.3644
Age, log BMI, diabetes, smoking, sex, past 
TB, smear status. ART (if HIV +)

HIV- 22 12 (55%) 685 525 (77%) 0.71 (0.48, 1.04) 0.75 (0.47, 1.2) 0.2254
Age, log BMI, diabetes, smoking, 
sex, past TB, smear status. ART (if HIV +)

Non-smoking 25 13 (52%) 510 405 (79%) 0.65 (0.45, 0.96) 0.78 (0.49, 1.24) 0.294
Age, log BMI, diabetes, sex, 
HIV, past TB, smear status. ART (if HIV +)

Smoking 24 12 (50%) 138 90 (65%) 0.77 (0.5, 1.16) 0.6 (0.28, 1.3) 0.1925

Age, log BMI, 
diabetes, sex, HIV, past TB, smear status. 
ART (if HIV +)

Past TB 19 10 (53%) 376 292 (78%) 0.68 (0.44, 1.04) 0.77 (0.46, 1.27) 0.3047

Age, log BMI, 
diabetes, sex, HIV, smoking, smear status. 
ART (if HIV +)

No past TB 30 15 (50%) 474 334 (70%) 0.71 (0.49, 1.02) 0.76 (0.44, 1.29) 0.3065

Age, log 
BMI, diabetes, sex, HIV, smoking, smear 
status. ART (if HIV +) Page 81

The University of Sydney Page 82

PICO 2.3 – Sensitivity analysis – Next outcomes

Sensitivity analysis:
- Lower treatment success (0.75), higher failure/recurrence (aRR 3.30) with 6-9 months 

Bdq/Lzd using Next outcomes (compared to 0.88 for success, 1.2 for failure using 
redefined outcomes)

- Lower death, higher loss to follow-up and higher incidence of grade 3-5 AE in 6-9 
months Bdq/Lzd
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Limitations

NEXT cohort
– Open label study, prone to bias 

(including clinician changes in regimens, 
which were defined as failure)

– Very small sample size
– Imbalance in some baseline covariates
– Comparator group does not align with 

current WHO 2020 standard of care
– Definition of treatment failure led to a 

high proportion of individuals changing 
regimens being considered failure

WHO long IPD 2021 
– Heterogeneity of outcomes between 

settings in 14 datasets
– Baseline covariates not consistently 

available, unable to adjust for 
unmeasured confounding

– Missing smear and culture results in up 
to 40% of WHO IPD dataset

– Difference in definitions of failure 
(programmatic definition used in WHO 
IPD)

The University of Sydney Page 84

Factors influencing certainty assessment – PICO 2.3
No of 

studies
Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations

1 Randomised 
trial

Very serious not serious Very serious Very serious none

↓↓ ↓↓ ↓↓
Risk of bias
Lack of blinding in NeXT 
Trial was stopped early due to change in comparator
Unmeasured confounding likely between different settings
Misclassification bias in WHO IPD dataset (death, relapse may be 
underestimated post treatment completion)
Together, these led to downgrading by two levels.

Inconsistency
Substantial heterogeneity in outcomes between WHO IPD datasets 
led to downgrading by one level.

Indirectness
Outcome definitions differ between settings. It is not possible to 
account fully for this difference.
The decision was to downgrade by two levels, primarily on account 
of this difference in the outcome classification.

⨁⨁◯◯◯◯◯◯
Very low

Imprecision
The number of participants in the intervention 
groups (n=49). Very few events in the outcomes 
of interest, causing very serious imprecision for 
some outcomes. We downgraded two levels
for imprecision for some outcomes, and one 
level for others.

Observational studies trials without important 
limitations provide low quality evidence. After 
downgrading, the certainty for all outcomes was 
rated:

The University of Sydney Page 85

Factors influencing certainty assessment – PICO 2.3
Outcome Risk of bias Inconsistency Indirectness Imprecision Overall 

downgrading
Certainty

Success Very serious ↓↓ Serious ↓ Very serious ↓↓ Serious ↓ ↓↓↓↓↓↓ ⨁◯◯◯
Very low

Failure/ 
recurrence

Very serious ↓↓ Serious ↓ Very serious ↓↓ Serious ↓ ↓↓↓↓↓↓ ⨁◯◯◯
Very low

Death Very serious ↓↓ Serious ↓ Very serious ↓↓ Very serious ↓↓ ↓↓↓↓↓↓↓ ⨁◯◯◯
Very low

Loss to 
follow-up

Very serious ↓↓ Serious ↓ Very serious ↓↓ Very serious ↓↓ ↓↓↓↓↓↓↓ ⨁◯◯◯
Very low

Adverse 
events 

(Grade 3+)
Very serious ↓↓ Serious ↓ Very serious ↓↓ Serious ↓ ↓↓↓↓↓↓ ⨁◯◯◯

Very low

Amplification 
drug 

resistance
N/A N/A N/A N/A - ⨁◯◯◯

Very low
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Supplementary analysis
FQ-unknown excluded 

The University of Sydney

Regimens Outcome measures Propensity score model

NeXT 
intervention

WHO long 
IPD 2021

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 49 127

Outcomes
Treatment 
success

35 (71%) 104 (82%) 0.87 (0.72, 1.06) 0.88 (0.65, 1.2) 0.4265

Age, log of BMI, diabetes, smoking, sex, HIV 
status, past TB, AFB smear at baseline, ART 
(if HIV positive)

Failure & 
recurrence 2 (4%) 5 (4%) 1.04 (0.24, 4.43) 1 As above
Death

4 (8%) 10 (8%) 1.04 (0.35, 2.93) 1 Adjustment not possible
Loss to 
follow-up 8 (16%) 8 (6%) 2.59 (1.03, 6.52) 3.89 (1.23, 12.31) 0.0207 As above
Grade 3 or 
more AE 17 (35%) 7 (6%) 6.29 (2.78, 14.24) 12.78 (5.36, 30.48) <0.0001 As above
Amplified 
resistance

PICO 2 Comparison 2.3 Sensitivity analysis: excluding FQ status unknown (redefined outcomes)

Intervention NeXT regimen (6-9 months Bdq/Lzd)

Comparator WHO long (WHO IPD 2021) FQ-s only

Time of follow-up 24 months post treatment initiation

Page 87

The University of Sydney

Sub-group analyses PICO 2.3 (treatment success)
Sensitivity analysis: excluding FQ status unknown (redefined)

Regimens Outcomes Propensity score model
NeXT 

intervention
WHO long IPD 

2021
Unadj. 
RR

(95% CI) aRR (or 
RD)

(95% CI) p-
value

Covariates included in 
model

Total Success
n (%)

Total Success
n (%)

Subgroup

Age<15 0 1 1 (100%)

Age≥15 49 35 (71%) 126 103 (82%) 0.87 (0.72, 1.06) 0.89 (0.65, 1.21) 0.4473

Age, log BMI, diabetes, smoking, sex, 
HIV, past TB, smear status, ART (if 
HIV +)

Pulmonary TB 49 35 (71%) 125 102 (82%) 0.88 (0.72, 1.06) 0.89 (0.66, 1.21) 0.4736

Age, log BMI, diabetes, smoking, sex, 
HIV, past TB, smear status, ART (if 
HIV +)

EPTB 0 2 2 (100%)

Smear + 31 23 (74%) 60 43 (72%) 1.04 (0.8, 1.34) 0.98 (0.69, 1.38) 0.8948
Age, log BMI, diabetes, smoking, sex, 
HIV, past TB, ART (if HIV +)

Smear - 17 11 (65%) 49 47 (96%) 0.67 (0.43, 0.87) 0.82 (0.61, 1.11) 0.2044
Age, log BMI, diabetes, smoking, sex, 
HIV, past TB, ART (if HIV +)

HIV+ 27 20 (74%) 14 13 (93%) 0.8 (0.59, 1.12) 0.84 (0.58, 1.21) 0.3454
Age, log BMI, diabetes, smoking, sex, 
past TB, smear status, ART (if HIV +)

HIV- 22 15 (68%) 111 90 (81%) 0.84 (0.62, 1.13) 0.83 (0.5, 1.38) 0.4809
Age, log BMI, diabetes, smoking, sex, 
past TB, smear status, ART (if HIV +)

Past TB 19 12 (63%) 97 78 (80%) 0.79 (0.55, 1.12) 0.75 (0.41, 1.39) 0.3603
Age, log BMI, diabetes, smoking, sex, 
HIV, smear status, ART (if HIV +)

No past TB 30 23 (77%) 30 26 (87%) 0.88 (0.67, 1.14) 0.85 (0.63, 1.13) 0.2627
Age, log BMI, diabetes, smoking, sex, 
HIV, smear status, ART (if HIV Page 88
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PICO 2.3 – Sensitivity analyses – excluding FQ status 
unknown
Sensitivity analysis with redefined outcomes excluding FQ unknown status: 
– Fewer participants from WHO long (only 127, vs 850)
– Reduced treatment success (aRR 0.88)
– No difference in failure
– Higher loss to follow-up
– Increased grade 3 and above adverse events

The University of Sydney Page 90

Regimens Outcome measures Propensity score model

NeXT 
intervention

WHO long 
IPD 2021

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 49 127

Outcomes
Treatment 
success 25 (51%) 104 (82%) 0.62 (0.47, 0.83) 0.78 (0.53, 1.13) 0.196

Age, log BMI, diabetes, smoking, sex, HIV, 
past TB, smear status, ART (if HIV +)

Failure & 
recurrence 12 (24%) 5 (4%) 6.22 (2.31, 16.74) <0.0001 As above
Death

4 (8%) 10 (8%) 1.04 (0.35, 2.93) 1 Adjustment not possible
Loss to 
follow-up 8 (16%) 8 (6%) 2.59 (1.03, 6.52) 3.91 (1.24, 12.33) 0.0201 As above
Grade 3 or 
more AE 17 (35%) 7 (6%) 6.29 (2.78, 14.24) 12.65 (5.3, 30.2) <0.0001 As above
Amplified 
resistance NA NA NA

PICO 2 Comparison 2.3 Sensitivity analysis: excluding FQ status unknown (trial defined outcomes)

Intervention NeXT regimen (6-9 months Bdq/Lzd)

Comparator WHO long (WHO IPD 2021) FQ-s only 

Time of follow-up 24 months post treatment initiation

The University of Sydney

Sub-group analyses PICO 2.3 (treatment success)
Sensitivity analysis: excluding FQ status unknown (Next outcome)

Regimens Outcomes Propensity score model
NeXT 

intervention
WHO long IPD 

2021
Unadj. 
RR

(95% CI) aRR (or 
RD)

(95% CI) p-
value

Covariates included in 
model

Total Success
n (%)

Total Success
n (%)

Subgroup

Age<15 0 1 1 (100%)

Age≥15 49 25 (51%) 126 103 (82%) 0.62 (0.47, 0.83) 0.77 (0.53, 1.13) 0.1846

Age, log BMI, diabetes, smoking, sex, 
HIV, past TB, smear status, ART (if 
HIV +)

Pulmonary TB 49 25 (51%) 125 102 (82%) 0.63 (0.47, 0.83) 0.78 (0.54, 1.14) 0.2028

Age, log BMI, diabetes, smoking, sex, 
HIV, past TB, smear status, ART (if 
HIV +)

EPTB 0 2 2 (100%)

Smear + 31 14 (45%) 60 43 (72%) 0.63 (0.41, 0.96) 0.79 (0.48, 1.29) 0.3383
Age, log BMI, diabetes, smoking, sex, 
HIV, past TB, ART (if HIV +)

Smear - 17 10 (59%) 49 47 (96%) 0.61 (0.37, 0.83) 0.8 (0.58, 1.11) 0.1783
Age, log BMI, diabetes, smoking, sex, 
HIV, past TB, ART (if HIV +)

HIV+ 27 13 (48%) 14 13 (93%) 0.52 (0.33, 0.79) 0.58 (0.36, 0.94) 0.0266
Age, log BMI, diabetes, smoking, sex, 
past TB, smear status, ART (if HIV +)

HIV- 22 12 (55%) 111 90 (81%) 0.67 (0.45, 1) 0.8 (0.48, 1.36) 0.4133
Age, log BMI, diabetes, smoking, sex, 
past TB, smear status

Past TB 19 10 (53%) 97 78 (80%) 0.65 (0.42, 1.01) 0.71 (0.37, 1.36) 0.3041
Age, log BMI, diabetes, smoking, sex, 
HIV, smear status, ART (if HIV +)

No past TB 30 15 (50%) 30 26 (87%) 0.58 (0.38, 0.82) 0.64 (0.41, 1) 0.0518
Page 91
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PICO 2
Comparison 2.4

The University of Sydney Page 93

PICO 2
Should a 6-to-9-month shorter all-oral regimen containing Lzd, Bdq, Lfx, Z, 
Eto/Hh/Trd be used in patients with MDR/RR-TB and fluoroquinolone resistance 
excluded? (compared to a standard of care regimen)

Population 1) Confirmed RR TB or MDR-TB
2) Excluding patients with FQ-R TB at baseline
3) Excluding those with second-line use for at least a month

Intervention 1) Patients with 6-9 month Lzd-Bdq-Lfx-Z-Eto/high dose
isoniazid/Trd (gene-directed individualised)
2) Intended duration of treatment 6 to 9 months
3) Excluding use of injectable antibiotic

Comparator 1) Patients with at least Bedaquiline, Linezolid and FQN (i.e. 3
Group A medicines) used during treatment 
2) Intended duration of treatment 9 to 11.9 months
3) All oral regimen (excluding use of injectable antibiotics)

PICO 2 Comparison 2.4 NeXT regimen vs SA new – redefined outcomes

Intervention NeXT regimen (6-9 months Bdq/Lzd)

Comparator SA New (2019)

Time of follow-up 24 months post treatment initiation

The University of Sydney Page 94

Key

Primary 
follow-up
time

Sensitivity 
analyses

PICO 2 Comparison 2.4 NeXT regimen vs SA new – redefined outcomes

Intervention NeXT regimen (6-9 months Bdq/Lzd)

Comparator SA New (2019)

Time of follow-up 24 months post treatment initiation
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Clinical characteristics NeXT regimen WHO long (SA 2019)

n (%) n (%)

Total 49 (100%) 4240 (100%)

Age (median, IQR) 35 (29-40) 37 (29-46)

Adults 18+ 49 (100%) 4078 (96%)

Male 34 (69%) 2533 (60%)

HIV positive 27 (55%) 2822 (67%)

Past TB treatment 19 (39%) 1651 (39%)

Past DR-TB treatment 0 (0%) 123 (3%)

AFB Smear positive 31 (63%) 1450 (34%)

Culture positive 45 (92%) 2100 (50%)

Pre-XDR (FQ-R) TB 0 (0%) 0 (0%)

FQ susceptible 37 (76%) 2193 (51%)

FQ resistance status missing 12 (24%) 2047 (48%)

Descriptive analyses – PICO 2 Comparison 2.4

The University of Sydney Page 96

Clinical characteristics NeXT regimen WHO long (SA 2019)

n (%) n (%)

Drugs used 49 (100%) 4240 (100%)

Bedaquiline 49 (100% 4240 (100%)

Linezolid 47 (96%) 4240 (100%)

Moxifloxacin/levofloxacin 49 (100%) 4240 (100%)

Ethionamide or prothaniomide 18 (37%) 301 (7%)

Ethambutol 19 (39%) 4152 (98%)

Pyrazinamide 49 (100%) 4167 (98%)

Isoniazid 39 (80%) 304 (7%)

Clofazamine 12 (24%) 4094 (97%)

Injectable antibiotic 0 (0%) 4240 (100%)

Descriptive analyses – PICO 2 Comparison 2.4

The University of Sydney Page 97

Forest plot of primary outcome (redefined outcomes)
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Regimens Outcome measures Propensity score model

NeXT 
intervention

SA New 
2019

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 49 4240

Outcomes
Treatment 
success

35 (71%) 2703 (64%) 1.12 (0.94, 1.34) 1.12 (0.94, 1.34) 0.2191
Age, diabetes, sex, HIV status, past TB, AFB 

smear at baseline, ART (if HIV positive)

Failure & 
recurrence

2 (4%) 47 (1%) 3.68 (0.99, 12.77) 0.1072 Unable to adjust

Death 4 (8%) 851 (20%) 0.41 (0.16, 0.96) 0.0456 Unable to adjust

Loss to 
follow-up

8 (16%) 639 (15%) 1.08 (0.57, 2.05) 1.09 (0.57, 2.06) 0.799 As above

Grade 3 or 
more AE

17 (35%) 212 (5%) 6.94 (4.62, 10.41) 6.95 (4.63, 10.43) <0.0001 As above

Amplified 
resistance

PICO 2 Comparison 2.4 NeXT regimen vs SA new – redefined outcomes

Intervention NeXT regimen (6-9 months Bdq/Lzd)

Comparator SA New (2019)

Time of follow-up 24 months post treatment initiation

The University of Sydney Page 99

Sub-group analyses (redefined outcomes)

The University of Sydney Page 100

Sub-group analyses PICO 2.4 (treatment success)
Redefined outcome

Regimens Outcomes Propensity score model
NeXT 

intervention
SA New 2019 Unadj. 

RR
(95% CI) aRR (or 

RD)
(95% CI) p-

value
Covariates included in 
model

Total Success
n (%)

Total Success
n (%)

Subgroup

Age<15 0 69 57 (83%)

Age≥15 49 35 (71%) 4171 2646 (63%) 1.13 (0.94, 1.35) 1.12 (0.94, 1.34) 0.2003

Age, diabetes, sex, HIV status, past TB, 
AFB smear at baseline, ART (if HIV 

positive

Pulmonary TB 49 35 (71%) 4159 2652 (64%) 1.12 (0.94, 1.34) 1.12 (0.93, 1.34) 0.2208

Age, diabetes, sex, HIV status, past TB, 
AFB smear at baseline, ART (if HIV 

positive

EPTB 0 81 51 (63%)

Smear + 31 23 (74%) 1450 931 (64%) 1.16 (0.94, 1.43) 1.15 (0.93, 1.43) 0.1916
Age, diabetes, sex, HIV status, past TB, 

ART (if HIV positive

Smear - 17 11 (65%) 2377 1606 (68%) 0.96 (0.67, 1.36) 0.96 (0.68, 1.36) 0.8168
Age, diabetes, sex, HIV status, past TB, 

ART (if HIV positive

HIV+ 27 20 (74%) 2822 1757 (62%) 1.19 (0.95, 1.49) 1.19 (0.95, 1.49) 0.1309
Age, diabetes, sex, past TB, AFB smear at 

baseline, ART (if HIV positive

HIV- 22 15 (68%) 1406 939 (67%) 1.02 (0.77, 1.36) 1.02 (0.76, 1.36) 0.8988
Age, diabetes, sex, past TB, AFB smear at 

baseline, ART (if HIV positive

Past TB 19 12 (63%) 1651 962 (58%) 1.08 (0.77, 1.53) 1.08 (0.77, 1.53) 0.649
Age, diabetes, sex, HIV status, AFB smear 

at baseline, ART (if HIV positive

No past TB 30 23 (77%) 2589 1741 (67%) 1.14 (0.93, 1.39) 1.14 (0.93, 1.39) 0.2039
Age, diabetes, sex, HIV status, AFB smear 

at baseline, ART (if HIV positive
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PICO 2.4 – Primary analysis – redefined outcome

For the intervention regimen, for the point estimates:
- Higher estimate for treatment success (aRR 1.12)
- Higher failure/recurrence (unadjusted RR 3.68)
- Reduction in death (unadjusted RR 0.41)
- Higher loss to follow-up (aRR 1.09)

The University of Sydney Page 102

Sensitivity analysis:
Primary trial definitions
PICO 2.4

The University of Sydney Page 103

Forest plot of primary outcome (Next outcome)
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PICO 2 Comparison 2.4 NeXT regimen vs SA new – NeXT defined outcomes

Intervention NeXT regimen (6-9 months Bdq/Lzd)

Comparator SA New (2019)

Time of follow-up 24 months post treatment initiation

Regimens Outcome measures Propensity score model

NeXT 
intervention

SA New 
(2019)

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 49 4240

Outcomes
Treatment 
success 25 (51%) 2703 (64%) 0.80 (0.61, 1.05) 0.80 (0.61, 1.06) 0.1151

Age, diabetes, sex, HIV status, past TB, AFB smear at 
baseline, ART (if HIV positive

Failure & 
recurrence 12 (24%) 47 (1%) 22.09 (12.52, 38.99) 21.80 (12.34, 38.53) P<0.0001 As above

Death
4 (8%) 851 (20%) 0.41 (0.16, 1.04) 0.0456 Adjustment not possible

Loss to 
follow-up 8 (16%) 639 (15%) 1.08 (0.57, 2.05) 1.09 (0.57, 2.06) 0.7989 As above

Grade 3 or 
more AE 17 (35%) 212 (5%) 6.94 (4.62, 10.41) 6.95 (4.63, 10.43) p<0.0001 As above 

Amplified 
resistance NR NR NA NA
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Forest plot of sub-group analyses
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Sub-group analyses (treatment success) (trial definitions)
Regimens Outcomes Propensity score model

NeXT 
intervention

SA New (2019) Unadj. 
RR

(95% CI) aRR (or 
RD)

(95% CI) p-
value

Covariates included in 
model

Total Success
n (%)

Total Success
n (%)

Subgroup

Age<15 0 69 57 (83%)

Age≥15 49 25 (51%) 4171 2646 (63%) 0.8 (0.61, 1.06) 0.81 (0.61, 1.06) 0.1232
Age, diabetes, sex, HIV status, past TB, 

AFB smear at baseline, ART (if HIV positive

Pulmonary TB 49 25 (51%) 4159 2652 (64%) 0.8 (0.61, 1.05) 0.8 (0.61, 1.05) 0.1143
Age, diabetes, sex, HIV status, past TB, 

AFB smear at baseline, ART (if HIV positive

EPTB 0 81 51 (63%)

Smear + 31 14 (45%) 1450 931 (64%) 0.7 (0.48, 1.04) 0.7 (0.47, 1.03) 0.0703
Age, diabetes, sex, HIV status, past TB, 

ART (if HIV positive

Smear - 17 10 (59%) 2377 1606 (68%) 0.87 (0.58, 1.3) 0.87 (0.59, 1.3) 0.4977
Age, diabetes, sex, HIV status, past TB, 

ART (if HIV positive

HIV+ 27 13 (48%) 2822 1757 (62%) 0.77 (0.52, 1.15) 0.78 (0.52, 1.15) 0.2032
Age, diabetes, sex, past TB, AFB smear at 

baseline, ART (if HIV positive

HIV- 22 12 (55%) 1406 939 (67%) 0.82 (0.56, 1.2) 0.82 (0.56, 1.2) 0.3036
Age, diabetes, sex, past TB, AFB smear at 

baseline, ART (if HIV positive

Past TB 19 10 (53%) 1651 962 (58%) 0.9 (0.59, 1.39) 0.9 (0.59, 1.39) 0.6464
Age, diabetes, sex, HIV status,AFB smear 

at baseline, ART (if HIV positive

No past TB 30 15 (50%) 2589 1741 (67%) 0.74 (0.52, 1.06) 0.75 (0.52, 1.07) 0.1072
Age, diabetes, sex, HIV status, AFB smear 

at baseline, ART (if HIV positive
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Limitations

NEXT cohort
– Open label study, prone to bias 

(including clinician changes in regimens, 
which were defined as failure)

– Very small sample size
– Imbalance in some baseline covariates
– Comparator group does not align with 

current WHO 2020 standard of care
– Definition of treatment failure led to a 

high proportion of individuals changing 
regimens being considered failure

SA New 2019
– Limited information about baseline 

disease severity likely contributes to 
unmeasured confounding.

– Misclassification likely in reporting of 
relapse and death.

– Adverse events not reported routinely, 
likely leading to an underestimate of 
the incidence of adverse events.
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Factors influencing certainty assessment – PICO 2.4
No of 

studies
Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations

1 Randomised 
trial

Very serious not serious Very serious Very serious none

↓↓ ↓↓ ↓↓
Risk of bias
Lack of blinding in NeXT 
Trial was stopped early due to change in comparator
Unmeasured confounding likely between different settings
Misclassification bias of death and relapse in SA New
Together, these led to downgrading by two levels.

Indirectness
Outcome definitions differ between settings. It is not possible to 
account fully for this difference.

The decision was to downgrade by two levels, primarily on account 
of this difference in the outcome classification.

⨁⨁◯◯◯◯◯◯
Very low

Imprecision
The number of participants in the intervention 
groups (n=49). Very few events in the outcomes 
of interest, causing very serious imprecision for 
some outcomes. We downgraded two levels
for imprecision for some outcomes, and one 
level for others.

Observational studies trials without important 
limitations provide low quality evidence. After 
downgrading, the certainty for all outcomes was 
rated:
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Factors influencing certainty assessment – PICO 2.4
Outcome Risk of bias Inconsistency Indirectness Imprecision Overall 

downgrading
Certainty

Success Very serious ↓↓ Not serious Very serious ↓↓ Serious ↓ ↓↓↓↓↓ ⨁◯◯◯
Very low

Failure/ 
recurrence

Very serious ↓↓ Not serious Very serious ↓↓ Serious ↓ ↓↓↓↓↓ ⨁◯◯◯
Very low

Death Very serious ↓↓ Not serious Very serious ↓↓ Very serious ↓↓ ↓↓↓↓↓↓ ⨁◯◯◯
Very low

Loss to 
follow-up

Very serious ↓↓ Not serious Very serious ↓↓ Very serious ↓↓ ↓↓↓↓↓↓ ⨁◯◯◯
Very low

Adverse 
events 

(Grade 3+)
Very serious ↓↓ Not serious Very serious ↓↓ Serious ↓ ↓↓↓↓↓ ⨁◯◯◯

Very low

Amplification 
drug 

resistance
N/A N/A N/A N/A - ⨁◯◯◯

Very low
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A6.3 Session 3
PICO 3: BPaL regimens with different linezolid 
exposures
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Session 3 Objectives

Objectives of this session are to:
– Review the effectiveness findings for PICO3
– Evaluate evidence for different linezolid doses in treatment of 

MDR/TB and FQ-R TB

The University of Sydney Page 3

Abbreviations of regimens evaluated
Currently recommended by WHO all-oral 18-20-month regimens designed based on drug groups 
table (include group A: Fq, Bdq, Lzd and group B: cycloserine, clofazimine and possibly group C 

medicines): 18 Bdq(6 m or longer)-(Lfx/Mfx)-Lzd-(Cfz or Cs)
WHO_long

Currently recommended by WHO shorter, all oral 9-11-month regimen including Bdq and Fq (no 
Lzd): 4–6 Bdq(6 m)-(Lfx/Mfx)-Cfz-Z-E-Hh-Eto / 5 Lfx-Cfz-Z-EWHO_short*

Shorter, all oral 9-11 month regimen used in SA since 2008 including Bdq, Fq, Lzd):
4–6 Bdq(6 m)-Lzd-Lfx-Cfz-Z-E-Hh / 5 Lfx-Cfz-Z-ESA_new**

Experimental regimen from NeXT RCT: 6-9 months of Bdq-Lfx-Lzd-Z-Eto (or H high dose or 
terizidone)NeXT

6-9-month Bdq-Pa-Lzd (dosing varied 1200, 600 with possible dose decrease in case of toxicity as 
well as duration 2-6 months)BPaL

6-month Bdq-Pa-Lzd-Mfx (Lzd 600 mg) BPaLM
6-month Bdq-Pa-Lzd-Cfz (Lzd 600 mg)BPaLC

Older, not currently recommended injectable (Km, Cm, Am) and quinolone based regimens, 
shorter or longer and without inclusion of Bdq or Lzd. INJ_based

*South African 2017 regimen; ** South African 2019 regimen

The University of Sydney Page 4
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ZENIX study BPaL
regimens

The University of Sydney Page 6

ZENIX trial

– Aim: To evaluate the efficacy, safety and tolerability of various doses and 
durations of linezolid plus bedaquiline and pretomanid, 26 weeks after 
end of treatment in participants with either pulmonary XDR-TB, pre-XDR-TB, 
or treatment intolerant or non-responsive MDR-TB.

– Phase 3 partially-blinded* randomized clinical trial in four parallel 
treatment groups

*Linezolid dose only blinded

The University of Sydney Page 7

ZENIX trial schematic

Source: ZENIX trial protocol
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ZENIX regimens

– Bedaquiline and pretomanid at standard doses
– One of the following oral daily linezolid doses:

– 1200mg 26 weeks (primary analysis)
– 1200mg 9 weeks
– 600mg 26 weeks
– 600mg 9 weeks

– If sputum sample was culture positive between 16 and 24 weeks, treatment 
could be extended to 39 weeks

– “50% treatment success rate was chosen as target”
– No comparator regimen without linezolid included in the trial 

*Linezolid dose only blinded

The University of Sydney Page 10

TB PRACTECAL BPaL
regimen

The University of Sydney Page 9

ZENIX setting

– Participating sites:
– Georgia, Moldova, Russian Federation, South Africa

– Sponsor: TB Alliance
Georgia, Republic of Moldova, Russian Federation, South Africa
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TB PRACTECAL dataset

– The TB PRACTECAL is a multi-site, multi-arm, open label, phase II/III, 
randomised control trial 

– Setting: Uzbekistan, South Africa and Belarus
– Implemented by MSF and London School of Hygiene and Tropical Medicine 
– Sponsor: Medecins Sans Frontiers, Netherlands

The University of Sydney Page 12

TB PRACTECAL – Primary objectives

– Identify regimens containing bedaquiline and pretomanid (investigational 
regimens) for further evaluation based on safety and efficacy outcomes 
after 8 weeks of treatment.

– Evaluate the safety and efficacy of the investigational regimens containing 
bedaquiline and pretomanid compared with the local standard of care 
regimen (SOC) at 72 weeks post-randomisation.

The University of Sydney Page 13

Schematic of TB PRACTECAL regimens
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TB PRACTECAL – Regimen composition

– Investigational regimens in Stage 1
– Arm 1: bedaquiline (B) + pretomanid (Pa) + linezolid (Lzd) + moxifloxacin (Mfx) for 24 weeks (BPALM)
– Arm 2: bedaquiline + pretomanid + linezolid + clofazimine for 24 weeks (BPALC)
– Arm 3: bedaquiline + pretomanid + linezolid for (BPAL) 24 weeks

– Investigational regimen in Stage 2
– Arm 1: bedaquiline (B) + pretomanid (Pa) + linezolid (Lzd) + moxifloxacin (Mfx) for 24 weeks 

(BPALM)

– Standard of care
– Locally approved standard of care which is as much as possible consistent with WHO recommendations 

for RR/MDR-TB
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Analytic approach for 
outcomes with low 
numbers
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Propensity score modelling to account for differences 
in treatment allocation

Drug regimen Outcome

Confounder

The technique used to adjust for 
confounding is called “Inverse 
Probability Weighting”: This technique
– First calculates the probability of 

an individual being allocated a 
drug regimen based on their 
clinical and demographic data –
called a propensity score.

– Then balances the drug regimen 
groups by weighing the individuals 
based on their propensity score.
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Propensity score modeling to account for differences 
in treatment allocation

Raw relative
risk = 2

Adjusted relative 
risk = 1

Long course

Short course

Long course

Short course

The propensity score analysis reweights the importance 
of individuals so as to balance covariates between the 
treatment groups
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PICO 3

Should BPaL regimens with lower linezolid 
exposure (dose or duration) be used 
instead of the original BPaL regimen in 
patients who are eligible for BPaL 
regimen?

The University of Sydney Page 19

Groupings of BPaL Regimens

NIX
1200-26
n=108

ZENIX
1200-26

n=44

*Since presentation on safety analyses, 3 additional NIX participants 
and 49 ZENIX participants have been included.

Common comparator (primary 
analysis)

3.1
3.2 3.3 3.4 3.5

Combined ZENIX, TB PRACTECAL 
BPaL groups (‘all 4’)

PICOs 4, 5, 6

ZENIX
1200-9
n=43

ZENIX
600-26
n=43

ZENIX
600-9
n=42

TBP
600-300
n=102
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Approaches to evaluating effectiveness

Two approaches to the effectiveness analyses will be followed:
1. BPaL combined (‘lumping’): Combining all 4 BPaL linezolid 

doses, except exclude ZENIX 1200-26 (used as comparator), 
excluding NIX study.

2. Stratification by linezolid dose (‘splitting’) (ZENIX 1200-26 
as common comparator)

– Sensitivity analysis: comparator combining NIX 1200-26 and 
ZENIX 1200-26 (to increase precision, at the cost of likely bias)

The University of Sydney Page 21

PICO 3
Comparison 3.1

The University of Sydney Page 22

PICO 3 Comparison 3.1 MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 1200-9, 600-26 and 600-9) from ZENIX and 600-300 from TB 
PRACTECAL

Comparator BPaL (Lzd-1200-26, ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

PICO 3
Should BPaL regimens with lower linezolid exposure (dose or duration) be used 
instead of the original BPaL regimen in patients who are eligible for BPaL regimen?

Population 1) Confirmed RR TB or MDR-TB (including pre-XDR TB)

Intervention 1) Patients with Bedaquiline, Pretomanid and Linezolid
(combining ZENIX 1200-9, 600-26 and 600-9) with TB
PRACTECAL (600mg for 16 weeks then 300mg)

2) Intended duration of treatment 6 months

Comparator 1) Patients with Bedaquiline, Pretomanid and Linezolid (1200-
26) used during treatment

2) Intended duration of treatment 6 months

WHO MDR-TB Guidelines 2020
Page 22
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PICO 3 Comparison 3.1 MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 1200-9, 600-26 and 600-9) from ZENIX and 600-300 from TB 
PRACTECAL

Comparator BPaL (Lzd-1200-26, ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Intervention:
BPaL (Lzd
1200-9, 600-26
and 600-9) and 
600-300 (TB 
PRACTECAL)

Key

Primary 
follow-up
time

Sensitivity 
analyses
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Clinical characteristics BPaL (Lzd 1200-9, 600-26 
and 600-9, 600-300)

BPaL (Lzd-1200-26 ZENIX)

n (%) n (%)

Total 212 (100%) 44 (100%)

Age (median, IQR) 36 (29-44) 38.5 (31-44)

Adults 18+ 212 (100%) 44 (100%)

Male 128 (60%) 29 (66%)

HIV positive 49 (23%) 8 (18%)

Past TB treatment 133 (63%) 28 (64%)

Past DR-TB treatment 14 (7%) 0 (0%)

AFB Smear positive 159 (75%) 39 (89%)

Culture positive 169 (80%) 35 (80%)

Pre-XDR (FQ-R) TB 101 (48%) 31 (70%)

Descriptive analyses – PICO 3 Comparison 3.1

The University of Sydney Page 25

Clinical characteristics BPaL (Lzd 1200-9, 600-26 
and 600-9, 600-300)

BPaL (Lzd-1200-26 ZENIX)

n (%) n (%)

Drugs used

Bedaquiline 212 (100%) 44 (100%)

Linezolid 212 (100%) 44 (100%)

Pretomanid 212 (100%) 44 (100%)

Ethionamide or prothionamide 0 (0%) 0 (0%)

Ethambutol 0 (0%) 0 (0%)

Pyrazinamide 0 (0%) 0 (0%)

Isoniazid 0 (0%) 0 (0%)

Clofazamine 0 (0%) 0 (0%)

Injectable antibiotic 0 (0%) 0 (0%)

Descriptive analyses – PICO 3 Comparison 3.1
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Forest plot of main outcomes
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PICO 3 Comparison 3.1 MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 1200-9, 600-26 and 600-9) from ZENIX and 600-300 from TB PRACTECAL

Comparator BPaL (Lzd-1200-26, ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Regimens Outcome measures Propensity score model
BPaL all 4 
intervention

BPaL 
1200-26

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 212 44

Outcomes
Treatment 
success

194 (92%) 43 (98%) 0.94 (0.88, 1.00) 0.2123 Adjustment not possible (too few without 
outcome)

Failure & 
recurrence

6 (3%) 1 (2%) 1.25 (0.15, 10.09) 1.00 Adjustment not possible

Death 1 (0%) 0 (0%) 0 RD (-0.07, 0.026) 1.00 Adjustment not possible

Loss to 
follow-up

11 (5%) 0 (0%) 0.05 RD (-0.029, 0.091) 0.22 Adjustment not possible

Grade 3 or 
more AE

39 (17%) 8 (18%) 0.93 (0.47, 1.86) 0.85 (0.37, 1.91) 0.6889 Age/log of BMI/diabetes/smoking/sex/HIV 
status/past TB/AFB smear at 

baseline/cavitation/bilateral disease/previous 
DR TB/ART if HIV positive/FQ resistance

Amplified 
resistance

3 (1%) 0 (0%) 0.01 RD (-0.068, 0.038) 1.00 Adjustment not possible
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Forest plot of subgroup analysis (fluoroquinolone 
resistance)
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PICO 3 Comparison 3.1 MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 1200-9, 600-26 and 600-9) from ZENIX and 600-300 from TB PRACTECAL

Comparator BPaL (Lzd-1200-26, ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Regimens Outcome measures Propensity score model

BPaL all 4 
intervention

BPaL 1200-
26

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total
Outcomes

FQ resistant 93/101 (92%) 30/31 (97%) 0.95 (0.87, 1.04) 0.6848 Adjustment not possible (too few without 
outcome)

FQ 
susceptible 101/111 (91%) 13/13 (100%) 0.91 (0.86, 0.96) 0.5974 Adjustment not possible (too few without 

outcome)
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PICO 3 - Comparison 3.1 Discussion of outcomes

- Potentially a lower unadjusted treatment success with the 
combination of lower dose BPaL regimens (not statistically 
significant). The trend is stronger at 18 and 24 month follow up.

- Same direction trend seen for both FQS and FQR disease

- No evidence for difference in failure (limited precision)
- No difference in mortality, amplified resistance, grade 3 or 

above adverse events (low event numbers)
- Higher loss to follow-up with the lower doses of BPaL, though not 

statistically significant (limited precision).

The University of Sydney Page 31

Comparison 3.1 - Limitations

– Small sample size precludes precise estimates, leading to very 
serious imprecision.

– Few event numbers in most comparisons preclude adjustment 
for measured confounding, which may be important

– Likely unmeasured confounding between the TB PRACTECAL 
cohort and the ZENIX cohorts

– Limitations in generalisablity, as studies conducted in South 
Africa and Eastern Europe.



Web Annex 6. Slide set on data synthesis presented at the GDG meeting 2022 469

The University of Sydney Page 32

Factors influencing certainty assessment – PICO 3.1
No of 

studies
Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations

2 Randomised 
trials*

Very serious not serious Not serious Very serious none

↓↓ ↓
Risk of bias
Confounding bias
- Important differences in measured baseline covariates 

between groups
- Unmeasured confounding likely
- Small event numbers preclude adjusting for 

confounding in most analyses
Downgraded two levels for risk of bias.

Indirectness
The ZENIX and TB PRACTECAL studies were conducted 
in countries in southern Africa and eastern Europe. This 
increases generalisability, and we have not downgraded for 
indirectness.

⨁⨁◯◯◯◯◯◯
Very low

Imprecision
Small number of individuals in both intervention group 
(230) and comparator (44) results in very serious risk 
of imprecision. Downgraded by two levels.

*Although both ZENIX and PRACTECAL were 
randomized trials, balance is not preserved as two 
trials are combined. The initial certainty rating was low 
quality evidence. After downgrading, certainty for all 
outcomes was rated:
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Supplementary slides
PICO 3.1
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Clinical characteristics BPaL (Lzd 1200-9, 600-26 
and 600-9, 600-300)

BPaL (Lzd-1200-26 NIX and 
ZENIX)

n (%) n (%)

Total 212 (100%) 152 (100%)

Age (median, IQR) 36 (29-44) 35 (29-43)

Adults 18+ 212 (100%) 150 (99%)

Male 128 (60%) 86 (57%)

HIV positive 49 (23%) 63 (41%)

Past TB treatment 133 (63%) 118 (78%)

Past DR-TB treatment 14 (7%) 0 (0%)

AFB Smear positive 159 (75%) 117 (77%)

Culture positive 169 (80%) 137 (90%)

Pre-XDR (FQ-R) TB 101 (48%) 113 (74%)

Sensitivity analyses – PICO 3 Comparison 3.1, all 4 ZENIX 
arms with ZENIX and NIX in comparator
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Clinical characteristics BPaL (Lzd 1200-9, 600-26 
and 600-9, 600-300)

BPaL (Lzd-1200-26 NIX and 
ZENIX)

n (%) n (%)

Drugs used

Bedaquiline 212 (100%) 152 (100%)

Linezolid 212 (100%) 152 (100%)

Pretomanid 212 (100%) 152 (100%)

Moxifloxacin/levofloxacin 0 (0%) 0 (0%)

Ethionamide or prothionamide 0 (0%) 0 (0%)

Ethambutol 0 (0%) 0 (0%)

Pyrazinamide 0 (0%) 0 (0%)

Isoniazid 0 (0%) 0 (0%)

Clofazamine 0 (0%) 0 (0%)

Injectable antibiotic 0 (0%) 0 (0%)

Descriptive analyses – PICO 3 Comparison 3.1 all (4 ZENIX 
and TB PRACTECAL) with ZENIX and NIX in comparator

The University of Sydney

Regimens Outcome measures Propensity score model

BPaL all 4 
intervention

BPaL 
1200-26 
NIX/ZENIX

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 212 152

Outcomes
Treatment 
success

194 (92%) 143 (94%) 0.97 (0.92, 1.03) 0.95 (0.9, 1) 0.0659

Age, log of BMI,  diabetes, sex, HIV, past TB, 
smear status, cavitation, bilateral disease, 

prior drug-resistant TB, ART (if HIV positive), 
FQ resistance

Failure & 
recurrence 6 (3%) 3 (2%) 1.43 (0.36, 5.64) 0.7400

Not possible to adjust

Death
1 (0%) 6 (4%) -0.03 (-0.07, -0.01) RD 0.0228

Not possible to adjust

Loss to 
follow-up 11 (5%) 0 (0%) 0.05 (0.02, 0.09) RD 0.0033

Not possible to adjust

Grade 3 or 
more AE 39 (17%) 61 (40%) 0.42 (0.30, 0.60) 0.4 (0.27, 0.59) <0.0001

As above

Amplified 
resistance 3 (1%) 0 (0%) 0.01 (-0.012, 0.038) RD 0.2794

Not possible to adjust

PICO 3 Comparison 3.1 Sensitivity MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 1200-9, 600-26 and 600-9 and TB Practecal 600-300)

Comparator BPaL (Lzd-1200-26 NIX and ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Page 36
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PICO 3 Comparison 3.1 Sensitivity MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 1200-9, 600-26 and 600-9 and TB Practecal 600-300)

Comparator BPaL (Lzd-1200-26 NIX and ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Regimens Outcome measures Propensity score model

BPaL all 4 
intervention

BPaL 1200-
26

NIX/ZENIX

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total
Outcomes
FQ 
susceptible 101/111 (91%) 38/39  (97%) 0.93 (0.86, 1.01) 0.2897 Adjustment not possible

FQ resistant 93 /101 (92%) 105/113 (93%) 0.99 (0.92, 1.07) 0.97 (0.89, 1.05) 0.4021
Age, log of BMI, diabetes, sex, HIV, past TB, 

smear status, cavitation, bilateral disease, 
prior drug-resistant TB, ART (if HIV positive) 
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Sensitivity analysis with NIX + ZENIX

- Adjusted relative risk ratio shows lower treatment success with 
BPaL all 4 than high-dose BPaL

- No difference in failure/recurrence
- Lower death with the BPaL all 4
- Higher LTF with the BPaL all 4
- Lower proportion of Grade 3-5 adverse events with BPaL all 4
- No difference in amplified resistance (limited precision)
- Potentially lower treatment success among FQ susceptible, but no 

difference among FQ resistant

The University of Sydney Page 39

PICO 3
Comparison 3.2

The University of Sydney Page 40

PICO 3
Should BPaL regimens with lower linezolid exposure (dose or duration) be used 
instead of the original BPaL regimen in patients who are eligible for BPaL regimen?

Population 1) Confirmed RR TB or MDR-TB (including pre-XDR TB)

Intervention 1) Patients with Bedaquiline, Pretomanid and Linezolid (1200mg 
for 9 weeks)

2) Intended duration of treatment 6 months

Comparator 1) Patients with Bedaquiline, Pretomanid and Linezolid (1200-
26) used during treatment 

2) Intended duration of treatment 6 months

PICO 3 Comparison 3.2 MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 1200-9) from ZENIX

Comparator BPaL (Lzd-1200-26, ZENIX)

Time of follow-up 12 months post treatment initiation (primary)
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Intervention:
BPaL (Lzd 
1200-9)

PICO 3 Comparison 3.2 MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 1200-9) from ZENIX

Comparator BPaL (Lzd-1200-26 from ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Key

Primary 
follow-up
time

Sensitivity 
analyses

The University of Sydney Page 42

Clinical characteristics BPaL (Lzd 1200-9 ZENIX) BPaL (Lzd-1200-26 ZENIX)

n (%) n (%)

Total 43 (100%) 44 (100%)

Age (median, IQR) 33 (25-42) 38.5 (31-44)

Adults 18+ 43 (100%) 44 (100%)

Male 27 (63%) 29 (66%)

HIV positive 8 (19%) 8 (18%)

Past TB treatment 31 (72%) 28 (64%)

Past DR-TB treatment 0 (0%) 0 (0%)

AFB Smear positive 31 (72%) 39 (89%)

Culture positive 30 (70%) 35 (80%)

Pre-XDR (FQ-R) TB 26 (60%) 31 (70%)

Descriptive analyses – PICO 3 Comparison 3.2

The University of Sydney Page 43

Clinical characteristics BPaL (Lzd 1200-9) BPaL (Lzd-1200-26 ZENIX)

n (%) n (%)

Drugs used

Bedaquiline 43 (100%) 44 (100%)

Linezolid 43 (100%) 44 (100%)

Pretomanid 43 (100%) 44 (100%)

Moxifloxacin/levofloxacin 0 (0%) 0 (0%)

Ethionamide or prothionamide 0 (0%) 0 (0%)

Ethambutol 0 (0%) 0 (0%)

Pyrazinamide 0 (0%) 0 (0%)

Isoniazid 0 (0%) 0 (0%)

Clofazamine 0 (0%) 0 (0%)

Injectable antibiotic 0 (0%) 0 (0%)

Descriptive analyses – PICO 3 Comparison 3.2
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The University of Sydney Page 44

Primary analysis

The University of Sydney Page 45

PICO 3 Comparison 3.2 MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 1200-9) from ZENIX

Comparator BPaL (Lzd-1200-26, ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Regimens Outcome measures Propensity score model
BPaL 
1200-9

BPaL 
1200-26

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 43 44

Outcomes
Treatment 
success 40 (93%) 43 (98%) 0.95 (0.87, 1.05) 0.3604

Adjustment not possible

Failure & 
recurrence 2 (5%) 1 (2%) 2.05 (0.19, 21.75) 0.6162

Adjustment not possible

Death
1 (2%) 0 (0%) 0.02 RD (-0.06, 0.12) 0.4943

Adjustment not possible

Loss to 
follow-up 0 (0%) 0 (0%) 0 RD (-0.081, 0.083) 1

Adjustment not possible

Grade 3 or 
more AE

7 (16%) 8 (18%) 0.90 (0.36, 2.25) 1.02 (0.38, 2.75) 0.9719

Age, log of BMI, diabetes, smoking, sex, HIV, 
past TB, smear status, cavitation, bilateral 

disease, prior drug-resistant TB, ART (if HIV 
positive), FQ resistance

Amplified 
resistance 0 (0%) 0 (0%) 0 RD (-0.081, 0.083) 1

Adjustment not possible

The University of Sydney Page 46

Subgroup analyses
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The University of Sydney Page 47

Regimens Outcome measures Propensity score model

Lzd 1200-9 BPaL 1200-
26

Una
dj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 43 44

Outcomes

FQ resistant 24/26 (92%) 30/31 (97%) 0.95 (0.84, 1.08) 0.5868 Adjustment not possible

FQ 
sucestible 16/17 (94%) 13/13 (100%) 0.94 (0.84, 1.06) 1.0 Adjustment not possible

PICO 3 Comparison 3.2 MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 1200-9) from ZENIX

Comparator BPaL (Lzd-1200-26, ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

The University of Sydney Page 48

PICO 3 - Comparison 3.2 Discussion

- Possibly lower treatment success, with wide confidence limits 
crossing the null

- No difference in failure/recurrence, death, LTF, Grade 3 or more 
AE or amplified resistance

- No difference in treatment success for FQ-S or FQ-R disease

The University of Sydney Page 49

Sensitivity analyses- follow up times (including ZENIX only)
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The University of Sydney Page 50

Clinical characteristics BPaL (Lzd 1200-9) BPaL (Lzd-1200-26 NIX and 
ZENIX)

n (%) n (%)

Total 43 (100%) 152 (100%)

Age (median, IQR) 33 (25-42) 35 (29-43)

Adults 18+ 43 (100%) 150 (99%)

Male 27 (63%) 86 (57%)

HIV positive 8 (19%) 63 (41%)

Past TB treatment 31 (72%) 118 (78%)

Past DR-TB treatment 0 (0%) 0 (0%)

AFB Smear positive 31 (72%) 117 (77%)

Culture positive 30 (70%) 137 (90%)

Pre-XDR (FQ-R) TB 26 (60%) 113 (74%)

Sensitivity analyses – PICO 3 Comparison 3.2 including NIX 
and ZENIX 1200-26 in comparator group

The University of Sydney Page 51

Clinical characteristics BPaL (Lzd 1200-9) BPaL (Lzd-1200-26 NIX and 
ZENIX)

n (%) n (%)

Drugs used

Bedaquiline 43 (100%) 152 (100%)

Linezolid 43 (100%) 152 (100%)

Pretomanid 43 (100%) 152 (100%)

Moxifloxacin/levofloxacin 0 (0%) 0 (0%)

Ethionamide or prothionamide 0 (0%) 0 (0%)

Ethambutol 0 (0%) 0 (0%)

Pyrazinamide 0 (0%) 0 (0%)

Isoniazid 0 (0%) 0 (0%)

Clofazamine 0 (0%) 0 (0%)

Injectable antibiotic 0 (0%) 0 (0%)

Sensitivity analyses – PICO 3 Comparison 3.2 including NIX 
and ZENIX 1200-26 in comparator group

The University of Sydney

Regimens Outcome measures Propensity score model

BPaL 
1200-9

BPaL 
1200-26 
(Nix/Zenix)

Unadj. 
RR

(95% CI) Adj. RR (or 
RD)

(95% CI) p-
value

Covariates included in model

n (%) n (%)

Total 43 152

Outcomes
Treatment 
success 40 (93%) 143 (94%) 0.99 (0.9, 1.08) 0.729

Adjustment not possible

Failure & 
recurrence 2 (5%) 3 (2%) 2.36 (0.41, 13.65) 0.3045

Adjustment not possible

Death
1 (2%) 6 (4%) 0.59 (0.07, 4.76) 1.00

Adjustment not possible

Loss to 
follow-up 0 (0%) 0 (0%) 0 RD (-0.025, 0.082) 1.00

Adjustment not possible

Grade 3 or 
more AE

7 (16%) 61 (40%) 0.41 (0.20, 0.82) 0.39 (0.17, 0.87) 0.022

Age, log of BMI, diabetes, sex, HIV, past TB, 
smear status, cavitation, bilateral disease, 

prior drug-resistant TB, ART (if HIV positive), 
FQ resistance

Amplified 
resistance 0 (0%) 0 (0%) 0 RD (-0.025, 0.082) 1.00

Adjustment not possible

PICO 3 Comparison 3.2 Sensitivity MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 1200-9) from ZENIX

Comparator BPaL (Lzd-1200-26, NIX and ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Page 52
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The University of Sydney Page 53

PICO 3 Comparison 3.2 Sensitivity MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 1200-9) from ZENIX

Comparator BPaL (Lzd-1200-26, NIX and ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Regimens Outcome measures Propensity score model

BPaL 1200-9 BPaL 1200-
26 
NIX/ZENIX

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 43 152

Outcomes

FQ resistant 24/26 (92%) 105/113 (93%) 0.99 (0.88, 1.12) 1.00 Adjustment not possible

FQ 
susceptible 16/17 (94%) 38/39 (97%) 0.97 (0.85, 1.10) 0.5188 Adjustment not possible

The University of Sydney Page 54

Findings – including NIX and ZENIX in comparator

– No difference in treatment success, failure, death, LTF or 
amplified resistance

– Lower Grade 3-5 adverse events in the BPaL 1200-9 (ZENIX) 
compared to the BPaL 1200-26 (NIX+ZENIX), in keeping with 
descriptive analyses which show higher incidence of adverse 
events in the NIX study than the ZENIX study.

– No difference in treatment success in either FQ-S or FQ-R 
disease

The University of Sydney Page 55

Comparison 3.2 - Limitations

– Very small sample size precludes precise estimates, leading to 
very serious imprecision.

– Few event numbers in most comparisons preclude adjustment 
for measured confounding, which may be important

– Likely unmeasured confounding given imbalance in measured 
covariates

– Limitations in generalisablity, as included one study only 
conducted in South Africa and Eastern Europe but not other 
settings.
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The University of Sydney Page 56

Factors influencing certainty assessment – PICO 3.2
No of 

studies
Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations

1 Randomised 
trial

Serious not serious Not serious Very serious none

↓ ↓↓
Risk of bias
Unmeasured confounding
- Differences in measured covariates  (age, prior TB, 

FQ-R TB)
- Unmeasured confounding likely
- Small event numbers preclude adjusting for 

confounding in most analyses
Downgraded one level for risk of bias.

Indirectness
As ZENIX was conducted in countries in southern Africa 
and Eastern Europe, this increases generalisability, and we 
have not downgraded for indirectness. ⨁⨁◯◯◯◯◯◯

Very low

Imprecision
Very small number of individuals in both intervention 
group (43) and comparator (44) results in very serious 
risk of imprecision. Downgraded by two levels.

As ZENIX was a randomized trial, the initial certainty 
rating was high quality evidence. After downgrading, 
certainty for all outcomes was rated:

The University of Sydney Page 57

PICO 3
Comparison 3.3

The University of Sydney Page 58

PICO 3
Should BPaL regimens with lower linezolid exposure (dose or duration) be used 
instead of the original BPaL regimen in patients who are eligible for BPaL regimen?

Population 1) Confirmed RR TB or MDR-TB (including pre-XDR TB)

Intervention 1) Patients with Bedaquiline, Pretomanid and Linezolid (600mg 
for 26 weeks)

2) Intended duration of treatment 6 months

Comparator 1) Patients with Bedaquiline, Pretomanid and Linezolid (1200-
26) used during treatment 

2) Intended duration of treatment 6 months

PICO 3 Comparison 3.3 MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 600-26) from ZENIX

Comparator BPaL (Lzd-1200-26 ZENIX)

Time of follow-up 12 months post treatment initiation (primary)
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The University of Sydney Page 59

Intervention:
BPaL 
(Lzd 600-26)

PICO 3 Comparison 3.3 MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 600-26) from ZENIX

Comparator BPaL (Lzd-1200-26 ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Key

Primary 
follow-up
time

Sensitivity 
analyses

The University of Sydney Page 60

Clinical characteristics BPaL (Lzd 600-26) BPaL (Lzd-1200-26 ZENIX)

n (%) n (%)

Total 43 (100%) 44 (100%)

Age (median, IQR) 38 (30-46) 38.5 (31-44)

Adults 18+ 43 (100%) 44 (100%)

Male 29 (67%) 29 (66%)

HIV positive 9 (21%) 8 (18%)

Past TB treatment 30 (70%) 28 (64%)

Past DR-TB treatment 0 (0%) 0 (0%)

AFB Smear positive 34 (79%) 39 (89%)

Culture positive 32 (74%) 35 (80%)

Pre-XDR (FQ-R) TB 33 (77%) 31 (70%)

Descriptive analyses – PICO 3 Comparison 3.3

The University of Sydney Page 61

Clinical characteristics BPaL (Lzd 600-26) BPaL (Lzd-1200-26 ZENIX)

n (%) n (%)

Drugs used

Bedaquiline 43 (100%) 44 (100%)

Linezolid 43 (100%) 44 (100%)

Pretomanid 43 (100%) 44 (100%)

Moxifloxacin/levofloxacin 0 (0%) 0 (0%)

Ethionamide or prothionamide 0 (0%) 0 (0%)

Ethambutol 0 (0%) 0 (0%)

Pyrazinamide 0 (0%) 0 (0%)

Isoniazid 0 (0%) 0 (0%)

Clofazamine 0 (0%) 0 (0%)

Injectable antibiotic 0 (0%) 0 (0%)

Descriptive analyses – PICO 3 Comparison 3.3
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The University of Sydney Page 62

Forest plot of primary outcomes – Comparison 3.3

The University of Sydney Page 63

PICO 3 Comparison 3.3 MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 600-26) from ZENIX

Comparator BPaL (Lzd-1200-26 ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Regimens Outcome measures Propensity score model
BPaL 
600-26

BPaL 
1200-26

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 43 44

Outcomes
Treatment 
success 43 (100%) 43 (98%) 1.02 (0.98, 1.07) 1.00

Adjustment not possible

Failure & 
recurrence 0 (0%) 1 (2%) -0.02 RD (-0.12, 0.06) 1.00

Adjustment not possible

Death
0 (0%) 0 (0%) 0 RD (-0.081, 0.83) 1.00

Adjustment not possible

Loss to 
follow-up 0 (0%) 0 (0%) 0 RD (-0.081, 0.83) 1.00

Adjustment not possible

Grade 3 or 
more AE

6 (14%) 8 (18%) 0.77 (0.29, 2.03) 0.97 (0.32, 2.93) 0.9545

Age, log of BMI, diabetes, smoking, sex, HIV, 
past TB, smear status, cavitation, bilateral 

disease, prior drug-resistant TB, ART (if HIV 
positive), FQ resistance

Amplified 
resistance 0 (0%) 0 (0%) 0 RD (-0.081, 0.83) 1.00

Adjustment not possible

The University of Sydney Page 64

Sub-group analyses – Comparison 3.3
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The University of Sydney Page 65

PICO 3 Comparison 3.3 Subgroup MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 600-26) from ZENIX

Comparator BPaL (Lzd-1200-26 ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Regimens Outcome measures Propensity score model

BPaL 600-26 BPaL 1200-
26 
ZENIX

Unadj. 
RR

(95% CI) Adj. 
RR 
(or 
RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 43 44

Outcomes

FQ resistant 33/33 (100% 30/31 (97%) 1.03 (0.97, 1.10) 0.4844
Adjustment not possible

FQ 
susceptible 10/10 (100%) 13/13 (100% 0 RD (-0.29, 0.24) 1 Adjustment not possible

The University of Sydney Page 66

PICO 3 - Comparison 3.3 Discussion

– No difference in treatment success, failure/recurrence, death, 
loss to follow-up, grade 3 or more AE or amplified resistance

– No difference in treatment success between the regimens, in 
stratified analyses of those with or without FQ-R TB

– Very small sample size in intervention and control groups

The University of Sydney Page 67

Sensitivity analyses – follow-up times PICO 3.3
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The University of Sydney Page 68

Clinical characteristics BPaL (Lzd 600-26) BPaL (Lzd-1200-26 NIX and 
ZENIX)

n (%) n (%)

Total 43 (100%) 152 (100%)

Age (median, IQR) 38 (30-46) 35 (29-43)

Adults 18+ 43 (100%) 150 (99%)

Male 29 (67%) 86 (57%)

HIV positive 9 (21%) 63 (41%)

Past TB treatment 30 (70%) 118 (78%)

Past DR-TB treatment 0 (0%) 0 (0%)

AFB Smear positive 34 (79%) 117 (77%)

Culture positive 32 (74%) 137 (90%)

Pre-XDR (FQ-R) TB 33 (77%) 113 (74%)

Sensitivity analyses – PICO 3.3 including NIX and ZENIX 
1200-26 in comparator group

The University of Sydney Page 69

Clinical characteristics BPaL (Lzd 600-26) BPaL (Lzd-1200-26 NIX and 
ZENIX)

n (%) n (%)

Drugs used

Bedaquiline 43 (100%) 152 (100%)

Linezolid 43 (100%) 152 (100%)

Pretomaind 43 (100%) 152 (100%)

Moxifloxacin/levofloxacin 0 (0%) 0 (0%)

Ethionamide or prothionamide 0 (0%) 0 (0%)

Ethambutol 0 (0%) 0 (0%)

Pyrazinamide 0 (0%) 0 (0%)

Isoniazid 0 (0%) 0 (0%)

Clofazamine 0 (0%) 0 (0%)

Injectable antibiotic 0 (0%) 0 (0%)

Sensitivity analyses – PICO 3.3 including NIX and 
ZENIX 1200-26 in comparator group

The University of Sydney

Regimens Outcome measures Propensity score model

BPaL 
600-26

BPaL 
1200-26 
(Nix/Zenix)

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-
value

Covariates included in model

n (%) n (%)

Total 43 152

Outcomes
Treatment 
success 43 (100%) 143 (94%) 1.06 (1.02, 1.01) 0.2107

Adjustment not possible due to small numbers 
of negative outcomes

Failure & 
recurrence 0 (0%) 3 (2%) -0.02 (-0.07, 0.06) RD 1.00

Adjustment not possible due to small numbers 
of outcomes

Death
0 (0%) 6 (4%) -0.04 (-0.08, 0.04) RD 0.3418

Adjustment not possible due to small numbers 
of outcomes

Loss to 
follow-up 0 (0%) 0 (0%) 0 (-0.02, 0.08) RD 1.00

Adjustment not possible due to zero values

Grade 3 or 
more AE

6 (14%) 61 (40%) 0.35 (0.16, 0.75) 0.41 (0.18, 0.92) 0.0301

Age, log of BMI, diabetes, sex, HIV, past TB, 
smear status, cavitation, bilateral disease, 

prior drug-resistant TB, ART (if HIV positive), 
FQ resistance

Amplified 
resistance 0 (0%) 0 (0%) 0 (-0.02, 0.08) RD 1.00

Adjustment not possible due to zero values

PICO 3 Comparison 3.3 Sensitivity MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 600-26) from ZENIX

Comparator BPaL (Lzd-1200-26, NIX and ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Page 70
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The University of Sydney Page 71

PICO 3 Comparison 3.3 Sensitivity MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 600-26) from ZENIX

Comparator BPaL (Lzd-1200-26, NIX and ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Regimens Outcome measures Propensity score model

BPaL 600-26 BPaL 
1200-26 
NIX/ZENIX

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-
value

Covariates included in model

n (%) n (%)

Total 43 152

Outcomes

FQ 
susceptible 10/10 (100%) 38/39 (97%) 1.02 CI not possible 1.0

Age, log of BMI, diabetes, sex, HIV, past TB, 
smear status, cavitation, bilateral disease, 

prior drug-resistant TB, ART (if HIV positive), 
FQ resistance

FQ resistant 33/33 (100%) 105/113 (93%) 1.08 CI not possible 0.199 As above

The University of Sydney Page 72

Findings – including NIX and ZENIX in comparator

- Possibly higher treatment success in the 600-26 than the 1200-
26 comparator, but not statistically significant and no adjustment 
of confounders

- No difference in failure, death, LTF or amplified resistance
- Lower proportion of grade 3 or more adverse events (RR = 

0.41)
- No difference in treatment success in FQ-S disease
- No difference in treatment success in FQ-R disease

The University of Sydney Page 73

Comparison 3.3 - Limitations

– Very small sample size precludes precise estimates, leading to 
very serious imprecision.

– Few event numbers in most comparisons preclude adjustment 
for measured confounding, which may be important

– Likely unmeasured confounding given imbalance in measured 
covariates

– Limitations in generalisability, as included one study only, 
conducted in South Africa and Eastern Europe but not other 
settings.
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The University of Sydney Page 74

Factors influencing certainty assessment – PICO 3.3
No of 

studies
Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations

1 Randomised 
trial

Serious not serious Not serious Very serious none

↓ ↓↓
Risk of bias
Unmeasured confounding
- Differences in measured covariates  (past treatment, 

smear, culture, FQ-R TB)
- Unmeasured confounding likely
- Small event numbers preclude adjusting for 

confounding in most analyses
Downgraded one level for risk of bias.

Indirectness
The ZENIX trial was conducted in countries in southern 
Africa and Eastern Europe. This increases generalisability, 
and we have not downgraded for indirectness. ⨁⨁◯◯◯◯◯◯

Very low

Imprecision
Very small number of individuals in both intervention 
group (43) and comparator (44) results in very serious 
risk of imprecision. Downgraded by two levels.

As ZENIX was a randomized trial, the initial certainty 
rating was high quality evidence. After downgrading, 
certainty for all outcomes was rated:

The University of Sydney Page 75

PICO 3
Comparison 3.4

The University of Sydney Page 76

PICO 3
Should BPaL regimens with lower linezolid exposure (dose or duration) be used 
instead of the original BPaL regimen in patients who are eligible for BPaL regimen?

Population 1) Confirmed RR TB or MDR-TB

Intervention 1) Patients with Bedaquiline, Pretomanid and Linezolid (600mg 
for 9 weeks)

2) Intended duration of treatment 6 months

Comparator 1) Patients with Bedaquiline, Pretomanid and Linezolid (1200-
26) used during treatment 

2) Intended duration of treatment 6 months

PICO 3 Comparison 3.4 MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 600-9) from ZENIX

Comparator BPaL (Lzd-1200-26, ZENIX)

Time of follow-up 12 months post treatment initiation (primary)
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The University of Sydney Page 77

Intervention:
BPaL 
(Lzd 600-9)

PICO 3 Comparison 3.4 MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 600-9) from ZENIX

Comparator BPaL (Lzd-1200-26, ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Key

Primary 
follow-up
time

Sensitivity 
analyses

The University of Sydney Page 78

Clinical characteristics BPaL (Lzd 600-9) BPaL (Lzd-1200-26, ZENIX)

n (%) n (%)

Total 42 (100%) 44 (100%)

Age (median, IQR) 36 (32-40) 38.5 (31-44)

Adults 18+ 42 (100%) 44 (100%)

Male 29 (69%) 29 (66%)

HIV positive 9 (21%) 8 (18%)

Past TB treatment 30 (71%) 28 (64%)

Past DR-TB treatment 0 (0%) 0 (0%)

AFB Smear positive 35 (83%) 39 (89%)

Culture positive 34 (81%) 35 (80%)

Pre-XDR (FQ-R) TB 27 (64%) 31 (70%)

Descriptive analyses – PICO 3 Comparison 3.4

The University of Sydney Page 79

Clinical characteristics BPaL (Lzd 600-9) BPaL (Lzd-1200-26, ZENIX)

n (%) n (%)

Drugs used

Bedaquiline 42 (100%) 43 (100%)

Linezolid 42 (100%) 43 (100%)

Pretomanid 42 (100%) 43 (100%)

Moxifloxacin/levofloxacin 0 (0%) 0 (0%)

Ethionamide or prothionamide 0 (0%) 0 (0%)

Ethambutol 0 (0%) 0 (0%)

Pyrazinamide 0 (0%) 0 (0%)

Isoniazid 0 (0%) 0 (0%)

Clofazamine 0 (0%) 0 (0%)

Injectable antibiotic 0 (0%) 0 (0%)

Descriptive analyses – PICO 3 Comparison 3.4
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The University of Sydney Page 80

Forest plot for primary comparisons  - PICO 3.4

The University of Sydney Page 81

PICO 3 Comparison 3.4 MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 600-9) from ZENIX

Comparator BPaL (Lzd-1200-26 ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Regimens Outcome measures Propensity score model
BPaL 
600-9

BPaL 
1200-26

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 42 44

Outcomes
Treatment 
success 39 (93%) 43 (98%) 0.95 (0.86, 1.05) 0.3545

Adjustment not possible

Failure & 
recurrence 2 (5%) 1 (2%) 2.1 (0.2, 22.26) 0.6118

Adjustment not possible

Death
0 (0%) 0 (0%) 0 (-0.08, 0.08) RD 1

Adjustment not possible

Loss to 
follow-up 1 (2%) 0 (0%) 0.02 (-0.06, 0.12) RD 0.4884

Adjustment not possible

Grade 3 or 
more AE

6 (14%) 8 (18%) 0.79 (0.3, 2.07) 0.72 (0.26, 2.03) 0.5394

Age, log of BMI, diabetes, smoking, sex, HIV, 
past TB, smear status, cavitation, bilateral 

disease, prior drug-resistant TB, ART (if HIV 
positive), FQ resistance

Amplified 
resistance 0 (0%) 0 (0%) 0 (-0.08, 0.08) RD 1

Adjustment not possible

The University of Sydney Page 82

Forest plot of sub-group analyses – Comparison 3.4
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PICO 3 Comparison 3.4 Subgroup MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 600-9) from ZENIX

Comparator BPaL (Lzd-1200-26 ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Regimens Outcome measures Propensity score model

BPaL 600-9 BPaL 1200-26 
ZENIX

Unadj
. RR

(95% CI) Adj. RR 
(or RD)

(95% 
CI)

p-value Covariates included in model

n (%) n (%)

Total 42 44

Outcomes

FQ resistant 24/27 (89%) 30/31 (97%) 0.92 (0.79, 1.07) 0.3292 Adjustment not possible

FQ 
susceptible 15/15 (100%) 13/13 (100%) 0 (-0.21, 0.23) RD 1.00 Adjustment not possible

The University of Sydney Page 84

PICO 3 - Comparison 3.4 Discussion

- In the primary analysis, there was no difference between the 
groups for all outcomes, with wide confidence limits for some 
estimates.

- No difference in treatment success in FQ-S (all participants 
achieved treatment success)

- For FQ-R sub-group, 8% reduction in relative risk with the 600-9 
regimen than the 1200-26 regimen, although wide confidence 
limits crossed the null.

The University of Sydney Page 85

Sensitivity analyses – follow-up time PICO 3.4
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Clinical characteristics BPaL (Lzd 600-9) BPaL (Lzd-1200-26 NIX and 
ZENIX)

n (%) n (%)

Total 42 (100%) 152 (100%)

Age (median, IQR) 36 (32-40) 35 (29-43)

Adults 18+ 42 (100%) 150 (99%)

Male 29 (69%) 86 (57%)

HIV positive 9 (21%) 63 (41%)

Past TB treatment 30 (71%) 118 (78%)

Past DR-TB treatment 0 (0%) 0 (0%)

AFB Smear positive 35 (83%) 117 (77%)

Culture positive 34 (81%) 137 (90%)

Pre-XDR (FQ-R) TB 27 (64%) 113 (74%)

Sensitivity analyses – PICO 3.4 including NIX and ZENIX 
1200-26 in comparator group
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Clinical characteristics BPaL (Lzd 600-9) BPaL (Lzd-1200-26 NIX and 
ZENIX)

n (%) n (%)

Drugs used

Bedaquiline 42 (100%) 152 (100%)

Linezolid 42 (100%) 152 (100%)

Pretomanid 42 (100%) 152 (100%)

Moxifloxacin/levofloxacin 0 (0%) 0 (0%)

Ethionamide or prothionamide 0 (0%) 0 (0%)

Ethambutol 0 (0%) 0 (0%)

Pyrazinamide 0 (0%) 0 (0%)

Isoniazid 0 (0%) 0 (0%)

Clofazamine 0 (0%) 0 (0%)

Injectable antibiotic 0 (0%) 0 (0%)

Sensitivity analyses – PICO 3.4 including NIX and ZENIX 
1200-26 in comparator group

The University of Sydney

Regimens Outcome measures Propensity score model

BPaL 
600-9

BPaL 
1200-26 
(Nix/Zenix)

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-
value

Covariates included in model

n (%) n (%)

Total 42 152

Outcomes
Treatment 
success 39 (93%) 143 (94%) 0.99 (0.9, 1.08) 0.7247

Adjustment not possible

Failure & 
recurrence 2 (5%) 3 (2%) 2.41 (0.42, 13.97) 0.2961

Adjustment not possible

Death
0 (0%) 6 (4%) -0.04 (-0.08, 0.05) RD 0.3433

Adjustment not possible

Loss to 
follow-up 1 (2%) 0 (0%) 0.02 (-0.001, 0.12) RD 0.2165

Adjustment not possible

Grade 3 or 
more AE

6 (14%) 61 (40%) 0.36 (0.17, 0.77) 0.29 (0.12, 0.72) 0.0078

Age, log of BMI, diabetes, sex, HIV, past TB, 
smear status, cavitation, bilateral disease, 

prior drug-resistant TB, ART (if HIV positive), 
FQ resistance

Amplified 
resistance 0 (0%) 0 (0%) 0 (-0.02, 0.08) RD 1.00

Adjustment not possible

PICO 3 Comparison 3.4 Sensitivity MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 600-9) from ZENIX

Comparator BPaL (Lzd-1200-26, NIX and ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Page 88
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PICO 3 Comparison 3.4 Sensitivity MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 600-9) from ZENIX

Comparator BPaL (Lzd-1200-26, NIX and ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Regimens Outcome measures Propensity score model

BPaL 600-9 BPaL 
1200-26 
NIX/ZENIX

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-
value

Covariates included in model

n (%) n (%)

Total 42 152

Outcomes

FQ resistant 24/27 (89%) 105/113 (93%) 0.96 (0.83, 1.1) 0.4436 Adjustment not possible

FQ 
susceptible 15/15 (100%) 38/39 (97%) 1.03 (0.98, 1.08) 1 Adjustment not possible

The University of Sydney Page 90

Findings – including NIX an ZENIX in comparator

- No difference in treatment success in the 600-9
- No difference in recurrence in the 600-9 than in 1200-26, although wide 

confidence limits
- Potentially lower death in 600-9, but wide confidence limits that cross the null
- Lower Grade 3 and above adverse events in 600-9
- No difference in amplified resistance (no events in either group)
- A lower proportion of patients achieved treatment success among patients 

with FQ-R TB with 600-26 than 1200-26, however, the confidence limits for 
estimates for those with either FQ-S or FQ-R MDR-TB crossed the null. 
Confidence limits were wide, given the small numbers of participants.

The University of Sydney Page 91

Comparison 3.4 - Limitations

– Very small sample size precludes precise estimates, leading to 
very serious imprecision.

– Few event numbers in most comparisons preclude adjustment 
for measured confounding, which may be important

– Likely unmeasured confounding given imbalance in measured 
covariates

– Limitations in generalisability, as included one study only, 
conducted in South Africa and Eastern Europe but not other 
settings.
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Factors influencing certainty assessment – PICO 3.4
No of 

studies
Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations

1 Randomised 
trial

Serious not serious Not serious Very serious none

↓ ↓↓
Risk of bias
Unmeasured confounding
- Differences in measured covariates  (past treatment, 

culture, FQ-R TB)
- Unmeasured confounding likely
- Small event numbers preclude adjusting for 

confounding in most analyses
Downgraded one level for risk of bias.

Indirectness
The ZENIX trial was conducted in countries in southern 
Africa and Eastern Europe. This increases generalisability, 
and we have not downgraded for indirectness. ⨁⨁◯◯◯◯◯◯

Very low

Imprecision
Very small number of individuals in both intervention 
group (43) and comparator (44) results in very serious 
risk of imprecision. Downgraded by two levels.

As ZENIX was a randomized trial, the initial certainty 
rating was high quality evidence. After downgrading, 
certainty for all outcomes was rated:

The University of Sydney Page 93

PICO 3
Comparison 3.5

The University of Sydney Page 94

PICO 3
Should BPaL regimens with lower linezolid exposure (dose or duration) be used 
instead of the original BPaL regimen in patients who are eligible for BPaL regimen?

Population 1) Confirmed RR TB or MDR-TB (including pre-XDR-TB)

Intervention 1) Patients with Bedaquiline, Pretomanid and Linezolid (600-300 
TB PRACTECAL regimen)

2) Intended duration of treatment 6 months

Comparator 1) Patients with Bedaquiline, Pretomanid and Linezolid (1200-
26) in ZENIX study

2) Intended duration of treatment 6 months

PICO 3 Comparison 3.5 MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 600-300) from TB PRACTECAL

Comparator BPaL (Lzd-1200-26 ZENIX)

Time of follow-up 12 months post treatment initiation (primary)
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Intervention:
BPaL 
(Lzd 600-300
TB 
PRACTECAL)

PICO 3 Comparison 3.5 MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 600-300) from TB PRACTECAL

Comparator BPaL (Lzd-1200-26 ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Key

Primary 
follow-up
time

Sensitivity 
analyses

The University of Sydney Page 96

Clinical characteristics BPaL (Lzd 600-300 
TB PRACTECAL)

BPaL (Lzd-1200-26 
ZENIX)

n (%) n (%)

Total 102 (100%) 44 (100%)

Age (median, IQR) 35 (28-45) 38.5 (31-44)

Adults 18+ 101 (99%) 44 (100%)

Male 49 (48%) 29 (66%)

HIV positive 33 (32%) 8 (18%)

Past TB treatment 47 (46%) 28 (64%)

Past DR-TB treatment 14 (14%) 0 (0%)

AFB Smear positive 69 (68%) 39 (89%)

Culture positive 86 (84%) 35 (80%)

Pre-XDR (FQ-R) TB 17 (17%) 31 (70%)

Descriptive analyses – PICO 3 Comparison 3.5

The University of Sydney Page 97

Clinical characteristics BPaL (Lzd 600-300) BPaL (Lzd-1200-26, ZENIX)

n (%) n (%)

Drugs used

Bedaquiline 102 (100%) 44 (100%)

Linezolid 102 (100%) 44 (100%)

Pretomanid 102 (100%) 44 (100%)

Moxifloxacin/levofloxacin 0 (0%) 0 (0%)

Ethionamide or prothionamide 0 (0%) 0 (0%)

Ethambutol 0 (0%) 0 (0%)

Pyrazinamide 0 (0%) 0 (0%)

Isoniazid 0 (0%) 0 (0%)

Clofazamine 0 (0%) 0 (0%)

Injectable antibiotic 0 (0%) 0 (0%)

Descriptive analyses – PICO 3 Comparison 3.5
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Forest plot of primary outcomes – PICO 3.5

The University of Sydney Page 99

PICO 3 Comparison 3.5 MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 600-300) from TB PRACTECAL

Comparator BPaL (Lzd-1200-26,  ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Regimens Outcome measures Propensity score model
BPaL
600-300

BPaL 
1200-26 
(Zenix)

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-
value

Covariates included in model

n (%) n (%)

Total
Outcomes 102 44
Treatment 
success 72 (86%) 43 (98%) 0.88 (0.8, 0.97) 0.0342

Adjustment not possible

Failure & 
recurrence 2 (2%) 1 (2%) 1.05 (0.1, 11.24) 1.00

Adjustment not possible

Death 0 (0%) 0 (0%) 0 (-0.08, 0.04) RD 1.00 Adjustment not possible

Loss to 
follow-up 10 (12%) 0 (0%) 0.12 (0.05, 0.19) RD 0.0152

Adjustment not possible

Grade 3 or 
more AE

20 (20%) 8 (18%) 1.08 (0.51, 2.26) 0.79 (0.32, 1.93) 0.6079

Age, log of BMI, diabetes, smoking, sex, HIV, 
past TB, smear status, cavitation, bilateral 

disease, prior drug-resistant TB, ART (if HIV 
positive), FQ resistance

Amplified 
resistance 3 (3%) 0 (0%) 0.03 (-0.08, 0.083) RD 0.5539

Adjustment not possible

The University of Sydney Page 100

Forest plot of subgroup analysis – PICO 3.5
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PICO 3 Comparison 3.5 Subgroup MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 600-300 from TB PRACTECAL)

Comparator BPaL (Lzd-1200-26 ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Regimens Outcome measures Propensity score model

BPaL 600-300 BPaL 1200-
26 
ZENIX

Unadj. 
RR

(95% CI) Adj. 
RR (or 
RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 102 44

Outcomes

FQ resistant 12/15 (80%) 30/31 (97%) 0.83 (0.64, 1.07) 0.0948 Adjustment not possible

FQ 
susceptible 60/69 (87%) 13/13 (100%) 0.87 (0.7, 1.13) 0.3419 Adjustment not possible

The University of Sydney Page 102

Sensitivity analysis – follow up time  PICO 3.5

The University of Sydney Page 103

PICO 3 - Comparison 3.5 Discussion

- Lower treatment success with the TB PRACTECAL 600-300 
regimen (unadjRR 0.88)

- Higher loss to follow-up in the 600-300 regimen (12% higher)
- Similar grade 3 or more AE
- Higher acquired drug resistance (RD 0.03), although p = 0.5539
- Lower treatment success in both FQ-R and FQ-S TB, with poor 

precision.
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Comparison 3.5 - Limitations

– Few event numbers in most comparisons preclude adjustment 
for measured confounding, which may be important

– Likely unmeasured confounding given imbalance in measured 
covariates

– Very small sample size in both groups precludes precise 
estimates, leading to very serious imprecision.

– Differences between the setting for the intervention and the 
comparator group contributes to likely unmeasured confounding 
between the groups

The University of Sydney Page 105

Factors influencing certainty assessment – PICO 3.5
No of 

studies
Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations

2 Randomised 
trials*

Very serious not serious Not serious Very serious none

↓↓ ↓↓
Risk of bias
Unmeasured confounding
- Differences in measured covariates  (Sex, HIV status, 

Past TB treatment, past DR-TB treatment, smear and 
FQ-R TB)

- Unmeasured confounding also likely between settings
- Small event numbers preclude adjusting for 

confounding in most analyses
Downgraded two levels for risk of bias.

Indirectness
ZENIX and PRACTECAL were conducted in countries in 
southern Africa and Eastern Europe. This increases 
generalisability, and we have not downgraded for 
indirectness.

⨁⨁◯◯◯◯◯◯
Very low

Imprecision
Very small number of individuals in both intervention 
group (102) and comparator (44) results in very 
serious risk of imprecision. Downgraded by two levels.

**Although both ZENIX and PRACTECAL were 
randomized trials, balance is not preserved as two 
trials are combined. The initial certainty rating was low 
quality evidence. After downgrading, certainty for all 
outcomes was rated:

The University of Sydney Page 106

Supplementary slides
PICO 3.5
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Clinical characteristics BPaL (Lzd 600-300)
TB PRACTECAL

BPaL (Lzd-1200-26 NIX and 
ZENIX)

n (%) n (%)

Total 102 (100%) 152 (100%)

Age (median, IQR) 35 (28-45) 35 (29-43)

Adults 18+ 101 (99%) 150 (99%)

Male 49 (48%) 86 (57%)

HIV positive 33 (32%) 63 (41%)

Past TB treatment 47 (46%) 118 (78%)

Past DR-TB treatment 14 (14%) 0 (0%)

AFB Smear positive 69 (68%) 117 (77%)

Culture positive 86 (84%) 137 (90%)

Pre-XDR (FQ-R) TB 17 (17%) 113 (74%)

Sensitivity analyses – PICO 3.5 including NIX and ZENIX 
1200-26 in comparator group

The University of Sydney Page 108

Clinical characteristics BPaL (Lzd 600-300) BPaL (Lzd-1200-26 NIX and 
ZENIX)

n (%) n (%)

Drugs used

Bedaquiline 102 (100%) 152 (100%)

Linezolid 102 (100%) 152 (100%)

Pretomanid 102 (100%) 152 (100%)

Moxifloxacin/levofloxacin 0 (0%) 0 (0%)

Ethionamide or prothionamide 0 (0%) 0 (0%)

Ethambutol 0 (0%) 0 (0%)

Pyrazinamide 0 (0%) 0 (0%)

Isoniazid 0 (0%) 0 (0%)

Clofazamine 0 (0%) 0 (0%)

Injectable antibiotic 0 (0%) 0 (0%)

Sensitivity analyses – PICO 3.5 including NIX and ZENIX 
1200-26 in comparator group

The University of Sydney

Regimens Outcome measures Propensity score model

BPaL 
600-300

BPaL 
1200-26 
(Nix/Zenix)

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 102 152

Outcomes
Treatment 
success 72 (86%) 143 (94%) 0.91 (0.83, 1) 0.77 (0.56, 1.05) 0.0956

Age, log of BMI, diabetes, sex, HIV, past 
TB, smear status, cavitation, bilateral 

disease, prior drug-resistant TB, ART (if HIV 
positive), FQ resistance

Failure & 
recurrence 2 (2%) 3 (2%) 0.00 (-0.04, 0.06) RD 1.00 Adjustment not possible

Death
0 (0%) 6 (4%) -0.04 (-0.08, -0.01) RD 0.0915 Adjustment not possible

Loss to 
follow-up 10 (12%) 0 (0%) 0.12 (0.05, 0.19), RD <0.001 Adjustment not possible

Grade 3 or 
more AE 20 (20%) 61 (40%) 0.49 (0.32, 0.76) 0.47 (0.24, 0.91) 0.0243 As above

Amplified 
resistance 3 (3%) 0 (0%) 0.03 (0.004, 0.08) RD 0.0636 Adjustment not possible

PICO 3 Comparison 3.5 Sensitivity MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 600-300) from TB PRACTECAL

Comparator BPaL (Lzd-1200-26, NIX and ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Page 109
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PICO 3 Comparison 3.5 Sensitivity MDR/RR and pre-XDR TB

Intervention BPaL (Lzd 600-26) from TB PRACTECAL

Comparator BPaL (Lzd-1200-26, NIX and ZENIX)

Time of follow-up 12 months post treatment initiation (primary)

Regimens Outcome measures Propensity score model

BPaL 600-300 BPaL 
1200-26 
NIX/ZENIX

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-
value

Covariates included in model

n (%) n (%)

Total 102 152

Outcomes
FQ 
susceptible 60/69 (87%) 38/39 (97%) 0.89 (0.80, 0.99)

0.0908
Adjustment not possible

FQ resistant 12/15 (80%) 105/113 (93%) 0.86 (0.67, 1.11) 0.1208 Adjustment not possible

The University of Sydney Page 111

Findings – including NIX an ZENIX in comparator

- Lower treatment success in BPaL 600-300 (aRR 0.77) compared to 1200-26 
(NIX and ZENIX), although wide confidence limits

- No difference in failure
- Lower death in 600-300 (4% lower), and higher loss to follow-up (12% 

higher)
- Fewer grade 3 and above AE in 600-300 (aRR 0.47)
- Higher amplified resistance in 600-300 (with wide confidence limits)
- Treatment success lower in both FQ-S and FQ-R TB with the 600-300 regimen, 

although confidence limits wider for FQ-R TB due to lower numbers of 
participants.

The University of Sydney Page 112

Confidence Intervals for Unadjusted Relative Risk and Risk Difference 
using score method 

-Due to low numbers of events in the outcomes, the method used to calculate confidence 
intervals for the relative risk and risk difference was modified to use the score method, which 
is a more accurate analysis with low outcome events. 

-This method was used for risk difference in PICO 3 and then for risk difference and 
unadjusted relative risk in all subsequent PICOS.

-The score method only affects the confidence interval, not the p value or point estimate 
calculated. 

-The following slide presents the results for PICO 3 for unadjusted relative risk using the 
original values presented in PICO 3 and updated confidence intervals using the score 
method. As demonstrated in the results there is only a small change in confidence interval for 
each estimate and this does not change the overall results from this analysis.  
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Pico 3.1 Pico 3.2 Pico 3.3 Pico 3.4 Pico 3.5

Unadj RR
(original)

Unadj RR 
(score method)

Unadj RR
(original)

Unadj RR 
(score method)

Unadj RR
(original)

Unadj RR 
(score method)

Unadj RR
(original)

Unadj RR 
(score method)

Unadj RR
(original)

Unadj RR 
(score method)

Total

Outcomes

Treatment 
success 0.94 (0.88, 1.0) 0.94(0.88,1.04) 0.95(0.87,1.05) 0.95(0.83,1.06) 1.02(0.98,1.07) 1.02(0.93, 1.13) 0.95(0.86, 1.05) 0.95(0.83,1.06) 0.88(0.8, 0.98) 0.88(0.78, 0.98)
Failure & 
recurrence

1.25 (0.15, 10.09) 1.25(0.21, 7.83) 2.05(0.19,21.75) 2.05(0.28,15.33) -0.02 (-0.12,0.06) -0.02 (-0.12,0.06) 2.1(0.2,22.26) 2.1(0.28,15.69) 1.05(0.1,11.24) 1.05(0.14,7.91)
Death 0 (-0.07, 0.026) 0 (-0.07, 0.026)

0.02 (-0.06, 0.12) 0.02 (-0.06, 0.12) 0 (-0.081,0.83) 0 (-0.081,0.83) 0(-0.08,0.08) 0(-0.08,0.08) 0(-0.08, 0.04) 0(-0.08, 0.04)
Loss to 
follow-up

0.05 (-0.029, 
0.091)

0.05 (-0.029, 
0.091)

0 (-0.081,0.083) 0 (-0.081,0.083) 0 (-0.081,0.83) 0 (-0.081,0.83) 0.02(-0.06,0.12) 0.02(-0.06,0.12) 0.12(0.05, 0.19) 0.12(0.05, 0.19)
Grade 3 or 
more AE 0.93 (0.47, 1.86) 0.93(0.47,1.86) 0.90(0.36, 2.25) 0.9(0.36,2.25) 0.77(0.29,2.03) 0.77(0.29,2.03) 0.79(0.3, 2.07) 0.79(0.3,2.07) 1.08(0.51,2.26) 1.08(0.51,2.26)
Amplified 
resistance 0.01(-0.012,0.038)

0.01(-0.012, 
0.038) 0 (-0.081, 0.083) 0 (-0.081, 0.083) 0 (-0.081,0.83) 0 (-0.081,0.83) 0(-0.08, 0.08) 0(-0.08, 0.08) 0.03(-0.08, 0.083)

0.03(-0.08, 0.083)

Confidence Intervals for Unadjusted Relative Risk and Risk Difference

Values in red represent risk difference 
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Supplementary slides
PICO 3 
Adherence and safety 
descriptive analyses
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Proportion of patients completing BPaL regimens, by linezolid dose
Grouped according to assigned treatment regimen

Regimen

Lzd 1200-26
(NIX+, ZENIX)

LZD1200-26 
(NIX)

LZD1200-26 
(ZENIX) LZD 1200-9 

(ZENIX)
Lzd 600-26

(ZENIX)
LZD 600-9 

(ZENIX)

Lzd 600-300* 
(PRACTECAL 

BPaL)

n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Total patients n=152 N=108 N=44 n=43 n=43 n=42 n=102

Highest daily total dose 
Lzd 1200mg per day+

600mg twice 
daily OR 1200mg 

daily+
1200mg daily 1200mg daily 600mg 

daily
600mg

daily
600mg 

daily

Target weeks of Lzd 26 weeks 26 weeks 26 weeks 9 weeks 26 weeks 9 weeks 16 weeks**

% of time highest LZD 
dose actually received

0-24% of duration 20 (13%) 19(18%) 1(2%) 1 (2%) 1 (2%) 1(2%) 3(3%)

25-49% of duration 39 (26%) 31(29%) 8(18%) 1 (2%) 1 (2%) 0 (0%) 4(4%)

50-74% of duration 27 (18%) 23(21%) 4(9%) 4 (9%) 2 (5%) 1 (2%) 2(2%)

≥75% of duration 66 (43%) 35(32%) 31(70%) 37 (86%) 39 (91%) 40 (95%) 93 (91%)

*TB PRACTECAL: Linezolid 600mg daily for 16 weeks then 300mg daily for the remaining 8 weeks or earlier when moderately tolerated
**16 weeks at higher dose, if tolerated
+In the NIX study, those enrolled before ~22nd January 2016 (n=21) received 600mg twice daily linezolid, after that date they received 
1200mg daily (n=84).
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Actual weeks received for BPaL regimens
Grouped according to assigned treatment regimen

Lzd 1200-26
(NIX+, ZENIX)

LZD1200-26 (NIX) LZD1200-26 (ZENIX) Lzd 1200-9
(ZENIX)

Lzd 600-26
(ZENIX)

LZD 600-9
(ZENIX)

Lzd 600-300* 
(PRACTECAL BPaL)

n (%) (cum. %) n (%) (cum. %) n (%) (cum. %) n (%) (cum. %) n (%) (cum. %) n (%) (cum. %) n (%) (cum. %)

Total patients n=152 n=108 n=44 n=43 n=43 n=42 n=102

Highest dose 
Lzd

1200mg 1200mg 1200mg
600mg 600mg 600mg 600mg

Target weeks 
Lzd

26 26 26
26 26 9 16 **

Actual weeks

0.0- 2.9 3(2%) 2% 2(2%) 2% 1(2%) 2% 1(2%) 2% 1(2%) 2% 1(2%) 2% 2(2%) 2%

3.0-5.9 15(10%) 12% 15(14%) 16% 0(0%) 0% 4(9%) 12% 0(0%) 2% 1(2%) 5% 4(4%) 6%

6.0-8.9 14(9%) 21% 10(9%) 25% 4(9%) 11% 35(81%) 93% 1(2%) 5% 38(91%) 84% 2(2%) 8%

9.0-11.9 22(14%) 35% 19(18%) 43% 3(7%) 18% 3(7%) 100% 0(0%) 5% 2(5%) 100% 1(1%) 9%

12.0-14.9 18(12%) 47% 16(15%) 57% 2(5%) 23% 0 (0%) 100% 0(0%) 5% 0 (0%) 100% 6(6%) 15%

15.0-17.9 9(5%) 52% 7(7%) 64% 2(5%) 27% 0 (0%) 100% 2(5%) 9% 0 (0%) 100% 84(82%) 97%

18.0-20.9 16(11%) 63% 14(13%) 77% 2(5%) 32% 0 (0%) 100% 0(0%) 10% 0 (0%) 100% 0(0%) 97%

21.0-23.9 27(18%) 81% 2(2%) 79% 25(57%) 89% 0 (0%) 100% 37(86%) 95% 0 (0%) 100% 3(3%) 100%

≥24.0 28(18%) 100% 23(21%) 100% 5(11%) 1000% 0 (0%) 100% 2(5%) 100% 0 (0%) 100% 0 (0%) 100%

+In the NIX study, those enrolled before ~22nd January 2016 (n=21) received 600mg twice daily linezolid, after that date they received 
1200mg daily (n=84).
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Adverse events of special interest (any grade)

Grouped according to assigned treatment regimen

Lzd 1200-26
(NIX+, ZENIX)

LZD1200-26 
(NIX)

LZD1200-26 
(ZENIX) LZD 1200-9 

(ZENIX)
Lzd 600-26

(ZENIX)
LZD 600-9 

(ZENIX)

Lzd 600-300 
(PRACTECAL 

BPAL)
n (%) n (%) n (%)

n (%) n (%) n (%) n (%)

Total patients n=152 N=108 N=44 n=43 n=43 n=42 n=102

AEs of special interest* 
(any grade) 132(87%) 104(96%) 28(64%) 19(44%) 14(43%) 16(38%) 82(80%)

QTc prolongation 6 (4%) 6(6%) 0(0%) 1 (2%) 0 (0%) 1 (2%) 26 (25%)

Peripheral neuropathy 97 (64%) 85(79%) 12(27%) 7 (16%) 4 (9%) 3 (7%) 7(7%)

Optic neuritis 5 (3%) 1(1%) 4(9%) 0 (0%) 0 (0%) 0(0%) 1 (1%)

Myelosuppression 54 (36%) 43(40%) 11(25%) 6 (14%) 4 (9%) 6 (14%) 43 (42%)

Hepatotoxicity 42 (28%) 31(29%) 11(25%) 9 (21%) 9 (21%) 8 (19%) 60 (59%)

*Selected by WHO.
*39/108 in the PRACTECAL SOC arm were taking an injectable, and 92/108 were taking linezolid.
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Grade 3-5 adverse events with BPaL-like regimens
Grouped according to assigned treatment regimen

Lzd 1200-26
(NIX+, ZENIX)

LZD1200-26 
(NIX)

LZD1200-26 
(ZENIX)

LZD 1200-9 
(ZENIX)

Lzd 600-26
(ZENIX)

LZD 600-9
(ZENIX)

Lzd 600-300 
(BPAL)

n (%) n (%) n (%)

n (%) n (%) n (%) n (%)

Total patients n=152 N=108 N=44 n=43 n=43 n=42 n=102

Grade 3-5 AESI+

QT prolongation 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 1(2%) 0(0%)

Peripheral neuropathy 24(16%) 24(22%) 0(0%) 1(2%) 0(0%) 0(0%) 0(0%)

Optic neuritis 1(1%) 0(0%) 1(2%) 0(0%) 0(0%) 0(0%) 0(0%)

Myelosuppression 7(5%) 7(7%) 0(0%) 2(5%) 0(0%) 2(5%) 2(2%)

Hepatotoxicity 19(12%) 14(13%) 5(11%) 3(7%) 4(9%) 3(7%) 1(1%)

19(12%) 14(13%) 5(11%)If a patient had 2 reported grade 3-5 AEs of the same specific type, this would count as 1 event
Grade 3-5 AE is based upon severity
+Adverse events of special interest identified by WHO
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Grade 3-5 adverse events with BPaL regimens resulting in 
discontinuation of linezolid – treatment related

Grouped according to assigned treatment regimen

Lzd 1200-26
(NIX+, ZENIX)

LZD1200-26 
(NIX)

LZD1200-26 
(ZENIX)

LZD 1200-9 
(ZENIX)

Lzd 600-26
(ZENIX)

LZD 600-9
(ZENIX)

Lzd 600-300 
(BPAL)*

n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Total patients n=152 N=108 N=44 n=43 n=43 n=42 n=102

People with ≥1 SAE 61(40%) 53(49%) 8(18%) 7(16%) 6(14%) 6(14%) 14(14%)

AEs resulting in Lzd 
discontinuation 22(14%) 18(17%) 4(9%) 0(0%) 1(2%) 0(0%) 0(0%)

QT prolongation 0 (0%) 0 (0%) 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Peripheral neuropathy 17(11%) 15(13%) 2(5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Optic neuritis 3 (2%) 1(1%) 2(5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Myelosuppression 2 (1%) 2(2%) 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Hepatotoxicity 0(0%) 0(0%) 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

* Number switching from 600mg to 300mg within 16 weeks (minus 3 day window): 7 (5.7%) control; 10 (7.3%) 
BPaLM; 3 (2.6%) BPaLC, 8 (7.2%) BPaL (Data from TB PRACTECAL investigators).
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Grade 3-5 adverse events with BPaL regimens resulting in 
discontinuation of linezolid – any cause

Grouped according to assigned treatment regimen

Lzd 1200-26
(NIX+, ZENIX)

LZD1200-26 
(NIX)

LZD1200-26 
(ZENIX)

LZD 1200-9 
(ZENIX)

Lzd 600-26
(ZENIX)

LZD 600-9
(ZENIX)

Lzd 600-300 
(BPAL)*

n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Total patients n=152 N=108 N=44 n=43 n=43 n=42 n=102

People with ≥1 SAE 61(40%) 53(49%) 8(18%) 7(16%) 6(14%) 6(14%) 14(14%)

AEs resulting in Lzd 
discontinuation 22(14%) 18(17%) 4(9%) 2(5%) 2(5%) 3(7%) 0(0%)

QT prolongation 0 (0%) 0 (0%) 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Peripheral neuropathy 17(11%) 15(13%) 2(5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Optic neuritis 3 (2%) 1(1%) 2(5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Myelosuppression 2 (1%) 2(2%) 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Hepatotoxicity 0(0%) 0(0%) 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

* Number switching from 600mg to 300mg within 16 weeks (minus 3 day window): 7 (5.7%) control; 10 (7.3%) 
BPaLM; 3 (2.6%) BPaLC, 8 (7.2%) BPaL (Data from TB PRACTECAL investigators).
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Actual weeks of linezolid received
Based upon assigned treatment group

Lzd 1200-26 
(NIX+, ZENIX) LZD1200-26 (NIX) LZD1200-26 (ZENIX)

LZD1200-26 (ZENIX-
South Africa)

LZD1200-26 (ZENIX-
Georgia)

LZD1200-26 (ZENIX-
Moldova)

LZD1200-26 (ZENIX-
Russia)

n (%) (cum. %) n (%) (cum. %) n (%) (cum. %) n (%) (cum. %) n (%) (cum. %) n (%) (cum. %) n (%) (cum. %)

Total patients n=152 n=108 n=44 n=10 n=13 n=2 n=19

Highest dose Lzd 1200mg 1200mg 1200mg 1200mg 1200mg 1200mg 1200mg

Target weeks Lzd 26 26 26 26 26 26 26

Actual weeks

0.0- 2.9  3(2%) 2% 2(2%) 2% 1(2%) 2% 0(0%) 0% 0(0%) 0% 0(0%) 0% 1(5%) 5%

3.0-5.9  15(10%) 12% 15(14%) 16% 0(0%) 0% 0(0%) 0% 0(0%) 0% 0(0%) 0% 0(0%) 5%

6.0-8.9  14(9%) 21% 10(9%) 25% 4(9%) 11% 1(10%) 10% 2(15%) 15% 0(0%) 0% 1(0%) 11%

9.0-11.9 22(14%) 35% 19(18%) 43% 3(7%) 18% 2(20%) 30% 1(8%) 23% 0(0%) 0% 0(0%) 5%

12.0-14.9 18(12%) 47% 16(15%) 57% 2(5%) 23% 0(0%) 30% 1(8%) 31% 0(0%) 0% 1(5%) 16%

15.0-17.9 9(5%) 52% 7(7%) 64% 2(5%) 27% 1(10%) 40% 0(0%) 0% 0(0%) 0% 1(5%) 21%

18.0-20.9 16(11%) 63% 14(13%) 77% 2(5%) 32% 2(20%) 40% 0(0%) 0% 0(0%) 0% 0(0%) 21%

21.0-23.9 27(18%) 81% 2(2%) 79% 25(57%) 89% 4(40%) 100% 8(60%) 92% 2(100%) 100% 11(58%) 79%

≥24.0 28(18%) 100% 23(21%) 100% 5(11%) 1000% 0(0%) 100% 1(8%) 100% 0(0%) 100% 4(21%) 100%
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Grade 3-5 adverse events
Based upon assigned treatment at start of Rx

Lzd 1200-26 
(NIX+, ZENIX)

LZD1200-26 
(NIX)

LZD1200-26 
(ZENIX)

LZD1200-26 
(ZENIX-South 

Africa)

LZD1200-26 
(ZENIX-

Georgia)

LZD1200-26 
(ZENIX-

Moldova)

LZD1200-26 
(ZENIX-
Russia)

n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Total patients n=152 N=108 N=44 N=10 N=13 N=2 N=19

Grade 3-5 AESI+ 48(32%) 42(39%) 6(14%) 1(10%) 3(23%) 0(0%) 2(11%)

QT prolongation 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)

Peripheral neuropathy 24(16%) 24(22%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)

Optic neuritis 1(1%) 0(0%) 1(2%) 1(10%) 0(0%) 0(0%) 0(0%)

Myelosuppression 7(5%) 7(7%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)

Hepatotoxicity 19(12%) 14(13%) 5(11%) 0(0%) 3(23%) 0(0%) 2(11%)

If a patient had 2 reported grade 3-5 AEs of the same specific type, this would count as 1 event
Grade 3-5 AE is based upon severity
+Adverse events of special interest identified by WHO
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Grade 3-5 adverse events resulting in discontinuation
of linezolid

Based upon assigned treatment at start of Rx

Lzd 1200-26 
(NIX+, ZENIX)

LZD1200-26 
(NIX)

LZD1200-26 
(ZENIX)

LZD1200-26 
(ZENIX-South 

Africa)

LZD1200-26 
(ZENIX-

Georgia)

LZD1200-26 
(ZENIX-

Moldova)

LZD1200-26 
(ZENIX-
Russia)

n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Total patients n=152 N=108 N=44 N=10 N=13 N=2 N=19

People with ≥1 SAE 61(40%) 53(49%) 8(18%) 1(10%) 4(31%) 0(0%) 3(16%)

AEs resulting in Lzd 
discontinuation 22(14%) 18(17%) 4(9%) 2(20%) 0(0%) 0(0%) 2(11%)

QT prolongation 0 (0%) 0 (0%) 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Peripheral neuropathy 17(11%) 15(13%) 2(5%) 1 (10%) 0 (0%) 0 (0%) 1 (5%)

Optic neuritis 3 (2%) 1(1%) 2(5%) 1 (10%) 0 (0%) 0 (0%) 1 (5%)

Myelosuppression 2 (1%) 2(2%) 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Hepatotoxicity 0(0%) 0(0%) 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
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Conclusions

– Adverse events were distributed unevenly between study sites
– More patients were stepped down in South African sites than 

other sites
– High incidence of hepatotoxicity seen in NIX were not seen in 

South African sites of ZENIX
– Peripheral neuropathy resulting in treatment discontinuation was 

more likely in NIX than in any ZENIX sites
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Session 4 Objectives

Objectives of this session are to:
– Review the effectiveness findings for PICO 4
– Compare the effectiveness of 6-month BPaL regimen with the 

WHO long (WHO IPD 2021) standard of care
– Discuss the limitations and certainty of the evidence
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Abbreviations of regimens evaluated
Currently recommended by WHO all-oral 18-20-month regimens designed based on drug groups 
table (include group A: Fq, Bdq, Lzd and group B: cycloserine, clofazimine and possibly group C 

medicines): 18 Bdq(6 m or longer)-(Lfx/Mfx)-Lzd-(Cfz or Cs)
WHO_long

Currently recommended by WHO shorter, all oral 9-11-month regimen including Bdq and Fq (no 
Lzd): 4–6 Bdq(6 m)-(Lfx/Mfx)-Cfz-Z-E-Hh-Eto / 5 Lfx-Cfz-Z-EWHO_short*

Shorter, all oral 9-11 month regimen used in SA since 2008 including Bdq, Fq, Lzd):
4–6 Bdq(6 m)-Lzd-Lfx-Cfz-Z-E-Hh / 5 Lfx-Cfz-Z-ESA_new**

Experimental regimen from NeXT RCT: 6-9 months of Bdq-Lfx-Lzd-Z-Eto (or H high dose or 
terizidone)NeXT

6-9-month Bdq-Pa-Lzd (dosing varied 1200, 600 with possible dose decrease in case of toxicity as 
well as duration 2-6 months)BPaL

6-month Bdq-Pa-Lzd-Mfx (Lzd 600 mg) BPaLM
6-month Bdq-Pa-Lzd-Cfz (Lzd 600 mg)BPaLC

Older, not currently recommended injectable (Km, Cm, Am) and quinolone based regimens, 
shorter or longer and without inclusion of Bdq or Lzd. INJ_based

*South African 2017 regimen; ** South African 2019 regimen

The University of Sydney Page 4



WHO consolidated guidelines on tuberculosis. Module 4: treatment – 
drug-resistant tuberculosis treatment, 2022 update. Web Annexes502

The University of Sydney Page 5

Groupings of BPaL Regimens for PICOs 4 and 5

ZENIX
1200-9

ZENIX
600-9

TBP
600-300

ZENIX
600-26

Comparators
regimen

Revised 
primary 

comparison
‘All 4’ BPaL
regimens

(presented as a 
sensitivity 
analysis)
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BPaL 1200-
26

(REFERENCE)
BPaL 1200-9 1200-9 vs 1200-26 (REF)

BPaL
600-26

BaL 600-26 vs 1200-26 (REF)
BPaL
600-9

BPaL 600-9 vs 1200-26 (REF)
BPaL
600-
300

BPaL 600-300 vs 
1200-26 (REF)

n (%) n (%) RR 95% CI p n (%) RR 95% CI p n (%) RR 95% CI p
n (%)

RR 95% 
CI p

Total 44 43 43 42 102

Outcome

Treatment 
success 43 (98%) 40 (93%) 0.95 (0.87, 1.05) 0.95 43 (100%) 1.02 (0.98, 1.07) 1.02 39 (93%) 0.95 (0.86, 1.05) 0.3545 72 (86%) 0.88 (0.8, 

0.97) 0.0342

Failure & 
recurrence 1 (2%) 2 (5%) 2.05 (0.19, 21.75) 2.05 0 (0%) -0.02 RD (-0.12, 0.06) -0.02 RD 2 (5%) 2.1 (0.2, 22.26) 0.6118 2 (2%) 1.05 (0.1, 

11.24) 1.00

Death 0 (0%) 1 (2%) 0.02 RD (-0.06, 0.12) 0.02 RD 0 (0%) 0 RD (-0.081, 
0.83) 0 RD 0 (0%) 0

(-0.08, 0.08) 
RD

1 0 (0%) 0
(-0.08, 

0.04) 
RD

1.00

Loss to 
follow-up 0 (0%) 0 (0%) 0 RD

(-0.081, 
0.083)

0 RD 0 (0%) 0 RD (-0.081, 
0.83) 0 RD 1 (2%) 0.02

(-0.06, 0.12) 
RD

0.4884 10 (12%) 0.12
(0.05, 
0.19) 

RD
0.0152

Grade 3 
or more 
AE

8 (18%) 7 (16%) 0.90 (0.36, 2.25) 0.90 6 (14%) 0.77 (0.29, 2.03) 0.77 6 (14%) 0.79 (0.3, 2.07) 0.5394 20 (20%) 1.08 (0.51, 
2.26) 0.6079

Amplified 
resistance 0 (0%) 0 (0%) 0 RD

(-0.081, 
0.083)

0 RD 0 (0%) 0 RD (-0.081, 
0.83) 0 RD 0 (0%) 0

(-0.08, 0.08) 
RD

1 3 (3%) 0.03
(-0.08, 
0.083) 

RD
0.5539

Point estimate indicates better outcome

Point estimate indicates worse outcome

Comparison between different BPaL regimens within ZENIX and TB PRACTECAL
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PICO 4

Should 6-month regimen using 
bedaquiline, pretomanid, linezolid [BPaL] 
be used in patients with pulmonary pre-
XDR-TB (MDR/RR-TB with fluoroquinolone 
resistance)?



Web Annex 6. Slide set on data synthesis presented at the GDG meeting 2022 503

The University of Sydney Page 8

PICO 4 Comparison 4.1 BPaL 600-26 vs WHO_long

Intervention BPaL (600-26) from ZENIX (FQ-r)

Comparator WHO long IPD 2021 (18-24 months) (FQ-r)

Time of follow-up 18 months post treatment initiation (primary)

PICO 4
Should 6-month regimen using bedaquiline, pretomanid, linezolid be used in 
patients with pulmonary pre-XDR-TB (MDR/RR-TB with fluoroquinolone resistance)?

Population 1) Confirmed RR TB or MDR-TB with fluoroquinolone resistance
(pre-XDR TB) at baseline

Intervention 1) Patients with Bedaquiline, Pretomanid and Linezolid (600-26,
ZeNIX)

2) Intended duration of treatment 6 months

Comparator 1) WHO Long 18-24 month all-oral regimen (WHO 2021 IPD)
2) Excluding use of injectable antibiotics at baseline

Page 8
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Key

Primary 
follow-up
time

Sensitivity 
analyses

PICO 4 Comparison 4.1 BPaL 600-26 (FQ-r) vs WHO_long (FQ-r)

Intervention BPaL (600-26) from ZENIX (FQ-r)

Comparator WHO long IPD 2021 (18-24 months) (FQ-r)

Time of follow-up 18 months post treatment initiation (primary)
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Clinical characteristics BPaL (600-26)
(FQ-r only)

WHO IPD 2021
(FQ-r only)

n (%) n (%)

Total 33 (100%) 839 (100%)

Age (median, IQR) 38 30-49 34 27-44

Adults 18+ 33 (100%) 813 (97%)

Male 10 (70%) 514 (61%)

HIV positive 6 (18%) 89 (11%)

CD4 <100 0/6 (0%) 9/43* (21%)

CD4+ 100-250 3/6 (50%) 16/43* (37%)

CD4+ 250-499 2/6 (33%) 11/43* (26%)

CD4+ >=500 1/6 (17%) 17/43 (40%)

Past TB treatment 23 (70%) 726 (87%)

Past DR-TB treatment 0 (0%) 518 (62%)

AFB Smear positive 28 (85%) 595 (71%)

Culture positive 28 (85%) 598 (71%)

Pre-XDR (FQ-R) TB 33 (100%) 839 (100%)

Descriptive analyses – PICO 4 Comparison 4.1

*46 missing
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Clinical characteristics BPaL (600-26)
(FQ-R)

WHO IPD 2021
(FQ-R)

n (%) n (%)

Drugs used 33 (100%) 839 (100%)

Pretomanid 33 (100%) 0 (0%)

Bedaquiline 33 (100%) 839 (100%)

Linezolid 33 (100%) 839 (100%)

Moxifloxacin/levofloxacin 0 (0%) 414 (49%)

Ethionamide or prothionamide 0 (0%) 238 (28%)

Ethambutol 0 (0%) 71 (8%)

Pyrazinamide 0 (0%) 420 (50%)

Isoniazid 0 (0%) 34 (4%)

Clofazamine 0 (0%) 758 (90%)

Injectable antibiotic (amikacin post-
baseline, as per WHO 2019 guidelines)

0 (0%) 160 (19%)

Descriptive analyses – PICO 4 Comparison 4.1 – 600-26 only
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Forest plot of main outcomes (600-26 only)
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Regimens Outcome measures Propensity score model
BPaL 600-
26 (ZENIX)

WHO IPD 
2021

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 33 839

Outcomes
Treatment 
success 33 (100%) 625 (74%) 1.34 (1.20, 1.40) 0.0001 Adjustment not possible, due to all patients 

having treatment success in intervention group

Failure & 
recurrence 0 (0%) 55 (7%) -0.07 RD  (-0.08, 0.04) 0.2602 Adjustment not possible due to zero 

numerator 

Death 0 (0%) 83 (10%) -0.10 RD (-0.12, 0.01) 0.0648 Adjustment not possible due to zero 
numerator

Loss to 
follow-up 0 (0%) 76 (9%) -0.09 RD  (-0.11, 0.01) 0.1058 Adjustment not possible

Grade 3 or 
more AE 5 (15%) 37 (4%) 3.44 (1.44, 8.17) 3.09 (1.16, 8.23) 0.0244 Age, log of BMI, diabetes, smoking, sex, HIV 

status, past TB, smear status and ART (for HIV)

Amplified 
resistance 0 (0%) 62 (7%) -0.07 RD  (-0.09, 0.03) 0.1615

Adjustment not possible

PICO 4 Comparison 4.1 BPaL 600-26 (FQ-r) vs WHO_long (FQ-r)

Intervention BPaL (600-26) from ZENIX (FQ-r)

Comparator WHO long IPD 2021 (18-24 months) (FQ-r)

Time of follow-up 18 months post treatment initiation (primary)
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Forest plot of sub-group analyses for treatment 
success (BPaL 600-26 only)
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Sub-group analyses PICO 4.1 (sensitivity; treatment success)
Regimens Outcomes Propensity score model

BPaL 600-26 
(ZENIX)

WHO IPD 2021 Unadj. 
RR

(95% CI) aRR (or 
RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup
Age <15 0 NA 6 6 (100%) NA
Age ≥15

33 33 (100%) 831 617 (74%) 1.35 (1.20, 1.4) 0.0001
Adjustment not possible, due to all patients 

having treatment success in intervention group

Pulmonary 33 33 (100%) 828 616 (74%) 1.34 (1.20, 1.4) 0.0001 Adjustment not possible, due to all patients 
having treatment success in intervention group

EPTB 0 NA 9 7 (78%) NA Zero people in this sub-group in intervention 
group

Smear + 28 28 (100%) 595 439 (74%) 1.36 (1.19, 1.42) 0.0005 Adjustment not possible, due to all patients 
having treatment success in intervention group

Smear - 5 5 (100%) 223 172 (77%) 1.30 (0.73, 1.39) 0.5897 As above

Smoking 21 21(100%) 245 169(69%) 1.45 (1.22,1.58) 0.0008 As above

Non-
smoking 12 12(100%) 515 406(79%) 1.27 (0.96, 1.33) 0.1396 As above

HIV pos 6 6 (100%) 89 52 (58%) 1.71 (1.02, 2.08) 0.0783 As above

HIV neg 27 27 (100%) 746 570 (76%) 1.31 (1.14, 1.37) 0.0016 As above

Past TB 23 23 (100%) 726 534 (74%) 1.36 (1.16, 1.42) 0.0013 As above

No past TB 10 10 (100%) 113 91 (81%) 1.24 (0.89, 1.38) 0.206 As above
Page 15
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PICO 4 - Comparison 4.1 Primary analyses
Discussion of outcomes
- Higher treatment success with BPaL 600-26 than the comparator
- Lower failure and recurrence, death, loss to follow-up and 

amplified resistance
- Higher grade 3 and above adverse events in the intervention 

group
- Higher treatment success across all subgroups, except EPTB 

where none were included in the intervention group



WHO consolidated guidelines on tuberculosis. Module 4: treatment – 
drug-resistant tuberculosis treatment, 2022 update. Web Annexes506

The University of Sydney Page 17

Sensitivity analysis
‘All 4’ (BPaL from ZENIX 
and TB-PRACTECAL) vs 
WHO long
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PICO 4 Comparison 4.1 BPaL ‘all 4’ (ZENIX 1200-9, 600-26, 600-9 and TBP 60016-3009) vs WHO_long

Intervention BPaL ‘all 4’ (ZENIX 1200-9, 600-26, 600-9 and TBP 600-300) (FQ-r)

Comparator WHO long IPD 2021 (18-24 months) (FQ-r)

Time of follow-up 18 months post treatment initiation (primary)

PICO 4
Should 6-month regimen using bedaquiline, pretomanid, linezolid be used in 
patients with pulmonary pre-XDR-TB (MDR/RR-TB with fluoroquinolone resistance)?

Population 1) Confirmed RR TB or MDR-TB with fluoroquinolone resistance
(pre-XDR TB) at baseline

Intervention 1) Patients with Bedaquiline, Pretomanid and Linezolid from all
available data (ZENIX, TB PRACTECAL)

2) Intended duration of treatment 6 months

Comparator 1) WHO Long 18-24 month all-oral regimen (WHO 2021 IPD)
2) Excluding use of injectable antibiotics at baseline

Page 18

The University of Sydney Page 19

Key

Primary 
follow-up
time

Sensitivity 
analyses

PICO 4 Comparison 4.1 BPaL 600-26 (FQ-r) vs WHO_long (FQ-r)

Intervention BPaL ‘all 4’ (ZENIX 1200-9, 600-26, 600-9 and TBP 600-300) (FQ-r)

Comparator WHO long IPD 2021 (18-24 months) (FQ-r)

Time of follow-up 18 months post treatment initiation (primary)
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Clinical characteristics BPaL (‘all 4’) (FQ-r) WHO IPD 2021
(FQ-r)

n (%) n (%)

Total 98 (100%) 839 (100%)

Age (median, IQR) 35 29-44 34 27-44

Adults 18+ 98 (100%) 813 (97%)

Male 59 (60%) 514 (61%)

HIV positive 20 (20%) 89 (11%)

CD4 <100 1/20 (5%) 9/43* (21%)

CD4+ 100-250 5/20 (25%) 16/43* (37%)

CD4+ 250-499 8/20 (40%) 11/43* (26%)

CD4+ >=500 6/20 (30%) 17/43 (40%)

Past TB treatment 70 (71%) 726 (87%)

Past DR-TB treatment 4 (4%) 518 (62%)

AFB Smear positive 84 (86%) 595 (71%)

Culture positive 83 (85%) 598 (71%)

Pre-XDR (FQ-R) TB 98 (100%) 839 (100%)

Descriptive analyses – PICO 4 Comparison 4.1 Sensitivity

*46 missing

The University of Sydney Page 21

Clinical characteristics BPaL (‘all 4’) (FQ-r) WHO IPD 2021
(FQ-r)

n (%) n (%)

Drugs used 98 (100%) 839 (100%)

Pretomanid 98 (100%) 0 (0%)

Bedaquiline 98 (100%) 839 (100%)

Linezolid 98 (100%) 839 (100%)

Moxifloxacin/levofloxacin 0 (0%) 414 (49%)

Ethionamide or prothionamide 0 (0%) 238 (28%)

Ethambutol 0 (0%) 71 (8%)

Pyrazinamide 0 (0%) 420 (50%)

Isoniazid 0 (0%) 34 (4%)

Clofazamine 0 (0%) 758 (90%)

Injectable antibiotic 0 (0%) 160 (19%)

Descriptive analyses – PICO 4 Comparison 4.1 Sensitivity

The University of Sydney Page 22

Forest plot of main outcomes
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Regimens Outcome measures Propensity score model
BPaL ‘all 4’ WHO IPD 

2021
Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 98 839

Outcomes
Treatment 
success 90 (92%) 625 (74%) 1.23 (1.15, 1.32) 1.24 (1.16, 1.33) <0.0001

age/bmi_log/dm/smokingstatus/sex/hiv/pa
sttx/afb_base/art_new

Failure & 
recurrence 5 (5%) 55 (7%) 0.78 (0.32, 1.9) 0.62 (0.24, 1.59) 0.3168

As above

Death
0 (0%) 83 (10%) -0.10 RD (-0.12, -0.06) 0.0001

Adjustment not possible

Loss to 
follow-up 3 (3%) 76 (9%) 0.34 (0.11, 0.97) 0.052

Adjustment not possible

Grade 3 or 
more AE 15 (15%)* 37 (4%) 3.30 (1.88, 5.8) 4.62 (2.54, 8.43) <0.0001

As above

Amplified 
resistance 1 (1%)* 62 (7%) 0.13 (0.02, 0.73) 0.0103

Adjustment not possible

PICO 4 4.1 Sensitivity BPaL ‘all 4’ (FQ-r) vs WHO_long (FQ-r)

Intervention BPaL ‘all 4’ (ZENIX 1200-9, 600-26, 600-9 and TBP 600-300) (FQ-r)

Comparator WHO long IPD 2021 (18-24 months) (FQ-r)

Time of follow-up 18 months post treatment initiation (primary)

*n=103, including all participants in TB PRACTECAL who received treatment, even if did not reach 72 week follow-up at the time of
data lock.

The University of Sydney Page 24

Forest plot of subgroup analysis

The University of Sydney Pa

Sub-group analyses PICO 4.1 (treatment success)
Regimens Outcomes Propensity score model

BPaL (‘all 4’) WHO IPD 2021 Unadj. 
RR

(95% CI) aRR
(or RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup
Age <15

0 (NaN%) 6 6 (100%) (NaN, NaN) (NA, NA) No children <15 in intervention group.

Age ≥15
98 90 (92%) 831 617 (74%) 1.24 (1.15, 1.33) 1.25 (1.16, 1.34) <0.0001

Age, log of BMI, diabetes, smoking status, sex, 
HIV status, past TB, smear status and ART 

(among HIV+)

Pulmonary
98 90 (92%) 828 616 (74%) 1.23 (1.15, 1.33) 1.24 (1.16, 1.34) <0.0001 As above

EPTB 0 NA 9 7 (78%) NA No people with EPTB in the BPaL group

Smear +
84 76 (90%) 595 439 (74%) 1.23 (1.13, 1.33) 1.23 (1.14, 1.34) <0.0001

Age, log of BMI, diabetes, smoking, sex, HIV 
status, past treatment and ART (among HIV+)

Smear - 14 14 (100%) 223 172 (77%) 1.3 (1.01, 1.39) 0.0446 Adjustment not possible

Smoker 56 54 (96%) 245 169 (69%) 1.4 (1.24, 1.54) <0.0001 Adjustment not possible

Non-smoker
42 36 (86%) 515 406 (79%) 1.09 (0.95, 1.24) 1.17 (1.08, 1.27) 0.0002

Age, log of BMI, sex, HIV, past treatment, 
smear status, ART (among HIV+)

HIV pos 20 19 (95%) 89 52 (58%) 1.63 (1.26, 2.00) 0.0014 Adjustment not possible

HIV neg
78 71 (91%) 746 570 (76%) 1.19 (1.1, 1.29) 1.22 (1.13, 1.31) <0.0001

Age, log BMI, diabetes, smoking status, sex, 
past treatment, smear statuts and ART 

(among HIV+)

Past TB 70 66 (94%) 726 534 (74%) 1.28 (1.16, 1.36) <0.0001 Adjustment not possible

No past TB
28 24 (86%) 113 91 (81%) 1.06 (0.84, 1.23) 0.7856 Adjustment not possible

Page 25
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PICO 4 - Comparison 4.1 Sensitivity analysis
Discussion of outcomes
- Increased treatment success (adjusted RR 1.24)
- Reduced failure/recurrence
- Reduced death
- Reduced loss to follow-up
- Less amplified resistance
- Higher proportion of grade 3-5 adverse events
- Increased treatment success across most sub-groups, including 

smear positive/negative, past TB, smoking and non-smoking, HIV 
positive and HIV negative

- Lacking data for children <15 years

The University of Sydney Page 27

Certainty of evidence 
grading

The University of Sydney Page 28

Factors influencing certainty assessment – PICO 4.1
BPaL vs WHO long (WHO IPD 2021): Primary comparison

No of 
studies

Study design Risk of bias Inconsistency Indirectness Imprecision Other 
considerations

15 Observational 
studies

Very serious Serious Not serious Very serious none

Levels of 
down-

grading
↓↓ ↓ - ↓↓ -

Risk of bias
Confounding bias
- Important differences in measured baseline covariates 

between groups
- Unmeasured confounding also likely
- Small event numbers in the BPaL 600-26 group 

precluded adjusting for confounding in most analyses
Misclassification bias
- Likely underestimate of death, recurrence in WHO IPD 

group due to lack of follow-up for many participants
Downgrade two levels for risk of bias in the BPaL 600-26
comparison.

Inconsistency
Considerable variability in effect estimates between cohorts in 
the WHO IPD 2021 dataset. Downgrade 1 level.

⨁⨁◯◯◯◯◯◯
Very low

Indirectness
We have not downgraded for indirectness.

Imprecision
Small number of individuals in the intervention group (n=33 
for BPaL 600-26) results in very serious risk of imprecision. 
Downgraded by 2 levels for 600-26 regimen.

Observational studies without special strengths/limitations 
provide low quality evidence. After downgrading, the 
certainty for all outcomes was rated:
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PICO 5: BPaL 600-26 in the treatment of MDR/RR-
TB with fluroquinolone sensitive disease
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Session 5 Objectives

Objectives of this session are to:
– Present the evidence to address PICO 5 (evaluating BPaL in 

fluroquinolone susceptible populations).
– Assess the limitations and certainty of the estimates for PICO 5

The University of Sydney Page 3

Abbreviations of regimens evaluated

Currently recommended by WHO all-oral 18-20-month regimens designed based on drug groups 
table (include group A: Fq, Bdq, Lzd and group B: cycloserine, clofazimine and possibly group C 

medicines): 18 Bdq(6 m or longer)-(Lfx/Mfx)-Lzd-(Cfz or Cs)
WHO_long

Currently recommended by WHO shorter, all oral 9-11-month regimen including Bdq and Fq (no 
Lzd): 4–6 Bdq(6 m)-(Lfx/Mfx)-Cfz-Z-E-Hh-Eto / 5 Lfx-Cfz-Z-EWHO_short*

Shorter, all oral 9-11 month regimen used in SA since 2008 including Bdq, Fq, Lzd):
4–6 Bdq(6 m)-Lzd-Lfx-Cfz-Z-E-Hh / 5 Lfx-Cfz-Z-ESA_new**

Experimental regimen from NeXT RCT: 6-9 months of Bdq-Lfx-Lzd-Z-Eto (or H high dose or 
terizidone)NeXT

6-9-month Bdq-Pa-Lzd (dosing varied 1200, 600 with possible dose decrease in case of toxicity as 
well as duration 2-6 months)BPaL

6-month Bdq-Pa-Lzd-Mfx (Lzd 600 mg) BPaLM
6-month Bdq-Pa-Lzd-Cfz (Lzd 600 mg)BPaLC

Older, not currently recommended injectable (Km, Cm, Am) and quinolone based regimens, 
shorter or longer and without inclusion of Bdq or Lzd. INJ_based

*South African 2017 regimen; ** South African 2019 regimen

Comparator 
regimens

Intervention 
regimens

The University of Sydney Page 4

Defer 5.4 to week 3
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BPaL 1200-
26

(REFERENCE)
BPaL 1200-9 1200-9 vs 1200-26 (REF)

BPaL
600-26

BaL 600-26 vs 1200-26 (REF)
BPaL
600-9

BPaL 600-9 vs 1200-26 (REF)
BPaL
600-
300

BPaL 600-300 vs 
1200-26 (REF)

n (%) n (%) RR 95% CI p n (%) RR 95% CI p n (%) RR 95% CI p
n (%)

RR 95% 
CI p

Total 44 43 43 42 102

Outcome

Treatment 
success 43 (98%) 40 (93%) 0.95 (0.87, 1.05) 0.95 43 (100%) 1.02 (0.98, 1.07) 1.02 39 (93%) 0.95 (0.86, 1.05) 0.3545 72 (86%) 0.88 (0.8, 

0.97) 0.0342

Failure & 
recurrence 1 (2%) 2 (5%) 2.05 (0.19, 21.75) 2.05 0 (0%) -0.02 RD (-0.12, 0.06) -0.02 RD 2 (5%) 2.1 (0.2, 22.26) 0.6118 2 (2%) 1.05 (0.1, 

11.24) 1.00

Death 0 (0%) 1 (2%) 0.02 RD (-0.06, 0.12) 0.02 RD 0 (0%) 0 RD (-0.081, 
0.83) 0 RD 0 (0%) 0

(-0.08, 0.08) 
RD

1 0 (0%) 0
(-0.08, 

0.04) 
RD

1.00

Loss to 
follow-up 0 (0%) 0 (0%) 0 RD

(-0.081, 
0.083)

0 RD 0 (0%) 0 RD (-0.081, 
0.83) 0 RD 1 (2%) 0.02

(-0.06, 0.12) 
RD

0.4884 10 (12%) 0.12
(0.05, 
0.19) 

RD
0.0152

Grade 3 
or more 
AE

8 (18%) 7 (16%) 0.90 (0.36, 2.25) 0.90 6 (14%) 0.77 (0.29, 2.03) 0.77 6 (14%) 0.79 (0.3, 2.07) 0.5394 20 (20%) 1.08 (0.51, 
2.26) 0.6079

Amplified 
resistance 0 (0%) 0 (0%) 0 RD

(-0.081, 
0.083)

0 RD 0 (0%) 0 RD (-0.081, 
0.83) 0 RD 0 (0%) 0

(-0.08, 0.08) 
RD

1 3 (3%) 0.03
(-0.08, 
0.083) 

RD
0.5539

Point estimate indicates better outcome

Point estimate indicates worse outcome

Comparison between different BPaL regimens within ZeNix and TB-PRACTECAL

The University of Sydney Page 6

Groupings of BPaL Regimens for PICOs 4 and 5

ZENIX
1200-9

ZENIX
600-9

TBP
600-300

ZENIX
600-26

Comparators
regimen

Revised 
primary 

comparison
‘All 4’ BPaL
regimens

(presented as a 
sensitivity 
analysis)

The University of Sydney Page 7

PICO 5

Should 6-month regimen 
using bedaquiline, pretomanid
and linezolid be used in 
patients with pulmonary 
MDR/RR-TB and without
fluoroquinolone resistance?
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PICO 5
Comparison 5.1

The University of Sydney Page 9

PICO 5.1
Compared to a 9-12 month BDQ-containing oral regimen, should 6-month regimen 
using bedaquiline, pretomanid, linezolid (BPaL) be used in patients with pulmonary 
pre-XDR-TB (MDR/RR-TB with fluoroquinolone susceptible disease)?

Population 1) Confirmed RR TB or MDR-TB
2) Intervention: FQ-S* or FQ-R** TB

Comparator: FQ-S*

Intervention 1) Patients with Bedaquiline, Pretomanid, Linezolid used during 
treatment (i.e. ZeNix BPaL 600-26 regimen only)
2) Intended duration of treatment <6 months
3) All-oral regimen (Excluding use of injectable antibiotic)

Comparator 1) 9-12 month bedaquiline-containing all-oral regimen 
(South Africa 2017 cohort)
2) All oral regimen (Excluding use of injectable antibiotics)

PICO 5 Comparison 5.1 BPaL 600-26 vs WHO_short

Intervention BPaL 600-26 (ZeNix) – FQ-S or FQ-R

Comparator WHO_short (S Africa 2017) (Bdq-Lfx/Mfx-Eto-E-Z-Hh-Cfz) FQ-S

Time of follow-up 12 months post treatment initiation

* Patients with missing fluoroquinolone status assumed to 
have fluoroquinolone susceptible disease at baseline.
**Inclusion of FQ-R TB allows for a larger sample size (n=43, 
rather than n=10). However, this leads to an imbalance 
between the groups, likely favoring the comparator (i.e. likely 
making the intervention look worse)

The University of Sydney Page 10

Key

Primary 
follow-up
time

Sensitivity 
analyses

PICO 5 Comparison 5.1 BPaL 600-26 vs WHO_short

Intervention BPaL 600-26 (ZeNix) – FQ-S or FQ-R

Comparator WHO_short (S Africa 2017) (Bdq-Lfx/Mfx-Eto-E-Z-Hh-Cfz) FQ-S

Time of follow-up 12 months post treatment initiation
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Clinical characteristics BPaL 600-26
(FQ-S or FQ-R TB)

WHO_short
(FQ-S TB)

n (%) n (%)

Total 43 (100%) 785 (100%)

Age (median, IQR) 38 (30-46) 41 (33-51)

Adults 18+ 43 (100%) 774 (99%)

Male 29 (33%) 481 (61%)

HIV positive 9 (21%) 562 (72%)

Past TB treatment 30 (70%) 328 (42%)

Past DR-TB treatment 0 (0%) 27 (3%)

AFB Smear positive 34 (79%) 299 (38%)

Culture positive 32 (74%) 355 (45%)

Pre-XDR (FQ-R) TB* 33 (77%) 0 (0%)

Descriptive analyses – PICO 5 Comparison 5.1- BPaL 600-26 only

*Patients with FQ-R only included in intervention group

The University of Sydney Page 12

Clinical characteristics BPaL 600-26
(FQ-S or FQ-R TB)

WHO_short
(FQ-S TB)

n (%) n (%)

Drugs used 43 (100%) 785 (100%)

Pretomanid 43 (100%) 0 (0%)

Bedaquiline 43 (100%) 785 (100%)

Linezolid 43 (100%) 785 (100%)

Moxifloxacin/levofloxacin 0 (0%) 777 (99%)

Ethionamide or prothaniomide 0 (0%) 753 (96%)

Ethambutol 0 (0%) 773 (98%)

Pyrazinamide 0 (0%) 782 (99%)

Isoniazid 0 (0%) 707 (90%)

Clofazamine 0 (0%) 768 (98%)

Injectable antibiotic 0 (0%) 0 (0%)

Descriptive analyses – PICO 5 Comparison 5.1 – BPaL 600-26 only

The University of Sydney Page 13

Forest plot of primary outcome
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Regimens Outcome measures Propensity score model

BPaL 600-26 
(FQ-R or S)

WHO_
short (FQ-
S only)

Unadj. 
RR

(95% CI) Adj. 
RR (or 
RD)

(95% 
CI)

p-value Covariates included in model

n (%) n (%)

Total 43 785

Outcomes
Treatment 
success 43 (100%) 540 (69%) 1.45 (1.32, 1.53) <0.0001

No adjustment due to all outcomes being treatment 
success in intervention group

Failure & 
recurrence 0 (0%) 10 (1%) -0.01 (-0.02, 0.07) RD 1.00

Adjustment not performed due to zero numerator in one 
group

Death
0 (0%) 147 (19%) -0.19 (-0.22, -0.10) RD 0.0003

Adjustment not performed due to zero numerator in one 
group

Loss to 
follow-up 0 (0%) 88 (11%) -0.11 (-0.14, -0.03) RD 0.0104

Adjustment not performed due to zero numerator in one 
group

Grade 3 or 
more AE 5 (11.6%) NA NA

Not available for SA 2017

Amplified 
resistance 0 (0%) 0 (0%) 0.00 (-0.01, 0.08) RD 1.00

PICO 5 Comparison 5.1 BPaL 600-26 vs WHO_short

Intervention BPaL 600-26 (ZeNix) – FQ-S or FQ-R

Comparator WHO_short (S Africa 2017) (Bdq-Lfx/Mfx-Eto-E-Z-Hh-Cfz) FQ-S

Time of follow-up 12 months post treatment initiation

Page 14

Adjustment not performed due to zero numerator in 
both groups

The University of Sydney Page 15

Sub-group 
analyses

The University of Sydney ge 1

Sub-group analyses PICO 5.1 (treatment success)
Regimens Outcomes Propensity score model

BPaL 600-26
(FQ-S or FQ-R)

WHO_short
(FQ-S only)

Unadj. 
RR

(95% CI) aRR
(or RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup
Age <15

0 NA 6 3 (50%) NA No participants in intervention arm

Age ≥15
43 43 (100%) 779 537 (69%) 1.45 (1.32, 1.52) <0.0001

No adjustment as 100% success in intervention 
group

Pulmonary
43 43 (100%) 764 524 (69%) 1.46 (1.33, 1.53) <0.0001 As above

EPTB 0 NA 21 16 (76%) NA No participants in intervention arm

Smear +
34 34 (100%) 299 204 (68%) 1.47 (1.31, 1.59) <0.0001

No adjustment as 100% success in intervention 
group

Smear -
9 9 (100%) 412 297 (72%) 1.39 (0.97, 1.48) 0.1219 As above

HIV pos
9 9 (100%) 562 377 (67%) 1.49 (1.04, 1.58) 0.0351 As above

HIV neg
34 34 (100%) 222 162 (73%) 1.37 (1.23, 1.5) 0.0001 As above

Past TB
30 30 (100%) 328 213 (65%) 1.54 (1.36, 1.68) <0.0001 As above

No past TB
13 13 (100%) 457 327 (72%) 1.4 (1.08, 1.49) 0.0239 As above

FQ-R
33 33 (100%) 0 NA NA NA NA No participants with FQ-R TB in comparator

FQ -S
10 10 (100%) 785 540 (69%) 1.45 (1.05, 1.53) 0.0364

No adjustment as 100% success in intervention 
group Page 16
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Forest plot of sensitivity analyses

The University of Sydney Page 18

Comparison 5.1 - Summary of subgroup outcomes

- Increased treatment success

- Reduced failure, death, loss to follow-up, amplified resistance

- Grade 3 and over adverse events could not be evaluated as data were 

not available in the SA 2017 cohort

- Increased treatment success across all sub-groups

- Increased treatment success among FQ-S only (but only 10 individuals 

in the intervention group)

The University of Sydney Page 19

PICO 5.1
Sensitivity analysis
Including BPaL ‘all 4’ as 
intervention regimen 
(in FQ-S or FQ-R TB)



Web Annex 6. Slide set on data synthesis presented at the GDG meeting 2022 517

The University of Sydney Page 20

PICO 5.1
Compared to a 9-12 month BDQ-containing oral regimen, should 6-month regimen 
using bedaquiline, pretomanid, linezolid (BPaL) be used in patients with pulmonary 
pre-XDR-TB (MDR/RR-TB with fluoroquinolone susceptible disease)?

Population 1) Confirmed RR TB or MDR-TB
2) Intervention: FQ-S or FQ-R TB*

Comparator: FQ-S (exclude FQ-R)*

Intervention 1) Patients with Bedaquiline, Pretomanid, Linezolid used during 
treatment (i.e. ZeNix BPaL regimen)
2) Intended duration of treatment <6 months
3) All-oral regimen (Excluding use of injectable antibiotic)

Comparator 1) 9-12 month bedaquiline-containing all-oral regimen 
(South Africa 2017 cohort)
2) All oral regimen (Excluding use of injectable antibiotics)

PICO 5.1 - Sensitivity BPaL ‘all 4’ vs WHO_short

Intervention BPaL ‘all 4’ (ZeNix 1200-9, 600-26, 600-9 and TBP 600-300) – FQ-S or FQ-R

Comparator WHO_short (S Africa 2017) (Bdq-Lfx/Mfx-Eto-E-Z-Hh-Cfz) – FQ-S only

Time of follow-up 12 months post treatment initiation

*FQ-missing coded as FQ-S

The University of Sydney Page 21

Key

Primary 
follow-up
time

Sensitivity 
analyses

PICO 5 Comparison 5.1 BPaL ‘all 4’ vs WHO_short

Intervention BPaL ‘all 4’ (ZeNix 1200-9, 600-26, 600-9 and TBP 600-300) – FQ-S or FQ-R

Comparator WHO_short (S Africa 2017) (Bdq-Lfx/Mfx-Eto-E-Z-Hh-Cfz) – FQ-S only

Time of follow-up 12 months post treatment initiation

The University of Sydney Page 22

Clinical characteristics BPaL ‘all 4’
(FQ-S or FQ-R)

WHO_short
(FQ-S only)

n (%) n (%)

Total 212 (100%) 785 (100%)

Age (median, IQR) 36 (29-44) 41 (33-51)

Adults 18+ 212 (100%) 774 (99%)

Male 128 (60%) 481 (61%)

HIV positive 49 (23%) 562 (72%)

Past TB treatment 43 (20%) 328 (42%)

Past DR-TB treatment 14 (7%) 27 (3%)

AFB Smear positive 159 (75%) 299 (38%)

Culture positive 169 (80%) 355 (45%)

Pre-XDR (FQ-R) TB 101 (48%) 0 (0%)

FQ-S 50 (24%) 0 (0%)

FQ-missing 61 (29%) 0 (0%)

Descriptive analyses – PICO 5 Comparison 5.1 Sensitivity ‘all 4’
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Clinical characteristics BPaL ‘all 4’
(FQ-S or FQ-R)

WHO_short
(FQ-S only)

n (%) n (%)

Drugs used 212 (100%) 785 (100%)

Pretomanid 212 (100%) 0 (0%)

Bedaquiline 212 (100%) 785 (100%)

Linezolid 212 (100%) 785 (100%)

Moxifloxacin/levofloxacin 0 (0%) 777 (99%)

Ethionamide or prothaniomide 0 (0%) 753 (96%)

Ethambutol 0 (0%) 773 (98%)

Pyrazinamide 0 (0%) 782 (99%)

Isoniazid 0 (0%) 707 (90%)

Clofazamine 0 (0%) 768 (98%)

Injectable antibiotic 0 (0%) 0 (0%)

Descriptive analyses – PICO 5 Comparison 5.1 Sensitivity ‘all 
4’

The University of Sydney Page 24

Regimens Outcome measures Propensity score model

BPaL ‘all 4’ WHO_
short

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 212 785

Outcomes

Treatment 
success 194 (92%) 540 (69%) 1.33 (1.25, 1.42) 1.35 (1.26, 1.45) <0.0001

Age, sex, HIV status, past treatment, smear status, previous 
drug-resistant TB, ART (among HIV+)

Failure & 
recurrence 6 (3%) 10 (1%) 2.22 (0.82, 6.04) 0.96 (0.25, 3.66) 0.9481 As above

Death
1 (0%) 147 (19%) 0.03 (0, 0.18) <0.0001

Adjustment not possible due to zero numerator in one 
group

Loss to 
follow-up 11 (5%) 88 (11%) 0.46 (0.25, 0.85) 0.34 (0.16, 0.69) 0.0031

Age, sex, HIV status, past treatment, smear status, 
previous drug-resistant TB, ART (among HIV+)

Grade 3 or 
more AE 5/230 (15%) NA NA Not available for SA 2017

Amplified 
resistance 3/230 (1%) 0 (0%) 0.01 (0, 0.03) RD 0.0115 Risk difference as zero denominator in one group

PICO 5.1 Sensitivity 1 BPaL ‘all 4’ vs WHO_short

Intervention BPaL ‘all 4’ (ZeNix 1200-9, 600-26, 600-9 and TBP 600-300) – FQ-S or FQ-R

Comparator WHO_short (S Africa 2017) (Bdq-Lfx/Mfx-Eto-E-Z-Hh-Cfz) – FQ-S only

Time of follow-up 12 months post treatment initiation

The University of Sydney Page 25

Forest plot of sensitivity analysis (’All 4’ including 
FQ-S and FQ-R) for treatment success
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Forest plot of sub-group analyses

The University of Sydney Page 27

Sub-group analyses PICO 5.1 sensitivity (‘All 4’ vs WHO short) 
treatment success

Regimens Outcomes Propensity score model

BPaL ‘all 4’
FQ-S or FQ-R

WHO_short
FQ-S only

Unadj. 
RR

(95% CI) aRR (or 
RD)

(95% CI) p-value Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup

Age <15
0 (0%) 6 3 (50%) NA

Age ≥15

212 194 (92%) 779 537 (69%) 1.33 (1.25, 1.41) 1.34 (1.25, 1.43) <0.0001
Age, gender, HIV, past TB, smear 

status, prior DR-TB, ART (among HIV+)
Pulmonary

212 194 (92%) 764 524 (69%) 1.33 (1.25, 1.42) 1.35 (1.26, 1.45) <0.0001 As above
EPTB 0 (0%) 21 16 (76%) NA No participants in intervention group
Smear +

159 144 (91%) 299 204 (68%) 1.33 (1.21, 1.46) 1.31 (1.18, 1.46) <0.0001
Age, sex, HIV, past TB, prior DR-TB, 

ART (among HIV+)
Smear -

53 50 (94%) 412 297 (72%) 1.31 (1.16, 1.42) 1.34 (1.23, 1.46) <0.0001 As above
HIV pos

49 44 (90%) 562 377 (67%) 1.34 (1.2, 1.5) 1.42 (1.31, 1.54) <0.0001
Age, gender, past TB, smear status, 

prior DR-TB, ART (among HIV+)
HIV neg

162 150 (93%) 222 162 (73%) 1.27 (1.16, 1.39) 1.27 (1.15, 1.41) <0.0001 As above
Past TB

133 124 (93%) 328 213 (65%) 1.44 (1.31, 1.57) 1.4 (1.24, 1.59) <0.0001
Age, sex, HIV, smear status, ART 

(among HIV+)
No past TB

79 70 (89%) 457 327 (72%) 1.24 (1.12, 1.37) 1.32 (1.24, 1.42) <0.0001
Age, sex, HIV, smear, ART (among 

HIV+)
FQ 
susceptible 111 101 (91%) 785 540 (69%) 1.32 (1.23, 1.43) 1.31 (1.19, 1.45) <0.0001

Age, sex, HIV, past TB, smear status, 
prior DR-TB, ART (among HIV+)

The University of Sydney Page 28

Forest plot of sensitivity analyses
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Comparison 5.1 – Sensitivity analyses, ‘All 4’ versus 
WHO short Summary of outcomes

• Higher treatment success, no difference in failure, lower death 

and loss to follow-up in the intervention group

• Higher amplified resistance in the intervention group

• Higher treatment success among all sub-groups, including 

FQ-S TB only (aRR 1.31, 1.19-1.45, p<0.0001)

The University of Sydney Page 30

Factors influencing certainty assessment – PICO 5.1
No of 

studies
Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations

2 Observational 
studies

Very serious Not serious Not serious Very serious none

↓↓ ↓↓
Risk of bias 
Confounding bias
- Important differences in measured baseline covariates 

between groups
- Unmeasured confounding likely
- Small event numbers preclude adjusting for 

confounding in most analyses
Downgraded two levels for risk of bias.

Indirectness
The procedures within the ZeNix trial in these settings are 
not necessarily comparable with those in programmatic 
settings. Nevertheless, we have chosen not to downgrade 
the certainty due to indirectness

⨁⨁◯◯◯◯◯◯
Very low

Imprecision
Small number of individuals in the intervention group 
(n=43). Downgraded by two levels.

Observational studies without special strengths/limitations 
provide low quality evidence. After downgrading, the 
certainty for all outcomes was rated:

The University of Sydney Page 31

Supplementary slides
PICO 5.1
Sensitivity analysis 2
‘All 4’ with FQ unknown 
removed
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Regimens Outcome measures Propensity score model

BPaL ‘all 4’ WHO_
short

Unadj. 
RR

(95% CI) Adj. 
RR (or 
RD)

(95% CI) p-
value

Covariates included in model

n (%) n (%)

Total 212 389

Outcomes

Treatment 
success 194 (92%) 279 (72%) 1.28 (1.18, 1.37) 1.29 (1.18, 1.4) <0.0001 Age, sex, HIV status, past treatment, smear status, previous 

drug-resistant TB, ART (among HIV+)

Failure & 
recurrence 6 (3%) 7 (2%) 1.57 (0.54, 4.62) 0.76 (0.19, 2.99) 0.694 As above

Death
1 (0%) 61 (16%) 0.03 (0.01, 0.17) <0.0001 Adjustment performed due to low number of outcomes one 

group

Loss to 
follow-up 11 (5%) 42 (11%) 0.48 (0.25, 0.91) 0.41 (0.19, 0.85) 0.0167 Age, sex, HIV status, past treatment, smear status, previous 

drug-resistant TB, ART (among HIV+)

Grade 3 or 
more AE 5/230 (15%) NA NA Not available for SA 2017

Amplified 
resistance 3/230 (1%) 0 (0%) 0.01 (0, 0.04) RD 0.051 Risk difference as zero denominator in one group

PICO 5.1 Sensitivity 2 BPaL ‘all 4’ vs WHO_short

Intervention BPaL ‘all 4’ (ZeNix 1200-9, 600-26, 600-9 and TBP 600-300) – FQ-S* or FQ-R

Comparator WHO_short (S Africa 2017) (Bdq-Lfx/Mfx-Eto-E-Z-Hh-Cfz) – FQ-S only

Time of follow-up 12 months post treatment initiation

Page 32
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Sub-group analyses PICO 5.1 sensitivity 2
(‘All 4’ vs WHO short) treatment success removing FQ-unknown

Regimens Outcomes Propensity score model

BPaL ‘all 4’
FQ-S or FQ-R

WHO_short
FQ-S only

Unadj. 
RR

(95% CI) aRR (or 
RD)

(95% CI) p-value Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup

Age <15 0 NA 2 1 (50%) NA No participants in intervention group

Age ≥15
212 194 (92%) 387 278 (72%) 1.27 (1.18, 1.37) 1.27 (1.17, 1.38) <0.0001 Age, gender, HIV, past TB, smear status, prior 

DR-TB, ART (among HIV+)

Pulmonary 212 194 (92%) 382 273 (71%) 1.28 (1.19, 1.38) 1.29 (1.18, 1.4) <0.0001 As above

EPTB 0 NA 7 6 (86%) NA No participants in intervention group

Smear + 159 144 (91%) 200 145 (72%) 1.25 (1.13, 1.38) 1.25 (1.11, 1.4) 0.0003 Age, sex, HIV, past TB, prior DR-TB, ART 
(among HIV+)

Smear - 53 50 (94%) 161 115 (71%) 1.32 (1.16, 1.49) 1.37 (1.21, 1.56) <0.0001 As above

HIV pos 49 44 (90%) 277 193 (70%) 1.29 (1.14, 1.46) 1.35 (1.22, 1.5) <0.0001 Age, gender, past TB, smear status, prior DR-TB, 
ART (among HIV+)

HIV neg 162 150 (93%) 112 86 (77%) 1.21 (1.08, 1.35) 1.2 (1.07, 1.36) 0.0028 As above

Past TB 133 124 (93%) 181 116 (64%) 1.45 (1.29, 1.64) 1.41 (1.22, 1.64) <0.0001 Age, sex, HIV, smear status, ART (among HIV+)

No past TB 79 70 (89%) 208 163 (78%) 1.13 (1.02, 1.26) 1.17 (1.08, 1.27) 0.0001 Age, sex, HIV, smear, ART (among HIV+)

FQ 
susceptible 111 101 (91%) 389 279 (72%) 1.27 (1.16, 1.38) 1.25 (1.13, 1.39) <0.0001 Age, sex, HIV, past TB, smear status, prior DR-

TB, ART (among HIV+)

The University of Sydney Page 34

Comparison 5.1 – Sensitivity analyses, ‘All 4’ versus 
WHO short Summary of outcomes

• Higher treatment success, no difference in failure, lower death 

and loss to follow-up in the intervention group

• Higher amplified resistance in the intervention group

• Higher treatment success among all sub-groups, including 

FQ-S TB only (aRR 1.27, 1.17-1.38, p<0.0001)

• Removal of unknown FQ status in comparator group does not 

substantially change the direction or magnitude of the effect
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PICO 5
Comparison 5.2

The University of Sydney Page 36

PICO 5.2
Compared to a standard of care regimen, should 6-month regimen 
using bedaquiline, pretomanid, linezolid (BPaL) be used in patients with pulmonary 
pre-XDR-TB (MDR/RR-TB with fluoroquinolone susceptible disease)?

Population 1) Confirmed RR TB or MDR-TB
2) Intervention: FQ-S or FQ-R TB*

Comparator: FQ-S TB at baseline**

Intervention 1) Patients with Bedaquiline, Pretomanid, Linezolid used during
treatment (i.e. ZeNix BPaL regimen)
2) Intended duration of treatment <6 months
3) All-oral regimen (Excluding use of injectable antibiotic)

Comparator 1) WHO long individual participant data meta-analysis
(multiple cohorts containing bedaquiline)
2) Intended duration 18 months or more

PICO 5 Comparison 5.2 BPaL 600-26 vs WHO_long

Intervention BPaL 600-26 (ZeNix) – FQ-S or FQ-R

Comparator WHO long - IPD 2021 (multiple cohorts, all-oral regimens containing Bdq) - FQ-S

Time of follow-up 18 months post treatment initiation

*Include FQ status unknown
**Inclusion of FQ-R TB allows for a larger sample size (n=43, rather 
than n=10, who have FQ-S TB). However, the effect of an 
imbalance between the groups, likely favoring the comparator.

The University of Sydney Page 37

Key

Primary 
follow-up
time

Sensitivity 
analyses

PICO 5 Comparison 5.2 BPaL 600-26 vs WHO_long

Intervention BPaL 600-26 (ZeNix) – FQ-S or FQ-R

Comparator WHO long - IPD 2021 (multiple cohorts, all-oral regimens containing Bdq) - FQ-S

Time of follow-up 18 months post treatment initiation
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Clinical characteristics BPaL 600-26
FQ-S or FQ-R

WHO_long (FQs)
FQ-S

n (%) n (%)

Total 43 (100%) 850 (100%)

Age (median, IQR) 38 (30-46) 34 (24-45)

Adults 18+ 43 (100%) 765 (90%)

Male 29 (33%) 470 (41%)

HIV positive 9 (21%) 129 (15%)

Past TB treatment 30 (70%) 376 (44%)

Past DR-TB treatment 0 (0%) 214 (25%)

AFB Smear positive 34 (79%) 297 (35%)

Culture positive 32 (74%) 287 (34%)

Pre-XDR (FQ-R) TB 33 (77%) 0 (0%)

Descriptive analyses – PICO 5 Comparison 5.2

The University of Sydney Page 39

Clinical characteristics BPaL 600-26
FQ-S or FQ-R

WHO_long (FQs)
FQ-S

n (%) n (%)

Drugs used 43 (100%) 850 (100%)

Pretomanid 43 (100%) 0 (0%)

Bedaquiline 43 (100%) 850 (100%)

Linezolid 43 (100%) 850 (100%)

Moxifloxacin/levofloxacin 0 (0%) 850 (100%)

Ethionamide or prothaniomide 0 (0%) 185 (22%)

Ethambutol 0 (0%) 98 (12%)

Pyrazinamide 0 (0%) 314 (37%)

Isoniazid 0 (0%) 53 (6%)

Clofazamine 0 (0%) 790 (93%)

Injectable antibiotic 0 (0%) 84 (10%)

Descriptive analyses – PICO 5 Comparison 5.2

The University of Sydney Page 40

Forest plot of primary outcome
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The University of Sydney

Regimens Outcome measures Propensity score model

BPaL
600-26

WHO_long Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-
value

Covariates included in model

n (%) n (%)

Total 43 850

Outcomes
Treatment 
success 42 (98%) 628 (74%) 1.32 (1.19, 1.39) 0.0001

Adjustment not possible due to high numbers in the 
intervention group

Failure & 
recurrence 1 (2%) 28 (3%) 0.71 (0.12, 3.8) 1.00

Adjustment not possible due to low numbers in 
intervention gruop

Death
0 (0%) 94 (11%) -0.11 (-0.13, -0.03) RD 0.0177

Adjustment not possible due to zero numerator in 
intervention group

Loss to 
follow-up 0 (0%) 100 (12%) -0.12 (-0.14, -0.04) RD 0.0106

Adjustment not possible due to zero numerator in 
intervention group

Grade 3 or 
more AE 6 (14%) 40 (5%) 2.97 (1.33, 6.61) 3.99 (1.67, 9.57) 0.0019

Age, log BMI, smoking status, sex, HIV, past TB, 
smear status, ART (among HIV+)

Amplified 
resistance 0 (0%) 20 (2%) -0.02 (-0.04, 0.06) RD 0.6185

Adjustment not possible due to zero numerator in 
intervention group

PICO 5 Comparison 5.2 BPaL 600-26 vs WHO_long

Intervention BPaL 600-26 (ZeNix) – FQ-S or FQ-R

Comparator WHO long - IPD 2021 (multiple cohorts, all-oral regimens containing Bdq) - FQ-S

Time of follow-up 18 months post treatment initiation

Page 41
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Forest plot of sub-group analyses

The University of Sydney

Sub-group analyses PICO 5.2 (treatment success)
Regimens Outcomes Propensity score model

BPaL 600-26 WHO_long Unadj. 
RR

(95% CI) aRR (or 
RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup
Age <15 NA 23 20 (87%) NA
Age ≥15 43 42 (98%) 791 594 (75%) 1.31 (1.17, 1.37) 0.0001 Adjustment not possible

Pulmonary
43 42 (98%) 734 566 (77%) 1.27 (1.14, 1.33) 0.0004 Adjustment not possible as few 

unsuccessful outcomes

EPTB
0 NA 60 52 (87%) NA No participants in intervention group

Smear + 34 33 (97%) 297 208 (70%) 1.4 (1.2, 1.52) 0.0002 Adjustment not possible as few 
unsuccessful outcomes

Smear - 9 9 (100%) 261 217 (83%) 1.2 (0.84, 1.28) 0.363 As above

Smoking +
27 26 (96%) 138 90 (65%) 1.48 (1.23, 1.71) 0.0009 As above

Smoking -
16 16 (100%) 510 407 (80%) 1.26 (1.01, 1.31) 0.0512 As above

HIV pos 9 8 (89%) 129 80 (62%) 1.43 (0.9, 1.74) 0.1556 As above

HIV neg 34 34 (100%) 685 527 (77%) 1.30 (1.17, 1.36) 0.0002 As above

Past TB 30 29 (97%) 376 294 (78%) 1.24 (1.06, 1.33) 0.0096 As above

No past TB 13 13 (100%) 474 334 (70%) 1.42 (1.09, 1.51) 0.0243 As above

FQ-resistant 33 33 (100%) 0 NA NA No participants in comparator

FQ-susceptible 10 9 (90%) 807 616 (76%) 1.18 (0.78, 1.3) 0.4662 Adjustment not possible as few 
unsuccessful outcomes

Page 43



Web Annex 6. Slide set on data synthesis presented at the GDG meeting 2022 525

The University of Sydney Page 44

Forest plot of sensitivity analyses

The University of Sydney Page 45

Comparison 5.2 - Summary of outcomes

In the intervention group,

- Reduced treatment success

- No difference in failure

- Reduced death, loss to follow-up

- Higher grade 3 or over adverse events

- No difference in amplified resistance (p=0.6185)

- Treatment success was increased in all sub-groups

The University of Sydney Page 46

PICO 5.2
Sensitivity analyses ‘all 
4’ in intervention group 
(in FQ-S and FQ-R TB)
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PICO 5.2
Compared to a standard of care regimen, should 6-month regimen 
using bedaquiline, pretomanid, linezolid (BPaL) be used in patients with pulmonary 
pre-XDR-TB (MDR/RR-TB with fluoroquinolone susceptible disease)?

Population 1) Confirmed RR TB or MDR-TB
2) Intervention: FQ-S or FQ-R TB

Comparator: FQ-S TB

Intervention 1) Patients with Bedaquiline, Pretomanid, Linezolid used during 
treatment (i.e. ZeNix BPaL regimen)
2) Intended duration of treatment <6 months
3) All-oral regimen (Excluding use of injectable antibiotic)

Comparator 1) WHO long individual participant data meta-analysis 
(multiple cohorts containing bedaquiline)
2) Intended duration 18 months or more

PICO 5.2 Sensitivity BPaL ‘all 4’ vs WHO_long

Intervention BPaL ‘all 4’ (ZeNix 1200-9, 600-26, 600-9 and TBP 600-300) – FQ-S or FQ-R

Comparator WHO long - IPD 2021 (multiple cohorts, all-oral regimens containing Bdq) - FQ-S

Time of follow-up 18 months post treatment initiation

The University of Sydney Page 48

Key

Primary 
follow-up
time

Sensitivity 
analyses

PICO 5 5.2 sensitivity BPaL ‘all 4’ vs WHO_long

Intervention BPaL ‘all 4’ (ZeNix 1200-9, 600-26, 600-9 and TBP 600-300) – FQ-S or FQ-R

Comparator WHO long - IPD 2021 (multiple cohorts, all-oral regimens containing Bdq) - FQ-S

Time of follow-up 18 months post treatment initiation

The University of Sydney Page 49

Clinical characteristics BPaL ’all 4’ (FQ-S or FQ-R) WHO_long (FQ-S only)

n (%) n (%)

Total 188 (100%) 850 (100%)

Age (median, IQR) 36 (29-44) 34 (24-45)

Adults 18+ 188 (100%) 765 (90%)

Male 117 (62%) 470 (41%)

HIV positive 40 (21%) 129 (15%)

Past TB treatment 123 (65%) 376 (44%)

Past DR-TB treatment 13 (7%) 214 (25%)

AFB Smear positive 145 (77%) 297 (35%)

Culture positive 149 (79%) 287 (34%)

Pre-XDR (FQ-R) TB 98 (52%) 0 (0%)

Descriptive analyses – PICO 5 Comparison 5.2 Sensitivity ‘all 
4’
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Clinical characteristics BPaL ’all 4’ (FQ-S or FQ-R) WHO_long (FQ-S only)

n (%) n (%)

Drugs used 188 (100%) 850 (100%)

Pretomanid 188 (100%) 0 (0%)

Bedaquiline 188 (100%) 850 (100%)

Linezolid 188 (100%) 850 (100%)

Moxifloxacin/levofloxacin 0 (0%) 850 (100%)

Ethionamide or prothaniomide 0 (0%) 185 (22%)

Ethambutol 0 (0%) 98 (12%)

Pyrazinamide 0 (0%) 314 (37%)

Isoniazid 0 (0%) 53 (6%)

Clofazamine 0 (0%) 790 (93%)

Injectable antibiotic 0 (0%) 84 (10%)

Descriptive analyses – PICO 5 Comparison 5.2 Sensitivity ‘all 
4’

The University of Sydney Page 51

Forest plot of primary outcome

The University of Sydney Page 52

Regimens Outcome measures Propensity score model
BPaL
‘all 4’

WHO_lon
g

Unadj. RR (95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 188* 850

Outcomes

Treatment 
success 167 (89%) 628 (74%) 1.2 (1.13, 1.28) 1.17 (1.07, 1.29) 0.0007

Age, log of BMI, diabetes, smoking status, sex, 
HIV, past TB, smear status and ART (among HIV+)

Failure & 
recurrence 8 (4%) 28 (3%) 1.29 (0.6, 2.79) 1.1 (0.43, 2.8) 0.8355 As above
Death

1 (1%) 94 (11%) 0.05 (0.01, 0.27) <0.0001

Adjustment not possible as low number of 
outcomes in intervention arm

Loss to 
follow-up 12 (6%) 100 (12%) 0.54 (0.3, 0.97) 0.76 (0.37, 1.55) 0.4488 Model as above
Grade 3 or 
more AE 39/230 (17%) 40 (5%) 3.6 (2.38, 5.46) 4.28 (2.71, 6.75) <0.0010 Model as above
Amplified 
resistance 3/230 (1%) 20 (2%) 0.55 (0.18, 1.72) 0.444

Adjustment not possible as low number of 
outcomes in intervention arm

PICO 5 Comparison 5.2 BPaL ‘all 4’ vs WHO_long

Intervention BPaL ‘all 4’ (ZeNix 1200-9, 600-26, 600-9 and TBP 600-300) – FQ-S or FQ-R

Comparator WHO long - IPD 2021 (multiple cohorts, all-oral regimens containing Bdq) - FQ-S

Time of follow-up 18 months post treatment initiation

*At 18 months. Denominator for adverse events n=230, including all who commenced treatment
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Forest plot of sub-group analyses, sensitivity analyses ‘all 4’

The University of Sydney

Sub-group analyses PICO 5.2 (treatment success), sensitivity 
analyses, ‘all 4’

Regimens Outcomes Propensity score model
BPaL ‘all 4’
FQ-S or FQ-R

WHO_long Unadj. 
RR

(95% CI) aRR
(or RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup
Age <15 0 NA 23 20 (87%) NA
Age ≥15

188 167 (89%) 791 594 (75%) 1.18 (1.11, 1.26) 1.16 (1.05, 1.27) 0.0023
Age, log BMI, diabetes, smoking status, sex, 

HIV, past TB, smear status, ART (among HIV+)

Pulmonary 188 167 (89%) 734 566 (77%) 1.15 (1.08, 1.23) 1.13 (1.03, 1.24) 0.0133 As above
EPTB 0 NA 60 52 (87%) NA No participants in intervention group
Smear +

145 128 (88%) 297 208 (70%) 1.26 (1.15, 1.39) 1.23 (1.1, 1.37) 0.0003
Age, log BMI, diabetes, smoking status, sex, 

HIV, past TB, ART (among HIV+)

Smear - 43 39 (91%) 261 217 (83%) 1.09 (0.94, 1.19) 0.2628 Adjustment not performed

Smoking
98 90 (92%) 138 90 (65%) 1.41 (1.23, 1.61) 1.44 (1.26, 1.65) <0.0001

Age, log BMI, diabetes, sex, HIV, past TB, 
smear status, ART (among HIV+)

No smoking 90 77 (86%) 510 407 (80%) 1.07 (0.97, 1.18) 1.06 (0.94, 1.19) 0.325 As above

HIV pos
40 33 (82%) 129 80 (62%) 1.33 (1.09, 1.62) 1.36 (1.06, 1.74) 0.0161

Age, log BMI, diabetes, smoking status, sex, 
past TB, smear status, ART (among HIV+)

HIV neg 147 134 (91%) 685 527 (77%) 1.18 (1.11, 1.26) 1.16 (1.07, 1.27) 0.0008 As above

Past TB
123 111 (90%) 376 294 (78%) 1.15 (1.07, 1.25) 1.16 (1.06, 1.28) 0.002

Age, log BMI, diabetes, smoking status, sex, 
HIV, smear status, ART (among HIV+)

No past TB 65 56 (86%) 474 334 (70%) 1.22 (1.09, 1.37) 1.12 (0.92, 1.37) 0.2542 As above

FQ-R only 98 90 (92%) 98 0 (NaN%) NA Only individuals in intervention group

FQ-S only
90 77 (86%) 807 616 (76%) 1.12 (1.02, 1.23) 1.09 (0.95, 1.26) 0.2272

Age, log BMI, diabetes, smoking status, sex,
HIV, past TB, smear status, ART (among HIV+) Page 54
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Forest plot of sensitivity analyses: different times of follow-up
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Comparison 5.2 - Summary of outcomes – sensitivity 
analyses (‘all 4’)

• In the intervention group, higher treatment success,  and death

• No difference in failure/recurrence, loss to follow-up (p=0.45)

• Higher grade 3 and above adverse events

• Similar amplified resistance

• Increased treatment success in most subgroups, except non-smokers 

and people without past TB, and among FQ-S only (with wide 

confidence limits)

The University of Sydney Page 57

Factors influencing certainty assessment – PICO 5.2
No of 

studies
Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations

15 Observational 
studies

Very serious Serious Not serious Very serious none

Down-
grading ↓↓ ↓ ↓↓
Risk of bias 
Confounding bias
- Important differences in measured baseline covariates 

between groups
- Unmeasured confounding likely
- Small event numbers preclude adjusting for confounding in 

most analyses
Downgraded two levels for risk of bias.

Inconsistency
Serious inconsistency, with differences in treatment effect 
between 14 cohorts in the WHO 2021 IPD dataset. Downgraded 
one level. 

⨁⨁◯◯◯◯◯◯
Very low

Indirectness
The procedures within the ZeNix trial in these settings are not 
necessarily comparable with those in programmatic settings. 
Nevertheless, we have chosen not to downgrade the certainty due 
to indirectness

Imprecision
Small number of individuals in the intervention group (n=43). 
Downgraded by two levels.

Observational studies without special strengths/limitations provide 
low quality evidence. After downgrading, the certainty for all 
outcomes was rated:

The University of Sydney Page 58

PICO 5
Comparison 5.3
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PICO 5.3
Compared to a shorter all-oral regimen (9-12 months) containing at least BDQ, LZD 
and LFX/MFX, should 6-month regimen using bedaquiline, pretomanid, linezolid 
(BPaL) be used in patients with pulmonary pre-XDR-TB (MDR/RR-TB with 
fluoroquinolone susceptible disease)?

Population 1) Confirmed RR TB or MDR-TB
2) Intervention: FQ-S or FQ-R TB

Comparator: FQ-S TB

Intervention 1) Patients with Bedaquiline, Pretomanid, Linezolid used during 
treatment (i.e. ZeNix BPaL regimen)
2) Intended duration of treatment <6 months
3) All-oral regimen (Excluding use of injectable antibiotic)

Comparator 1) Patients with at least bedaquiline, linezolid and FQN 
(i.e. 3 Group A medicines) used during treatment
2) Intended duration of treatment 9 to 11.9 months
3) All oral regimen (excluding use of injectable antibiotics)

PICO 5 Comparison 5.3 BPaL 600-26 vs SA_new

Intervention BPaL 600-26 (ZeNix) – FQ-S or FQ-R

Comparator SA_new (S Africa 2019) (Bdq-Lfx-Lzd-E-Z-H(h)-Cfz) – FQ-S only

Time of follow-up 12 months post treatment initiation
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Key

Primary 
follow-up
time

Sensitivity 
analyses

PICO 5 Comparison 5.3 BPaL 600-26 vs SA_new

Intervention BPaL 600-26 (ZeNix) – FQ-S or FQ-R

Comparator SA_new (S Africa 2019) (Bdq-Lfx-Lzd-E-Z-H(h)-Cfz) – FQ-S only

Time of follow-up 12 months post treatment initiation
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Clinical characteristics BPaL 600-26 (FQ-S or FQ-R) SA_new (FQ-S only)

n (%) n (%)

Total 43 (100%) 4216 (100%)

Age (median, IQR) 38 (30-46) 37 (29-46)

Adults 18+ 43 (100%) 4053 (96%)

Male 29 (33%) 2506 (59%)

HIV positive 9 (21%) 2799 (66%)

Past TB treatment 30 (70%) 1636 (39%)

Past DR-TB treatment 0 (0%) 124 (3%)

AFB Smear positive 34 (79%) 1444 (34%)

Culture positive 32 (74%) 2076 (49%)

Pre-XDR (FQ-R) TB 33 (77%) 0 (0%)

Descriptive analyses – PICO 5 Comparison 5.3
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Clinical characteristics BPaL 600-26 (FQ-S or FQ-R) SA_new (FQ-S only)

n (%) n (%)

Drugs used 43 (100%) 4216 (100%)

Pretamonid 43 (100%) 0 (0%)

Bedaquiline 43 (100%) 4216 (100%)

Linezolid 43 (100%) 4051 (96%)

Moxifloxacin/levofloxacin 0 (0%) 4201 (99%)

Ethionamide or prothaniomide 0 (0%) 419 (10%)

Ethambutol 0 (0%) 4185 (99%)

Pyrazinamide 0 (0%) 4200 (99%)

Isoniazid 0 (0%) 4026 (95%)

Clofazamine 0 (0%) 4189 (99%)

Injectable antibiotic 0 (0%) 0 (0%)

Descriptive analyses – PICO 5 Comparison 5.3
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Forest plot of primary outcome

The University of Sydney

Regimens Outcome measures Propensity score model

BPaL600-26 SA_new Una
dj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 43 4216

Outcomes
Treatment 
success 43 (100%) 2779 (66%) 1.52 (1.38, 1.55) 0.34

Adjustment not performed due to no unsuccessful 
outcomes

Failure & 
recurrence 0 (0%) 49 (1%) -0.01 (-0.02, 0.07) RD 1.00 Risk difference due to zero numerator

Death 0 (0%) 759 (18%) -0.18 (-0.19, -0.1) RD 0.0004 Risk difference due to zero numerator

Loss to 
follow-up 0 (0%) 629 (15%) -0.15 (-0.16, -0.07) RD 0.0018 Risk difference due to zero numerator

Grade 3 or 
more AE 6 (14%) 208 (5%) 2.83 (1.33, 6.01) 2.92 (1.38, 6.18) 0.0052 Age, diabetes, sex, HIV, past TB, smear status, previous 

DR-TB, ART (among HIV+)

Amplified 
resistance 0 (0%) 27 (1%) -0.01 (-0.01, 0.08) RD 1.00 Risk difference due to zero numerator

PICO 5 Comparison 5.3 BPaL 600-26 vs SA_new

Intervention BPaL 600-26 (ZeNix) – FQ-S or FQ-R

Comparator SA_new (S Africa 2019) (Bdq-Lfx-Lzd-E-Z-H(h)-Cfz) – FQ-S only

Time of follow-up 12 months post treatment initiation
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Forest plot of sub-group analyses
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Sub-group analyses PICO 5.3 (treatment success)
Regimens Outcomes Propensity score model

BPaL 600-26 SA_new Unadj. 
RR

(95% CI) aRR
(or 
RD)

(95% 
CI)

p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup

Age <15 0 NA 68 57 (84%) NA

Age ≥15 43 43 (100%) 4148 2722 (66%) 1.52 (1.39, 1.56) <0.001 Adjustment not performed

Pulmonary
43 43 (100%) 4094 2692 (66%) 1.52 (1.38, 1.56) <0.001 Adjustment not performed

EPTB
0 NA 81 56 (69%) NA 1.00 No participants in intervention group

Smear + 34 34 (100%) 1444 952 (66%) 1.52 (1.36, 1.58) <0.001 Adjustment not performed

Smear - 9 9 (100%) 2379 1661 (70%) 1.43 (1, 1.47) 0.0651 Adjustment not performed

HIV pos 9 9 (100%) 2799 1811 (65%) 1.55 (1.08, 1.59) 0.0315 Adjustment not performed

HIV neg 34 34 (100%) 1401 957 (68%) 1.46 (1.31, 1.52) <0.001 Adjustment not performed

Past TB 30 30 (100%) 1636 1003 (61%) 1.63 (1.44, 1.7) <0.001 Adjustment not performed

No past TB 13 13 (100%) 2580 1776 (69%) 1.45 (1.12, 1.49) 0.013 Adjustment not performed

FQ-resistant 33 33 (100%) 0 NA NA 1.00 No participants in comparator group

FQ-susceptible 10 10 (100%) 4216 2779 (66%) 1.52 (1.1, 1.55) 0.0195 Adjustment not performed
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Forest plot sensitivity analyses
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Comparison 5.3 - Summary of primary outcomes

- Increased treatment success

- No difference in failure

- Reduced death, loss to follow-up

- Increased grade 3 and above adverse events

- No difference in amplified resistance

- Subgroup analyses showed higher treatment success across all subgroups, 

where there were individuals in the intervention and comparator groups
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Factors influencing certainty assessment – PICO 5.3
No of 

studies
Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations

2 Observational 
studies

Very serious Not serious Not serious Very serious none

↓↓ ↓↓
Risk of bias 
Confounding bias
- Important differences in measured baseline covariates 

between groups
- Unmeasured confounding likely
- Small event numbers preclude adjusting for 

confounding in most analyses
Downgraded two levels for risk of bias.

Indirectness
The procedures within the ZeNix trial in these settings are 
not necessarily comparable with those in programmatic 
settings. Nevertheless, we have chosen not to downgrade 
the certainty due to indirectness ⨁⨁◯◯◯◯◯◯

Very low

Imprecision
Small number of individuals in the intervention group 
(n=43). Downgraded by two levels.

Observational studies without special 
strengths/limitations provide low quality evidence. 
After downgrading, the certainty for all outcomes was 
rated:
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Supplementary slides
PICO 5.3
Sensitivity analysis
BPaL ‘all 4’ in FQ-S or 
FQ-R TB versus SA new
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Clinical characteristics BPaL ‘all 4’ (FQ-S or FQ-R) SA_new (FQ-S only)

n (%) n (%)

Total 212 (100%) 4216 (100%)

Age (median, IQR) 36 (29-44) 37 (29-46)

Adults 18+ 212 (100%) 4053 (96%)

Male 128 (60%) 2506 (59%)

HIV positive 49 (23%) 2799 (66%)

Past TB treatment 43 (20%) 1636 (39%)

Past DR-TB treatment 14 (7%) 124 (3%)

AFB Smear positive 159 (75%) 1444 (34%)

Culture positive 169 (80%) 2076 (49%)

Pre-XDR (FQ-R) TB 101 (48%) 0 (0%)

Descriptive analyses – PICO 5 Comparison 5.3 Sensitivity ‘all 
4’
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Clinical characteristics BPaL ‘all 4’ (FQ-S or FQ-R) SA_new (FQ-S)

n (%) n (%)

Drugs used 212 (100%) 4216 (100%)

Pretomanid 212 (100%) 0 (0%)

Bedaquiline 212 (100%) 4216 (100%)

Linezolid 212 (100%) 4051 (96%)

Moxifloxacin/levofloxacin 0 (0%) 4201 (99%)

Ethionamide or prothaniomide 0 (0%) 419 (10%)

Ethambutol 0 (0%) 4185 (99%)

Pyrazinamide 0 (0%) 4200 (99%)

Isoniazid 0 (0%) 4026 (95%)

Clofazamine 0 (0%) 4189 (99%)

Injectable antibiotic 0 (0%) 0 (0%)

Descriptive analyses – PICO 5 Comparison 5.3 Sensitivity ‘all 
4’

The University of Sydney Page 73

Forest plot of primary outcome – sensitivity analyses, 
‘all 4’ BPaL vs SA New 
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Regimens Outcome measures Propensity score model

BPaL
‘all 4’

SA_new Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 212 4216

Outcomes
Treatment 
success 194 (92%) 2779 (66%) 1.39 (1.33, 1.45) 1.39 (1.31, 1.47) <0.0001

age/dm/sex/hiv/pasttx/afb_base/previous_dr_t
b_episode/art_new

Failure & 
recurrence 6 (3%) 49 (1%) 2.44 (1.06, 5.62) 0.0461

No adjustment due to low numbers of outcomes in 
both groups

Death
1 (0%) 759 (18%) 0.03 (0.00, 0.15) <0.0001

No adjustment due to <5 outcomes in intervention 
group

Loss to 
follow-up 11 (5%) 629 (15%) 0.35 (0.19, 0.62) 0.38 (0.19, 0.75) 0.0052

age/dm/sex/hiv/pasttx/afb_base/previous_dr_t
b_episode/art_new

Grade 3 or 
more AE 39/230 (17%) 208 (5%) 3.44 (2.51, 4.71) 3.84 (2.64, 5.59) <0.0001

age/dm/sex/hiv/pasttx/afb_base/previous_dr_t
b_episode/art_new

Amplified 
resistance 3/230 (1%) 27 (1%) 2.04 (0.62, 6.66) 0.2007

No adjustment due to <5 outcomes in intervention 

PICO 5 5.3 Sensitivity BPaL ‘all 4’ vs SA_new

Intervention BPaL ‘all 4’ (ZeNix) – FQ-S or FQ-R

Comparator SA_new (S Africa 2019) (Bdq-Lfx-Lzd-E-Z-H(h)-Cfz) – FQ-S

Time of follow-up 12 months post treatment initiation

group
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Forest plot of sub-group analyses  - sensitivity analyses (BPaL ‘all 4’ vs SA new)

The University of Sydney

Sub-group analyses PICO 5.3 (treatment success), sensitivity 
analyses, ‘all 4’ BPaL versus SA new

Regimens Outcomes Propensity score model
BPaL ‘all 4’

FQ-S or FQ-R
SA_new

FQ-S
Unadj. 
RR

(95% CI) aRR (or 
RD)

(95% CI) p-
value

Covariates included in 
model

Total Success
n (%)

Total Success
n (%)

Subgroup
Age <15 0 NA 68 57 (84%) NA

Age ≥15
212 194 (92%) 4148 2722 (66%) 1.39 (1.33, 1.46) 1.39 (1.32, 1.47) <0.0001

Age, diabetes, sex, HIV, past TB, smear 
status, previous DR-TB, ART (among 
HIV+)

Pulmonary 212 194 (92%) 4094 2692 (66%) 1.39 (1.33, 1.46) 1.39 (1.31, 1.47) <0.0001 As above

EPTB 0 NA 81 56 (69%) NA No participants in intervention group

Smear + 159 144 (91%) 1444 952 (66%) 1.37 (1.29, 1.46) 1.36 (1.26, 1.47) <0.0001 Age, diabetes, sex, HIV, past TB, 
previous DR-TB, ART (among HIV+)

Smear - 53 50 (94%) 2379 1661 (70%) 1.35 (1.21, 1.42) 1.35 (1.24, 1.46) <0.0001 As above

HIV pos
49 44 (90%) 2799 1811 (65%) 1.39 (1.26, 1.53) 1.40 (1.28, 1.54) <0.0001

Age, diabetes, sex, past TB, smear 
status, previous DR-TB, ART (among 

HIV+)

HIV neg 162 150 (93%) 1401 957 (68%) 1.36 (1.28, 1.43) 1.35 (1.27, 1.44) <0.0001

Past TB 133 124 (93%) 1636 1003 (61%) 1.52 (1.43, 1.61) 1.5 (1.39, 1.63) <0.0001 Age, diabetes, sex, HIV, smear status, 
ART (among HIV+)

No past TB 79 70 (89%) 2580 1776 (69%) 1.29 (1.18, 1.4) 1.32 (1.23, 1.43) <0.0001 As above

FQ-R TB 101 93 (92%) 0 NA NA No participants in comparator group

FQ-S TB
111 101 (91%) 4216 2779 (66%) 1.38 (1.3, 1.47) 1.37 (1.27, 1.47) <0.0001

Age, diabetes, sex, HIV, past TB, smear 
status, previous DR-TB, ART (among 

  HIV+ )
Page 76
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Forest plot sensitivity analyses – ‘all 4’
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Comparison 5.3 - Summary of subgroup outcomes –
‘all 4’

– The intervention was associated with:
– Increased treatment success, increased failure/recurrence.
– Reduced death
– Reduced loss to follow-up
– Increased grade 3 and above adverse events
– No difference in amplified resistance
– Increased treatment success in all sub-groups
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A6.6 Session 6
PICO 6: TB-PRACTECAL internal comparisons
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2022 WHO GDG for the treatment of DR-TB
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Session 6 Objectives

Objectives of this session are to:
– Present the evidence to address PICO 6 (internal comparisons 

of the regimens used in the TB PRACTECAL trial)
– Assess the certainty of the estimates for PICO 6

The University of Sydney Page 3

Abbreviations of regimens evaluated

Currently recommended by WHO all-oral 18-20-month regimens designed based on drug groups 
table (include group A: Fq, Bdq, Lzd and group B: cycloserine, clofazimine and possibly group C 

medicines): 18 Bdq(6 m or longer)-(Lfx/Mfx)-Lzd-(Cfz or Cs)
WHO_long

Currently recommended by WHO shorter, all oral 9-11-month regimen including Bdq and Fq (no 
Lzd): 4–6 Bdq(6 m)-(Lfx/Mfx)-Cfz-Z-E-Hh-Eto / 5 Lfx-Cfz-Z-EWHO_short*

Shorter, all oral 9-11 month regimen used in SA since 2008 including Bdq, Fq, Lzd):
4–6 Bdq(6 m)-Lzd-Lfx-Cfz-Z-E-Hh / 5 Lfx-Cfz-Z-ESA_new**

Experimental regimen from NeXT RCT: 6-9 months of Bdq-Lfx-Lzd-Z-Eto (or H high dose or 
terizidone)NeXT

6-9-month Bdq-Pa-Lzd (dosing varied 1200, 600 with possible dose decrease in case of toxicity as 
well as duration 2-6 months)BPaL

6-month Bdq-Pa-Lzd-Mfx (Lzd 600 mg) BPaLM
6-month Bdq-Pa-Lzd-Cfz (Lzd 600 mg)BPaLC

Older, not currently recommended injectable (Km, Cm, Am) and quinolone based regimens, 
shorter or longer and without inclusion of Bdq or Lzd. INJ_based

*South African 2017 regimen; ** South African 2019 regimen

Comparator 
regimens

Intervention 
regimens

The University of Sydney Page 4
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Design of the 
TB-PRACTECAL trial
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TB PRACTECAL dataset

– The TB PRACTECAL is a multi-site, multi-arm, open label, phase II/III, 
randomised control trial 

– Setting: Uzbekistan, South Africa and Belarus
– Implemented by MSF and London School of Hygiene and Tropical Medicine 
– Sponsor: Medecins Sans Frontiers, Netherlands

The University of Sydney Page 7

TB PRACTECAL – Primary objectives

– Identify regimens containing bedaquiline and pretomanid (investigational 
regimens) for further evaluation based on safety and efficacy outcomes 
after 8 weeks of treatment.

– Evaluate the safety and efficacy of the investigational regimens containing 
bedaquiline and pretomanid compared with the local standard of care 
regimen (SOC) at 72 weeks post-randomisation.



WHO consolidated guidelines on tuberculosis. Module 4: treatment – 
drug-resistant tuberculosis treatment, 2022 update. Web Annexes540

The University of Sydney Page 8

TB PRACTECAL – Trial design

– Stage 1 (Phase II trial) – safety and efficacy for pretomanid and 
bedaquiline based regimens at 8 weeks of treatment
– Investigational regimens which meet safety and efficacy criteria (culture 

conversion >40%, percentage discontinuation and death<45%) included in 
subsequent stages 

– Stage 2 – (Phase III trial) – two arms chosen from stage 1 plus SOC
– Primary endpoint of the Phase III trial evaluated at 72 weeks
– All patients followed up for 108 weeks

The University of Sydney Page 9

TB PRACTECAL 

Due to the early termination of the study outcome analysis stratified by those who were able to 
reach the defined endpoints before the date of the interim lock (18th March 2021)

– Population 1 – patients randomised at least 108 weeks (756 days + 7 day window = 763 days)
before the date of the interim lock

– Population 2 (Primary analysis) – patients randomised at least 72 weeks (504 days + 7 day
window = 511 days) before the date of the interim lock

– Population 3 – patients randomised at least 48 weeks (336 days + 7 day window = 343 days)
before the date of the interim lock

– Population 4 – patients randomised at least 24 weeks (168 days + 7 day window = 175 days)
before the date of the interim lock

The University of Sydney Page 10

TB PRACTECAL – Eligibility criteria (1)

Inclusion criteria
- Male or female subjects aged 15 years of age or above, regardless of HIV status;

- Microbiological test (molecular or phenotypic) confirming presence of M. tuberculosis in sputum;

- Resistant to at least rifampicin by either molecular or phenotypic drug susceptibility test;

- Informed consent
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TB PRACTECAL – Eligibility criteria (2)

Exclusion criteria
- Known allergies, hypersensitivity, or intolerance to any of the study drugs;
- Pregnant or breast-feeding; or unwilling to use appropriate contraceptive measures if of child-bearing potential;
- ALT and/or AST and/or bilirubin >3 times the upper limit of normal;
- Any condition (social or medical) which, in the opinion of the investigator, would make study participation unsafe;
- Taking any medications contraindicated with the medicines in the trial;
- QTcF > 450ms;
- One or more risk factors for QT prolongation (excluding age and gender) or other uncorrected risk factors for TdP;
- History of cardiac disease, syncopal episodes, symptomatic or significant asymptomatic arrhythmias (with the exception of sinus

arrhythmia);
- Any baseline biochemical laboratory value consistent with Grade 4 toxicity;
- Moribund;
- Known resistance to bedaquiline, delamanid, linezolid or pretomanid;
- Prior use of bedaquiline and/or pretomanid and/or linezolid and/or delamanid for one or more months;
- Patients not eligible to start a new course of MDR-TB/XDR-TB treatment according to local protocol, including but not limited to:

o currently on MDR-TB treatment for at least 2 weeks (and not failing)
o unstable address
o loss to follow-up in previous treatment with no change in circumstance and motivation;

- Tuberculous meningoencephalitis, brain abscesses, osteomyelitis or arthritis.
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TB PRACTECAL – Modified intention-to-treat (mITT)

– mITT population is composed of:
– All randomised patients who:

• receive medication on at least one occasion and 
• have a bacterial culture positive for M. tuberculosis and 
• resistant to at least rifampicin by either molecular or phenotypic DST

– The trial was terminated early by the Data and Safety Monitoring Board in March 2021 after 
findings suggested the investigational regimen was superior to the SOC

The University of Sydney Page 13

Schematic of TB PRACTECAL regimens
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TB PRACTECAL – Regimen composition

– Investigational regimens in Stage 1
– Arm 1: bedaquiline (B) + pretomanid (Pa) + linezolid (Lzd) + moxifloxacin (Mfx) for 24 weeks (BPALM)
– Arm 2: bedaquiline + pretomanid + linezolid + clofazimine for 24 weeks (BPALC)
– Arm 3: bedaquiline + pretomanid + linezolid for (BPAL) 24 weeks

– Investigational regimen in Stage 2
– Arm 1: bedaquiline (B) + pretomanid (Pa) + linezolid (Lzd) + moxifloxacin (Mfx) for 24 weeks 

(BPALM)

– Standard of care
– Locally approved standard of care which is as much possible consistent with WHO recommendations 

for RR/MDR-TB
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TB PRACTECAL – BPaL
Patients were included in the comparative analyses if:
– They were assigned to receive 24 weeks of therapy with Bedaquiline, Pretomanid, 

Linezolid

BPaL

TB PRACTECAL – BPaLM
Patients were included in the comparative analyses if:
– They were assigned to receive 24 weeks of therapy with Bedaquiline, Pretomanid, 

Linezolid, Moxifloxacin

BPaLM

TB PRACTECAL – BPaLC
Patients were included in the comparative analyses if:
– They were assigned to receive 24 weeks of therapy with Bedaquiline, Pretomanid, 

Linezolid, Clofazamine

BPaLC
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SOC regimens

Comparator regimens selected to comply with WHO recommendations at the 
time of the trial. Comparators regimens include:
– Regimen 1: 9 – 11 month injectable-containing regimen (primarily Uzbekistan)
– Regimen 2: 9 - 11 month all oral regimen: 6-8 Bdq-Lzd-Cfz-Trd (primarily South 

Africa)
– Regimen 3: 18 – 24 month injectable containing conventional regimen (pre-

2019): 18-24 Bdq-Lzd-Cfz-Dlm-Cs (+/- Imp/PAS/Am/Pto) (Uzbekistan, Belarus)
– Regimen 4: >12 month all-oral: 12-16 month all-oral Lfx-Cfz-Trd (South Africa), 

OR 18 –20 month all-oral regimen: 18-24 Bdq-Lzd-Cfz-Dlm-Cs (+/- Imp/PAS/Pto) 
(Belarus, Uzbekistan)
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Methods

Primary trial-specified outcome: 
Percentage of patients with unfavourable outcome* at 72 weeks post 
randomisation

*Composite of death, treatment failure, treatment discontinuation, loss to follow-up, still on treatment at 108 
weeks and recurrence.

The University of Sydney Page 18

Clinical 
characteristics

BPaL BPaLM BPaLC SOC (all) Total

n (%) n (%) N (%) n (%) n (%)

Total 104 106 104 108 423

Age (median, IQR) 28 (35-44) 27 (35-45) 26 (33-40) 31 (38-45) 35 (28-44)

Adults 15+ 104 (100) 106 (100) 104 (100) 109 (100) 417 (100)

Male 54 (52) 61 (58) 67 (64) 63 (58) 242 (58)

HIV positive 34 (33) 28 (26) 24 (23) 29 (26) 115 (27)

Past TB treatment 49 (47) 43 (41) 42 (40) 48 (44) 181 (43)

Past DR TB treatment 15 (14) 17 (16) 11 (11) 10 (9) 53 (13)

AFB positive 69 (66) 72 (68) 72 (69) 75 (69) 288 (69)

Culture positive 87 (84) 96 (91) 93 (89) 97 (89) 372 (89)

TB PRACTECAL – Characteristics of study population

The University of Sydney Page 19

Clinical 
characteristics

BPaL BPaLM BPaLC SOC (all) Total

n (%) n (%) N (%) n (%) n (%)

Total 104 (25%) 105 (25%) 102 (24%) 108 (26%) 419 (100%)

Belarus 18 (17%) 20 (19%) 19 (19%) 20 (19%) 77 (18%)

Uzbekistan 50 (48%) 50 (48%) 48 (47%) 51 (47%) 199 (47%)

South Africa 36 (35%) 35 (33%) 35 (34%) 37 (34%) 143 (34%)

TB PRACTECAL – Setting
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TB PRACTECAL – Setting

Clinical 
characteristics

Regimen 1
Short (9-11 mo) 

injectable containing

Regimen 2
Short (9-11 mo) 

oral regimen

Regimen 3
Long (18-

20 mo) injectable 
regimen

WHO 2013

Regimen 4
Long (18-

24 mo) oral regimen

Total

n (%) n (%) N (%) n (%) n (%)

Total 17 (16%) 37 (34%) 22 (20%) 32 (30%) 108

Belarus 1 (6%) 5 (14%) 4 (18%) 10 (31%) 20 (19%)

Uzbekistan 15 (88%) 4 (11%) 18 (82%) 14 (44%) 51 (47%)

South Africa 1 (6%) 28 (76%) 0 (0%) 8 (25%) 37 (34%)
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TB PRACTECAL Standard of care regimens
Clinical characteristics Regimen 1

Short (9-11 mo) 
injectable containing

Regimen 2
Short (9-11 mo) 

oral regimen

Regimen 3
Long (18-

20 mo) injectable 
regimen

WHO 2013

Regimen 4
Long (18-

24 mo) oral regimen

Total

Setting Belarus, Uzbekekistan, South 
Africa

Belarus, Uzbekekistan, South 
Africa

Belarus, Uzbekistan Belarus, Uzbekekistan, South 
Africa

n (%) n (%) N (%) n (%) n (%)

Total 17 (16%) 37 (34%) 22 (20%) 32 (30%) 108

Age (median, IQR) 31 (28-38) 38 (33-44) 35 (30-38) 43 (31-50) 31 (38-45)

Adults 15+ 17 (100%) 37 (100%) 22 (100%) 32 (100%) 109 (100%)

Male 9 (53%) 27 (27%) 5 (23%) 22 (69%) 63 (58%)

HIV positive 1 (6%) 19 (51%) 20 (91%) 8 (25%) 29 (26%)

Past TB treatment 6 (35%) 16 (43%) 11 (50%) 14 (44%) 48 (44%)

Past DR TB treatment 0 (0%) 1 (3%) 6 (27%) 3 (9%) 10 (9%)

AFB positive 11 (65%) 26 (70%) 19 (86%) 18 (56%) 75 (69%)

Culture positive 17 (100%) 33 (89%) 20 (91%) 26 (81%) 97 (89%)

FQ-R TB 0 (0%) 3 (8%) 9 (41%) 5 (16%) 17 (16%)

The University of Sydney Page 22

TB PRACTECAL Standard of care regimens
Clinical 
characteristics

Regimen 1
Short (9-11 mo)

Injectable-containing

Regimen 2
Short (9-11 mo)

oral regimen

Regimen 3
Long (18-20 mo) 

injectable regimen
WHO 2013

Regimen 4
Long (18-24 mo) 

oral regimen

Total

Setting Belarus, Uzbekistan, South 
Africa

Belarus, Uzbekistan, South 
Africa

Belarus, Uzbekistan Belarus, Uzbekistan, South 
Africa

n (%) n (%) N (%) n (%) n (%)

Total 17 (16%) 37 (34%) 22 (20%) 32 (30%) 108 (100%)

Pretomanid 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Bedaquiline 1 (6%) 37 (100%) 21 (95%) 32 (100%) 91 (84%)

Linezolid 2 (12%) 37 (100%) 21 (95%) 32 (100%) 92 (85%)

Moxif/levofloxacin 17 (100%) 36 (97%) 22 (100%) 28 (88%) 103 (95%)

Ethionamide or 
prothaniomide

17 (100%) 2 (5%) 8 (36%) 1 (3%) 28 (26%)

Ethambutol 16 (94%) 25 (68%) 1 (5%) 8 (25%) 50 (46%)

Pyrazinamide 17 (100%) 27 (73%) 18 (82%) 1 (3%) 73 (68%)

Isoniazid 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Clofazamine 16 (94%) 37 (100%) 21 (95%) 32 (100%) 106 (98%)

Injectable 17 (100%) 0 (0%) 22 (100%) 0 (0%) 39 (36%)
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TB PRACTECAL Standard of care regimens
Clinical characteristics Regimen 1

Short (9-11 mo) 
injectable containing

Regimen 2
Short (9-11 mo) 

oral regimen

Regimen 3
Long (18-

20 mo) injectable 
regimen

WHO 2013

Regimen 4
Long (18-

24 mo) oral regimen

Total

Setting Belarus, Uzbekekistan, South 
Africa

Belarus, Uzbekekistan, South 
Africa

Belarus, Uzbekistan Belarus, Uzbekekistan, South 
Africa

n (%) n (%) N (%) n (%) n (%)

Treatment outcomes 17 (16%) 37 (34%) 22 (20%) 32 (30%) 108

Success 9 (53%) 27 (73%) 11 (50%) 16 (50%) 63 (58%)

Failure/recurrence 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Death 0 (0%) 0 (0%) 1 (5%) 2 (6%) 3 (3%)

Loss to follow-up 8 (47%) 10 (27%) 10 (45%) 14 (44%) 42 (39%)

Grade 3 and over AEs 9 (53%) 18 (49%) 17 (77%) 15 (47%) 59 (55%)

Acquire drug resistance 0 (0%) 1 (3%) 0 (0%) 1 (3%) 2 (2%)

The University of Sydney Page 24

TB PRACTECAL Standard of care regimens

Clinical characteristics South Africa Belarus Uzbekistain Total

Setting

n (%) n (%) N (%) n (%)

Treatment outcomes 37 (34%) 20 (19%) 51 (47%) 108

Success 27 (73%) 9 (45%) 27 (53%) 63 (58%)

Failure/recurrence 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Death 0 (0%) 1 (5%) 2 (4%) 3 (3%)

Loss to follow-up 10 (27%) 10 (50%) 22 (43%) 42 (39%)

Grade 3 and over AEs 20 (54%) 6 (30%) 33 (65%) 59 (54%)

Acquire drug resistance 1 (3%) 0 (0%) 1 (2%) 2 (2%)

The University of Sydney Page 25

Outcomes
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Selection of outcome measures reported for the WHO 
GDG vs trial-specified outcomes
– The TB PRACTECAL trial’s pre-specified primary outcome was unfavourable

outcome* at 72 weeks post randomization
– For the WHO GDG review, we use pre-specified outcomes considered of

critical importance to the GDG
– The trial-specified outcome will be presented as a secondary analysis

*Composite of death, treatment failure, treatment discontinuation, loss to follow-up, still on treatment at 108 weeks and
recurrence. Page 26
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Defining failure/recurrence and loss to follow-up

– The TB PRACTECAL outcomes include ‘discontinuation’, which
comprises a decision by an investigator to discontinue treatment
either:
– due to the need to significantly modify the trial regimen for whatever

reason1,  or
– due to the patient missing some or all drugs regularly, or
– due to the patient missing all drugs for more than 2 consecutive weeks.

1Such as permanently stopping or adding at least one drug in an investigational arm or two drugs in 
the SOC except when adjusting for baseline resistance. Dose reduction or short holidays of less than 2 
weeks will not be considered as significant modifications.

The University of Sydney Page 28

2020 WHO and TB PRACTECAL outcome definitions
Outcome WHO 2020 Definition TB PRACTECAL definition

Cured

A pulmonary TB patient with bacteriologically confirmed TB at 
the beginning of treatment who completed treatment as 
recommended by the national policy, with evidence of 
bacteriological response and no evidence of failure.

Culture conversion: A subject who had at least one positive 
mycobacterial culture in MGIT liquid media at baseline and has 
at least two consecutive negative sputum cultures taken at least 
2 weeks apart.

Treatment 
completed

A patient who completed treatment as recommended by the 
national policy, whose outcome does not meet the definition for 
cure or treatment failure.

Not a trial outcome

Treatment failed
A patient whose treatment regimen needed to be terminated 
or permanently changed to a new regimen or treatment 
strategy.

Not a trial outcome.

Died
A patient who died before starting treatment or during the 
course of treatment.

Death of a patient from all causes.

Lost to Follow-up
A patient who did not start treatment or whose treatment was 
interrupted for 2 consecutive months or more

A patient who has completed treatment, missed his/her 
appointment at 48 or 72 weeks, and cannot be traced until the 
end of the expected follow-up period (108 weeks) or by the 
time of the interim lock on the 18th March 2021; or withdrawal 
of consent.

Not evaluated A patient for whom no treatment outcome was assigned

Treatment success The sum of cured and treatment completed.

Sustained 
treatment success

An individual assessed at 6 months (for DR-TB and DS-TB) and 
at 12 months (for DR-TB only) after successful TB treatment, who 
is alive and free of TB.

Assessments at 72 weeks (primary) and 108 weeks
Recurrence: A subject who has completed treatment without 
being declared a failure and who has subsequently been 
diagnosed and requires MDR-TB treatment (for whom there is 
evidence that the recurrence is due to an MDR or XDR TB strain)

Page 28
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Outcome classification– original definition

Loss to follow-up Failure

DiscontinuedLoss to follow-up TB PRACTECAL
trial outcomes

Outcomes for 
this evidence 
review

Recurrence +
Lack of culture 

conversion

The University of Sydney Page 30

Outcome classification– revised definition (new primary)*

Loss to follow-up Failure

DiscontinuedLoss to follow-up TB PRACTECAL
trial outcomes

Outcomes for 
this evidence 
review

Recurrence +
Lack of culture 

conversion

Discontinuation due to:
- Adverse events
- Other reasons

Discontinuation due to:
- Missed drugs regularly
- Missing 2 weeks

*This definition is now used in the Evidence to Decision table, and presented as the
primary analysis for LTF and failure

The University of Sydney Page 31

Adjustment for covariates in analysis of outcomes

– The number of participants in each arm of the TB PRACTECAL trial is small
(104 to 109 participants in each group).

– Baseline differences between the groups were observed (>5% differences
between arms for for sex, HIV status, past TB treatment, culture positivity)

– Adjustment for baseline covariates is performed for all internal and external
trial comparisons, using a propensity score analysis (described in an earlier
webinar). Both adjusted and unadjusted analyses will be presented.

Advantages for adjustment Disadvantages for adjustment

• Improve power if covariates predictive of
outcome

• Can eliminate small bias from random
imbalance in measured covariates

• Can worsen power if adjusting for many
covariates with little predictive value

• Can inflate Type 1 errors if covariate
adjustment is not pre-specified and
covariate selection methods used (e.g
backwards selection)

• Difficulty with adjustment for covariates

References:
Kahan BC et al. Trials 15 139 
(2014)
https://doi.org/10.1186/1745-
6215-15-139
Lee PH. J Clin Epi 76:137-46
(2016)
doi: 10.1016/j.jclinepi.2016.02.004

Page 31
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PICO 6

Should 6-month regimen using 
bedaquiline, pretomanid, linezolid 
and nothing (BPaL), moxifloxacin 
(BPaLM) or clofazimine (BPaLC) be 
used in patients with pulmonary 
MDR/RR-TB (with or without 
fluoroquinolone resistance)?

The University of Sydney Page 33

PICO 6
Comparison 6.1

The University of Sydney Page 34

PICO 6.1
Compared to a standard of care regimen, should 6-month regimen 
using bedaquiline, pretomanid, linezolid and moxifloxacin (BPaLM) be used in 
patients with pulmonary pre-XDR-TB (MDR/RR-TB with fluoroquinolone resistance)?

Population 1) Confirmed RR TB or MDR-TB - regardless of FQN resistance status
2) mITT population (defined according to PRACTECAL protocol)

Intervention 1) Patients with Bedaquiline, Pretomanid, Linezolid and FQN used
during treatment (i.e. PRACTECAL BPaLM regimen)
2) Intended duration of treatment <6 months
3) All-oral regimen (Excluding use of injectable antibiotic)

Comparator 1)TB PRACTECAL standard of care regimens
2)Duration > 9 months

PICO 6 Comparison 6.1 BPaLM vs PRACTECAL composite SoC

Intervention BPaLM TB-PRACTECAL

Comparator Standard of Care TB PRACTECAL

Time of follow-up 18 months post treatment initiation
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Key

Primary 
follow-up
time

Sensitivity 
analyses

PICO 6 Comparison 6.1 BPaLM vs PRACTECAL SoC

Intervention BPaLM TB-PRACTECAL

Comparator Standard of Care TB PRACTECAL

Time of follow-up 18 months post treatment initiation

The University of Sydney Page 36

Clinical characteristics BPaLM PRACTECAL SoC

n (%) n (%)

Total 62 (100%) 66 (100%)

Age (median, IQR) 35 (27-47) 37 (29-43)

Adults 18+ 62 (100%) 66 (100%)

Male 36 (58%) 33 (50%)

HIV positive 14 (23%) 15 (23%)

CD4<250 6/14 (43%) 6/15 (40%)

CD4<500 5/14 (36%) 8/15 (53%)

CD4≥500 3/14 (21%) 1/15 (7%)

Past TB treatment 25 (40%) 27 (41%)

Past DR-TB treatment 10 (16%) 1 (2%)

AFB Smear positive 40 (65%) 50 (76%)

Culture positive 59 (95%) 62 (94%)

Pre-XDR (FQ-R) TB 11 (18%) 12 (18%)

FQ-S 31 (50%) 38 (58%)

FQ-missing 20 (32%) 16 (24%)

Descriptive analyses – PICO 6 Comparison 6.1

The University of Sydney Page 37

Clinical characteristics BPaLM PRACTECAL SoC

n (%) n (%)

Drugs used 62 (100%) 66 (100%)

Pretomanid 62 (100%) 0 (0%)

Bedaquiline 62 (100%) 50 (76%)

Linezolid 62 (100%) 51 (77%)

Moxifloxacin/levofloxacin 62 (100%) 63 (95%)

Ethionamide or prothaniomide 0 (0%) 25 (38%)

Ethambutol 0 (0%) 31 (47%)

Pyrazinamide 0 (0%) 51 (77%)

Isoniazid 0 (0%) 0 (0%)

Clofazamine 0 (0%) 64 (97%)

Injectable antibiotic 0 (0%) 37 (56%)

Descriptive analyses – PICO 6 Comparison 6.1
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Forest plot of primary outcome (original definition*)

The University of Sydney Page 39

Forest plot of primary outcome (original and revised)

The University of Sydney Page 40

Regimens Outcome measures Propensity score model
BPaLM PRACTECAL 

SoC
Unadj. 
RR

(95% CI) Adj. 
RR (or 
RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 62 66

Outcomes
Treatment 
success 55 (89%) 34 (52%) 1.72 (1.34, 2.21) 1.73 (1.31, 2.27) 0.0001

Age, log BMI, smoking, sex, HIV status, ART treatment (for 
HIV+), AFB smear, previous DRTB treatment, cavitation on CXR, 

bilateral disease, FQ status

Failure & 
recurrence
(revised)

5 (8%) 17 (26%) 0.31 (0.12, 0.8) 0.26 (0.1, 0.71) 0.009
age/bmi_log/dm/smokingstatus/sex/hiv/pasttx/afb_base/ca
vitation_base/bilateral_base/previous_dr_tb_episode/art_ne

w/fq_res

Death 0 (0%) 2 (3%) -0.03 (-0.10, 0.03) RD 0.4966 Adjustment not possible

Loss to 
follow-up
(revised)

2 (3%) 13 (20%) 0.16 (0.04, 0.61) 0.0048
age/bmi_log/dm/smokingstatus/sex/hiv/pasttx/afb_base/ca
vitation_base/bilateral_base/previous_dr_tb_episode/art_ne

w/fq_res

Grade 3 or 
more AE

22/105 (21%) 55/108 (51%) 0.41 (0.27, 0.62) 0.41 (0.26, 0.63) 0.0001 As above

Amplified 
resistance

0/105 (0%) 2/108 (2%) -0.02 RD (-0.07, 0.02) 0.4977 Adjustment not possible

PICO 6 Comparison 6.1 BPaLM vs PRACTECAL SoC (Failure/relapse and LTF revised)

Intervention BPaLM TB-PRACTECAL

Comparator Standard of Care TB PRACTECAL

Time of follow-up 18 months post treatment initiation

Page 40
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Regimens Outcome measures Propensity score model

BPaLM PRACTECAL 
SoC

Unadj. 
RR

(95% CI) Adj. 
RR (or 
RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 62 66
Outcomes
Unfavourable 
outcome* 7 (11%) 32 (48%) 0.23 (0.11, 0.49) 0.25 (0.11, 0.55) 0.0007

Age, log BMI, diabetes, smoking, sex, HIV, past TB, smear 
status, cavitation at baseline, bilateral disease, previous DR-

TB, ART (among HIV+), fluoroquinolone resistance

PICO 6 Comparison 6.1 BPaLM vs PRACTECAL SoC

Intervention BPaLM TB-PRACTECAL

Comparator Standard of Care TB PRACTECAL

Time of follow-up 18 months post treatment initiation

*Trial-specified composite of death, treatment failure, treatment discontinuation, loss to follow-up, still on treatment at 108
weeks or recurrence. 

The University of Sydney Page 42

Sub-group 
analyses

The University of Sydney Page 4

Sub-group analyses PICO 6.1 (treatment success)
Regimens Outcomes Propensity score model

BPaLM PRACTECAL 
SoC

Unadj. 
RR

(95% CI) aRR
(or RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup
Smear +

40 35 (88%) 50 28 (56%) 1.56 (1.19, 2.05) 1.65 (1.22, 2.24) 0.0015
Age, log BMI, smoking, sex, HIV status, ART 

treatment (for HIV+), previous DRTB treatment, 
cavitation on CXR, bilateral disease, FQ status

Smear- 22 20 (91%) 16 6 (38%) 2.42 (1.43, 4.96) 0.001 Adjustment not performed

Culture +
59 52 (88%) 62 32 (52%) 1.71 (1.32, 2.21) 1.76 (1.32, 2.35) 0.0002

Age, log BMI, smoking, sex, HIV status, ART 
treatment (for HIV+), smear status, previous 
DRTB treatment, cavitation on CXR, bilateral 

disease, FQ status

Culture - 3 3 (100%) 4 2 (50%) 2.00 (0.71, 6.66) 0.4286 Adjustment not performed

Cavitation 33 30 (91%) 47 25 (53%) 1.71 (1.30, 2.35) 0.0005 Adjustment not performed

No 
cavitation 29 25 (86%) 19 9 (47%) 1.82 (1.20, 3.20) 0.008 Adjustment not performed

Smoker 16 16 (100%) 19 9 (47%) 2.11 (1.46, 3.66) 0.0005 Adjustment not performed

Non 
smoker 46 39 (85%) 47 25 (53%) 1.59 (1.19, 2.14) 1.46 (1.08, 1.99) 0.015

Age, log BMI, sex, HIV status, ART treatment 
(for HIV+), smear status, previous DRTB 

treatment, cavitation on CXR, bilateral disease, 
FQ status

HIV + 14 10 (71%) 15 9 (60%) 1.19 (0.68, 2.13) 0.6999 Adjustment not performed

HIV- 48 45 (94%) 49 23 (47%) 2.00 (1.52, 2.80) <0.0001 Adjustment not performed
Page 43
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Sub-group analyses PICO 6.1 (treatment success)
Regimens Outcomes Propensity score model

BPaLM PRACTECAL 
SoC

Unadj. 
RR

(95% CI) aRR (or 
RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup

Diabetes 0 NA 2 0 (0%) NA No participants in the intervention arm

No diabetes
62 55 (89%) 64 34 (53%) 1.67 (1.3, 2.14) 1.69 (1.29, 2.22) 0.0002

Age, log BMI, smoking, sex, HIV status, ART treatment 
(for HIV+), AFB smear, previous DRTB treatment, 

cavitation on CXR, bilateral disease, FQ status

Fq resistant 11 9 (82%) 12 8 (67%) 1.23 (0.72, 2.18) 0.6404 Adjustment not performed as low number of 
unsuccessful outcomes

Fq sensitive 51 46 (90%) 54 26 (48%) 1.87 (1.4, 2.51) 1.83 (1.32, 2.54) 0.0004
Age, log BMI, smoking, sex, HIV status, ART treatment 

(for HIV+), AFB smear, previous DRTB treatment, 
cavitation on CXR, bilateral disease

Site

Belarus 10 10 (100%) 12 4 (33%) 3.00 (1.64, 7.24) 0.0017 Adjustment not performed as low number of 
unsuccessful outcomes

South 
Africa 16 11 (69%) 18 11 (61%) 1.12 (0.69, 1.85) 1.15 (0.69, 1.92) 0.5889

Age, log BMI, smoking, sex, HIV status, ART treatment 
(for HIV+), AFB smear, previous DRTB treatment, 

cavitation on CXR, bilateral disease, FQ status

Uzbekistan 36 34 (94%) 36 19 (53%) 1.79 (1.35, 2.57) 0.0001 Adjustment not performed as low number of 
unsuccessful outcomes
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Sub-group analysis: Treatment success by comparator regimen

Regimens Outcomes Propensity score model
BPaLM Comparator

SOC
Unadj. 
RR

(95% CI) aRR (or 
RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup

Regimen 1 62 55 (89%) 15 7 (47%) 1.9 (1.1, 3.29) 1.98 (1.07, 3.66) 0.0311

age/bmi_log/dm/smokingstatus/sex/hiv/pasttx/afb_
base/cavitation_base/bilateral_base/previous_dr_tb

_episode/art_new/fq_res

Regimen 2
62 55 (89%) 16 9 (56%) 1.58 (1.01, 2.45) 1.57 (0.95, 2.62) 0.0799

age/bmi_log/dm/smokingstatus/sex/hiv/pasttx/afb_
base/cavitation_base/bilateral_base/previous_dr_tb

_episode/art_new/fq_res

Regimen 3
62 55 (89%) 22 12 (55%) 1.63 (1.1, 2.41) 2.15 (1.12, 4.1) 0.0212

age/bmi_log/dm/smokingstatus/sex/hiv/pasttx/afb_
base/cavitation_base/bilateral_base/previous_dr_tb

_episode/art_new/fq_res

Regimen 4
62 55 (89%) 13 6 (46%) 1.92 (1.06, 3.48) 1.38 (0.88, 2.18) 0.1595

age/bmi_log/dm/smokingstatus/sex/hiv/pasttx/afb_
base/cavitation_base/bilateral_base/previous_dr_tb

_episode/art_new/fq_res
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BPaLM
South 
Africa

Comparat
or South 
Africa

BPaLM vs Comparator South Africa
BPaLM
Belarus

Compar
ator

Belarus
BPaLM vs Comparator Belarus

BPaLM
Uzbekistan

Comparat
or 

Uzbekista
n

BPALM vs Comparator Uzbekistan

n (%) n (%) RR 
(adj/unadj) 95% CI p n (%) n (%) RR 95% CI p n (%) n (%) RR 95% CI p

Total 16 18 10 12 36 36

Outcome

Treatment 
success 11 (69%) 11 (61%) 1.15 (0.69, 1.92) 0.5889 10 (100%) 4 (33%) 3.00 (1.64, 7.24) 0.002 34 (94%) 19 (53%) 1.79 (1.35, 2.57) 0.0001

Failure & 
recurrence 0 (0%) 0 (0%) 0.00 (-0.18, 0.2) 1.00* 0 (0%) 0 (0%) 0 (-0.25, 0.29) 1.00 0 (0%) 0 (0%) 0 (-0.1, 0.1) 1.00

Death 0 (0%) 0 (0%) 0.00 (-0.18, 0.2) 1.00 0 (0%) 0 (0%) 0 (-0.25, 0.29) 1.00 0 (0%) 2 (6%) -0.06 (-0.18, 0.04) 0.493

Loss to 
follow-up 5 (31%) 7 (39%) 0.75 (0.25, 2.24) 0.591 0 (0%) 8 (67%) -0.67 (-0.86, -0.31) 0.002 2 (6%) 15 (42%) 0.13 (0.04, 0.47) 0.0006

Grade 3 
or more 
AE

6 (17%) 20 (54%) 0.35 (0.15, 0.84) 0.0194 4 (20%) 4 (20%) 0 (-0.26, 0.26) 1.00 12 (24%) 31 (61%) 0.44 (0.25, 0.79) 0.0066

Amplified 
resistance 0 (0%) 1 (3%) -0.03 (-0.14, 0.07) 1.00 0 (0%) 0 (0%) 0 (-0.16, 0.16) 1.00 0 (0%) 1 (2%) -0.02 (-0.1, 0.05) 1.00

All treatment outcomes, stratified by country (original definitions)

*Red colour indicates risk difference presented, owing to zero numerator(s).
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Sensitivity analysis – different times of follow-up

The University of Sydney Page 48

Regimens Outcome measures Propensity score model

BPaLM PRACTECAL 
SoC

Unadj. 
RR

(95% CI) Adj. 
RR (or 
RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 33 37

Outcomes
Treatment 
success 29 (88%) 14 (38%) 2.32 (1.57, 3.70) <0.0001

age/bmi_log/dm/smokingstatus/sex/hiv/pasttx/afb_base/cav
itation_base/bilateral_base/previous_dr_tb_episode/art_ne

w/fq_res

Failure & 
recurrence 
(original 
definition) 0 (0%) 0 (0%) 0 (-0.1, 0.11) RD

1.00
Adjustment not performed due to zero numerator in both 

intervention and comparator groups

Death
0 (0%) 1 (3%) -0.03 (-0.14, 0.08) RD 1.00

Adjustment not performed due to zero numerator in intervention 
group

Loss to 
follow-up
(original 
definition) 4 (12%) 22 (59%) 0.2 (0.08, 0.49) 0.0001

age/bmi_log/dm/smokingstatus/sex/hiv/pasttx/afb_base/cav
itation_base/bilateral_base/previous_dr_tb_episode/art_ne

w/fq_res

PICO 6 Comparison 6.1 BPaLM vs PRACTECAL SoC – Sensitivity analysis for time of follow-up

Intervention BPaLM TB-PRACTECAL

Comparator Standard of Care TB PRACTECAL

Time of follow-up 24 months post treatment initiation
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Comparison 6.1 – Summary of outcomes (1)

The proportion of success in the comparator group was low: 52% overall, 33% in 
Belarus, 61% in South Africa and 53% in Uzbekistan.

The BPaLM regimen was associated with:
- Increased treatment success (aRR 1.73, 1.31-2.27)
- Reduction in failure/recurrence, loss to follow-up, death, loss to follow-up, grade 3 and 

over adverse events and acquired resistance
- Higher treatment success in all sub-groups, with wide confidence limits around some 

estimates in which numbers of participants were small (culture negative, HIV+)
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Comparison 6.1 – Summary of outcomes (2)

- Unable to assess effectiveness in participants with diabetes.
- Treatment success varied between sites, with a lower relative risk in South Africa 

(adjRR 1.15, 0.69-1.92) than Belarus (unadjRR 3.00, 1.64-7.24) and Uzbekistan 
(unadjRR 1.79, 1.35-2.57)

- The effect was seen in FQ-S TB (aRR 1.83, 1.32-2.54). Precision was limited for FQ-R 
TB (unadjRR 1.23, (0.72, 2.18)

- Sensitivity analysis: Among the cohort that completed 108 weeks of follow-up the 
direction of the effects was the same as for 72 weeks.
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Comparison 6.1 - Limitations

– Low treatment success with the comparator regimens (52% in SOC group overall) 
compared to outcomes reported in other settings

– Imbalances between some baseline characteristics of the intervention and 
comparator group

– Multiple comparator regimens used (multiple regimens, differed by site)
– Heterogeneity in the outcomes with the intervention regimen between the study sites
– Relatively low numbers of participants in each group, and low numbers of events
– Lack of blinding of participants
– Significant imbalance in the loss to follow-up rates
– Early termination of trial for success, and low event numbers, may lead to bias

The University of Sydney Page 52

Factors influencing certainty assessment – PICO 6.1
Risk of bias
Unmeasured confounding
- Small event numbers preclude adjusting for measured 

confounding in some analyses.
- Lack of blinding of patients, caregivers and those 

adjudicating outcomes may introduce bias in the conduct 
of the trial. 

- The trial was stopped early for benefit, with few events 
(<200), can introduce bias. Formal stopping rules do not 
reduce the bias (GRADE Handbook).

- An imbalance in the measured baseline covariates 
(gender, prior DR-TB, smear status), likely arising from the 
small number of participants in each group. However, as 
poorer prognostic factors in intervention bias toward null.

The decision as to whether to downgrade one or two levels for 
risk of bias was difficult. On balance, given multiple factors 
above, we decided to downgrade one to two levels for risk of 
bias depending upon outcome.

Inconsistency
Differences were observed between the three countries in 
terms of standard of care regimens. This issue was addressed 
under indirectness, and so we did not downgrade for 
inconsistency.

Indirectness
A single trial. Serious indirectness (i) Populations: Differences 
in population of a trial and population to which guidelines will 
apply. (ii) Comparator: Some comparator regimens are sub-
optimal, not according with the WHO standard of care (at the 
time or presently) and vary by country. Downgraded one 
level.

Imprecision
The number of participants in both intervention and 
comparator groups was small (n=62 and n=66). Very few 
events in the outcomes of interest, causing very serious 
imprecision. We downgraded two levels for imprecision for 
some outcomes, and one level for others.
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Factors influencing certainty assessment – PICO 6.1
Outcome Risk of bias Inconsistency Indirectness Imprecision Overall 

downgrading
Certainty

Success Serious ↓ Not serious Serious ↓ Serious ↓ ↓↓↓ ⨁◯◯◯
Very low

Failure/ 
recurrence

Serious ↓ Not serious Serious ↓ Very serious ↓↓ ↓↓↓↓ ⨁◯◯◯
Very low

Death Serious ↓ Not serious Serious ↓ Very serious ↓↓ ↓↓↓↓ ⨁◯◯◯
Very low

Loss to 
follow-up

Very serious ↓↓ Not serious Serious ↓ Serious ↓ ↓↓↓↓ ⨁◯◯◯
Very low

Adverse 
events 

(Grade 3+)
Very serious ↓↓ Not serious Serious ↓ Serious ↓ ↓↓↓↓ ⨁◯◯◯

Very low

Amplification 
drug 

resistance
Serious ↓ Not serious Serious ↓ Very serious ↓↓ ↓↓↓↓ ⨁◯◯◯

Very low

The University of Sydney Page 54

Factors influencing certainty assessment – PICO 6.1
No of 

studies
Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations

1 Randomised 
trial

Very serious Not serious Serious Very serious none

Overall 
change ↓↓ ↓ ↓↓

As TB PRACTECAL was a randomized trial, the initial certainty rating 
was high quality evidence. After downgrading, certainty for all outcomes 
was rated:

⨁◯◯◯ Very low

The University of Sydney Page 55

PICO 6
Comparison 6.2
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PICO 6.2
Compared to a regimen containing bedaquiline, pretomanid, linezolid (BPaL), 
should 6-month regimen using bedaquiline, pretomanid, linezolid and moxifloxacin 
(BPaLM) be used in patients with pulmonary pre-XDR-TB (MDR/RR-TB with 
fluoroquinolone resistance)?

Population 1) Confirmed RR TB or MDR-TB - regardless of FQN resistance 
status 
2) mITT population (defined according to PRACTECAL protocol)

Intervention 1) Patients with Bedaquiline, Pretomanid, Linezolid and FQN used 
during treatment (i.e. PRACTECAL BPaLM regimen)
2) Intended duration of treatment <6 months 
3) All-oral regimen (Excluding use of injectable antibiotic)

Comparator 1) Patients with Bedaquiline, Pretomanid, Linezolid used during 
treatment (i.e. PRACTECAL BPaL 600-300 regimen)
2) Intended duration of treatment <6 months 
3) All-oral regimen (Excluding use of injectable antibiotic)

PICO 6 Comparison 6.2 BPaLM vs BPaL 600-300

Intervention BPaLM TB-PRACTECAL

Comparator BPaL 600-300 TB-PRACTECAL

Time of follow-up 18 months post treatment initiation

The University of Sydney Page 57

Key

Primary 
follow-up
time

Sensitivity 
analyses

PICO 6 Comparison 6.2 BPaLM vs BPaL 600-300

Intervention BPaLM TB-PRACTECAL

Comparator BPaL 600-300 TB-PRACTECAL

Time of follow-up 18 months post treatment initiation

The University of Sydney

Clinical characteristics BPaLM BPaL 600-300

n (%) n (%)

Total 62 (100%) 60 (100%)

Age (median, IQR) 35 (27-47) 34 (27-46)

Adults 18+ 62 (100%) 60 (100%)

Male 36 (58%) 32 (53%)

HIV positive 14 (23%) 14 (23%)

CD4<250 6/14 (43%) 6/13* (46%)

CD4<500 5/14 (36%) 5/13* (38%)

CD4≥500 3/14 (21%) 2/13* (15%)

Past TB treatment 25 (40%) 32 (53%)

Past DR-TB treatment 10 (16%) 13 (22%)

AFB Smear positive 40 (65%) 45 (75%)

Culture positive 59 (95%) 53 (88%)

Pre-XDR (FQ-R) TB 11 (18%) 12 (20%)

FQ-S 31 (50%) 26 (43%)

FQ-missing 20 (32%) 22 (37%)

Descriptive analyses – PICO 6 Comparison 6.2

*1 CD4 count
result missing

Page 58
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Clinical characteristics BPaLM BPaL 600-300

n (%) n (%)

Drugs used 62 (100%) 60 (100%)

Pretomanid 62 (100%) 60 (100%)

Bedaquiline 62 (100%) 60 (100%)

Linezolid 62 (100%) 60 (100%)

Moxifloxacin/levofloxacin 62 (100%) 0 (0%)

Ethionamide or prothaniomide 0 (0%) 0 (0%)

Ethambutol 0 (0%) 0 (0%)

Pyrazinamide 0 (0%) 0 (0%)

Isoniazid 0 (0%) 0 (0%)

Clofazamine 0 (0%) 0 (0%)

Injectable antibiotic 0 (0%) 0 (0%)

Descriptive analyses – PICO 6 Comparison 6.2

The University of Sydney Page 60

Forest plot of primary outcome (original*)

The University of Sydney Page 61

Forest plot of primary outcome (original and updated)



WHO consolidated guidelines on tuberculosis. Module 4: treatment – 
drug-resistant tuberculosis treatment, 2022 update. Web Annexes558

The University of Sydney Page 62

Regimens Outcome measures Propensity score model

BPaLM BPaL 600-
300

Unadj
. RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 62 60

Outcomes
Treatment 
success

55 (89%) 46 (77%) 1.16 (0.98, 1.37) 1.15 (0.95, 1.38) 0.1433
Age, log BMI, diabetes,  smoking, sex, HIV status, ART 

treatment (for HIV+), AFB smear, previous DRTB treatment, 
cavitation on CXR, bilateral disease, FQ status

Failure & 
recurrence

5 (8%) 8 (13%) 0.6 (0.21, 1.74) 0.53 (0.17, 1.63) 0.2617 Adjustment not performed due to low event numbers

Death 0 (0%) 0 (0%) 0.00 (-0.06,0.06) RD 1.00 Adjustment not performed due to low event numbers

Loss to 
follow-up

2 (3%) 6 (10%) 0.32 (0.08, 1.34) 0.16 Model as above

Grade 3 or 
more AE

22/105 (21%) 20/102 (20%) 1.07 (0.62, 1.84) 1.07 (0.61, 1.88) 0.8175 Model as above

Amplified 
resistance

0/105 (0%) 3/102 (3%) -0.03 (-0.08,0.01) RD 0.1179 Adjustment not performed due to low event numbers

PICO 6 Comparison 6.2 BPaLM vs BPaL 600-300 (Failure/recurrence and LTF revised)

Intervention BPaLM TB-PRACTECAL

Comparator BPaL 600-300 TB-PRACTECAL

Time of follow-up 18 months post treatment initiation

The University of Sydney Page 63

Figure of sub-
group analyses

The University of Sydney Page 64

Sub-group analyses PICO 6.2 (treatment success)
Regimens Outcomes Propensity score model

BPaLM BPaL 600-300 Unadj. 
RR

(95% CI) aRR
(or 
RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup
Smear +

40 35 (88%) 45 34 (76%) 1.16 (0.95, 1.42) 1.16 (0.95, 1.4) 0.1355

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), previous DRTB treatment, 
cavitation on CXR, bilateral disease, FQ status

Smear- 22 20 (91%) 15 12 (80%) 1.14 (0.86, 1.68) 0.3773
Not adjusted as low numbers of unsuccessful 

outcomes (<5) in intervention and comparator

Culture +

59 52 (88%) 53 39 (74%) 1.2 (0.99, 1.44) 1.21 (0.98, 1.49) 0.0771

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), AFB smear, previous DRTB 

treatment, cavitation on CXR, bilateral disease, FQ 
status

Culture -
3 3 (100%) 7 7 (100%) 0 (-0.59,0.38) RD 1.00 Adjustment not possible

Cavitation
33 30 (91%) 41 30 (73%) 1.24 (1, 1.59) 0.0741

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), AFB smear, previous DRTB 

treatment, bilateral disease, FQ status

No 
cavitation 29 25 (86%) 19 16 (84%) 1.02 (0.8, 1.41) 1.00

Not adjusted as low numbers of unsuccessful 
outcomes (<5) in intervention and comparator

Smoker
16 16 (100%) 17 13 (76%) 1.31 (1.02, 1.9) 0.1026

Not adjusted as low numbers of unsuccessful 
outcomes (<5) in intervention and comparator

Non 
smoker 46 39 (85%) 43 33 (77%) 1.1 (0.9, 1.36) 1.12 (0.89, 1.42) 0.337

Age, log BMI, diabetes, sex, HIV status, ART treatment 
(for HIV+), AFB smear, previous DRTB treatment, 

cavitation on CXR, bilateral disease, FQ status

HIV +
14 10 (71%) 14 10 (71%) 1.00 (0.59, 1.68) 1.00

Not adjusted as low numbers of unsuccessful 
outcomes (<5) in intervention and comparator

HIV-
48 45 (94%) 45 36 (80%) 1.17 (1, 1.43) 1.17 (0.99, 1.39) 0.068

Age, log BMI, diabetes,  smoking, sex, AFB smear, 
previous DRTB treatment, cavitation on CXR, bilateral  

disease, FQ status
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Sub-group analyses PICO 6.2 (treatment success)
Regimens Outcomes Propensity score model

BPaLM BPaL 600-300 Unadj. 
RR

(95% CI) aRR
(or 
RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup

Diabetes 0 NA 2 1 (50%) NA No participants in intervention group

No diabetes
62 55 (89%) 58 45 (78%) 1.14 (0.97, 1.35) 1.15 (0.96, 1.39) 0.1383

Age, log BMI, smoking, sex, HIV status, ART 
treatment (for HIV+), AFB smear, previous DRTB 
treatment, cavitation on CXR, bilateral disease, 

FQ status

Fq resistant 11 9 (82%) 12 9 (75%) 1.09 (0.66, 1.82) 1.00 Not adjusted as low numbers of unsuccessful 
outcomes (<5) in intervention and comparator

Fq sensitive
51 46 (90%) 48 37 (77%) 1.17 (0.98, 1.4) 1.15 (0.94, 1.4) 0.1604

Age, log BMI, diabetes,  smoking, sex, HIV 
status, ART treatment (for HIV+), AFB smear, 
previous DRTB treatment, cavitation on CXR, 

bilateral disease

Site

Belarus 10 10 (100%) 11 10 (91%) 1.1 (0.78, 1.61) 1 Not adjusted as low numbers of unsuccessful 
outcomes (<5) in intervention and comparator

South 
Africa 16 11 (69%) 16 10 (62%) 1.1 (0.67, 1.82) 2.53 (0.59, 10.87) 0.2045

Age, log BMI, diabetes,  smoking, sex, HIV 
status, ART treatment (for HIV+), AFB smear, 
previous DRTB treatment, cavitation on CXR, 

bilateral disease, FQ status

Uzbekistan 36 34 (94%) 33 26 (79%) 1.2 (1.00, 1.53) 0.0763 Not adjusted as low numbers of unsuccessful 
outcomes (<5) in intervention

The University of Sydney Page 66

Figure of 
sensitivity 
analyses

The University of Sydney Page 67

Regimens Outcome measures Propensity score model

BPaLM BPaL 600-
300

Unadj. 
RR

(95% CI) Adj. 
RR (or 
RD)

(95% CI) p-
value

Covariates included in model

n (%) n (%)

Total 33 35

Outcomes
Treatment 
success 29 (88%) 25 (71%)

1.23 (0.96, 1.63) 0.1349

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), AFB smear, past TB, previous DRTB 
treatment, cavitation on CXR, bilateral disease, FQ status

Failure & 
recurrence 0 (0%) 1 (3%) -0.03 (-0.15, 0.08) RD 1.00 Risk difference used due to small number of events

Death 0 (0%) 1 (3%) -0.03 (-0.15, 0.08) RD 1.00 Risk difference used due to small number of events

Loss to 
follow-up 4 (12%) 8 (23%) 0.53 (0.18, 1.49)

0.3435

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), AFB smear, past TB, previous DRTB 
treatment, cavitation on CXR, bilateral disease, FQ status

PICO 6 Comparison 6.2 BPaLM vs BPaL 600-300 (Failure/recurrence and LTF original)

Intervention BPaLM TB-PRACTECAL

Comparator BPaL 600-300 TB-PRACTECAL

Time of follow-up 24 months post treatment initiation
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PICO 6.2 – Key findings (1)

- BPaLM associated with higher treatment success, lower failure, 
loss to follow-up.

- No difference in deaths or grade 3 adverse events 
- Slightly higher amplified resistance in BPAL regimen
- BPaLM associated with increased treatment success for culture 

positive, cavitation and HIV negative, although wide confidence 
limits

The University of Sydney Page 69

Factors influencing certainty assessment – PICO 6.2
Risk of bias
Unmeasured confounding
- Small event numbers preclude adjusting for measured 

confounding in some analyses.
- Lack of blinding of patients, caregivers and those 

adjudicating outcomes may introduce bias in the conduct 
of the trial. This is less of a concern when comparing two 
shorter regimens.

- The trial was stopped early for benefit, with few events 
(<200), can introduce bias. Formal stopping rules do not 
reduce the bias (GRADE Handbook).

- A modest imbalance in the measured baseline covariates 
(prior TB, prior DR-TB, smear and culture at baseline), 
likely arising from the small number of participants in each 
group. 

On balance we decided to downgrade one levels for risk of 
bias.

Inconsistency
Differences were observed between the three countries in 
terms of standard of care regimens. This issue was addressed 
under indirectness, and we did not downgrade for 
inconsistency.

Indirectness
A single trial. Serious indirectness (i) Populations: Differences 
in population of a trial and population to which guidelines will 
apply. (ii) Comparator: Some comparator regimens are sub-
optimal, not according with the WHO standard of care (at the 
time or presently) and vary by country. Downgraded one 
level.

Imprecision
The number of participants in both intervention and 
comparator groups was small (n=62 and n=60). Very few 
events in the outcomes of interest, causing very serious 
imprecision. We downgraded two levels for imprecision for 
some outcomes, and one level for others.

The University of Sydney Page 70

Factors influencing certainty assessment – PICO 6.2
Outcome Risk of bias Inconsistency Indirectness Imprecision Overall 

downgrading
Certainty

Success Serious ↓ Not serious Serious ↓ Serious ↓ ↓↓↓ ⨁◯◯◯
Very low

Failure/ 
recurrence

Serious ↓ Not serious Serious ↓ Serious ↓ ↓↓↓ ⨁◯◯◯
Very low

Death Serious ↓ Not serious Serious ↓ Very serious ↓↓ ↓↓↓↓ ⨁◯◯◯
Very low

Loss to 
follow-up

Serious ↓ Not serious Serious ↓ Serious ↓ ↓↓↓ ⨁◯◯◯
Very low

Adverse 
events 

(Grade 3+)
Serious ↓ Not serious Serious ↓ Serious ↓ ↓↓↓ ⨁◯◯◯

Very low

Amplification 
drug 

resistance
Serious ↓ Not serious Serious ↓ Very serious ↓↓ ↓↓↓↓ ⨁◯◯◯

Very low
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Factors influencing certainty assessment – PICO 6.2
No of 

studies
Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations

1 Randomised 
trial

Very serious Not serious Serious Very serious none

Overall 
change ↓ ↓ ↓↓

As TB PRACTECAL was a randomized trial, the initial certainty rating 
was high quality evidence. After downgrading, certainty for all outcomes 
was rated:

⨁◯◯◯ Very low

The University of Sydney Page 72

Supplementary slides
PICO 6.2

The University of Sydney Page 73

BPaLM
South 
Africa

BPaL 
600-300

South 
Africa

BPaLM vs BPaL 600-300 South 
Africa

BPaLM
Belarus

BPaL 600-
300

Belarus

BPaLM vs BPaL 600-300
Belarus

BPaLM
Uzbekistan

BPaL 600-
300

Uzbekista
n

BPaLM vs BPaL 600-300
Uzbekistan

n (%) n (%) RR 95% CI p n (%) n (%) RR 95% CI p n (%) n (%) RR 95% CI p

Total 16 16 10 11 36 33

Outcome

Treatment 
success 11 (69%) 10 (62%) 2.53 (0.59, 10.87) 0.2045 10 (100%) 10 (91%) 1.10 (0.78, 1.61) 1.00 34 (94%) 26 (79%) 1.20 (1, 1.53) 0.0763

Failure & 
recurrence 0 (0%) 0 (0%) 0.00

(-0.2, 0.2) 
RD 

1.00 0 (0%) 0 (0%) 0.00 (-0.27, 0.29) RD 1.00 0 (0%) 3 (9%) -0.09
(-0.24, 0.01) 

RD
0.1041

Death 0 (0%) 0 (0%) 0.00
(-0.2, 0.2) 

RD
1.00 0 (0%) 0 (0%) 0.00 (-0.27, 0.29) RD 1.00 0 (0%) 0 (0%) 0.00

(-0.11, 0.1) 
RD

1.00

Loss to 
follow-up 5 (31%) 6 (38%) 0.49 (0.2, 1.18) 0.1084 0 (0%) 1 (9%) -0.09 (-0.39, 0.21) RD 1.00 2 (6%) 4 (12%) 0.46 (0.1, 2.01) 0.4156

Grade 3 or 
more AE 6 (17%) 7 (20%) 0.68 (0.24, 1.97) 0.4739 4 (20%) 3 (16%) 1.27 (0.36, 4.59) 1 12 (24%) 10 (21%) 1.2 (0.53, 2.72) 0.6517

Amplified 
resistance 0 (0%) 1 (3%) -0.03 (-0.15, 0.07) RD 1.00 0 (0%) 0 (0%) 0 (-0.17, 0.16) RD 1.00 0 (0%) 2 (4%) -0.04

(-0.14, 0.03) 
RD

0.2373

PICO 6.2: Treatment outcomes by country
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PICO 6
Comparison 6.3

The University of Sydney Page 75

PICO 6.3
Compared to a regimen containing bedaquiline, pretomanid, linezolid and 
clofazamine (BPaLC), should 6-month regimen using bedaquiline, pretomanid, 
linezolid and moxifloxacin (BPaLM) be used in patients with pulmonary pre-XDR-TB 
(MDR/RR-TB with fluoroquinolone resistance)?

Population 1) Confirmed RR TB or MDR-TB - regardless of FQN resistance 
status 
2) mITT population (defined according to PRACTECAL protocol)

Intervention 1) Patients with Bedaquiline, Pretomanid, Linezolid and FQN used 
during treatment (i.e. PRACTECAL BPaLM regimen)
2) Intended duration of treatment <6 months 
3) All-oral regimen (Excluding use of injectable antibiotic)

Comparator 1) Patients with Bedaquiline, Pretomanid, Linezolid and 
clofazamine used during treatment (i.e. PRACTECAL BPaLC
regimen)
2) Intended duration of treatment <6 months 
3) All-oral regimen (Excluding use of injectable antibiotic)

PICO 6 Comparison 6.3 BPaLM vs BPaLC

Intervention BPaLM TB-PRACTECAL

Comparator BPaLC TB-PRACTECAL

Time of follow-up 18 months post treatment initiation

The University of Sydney Page 76

Key

Primary 
follow-up
time

Sensitivity 
analyses

PICO 6 Comparison 6.3 BPaLM vs BPaLC

Intervention BPaLM TB-PRACTECAL

Comparator BPaLC TB-PRACTECAL

Time of follow-up 18 months post treatment initiation
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Clinical characteristics BPaLM BPaLC

n (%) n (%)

Total 62 (100%) 64 (100%)

Age (median, IQR) 35 (27-47) 30 (26-41)

Adults 18+ 62 (100%) 64 (100%)

Male 36 (58%) 40 (63%)

HIV positive 14 (23%) 14 (22%)

CD4<250 6/14 (43%) 5/14 (36%)

CD4<500 5/14 (36%) 5/14 (36%)

CD4≥500 3/14 (21%) 4/14 (29%)

Past TB treatment 25 (40%) 30 (47%)

Past DR-TB treatment 10 (16%) 8 (13%)

AFB Smear positive 40 (65%) 43 (67%)

Culture positive 59 (95%) 59 (92%)

Pre-XDR (FQ-R) TB 11 (18%) 9 (14%)

FQ-S 31 (50%) 30 (47%)

FQ-missing 20 (32%) 25 (39%)

Descriptive analyses – PICO 6 Comparison 6.3

The University of Sydney Page 78

Clinical characteristics BPaLM BPaLC

n (%) n (%)

Drugs used 62 (100%) 64 (100%)

Pretomanid 62 (100%) 64 (100%)

Bedaquiline 62 (100%) 64 (100%)

Linezolid 62 (100%) 64 (100%)

Moxifloxacin/levofloxacin 62 (100%) 0 (0%)

Ethionamide or prothaniomide 0 (0%) 0 (0%)

Ethambutol 0 (0%) 0 (0%)

Pyrazinamide 0 (0%) 0 (0%)

Isoniazid 0 (0%) 0 (0%)

Clofazamine 0 (0%) 64 (100%)

Injectable antibiotic 0 (0%) 0 (0%)

Descriptive analyses – PICO 6 Comparison 6.3
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Forest plot of primary outcome (original*)
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Forest plot of primary outcome (original* and 
updated)

The University of Sydney Page 81

Regimens Outcome measures Propensity score model
BPalM BPaLC Unadj. 

RR
(95% CI) Adj. RR 

(or RD)
(95% CI) p-value Covariates included in model

n (%) n (%)

Total 62 64

Outcomes
Treatment 
success 55 (89%) 52 (81%) 1.09 (0.94, 1.27) 1.11 (0.94, 1.31) 0.2152

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), AFB smear, past TB, previous DRTB 

treatment, cavitation on CXR, bilateral disease, FQ status
Failure & 
recurrence
(revised)

5 (8%) 6 (9%) 0.86 (0.28, 2.67) 0.7 (0.22, 2.29) 0.5569

Death 0 (0%) 1 (2%) -0.02 (-0.08,0.04)RD 1.00

Loss to 
follow-up
(revised)

2 (3%) 5 (8%) 0.41 (0.09, 1.77) 0.4401
Age, log BMI, diabetes,  smoking, sex, HIV status, ART 

treatment (for HIV+), AFB smear, past TB, previous DRTB 
treatment, cavitation on CXR, bilateral disease, FQ status

Grade 3 or 
more AE 22/105 (21%) 35/103 (34%) 0.62 (0.39, 0.99) 0.61 (0.37, 1.00) 0.0491

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), AFB smear, past TB, previous DRTB 

treatment, cavitation on CXR, bilateral disease, FQ status
Amplified 
resistance 0/ 105 (0%) 2 /104 (2%) -0.02 (-0.07,0.02)RD 0.2464

PICO 6 Comparison 6.3 BPaLM vs BPaLC (Failure/recurrence and LTF revised)

Intervention BPaLM TB-PRACTECAL

Comparator BPaLC TB-PRACTECAL

Time of follow-up 18 months post treatment initiation

Page 81
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Sub-group 
analyses
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Sub-group analyses PICO 6.3 (treatment success)
Regimens Outcomes Propensity score model

BPaLM BPaLC Unadj. 
RR

(95% CI) aRR
(or RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup
Smear +

40 35 (88%) 43 34 (79%) 1.11 (0.91, 1.34) 1.15 (0.92, 1.43) 0.2112
Smear- 22 20 (91%) 21 18 (86%) 1.06 (0.82, 1.41) 0.664

Did not adjust due to low number of unsuccessful 
outcomes in intervention group

Culture +

59 52 (88%) 59 47 (80%) 1.11 (0.94, 1.3) 1.13 (0.94, 1.36) 0.1872

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), AFB smear, past TB, previous 

DRTB treatment, cavitation on CXR, bilateral disease, 
FQ status

Culture - 3 3 (100%) 5 5 (100%) 1 (0.44, 1.77) 1
Did not adjust due to low number of unsuccessful 

outcomes in intervention group

Cavitation
33 30 (91%) 39 32 (82%) 1.11 (0.91, 1.37) 0.3263

Did not adjust due to low number of unsuccessful 
outcomes in intervention group

No 
cavitation 29 25 (86%) 25 20 (80%) 1.08 (0.83, 1.45) 0.7175

Did not adjust due to low number of unsuccessful 
outcomes in intervention

Smoker
16 16 (100%) 12 9 (75%) 1.33 (1.04, 2.14) 0.0672

Did not adjust due to low number of unsuccessful 
outcomes in intervention

Non 
smoker

46 39 (85%) 52 43 (83%) 1.03 (0.86, 1.22) 1.07 (0.89, 1.28) 0.4678

Age, log BMI, diabetes, sex, HIV status, ART 
treatment (for HIV+), AFB smear, past TB, previous 

DRTB treatment, cavitation on CXR, bilateral disease, 
FQ status

HIV +
14 10 (71%) 14 9 (64%) 1.11 (0.65, 1.96) 1.00

Did not adjust due to low number of unsuccessful 
outcomes in intervention group

HIV-
48 45 (94%) 48 41 (85%) 1.1 (0.95, 1.3) 0.3167

Did not adjust due to low number of unsuccessful 
outcomes in intervention group
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Sub-group analyses PICO 6.3 (treatment success)
Regimens Outcomes Propensity score model

BPaLM BPaLC Unadj. 
RR

(95% CI) aRR
(or 
RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup

Diabetes 0 NA 2 2 (100%) NA No people with diabetes in intervention

No diabetes

62 55 (89%) 62 50 (81%) 1.1 (0.95, 1.28) 1.11 (0.94, 1.32) 0.2038

Age, log BMI, smoking, sex, HIV status, ART 
treatment (for HIV+), AFB smear, past TB, previous 

DRTB treatment, cavitation on CXR, bilateral disease, 
FQ status

Fq resistant 11 9 (82%) 9 6 (67%) 1.23 (0.71, 2.39) 0.6169
Did not adjust due to low number of unsuccessful 

outcomes in intervention group

Fq sensitive
51 46 (90%) 55 46 (84%) 1.08 (0.93, 1.25) 1.08 (0.92, 1.28) 0.3192

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), AFB smear, past TB, previous 

DRTB treatment, cavitation on CXR, bilateral disease

Site

Belarus 10 10 (100%) 10 8 (80%) 1.25 (0.87, 2.04) 0.4737
Did not adjust due to low number of unsuccessful 

outcomes in intervention group

South 
Africa 16 11 (69%) 19 14 (74%) 0.93 (0.61, 1.43) 0.92 (0.54, 1.57) 0.7543

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), AFB smear, past TB, previous 

DRTB treatment, cavitation on CXR, bilateral disease, 
FQ status

Uzbekistan 36 34 (94%) 35 30 (86%) 1.1 (0.93, 1.35) 0.2603
Did not adjust due to low number of unsuccessful 

outcomes in intervention group
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Sensitivity 
analyses Risk difference for success 

at different time points
Relative risk for success at 

different time points
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Summary of outcomes – PICO 6.3

– No difference in treatment success, failure/recurrence, death, 
loss to follow-up, adverse events or amplified resistance

– No difference between any of the outcomes by sub-group
– No difference by setting, with low numbers in the South African 

and Belarus sites
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Comparison 6.3 - Limitations

– Imbalances between some baseline characteristics of the intervention and 
comparator group

– Some heterogeneity in the outcomes with the intervention regimen between the study 
sites

– Low numbers of participants in each group, and low numbers of events
– Lack of blinding of participants
– Early termination of trial for success, with low event numbers, may lead to bias
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Factors influencing certainty assessment – PICO 6.3
Risk of bias
Unmeasured confounding
- Small event numbers preclude adjusting for measured 

confounding in some analyses.
- Lack of blinding of patients, caregivers and those 

adjudicating outcomes may introduce bias in the conduct 
of the trial. This is less of a concern when comparing two 
shorter regimens.

- The trial was stopped early for benefit, with few events 
(<200), can introduce bias. Formal stopping rules do not 
reduce the bias (GRADE Handbook).

- Measured covariates were relatively balanced between 
groups.

On balance we decided to downgrade one level for risk of 
bias.

Inconsistency
Differences were observed between the three countries in 
terms of standard of care regimens. This issue was addressed 
under indirectness, and we did not downgrade for 
inconsistency.

Indirectness
A single trial. Serious indirectness (i) Populations: Differences 
in population of trial and population to which guidelines will 
apply. (ii) Comparator: Some comparator regimens are sub-
optimal, not according with the WHO standard of care (at the 
time or presently) and vary by country. Downgraded one 
level.

Imprecision
The number of participants in both intervention and 
comparator groups was small (n=62 and n=64). Very few 
events in the outcomes of interest, causing very serious 
imprecision. We downgraded two levels for imprecision for 
some outcomes, and one level for others.
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Factors influencing certainty assessment – PICO 6.3
Outcome Risk of bias Inconsistency Indirectness Imprecision Overall 

downgrading
Certainty

Success Serious ↓ Not serious Serious ↓ Serious ↓ ↓↓↓ ⨁◯◯◯
Very low

Failure/ 
recurrence

Serious ↓ Not serious Serious ↓ Very serious ↓↓ ↓↓↓↓ ⨁◯◯◯
Very low

Death Serious ↓ Not serious Serious ↓ Very serious ↓↓ ↓↓↓↓ ⨁◯◯◯
Very low

Loss to 
follow-up

Serious ↓ Not serious Serious ↓ Serious ↓ ↓↓↓ ⨁◯◯◯
Very low

Adverse 
events 

(Grade 3+)
Serious ↓ Not serious Serious ↓ Serious ↓ ↓↓↓ ⨁◯◯◯

Very low

Amplification 
drug 

resistance
Serious ↓ Not serious Serious ↓ Very serious ↓↓ ↓↓↓↓ ⨁◯◯◯

Very low
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Factors influencing certainty assessment – PICO 6.3
No of 

studies
Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations

1 Randomised 
trial

Very serious Not serious Serious Very serious none

Overall 
change ↓ ↓ ↓↓

As TB PRACTECAL was a randomized trial, the initial certainty rating 
was high quality evidence. After downgrading, certainty for all outcomes 
was rated:

⨁◯◯◯ Very low
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PICO 6
Comparison 6.4
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PICO 6.4
Compared to a standard of care regimen, should 6-month regimen 
using bedaquiline, pretomanid, linezolid and clofazamine (BPaLC) be used in 
patients with pulmonary pre-XDR-TB (MDR/RR-TB with fluoroquinolone resistance)?

Population 1) Confirmed RR TB or MDR-TB - regardless of FQN resistance 
status 
2) mITT population (defined according to PRACTECAL protocol)

Intervention 1) Patients with Bedaquiline, Pretomanid, Linezolid and 
Clofazamine used during treatment (i.e. PRACTECAL BPaLC 
regimen)
2) Intended duration of treatment <6 months 
3) All-oral regimen (Excluding use of injectable antibiotic)

Comparator 1) Patients with a mix of standard of care regimens (i.e. 
PRACTECAL SoC regimen)
2) Intended duration of treatment >9 months 

PICO 6 Comparison 6.4 BPaLC vs SoC PRACTECAL

Intervention BPaLC TB-PRACTECAL

Comparator Standard of Care TB-PRACTECAL

Time of follow-up 18 months post treatment initiation

The University of Sydney Page 93

Key

Primary 
follow-up
time

Sensitivity 
analyses

PICO 6 Comparison 6.4 BPaLC vs SoC PRACTECAL

Intervention BPaLC TB-PRACTECAL

Comparator Standard of Care TB-PRACTECAL

Time of follow-up 18 months post treatment initiation

The University of Sydney Page 94

Clinical characteristics BPaLC PRACTECAL SoC

n (%) n (%)

Total 64 (100%) 66 (100%)

Age (median, IQR) 30 (26-41) 37 (29-43)

Adults 18+ 64 (100%) 66 (100%)

Male 40 (63%) 33 (50%)

HIV positive 14 (22%) 15 (23%)

CD4<250 5/14 (36%) 6/15 (40%)

CD4<500 5/14 (36%) 8/15 (53%)

CD4≥500 4/14 (29%) 1/15 (7%)

Past TB treatment 30 (47%) 27 (41%)

Past DR-TB treatment 8 (13%) 1 (2%)

AFB Smear positive 43 (67%) 50 (76%)

Culture positive 59 (92%) 62 (94%)

Pre-XDR (FQ-R) TB 9 (14%) 12 (18%)

FQ-S 30 (47%) 26 (43%)

FQ-missing 25 (39%) 22 (37%)

Descriptive analyses – PICO 6 Comparison 6.4
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Clinical characteristics BPaLC PRACTECAL SoC

n (%) n (%)

Drugs used 64 (100%) 66 (100%)

Pretomanid 64 (100%) 0 (0%)

Bedaquiline 64 (100%) 50 (76%)

Linezolid 64 (100%) 51 (77%)

Moxifloxacin/levofloxacin 0 (0%) 63 (95%)

Ethionamide or prothaniomide 0 (0%) 25 (38%)

Ethambutol 0 (0%) 31 (47%)

Pyrazinamide 0 (0%) 51 (77%)

Isoniazid 0 (0%) 0 (0%)

Clofazamine 64 (100%) 64 (97%)

Injectable antibiotic 0 (0%) 37 (56%)

Descriptive analyses – PICO 6 Comparison 6.4
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Forest plot of primary outcome (original*)
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Forest plot of primary outcome (original and updated)
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Regimens Outcome measures Propensity score model

BPaLC PRACTECA
L SoC

Unadj. 
RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 64 66

Outcomes
Treatment 
success 52 (81%) 34 (52%) 1.58 (1.21, 2.05) 1.55 (1.15, 2.11) 0.0048

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), AFB smear, past TB, previous DRTB 
treatment, cavitation on CXR, bilateral disease, FQ status

Failure & 
recurrence 6 (9%) 17 (26%) 0.36 (0.15, 0.86) 0.34 (0.14, 0.87) 0.0238

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), AFB smear, past TB, previous DRTB 
treatment, cavitation on CXR, bilateral disease, FQ status

Death 1 (2%) 2 (3%) 0.52 (0.07, 3.85) 1.00 Did not adjust owing to small event numbers

Loss to 
follow-up 5 (8%) 13 (20%) 0.4 (0.15, 1.05) 0.43 (0.15, 1.23) 0.1135

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), AFB smear, past TB, previous DRTB 
treatment, cavitation on CXR, bilateral disease, FQ status

Grade 3 or 
more AE 35/104 (34%)

55/108 
(51%) 0.66 (0.48, 0.92) 0.67 (0.46, 0.97) 0.0343

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), AFB smear, past TB, previous DRTB 
treatment, cavitation on CXR, bilateral disease, FQ status

Amplified 
resistance 2/104 (2%) 2/108 (2%) 1.04 (0.19, 5.8) 1.00 Did not adjust owing to small event numbers

PICO 6 Comparison 6.4 BPaLC vs SoC PRACTECAL (Failure/recurrence and LTF revised)

Intervention BPaLC TB-PRACTECAL

Comparator Standard of Care TB-PRACTECAL

Time of follow-up 18 months post treatment initiation
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Forest plot 
of sub-
group 
analyses
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Sub-group analyses PICO 6.4 (treatment success)
Regimens Outcomes Propensity score model

BPaLC PRACTECAL SOC Unadj. 
RR

(95% CI) aRR (or 
RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup
Smear +

43 34 (79%) 50 28 (56%) 1.41 (1.06, 1.89) 1.41 (0.99, 2.02) 0.0578

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), past TB, previous DRTB 

treatment, cavitation on CXR, bilateral disease, FQ 
status

Smear-
21 18 (86%) 16 6 (38%) 2.29 (1.31, 4.71) 0.0046

No adjustment as low numbers of unsuccessful 
outcomes in intervention

Culture +

59 47 (80%) 62 32 (52%) 1.54 (1.17, 2.03) 1.51 (1.09, 2.11) 0.0146

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), past TB, previous DRTB 
treatment, cavitation on CXR, bilateral disease, FQ 
status

Culture -
5 5 (100%) 4 2 (50%) 2.00 (0.91, 6.66) 0.1667

No adjustment as low numbers of unsuccessful 
outcomes in intervention

Cavitation
39 32 (82%) 47 25 (53%) 1.54 (1.14, 2.09) 1.53 (1.01, 2.3) 0.043

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), past TB, previous DRTB 
treatment, bilateral disease, FQ status

No 
cavitation 25 20 (80%) 19 9 (47%) 1.69 (1.01, 2.82) 1.12 (0.71, 1.77) 0.6263

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), past TB, previous DRTB 
treatment, bilateral disease, FQ status

Smoker 12 9 (75%) 19 9 (47%) 1.58 (0.86, 2.91) 0.1581
No adjustment as low numbers of unsuccessful 

outcomes in intervention

Non 
smoker 52 43 (83%) 47 25 (53%) 1.55 (1.16, 2.09) 1.54 (0.95, 2.49) 0.0781

Age, log BMI, diabetes, sex, HIV status, ART treatment 
(for HIV+), past TB, previous DRTB treatment, 
cavitation on CXR, bilateral disease, FQ status

HIV +

14 9 (64%) 15 9 (60%) 1.07 (0.61, 1.89) 1.15 (0.56, 2.37) 0.6852

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), past TB, previous DRTB 
treatment, cavitation on CXR, bilateral disease, FQ 
status

HIV-
48 41 (85%) 49 23 (47%) 1.82 (1.32, 2.51) 1.74 (1.19, 2.54) 0.0044

Age, log BMI, diabetes, sex, HIV status,past TB, 
previous DRTB treatment, cavitation on CXR, bilateral 

disease, FQ status
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The University of Sydney

Sub-group analyses PICO 6.4 (treatment success)
Regimens Outcomes Propensity score model

BPaLC PRACTECAL SOC Unadj. 
RR

(95% CI) aRR
(or 
RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup

Diabetes 2 2 (100%) 2 0 (0%) 1 (-0.12, 1) RD 0.3333 Risk difference as low event numbers

No diabetes

62 50 (81%) 64 34 (53%) 1.52 (1.17, 1.97) 1.5 (1.1, 2.05) 0.0106

Age, log BMI, smoking, sex, HIV status, ART 
treatment (for HIV+), past TB, previous DRTB 
treatment, cavitation on CXR, bilateral disease, FQ 
status

Fq resistant
9 6 (67%) 12 8 (67%) 1.00 (0.49, 1.88) 1.000

No adjustment as low event numbers in intervention 
group

Fq sensitive
55 46 (84%) 54 26 (48%) 1.74 (1.29, 2.35) 1.63 (1.14, 2.35) 0.0087

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), past TB, previous DRTB 
treatment, cavitation on CXR, bilateral disease

Site

Belarus 10 8 (80%) 12 4 (33%) 2.4 (1.1, 6.0) 0.0427
No adjustment as low event numbers in intervention 
group

South 
Africa 19 14 (74%) 18 11 (61%) 1.21 (0.76, 1.9) 1.14 (0.65, 2.00) 0.6401

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), past TB, previous DRTB 
treatment, cavitation on CXR, bilateral disease, FQ 
status

Uzbekistan
35 30 (86%) 36 19 (53%) 1.62 (1.16, 2.28) 1.82 (1.06, 3.12) 0.031

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), past TB, previous DRTB 
treatment, cavitation on CXR, bilateral disease, FQ
status Page 101
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Forest plot 
of 
sensitivity 
analyses
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PICO 6.4 - summary

BPaLC was associated with:
- Increased treatment success
- Reduced loss to follow-up, failure/recurrence or death grade 3 or above 

adverse adverse events
- Amplified resistance higher (with confidence limits crossing the null)
- Increased treatment success for most sub-groups
- Increased effectiveness in FQ-S but not FQ-R disease (low numbers of 

participants in this sub-group)
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Comparison 6.4 - Limitations

– Imbalances between some baseline characteristics of the intervention and 
comparator group

– Some heterogeneity in the outcomes with the intervention regimen between the study 
sites

– Low numbers of participants in each group, and low numbers of events for some 
outcomes and sub-groups

– Lack of blinding of participants
– Early termination of trial for success, with low event numbers, may lead to bias

The University of Sydney Page 105

Factors influencing certainty assessment – PICO 6.4
Indirectness
A single trial. Serious indirectness (i) Populations: Differences 
in population of trial and population to which guidelines will 
apply. (ii) Comparator: Some comparator regimens are sub-
optimal, not according with the WHO standard of care (at the 
time or presently) and vary by country. Downgraded one 
level.

Imprecision
The number of participants in both intervention and 
comparator groups was small (n=64 and n=66). Very few 
events in the outcomes of interest, causing very serious 
imprecision. We downgraded two levels for imprecision for 
some outcomes, and one level for others.

Risk of bias
Unmeasured confounding
- Small event numbers preclude adjusting for measured 

confounding in some analyses.
- Lack of blinding of patients, caregivers and those 

adjudicating outcomes may introduce bias in the conduct 
of the trial. 

- The trial was stopped early for benefit, with few events 
(<200), can introduce bias. Formal stopping rules do not 
reduce the bias (GRADE Handbook).

- An imbalance in the measured baseline covariates (prior 
TB, prior DR-TB), likely arising from the small number of 
participants in each group. However, as poorer prognostic 
factors in intervention would bias toward null.

The decision as to whether to downgrade one or two levels for 
risk of bias was difficult. On balance, given multiple factors 
above, we decided to downgrade one to two levels for risk of 
bias depending upon outcome.

Inconsistency
Substantial differences observed between the three countries 
in terms of standard of care regimens. This issue was 
addressed under indirectness, and so we did not downgrade 
for inconsistency.
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Factors influencing certainty assessment – PICO 6.4
Outcome Risk of bias Inconsistency Indirectness Imprecision Overall 

downgrading
Certainty

Success Serious ↓ Not serious Serious ↓ Serious ↓ ↓↓↓ ⨁◯◯◯
Very low

Failure/ 
recurrence

Serious ↓ Not serious Serious ↓ Very serious ↓↓ ↓↓↓↓ ⨁◯◯◯
Very low

Death Serious ↓ Not serious Serious ↓ Very serious ↓↓ ↓↓↓↓ ⨁◯◯◯
Very low

Loss to 
follow-up

Serious ↓ Not serious Serious ↓ Serious ↓ ↓↓↓ ⨁◯◯◯
Very low

Adverse 
events 

(Grade 3+)
Serious ↓ Not serious Serious ↓ Serious ↓ ↓↓↓ ⨁◯◯◯

Very low

Amplification 
drug 

resistance
Serious ↓ Not serious Serious ↓ Very serious ↓↓ ↓↓↓↓ ⨁◯◯◯

Very low
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Factors influencing certainty assessment – PICO 6.4
No of 

studies
Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations

1 Randomised 
trial

Very serious Not serious Serious Very serious none

Overall 
change ↓ ↓ ↓↓

As TB PRACTECAL was a randomized trial, the initial certainty rating 
was high quality evidence. After downgrading, certainty for all outcomes 
was rated:

⨁◯◯◯ Very low
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PICO 6
Comparison 6.5

The University of Sydney Page 109

PICO 6.5
Compared to a regimen of bedaquiline, pretomanid, linezolid, should 6-month 
regimen using bedaquiline, pretomanid, linezolid and clofazamine (BPaLC) be used 
in patients with pulmonary pre-XDR-TB (MDR/RR-TB with fluoroquinolone 
resistance)?

Population 1) Confirmed RR TB or MDR-TB - regardless of FQN resistance 
status 
2) mITT population (defined according to PRACTECAL protocol)

Intervention 1) Patients with Bedaquiline, Pretomanid, Linezolid and 
Clofazamine used during treatment (i.e. PRACTECAL BPaLC 
regimen)
2) Intended duration of treatment <6 months 
3) All-oral regimen (Excluding use of injectable antibiotic)

Comparator 1) Patients with Bedaquiline, Pretomanid, Linezolid used during 
treatment (i.e. PRACTECAL BPaL 600-300 regimen)
2) Intended duration of treatment <6 months 
3) All-oral regimen (Excluding use of injectable antibiotic)

PICO 6 Comparison 6.5 BPaLC vs BPaL 600-300

Intervention BPaLC TB-PRACTECAL

Comparator BPaL 600-300 TB-PRACTECAL

Time of follow-up 18 months post treatment initiation
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Key

Primary 
follow-up
time

Sensitivity 
analyses

PICO 6 Comparison 6.5 BPaLC vs BPaL 600-300

Intervention BPaLC TB-PRACTECAL

Comparator BPaL 600-300 TB-PRACTECAL

Time of follow-up 18 months post treatment initiation

The University of Sydney

Clinical characteristics BPaLC BPaL 600-300

n (%) n (%)

Total 64 (100%) 60 (100%)

Age (median, IQR) 30 (26-41) 34 (27-46)

Adults 18+ 64 (100%) 60 (100%)

Male 40 (63%) 32 (53%)

HIV positive 14 (22%) 14 (23%)

CD4<250 5/14 (36%) 6/13* (46%)

CD4<500 5/14 (36%) 5/13* (38%)

CD4≥500 4/14 (29%) 2/13* (15%)

Past TB treatment 30 (47%) 32 (53%)

Past DR-TB treatment 8 (13%) 13 (22%)

AFB Smear positive 43 (67%) 45 (75%)

Culture positive 59 (92%) 53 (88%)

Pre-XDR (FQ-R) TB 9 (14%) 12 (20%)

FQ-S 30 (47%) 26 (43%)

FQ-missing 25 (39%) 22 (37%)

Descriptive analyses – PICO 6 Comparison 6.5

* 1 missing
CD4+ result
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Clinical characteristics BPaLC BPaL 600-300

n (%) n (%)

Drugs used 64 (100%) 60 (100%)

Pretomanid 64 (100%) 60 (100%)

Bedaquiline 64 (100%) 60 (100%)

Linezolid 64 (100% 60 (100%)

Moxifloxacin/levofloxacin 0 (0%) 0 (0%)

Ethionamide or prothaniomide 0 (0%) 0 (0%)

Ethambutol 0 (0%) 0 (0%)

Pyrazinamide 0 (0%) 0 (0%)

Isoniazid 0 (0%) 0 (0%)

Clofazamine 64 (100%) 0 (0%)

Injectable antibiotic 0 (0%) 0 (0%)

Descriptive analyses – PICO 6 Comparison 6.5
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Forest plot of primary outcome (original*)
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Forest plot of primary outcome (original and updated)

The University of Sydney

Regimens Outcome measures Propensity score model
BPalC BPaL 600-

300
Unadj. 
RR

(95% CI) Adj. 
RR

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 64 60

Outcomes
Treatment 
success

52 (81%) 46 (77%) 1.06 (0.88, 1.27) 1.04 (0.84, 1.3) 0.6914
Age, log BMI, diabetes,  smoking, sex, HIV status, ART 

treatment (for HIV+), AFB smear, past TB, previous DRTB 
treatment, cavitation on CXR, bilateral disease, FQ status

Failure & 
recurrence
(revised)

6 (9%) 8 (13%) 0.7 (0.26, 1.91) 0.86 (0.28, 2.69) 0.7951
Age, log BMI, diabetes,  smoking, sex, HIV status, ART 

treatment (for HIV+), AFB smear, past TB, previous DRTB 
treatment, cavitation on CXR, bilateral disease, FQ status

Death 1 (2%) 0 (0%) 0.02 (-0.05, 0.08) RD 1.000 No adjustment due to low event numbers in both groups

Loss to 
follow-up
(revised) 5 (8%) 6 (10%) 0.78 (0.25, 2.43) 0.72 (0.21, 2.47) 0.5928

Age, log BMI, diabetes,  smoking, sex, HIV status, ART 
treatment (for HIV+), AFB smear, past TB, previous DRTB 
treatment, cavitation on CXR, bilateral disease, FQ status

Grade 3 or 
more AE

35/104 (34%)
20/102 

(20%)
1.72 (1.07, 2.76) 1.64 (0.97, 2.79) 0.0661 Model as above

Amplified 
resistance

2/104 (2%) 3/102 (3%) 0.65 (0.13, 3.21) 0.6814 No adjustment due to low event numbers in both groups

PICO 6 Comparison 6.5 BPaLC vs BPaL 600-300 (Failure/relapse and LTF revised)

Intervention BPaLC TB-PRACTECAL

Comparator BPaL 600-300 TB-PRACTECAL

Time of follow-up 18 months post treatment initiation

Page 115
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Sub-group 
analyses

The University of Sydney

Sub-group analyses PICO 6.5 (treatment success)
Regimens Outcomes Propensity score model

BPaLC BPaL 600-300 Unadj. 
RR

(95% CI) aRR
(or RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup
Smear +

43 34 (79%) 45 34 (76%) 1.05 (0.83, 1.31) 1.04 (0.82, 1.33) 0.7408
Age, log BMI, diabetes,  smoking, sex, HIV status, 

ART treatment (for HIV+), past TB, previous DRTB 
treatment, cavitation on CXR, bilateral disease, FQ 

status

Smear- 21 18 (86%) 15 12 (80%) 1.07 (0.78, 1.6) 0.6774 No adjustment due to small event numbers 
(unsuccessful) in intervention

Culture +
59 47 (80%) 53 39 (74%) 1.08 (0.88, 1.33) 1.07 (0.84, 1.37) 0.5851

Age, log BMI, diabetes,  smoking, sex, HIV status, 
ART treatment (for HIV+), AFB smear, past TB, 

previous DRTB treatment, cavitation on CXR, 
bilateral disease, FQ status

Culture - 5 5 (100%) 7 7 (100%) 0 (-0.46,0.37)RD 1.00 All successful  outcomes in both groups

Cavitation
39 32 (82%) 41 30 (73%) 1.12 (0.89, 1.42) 1.16 (0.84, 1.61) 0.3607

Age, log BMI, diabetes,  smoking, sex, HIV status, 
ART treatment (for HIV+), AFB smear, past TB, 

previous DRTB treatment, bilateral disease, FQ 
status

No 
cavitation 25 20 (80%) 19 16 (84%) 0.95 (0.7, 1.32) 1 No adjustment due to small event numbers 

(unsuccessful) in intervention

Smoker 12 9 (75%) 17 13 (76%) 0.98 (0.59, 1.52) 1 No adjustment due to small event numbers 
(unsuccessful) in intervention

Non 
smoker 52 43 (83%) 43 33 (77%) 1.08 (0.88, 1.32) 1.02 (0.8, 1.3) 0.8647

Age, log BMI, diabetes, sex, HIV status, ART 
treatment (for HIV+), AFB smear, past TB, previous 

DRTB treatment, cavitation on CXR, bilateral 
disease, FQ status

HIV + 14 9 (64%) 14 10 (71%) 0.9 (0.51, 1.55) 1 No adjustment due to small event numbers 
(unsuccessful) in intervention

HIV-
48 41 (85%) 45 36 (80%) 1.07 (0.89, 1.29) 1.01 (0.82, 1.26) 0.8997

Age, log BMI, diabetes,  smoking, sex, AFB smear, 
past TB, previous DRTB treatment, cavitation on 

CXR, bilateral disease, FQ status Page 117
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Sub-group analyses PICO 6.5 (treatment success)
Regimens Outcomes Propensity score model

BPaLC BPaL 600-300 Unadj. 
RR

(95% CI) aRR
(or 
RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup

Diabetes 2 2 (100%) 2 1 (50%) 0.5 (-0.47, 0.92) RD 1.00 Risk difference as low numbers in both groups

No diabetes

62 50 (81%) 58 45 (78%) 1.04 (0.86, 1.25) 1.05 (0.83, 1.32) 0.6986

Age, log BMI, smoking, sex, HIV status, ART 
treatment (for HIV+), AFB smear, past TB, 

previous DRTB treatment, cavitation on CXR, 
bilateral disease, FQ status

Fq resistant

9 6 (67%) 12 9 (75%) 0.89 (0.45, 1.58) 1.00

Age, log BMI, diabetes,  smoking, sex, HIV status, 
ART treatment (for HIV+), AFB smear, past TB, 

previous DRTB treatment, cavitation on CXR, 
bilateral disease

Fq sensitive

55 46 (84%) 48 37 (77%) 1.09 (0.89, 1.32) 1.05 (0.85, 1.29) 0.6778

Age, log BMI, diabetes,  smoking, sex, HIV status, 
ART treatment (for HIV+), AFB smear, past TB, 

previous DRTB treatment, cavitation on CXR, 
bilateral disease

Site
Belarus 10 8 (80%) 11 10 (91%) 0.88 (0.53, 1.35) 0.5865

No adjustment as low numbers of unsuccessful 
events in both arms

South Africa
19 14 (74%) 16 10 (62%) 1.18 (0.74, 1.88) 1.85 (0.86, 3.98) 0.1108

Age, log BMI, diabetes,  smoking, sex, HIV status, 
ART treatment (for HIV+), AFB smear, past TB, 

previous DRTB treatment, cavitation on CXR, 
bilateral disease, FQ status

Uzbekistan
35 30 (86%) 33 26 (79%) 1.09 (0.87, 1.36) 0.89 (0.58, 1.36) 0.5914

Age, log BMI, diabetes,  smoking, sex, HIV status, 
ART treatment (for HIV+), AFB smear, past TB, 

previous DRTB treatment, cavitation on CXR, 
bilateral disease, FQ status
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Sensitivity 
analyses

The University of Sydney Page 120

PICO 6.5 - Summary

With BPaLC regimen, versus BPaL 600-300:
- No difference in treatment success
- No difference in failure/recurrence, death, loss to follow-up, grade 3 or 

above adverse events or acquired resistance
- No difference in treatment outcomes for sub-groups
- No difference according to fluoroquinolone state
- No difference in any country

The University of Sydney Page 121

Comparison 6.5 - Limitations

– Imbalances between some baseline characteristics of the intervention and 
comparator group

– Some heterogeneity in the outcomes with the intervention regimen between the study 
sites

– Low numbers of participants in each group, and low numbers of events for some 
outcomes and sub-groups

– Lack of blinding of participants
– Early termination of trial for success, with low event numbers, may lead to bias
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Factors influencing certainty assessment – PICO 6.5
Indirectness
A single trial. Serious indirectness (i) Populations: Differences 
in population of a trial and population to which guidelines will 
apply. (ii) Comparator: Some comparator regimens are sub-
optimal, not according with the WHO standard of care (at the 
time or presently) and vary by country. Downgraded one 
level.

Imprecision
The number of participants in both intervention and 
comparator groups was small (n=64 and n=60). Very few 
events in the outcomes of interest, causing very serious 
imprecision. We downgraded two levels for imprecision for 
some outcomes, and one level for others.

Risk of bias
Unmeasured confounding
- Small event numbers preclude adjusting for measured 

confounding in some analyses.
- Lack of blinding of patients, caregivers and those 

adjudicating outcomes may introduce bias in the conduct 
of the trial. This is less of a concern when comparing two 
shorter regimens.

- The trial was stopped early for benefit, with few events 
(<200), can introduce bias. Formal stopping rules do not 
reduce the bias (GRADE Handbook).

- An imbalance in the measured baseline covariates (prior 
TB, prior DR-TB, smear, FQ-R), likely arising from the 
small number of participants in each group

- On balance we decided to downgrade one level for risk 
of bias depending upon outcome.

Inconsistency
Substantial differences observed between the three countries 
in terms of standard of care regimens. This issue was 
addressed under indirectness, and so we did not downgrade 
for inconsistency.

The University of Sydney Page 123

Factors influencing certainty assessment – PICO 6.5
Outcome Risk of bias Inconsistency Indirectness Imprecision Overall 

downgrading
Certainty

Success Serious ↓ Not serious Serious ↓ Serious ↓ ↓↓↓ ⨁◯◯◯
Very low

Failure/ 
recurrence

Serious ↓ Not serious Serious ↓ Very serious ↓↓ ↓↓↓↓ ⨁◯◯◯
Very low

Death Serious ↓ Not serious Serious ↓ Very serious ↓↓ ↓↓↓↓ ⨁◯◯◯
Very low

Loss to 
follow-up

Serious ↓ Not serious Serious ↓ Serious ↓ ↓↓↓ ⨁◯◯◯
Very low

Adverse 
events 

(Grade 3+)
Serious ↓ Not serious Serious ↓ Serious ↓ ↓↓↓ ⨁◯◯◯

Very low

Amplification 
drug 

resistance
Serious ↓ Not serious Serious ↓ Very serious ↓↓ ↓↓↓↓ ⨁◯◯◯

Very low

The University of Sydney Page 124

Factors influencing certainty assessment – PICO 6.5
No of 

studies
Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations

1 Randomised 
trial

Very serious Not serious Serious Very serious none

Overall 
change ↓ ↓ ↓↓

As TB PRACTECAL was a randomized trial, the initial certainty rating 
was high quality evidence. After downgrading, certainty for all outcomes 
was rated:

⨁◯◯◯ Very low
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PICO 6
Comparison 6.6

The University of Sydney Page 126

PICO 6.6
Compared to a standard of care regimen, should 6-month regimen 
using bedaquiline, pretomanid, linezolid (BPaL) be used in patients with pulmonary 
pre-XDR-TB (MDR/RR-TB with fluoroquinolone resistance)?

Population 1) Confirmed RR TB or MDR-TB - regardless of FQN resistance 
status 
2) mITT population (defined according to PRACTECAL protocol)

Intervention 1) Patients with Bedaquiline, Pretomanid, Linezolid used during 
treatment (i.e. PRACTECAL BPaL 600-300 regimen)
2) Intended duration of treatment <6 months 
3) All-oral regimen (Excluding use of injectable antibiotic)

Comparator 1) Patients with a mix of standard of care regimens (i.e. 
PRACTECAL SoC regimen)
2) Intended duration of treatment >9 months 

PICO 6 Comparison 6.6 BPaL 600-300 vs PRACTECAL SoC

Intervention BPaL 600-300 TB-PRACTECAL

Comparator Standard of Care TB-PRACTECAL

Time of follow-up 18 months post treatment initiation

The University of Sydney Page 127

Key

Primary 
follow-up
time

Sensitivity 
analyses

PICO 6 Comparison 6.6 BPaL 600-300 vs PRACTECAL SoC

Intervention BPaL 600-300 TB-PRACTECAL

Comparator Standard of Care TB-PRACTECAL

Time of follow-up 18 months post treatment initiation
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The University of Sydney

Clinical characteristics BPaL 600-300 PRACTECAL SoC

n (%) n (%)

Total 60 (100%) 66 (100%)

Age (median, IQR) 34 (27-46) 37 (29-43)

Adults 18+ 60 (100%) 66 (100%)

Male 32 (53%) 33 (50%)

HIV positive 14 (23%) 15 (23%)

CD4 <250 6/13* (46%) 6/15 (40%)

CD4 250-499 5/13* (38%) 8/15 (53%)

CD4 ≥500 2/13* (15%) 1/15 (7%)

Past TB treatment 32 (53%) 27 (41%)

Past DR-TB treatment 13 (22%) 1 (2%)

AFB Smear positive 45 (75%) 50 (76%)

Culture positive 53 (88%) 62 (94%)

Pre-XDR (FQ-R) TB 12 (20%) 12 (18%)

FQ-S 26 (43%) 26 (43%)

FQ-missing 22 (37%) 22 (37%)

Descriptive analyses – PICO 6 Comparison 6.6

*1 missing CD4
count

Page 128
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Clinical characteristics BPaL 600-300 Practecal SoC

n (%) n (%)

Drugs used 60 (100%) 66 (100%)

Pretomanid 60 (100%) 0 (0%)

Bedaquiline 60 (100%) 50 (76%)

Linezolid 60 (100% 51 (77%)

Moxifloxacin/levofloxacin 0 (0%) 63 (95%)

Ethionamide or prothaniomide 0 (0%) 25 (38%)

Ethambutol 0 (0%) 31 (47%)

Pyrazinamide 0 (0%) 51 (77%)

Isoniazid 0 (0%) 0 (0%)

Clofazamine 0 (0%) 64 (97%)

Injectable antibiotic 0 (0%) 37 (56%)

Descriptive analyses – PICO 6 Comparison 6.6

The University of Sydney Page 130

Forest plot of primary outcome (original*)

*LTF defined as loss to follow up plus treatment discontinuation for any reason (trial defined)
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Forest plot of primary outcome (original and updated)

The University of Sydney

Regimens Outcome measures Propensity score model

BPaL 600-
300

PRACTEC
AL SoC

Unadj
. RR

(95% CI) Adj. RR 
(or RD)

(95% CI) p-value Covariates included in model

n (%) n (%)

Total 60 66

Outcomes
Treatment 
success

46 (77%) 34 (52%) 1.49 (1.13, 1.95) 1.47 (1.09, 1.99) 0.0124
Age, log of BMI, diabetes, smoking status, sex, HIV, past TB, smear 

status, cavitation, bilateral disease, prior DR-TB, ART (among HIV+), FQ 
resistance

Failure & 
recurrence 
(revised) 8 (13%) 17 (26%) 0.52 (0.24, 1.11) 0.52 (0.22, 1.18) 0.1176

Age, log of BMI, diabetes, smoking status, sex, HIV, past TB, smear 
status, cavitation, bilateral disease, prior DR-TB, ART (among HIV+), FQ 

resistance

Death 0 (0%) 2 (3%) -0.03 (-0.1, 0.03) RD 0.4971 As above

Loss to 
follow-up 
(revised) 6 (10%) 13 (20%) 0.51 (0.21, 1.25) 0.6 (0.24, 1.56) 0.2942

Age, log of BMI, diabetes, smoking status, sex, HIV, past TB, smear 
status, cavitation, bilateral disease, prior DR-TB, ART (among HIV+), FQ 

resistance

Grade 3 or 
more AE

20/102 (20%)
55/108 

(51%)
0.39 (0.25, 0.59) 0.38 (0.24, 0.6) 0.0001 As above

Amplified 
resistance

3/102 (3%) 2/108 (2%) 1.59 (0.32,7.84) 0.6758 No adjustment due to small numbers of outcomes in both groups

PICO 6 Comparison 6.6 BPaL 600-300 vs PRACTECAL SoC (Failure/recurrence and LTF revised)

Intervention BPaL 600-300 TB-PRACTECAL

Comparator Standard of Care TB-PRACTECAL

Time of follow-up 18 months post treatment initiation

Page 132
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Sub-group 
analyses
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The University of Sydney

Sub-group analyses PICO 6.6 (treatment success)
Regimens Outcomes Propensity score model

BPaL 600-300 PRACTECAL SOC Unadj. 
RR

(95% CI) aRR
(or RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup
Smear +

45 34 (76%) 50 28 (56%) 1.35 (1, 1.82) 1.37 (0.97, 1.92) 0.0707

Age, log BMI, diabetes, smoking status, sex, 
HIV, past TB, cavitation, bilateral disease, prior 
DR-TB, ART (among HIV+), FQ resistance

Smear- 15 12 (80%) 16 6 (38%) 2.13 (1.15, 4.47) 0.029 Adjustment not performed

Culture +

53 39 (74%) 62 32 (52%) 1.43 (1.07, 1.91) 1.39 (1.01, 1.92) 0.0446

Age, log BMI, diabetes, smoking status, sex, HIV, past 
TB, cavitation, bilateral disease, prior DR-TB, ART 
(among HIV+), FQ resistance

Culture - 7 7 (100%) 4 2 (50%) 2 (1.05, 6.66) 0.1091 Adjustment not performed

Cavitation
41 30 (73%) 47 25 (53%) 1.38 (0.99, 1.91) 1.3 (0.9, 1.89) 0.1607

Age, log BMI, diabetes, smoking status, sex, HIV, past 
TB, bilateral disease, prior DR-TB, ART (among HIV+), 
FQ resistance

No 
cavitation 19 16 (84%) 19 9 (47%) 1.78 (1.11, 3.15) 0.0382 Adjustment not performed

Smoker 17 13 (76%) 19 9 (47%) 1.61 (0.95, 2.92) 0.0967 Adjustment not performed

Non 
smoker 43 33 (77%) 47 25 (53%) 1.44 (1.05, 1.98) 1.33 (0.92, 1.92) 0.1329

Age, log BMI, diabetes, sex, HIV, past TB, cavitation, 
bilateral disease, prior DR-TB, ART (among HIV+), FQ 
resistance

HIV + 14 10 (71%) 15 9 (60%) 1.19 (0.68, 2.13) 0.6999 Adjustment not performed

HIV-

45 36 (80%) 49 23 (47%) 1.7 (1.22, 2.37) 1.55 (1.09, 2.22) 0.016

Age, log BMI, diabetes, smoking status, sex, past TB, 
cavitation, bilateral disease, prior DR-TB, ART, FQ
resistance Page  134

The University of Sydney

Sub-group analyses PICO 6.6 (treatment success)
Regimens Outcomes Propensity score model

BPaL 600-300 PRACTECAL 
SOC

Una
dj. 
RR

(95% CI) aRR
(or 
RD)

(95% CI) p-
value

Covariates included in model

Total Success
n (%)

Total Success
n (%)

Subgroup

Diabetes 2 1 (50%) 2 0 (0%) 0.5 (-0.47, 0.92) RD 1.00 Small event numbers, hence risk difference reported

No diabetes

58 45 (78%) 64 34 (53%) 1.46 (1.12, 1.91) 1.45 (1.06, 1.97) 0.0187

Age, log BMI, smoking status, sex, HIV, past TB, 
cavitation, bilateral disease, prior DR-TB, ART (among 

HIV+), FQ resistance

Fq resistant

12 9 (75%) 12 8 (67%) 1.12 (0.64, 2.03) 1 No adjustment performed

Fq sensitive

48 37 (77%) 54 26 (48%) 1.6 (1.17, 2.2) 1.62 (1.15, 2.28) 0.006

Age, log BMI, diabetes, smoking status, sex, HIV, past 
TB, cavitation, bilateral disease, prior DR-TB, ART 

(among HIV+)

Site
Belarus 11 10 (91%) 12 4 (33%) 2.73 (1.36, 6.67) 0.0094 No adjustment performed

South 
Africa 16 10 (62%) 18 11 (61%) 1.02 (0.6, 1.74) 0.62 (0.28, 1.36) 0.2226

Age, log BMI, diabetes, smoking status, sex, HIV, past 
TB, cavitation, bilateral disease, prior DR-TB, ART 

(among HIV+), FQ resistance

Uzbekistan
33 26 (79%) 36 19 (53%) 1.49 (1.05, 2.13) 1.55 (1, 2.39) 0.0491 As above
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Sensitivity 
analyses
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Comparison 6.6 - Summary

With BPaL 600-300 regimen:
- Increased treatment success
- Reduction in failure/recurrence and loss to follow-up (revised)
- Lower death
- Lower incidence of grade 3 to 5 adverse events
- No difference in amplified resistance

The University of Sydney Page 138

Comparison 6.6 – Subgroup analysis summary

Higher incidence of success for BPaL 600-300 among:
– Increased treatment success for most sub-groups
– FQ-S TB (owing to poorer outcomes in comparator)
– Belarus and Uzbekistan, but not South Africa

The University of Sydney Page 139

Factors influencing certainty assessment – PICO 6.6
Risk of bias
Unmeasured confounding
- Small event numbers preclude adjusting for measured 

confounding in some analyses.
- Lack of blinding of patients, caregivers and those 

adjudicating outcomes may introduce bias in the conduct 
of the trial. 

- The trial was stopped early for benefit, with few events 
(<200), can introduce bias. Formal stopping rules do not 
reduce the bias (GRADE Handbook).

- An imbalance in the measured baseline covariates (prior 
TB, prior DR-TB), likely arising from the small number of 
participants in each group. However, as poorer prognostic 
factors in intervention would bias toward null.

The decision as to whether to downgrade one or two levels for 
risk of bias was difficult. On balance, given multiple factors 
above, we decided to downgrade one to two levels for risk of 
bias depending upon outcome.

Inconsistency
Substantial differences observed between the three countries 
in terms of standard of care regimens. This issue was 
addressed under indirectness, and so we did not downgrade 
for inconsistency.

Indirectness
A single trial. Serious indirectness (i) Populations: Differences 
in population of trial and population to which guidelines will 
apply. (ii) Comparator: Some comparator regimens are sub-
optimal, not according with the WHO standard of care (at the 
time or presently) and vary by country. Downgraded one 
level.

Imprecision
The number of participants in both intervention and 
comparator groups was small (n=60 and n=66). Very few 
events in the outcomes of interest, causing very serious 
imprecision. We downgraded two levels for imprecision for 
some outcomes, and one level for others.
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Factors influencing certainty assessment – PICO 6.6
Outcome Risk of bias Inconsistency Indirectness Imprecision Overall 

downgrading
Certainty

Success Serious ↓ Not serious Serious ↓ Serious ↓ ↓↓↓ ⨁◯◯◯
Very low

Failure/ 
recurrence

Serious ↓ Not serious Serious ↓ Very serious ↓↓ ↓↓↓↓ ⨁◯◯◯
Very low

Death Serious ↓ Not serious Serious ↓ Very serious ↓↓ ↓↓↓↓ ⨁◯◯◯
Very low

Loss to 
follow-up

Very serious ↓↓ Not serious Serious ↓ Serious ↓ ↓↓↓↓ ⨁◯◯◯
Very low

Adverse 
events 

(Grade 3+)
Very serious ↓↓ Not serious Serious ↓ Serious ↓ ↓↓↓↓ ⨁◯◯◯

Very low

Amplification 
drug 

resistance
Serious ↓ Not serious Serious ↓ Very serious ↓↓ ↓↓↓↓ ⨁◯◯◯

Very low

The University of Sydney Page 141

Factors influencing certainty assessment – PICO 6.6
No of 

studies
Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations

1 Randomised 
trial

Very serious Not serious Serious Very serious none

Overall 
change ↓↓ ↓ ↓↓

As TB PRACTECAL was a randomized trial, the initial certainty rating 
was high quality evidence. After downgrading, certainty for all outcomes 
was rated:

⨁◯◯◯ Very low

The University of Sydney Page 142

Supplementary slides
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FQ-R F-S*

Intervention 
success

Comparator success Intervention success Comparator success

Tota
l

n (%) N n (%) Total n (%) Total n (%)

Total

Belarus 2 1 (50%) 3 1 (33%) 8 6 (75%) 9 3 (33%)

South Africa 3 2 (67%) 0 0 (0%) 16 12 (75%) 18 10 (56%)

Uzbekistan 4 3 (75%
)

9 6 (67%) 31 27 (87%) 27 12 (44%)

TB PRACTECAL – BPaLC vs TBP SOC

*FQ-S or FQ unknown
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