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ANNEX 6

Summaries of unpublished data used
for the recommendations

1. Short MDR-TB regimens: meta-analyses of data from published
and unpublished studies

F Ahmad Khan', E C Casas?, P DuCros’, MA Hamid Salim®, V Schwoebel’, A Trébucq’, Atadjan
Khamraev®, Welile Sikhondze?, D Falzon?, D Menzies!

!Respiratory Epidemiology and Clinical Research Unit & McGill International TB Centre, McGill University, Montreal, Canada; > Médecins
Sans Fronti¢res-Operational Center Amsterdam, The Netherlands & Médecins Sans Fronti¢res-OCA Swaziland; * Manson Unit, Médecins
Sans Fronti¢res, London, UK; # National TB Programme of Bangladesh, USAID-MDR-TB Project, Dhaka, Bangladesh; * International
Union Against Tuberculosis and Lung Disease, Paris, France; ¢ Ministry of Health, Nukus, Karakalpakstan, Uzbekistan; 7 National TB
Control Program, Ministry of Health, Swaziland Ministry of Health, Swaziland; ® World Health Organization, Global TB Programme,
Geneva, Switzerland

Background

For the treatment of multidrug-resistant tuberculosis (MDR-TB), the World Health Organization
(WHO) recommends an intensive phase of at eight months, and total treatment duration of at least
20 months. Shortening the treatment duration without compromising efficacy would substantially
reduce the burden that prolonged therapy places on patients and programmes. To inform updated policy
recommendations, we synthesized data from published and unpublished studies of MDR-TB patients
treated with standardized regimens based on the 9-month “Bangladesh regimen” initially described by
Van Deun and co-workers in 2010 (1).

Methods

An expert committee identified published and ongoing studies of MDR-TB patients treated with
standardized regimens of up to 12 months in duration (“short MDR-TB regimens”) that were based on
the Bangladesh regimen. We sought to: (i) estimate the probability of treatment success (cure or treatment
completion) versus an unfavourable outcome (failure/relapse, death, or default); (ii) identify baseline
characteristics associated with these outcomes; and (iii) compare outcomes to those reported in patients
treated with regimens of conventional duration (at least 18 months). Patients were included if they had
MDR-TB confirmed by culture or molecular drug-susceptibility testing (DST). We also included patients
with rifampicin-resistant TB in whom isoniazid DST had not been performed. Aggregate (study-level)
meta-analyses were performed to estimate pooled proportions using data from all studies. To identify
patient characteristics associated with outcomes, we conducted individual patient data meta-analyses
stratified by characteristics of interest. Lastly, we compared outcomes with short MDR-TB regimens to
those with longer duration regimens. To do so, we used data from MDR-TB patients treated with regimens
of at least 18 months (“longer regimens”) taken from a previous individual patient meta-analysis. Hence,
the comparison group included many different regimens, some of which were individualized, and not all
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of which met existing WHO recommendations for MDR-TB treatment. Meta-analyses used random
effects models with the exact binomial likelihood method.

Results

Six studies were identified. Three are ongoing and shared interim data for this analysis. One published
and two ongoing studies provided individual patient data. The description of the studies and patients is
reported in Table AG.1.1.

Exclusion criteria

Five studies excluded patients that had previously been treated with second-line anti-TB medications.
The following exclusion criteria were used in some of the studies: pregnancy, age <14 years, severe liver or
renal co-morbidity, baseline XDR-TB, baseline resistance to moxifloxacin, baseline resistance to ofloxacin,
resistance to at least two second-line injectables, severe clinical condition, baseline QT prolongation and
extrapulmonary TB.

Regimens

In all six studies, the minimum duration of the intensive phase was four months. The intensive phase
could be extended by two months — exceptionally up to four months in the Swaziland series — in the
absence of conversion. The duration of the continuation phase was five months in four studies, and eight
months in two studies. The intensive phase regimens typically consisted of kanamycin, moxifloxacin (usual
dose) or gatifloxacin (high or usual dose), high-dose isoniazid, prothionamide, clofazimine, pyrazinamide
and ethambutol. In all studies, the continuation phase regimen included the same fluoroquinolone
(moxifloxacin or gatifloxacin), clofazimine, pyrazinamide and ethambutol; prothionamide was also
continued in three studies. All treatment was under direct observation, and in most studies either some or
all patients were hospitalized for a portion of the treatment.

Outcome definitions

Outcomes of cure, treatment completion, failure, death and default were reported in all studies. Relapse
was defined as a positive culture, post treatment completion. Because this outcome was rare and only
reported in the three published studies, the few relapse cases were counted as failures.

Aggregate meta-analyses

Rates of successful and unsuccessful treatment are reported in Table A6.1.2. The proportion of those
successfully treated was higher with standardized short regimens. When death and “loss to follow-up”
were included as unsuccessful outcomes along with failure/relapse, the percentage success was significantly
higher in patients on the shorter regimens compared with those on the longer regimen (confidence limits
not overlapping).

Individual patient data meta-analyses

When stratified by baseline susceptibility to fluoroquinolone and pyrazinamide, the proportion of
patients successfully treated remained consistently greater with standardized short MDR-TB regimens;
however, the confidence limits overlapped. There was a trend towards worsening treatment outcomes in
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both the short regimens group, and the longer regimen group, in patients with fluoroquinolone- and/or
pyrazinamide-resistant MDR-TB.

Conclusion

Short MDR-TB regimens based on the “Bangladesh regimen” have shown promising results in patients that
have never been treated with second-line drugs and with baseline susceptibility to fluoroquinolones and
pyrazinamide. There is a paucity of data on relapse; however, the available evidence suggests relapse is rare.

Table A6.1.1. Description of studies and patients

BANGLADESH NIGER CAMEROON UZBEKISTAN MULTIPLE SWAZILAND
2005-2011 2008-2010 2008-2011 2013-2015 2013-2015 2014-2015
Status Published Published Published Ongoing Ongoing Ongoing
Data available for Individual patient Aggregate Aggregate Individual patient Aggregate Individual patient

meta-analysis

Data available Yes Yes No No No No
on relapse at 2
years post-end of

treatment

Patients eligible for 640 124 323 NR 1169 114
initiation of MDR

treatment

Patients with MDR-TB 527t 97t 237t 117* 1169** 76*

or rifampicin-resist-
ant TB confirmed

Excluded from 34 (6.4%) 32 (33.0%) 87 (36.7%) 52 (44.4%)" 761(65.1%)*** 52 (68.4%)°

analysis, n (%)

Included, n (%) 493 (93.5%) 65 (67.0%) 150 (63.3%) 65 (55.6%) 408 (34.9%) 24 (31.5%)
Age (+ standard 33.6 (£12.9) 31 (27-38) 35.1 34.1 (£14.3) 35.1 35.2 (£14.4)

deviation, or IQR)

Female, n (%) 150/493 (30.4%) 12/65(18.5%) 73/150 (48.7%) 35/65(53.8%) 152/408 (37.3%) 13/24 (54.2%)

Primary MDR, n (%) 4/493 (0.8%)  1/65(1.5%)  1/150(0.1%)  47/61(77.0%) 59/407 (14.5%) 20/24 (83.3%)

HIV, n (%) 0 1/58 (1.7%)  30/150 (20%) 0/44 91/407 (22.4%) 16/24 (66.7%)

Smear positive, n (%) 475/493 (96.3%) 54/65 (83.1%) 150/150 (100%) 28/62 (45.2%) 354/406 (87.2%) 12/23 (52.2%)

Chest radiograph 99/493 (20.1%) 23/65 (35.4%) NR 26/61 (42.6%) NR NR
cavities, n (%)

Pyrazinamide resist-  99/240 (41.3%) NR NR 33/39 (84.6%) 80/150(51.3%) 10/14 (71.4%)
ance, n (%)

Ethambutol 321/493 (65.1%) 45/65 (69.2%) NR 31/44 (70.5%) NR 12/17 (70.6%)
resistance, n (%)

MDR: multidrug-resistant; TB: tuberculosis; NR: not reported

Multiple: Benin, Burkina Faso, Burundi, Cameroon, Central Africa Republic, Democratic Republic of Congo, Niger.

1t Isoniazid and rifampicin resistance confirmed in all participants.

* Includes participants with rifampicin-resistant TB in whom DST to isoniazid was not performed (Uzbekistan, n=7; Swaziland, n=6).

** Includes participants with rifampicin-resistant TB in whom DST to isoniazid was not performed (n=137) or with DST-confirmed susceptibility to
isoniazid (n=22).

*** 409/761 never initiated the short MDR-TB regimen: 65 with prior exposure to second-line drugs; 1 with XDR-TB; 112 lost prior to initiation; 34
died prior to initiation; 197 other (pregnancy, children, medical/social contra-indications, refusals, non-residents).

®  Majority of exclusions were accounted for by participants in whom short MDR-TB treatment was ongoing, or had ended recently: Uzbekistan,
39/52; Swatziland, 47/52.
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Table A6.1.2. Pooled treatment outcomes from aggregate data meta-analyses

STANDARDIZED SHORT MDR-TB REGIMENS,

OUTCOME 6 STUDIES LONGER REGIMENS, 31 STUDIES
WEIGHTED PROPORTION WEIGHTED PROPORTION
SUCCESS/N (95% CL) SUCCESS/N (95% CL)

Success versus failure or 1008/1033 97.5% (92.4%-99.2%) 4033/4639 91.2% (86.1%-94.6%)

relapse

Success versus failure, 1008/1116 90.3% (87.8%-92.4%) 4033/5850 78.3% (71.2%-84.0%)

relapse or death

Success versus failure, 1008/1205 83.7% (79.2%-87.4%) 4033/7665 61.7% (53.1%-69.6%)

relapse, death, or loss to

follow up

CL: Confidence limits

Meta-analyses used random-effects models.

In the shorter regimens, data on relapse were only available in the three published studies.
Bold indicates that 95% CL does not overlap with the longer regimens group.

Reference

1. Van Deun A, Maug AKJ, Salim MAH, Das PK, Sarker MR, Daru P, et al. Short, highly effective, and inexpensive standardized
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Introduction

Treatment for MDR-TB or XDR-TB requires lengthy use of second-line TB drugs, although the
regimens used vary widely. The WHO 2011 guidelines recommended that MDR-TB treatment include
as a minimum pyrazinamide, one second-line injectable (kanamycin, amikacin or capreomycin), one later
generation fluoroquinolone (levofloxacin or moxifloxacin), and at least two Group 4 drugs (ethionamide/
prothionamide, cycloserine/terizidone or p-aminosalicylic acid). We performed a systematic review to
update the evidence for MDR-TB treatment to inform the WHO Guideline Development Group.

Methods

Literature search and study selection

The PICO (Patients, Intervention, Comparator and Outcomes) questions were developed by the WHO
Guideline Development Group in 2014-2015 to assist evidence reviews to inform its 2016 update of the
guidance on MDR-TB treatment. The main focus of this review was the eflicacy and safety of available
drugs for the treatment of MDR-TB patients. The following groups of drugs were analyzed: first-line
drugs (pyrazinamide, ethambutol, and high dose isoniazid), injectable drugs (streptomycin, kanamycin,
amikacin, and capreomycin), fluoroquinolones (ofloxacin, levofloxacin and moxifloxacin), drugs from
Group 4 (ethionamide/prothionamide, cycloserine /terizidone and p-aminosalicylic acid (PAS)), and the
new drugbedaquiline. Drugs from Group 5 were not included in our review since at least four independent
systematic reviews were recently conducted for these drugs.

Three major databases were used for our search: MEDLINE (through OVID), EMBASE (through
OVID) and The Cochrane Library. The search strategy used a combination of Medical Subject Heading
(MeSH) terms and free-text words in titles, abstracts and key words. Terms related to MDR-TB and
XDR-TB, drugs of interest and treatment outcomes were included. Since this is an update from previous
reviews which included studies published up to December 2008 our search was limited to the period from
January 2009 to August 2015. The detailed search strategy is available in the supplemental material.

Two independent reviewers screened titles, abstracts and full texts, with consensus in each stage. A third
reviewer was consulted to resolve possible disagreements. We included studies published in English,
French, Chinese, Portuguese and Spanish. All studies that met the following inclusion criteria were
selected: (i) MDR-TB confirmed by phenotypic tests (GeneXpert® was not adequate unless confirmed);
(ii) pulmonary TB (studies that had more than 10% extrapulmonary patients and did not report the
outcomes separately were excluded); (iii) cohorts or RCTs with a minimum of 25 MDR-TB (or XDR-
TB) patients treated; (iv) a clear regimen specifying the drugs received; and (v) at least reported one of
the following outcomes: end-of-treatment outcomes, six-month culture conversion, adverse events due to
MDR-TB treatment. Studies that evaluated short regimens (<18 months) were excluded.
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Data abstraction

Data from eligible studies were abstracted using a standardized data abstraction form (see supplemental
material). We recorded information of age, sex, HIV (and use of antiretroviral treatment), acid-fast
bacillus smear results, chest radiograph cavitation, prior TB treatment (with first-line drugs or second-line
drugs), drug susceptibility test results, number of patients that received each drug, duration of treatment,
and whether the regimen was standardized or individualized. Outcomes abstracted included: end of
treatment outcomes defined according to published criteria, six-month sputum culture conversion and
serious adverse events (SAEs; defined as Grade 3—4 events, or defined operationally as drugs discontinued
permanently). For SAEs, we recorded the study definition of severity and the drug responsible for the
event, if identified.

Data synthesis and statistical analysis

For end of treatment outcomes, we compared success (defined as cured or treatment completed) to:
(i) failure or relapse; or (ii) failure or relapse or death. We examined the relationship between end of
treatment outcomes and six-month culture conversion; the number of patients receiving each specific
drug, average number of drugs used, and duration of treatment; as well as the average value for each cohort
of major clinical and demographic characteristics of the patients. If HIV information or age were missing,
values were estimated using information from other studies in this review from the same country, and if
no such study was available, from data published by the World Bank or WHO. Variables were categorized
according to the distribution observed (i.c. in median, terciles or quartiles).

Occurrence of adverse events was pooled if the study identified the drug responsible for the event and if
the event was classified as Grade 3 to 4 severity, or the drug of interest was permanently stopped.

All statistical analyses were performed using SAS (version 9.2 Institute, Cary, NC, USA). Linear mixed
models were used to pool the proportion with events (NLIMIXED procedure in SAS). For pooling the
proportions of adverse events, we used generalized linear mixed model (GLIMMIX procedure in SAS).

Results

A total of 2336 titles were identified, and after eliminating duplicates and non-relevant publications
based on review of titles and abstracts, 250 were selected for full text review, of which 74 met the review
inclusion criteria. 19 studies reported adverse events that were classified as Grade 3 or 4, or required
permanent discontinuation of the drug, and identified the drug responsible.

Pooled treatment success rate was 26% (CI 95%, 23%-30%) in XDR-TB patients, compared to 60% in
all cohorts of MDR-TB patients (with or without additional second-line resistance). The occurrence of
SAE ranged from 0.5% to 12.2% (Table A6.2.1). Less than 3% of patients receiving fluoroquinolones or
pyrazinamide experienced an SAE, compared to more than 5% of patients receiving second-line injectables
or a thiamide (ethionamide or prothionamide).

Conclusion

This review identified 74 studies, with 84 distinct cohorts, published since January 2009 that reported
treatment regimens and outcomes in 17 494 MDR-TB and XDR-TB patients. These studies reported
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adverse events, six-month culture conversion and end of treatment outcomes. Treatment outcomes were
substantially worse in patients with XDR-TB, and somewhat worse in patients who received standardized
regimens for MDR-TB. However, despite the large number of studies and patients, no other treatment
parameter, including number or duration of drugs, and individual drugs were associated with improved
six-month culture conversion, or end of treatment outcomes. This may reflect the limitations and
difficulties of pooling this data rather than true lack of differences in efficacy of regimens or individual
drugs. This review highlights the need for more standardized reporting as well as evidence from well-
designed randomized trials, or from meta-analysis of pooled individual patient data set from multiple
observational studies.

Table A6.2.1. Occurrence of serious adverse events (SAEs), attributed to specific
drugs in treatment of MDR-TB or XDR-TB

(Results from 19 studies (20 cohorts) that reported Grade 3-4 adverse events, or drugs permanently stopped due to adverse
events, and identified the drug responsible for the adverse events.)

SERIOUS ADVERSE EVENTS

DUE TO DRUG
ARMS/COHORTS N PATIENTS N PATIENTS WITH
REPORTING SAE AND RECEIVED THE SAE RELATED TO POOLED ESTIMATE!
DRUG USED THE DRUG DRUG THE DRUG (C1 95%)

Pyrazinamide 19 2023 56 2.8% (2.1%-3.7%)
Ethambutol 16 1325 6 0.5% (0.2%-1.1%)
Injectable 19 2538 184 7.3% (6.2%-8.4%)
Later gen. FQN 13 827 10 1.2% (0.6%-2.4%)
0Ofx/Cfx 9 1408 40 2.8% (1.9%-4.1%)
Thiamide 17 2106 173 8.2% (7.0%-9.6%)
Cycloserine 16 2140 96 4.5% (3.6%-5.5%)
PAS 16 1706 208 12.2% (10.6%-13.9%)

Later gen. FQN: Later generation fluoroquinolone (includes gatifloxacin /levofloxacin /moxifloxacin), Ofx/Cfx: ofloxacin/ciprofloxacin, PAS:
p-aminosalicylic acid
1Pooled using Proc Glimmix in SAS - fixed effects meta-analysis.
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Introduction

Multidrug-resistant tuberculosis (MDR-TB) in children is under-recognized, under-diagnosed and
under-reported. Despite approximately 32 000 children developing MDR-TB each year (1) and historical
studies showing mortality rates from TB of 40%, 16% and 5% for infants, toddlers and young children,
respectively (2), very little is known about optimal treatment for children with MDR-TB. Treatment of
MDR-TB is difficult, requiring use of toxic medications for at least 18 months with formulations and
regimens not suited to children. However, individual studies have reported successful treatment outcomes
in at least 80% of children treated for MDR-TB (3). A more rigorous evidence base is needed to help
inform the management of MDR-TB treatment in children. A systemic review in 2012 sought to better
quantify treatment outcomes in children, however, many questions remain on how to optimize successful
treatment outcomes and minimize adverse events (3).

In order to address key questions regarding the treatment of MDR-TB and to inform paediatric-specific
guidelines, we undertook a systematic review and individual patient data meta-analysis (IPD) of children
with MDR-TB. The objective was to provide information on the management of children with MDR-
TB by analysing determinants of key treatment outcomes among children treated for MDR-TB, and
addressing questions specifically relevant to the paediatric population with MDR-TB (Table A6.3.1).

Methods

Eligibility criteria

Data sets were cligible if they included a minimum of three children (aged <15 years) within a defined
treatment cohort who were treated for clinically diagnosed or bacteriologically confirmed pulmonary
or extrapulmonary MDR-TB, and for whom treatment outcomes were reported, using standard World
Health Organization (WHO) TB case definitions (4,5). Eligibility criteria were applied at the individual
level, so that studies reporting on both adults and children could be considered eligible if they otherwise
met the specified criteria. Both published and unpublished data were included, without date restriction.
Eligible study designs included controlled and non-controlled retrospective and prospective studies and
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case series. All cohorts containing children included in a previous systematic review and individual patient
data meta-analysis of MDR-TB were considered eligible (6). Only reports written in Dutch, English,
French, Russian and Spanish were included. We excluded studies that utilized only combinations of
rifampicin, isoniazid (INH), pyrazinamide (PZA), ethambutol (EMB) or streptomycin to treat MDR-
TB, as this is now considered inadequate therapy.

Identifying primary reports

To identify eligible reports, including conference abstracts, we searched PubMed, LILACS, Embase, The
Cochrane Library, PsychINFO, and BioMedCentral databases up to 30 September 2014, with a search
strategy, using a combination of the search terms, viz. “tuberculosis”, “multidrug resistance”, “MDR-TB’,
“multidrug-resistant’, and “children”, both as exploded MESH headings and free-text terms, and without
language restriction. The specific search strategies for Pubmed and Embase are presented in Appendix 6A.
We also reviewed conference abstracts from the annual meeting of the International Union Against
Tuberculosis and Lung Diseases.

To identify additional published and unpublished data we contacted experts in the field of paediatric
MDR-TB. We also requested additional data through multiple routes, such as at national and international
conferences and training events, and through international and in-country organizations working in
paediatric MDR-TB, including the Sentinel Project on Pediatric Drug-Resistant Tuberculosis, the WHO
Childhood TB sub-Group, Médecins Sans Frontieres (MSF), the United States and European CDC,
International Union Against Tuberculosis and Lung Disease (UNION), National Institutes of Health
(NIH) and others.

Report selection and review

All abstracts were screened by EH and a researcher with the South African Cochrane Centre to select
full text reports to review. All full text reports were reviewed independently by two reviewers (EH, AGP,
HSS, JE, ACH) to assess for eligibility, except reports in Dutch, French, Russian and Spanish, which
were reviewed by a single reviewer (from among AT, EH, ACH and JF). A third reviewer resolved any
disagreements about study selection. If report eligibility was unclear, two attempts were made to contact
the authors of the primary report; and if we could not make contact after two unsuccessful attempts, these
reports were excluded.

Individual patient data abstraction

The authors of all eligible studies were contacted to access individual patient data. Individual patient data
were used following a written agreement with the study team by the original authors, which included
confirmation of ethical approval according to local guidelines.

Data were collected on multiple factors which could influence treatment decision and outcome, including:
demographic characteristics, nutritional status, HIV status and antiretroviral usage, adult MDR-TB source
case information, culture confirmed versus clinical diagnosis, information on disease location (pulmonary
or extrapulmonary) and severity (using a standard approach), drug susceptibility test results, the use of
individual drugs, and the duration of druguse within the treatment regimen. Data were collected on acid-
fast bacillus (smear) microscopy and culture conversion, adverse effects, as well as WHO-defined treatment
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outcomes including cure, treatment completion, culture conversion by six months, treatment failure,
relapse, loss to follow-up and mortality. Severity of disease on chest radiograph, based on a standardized
disease severity classification developed for an international paediatric TB randomized control trial
(Palmer M, personal communication), was graded independently by two reviewers (EH, ACH) as cither
severe or non-severe; disagreements were arbitrated by a third reviewer (HSS). The primary authors of all
included reports were contacted as needed to resolve any queries.

In order to contextualize the clinical data, information was also requested from each primary author on
site-level characteristics, including but not limited to methods for TB diagnosis, availability and type of
drug-susceptibility testing performed, how treatment outcomes were defined, and how adverse effects
were assessed.

A database was created, and primary data from each study were entered into the database.

Analysis
The analysis was planned to address PICO question 1, as per Table A6.3.1. Primary analyses focused on

success versus failure/relapse/death in children with confirmed MDR-TB only. There were no paediatric
data available to address the section in PICO question 1 regarding rifampicin mono-resistant TB.

Table A6.3.1. WHO-defined PICO question 1, in HIV-infected and uninfected children
aged 0-14 years with MDR-TB; and which individual drugs in the regimens are likely to
lead to the outcomes listed below?

POPULATION INTERVENTION COMPARATOR OUTCOMES
MDR-TB without resist- A second-line regimen®which includes: * Cured/completed by end
ance to the second-line of treatment
drugs - pyrazinamide - no pyrazinamide * Failure
—injectable agents - no injectable agents (Km/Am/Cm) ) Relapse
(Km/Am/Cm) * Survival (or death)
) ) ) i i ; ) ) * Adverse reactions from
- prothionamide/ ethionamide - no prothionamide/ethionamide TB drugs (severity, type,
. . ) - organ class)
—cycloserine or terizidone —no cycloserine or terizidone
-PAS -no PAS
— later-generation fluoroquinolone? - no later-generation fluoroquinolone®
- high-dose isoniazid —no high-dose isoniazid
- clofazimine - no clofazimine
- linezolid —no linezolid
— other individual Group 5 drugs - no other individual Group 5 drugs

2Data from regimens lasting up to 12 months were not included in this question.
® Moxifloxacin or gatifloxacin; any use of standard or high-dose levofloxacin was included as levofloxacin use.

For all analyses, treatment outcomes were dichotomized as either successful or unsuccessful. Successful
outcome was defined as when cure was achieved or treatment was completed, and unsuccessful outcome
was defined as failure, relapse or death. There were inadequate numbers of events to support analysis of
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failure/relapse. The primary analyses estimated the odds of treatment success (versus fail/relapse/death)
associated with the use of each drug among patients with bacteriologically confirmed MDR-TB but
without confirmed XDR-TB. To assess the effect of fluoroquinolones, the use of any later generation
fluoroquinolone was compared to a regimen excluding the use of a later generation fluoroquinolone.

All analyses were repeated on patients with clinically diagnosed MDR-TB (i.e. not bacteriologically
confirmed MDR-TB), where the data supported analyses. Children with confirmed XDR-TB were
excluded from the primary analysis.

For all adjusted analyses, we fitted random-effects logistic regressions (random intercept and random
slopes, when possible, and only random intercept when not) by maximum likelihood with quadrature
approximation, using PROC GLIMMIX in SAS software (version 9.4, SAS Institute, Cary, North
Carolina). Patients were considered to be clustered within studies, and intercepts and slopes of the main
exposure variables were allowed to vary across studies. This was to account for unmeasured differences
between patient populations across studies, as well as site-specific differences in data ascertainment,
measurement and other factors. Estimates were adjusted for four covariates: age (dichotomized as under
five years old and 5-15 years old), sex, HIV infection and severe TB disease (defined as being underweight
or malnourished, having oedema, having low weight for age, having severe extrapulmonary disease, or
having severe disease on chest radiograph). In order to improve data modelling, given some missing data
on HIV status, children from countries with very low HIV prevalence who did not have an HIV test
done were assumed to be HIV negative, following consultation with the study investigators. For the main
analyses, single imputation (as opposed to multiple imputation) was performed where missing values
for the four covariates used in multivariable analyses were substituted with the mean value from the
other participants of the same study to which the individual belonged. In sensitivity analyses, multiple
imputation using chained equations was used for missing values. All statistical analyses were performed

using SAS 9.4.

Data on adverse events were sparse, and therefore we chose to provide descriptive analysis only for key
toxicities in studies consistently reporting adverse events; in particular the incidence of ototoxicity
(descriptive analysis only) because it is a frequent and serious side effect of aminoglycosides, which are a
cornerstone of treatment, and of particular interest to health care providers and patients with MDR-TB.

Assessment of overall quality of evidence

The quality of studies was described using a modified Newcastle-Ottawa tool (Appendix 6B) adapted
for use in paediatric MDR-TB. We assessed the quality of evidence across the studies with Grading of
Recommendations Assessment, Development and Evaluation (GRADE) methodology (7) defining the
quality of evidence for each outcome as “the extent to which one can be confident that an estimate of effect
or association is close to the quantity of specific interest” (8). The quality rating across studies has four
levels: high, moderate, low or very low. Randomized controlled trials are initially categorized as providing
high quality evidence, but the quality can be downgraded. Similarly, other types of controlled trials and
observational studies are categorized as providing low quality evidence but the quality can be upgraded if
justified. Factors that decrease the quality of evidence include limitations in design, indirectness of evidence,
unexplained heterogeneity or inconsistency of results, imprecision of results or high probability of publication
bias. Factors that can increase the quality level of a body of evidence include studies with a large magnitude of
effect, and studies in which all plausible confounding would lead to an underestimation of effect.
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Ethics

The Health Research Ethics Committee of the Faculty of Medicine and Health Sciences and Stellenbosch
University provided ethical approval for this study.

Results

Search results and report selection

Figure A6.3.1 presents a summary of the search results and report selection. Results from searching the
database and other sources yielded 2771 search results, which were narrowed down to 242 results, after
screening of abstracts (Figure A6.3.1). Of these 242 papers reviewed and 210 were excluded. Included in
these excluded studies were 89 studies in which the authors were contacted when eligibility criteria were
unclear; of those authors, 48 never replied, 18 confirmed that their study did not meet inclusion criteria
and 1 study was rejected as it did not include primary data (a systematic review). It’s important to note that
the vast majority of these queries were for studies that were primarily adult studies but may have possibly
contained a small number of children, however the precise number was often not specified. It is therefore
unlikely that a large number of children were missed from these excluded studies.

Twenty-seven studies (from 32 studies requested) provided individual patient data (9-26) that included
data from 974 patients. Two authors declined to share data, two authors could not get Internal Review
Board permission in time to share their data and one author no longer had access to the primary data

(Figure A6.3.1).
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Figure A6.3.1. Flow diagram of study selection for systematic review and individual
patient meta-analysis of children with multidrug-resistant tuberculosis
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Report characteristics

Geographic distribution of the data received from sites from 18 countries is shown in Figure A6.3.2.
Patients from six continents were included; the majority were from Africa. Four countries (India, Pakistan,
Russia and South Africa) are among the 30 high-burden TB countries. Details of the included studies are
presented in Appendix 6B.
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Figure A6.3.2. Details of geographic locations of patients included in the individual
patient data meta-analysis (the number indicates the number of participants included
at each location)
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Summary patient data and outcomes

Data from 974 children that were included in the analysis showed median age of 7.1 years and 44% males.
The HIV status was known in 822 children, of whom 44% had HIV infection. Two-hundred thirty seven
children had clinically diagnosed MDR-TB, and 737 children had bacteriologically confirmed MDR-TB.
Of those with a confirmed diagnosis, 35 had MDR-TB with additional resistance to a fluoroquinolone,
28 had MDR-TB with additional second-line injectable resistance and 36 had XDR-TB (i.c. resistance
to both a fluoroquinolone and a second-line injectable). Children with XDR-TB were not included in
the primary analysis and data from children with additional resistance to a fluoroquinolone or a second-
line injectable agent were combined with MDR-TB (see methods). Key clinical and demographic
characteristics, stratified by clinically diagnosed versus bacteriologically confirmed MDR-TB are shown
in Table A6.3.2. Treatment outcomes summarized for the entire data set are shown in Table A6.3.3. Some
children were listed as “cured”, because they were bacteriologically diagnosed with TB disease, but their
MDR-TB was not confirmed by drug-susceptibility testing.
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Table A6.3.2. Key demographic and clinical characteristics among children with
clinically diagnosed or bacteriologically confirmed multidrug-resistant tuberculosis

CLINICALLY DIAGNOSED MDR-TB BACTERIOLOGICALLY CONFIRMED
N = 237 (%) MDR OR PRE-XDR
N = 701 (%)
Age
* Under 5 years 156 (66) 231 (33)
* 5to 15 years 81 (34) 470 (67)
Malnourished*
* Yes 47 (19.8) 274 (39.1)
* No 67 (28.3) 366 (52.2)
* Unknown 123 (51.9) 61 (8.7)
Severe Disease on chest radiograph**
* Yes 68 (28.7) 519 (74.0)
* No 126 (53.2) 163 (23.3)
* Unknown 43 (18.1) 19 (2.7)
Severe Extrapulmonary Disease*** 24 (10.1) 103 (14.7)
HIV status
* HiV-infected 36 (15.2) 318 (45.4)
* HIV-uninfected 141 (59.5) 300 (42.8)
* HIV status unknown 60 (25.3) 83 (11.8)

A combined variable of “severe disease: included the presence of malnutrition* or severe disease on chest radiograph** or severe extrapulmonary
disease***, given missing data on these three variables, individually.

Table A6.3.3. Summary of treatment outcomes for children with multidrug-resistant
tuberculosis

CLINICALLY DIAGNOSED CONFIRMED MDR-TB WITH- CONFIRMED XDR-TB
MDR-TB OUT CONFIRMED XDR-TB N = 36
N = 237 N=701
Cured 46 (19.3%) 327 (46.6%) 23 (64%)
Completed treatment 166 (69.7%) 209 (29.8%) 7(19%)
Fail or relapse 0 14 (1.9%) 1 (3%)
Death 7(2.9%) 73 (10.4%) 3 (8%)
Lost to follow-up 18 (8%) 77 (11%) 2 (6%)

The results for primary outcome analysis of treatment benefit for individual drugs are presented in GRADE
tables (see Annex 4). Note that although numbers are small, children who did not receive a second-line
injectable, but who had clinically diagnosed/unconfirmed disease (and in general had less severe disease,
Table A6.3.2) did well (93.5% successful outcomes, sce GRADE table for second-line injectables).
Children who did not receive a second-line injectable tended to have less severe TB disease overall, and
have lower rates of malnutrition, severe disease (on chest radiograph) and severe extrapulmonary TB

disease (see Table A6.3.4).
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Adverse events were in general poorly reported. Only nine datasets consistently reported toxicities, and

these data are presented in Table AG.3.5.

Table A6.3.4. Characteristics of children who received a second-line injectable (SLI)
versus those who did not

TREATED WITH SLI NOT TREATED WITH SLI
N % N %
Severe disease 296 91% 30 9%
Malnourished 239 93% 18 7%
Severe pulmonary disease on chest radiograph 479 92% 40 8%
Severe extrapulmonary disease 85 83% 18 17%

Table A6.3.5. Frequency of specific toxicities in studies that reported adverse events
(N=306 subjects in 9 datasets where adverse events were consistently reported)

SIDE EFFECT NUMBER OF CHILDREN DENOMINATOR % EVENTS
Hearing loss 39 383 10.1%
Peripheral neuropathy 2 383 0.5%
Optic neuropathy 11 383 2.9%
Thyroid dysfunction 50 383 13.1%
Liver toxicity 16 383 4.2%
Arthropathy 20 383 5.2%
Nephrotoxicity 2 383 0.5%

Note: Secondary analyses are planned in the future, including analyses of outcomes in children with shorter durations of injectable treatment,
stratified by severe and non-severe TB disease, and by bacteriological status.

Discussion

This first ever systematic review and IPD of paediatric MDR-TB, which included a large number of
children, shows overall good treatment outcome with 76.4% of children with bacteriologically confirmed
MDR-TB, and 89% of children with unconfirmed MDR-TB, having successful treatment outcomes.
More than two-thirds of children had bacteriologically confirmed MDR-TB, which strengthens the
quality of data from this review, given the fact that TB in children is typically paucibacillary in nature.
The overall mortality was low (10.4% in children with confirmed disease, and 2.9% in the unconfirmed
group). Children with confirmed XDR-TB although a small number (n=36) had favourable treatment

outcomes in 83% of cases.

Most children (77%) received injectable drugs. There was a high prevalence of HIV infection, with
45% of children in the confirmed and 15% in the unconfirmed MDR-TB group, being HIV-infected;
HIV testing was relatively complete. A high proportion of children had chest radiographic or features of
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extrapulmonary disease compatible with severe TB, as well as malnutrition. The overall good treatment
outcomes should therefore be seen in the context of HIV co-infection and more severe disease, indicating
that good outcomes are achievable in children with MDR-TB.

There are a number of notable findings from the analysis of the impact of individual second-line drugs.
The use of second-line injectable drugs significantly predicted the treatment success versus failure/
relapse/death (OR: 3.32; 95% CI: 1.53-7.21) in children with confirmed MDR-TB. This has to be
seen in the context of high toxicity with hearing loss reported in 10.1% of the studies that reported on
safety outcomes. However, children with clinically (unconfirmed) diagnosed MD-TB (who tended to
have less severe disease) had good outcomes when not treated with a second-line injectable. These data
are supportive of the practice of using injectable sparing regimens in children with less severe disease in
order to spare children from SAEs associated with second-line injectables, without an adverse impact on
treatment outcomes.

High-dose isoniazid (used in approximately 25% of subjects, at a dose of 15-20 mg/kg), predicted
treatment success (versus failure/relapse/death; OR: 6.97; 95% CI: 2.11-23.03), even after adjusting
for site in the analysis (high-dose isoniazid was most frequently used in South African sites). Another
consideration to this finding is that high-dose isoniazid is also typically used in combination with
ethionamide/prothionamide.

Later-generation fluoroquinolones (primarily moxifloxacin; since there was virtually no reported use
of gatifloxacin) did not appear to offer a treatment benefit. However, only 10% of cases in the dataset
received later-generation fluoroquinolones, which may have masked any benefit associated with their use.

In general, these findings of individual drug effects should be taken in the context of the use of multiple
drugs as part of MDR-TB treatment regimens.

Limitations

This individual patient data (IPD) is limited by the overall low quality of studies; most studies included
were retrospective or prospective observational cohort studies and there were no trials that could
be included. The overall sample size was modest compared to adult IPD datasets, and estimates were
frequently imprecise while some associations were not estimated due to limited data (e.g. relapse/failure).
There were no data available yet on the novel drugs, delamanid and bedaquiline, for inclusion in this IPD.
We also had a very small sample of children with confirmed XDR-TB. Toxicity was frequently poorly
assessed while missing data regarding HIV status was handled by imputation. Missing data on individual
variables of nutritional status and disease severity were handled using a composite disease severity variable.

In summary, this first paediatric specific IPD has provided data for guideline development of high clinical
and programmatic relevance. Overall, the proportion of children with favourable treatment outcome, even
with severe TB and with HIV co-infection, was good. Data regarding the use of novel drugs, bedaquiline
and delamanid in children, are urgently needed. Future questions should focus on the use of shorter (<18
months) regimens and injectable-sparing regimens in children. Paediatric-specific treatment evidence is
important to allow for inclusion of children in evidence-based MDR-TB treatment guidelines.
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APPENDIX 6A
Search strategies

DATABASE: PUBMED; SEARCH DATE: 01 OCTOBER 2014

ITEMS
SEARCH  QUERY FOUND
#25 Search ((#22 AND #23) NOT (animals[mh] NOT humans[mh])) 1653
#24 Search (#22 AND #23) 1653
#23 Search (infant{mh] OR infant[tiab] OR infants[tiab] OR infancy[tiab] OR toddler*[tiab] OR preterm*[tiab] OR 3521601
prematur*[tiab] OR postmatur*[tiab] OR baby[tiab] OR babies[tiab] OR neonat*[tiab] OR newborn[tiab] OR
preschool*[tiab] OR pre-school*[tiab] OR child[mh] OR child*[tiab] OR kindergar*[tiab] OR pupil*[tiab] OR
schoolchild*[tiab] OR teen*[tiab] OR youth[tiab] OR youths[tiab] OR youngster*[tiab] OR young person*[tiab]
OR young people[tiab] OR minors[mh] OR minors[tiab] OR puberty[mh] OR puberty[tiab] OR pubescen*[tiab]
OR prepubescen*[tiab] OR paediatric*[tiab] OR pediatric*[tiab] OR peadiatric*[tiab] OR schools|mh:noexp] OR
school*[tiab] OR kid[tiab] OR kids[tiab] OR boy*[tiab] OR girl*[tiab] OR creche*[tiab] OR highschool*[tiab] OR
juvenil*[tiab] OR adolescent[mh] OR adolescen*[tiab] OR under ag*[tiab] OR underag*[tiab])
#22 Search (tuberculosis, multidrug-resistantfmh] OR multidrug resistant tuberculosis[tiab] OR drug resistant 8600
tuberculosis[tiab] OR multiple drug resistant tuberculosis[tiab] OR MDR tuberculosis[tiab] OR MDR TB[tiab]
OR MDRTBJtiab] OR ((drug resistance[tiab] OR multidrug resistance[tiab] OR multiple drug resistance[tiab] OR
multiresistant[tiab] OR multi resistant[tiab]) AND (tuberculosis[tiab] OR TB[tiab]))
DATABASE: EMBASE; SEARCH DATE: 01 OCTOBER 2014
NO. QUERY RESULTS
#8 #3 NOT #7 1837
#7 #4 NOT #6 5002895
#6 #4 AND #5 1303481
#5 ‘human’/de OR ‘normal human’/de OR ‘human cell’/de 15207023
#4 ‘animal’/de OR ‘animal experiment’/de OR ‘invertebrate’/de OR ‘animal tissue’/de OR ‘animal cell’/de OR 6306376
‘nonhuman’/de
#3 #1 AND #2 1889
#2 ‘infant’/exp OR infant:ab,ti OR infants:ab,ti OR infancy:ab,ti OR toddler*:ab,ti OR preterm*:ab,ti OR 4649411
prematur*:ab,ti OR postmatur*:ab,ti OR baby:ab,ti OR babies:ab,ti OR neonat*:ab,ti OR newborn:ab,ti OR
preschool*:ab,ti OR pre+school*:ab,ti OR ‘child’/exp OR child*:ab,ti OR kindergar*:ab,ti OR pupil*:ab,ti OR
schoolchild*:ab,ti OR teen*:ab,ti OR youth:ab,ti OR youths:ab,ti OR youngster*:ab,ti OR ‘young person’:ab,ti
OR ‘young persons’:ab,ti OR ‘young people’:ab,ti OR ‘minors’/exp OR minors:ab,ti OR ‘puberty’/exp OR
puberty:ab,ti OR pubescen*:ab,ti OR prepubescen*:ab,ti OR paediatric*:ab,ti OR pediatric*:ab,ti OR
peadiatric*:ab,ti OR ‘schools’/exp OR school*:ab,ti OR kid:ab,ti OR kids:ab,ti OR boy*:ab,ti OR girl*:ab,ti
OR creche*:ab,ti OR highschool*:ab,ti OR ‘juvenile’/exp OR juvenil*:ab,ti OR ‘adolescent’/exp OR
adolescen*:ab,ti OR (under NEXT/1 ag*):ab,ti OR underag*:abti
#1 ‘multidrug resistant tuberculosis’/exp OR ‘multidrug resistant tuberculosis’:ab,ti OR ‘drug resist- 9249

ant tuberculosis’:ab,ti OR ‘multiple drug resistant tuberculosis’:ab,ti OR ‘mdr tuberculosis’:ab,ti OR ‘mdr
tb’:ab,ti OR (‘drug resistance’:ab,ti OR ‘multidrug resistance’:ab,ti OR ‘multiple drug resistance’:ab,ti OR
multiresistant:ab,ti AND (tuberculosis:ab,ti OR th:ab,ti))
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