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Definitions

Bacteriologically confirmed: when a biological specimen is positive by smear microscopy, culture or
a rapid diagnostic test for tuberculosis (TB) recommended by the World Health Organization (WHO).

Clinically diagnosed: when a person who does not fulfil the criteria for bacteriological confirmation
has been diagnosed with TB disease by a medical practitioner who has decided to give the person
a full course of TB treatment.

Drug-resistant TB (DR-TB): TB disease caused by a strain of Mycobacterium tuberculosis complex
that is resistant to any TB medicines.

Drug susceptibility testing (DST): in vitro testing using either molecular or genotypic techniques
to detect resistance-conferring mutations, or phenotypic methods to determine susceptibility to a
medicine.

Extensive (or advanced) pulmonary TB disease: 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.

Extensively drug-resistant TB (XDR-TB): TB disease caused by a strain of M. tuberculosis complex
that is resistant to rifampicin (and may also be resistant to isoniazid), and that is also resistant to at
least one fluoroquinolone (levofloxacin or moxifloxacin) and to at least one other “Group A" drug
(bedaquiline or linezolid).

MDR/RR-TB: refers to either multidrug-resistant TB (MDR-TB) or rifampicin-resistant TB (RR-TB).

Multidrug-resistant TB (MDR-TB): TB disease caused by a strain of M. tuberculosis complex that
is resistant to rifampicin and isoniazid.

New case: a person with TB disease who has never been treated for TB or has only previously ever
taken TB drugs 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”. In the context of this document, these
terms are also applied to 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.? Operational research also
provides decision-makers with information to enable them to improve the performance of their
health programmes.’

! Allotey P Reidpath DD, Ghalib H, Pagnoni F, Skelly WC (2008) Efficacious, effective, and embedded interventions: implementation
research in infectious disease control. BMC Public Health 2008;8(1):1-6. doi: https://doi.org/10.1186/1471-2458-8-343.

Guide to operational research in programmes supported by the Global Fund. Geneva: Global Fund to Fight AIDS, Tuberculosis and
Malaria; 2007.

Expanding capacity for operations research in reproductive health: summary report of a consultative meeting, World Health Organization,
Geneva, Switzerland, December 10-12, 2001. Geneva: World Health Organization; 2003 (https://apps.who.int/iris/handle/10665/67936).
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Pre-extensively drug-resistant TB (pre-XDR-TB): TB disease caused by a strain of M. tuberculosis
complex that is resistant to rifampicin (and may also be resistant to isoniazid), and that is also resistant
to at least one fluoroquinolone (either levofloxacin or moxifloxacin).

Rifampicin-resistant TB (RR-TB): TB disease caused by a strain of M. tuberculosis complex that
is resistant to rifampicin. These strains may be susceptible or resistant to isoniazid (i.e. multidrug-
resistant TB [MDR-TB]), or resistant to other first-line or second-line TB medicines.

Rifampicin-susceptible, isoniazid-resistant TB (Hr-TB): TB disease caused by a strain of
M. tuberculosis complex that is resistant to isoniazid but susceptible to rifampicin.

Serious adverse event: 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. 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, TB meningitis, osteoarticular or pericardial TB.
In children aged below 15 years, extrapulmonary forms of disease other than lymphadenopathy
(peripheral nodes or isolated mediastinal mass without compression) are considered severe.

Tuberculosis (TB) disease: A disease in humans caused by the M. tuberculosis complex, which
comprises eight distinct but closely related organisms — M. bovis, M. caprae, M. africanum, M. microti,
M. pinnipedii, M. mungi, M. orygis and M. canetti. The most common and important agent of human
disease is M. tuberculosis.

TB case: the occurrence of TB disease in a person.

TB patient: a person who is in care for TB disease.
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Executive summary

Tuberculosis (TB) strains that are resistant to TB medicines are more difficult to treat than drug-
susceptible ones, and present a major challenge for patients, health care workers and health care
services. In addition, the increase of drug-resistant TB (DR-TB) threatens global progress towards the
targets set by the End TB Strategy* of the World Health Organization (WHO). Thus, there is a critical
need for the continual development of evidence-based policy recommendations on the treatment
and care of patients with DR-TB, based on the most recent and comprehensive evidence available.

In the past decade, WHO has developed and issued evidence-based policy recommendations for the
treatment and care of patients with DR-TB, published in a range of documents (see Box 1). WHO has
recently started to consolidate guidelines, in response to requests from Member States, to facilitate
policy transfer at the country level. The first integrated recommendations for the management and care
of multidrug- or rifampicin-resistant TB (MDR/RR-TB) were released in 2019, as the WHO consolidated
guidelines on drug-resistant tuberculosis treatment.> The consolidation of WHO recommendations
on TB and DR-TB has now been expanded to better outline the path that a patient will take following
exposure to resistant strains of Mycobacterium tuberculosis, once infection has progressed to TB
disease, and the patient has been identified by the health system and referred for DR-TB treatment.

The guidance provided in this sub-module under TB treatment policy outlines specific WHO
recommendations on the overall treatment management, care and monitoring of patients with
MDR/RR-TB. It brings forward recommendations developed by various Guideline Development
Groups (GDGs) convened by WHO. The GDGs use the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach to summarize the evidence, and formulate policy
recommendations and accompanying remarks (Sections 2-7). This sub-module also incorporates
new recommendations that were made in February and March 2022 (Sections 1-2), based on new
evidence that was available to WHO on the following: the use of the bedaquiline, pretomanid,®
linezolid and moxifloxacin (BPaLM) regimen for patients with MDR/RR-TB, and the use of 9-month
all-oral bedaquiline-containing regimens for patients with MDR/RR-TB. The inclusion of these two
new recommendations in the current update of the consolidated guidelines was communicated
to the public via a rapid communication in May 2022.” This rapid communication was released in
advance of updated WHO consolidated guidelines, to inform national TB programmes (NTPs) and
other stakeholders of key changes in the treatment of DR-TB and to allow for rapid transition and
planning at the country level.

Overall, this sub-module focuses on recommendations for the use of effective treatment regimens
for people with DR-TB; specifically, regimens for rifampicin-susceptible, isoniazid-resistant TB (Hr-TB),
all-oral shorter regimens for MDR/RR-TB, longer regimens for MDR/RR-TB, monitoring the patient
response to MDR/RR-TB treatment, starting antiretroviral therapy (ART) in patients on second-line
anti-TB regimens and providing surgery for patients on MDR-TB treatment. Additionally, to inform

The End TB Strategy. Geneva: World Health Organization; 2015 (https://www.who.int/teams/global-tuberculosis-programme/
the-end-tb-strategy).

> WHO consolidated guidelines on drug-resistant tuberculosis treatment (WHO/CDS/TB/2019.7). Geneva: World Health Organization;
2019 (https://apps.who.int/iris/handle/10665/311389).

Pretomanid is a new chemical entity and a member of a class of compounds known as nitroimidazo-oxazines, which possess significant
anti-TB activity and a unique mechanism of action.

Rapid communication: key changes to the treatment of drug-resistant tuberculosis. Geneva: World Health Organization; 2022 (https://
www.who.int/publications/i/item/WHO-UCN-TB-2022-2).
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the global community of the major gaps and research areas to be addressed and to inform the
development of evidence-based recommendations, this document outlines the research priorities
that will help to generate knowledge on evidence-based and attainable standards of health.

In this updated document, stakeholders will be able to distinguish between previous recommendations
that remain valid, previous recommendations that have been updated, and new recommendations
that have been developed based on additional studies, considering the range of known benefits and
potential harms, modelling exercises and other data to inform the decision-making process.

The recommendations included herein are a component of the WHO consolidated guidelines on TB and
are primarily intended for use by NTPs, public health agencies, and other key constituencies involved
in the planning, implementation and monitoring of activities for the programmatic management of
DR-TB.

The methods used to develop and formulate the recommendations complied with WHO standards
for guideline development, and were based on up-to-date evidence reviews, complemented with
additional information on values and preferences, feasibility and acceptability, and cost. The GRADE
approach was used to rate the certainty in the estimate of effect (i.e. quality of evidence) as high,
moderate, low or very low; it was also used to determine the strength of the recommendations, rating
them as strong or conditional.

Current WHO recommendations on the treatment of DR-TB

The recommendations for the treatment of DR-TB that are presented in this document have been
derived from earlier WHO guideline documents (Box 1), and a WHO guideline development
conducted in February—March 2022. These recommendations supersede the WHO consolidated
guidelines on tuberculosis. Module 4: Treatment — drug-resistant tuberculosis treatment, that were
published in 20208

& WHO consolidated guidelines on tuberculosis. Module 4: Treatment — drug-resistant tuberculosis treatment. Geneva: World Health
Organization; 2020 (https://www.who.int/publications/i/item/9789240007048).
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Box 1. WHO treatment guidelines containing recommendations that are

incorporated into the present sub-module on DR-TB treatment

=» Guidelines for the programmatic management of drug-resistant tuberculosis: 2011
update. Geneva: World Health Organization; 2011 (WHO/HTM/TB/2011.6).

=» The use of bedaquiline in the treatment of multidrug-resistant tuberculosis: interim
policy guidance. Geneva: World Health Organization; 2013 (WHO/HTM/TB/2013.6).

=>» The use of delamanid in the treatment of multidrug-resistant tuberculosis: interim
policy guidance. Geneva: World Health Organization; 2014 (WHO/HTM/TB/2014.23).

=» The use of delamanid in the treatment of multidrug-resistant tuberculosis in children
and adolescents: interim policy guidance. Geneva: World Health Organization; 2016
(WHO/HTM/TB/2016.14).

= WHO treatment guidelines for drug resistant tuberculosis: 2016 update. Geneva:
World Health Organization; 2016 (WHO/HTM/TB/2016.4).

= WHO treatment guidelines for isoniazid-resistant tuberculosis. Supplement to the
WHO treatment guidelines for drug-resistant tuberculosis. Geneva: World Health
Organization; 2018 (WHO/CDS/TB/2018.7).

= WHO treatment guidelines for multidrug- and rifampicin-resistant tuberculosis,
2018 update. Geneva: World Health Organization; 2018 (WHO/CDS/TB/2018.15).

= WHO consolidated guidelines on drug-resistant tuberculosis treatment. Geneva:
World Health Organization; 2019 (WHO/CDS/TB/2019.7).

= WHO consolidated guidelines on tuberculosis. Module 4: treatment — drug-
resistant tuberculosis treatment. Geneva: World Health Organization; 2020 (ISBN
978-92-4-000704-8).

= WHO consolidated guidelines on tuberculosis. Module 5: management of
tuberculosis in children and adolescents. Geneva: World Health Organization; 2022.
Licence: CC BY-NC-SA 3.0 IGO.

This module contains recommendations on treatment regimens for MDR/RR-TB and Hr-TB, including
all-oral shorter and longer regimens for MDR/RR-TB, monitoring of patients on treatment, the timing
of ART in MDR/RR-TB patients living with HIV and the use of surgery for patients receiving MDR-TB
treatment. The recommendations are presented in Table A below and labelled as either a new
recommendation (where based on a review of new evidence) or a reprinted recommendation (where
no new evidence was available or searched for the review).
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Table A. List of recommendations in the 2022 update, where (a) is a new
recommendation based on review of the new evidence and (b) is a reprinted
recommendation where no new evidence was available or searched for the review.

1. The 6-month bedaquiline, pretomanid, linezolid and moxifloxacin (BPaLM) regimen
for MDR/RR-TB and pre-XDR-TB (a)

11 WHO suggests the use of the 6-month treatment regimen composed of bedaquiline,
pretomanid, linezolid (600 mg) and moxifloxacin (BPaLM) rather than 9-month or longer
(18-month) regimens in MDR/RR-TB patients.

(Conditional recommendation, very low certainty of evidence)
2. The 9-month all-oral regimen for MDR/RR-TB (a)

2.1 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)
3. Longer regimens for MDR/RR-TB (b)

31 In multidrug- or rifampicin-resistant tuberculosis (MDR/RR-TB) patients on longer
regimens, all three Group A agents and at least one Group B agent should be included
to ensure that treatment starts with at least four TB agents likely to be effective, and that
at least three agents are included for the rest of the treatment if bedaquiline is stopped.
If only one or two Group A agents are used, both Group B agents are to be included.

If the regimen cannot be composed with agents from Groups A and B alone, Group C
agents are added to complete it.

(Conditional recommendation, very low certainty of evidence)

3.2 Kanamycin and capreomycin are not to be included in the treatment of MDR/RR-TB
patients on longer regimens.

(Conditional recommendation, very low certainty of evidence)

33 Levofloxacin or moxifloxacin should be included in the treatment of MDR/RR-TB
patients on longer regimens.

(Strong recommendation, moderate certainty of evidence)

34 Bedaquiline should be included in longer multidrug-resistant TB (MDR-TB) regimens
for patients aged 18 years or more.

(Strong recommendation, moderate certainty of evidence)

Bedaquiline may also be included in longer MDR-TB regimens for patients aged
6-17 years.

(Conditional recommendation, very low certainty of evidence)

In children with MDR/RR-TB aged below 6 years, an all-oral treatment regimen
containing bedaquiline may be used.

(Conditional recommendation, very low certainty of evidence)

3.5 Linezolid should be included in the treatment of MDR/RR-TB patients on longer
regimens.

(Strong recommendation, moderate certainty of evidence)

WHO consolidated on tuberculosis: Module 4: treatment —
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3.6 Clofazimine and cycloserine or terizidone may be included in the treatment of MDR/
RR-TB patients on longer regimens.

(Conditional recommendation, very low certainty of evidence)

3.7 Ethambutol may be included in the treatment of MDR/RR-TB patients on
longer regimens.

(Conditional recommendation, very low certainty of evidence)

3.8 Delamanid may be included in the treatment of MDR/RR-TB patients aged 3 years or
more on longer regimens.

(Conditional recommendation, moderate certainty of evidence)

In children with MDR/RR-TB aged below 3 years delamanid may be used as part of
longer regimens.

(Conditional recommendation, very low certainty of evidence)

39 Pyrazinamide may be included in the treatment of MDR/RR-TB patients on
longer regimens.

(Conditional recommendation, very low certainty of evidence)

310 Imipenem—cilastatin or meropenem may be included in the treatment of MDR/RR-TB
patients on longer regimens.

(Conditional recommendation, very low certainty of evidence)’

311  Amikacin may be included in the treatment of MDR/RR-TB patients aged 18 years or
more on longer regimens when susceptibility has been demonstrated and adequate
measures to monitor for adverse reactions can be ensured. If amikacin is not available,
streptomycin may replace amikacin under the same conditions.

(Conditional recommendation, very low certainty in the estimates of effect)

3.12  Ethionamide or prothionamide may be included in the treatment of MDR/RR-TB
patients on longer regimens only if bedaquiline, linezolid, clofazimine or delamanid are
not used, or if better options to compose a regimen are not possible.

(Conditional recommendation against use, very low certainty of evidence)

3.13  P-aminosalicylic acid may be included in the treatment of MDR/RR-TB patients on
longer regimens only if bedaquiline, linezolid, clofazimine or delamanid are not used, or
if better options to compose a regimen are not possible.

(Conditional recommendation against use, very low certainty of evidence)

3.14  Clavulanic acid should not be included in the treatment of MDR/RR-TB patients on

longer regimens.
(Strong recommendation against use, low certainty of evidence)®
3.15 In MDR/RR-TB patients on longer regimens, a total treatment duration of

18-20 months is suggested for most patients; the duration may be modified according
to the patient’s response to therapy.

(Conditional recommendation, very low certainty of evidence)

°  Imipenem-—cilastatin and meropenem are administered with clavulanic acid, which is available only in formulations combined with
amoxicillin. Amoxicillin—clavulanic acid is not counted as an additional effective TB agent, and it should not be used without imipenem—
cilastatin or meropenem.
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3.16

In MDR/RR-TB patients on longer regimens, a treatment duration of 15-17 months
after culture conversion is suggested for most patients; the duration may be modified
according to the patient’s response to therapy.

(Conditional recommendation, very low certainty of evidence)

3.17

In MDR/RR-TB patients on longer regimens containing amikacin or streptomycin, an
intensive phase of 6-7 months is suggested for most patients; the duration may be
modified according to the patient’s response to therapy.

(Conditional recommendation, very low certainty of evidence)

4. Regimen for rifampicin-susceptible and isoniazid-resistant TB (b)

41 In patients with confirmed rifampicin-susceptible, isoniazid-resistant tuberculosis ,
treatment with rifampicin, ethambutol, pyrazinamide and levofloxacin is recommended
for a duration of 6 months.

(Conditional recommendation, very low certainty in the estimates of effect)
4.2 In patients with confirmed rifampicin-susceptible, isoniazid-resistant tuberculosis, it is not

recommended to add streptomycin or other injectable agents to the treatment regimen.
(Conditional recommendation, very low certainty of evidence)

5. Monitoring patient response to MDR/RR-TB treatment using culture (b)

51

In multidrug- or rifampicin-resistant tuberculosis (MDR/RR-TB) patients on longer
regimens, the performance of sputum culture in addition to sputum smear microscopy
is recommended to monitor treatment response. It is desirable for sputum culture to be
repeated at monthly intervals.

(Strong recommendation, moderate certainty in the estimates of test accuracy)

6. Starting antiretroviral therapy in patients on MDR/RR-TB regimens (b)

6.1

Antiretroviral therapy is recommended for all patients with HIV and drug-resistant
tuberculosis requiring second-line antituberculosis drugs, irrespective of CD4 cell count,
as early as possible (within the first 8 weeks) following initiation of antituberculosis
treatment.

(Strong recommendation, very low certainty of evidence)

7. Surgery for patients on MDR/RR-TB treatment (b)

7.1

In patients with rifampicin-resistant tuberculosis (RR-TB) or multidrug-resistant TB
(MDR-TB), elective partial lung resection (lobectomy or wedge resection) may be used
alongside a recommended MDR-TB regimen.

(Conditional recommendation, very low certainty of evidence)

BPaLM: bedaquiline, pretomanid, linezolid (600 mg) and moxifloxacin; HIV: human immunodeficiency virus; MDR/RR-TB: multidrug-resistant
or rifampicin-resistant TB; TB: tuberculosis; WHO: World Health Organization; XDR-TB: extensively drug-resistant TB.
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Introduction

Drug-resistant tuberculosis (DR-TB) continues to be a public health problem, taking a heavy toll on
patients, communities and health care systems. Recent global estimates indicate that there were
about half a million new cases of multidrug- or rifampicin-resistant TB (MDR/RR-TB) in 2018, with
less than 40% of the estimated burden being notified and 32% reported to have started second-line
treatment (1). Current treatment regimens for MDR/RR-TB patients are far from satisfactory. Compared
with treatments for drug-susceptible forms of TB, these regimens require a longer course of treatment,
a higher pill burden and the use of medicines with a higher toxicity profile; in addition, patients may
develop significant adverse events and have poorer treatment outcomes. Globally, although treatment
success rates have increased, almost 15% of patients with MDR/RR-TB die from the disease (1).

The Global Tuberculosis Programme of the World Health Organization (WHO/GTB) is now combining
all current recommendations into one overall set of consolidated guidelines on TB. The guidelines will
contain recommendations pertaining to all areas related to the programmatic management of TB (e.g.
screening, preventive treatment, diagnostics, patient support, and the treatment of drug-susceptible
TB and DR-TB). The consolidated guidelines will contain modules specific to each programmatic
area. This current module concerns the treatment of DR-TB; it presents WHO recommendations that
have been newly developed and are published here for the first time, and existing recommendations
that have been published in other WHO guidelines that applied the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach.

Structure of the document

The recommendations part of this document has seven main sections that cover aspects of the
treatment of DR-TB. The aspects covered are:

+ the 6-month bedaquiline, pretomanid, linezolid and moxifloxacin (BPaLM) regimen for patients
with MDR/RR-TB or pre-extensively drug-resistant TB (pre-XDR-TB) (Section 1);

* the 9-month all-oral regimens for MDR/RR-TB (Section 2);

* the composition and duration of longer regimens for MDR/RR-TB (Section 3);

* the treatment of rifampicin-susceptible and isoniazid-resistant TB (Hr-TB) (Section 4);

+ monitoring of the patient response to MDR/RR-TB treatment (Section 5);

+ antiretroviral therapy (ART) for people on MDR/RR-TB regimens (Section 6);

* the role of surgery for patients on MDR/RR-TB treatment (Section 7);

Each section starts with the current WHO recommendations for that aspect, then gives information
on the evidence used to inform that recommendation; a summary of the analyses that were
carried out based on the evidence; considerations for specific subgroups; and considerations for
implementation, and monitoring and evaluation. Research gaps identified for each of the sections
are then presented. Web annexes provide more details on the methods, the Guideline Development
Groups (GDGs), the analyses, unpublished data and statistical analysis plans. Additional information
on the management of MDR/RR-TB is presented in the relevant chapter of the WHO operational
handbook on tuberculosis, a separate document that is designed to aid implementation efforts (2,
3). The detailed recommendations presented here replace all previous and current WHO guidelines
on the treatment of DR-TB.

Introduction



Background

Effective treatment of TB, including its drug-resistant forms, relies on the use of several medicines
administered in combination for an adequate duration. Significant progress has been made in recent
years in identifying more efficacious, safer medicines and shorter treatment regimens. Since the 1990s,
WHO has regularly evaluated evidence on the use of specific drug compositions and combinations of
regimens of different durations (4-13). Historically, patients with certain drug-resistance patterns were
often treated for 20 months or longer. In 2016, a standardized shorter treatment regimen (9—-12 months)
was recommended for patients with MDR/RR-TB strains not resistant to fluoroquinolones or second-
line injectable agents, although longer regimens (18-20 months) continued to be an option for
patients who were not eligible for the shorter option. Subsequent modifications to these treatment
regimens led WHO to assess new evidence, which in turn resulted in revised recommendations,
balancing effectiveness and harms of new regimens or modifications of recommended regimens.

Interest in reducing the duration of treatment for MDR/RR-TB has driven several initiatives in recent
years to treat patients with shorter regimens under programmatic and trial conditions (14-19). When
used in carefully selected patients with MDR/RR-TB who have not been previously exposed or do not
have additional resistance to second-line medicines, these regimens can achieve relapse-free cure in
about 80% of cases or more, even under programmatic conditions (14, 18). In 2016, on the basis of
data from observational studies of the standardized shorter regimens in various countries in Africa
and Asia, WHO for the first time recommended a standardized 9-12-month shorter MDR-TB regimen
for eligible patients (11). In 2018, following the results of a trial — the Standard Treatment Regimen of
Anti-tuberculosis Drugs for Patients with MDR-TB (STREAM) Stage 1 trial — a revised recommendation
on the use of a shorter MDR-TB regimen was released, following an evidence assessment and a
ranking of benefits and harms attributed to specific drugs; the revision included a recommendation
to replace the injectable agent, kanamycin (or capreomycin), with amikacin (12).

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 Africa’s Department of Health shared with WHO observational data on an all-oral
bedaquiline-containing shorter regimen of 9 months duration. That regimen was reviewed and has
been recommended by WHO since 2019, with the following combination of medicines: 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 5 months of
treatment with levofloxacin/moxifloxacin, clofazimine, ethambutol and pyrazinamide (4-6 Bdq[6]-
Lfx[Mfx]-Eto-E-Z-Hh-Cfz / 5 Lfx[Mfx]-Cfz-Z-E).

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 several 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 the TB Alliance.
The Nix-TB study was a one-arm, Phase 3, open-label observational cohort study that assessed the
safety, efficacy, tolerability and pharmacokinetic properties of a 6-month bedaquiline, pretomanid
and linezolid (BPal) treatment regimen, extendable to 9 months for those who missed doses, or
remained culture positive or reverted from culture negative to positive between months 4 and 6 of
treatment (20). 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 contributed evidence to WHO
that was reviewed by the GDG in November 2019 and gave rise to the previous recommendation
for the use of the BPaL regimen in pre-XDR-TB patients, under operational research conditions. Two
randomized controlled trials (RCTs) that concluded in 2021 (TB-PRACTECAL and ZeNix) provided
new evidence and prompted assessment by WHO to develop new or updated recommendations
on MDR/RR-TB treatment.
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Scope of the 2022 update and available evidence

This current module on DR-TB treatment provides specific recommendations on the treatment of
DR-TB, including use of regimens for rifampicin-susceptible, isoniazid-resistant TB (Hr-TB), all-oral
shorter regimens for MDR/RR-TB, longer regimens for MDR/RR-TB, monitoring patient response to
MDR/RR-TB treatment, starting ART in patients on second-line anti-TB regimens and undertaking
surgery for patients on MDR-TB treatment.

Two new recommendations that resulted from the 2022 GDG meeting convened by WHO are on
the use of new 6-month regimens, dosing of linezolid and the use of modified 9-month regimens.

Access to the new evidence was achieved through close collaboration and engagement with national
TB programmes (NTPs), researchers, and a not-for-profit product-development partnership (TB
Alliance) investigating the effectiveness and safety of these interventions (see Web Annex 1).

Evidence provided for the GDG review on using 6-month novel regimens was from the TB-PRACTECAL
trial (evidence on using the regimens BPalLM; bedaquiline, pretomanid, linezolid and clofazimine
[BPalLC]; and BPal), ZeNix trial (evidence on using the BPal regimen with different dosing schemes for
linezolid) 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 NTP in South Africa.

In addition, evidence was available on the other treatment regimens that were used as external
comparators, to estimate the effectiveness of the intervention regimens. The evidence included data
on the use of the WHO-recommended shorter all-oral bedaquiline-containing regimen (data from the
programmatic implementation in South Africa) and on the WHO-recommended longer regimens (data
from country programmes in Belarus, Georgia, India, Republic of Moldova, Mozambique, Papua New
Guinea, the Russian Federation and Somalia); data from fieldwork in multiple countries from Médecins
Sans Frontieres (MSF); and cohorts from the EndTB project provided by MSF and Partners in Health.

In preparation for the guidelines update, WHO/GTB also received data from another trial — the
Newer and Emerging Treatment for MDR/RR-TB (NExT) trial — which was a Phase 2—3 open-label
RCT evaluating the effectiveness of an all-oral 6-9-month regimen for the treatment of MDR-TB in
South Africa (21) in comparison with a local standard of care (SoC) regimen at the time. Sharing of
the data by the principal investigator and colleagues at the University of Cape Town and the South
African Medical Research Council is gratefully acknowledged. However, during the GDG meeting the
panel decided that the data from this study could not be used to complement discussion on the
population, intervention, comparator and outcome (PICO) question designed for that study, owing
to early termination of the trial and variability of the components in the intervention regimen. This
does not 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 fluoroquinolones (but
not including new and repurposed drugs). Importantly, the trial showed that better outcomes could
be achieved with a 6-month all-oral regimen than with the traditional 9-month or longer injectable-
based regimens, supporting the concept of a 6-month all-oral regimen for MDR/RR-TB.

Table B describes the evidence that was generously shared by researchers and NTPs with WHO/GTB.
WHO/GTB acknowledges and commends all partners, NTPs and researchers for sharing their data.
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Table B. Evidence available for the guidelines update

Trial (setting)

TB-PRACTECAL
trial

(South Africa,

Population

Microbiologically
confirmed

M. tuberculosis
in sputum and

Intervention regimen(s)

Stage 2 (phase 3 trial)

24 weeks BPaLM
(B-Pa-Lzdy..300-MfX)

Comparator regimen(s)

Multiple — local standard of
care, including:

9-12-month injectable-

rifampicin 24 weeks BPalLC rlfc_ozri;nme%gtg dV\r/e'_Ki)r%en
The primary (B-Pa-Lzdig.. 300-Cf2) (pre-2019) 9
analysis population 24 weeks BPal
is followed up at (B-Pa-Lzdgg..300) 9-12-month all-oral
72 weeks. regimen
The number of 18—'20—month all-oral
people reaching regimen
24,72 and
108 weeks differs
because the study
was terminated
early

Nix-TB 14 years and older ~ 6-9 month BPal 5005 No standard of care

(South Africa)

XDR-TB (pre-
2021 definition)
or treatment
intolerant
nonresponsive
MDR-TB

Including linezolid
1200 mg daily for

6 months (option of
9 months for subjects
who remain culture

positive at month 4)*

control group

ZeNix (South
Africa, Georgia,
Moldova and
the Russian
Federation) (22)

14 years and
older XDR-TB,
pre-XDR-TB (pre-
2021 definition)
or intolerant/
nonresponsive
MDR/RR-TB

Stratified by HIV
status and type of
TB

Phase 3 partially
blinded

6—-9 month BPalL

4 arms with varying
linezolid dosing

BPaL 50026 weeks
BPaL1200-9 veeks
BPaLsgg o6 weeks
BPaLgag o veeks

Treatment extended if
culture positive in weeks
16-26

No standard of care
control group

South African TB
Program 2019
cohort, EDRWeb

(South Africa)

Confirmed
rifampicin
resistance, based
on GeneXpert
MTB/RIF or line
probe assay

Longer regimen:

>18 months including
bedaquiline, levofloxacin,
linezolid, terizidone and
clofazimine

Shorter regimen
including 9-12 months
of bedaquiline, linezolid
(2 months), levofloxacin,
clofazimine, high-dose
isoniazid, pyrazinamide
and ethambutol

No comparator group

1021 patients in the Nix-TB study received linezolid 600 mg per day, at the beginning of the recruitment period.
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Trial (setting)

South African TB
Program 2017
cohort, EDRWeb
dataset

(South Africa)

Population

Confirmed
rifampicin
resistance, based
on GeneXpert
MTB/RIF or line
probe assay

Intervention regimen(s)

Not applicable

Comparator regimen(s)

Shorter regimen:

9-12 months; 4-6Bdqg-Lfx/
Mfx-Eto-E-Z-Hh-Cfz), with
<1% receiving linezolid

2021 WHO IPD

(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 was used
as an external comparator
regimen. Included
participants who received
9-12-month all-oral
regimens using at least
bedaquiline and linezolid;

OR

used WHO (2019) all-oral
bedaquiline-containing
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-month all-oral
treatment regimen
containing at least Bdg &
Lzd (WHO long)

NEXT trial (21)
(South Africa)

GeneXpert
positive MTB

and rifampicin
resistance on at
least two drug
susceptibility tests

No resistance to
fluoroquinolones
or second-line
injectables

Open-label RCT

6-9-month Lzd-Bdg-
Lfx-PZA-Eto/high-dose
isoniazid/Trd (gene-
directed individualized)

2015-16: 21-24-month
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

BPaL: bedaquiline, pretomanid and linezolid; BPaLC: bedaquiline, pretomanid, linezolid and clofazimine; BPaLM: bedaquiline, pretomanid,
linezolid and moxifloxacin; HIV: human immunodeficiency virus; IPD: individual patient dataset; M. tuberculosis; Mycobacterium tuberculosis;
MDR-TB: multidrug-resistant TB; RCT: randomized controlled trial; TB: tuberculosis; WHO: World Health Organization; XDR-TB: extensively
drug-resistant TB.

Target audience

These guidelines are primarily targeted at policy-makers in ministries of health, or managers of
NTPs who formulate country-specific TB treatment guidelines or are involved in the planning of TB
treatment programmes. It is expected that these updated recommendations will also be used by health
professionals, including doctors, nurses and educators working in governmental and nongovernmental
organizations, and by technical agencies involved in treating patients and organizing treatment services.
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Recommendations

Section 1. The 6-month bedaquiline, pretomanid,
linezolid and moxifloxacin (BPaLM) regimen for
MDR/RR-TB (NEW)

1.1 Recommendation _

No. Recommendation

11 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.

Drug susceptibility testing (DST) for fluoroquinolones is strongly encouraged in people with MDR/
RR-TB, and although it should not delay initiation of the BPaLM, 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, BPalL without moxifloxacin would be
initiated or continued.

This recommendation applies to the following:
a. People with MDR/RR-TB or with MDR/RR-TB and resistance to fluoroquinolones (pre-XDR-TB).

b. People with confirmed pulmonary TB and all forms of extrapulmonary TB except for TB
involving the CNS, osteoarticular and disseminated (miliary) TB."*

c. Adults and adolescents aged 14 years and 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.

This recommendation does not apply to pregnant and breastfeeding women owing to limited
evidence on the safety of pretomanid.’

The recommended dose of linezolid is 600 mg once daily, both for the BPaLM and the BPaL
regimen.*?
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See subgroup considerations.

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.

Additional details on linezolid dosing and possible dose reductions are given in the implementation considerations.
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Rationale

The rationale for this recommendation is based on the evidence and considerations described in detail
in the following two subsections. Briefly, 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.

1.2 Summary of evidence

This section provides the PICO questions posed, the data and studies considered to answer the
questions, the methods used for analysis and data synthesis, a summary of evidence on desirable
and undesirable effects and certainty of evidence, and a summary of other evidence considered
during development of the recommendation. Additional detail on the evidence is available in the web
annexes containing the GRADE evidence summary tables (Web Annex 3) and GRADE evidence-to-
decision tables (Web Annex 4).

PICO questions

The recommendation in this section is a result of assessments of the PICO questions listed below.
Because of the different intervention and comparator groups used, PICOs 3, 5 and 6 have been split
into several sub-PICO questions (details are given in the text and in Table 1.3).

PICO question 3-2022 (MDR/RR-TB, 2022): 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?

PICO question 4-2022 (MDR/RR-TB, 2022): Should 6-month regimen using bedaquiline,
pretomanid, linezolid be used in patients with pulmonary pre-XDR-TB (MDR/RR-TB with
fluorogquinolone resistance)?

PICO question 5-2022 (MDR/RR-TB, 2022): Should 6-month regimen using bedaquiline,
pretomanid and linezolid be used in patients with pulmonary MDR/RR-TB and without
fluoroquinolone resistance?

PICO question 6-2022 (MDR/RR-TB, 2022): Should 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 fluorogquinolone resistance)?

Data and studies considered

The review of this group of PICO questions during the GDG meeting convened by WHO in February—
March 2022 was based on new evidence provided by MSF from the TB-PRACTECAL clinical trial
and by the TB Alliance from the ZeNix trial. For several assessments under this PICO question, the
data from the 2021 WHO individual patient dataset (IPD) were used. Patient populations included in
two trials were recruited following strict inclusion and exclusion criteria; the populations had many
similarities and few notable differences. The highlights of the criteria used by these trials are presented
in Table 1.1. For a complete list of the exclusion criteria, see Annex 2 and published trial protocols.

1 Available at https://clinicaltrials.gov/ct2/home.
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Table 1.1. High-level summary of main inclusion and exclusion criteria:
TB-PRACTECAL and ZeNix trials, full lists in Annex 2

TB-PRACTECAL

ZeNix (22)

s * Aged 15 years and older * Aged 14 years and older
@ +Confirmed TB and RR-TB » Confirmed MDR/RR-TB or pre-XDR-TB
S «Regardless of HIV status * Regardless of HIV status
«Known resistance to Bdg, R DIm or Lzd ~ «Documented resistance to Bdg, B DIm or Lzd
*More than 1 month prior use of Bdg, B +More than 2 weeks of Bdg, DIm or Lzd
DIm or Lzd - Pregnant
* Pregnant or breastfeeding « Liver enzymes 3 times the upper limit of
* Liver enzymes 3 times the upper limit normal
of normal «BMI <17
» QIck >450 ms and other risk factors for ., Ger interval on ECG >500 msec, history of
QT prolongation (excluding age and congenital QT prolongation, history of tdp,
c gender) or other risk factors for tdp bradyarrhythmia
5 *History of cardiac disease, syncopal « Karnofsky score <60
2 episodes, significant symptomatic or ,
X asymptomatic arrhythmias (with the » Peripheral neuropathy of Grade 34

exception of sinus arrhythmia)
* Moribund

« Taking any medications contraindicated
with the medicines in the trial

* Any baseline laboratory value
consistent with Grade 4 toxicity

* TB meningoencephalitis, brain
abscesses, osteomyelitis or arthritis

* Not expected to survive for more than
6 months

» Uncontrolled diabetes or cardiomyopathy,
extrapulmonary TB requiring extended
treatment, cancer that could affect survival

* Abuse of alcohol or illegal drugs
* CD4+ count <100

« Use of zidovudine, stavudine or didanosine,
use of MAO Inhibitors

Bdq: bedaquiline; BMI: body mass index; DIm: delamanid; ECG: electrocardiogram; HIV: human immunodeficiency virus; Lzd: linezolid; MAO:
monoamine oxidase; MDR/RR-TB: multidrug-resistant or rifampicin-resistant TB; P: rifapentine; QTcF: corrected QT interval by Fredericia;
RR-TB: rifampicin-resistant TB; TB: tuberculosis; tdp: torsades de pointes; XDR-TB: extensively drug-resistant TB.

TB-PRACTECAL

TB-PRACTECAL was a multicentre, open-label, multi-arm, randomized, controlled, multistage, Phase
2-3 trial evaluating short treatment regimens containing bedaquiline and pretomanid in combination
with existing and repurposed anti-TB drugs (e.g. linezolid and clofazimine) for the treatment of
microbiologically confirmed pulmonary MDR/RR-TB.*®

The study was divided into two stages, with a seamless transition between the stages, meaning that
recruitment into an arm would only stop after a decision had been taken following stage 1 primary
endpoint data analysis. In the first stage — equivalent to a Phase 2B trial of safety and preliminary
efficacy — patients were randomly assigned one of four regimens, stratified by site. Investigational
regimens included oral bedaquiline, pretomanid and linezolid. Two of the regimens also included
moxifloxacin (arm 1) and clofazimine (arm 2). The main objective of Stage 1 was to select drug

> Trial protocol available at https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-022-06331-8.
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regimens for evaluation in stage 2, based on 8-week safety and efficacy endpoints. Investigational arms
that did not meet predefined safety and efficacy criteria were not considered for further evaluation.

The second stage of the study was equivalent to a Phase 3 trial investigating the safety and efficacy
of the most promising regimen. As intended in the study protocol, the regimen was evaluated for
safety and efficacy in comparison with the SoC arm at 72 weeks after randomization. Stage 2 of the
trial included an intervention arm of BPaLM compared with the locally approved SoC, consistent with
WHO recommendations for the treatment of MDR/RR-TB or pre-XDR-TB at the time of trial conduct
(including a 9-12-month injectable-containing regimen; 18-24-month WHO-recommended regimen
[pre-2019]; 9-12-month all-oral regimen; and 18-20-month all-oral regimen). The TB-PRACTECAL
trial stopped enrolling patients soon after its independent data safety and monitoring board indicated
that the BPaLM regimen is superior to the SoC, because it was considered that more data were
extremely unlikely to change the results of the trial. This trial was not designed to compare the
investigational regimens against each other.

Eligible patients were aged 15 years and older, and had bacteriologically (molecular or phenotypic)
confirmed TB and resistance to at least rifampicin by a molecular or phenotypic drug susceptibility
test. The primary efficacy outcome was the composite endpoint of unfavourable outcomes (failure,
death, treatment discontinuation, recurrence or loss to follow-up) at 72 weeks after randomization.
Relevant secondary efficacy outcomes included culture conversion at 12 and 24 weeks, unfavourable
outcomes at 24 weeks after randomization, unfavourable outcomes at 108 weeks after randomization,
median time to culture conversion and recurrence by week 48 in the investigational arms. Participants
were randomized in a 1:1:1:1 ratio into either the SoC or one of the following three intervention arms:

« Arm 1: 24 weeks of B-Pa-Lzd-Mfx (BPaLM);
« Arm 2: 24 weeks of B-Pa-Lzd-Cfz (BPaLC); and
« Arm 3: 24 weeks of B-Pa-Lzd (BPal).

In all intervention arms, linezolid was given at 600 mg daily for 16 weeks then 300 mg daily for the
remaining 8 weeks (or earlier when moderately tolerated). Bedaquiline was given at 400 mg once
daily for 2 weeks followed by 200 mg three times per week for 22 weeks. Safety monitoring for most
participants included multiple electrocardiograms (ECGs) at baseline, then weekly until week 8, every
4 weeks up to week 24 and then every 8 weeks thereafter. Microbiological monitoring included
smear microscopy and culture at baseline and day 7, then every 4 weeks up until week 24 and every
8 weeks thereafter.

ZeNix

ZeNix was a Phase 3 partially blinded, randomized trial assessing the safety and efficacy of various
doses and treatment durations of linezolid plus bedaquiline and pretomanid in individuals with
pulmonary MDR/RR-TB and additional resistance to fluoroquinolones (with or without resistance to
injectable agents) or those with treatment intolerant or nonresponsive MDR/RR-TB. Eligible patients
were aged 14 years and older, weighed at least 35 kg, had a documented HIV result and had
bacteriologically confirmed sputum culture positive XDR-TB (pre-2021 definition) or bacteriologically
confirmed MDR/RR-TB, but were treatment intolerant or nonresponsive to previous MDR/RR-TB
treatment. The primary study outcome was the incidence of bacteriological failure or relapse or clinical
failure through follow-up until 26 weeks after the end of treatment. The secondary outcomes included
incidence of bacteriological failure or relapse or clinical failure through follow-up until 78 weeks after
the end of treatment. Participants received 26 weeks of treatment with BPalL. Each of the four arms
varied the dose and duration of linezolid: 1 200 mg 26 weeks, 1 200 mg 9 weeks, 600 mg 26 weeks or
600 mg 9 weeks. Bedaquiline was given at 200 mg once daily for 8 weeks then 100 mg once daily for
18 weeks. This off-label dosing schedule is supported by pharmacokinetic simulations for an alternative
bedaquiline dosing schedule that provides comparable exposures and was developed to support
adherence and facilitate treatment administration (all medicines daily throughout the regimen) (23).
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Safety monitoring included scheduled testing and assessments of laboratory parameters, ECG, vital
signs and other physical examinations (24). Microbiological monitoring included smear microscopy,
molecular testing and liquid culture from sputum at baseline and liquid culture at all patient visits
thereafter (24).

Table 1.2. Dosing, treatment administration and toxicity-related treatment
modification tolerances

TB-PRACTECAL ZeNix (linezolid 600 mg/26-week arm)

24 weeks 26 weeks, extendable to 39 weeks

Bedaquiline (B) 400 mg once daily for the first ~ Bedaquiline (B) 200 mg once daily for the first
2 weeks of treatment followed by 200 mg 3 8 weeks of treatment followed by 100 mg

times per week for 22 weeks (on-label) once daily for 18 weeks (off-label)
Pretomanid (Pa) 200 mg once daily for Pretomanid (Pa) 200 mg once daily for
24 weeks 26 weeks

Linezolid (L) 600 mg daily for 16 weeks then Linezolid (L) 600 mg daily for 26 weeks (could

300 mg daily for the remaining 8 weeks be reduced to 300 mg)

Treatment administered 7 days a week under  Treatment administered 7 days a week.

direct observation or video-supported Adherence was monitored by direct

therapy observation or by checking medication cards
during site visits

Maximum allowed 2 consecutive weeks of Maximum allowed total of treatment

treatment interruption interruptions — 5 weeks (if 26 weeks duration)

and 8 weeks (if 39 weeks duration). All
treatment interruptions above 7 consecutive
days should have been made up by extending
treatment duration. Minimum taken total
doses of linezolid — at least 9 weeks

Box 2. Bedaquiline dosing approach in ZeNix trial

A pharmacokinetic simulation study assessed whether a bedaquiline dosing scheme
could be devised that would permit daily dosing while maintaining drug exposure
levels of the labelled dosing scheme. The key findings from the simulations (23) of the
proposed dosing scheme for ZeNix of bedaquiline administered 200 mg daily over
8 weeks followed by 100 mg daily for an additional 16 weeks were as follows:

=>» The exposures (C, ., mean or trough) of the proposed dosing scheme were not
expected to exceed the exposures associated with the labelled scheme on Day 14
at the end of the 400 mg daily dose. With the labelled dosing scheme, the highest
exposures were on Day 14 at the end of the 400 mg daily loading dose.

=>» The average daily exposures with the proposed dosing scheme over 6 months
were within (or were not substantially different from) the range of exposures over
6 months of the labelled dosing scheme.

=» The cumulative exposure, in terms of area under the curve (AUC) over time, is
similar between the proposed dosing scheme and the labelled scheme.
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2021 WHO IPD

In 2021, WHO issued a public call for data to serve as a comparator group (SoC) against which 6-9-
month regimens could be compared. These cohorts received treatment conforming to the WHO
DR-TB guidelines of 2020 with bedaquiline and linezolid for a duration ranging from 6 to 24 months.
Patients receiving injectable antibiotics were excluded.

Included datasets comprised individuals using one of the following regimens:

* 6-12-month all-oral regimens using at least bedaquiline and linezolid; or

* 9-12-month WHO (2019) all-oral bedaquiline-containing regimen in the combination, such as 4-6
Bdq(6m)-Lfx/Mfx-Cfz-Z-E-Hh-Eto / 5m Lfx/Mfx-Cfz-Z-E; or

+ >18-month WHO (2018) all-oral treatment regimen containing at least bedaquiline and linezolid.

The individual datasets that are included in this cohort are described in detail in the statistical analysis
plan (Web Annex 6). To be eligible for inclusion in a short comparator regimen (target 9-12 months
at treatment commencement), patients must have fulfilled each of the following:

* had a treatment duration not exceeding 12 months;
* received six or more drugs during treatment, including bedaquiline; and
« if given an outcome of cure or completed, had a treatment duration of 8.5 months or more.

To be eligible for inclusion in a longer comparator regimen (target 18-24 months), patients must
have fulfilled each of the following:

* be classified in the dataset as having received a longer regimen (if stated);

+ had a treatment duration not longer than 24 months;

« received four or more drugs (regardless of drug susceptibility; i.e. regardless of whether they were
likely to be effective), including bedaquiline; and

+ if given an outcome of cure or complete, had a treatment duration of 17.5 months or more.

Methods used for analysis and data synthesis

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

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

+ 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 each of the
short-course regimens and the comparator. For included RCTs (e.g. the TB-PRACTECAL trial and
NEXT trial), the primary outcome of the prespecified analysis was also calculated and reported.

+ Pairwise comparisons between studies — comparisons addressing each PICO question were
conducted by comparing outcomes among cohorts in which participants received either the
intervention or the control regimen relevant to that question.

Statistical models

For comparisons between dataset or cohorts, outcomes were presented as unadjusted and adjusted
risk ratios (RR). Adjusted risk ratios (aRR) were calculated using a log-binomial generalized linear
regression (binomial error distribution with log link function). Pre-specified potential confounders were
adjusted for using inverse probability propensity score weighting. No convergence issues arose with
the log-binomial model. When outcome rates were close to the boundary, aRR were not calculated,
and unadjusted RR were presented. For outcomes where the number of outcome events was zero, an
unadjusted risk difference (RD) was calculated. For unadjusted RDs or RRs, 95% confidence intervals
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(CIs) were calculated using the score method. 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 ART
status), prior treatment history (including whether previous infection was drug resistant), body mass
index (BMI), smoking status, diabetes diagnosis, cavitation at baseline, presence of bilateral disease and
fluroguinolone resistance. For the calculation of aRRs, 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 after initiation of treatment. 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 because higher relapse rates may be a consequence of shorter treatments that do not
completely remove M. tuberculosis. Where possible, it was important for follow-up time between
two groups in a comparison to be equivalent, so that participants had an equivalent likelihood of
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, to minimize the effect of differences in total
follow-up time.

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

* Where possible, follow up participants in the intervention and control groups for the same total
time, so that the likelihood of unsuccessful outcomes (e.g. death) is the same in both groups.

+ Limit follow-up to 24 months after 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 of stopping treatment (25).

+ Select a primary analysis that optimizes 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.

Additional sensitivity analyses were performed, where possible, evaluating the effect of follow-up
time upon treatment outcomes.

Summary of evidence on desirable and undesirable effects and certainty of
evidence

The evidence on the novel regimens to inform PICO questions was derived from two trials. It included
information on a total of 419 of 423 participants who were enrolled in four arms of the TB-PRACTECAL
and on 172 of 181 participants who were enrolled in four arms of the ZeNix trial*®.

Data from patients in relevant arms of these trials were used in each of the comparisons that led to
the conclusions and final recommendation on the use of the BPaLM/BPaL regimen. 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 to the BPaLM arm (sub-PICOs
6.2 to 6.6) were performed to aid the panel in making final decisions.

16 Several participants excluded in each dataset due to unconfirmed rifampicin resistance.
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Sub-PICO 3.2

The BPaL 1200-9 arm of the ZeNix trial (where linezolid 1200 mg daily was used for 9 weeks) was
compared with the BPaL 1200-26 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 fluoroquinolone resistance. Primary
analysis was undertaken at 12 months post treatment initiation.

Participants with MDR/RR-TB (with or without fluoroquinolone resistance) receiving BPaL with linezolid
1200-9 (n=43) compared with participants with the same resistance patterns receiving BPal with
linezolid 1200-26 (n=44) experienced:

+ lower levels of treatment success (93% vs 98%); that is, 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%); that is, a twofold relative increase (RR=2.1,
95% CI: 0.19 to 22);

* higher levels of deaths (2.3% vs 0%); that is, a 2% absolute increase (RD=0.02, 95% CI: -0.06 to 0.12);

+ the same levels of loss to follow-up (0% vs 0%); that is, a 0% absolute difference (RD=0.00, 95%
CI. -0.08 to0 0.08);

« lower levels of adverse events (16% vs 18%); that is, a 10% relative reduction (RR=0.90, 95% CI:
0.36 to 2.3); and

+ the same levels of amplification of drug resistance (0% vs 0%); that is, a 0% absolute difference
(RD=0.00, 95% CI. —-0.08 to 0.08).

The GDG judged the benefits of BPaL with linezolid 1200-9 to be small and the undesirable effects
to be moderate compared with BPaL with linezolid 1200-26. 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 1200-26.

Conclusion

The use of the 26 weeks of 1200 mg linezolid is suggested over 9 weeks of 1200 mg linezolid as
part of the BPalL regimen in adults with MDR/RR-TB or pre-XDR-TB.

Sub-PICO 3.3

The BPalL 600-26 arm of the ZeNix trial (where linezolid 600 mg daily was used for 26 weeks) was
compared with the BPaL 1200-26 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 fluoroquinolone resistance. Primary
analysis was undertaken at 12 months post treatment initiation.

Participants with MDR/RR-TB (with or without fluorogquinolone resistance) receiving BPaL with linezolid
600-26 (n=43) compared with participants with the same resistance patterns receiving BPal with
linezolid 1200-26 (n=44) experienced:

* higher levels of treatment success (100% vs 98%); that is, a 2% relative increase (RR=1.02, 95%
CI: 0.98 t0 1.07);

 lower levels of failure and recurrence (0% vs 2.3%); that is, a 2% absolute reduction (RD= -0.02,
95% CI: -0.12 to 0.06);

 lower levels of Grade 3-5 adverse events (14% vs 18.6%); that is, a 23% relative reduction (RR=0.77,
95% CI: 0.29 to 2.03); and

+ the same levels of deaths (0% vs 0%), loss to follow-up (0% vs 0%) or amplified resistance (0%
vs 0%).

The GDG judged the benefits of BPalL with linezolid 600-26 to be moderate and the undesirable effects
to be trivial compared with BPalL with linezolid 1200-26. The certainty of evidence was judged to be
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very low. Based on this, the panel determined that the balance of health effects probably favours
BPaL with linezolid 600-26.

Conclusion

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

The BPalL 600-9 arm of the ZeNix trial (where linezolid 600 mg daily was used for 9 weeks) was
compared with the BPaL 1200-26 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 fluoroquinolone resistance. Primary
analysis was undertaken at 12 months post treatment initiation.

Participants with MDR/RR-TB (with or without fluoroquinolone resistance) receiving BPaL with linezolid
600-9 (n=42) compared with participants with the same resistance patterns receiving BPal with
linezolid 1200-26 (n=44) experienced:

* lower levels of treatment success (93% vs 98%); that is, 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%); that is, a twofold increase (RR=2.10, 95%
CL 0.20 to 22.26);

* higher levels of loss to follow-up (2.4% vs 0%); that is, a 2% absolute increase (RD=0.02, 95% CI:
—0.06t0 0.12);

* lower levels of Grade 3-5 adverse events (14.3% vs 18.2%); that is, a 21% relative reduction
(RR=0.79, 95% (I: 0.30 to 2.07); and

* the same levels of deaths (0% vs 0%) or amplified resistance (0% vs 0%).

The GDG judged the benefits of BPaL with linezolid 600-9 to be small and the undesirable effects to
be moderate compared with the BPal with linezolid 1200-26. 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 1200-26.

Conclusion

The use of the 26 weeks of 1200 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.

PICO 3 - Intermediate summary conclusion

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 — BPalL
(600 mg — 26 weeks).

Sub-PICO 4.1

The BPaL 600-26 arm of the ZeNix trial (where linezolid 600 mg daily was used for 26 weeks and
the population included patients with MDR/RR-TB with fluoroquinolone resistance) was compared
with a cohort of MDR/RR-TB patients with fluoroquinolone resistance from the 2021 IPD who were
receiving longer regimens for treatment of MDR/RR-TB, designed in line with 2020 WHO guidelines.
Primary analysis was undertaken at 18 months post treatment initiation.
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Participants with pulmonary pre-XDR-TB (MDR/RR-TB with fluoroquinolone resistance) receiving
BPal 600-26 (n=33) compared with participants receiving longer regimens for MDR/RR-TB (n=839)
experienced:

* higher levels of treatment success (100% vs 75%); that is, a 34% relative increase (RR=1.34, 95%
CL: 1.20 to 1.40);

 lower levels of failure and recurrence (0% vs 6.6%); that is, a 7% absolute reduction (RD= -0.07,
95% CI: —0.08 to —0.04);

« lower levels of deaths (0% vs 9.9%); that is, a 10% absolute reduction (RD= -0.10, 95% CI. -0.12
to =0.01);

* lower levels of loss to follow-up (0% vs 9.1%); that is, a 9% absolute reduction (RD= -0.09, 95% CI:
-0.11 to -0.01); higher levels of adverse events (15% vs 4.4%); that is, a 3.4-fold increase (RR=3.44,
95% CI: 1.44 to 8.17); and

+ lower levels of amplification of drug resistance (0% vs 7.4%); that is, a 7% absolute reduction (RD=
—0.07, 95% CI. —0.09 to —0.03).

The GDG judged the benefits of BPaL with linezolid 600-26 to be large and the undesirable effects
to be moderate compared with longer regimens recommended by WHO. The certainty of evidence
was judged to be very low. Based on this, the panel determined that the balance of health effects
probably favours BPalL with linezolid 600-26.

Conclusion

The use of the 6-month treatment regimen composed of bedaquiline, pretomanid and linezolid (BPal)
rather than a 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.

PICO 4 - Intermediate conclusion

The assessment of PICO 4 resulted in the conditional recommendation for use of the BPalL
(600 mg - 26 weeks) regimen over the currently recommended longer regimens in patients
with MDR/RR-TB and additional fluoroquinolone resistance (pre-XDR-TB).

Sub-PICO 5.1

The BPalL 600-26 arm of the ZeNix trial (where linezolid 600 mg daily was used for 26 weeks and
the population included patients with MDR/RR-TB with or without fluoroquinolone resistance) was
compared with a cohort of MDR/RR-TB patients without fluoroquinolone resistance treated in South
Africa with the WHO-recommended 9-month regimen with ethionamide for 4 months. Primary
analysis was undertaken at 12 months post treatment initiation.

Participants with MDR/RR-TB (with or without fluoroquinolone resistance) receiving the BPaL 600-26
regimen (n=43) compared with participants with MDR/RR-TB (without fluoroquinolone resistance)
receiving the 9-month regimen with ethionamide (n=785) experienced:

+ higher levels of treatment success (100% vs 69%); that is, a 45% relative increase (RR=1.45, 95%
Cl: 1.32to 1.53);

- lower levels of failure and recurrence (0% vs 1.3%); that is, a 1% absolute reduction (RD=-0.01,
95% CI: —0.02 to 0.07);

- lower levels of deaths (0% vs 19%); that is, a 19% absolute reduction (RD=-0.19, 95% CI. -0.22
to —-0.1);

+ lower levels of loss to follow-up (0% vs 11%); that is, an 11% absolute reduction (RD=-0.11, 95%
Cl: -0.14 to -0.03); and
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+ the same levels of amplified resistance (0% vs 0%); that is, a 0% absolute difference (RD= 0.00,
95% CI: =0.01 to 0.08).

Grade 3-5 adverse events were noted in 14% of participants receiving the BPalL 600-26 but no
comparison could be done because no data were available for participants receiving the 9-month
regimen with ethionamide.

The GDG judged the benefits of BPaL with linezolid 600-26 to be large and the undesirable effects
to be moderate compared with the 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 favours BPalL with linezolid 600-26.

Conclusion

The use of the 6-month treatment regimen composed of bedaquiline, pretomanid and linezolid
(BPaL) rather than the 9-month regimen (with ethionamide) 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 5.2

The BPaL 600-26 arm of the ZeNix trial (where linezolid 600 mg daily was used for 26 weeks and
the population included patients with MDR/RR-TB with or without fluoroquinolone resistance) was
compared with a cohort of MDR/RR-TB patients without fluoroquinolone resistance from the 2021
IPD, treated with longer regimens for MDR/RR-TB, designed in line with the 2020 WHO guidelines.
Primary analysis was undertaken at 18 months post treatment initiation.

Participants with MDR/RR-TB (with or without fluoroquinolone resistance) receiving BPaL 600-26
regimen (n=43) compared with participants with MDR/RR-TB (without fluoroquinolone resistance)
receiving longer regimens recommended by WHO (n=850) experienced:

* higher levels of treatment success (98% vs 74%); that is, a 32% relative increase (RR=1.32, 95%
Cl: 1.19to 1.39);

« lower levels of failure and recurrence (2.3% vs 3.3%); that is, a 29% relative reduction (RR=0.71,
95% CI: 0.12 to 3.8);

 lower levels of deaths (0% vs 11%); that is, an 11% absolute reduction (RD= -0.11, 95% CI: -0.13
to —0.03);

« lower levels of loss to follow-up (0% vs 12%); that is, a 12% absolute reduction (RD= -0.12, 95%
Cl: =0.14 to —0.04);

* higher levels of Grade 3-5 adverse events (14% vs 5%); that is, a fourfold relative increase (aRR=3.99,
95% CI: 1.67 to 9.57); and

+ lower levels of amplified resistance (0% vs 2.4%); that is, a 2% absolute decrease (RD= -0.02, 95%
Cl: -0.04 t0 0.06).

The GDG judged the benefits of BPaL with linezolid 600-26 to be large and the undesirable effects
to be moderate compared with longer regimens recommended by WHO. The certainty of evidence
was judged to be very low. Based on this, the panel determined that the balance of health effects
probably favours BPalL with linezolid 600-26.

Conclusion

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.
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Sub-PICO 5.3

The BPalL 600-26 arm of the ZeNix trial (where linezolid 600 mg daily was used for 26 weeks and
the population included patients with MDR/RR-TB with or without fluoroquinolone resistance) was
compared with a cohort of MDR/RR-TB patients without fluoroquinolone resistance treated in South
Africa with a 9-month regimen with linezolid for 2 months. Primary analysis was undertaken at 12
months post treatment initiation.

Participants with MDR/RR-TB (with or without fluoroquinolone resistance) receiving BPaL with linezolid
600-26 (n=43) compared with participants with MDR/RR-TB (without fluoroquinolone resistance)
receiving a 9-month regimen with linezolid (n=4 216) experienced:

« higher levels of treatment success (100% vs 66%); that is, a 52% relative increase (RR=1.52, 95%
Cl: 1.38 to 1.55);

 lower levels of failure and recurrence (0% vs 1.2%); that is, a 1% absolute reduction (RD= -0.01,
95% CI. -0.02 to 0.07);

+ lower levels of deaths (0% vs 18%); that is, an 18% absolute reduction (RD= -0.18, 95% CI: -0.19
to —0.1);

+ lower levels of loss to follow-up (0% vs 15%); that is, a 15% absolute reduction (RD= —0.15, 95%
Cl: -0.16 to —-0.07);

« higher levels of Grade 3-5 adverse events (14% vs 4.9%); that is, a threefold increase (aRR=2.92,
95% (CI: 1.38 to 6.18); and

+ lower levels of amplified resistance (0% vs 0.6%); that is, a 1% absolute reduction (RD=-0.01, 95%
Cl: -0.01 to0 0.08).

The GDG judged the benefits of BPaL with linezolid 600-26 to be large and the undesirable effects to
be moderate compared with receiving a 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 BPalL with linezolid 600-26.

Conclusion

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.

PICO 5 - Intermediate summary conclusion

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 (18-month) 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.

Sub-PICO 6.1

The BPaLM regimen arm of the TB-PRACTECAL trial with a population including patients with MDR/
RR-TB with or without fluoroquinolone resistance (MDR/RR-TB or pre-XDR-TB) was compared with
the comparator arm of the TB-PRACTECAL trial, which comprised MDR/RR-TB or pre-XDR-TB patients
treated with multiple local SoC regimens recommended by WHO at the time the trial was conducted
(including a 9-12-month injectable-containing regimen, an 18-24-month WHO-recommended
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regimen [pre-2019], a 9-12-month all-oral regimen and an 18-20-month all-oral regimen). Primary
analysis was undertaken at 72 weeks post treatment initiation.

Participants with MDR/RR-TB (with or without fluoroquinolone resistance) receiving the BPaLM
regimen (n=62) compared with participants receiving WHO-recommended SoC regimens used in
the TB-PRACTECAL trial (n=66) experienced:

+ higher levels of treatment success (89% vs 52%); that is, a 73% relative increase (aRR=1.73, 95%
Cl:131t02.27);

 lower levels of failure and recurrence (8% vs 26%) that is 74% relative reduction (aRR=0.26, 95%Cl
0.10 to 0.71);

 lower levels of deaths (0% vs 3.0%); that is, a 3% absolute reduction (RD= —0.03, 95% CI: —-0.10
to 0.03);

+ lower levels of loss to follow-up (3.2% vs 20%); that is, a 84% relative reduction (RR=0.16, 95% CI:
0.04 to0 0.61);

 lower levels of Grade 3-5 adverse events (21% vs 51%); that is, a 59% relative reduction (aRR=0.41,
95% (CI: 0.26 to 0.63); and

+ lower levels of amplified resistance (0% vs 1.9%); that is, a 2% absolute reduction (RD=-0.02, 95%
Cl: -0.07 t0 0.02).

The GDG judged the benefits of BPaLM to be large and the undesirable effects to be trivial compared
with WHO-recommended SoC 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 the BPaLM regimen.

Conclusion

The use of the 6-month treatment regimen composed of bedaquiline, pretomanid, linezolid and
moxifloxacin (BPaLM) rather than a 9-month or longer (18-month) regimen 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

The BPaLM regimen arm of the TB-PRACTECAL trial with a population including patients with MDR/
RR-TB with or without fluoroquinolone resistance (MDR/RR-TB or pre-XDR-TB) was compared with
the BPaL arm of the TB-PRACTECAL trial, which comprised MDR/RR-TB or pre-XDR-TB patients.
Primary analysis was undertaken at 72 weeks post treatment initiation.

Participants with MDR/RR-TB (with or without fluoroquinolone resistance) receiving the BPaLM regimen
(n=62) compared with participants receiving BPaL in the TB-PRACTECAL trial (n=60) experienced:

* higher levels of treatment success (89% vs 77%); that is, a 15% relative increase (aRR=1.15, 95%
Cl: 0.95 to 1.38);

 lower levels of failure and recurrence (8.1% vs 13%); that is, a 47% relative reduction (aRR= 0.53,
95% CI: 0.17 to 1.63);

+ lower levels of loss to follow-up (3.2% vs 10%); that is, a 68% relative reduction (aRR=0.32, 95%
Cl: 0.08 to 1.34);

+ no difference in deaths (0% vs 0%); that is, a 0% absolute difference (RD= 0, 95% CI: —0.06 to 0.06);

* higher levels of Grade 3-5 adverse events (21% vs 20%); that is, a 7% relative increase (aRR=1.07,
95% CI: 0.62 to 1.88); and

+ lower levels of amplified resistance (0% vs 2.9%); that is, a 3% absolute reduction (RD=-0.03, 95%
CI: -0.08 to 0.01).
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The GDG judged the benefits of BPaLM to be moderate and the undesirable effects to be small
compared with 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 BPalLM.

Conclusion

The use of the 6-month treatment regimen composed of bedaquiline, pretomanid, linezolid and
moxifloxacin (BPaLM) rather than BPalL 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

The BPaLM regimen arm of the TB-PRACTECAL trial with a population including patients with MDR/
RR-TB with or without fluoroquinolone resistance (MDR/RR-TB or pre-XDR-TB) was compared with the
BPaLC arm of the TB-PRACTECAL trial that comprised MDR/RR-TB or pre-XDR-TB patients. Primary
analysis was undertaken at 72 weeks post treatment initiation.

Participants with MDR/RR-TB (with or without fluoroquinolone resistance) receiving the BPaLM
regimen (n=62) compared with participants receiving the BPaLC regimen (n=64) in the TB-PRACTECAL
trial experienced:

+ higher levels of treatment success (89% vs 81%); that is, an 11% relative increase (aRR 1.11, 95%
Cl: 0.94 to 1.31);

 lower levels of failure and recurrence (8.1% vs 9.4%); that is, a 30% relative reduction (aRR= 0.70,
95% CI. 0.2 to 2.29);

* lower levels of deaths (0% vs 1.6%); that is, a 2% absolute reduction (RD= —0.02, 95% CI. —0.08
to 0.04);

* lower levels of loss to follow-up (3.2% vs 7.8%); that is, a 59% relative reduction (RR=0.41, 95%
CL: 0.09t0 1.77);

 lower levels of Grade 3-5 adverse events (21% vs 34%); that is, a 39% relative reduction (aRR=0.61,
95% CI: 0.37 to 1.00); and

+ lower levels of amplified resistance (0% vs 1.9%); that is, a 2% absolute reduction (RD= -0.02, 95%
Cl: -0.07 t0 0.02).

The GDG judged the benefits of BPaLM to be moderate and the undesirable effects to be ftrivial
compared with 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.

Conclusion

The use of the 6-month treatment regimen composed of bedaquiline, pretomanid, linezolid and
moxifloxacin (BPaLM) rather than BPalLC is suggested in patients with MDR/RR-TB 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

The BPalLC regimen arm of the TB-PRACTECAL trial with population including patients with MDR/
RR-TB with or without fluoroquinolone resistance (MDR/RR-TB or pre-XDR-TB) was compared to the
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 a
9-12-month injectable-containing regimen; 18-24-month WHO-recommended regimen [pre-2019];
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9-12-month all-oral regimen; and 18-20-month all-oral regimen). Primary analysis was undertaken
at 72 weeks post treatment initiation.

Participants with MDR/RR-TB (with or without fluoroquinolone resistance) receiving BPaLC (n=64)
compared to participants receiving WHO-recommended SoC regimens used in the TB-PRACTECAL
trial (n=66) experienced:

* higher treatment success (81% vs 52%); that is, a 55% relative increase (aRR=1.55, 95% CI. 1.15
to 2.11);

 lower levels of failure and recurrence (9.4% vs 26%); that is, a 66% relative reduction (aRR=0.34,
95% CI: 0.14 to 0.87);

 lower levels of deaths (1.6% vs 3.0%); that is, a 48% relative reduction (RR=0.52, 95% CI: 0.07 to
3.85);

+ lower levels of loss to follow-up (7.8% vs 20%); that is, a 57% relative reduction (aRR=0.43, 95%
Cl 0.15 to 1.23);

* lower levels of grade 3 to 5 adverse events (34% vs 51%); that is, a 33% relative reduction (aRR=0.67,
95% (CI: 0.46 to 0.97); and

+ and higher levels of amplified resistance (1.9% vs 1.9%); that is, a 4% relative increase (RR=1.04,
95% CI: 0.19 to 5.80).

The GDG judged the benefits of BPaLC to be large and the undesirable effects to be trivial compared
to WHO-recommended SoC 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.

Conclusion

The use of the 6-month treatment regimen composed of bedaquiline, pretomanid, linezolid and
clofazimine (BPaLC) rather than a 9-month or longer (18-month) regimen 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

The BPaLC regimen arm of the TB-PRACTECAL trial with a population including patients with MDR/
RR-TB with or without fluoroquinolone resistance (MDR/RR-TB or pre-XDR-TB) was compared with
the BPal arm of the TB-PRACTECAL trial that comprised MDR/RR-TB or pre-XDR-TB patients. Primary
analysis was undertaken at 72 weeks post treatment initiation.

Participants with pulmonary MDR/RR-TB or pre-XDR-TB receiving BPaLC (n=64) compared with
participants receiving BPaL 600-300 (n=60) experienced:

* higher levels of treatment success (81% vs 77%); that is, a 4% relative increase (aRR=1.04, 95% CI:
0.84 to 1.30);

 lower levels of failure and recurrence (9.4% vs 13%); that is, a 14% relative reduction (aRR=0.86,
95% CI: 0.28 to 2.69);

* higher levels of deaths (1.6% vs 0%); that is, 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%); that is, a 28% relative reduction (aRR=0.72, 95%
Cl: 0.21 to 2.47);

* higher levels of adverse events (34% vs 20%); that is, 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%); that is, a 35% relative reduction
(RR=0.65, 95% CI. 0.13 to 3.21).

The GDG judged both the desirable and the undesirable effects of BPaLC to be small compared with

BPaL. The certainty of evidence was judged to be very low. The balance of health effects did not favour
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either the intervention or the comparator; however, taking into consideration the higher cost of the
regimen, increased pill burden, reduced acceptability due to skin discolouration and other potential
adverse effects related to clofazimine without noticeable net benefit in terms of health effects, the
panel judged against the intervention.

Conclusion

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

The BPalL arm of the TB-PRACTECAL trial with a population including patients with MDR/RR-TB with or
without fluoroquinolone resistance (MDR/RR-TB or pre-XDR-TB) was compared with the comparator
arm of the TB-PRACTECAL trial that comprised MDR/RR-TB or pre-XDR-TB patients treated with
multiple local SoC regimens (including a 9-12-month injectable-containing regimen, an 18-24-month
WHO regimen [pre-2019], a 9-12-month all-oral regimen and an 18-20-month all-oral regimen).
Primary analysis was undertaken at 72 weeks post treatment initiation.

Participants with MDR/RR-TB (with or without fluoroquinolone resistance) receiving BPalL (n=60)
compared with participants receiving WHO-recommended SoC regimens used in the TB-PRACTECAL
trial (n=66) experienced:

* higher levels of treatment success (77% vs 52%); that is, a 47% relative increase (aRR=1.47, 95%
Cl: 1.09 to 1.99);

* lower levels of failure and recurrence (13% vs 26%); that is, a 48% relative reduction (aRR=0.52,
95% CI: 0.22 t0 1.18);

* lower levels of deaths (0% vs 3.0%); that is, a 3% absolute reduction (RD= —0.03, 95% CI. -0.10
to 0.03);

+ lower levels of loss to follow-up (10% vs 20%); that is, a 40% relative reduction (aRR=0.60, 95%
Cl: 0.24 to 1.56);

* lower levels of adverse events (20% vs 51%); that is, 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%); that is, a 59% relative increase
(RR=1.59, 95% (I: 0.32 to 7.84).

The GDG judged the benefits of BPaL to be large and the undesirable effects to be trivial compared
with WHO-recommended SoC 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 the BPaL regimen.

Conclusion

The use of the 6-month treatment regimen composed of bedaquiline, pretomanid and linezolid (BPaL)
rather than a 9-month or longer (18-month) regimen is suggested in patients with MDR/RR-TB 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.

PICO 6 - Intermediate summary conclusion

The main assessment that defined the overall decision was that of sub-PICO 6.1, which
resulted in the conditional recommendation for use of the BPaLM regimen over the internal
mix of SoC regimens conforming to the WHO recommendations on 9-month or longer
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regimens. The assessments of the investigational regimens against each other and with the
SoC in sub-PICOs 6.2-6.6 helped the panel in making final decisions.

Summary of other evidence

Additional data reviewed by the GDG relevant to these PICO questions were a cost—effectiveness
analysis, a study on the acceptability and likelihood of implementation of the BPaL regimen, modelled
pharmacokinetic data based on the development of a pharmacokinetic toxicodynamic model, and a
summary of data on potential reproductive toxicity of pretomanid. No additional research data were
available during review of sub-PICO questions 3.2-3.5.

Pharmacokinetic data

Early data from the pharmacokinetics study embedded in the TB-PRACTECAL were presented to the
GDG panel in one of the preparatory webinars. The final results of this sub-study were not available
at the time of the assessment and could not be fully considered.

The pharmacokinetics of linezolid are highly variable, with efficacy and toxicity dependent on factors
such as pathogen susceptibility, drug exposure and the combination of companion drugs. The toxicity
of linezolid, especially when used at higher doses and longer durations, is a known phenomenon
and various strategies have been suggested to reduce it. However, except for the data available from
the ZeNix and TB-PRACTECAL trials, no other strategies have been tested in a trial environment."’

Data on reproductive toxicity of pretomanid

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.

Resources required and cost-effectiveness

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 (26, 27) and one compared the BPal,
BPaLM and BPaLC regimens with longer (18-month) regimens and with the 9-month regimen with

7 As presented in the expert review (by Dr J-W. Alffenaar, University of Sydney) to the GDG panel in one of the preparatory webinars.
8 Pretomanid has been shown to cause testicular atrophy and impaired fertility in male rats.

1% Estimated regimen prices were calculated using the average weighted price for each medicine (average weighted price accounts for the
different prices for each supplier of that medicine weighted by the market share allocation received from each GDF tender), the duration
indicated (in months) and assuming 30 days of treatment per month. Actual final costs may differ based on the products delivered.
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ethionamide (28). 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 in Web Annex 4). 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. Thus, 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.

The cost—effectiveness study (28) 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/BPalL.

Equity, acceptability and feasibility

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.

A study on the acceptability and feasibility of the BPaL regimen from the provider perspective (29) 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 and feasibility overall were high.
BPaL was rated as acceptable by more than 80% of participants across domains and stakeholders and
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. Results from a second qualitative study (30) 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. Regarding feasibility, 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.

1.3 Evidence to recommendations: considerations

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

% Unpublished, courtesy of Beverley Stringer, Manson unit, Médecins Sans Frontiéres.
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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 BPalL
(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.

¢. 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
BPalL-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

. ; Comparator .

# PICO Population Intervention [datalsource] Sub-PICO Recommendation

3 Should BPaL regimens with - MDR/RR-TB or ~ BPaL (1200 mg BPal 1200-26 3.2 Conditional against the
lower linezolid exposure pre-XDR-TB — 9 weeks) [ZeNix]? intervention
(dose or duration) be used - . )
instead of the original BPaL (600 mg 33 Conditional for the intervention
BPaL regimen in patients — 26 weeks)

\éanCJLarreegierIT;gelr??le for BPaL (600 mg 34 Conditional against the
— 9 weeks) intervention
BPaL (600 mg then 35 No recommendation because
300 mq) the panel felt that comparison
of data from different trials was
less reliable and indirect

4  Should a 6-month Pre-XDR-TB BPaL (600 mg Longer regimens 4.1 Conditional for the intervention
regimen using bedaquiline, — 26 weeks) [IPDJ°
pretomanid and linezolid FO- |
be used in patients (FQ-res only)
with pulmonary pre-

XDR-TB (MDR/RR-TB with
fluoroquinolone resistance)?

5 Should a 6-month MDR/RR-TB BPaL (600 mg 9-month (Eto) 51 Conditional for the intervention
regimen using bedaquiline, — 26 weeks) ] ‘ -5 onditional for the It .
pretomanid and linezolid FO- 4 FO- onger regimens : onditional for the intervention
be used in patients (FQ-res and FQ-sus9) pppys
with pulmonary MR/ 9-month (Lzd) 53 Conditional for the intervention

RR-TB and without
fluoroquinolone resistance?
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# PICO

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
fluorogquinolone resistance)?

Population

MDR/RR-TB or
pre-XDR-TB

Comparator

Intervention [data source] Sub-PICO Recommendation

BPaLM Mix of 9-month and 6.1 Conditional for the intervention
longer regimens
[TB-PRACTECALJ

BPaLM BPaL (600 mg 6.2 Conditional for the intervention
then 300 mq)
[TB-PRACTECALJ

BPaLM BPalLC 6.3 Conditional for the intervention
[TB-PRACTECALJ

BPaLC Mix of 9-month and 6.4 Conditional for the intervention
longer regimens
[TB-PRACTECALJ

BPalLC BPaL (600 mg 6.5 Conditional against the
then 300 mq) intervention
[TB-PRACTECALJ

BPaL (600 mg then Mix of 9-month and 6.6 Conditional for the intervention

300 mg)

longer regimens
[TB-PRACTECAL]"

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.

@ ZeNix trial.
® 2021 IPD.
¢ TB-PRACTECAL.



The GDG panel discussed the subgroups and implementation considerations, and the monitoring
and evaluation and research priorities as they pertain to the summary recommendation rather than
for each individual sub-PICO question.

1.4 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 and (31)). The lack of safety data on pretomanid in children aged below
14 years was the main barrier for potential extrapolation of the BPaLM/BPalL 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/mm? and if they were using antiretroviral
medications.”* 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.

Itis 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/mm?.

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 (32). 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

Patients with extrapulmonary TB were excluded from the ZeNix and TB-PRACTECAL trials; therefore,
no analysis specific to this subgroup of patients could be performed. The available data on the
central nervous system (CNS) penetration of bedaquiline or pretomanid are limited. Although all

21 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.

Recommendations

27



28

forms of extrapulmonary TB were excluded from the clinical trials, the GDG felt that extrapolation to
extrapulmonary TB and other forms of TB was warranted except in cases involving severe forms of
TB that may require special treatment arrangements and decisions, particularly TB involving the CNS,
osteoarticular and disseminated forms of TB. Thus, the recommendation of the BPaLM/BPal regimen
applies to people with pulmonary TB and all forms of extrapulmonary TB except for TB involving the
CNS, and osteoarticular and disseminated (miliary) TB.

Other considerations

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.

1.5 Implementation considerations

High treatment success rates shown for the BPaLM and BPaL regimens in the Nix-TB study and in
the ZeNix and TB-PRACTECAL trials, and favourable comparison with the current SoC regimens led
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 that this recommendation is conditional, the results of additional or ongoing operational
research will help to add further knowledge that can be used 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

Itis 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 fluoroguinolone 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
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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® MTBDRs! (Hain Lifescience) assays may be used as the
initial test, in place of culture and phenotypic DST, to detect resistance to fluoroquinolones (33, 34).
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 (35).

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 (35). 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.

Drug-drug interactions

Itis important to take drug—drug interactions into account when administering TB and HIV medications
in combination, including the documented interactions between bedaquiline and efavirenz (36).
Efavirenz reduces pretomanid exposures significantly; therefore, an alternative antiretroviral agent
should be considered if pretomanid forms part of the BPaLM/BPal regimen (32). 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/BPalL:

« 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;
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+ 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 (37). 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 (38).

Active TB drug-safety monitoring and management

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 (39). 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 BPalLM/BPalL 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 fluorogquinolones 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 (23). 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 (40). 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.
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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.

1.6 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 fluoroguinolone 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.qg. 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 (3).

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.
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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.

Section 2. The 9-month all-oral regimen for MDR/
RR-TB (NEW)

2.1 Recommendation

No. Recommendation

IN EW RECOMMEN DATIONI

2.1 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. A 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. people with MDR/RR-TB and without resistance to fluoroquinolones;

b. patients without extensive TB disease” and without severe extrapulmonary TB;”

C. patients with less than 1 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;

d. all people regardless of HIV status;

e. children (and patients in other age groups) who do not have bacteriological confirmation
of TB or resistance patterns but who do 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).

Rationale

The rationale for this recommendation is based on the evidence and considerations detailed in the
next two subsections. 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

22

23

Extensive (or advanced) pulmonary TB disease is defined 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.

Severe extrapulmonary TB is defined as the presence of miliary TB or TB meningitis. In children aged below 15 years, extrapulmonary
forms of disease other than lymphadenopathy (peripheral nodes or isolated mediastinal mass without compression) are considered to
be severe.
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intention to determine a relatively shorter duration of treatment for patients with forms of DR-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 programmeatic 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 (41). 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.

2.2 Summary of evidence

This section provides the PICO questions posed, the data and studies considered to answer the
questions, the methods used for analysis and data synthesis, a summary of evidence on desirable
and undesirable effects and certainty of evidence, and a summary of other evidence considered
during development of the recommendation. Additional detail on the evidence is available in the web
annexes containing the GRADE evidence summary tables (Web Annex 3) and GRADE evidence-to-
decision tables (Web Annex 4).

PICO questions

The following PICO question was used for the evidence assessment in 2019 that led to the conditional
recommendation for use of the all-oral bedaquiline-containing 9-month regimen.

PICO question 2-2019 (MDR/RR-TB, 2019): In MDR/RR-TB patients, does an all-oral treatment
regimen lasting 9-12 months and including bedaquiline safely improve outcomes when
compared with other regimens conforming to WHO guidelines?

The following PICO question (split into two sub-PICO questions because of different comparators)
guided the analyses and the assessment, and eventually led to a summary recommendation:
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PICO question 1-2022 (MDR/RR-TB, 2022): 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 with fluoroquinolone resistance excluded?

Data and studies considered

In 2019, for the WHO guideline update, the South African Department of Health provided WHO with
access to programmatic data on injectable-free regimens that had been used in South Africa since
2017, when most eligible patients were enrolled on a shorter regimen, with bedaquiline replacing
the injectable (42). In August 2019, WHO issued a public call for IPD on the use of all-oral shorter
regimens of 9-12 months (43), but this call yielded no additional evidence on the implementation
of such regimens. Consequently, the evidence review on injectable-free regimens in 2019 was
based primarily on programmatic data from South Africa, recorded in the Electronic Drug-Resistant
Tuberculosis Register (EDRWeb). Secondary comparative analyses were carried out using the IPD, to
balance the assumptions and adequacy of the data, and adding to the generalizability of findings —
in particular, the applicability to a global population. The IPD used at that time was a global dataset
of the records of individual patients who have been treated for MDR/RR-TB; as of November 2019, it
contained 13 273 records from 55 studies or centres in 38 countries. The evidence reviews focused
on the performance of a standardized shorter regimen in which the injectable agent was replaced by
bedaquiline, in combination with levofloxacin (or moxifloxacin), clofazimine, and high-dose isoniazid,
ethambutol, pyrazinamide and ethionamide (or prothionamide). Patients on this regimen did not
receive any injectable agents, nor were they administered cycloserine, terizidone, p-aminosalicylic acid,
delamanid or linezolid. According to the clinical guidance issued by the South African Department of
Health, at the time of regimen roll-out patients were not enrolled on the all-oral shorter regimen if
they had extensive disease, severe extrapulmonary TB, fluoroquinolone resistance, previous exposure
to second-line treatment for more than 1 month or genotypic DST showing mutations in both inhA
and katG genes.

In June 2021, WHO issued a public call (44) for IPD on the treatment of DR-TB. The call for individual
patients’ data on bacteriologically confirmed MDR/RR-TB patients (including MDR/RR-TB, MDR/
RR-TB with additional resistance to second-line TB drugs, and patients with pre-XDR-TB or XDR-TB)
included the following specifics:

+ use of the modified shorter (<12 months) all-oral regimens using at least bedaquiline and linezolid;

+ use of the WHO-recommended shorter all-oral bedaquiline-containing regimen (9-11 months) in
the following combination: 4 or 6 months of bedaquiline (used for at least 6 months), levofloxacin
(or moxifloxacin), clofazimine, pyrazinamide, ethionamide, ethambutol and high-dose isoniazid,
followed by 5 months of levofloxacin (or moxifloxacin), clofazimine, pyrazinamide and ethambutol;
and

+ use of the WHO-recommended longer all-oral treatment regimen containing at least bedaquiline
and linezolid.

The South African Department of Health provided WHO with the programmatic data from 2018 to 2019
on the use of a modified 9-month regimen in which ethionamide was replaced by linezolid. Several
country programmes that provided WHO with IPD on the use of longer regimens according to WHO
recommendations are listed in the Introduction (See Scope of the 2022 update and available evidence).

Once again, in 2021, the evidence review was based on programmatic data from South Africa
on treatment outcomes of patients treated with the 9-month regimen (with either ethionamide or
linezolid), recorded in the EDRWeb. Both datasets from South Africa (2017 and 2018-2019) with the
9-month regimens systematically excluded patients with extensive TB disease (extensive bilateral
pulmonary cavitations), severe forms of extrapulmonary TB (meningitis, osteoarticular TB, pericardial
effusion and abdominal TB), fluoroquinolone resistance, previous exposure to second-line treatment

" The three medicines included in Group A used for classification of second-line medicines are bedaquiline, fluoroquinolones and linezolid.
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for more than 1 month or with genotypic DST showing mutations in both inhA and katG genes. In
addition, comparative analyses were carried out using the 2021 IPD, which was compiled for the
review and analyses in preparation for the GDG 2022; this IPD was of individual patients who had been
treated for MDR/RR-TB. The evidence review focused on the performance of a standardized shorter
regimen in which the injectable agent was replaced by 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 remained
sputum smear positive at the end of 4 months), followed by 5 months of treatment with levofloxacin/
moxifloxacin, clofazimine, ethambutol and pyrazinamide. The comparators used included a nearly
identical regimen where ethionamide was replaced by 2 months of linezolid (600 mg once daily) and
the set of longer regimens designed based on the 2020 WHO recommendations.

Methods used for analysis and data synthesis

For comparisons between dataset or cohorts, outcomes were presented as unadjusted RRs and
aRRs; the latter 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 (<5 positive or negative cases) aRRs were not calculated and unadjusted RRs
alone were presented. For outcomes where the number of outcome events was zero, an unadjusted
RD was calculated. For unadjusted RDs or RRs, the score method was used for calculating Cls. These
approaches applied where one arm of a randomized trial was being compared with an external
population, and in randomized trials in which subgroup 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, disease site and presence
of bilateral disease. For the calculation of aRRs, 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%.

Summary of evidence on desirable and undesirable effects and certainty of
evidence

PICO 1-2019

The primary analysis performed in 2019 using programmatic data from South Africa indicated
that the use of a shorter all-oral bedaquiline-containing regimen in patients with MDR/RR-TB was
associated with:

* higher treatment success rates (73% all-oral versus 60% standardized shorter regimen success
rates, adjusted odds ratio [aOR] for success versus failure or recurrence: 2.1, 95% CI: 1.1-4.0; aOR
success versus death: 1.6, 95% CI: 1.2-2.1; aOR success versus failure, recurrence or death: 1.7,
95% (I: 1.3-2.2; and aOR success versus all unfavourable outcomes: 1.9, 95% CI: 1.6—2.4); and

+ lower loss to follow-up than a standardized shorter regimen in which an injectable agent was used
(aOR loss to follow-up versus all other outcomes: 0.5, 95% CI: 0.4-0.7).

A similar effect for subgroups of patients with acid-fast bacilli (AFB) smear-positive sputum and
PLHIV and HIV-negative patients was observed with the use of the shorter all-oral bedaquiline-
containing regimen.
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The analysis also indicated that when the shorter all-oral bedaquiline-containing regimen was
compared with an injectable-free longer regimen containing bedaquiline, there seemed to be no
marked differences in the outcomes observed. However, relatively modest beneficial effects were
noted in the direction of the intervention; in particular, success versus failure or recurrence (aOR: 3.9,
95% CI: 1.7-9.1), success versus all unfavourable outcomes (aOR: 1.6, 95% CI: 1.2-2.2) and loss to
follow-up (aOR: 0.5, 95% CI: 0.4-0.8), all favouring the use of the all-oral shorter regimen. Further
subgroup analysis suggested consistent differences in treatment outcomes, as observed in primary
analyses among subgroups, in particular among AFB smear-positive patients and in PLHIV on ART,;
however, differences in treatment outcomes in all-oral shorter and longer regimens were no longer
significant when looking at outcomes for HIV-negative individuals, with the exception of loss to
follow-up, which favoured the intervention. The additional comparison also illustrated the effect of
a shorter all-oral bedaquiline-containing regimen in comparison with longer regimens without any
new drugs. The all-oral shorter regimen performed significantly better across all outcomes and all
subgroups in this comparison.

PICO 1-2022

For the assessment performed in preparation for the 2022 GDG, 8 653 records of patients with MDR/
RR-TB initiating TB treatment at any time between January and December 2017 were considered, of
which the following were included for analyses: 4 244 patients treated with a shorter regimen that
included linezolid (used in South Africa in 2019) (intervention), 880 patients who received a shorter
all-oral bedaquiline-containing 9-month regimen with ethionamide (used in South Africa in 2017)
(comparator), and 850 patients treated with longer regimens that included at least bedaquiline and
linezolid.

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%
Cl: 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.

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.
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Conclusion

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

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%
CL: 0.83 t0 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% CL:
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).

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. The panel judged that although the balance of effects
did not favour either the intervention or the comparator, several other criteria in the GRADE evidence-
to-decision tables (e.g. resources, acceptability, equity and feasibility) favoured the 9-month regimen.

Conclusion

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).

Summary of other evidence

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 (45) 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 fluoroguinolone resistance. These patients are usually tested for rifampicin
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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.

2.3 Evidence to recommendations: considerations

In 2022, new evidence from programmatic implementation in South Africa was made available to
WHO where the regimen was modified to include 2 months of linezolid (600 mg) instead of 4 months
of ethionamide.

Based on an assessment of the certainty of the evidence, carried out using predefined criteria and
documented in the GRADEpro software, the certainty of the evidence was rated as very low for
both comparisons.

Table 2.1 lists the comparisons and decisions on each of the sub-PICO questions that were assessed
by the GDG to conclude with the summary recommendation (Recommendation 2.1). The main
assessment that defined the overall decision was based on sub-PICO 1.1. The background for this
decision was provided by the previous review and recommendation for the use of the 9-month
regimen with ethionamide agreed during the GDG meeting in November 2019 and reflected in the
recommendations published in the 2020 DR-TB treatment guidelines update (41).
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Table 2.1. PICO questions and decisions of the GDG panel

2-2019

PICO

In MDR/RR-TB
patients, does an
all-oral treatment
regimen lasting
9-12 months

and including
bedaquiline safely
improve outcomes
when compared
with other regimens
conforming to
WHO guidelines?

Population

MDR/RR-TB

Intervention

9-month regimen
with ethionamide

Comparator
[data source]

9-month regimen
with injectables; or
longer regimens

Comparison#

1

Decision

Conditional for intervention

1-2022

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
fluorogquinolone
resistance excluded?

MDR/RR-TB

9-month regimen
with linezolid

9-month regimen
with ethionamide

11

Conditional for either
intervention or comparator

Longer regimens

1.2

Conditional for either
intervention or comparator

GDG: Guideline Development Group; MDR/RR-TB: multidrug-resistant or rifampicin-resistant TB; PICO: population, intervention, comparator and outcome; TB: tuberculosis; WHO: World Health Organization.



Sub-PICO 1.1

The GDG acknowledged that, during the analysis, the intervention and comparator groups were made
as comparable as possible. However, the GDG considered possible unmeasured confounding due to
a lack of systematic collection of information on comorbidities and radiological findings through the
EDRWeb system, as well as methodological challenges (e.g. a potential selection bias). Apart from
the selection criteria listed, the risk of major selection bias was considered to be low, given that this
intervention represented a complete and comprehensive switch in the countrywide programmatic
approach.

Regarding generalizability, the GDG deliberated whether the genetic diversity of M. tuberculosis
strains in South Africa was comparable to strains present in other settings; the group concluded that
strains found in other settings were adequately represented in the country. The group also considered
potential interactions in relation to HIV status and the effect of ART, but this was not considered a
major factor given that treatment outcomes were similar in PLHIV and HIV-negative people. The GDG
agreed that results of the STREAM Stage 2 trial — a large-scale, multicountry Phase 3 trial examining
a shorter all-oral bedaquiline-containing regimen — will provide additional important insight into the
efficacy and safety of this regimen, and may increase the certainty of the evidence.

A clear limitation emphasized by the GDG was the lack of data on adverse events in the EDRWeb.
No direct comparative evidence was available on adverse events because the data on such events
were not systematically collected for the 9-month regimen with ethionamide. The rate of Grade 3-5
adverse events was 5% for the 9-month regimen with linezolid. The panel nevertheless considered
the potential adverse events of both ethionamide and linezolid in balancing the benefits and harms
(Table 2.2).

Table 2.2. Summary of adverse events associated with linezolid and ethionamide

Linezolid adverse events Ethionamide adverse events

* Myelosuppression (anaemia, decreased level of < Gastrointestinal upset and anorexia
white blood cells or decreased level of platelets) (sometimes intolerable) — symptoms

« Peripheral or optic neuropathy — these are moderated by food or by taking at

conditions may be irreversible, and linezolid bedtime
should be stopped if they develop * Hepatotoxicity
* Lactic acidosis — patients who develop recurrent  « Endocrine effects (e.g. gynaecomastia,
nausea or vomiting, unexplained acidosis or a hair loss, acne, impotence, menstrual
low bicarbonate level while receiving linezolid irregularity and reversible hypothyroidism)

should receive immediate medical evaluation,

. ; o * Neurotoxicity — patients takin
including a lactic acid blood test yoP J

ethionamide should take high doses of
* Diarrhoea and nausea vitamin B6

The panel also considered the duration and pill burden with the intervention and comparator regimens.
Both regimens have the same duration, so neither offers an advantage of shorter treatment, although
the duration of the linezolid regimen is shorter than that of ethionamide. The pill burden is likely to
be slightly lower with the intervention because linezolid is prescribed for 2 months in the 9-month
regimen with linezolid and ethionamide for 4 months in the 9-month regimen with ethionamide.

Considering this evidence, the panel judged that the 9-month regimen with linezolid may have small
desirable effects and noted the very low certainty of the evidence. Certainty of the evidence was
rated “very low” for all outcomes on account of potential misclassification bias and confounding bias
(downgraded 1 level), and serious indirectness (downgraded 1 level). The overall certainty is generally
based on the lowest certainty for the agreed critical outcomes; thus, it was judged to be very low. The

Recommendations

41



42

panel noted that the evidence on both the intervention and on the comparator 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 or datasets that were compared, making it difficult to draw conclusions with full confidence.

The panel judged that there was probably no important uncertainty or variability in how much
people value the main outcomes. The panel used available data on cost of component medicines
combined with professional judgement to estimate the cost of the 9-month regimen with linezolid
compared with the 9-month regimen with ethionamide among patients with MDR/RR-TB, susceptible
to fluoroquinolones. The panel suggested that the cost would be expected to be very similar; that
is, for there to be negligible costs or savings. The panel also noted that no data were available on
the cost of managing potential long-term consequences of neurotoxicity that can be caused by the
use of linezolid, and that the risk is greater if linezolid is used for longer periods. The panel has also
noted that health care and patient costs are likely to be similar for regimens when used in a similar
group of patients and for the same duration.

The GDG attempted to discuss cost—effectiveness of the two regimens; however, no evidence was
available, the two regimens are identical in duration and they only differ in one component drug,
which would not change the overall cost of the regimen in any significant way. The similarity of the
two regimens also prevented a substantial discussion on the equity. The panel considered patients
and health care providers as key stakeholders. The panel considered the following aspects as critical
with regard to acceptability: regimen duration, 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 DST needs. The panel judged that there were probably no differences in
acceptability between the 9-month regimen with linezolid and the 9-month regimen with ethionamide,
given the overall similarity of the regimens, and that the 9-month regimen with linezolid would
probably be acceptable. The panel considered the following aspects to affect feasibility (i.e. to be
potential barriers to implementation): requirements for drug-safety monitoring and for DST. The
9-month regimen with linezolid would require monitoring of toxicity (e.g. anaemia) and DST.

The panel judged that the balance of desirable and undesirable consequences favours neither the
9-month regimen with linezolid nor the 9-month regimen with ethionamide in this population.
Specifically, the panel felt that there is a fine balance between the two options in terms of benefits
and harms that is uncertain given the overall very low certainty in the evidence (due to potential
misclassification bias, confounding bias and serious indirectness). The panel judged that for most
other evidence-to-decision criteria (e.g. resources, acceptability and feasibility) there was unlikely to
be a large difference between the 9-month regimen with linezolid and the 9-month regimen with
ethionamide because the only difference between the two regimens is the replacement of ethionamide
with linezolid. Overall, the panel judged that either regimen could be used and that the flexibility
of using either linezolid or ethionamide was helpful to optimize patient care. These considerations
also guided the agreement of the panel on the strength of the recommendation being conditional.

Sub-PICO 1.2

The GDG acknowledged that, during the analysis, the intervention and comparator groups were
made as comparable as possible. 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 and researchers that submitted data. The
panel also noted substantial inconsistency between cohorts in the comparator group (on the longer
regimens). Overall, there was concern that the selective nature of the data on the longer regimens may
have biased the comparison in favour 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. The panel
also considered the duration and overall pill burden with the intervention and comparator regimens,
which are both lower in the 9-month regimen and thus represent a benefit of the intervention.
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Considering this evidence and the totality of observed effects of the 9-month regimen with linezolid
on the outcomes, the panel judged that the 9-month regimen with linezolid may have moderate
desirable effects and that it may also have moderate undesirable effects.

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

The panel noted that the costs for people with MDR/RR-TB receiving the 9-month regimen with
linezolid are expected to be lower than those for longer regimens (18 months or longer) because
costs for drugs, care and monitoring are expected to be lower.

The panel considered the ability to decentralize treatment (to enable access for remote, underserviced
settings and disadvantaged populations) as affecting 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 9-month regimen owing to its reduced complexity and
shorter duration. The panel judged that use of the 9-month regimen with linezolid would probably
increase equity.

The panel considered patients and health care providers as key stakeholders and the following
aspects as critical with regard to acceptability: 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 needs for DST. The panel judged that the 9-month
regimen with linezolid would probably be acceptable to key stakeholders.

The balance of desirable and undesirable consequences was judged to not favour either the use of
the 9-month regimen or the longer, 18-month regimens in this population. Specifically, the panel felt
that there is a fine balance between the two options in terms of benefits and harms that is uncertain
given the overall very low certainty in the evidence. The panel judged that although the balance of
effects did not favour either the intervention or the comparator, several other evidence-to-decision
table criteria (e.g. resources, acceptability, equity and feasibility) favoured the 9-month regimen.

Overall, the panel judged that either regimen could be used in the eligible patient group presented
in the analysis; they noted the more limited eligibility for the 9-month regimen and acknowledged
that the applicability of the longer, individualized regimens is more flexible and significantly broader,
including many patient groups that are not eligible for the shorter regimen. These considerations
have also guided the agreement of the panel on the conditionality of this recommendation.

2.4 Subgroup considerations

Based on research evidence and expert experience, the panel identified subpopulations of people
who might be affected differently than most by this recommendation; these subpopulations were
PLHLV, children, pregnant women, breastfeeding women, patients with extrapulmonary TB and patients
with extensive TB disease. The recent new recommendation for use of bedaquiline in children with
MDR/RR-TB aged below 6 years was considered (31). The panel noted 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
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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) (46—48). Neuropathy, liver enzyme elevations and CNS
side-effects can be attributed to HIV or TB drugs or their interactions (49).

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 (31).

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 (50, 51). 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.

2.5 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
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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 (52). 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 regimen.”

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 (35).

% See the list of high-confidence resistance-conferring mutations in the WHO guide on the use of next-generation sequencing technologies,
WHO (2018) (53).
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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
(39, 54).

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 comprises an intensive phase of 4 months that may be extended to 6 months when no
bacteriological conversion is seen at the end of the fourth month of treatment, and a continuation
phase of 5 months; hence, 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.

2.6 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 is available.

The schedule of bacteriological monitoring in South Africa included both smear and culture, carried
out monthly. 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 12 months after the completion of treatment, for possible relapse,
including with sputum culture and smear.

Based on guidance in current literature and collective experience, the panel advised the following
with regard to monitoring and evaluation of the safety and effectiveness of the 9-month regimens:
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+ 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, aDSM systems must be
functional 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 fourth 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; and

+ wider applicability of the 9-month regimens highlights the importance of paediatric formulations.
Programmes and their partners need to address the sustained availability of modern paediatric
formulations to ensure smooth implementation in this subgroup of patients.

Section 3. Longer regimens for MDR/RR-TB

Recommendations

No. Recommendation

31 In multidrug- or rifampicin-resistant tuberculosis (MDR/RR-TB) patients on longer
regimens, all three Group A agents and at least one Group B agent should be included
to ensure that treatment starts with at least four TB agents likely to be effective, and that
at least three agents are included for the rest of the treatment if bedaquiline is stopped.
If only one or two Group A agents are used, both Group B agents are to be included.

If the regimen cannot be composed with agents from Groups A and B alone, Group C
agents are added to complete it.
(Conditional recommendation, very low certainty of evidence)

3.2 Kanamycin and capreomycin are not to be included in the treatment of MDR/RR-TB
patients on longer regimens.
(Conditional recommendation, very low certainty of evidence)

33 Levofloxacin or moxifloxacin should be included in the treatment of MDR/RR-TB
patients on longer regimens.
(Strong recommendation, moderate certainty of evidence)

34 Bedaquiline should be included in longer multidrug-resistant TB (MDR-TB) regimens
for patients aged 18 years or more.
(Strong recommendation, moderate certainty of evidence)

Bedaquiline may also be included in longer MDR-TB regimens for patients aged
6-17 years.
(Conditional recommendation, very low certainty of evidence)

In children with MDR/RR-TB aged below 6 years, an all-oral treatment regimen
containing bedaquiline may be used.
(Conditional recommendation, very low certainty of evidence)

35 Linezolid should be included in the treatment of MDR/RR-TB patients on longer regimens.
(Strong recommendation, moderate certainty of evidence)

3.6 Clofazimine and cycloserine or terizidone may be included in the treatment of MDR/
RR-TB patients on longer regimens.
(Conditional recommendation, very low certainty of evidence)

Recommendations
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No. Recommendation

3.7 Ethambutol may be included in the treatment of MDR/RR-TB patients on
longer regimens.
(Conditional recommendation, very low certainty of evidence)

3.8 Delamanid may be included in the treatment of MDR/RR-TB patients aged 3 years or
more on longer regimens.
(Conditional recommendation, moderate certainty of evidence)

In children with MDR/RR-TB aged below 3 years delamanid may be used as part of
longer regimens.
(Conditional recommendation, very low certainty of evidence)

39 Pyrazinamide may be included in the treatment of MDR/RR-TB patients on
longer regimens.
(Conditional recommendation, very low certainty of evidence)

310 Imipenem—cilastatin or meropenem may be included in the treatment of MDR/RR-TB
patients on longer regimens.
(Conditional recommendation, very low certainty of evidence)*®

311  Amikacin may be included in the treatment of MDR/RR-TB patients aged 18 years or
more on longer regimens when susceptibility has been demonstrated and adequate
measures to monitor for adverse reactions can be ensured. If amikacin is not available,
streptomycin may replace amikacin under the same conditions.

(Conditional recommendation, very low certainty of evidence)

3.12  Ethionamide or prothionamide may be included in the treatment of MDR/RR-TB
patients on longer regimens only if bedaquiline, linezolid, clofazimine or delamanid are
not used, or if better options to compose a regimen are not possible.

(Conditional recommendation against use, very low certainty of evidence)

3.13  P-aminosalicylic acid may be included in the treatment of MDR/RR-TB patients on
longer regimens only if bedaquiline, linezolid, clofazimine or delamanid are not used, or
if better options to compose a regimen are not possible.

(Conditional recommendation against use, very low certainty of evidence)

3.14  Clavulanic acid should not be included in the treatment of MDR/RR-TB patients on
longer regimens.
(Strong recommendation against use, low certainty of evidence)”

3.15 In MDR/RR-TB patients on longer regimens, a total treatment duration of
18-20 months is suggested for most patients; the duration may be modified according
to the patient’s response to therapy.
(Conditional recommendation, very low certainty of evidence)

316 In MDR/RR-TB patients on longer regimens, a treatment duration of 15-17 months
after culture conversion is suggested for most patients; the duration may be modified
according to the patient’s response to therapy.

(Conditional recommendation, very low certainty of evidence)

3.17 In MDR/RR-TB patients on longer regimens containing amikacin or streptomycin, an
intensive phase of 6-7 months is suggested for most patients; the duration may be
modified according to the patient’s response to therapy.

(Conditional recommendation, very low certainty of evidence)

% Imipenem-—cilastatin and meropenem are administered with clavulanic acid, which is available only in formulations combined with
amoxicillin. Amoxicillin—clavulanic acid is not counted as an additional effective TB agent, and should not be used without imipenem—
cilastatin or meropenem.
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Table 3.1 gives details of the grouping of medicines recommended for use in longer MDR-TB
regimens; the groups are summarized here for clarity:

+ Group A = levofloxacin or moxifloxacin, bedaquiline and linezolid;

* Group B = clofazimine, and cycloserine or terizidone; and

* Group C = ethambutol, delamanid, pyrazinamide, imipenem—cilastatin or meropenem, amikacin
(or streptomycin), ethionamide or prothionamide, and p-aminosalicylic acid.

3.2 Justification and evidence

This section refers to recommendations on MDR/RR-TB treatment regimens that are of longer duration
than the regimens described in Sect