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Abstract

Rationale: Treatment outcomes may be compromised among patients with multidrug-
or rifampicin-resistant tuberculosis with additional fluoroquinolone resistance. Evidence
is needed to inform optimal treatment for these patients.

Objectives: We compared the effectiveness of longer individualized regimens
comprised of bedaquiline for 5 to 8 months, linezolid, and clofazimine to those
reinforced with at least 1 third-tier drug and/or longer duration of bedaquiline.

Methods: We emulated a target trial to compare the effectiveness of initiating and
remaining on the core regimen to one of five regimens reinforced with (1) bedaquiline
for 29 months, (2) bedaquiline for 29 months and delamanid, (3) imipenem, (4) a
second-line injectable, or (5) delamanid and imipenem. We included patients in whom a
fluoroquinolone was unlikely to be effective based on drug susceptibility testing and/or
prior exposure. Our analysis consisted of cloning, censoring, and inverse-probability
weighting to estimate the probability of successful treatment.

Measurements and Main Results: Adjusted probabilities of successful treatment were
high across regimens, ranging from 0.75 (95%CI:0.61, 0.89) to 0.84 (95%CI.0.76, 0.91).
We found no substantial evidence that any of the reinforced regimens improved
effectiveness of the core regimen, with ratios of treatment success ranging from 1.01 for
regimens reinforced with bedaquiline =29 months (95%CI.0.79, 1.28) and bedaquiline =9
months plus delamanid (95%CI:0.81, 1.31) to 1.11 for regimens reinforced by a second-

line injectable (95%CI:0.92, 1.39) and delamanid and imipenem (95%CI:0.90, 1.41).
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Conclusions: High treatment success underscores the effectiveness of regimens
comprised of bedaquiline, linezolid, and clofazimine, highlighting the need for expanded
access to these drugs.

Abstract word count: 250/250

Keywords: fluoroquinolone resistance, rifampicin resistance, target trial, inverse-
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Introduction

The use of new and repurposed drugs, such as bedaquiline (Bdq), delamanid
(DIm), linezolid (Lzd), pretomanid, and clofazimine (Cfz), has drastically improved the
effectiveness of treatment for multidrug- or rifampicin-resistant tuberculosis (MDR/RR-
TB).Y® For the first time in history, the recommended treatment duration for MDR/RR-TB
is as short as six-to-nine months for the majority of patients.®° However, longer 18-20
month regimens are still recommended in cases where shorter regimens cannot be
used (i.e., due to confirmed or suspected drug resistance and/or unavailability of drugs
in the shorter regimens).® Key research priorities highlighted by the World Health
Organization (WHO) with regard to longer MDR/RR-TB regimens are studies on the
optimal number and combination of drugs for patients previously treated for RR/MDR-

TB: the approach to regimen design; and the optimal duration of Bdq.®

Patients previously treated for MDR/RR-TB, are at increased risk for unfavorable
treatment outcomes, in part due to a higher risk of resistance to fluoroquinolone drugs,
a cornerstone of longer individualized treatments for MDR/RR-TB.**! In this paper, we
sought to address knowledge gaps with regard to the optimal treatment for patients
requiring treatment for MDR/RR-TB, in whom a fluoroquinolone (FQ) is unlikely to be
effective. Specifically, we emulated a target trial to compare the effectiveness of a “core”
regimen comprised of Bdq for 5 to 8 months, Lzd, and Cfz with regimens that were

reinforced with at least one third tier (i.e., Group C) drug and/or a longer duration of Bdq.

Methods
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Data resources and study population

The prospective endTB observational cohort (NCT03259269) aimed to generate
evidence on the safety and effectiveness of Bdq or DIm when used as part of a longer
multidrug regimen for RR/MDR-TB.*? The cohort includes 2788 patients from 17
countries who initiated a Bdg- or DIm- containing regimen between April 2015 and
September 2018 and consent to be enrolled. Each participant was followed according to
local program norms. Data were collected using standardized forms and entered into an
electronic medical record. For this analysis, we excluded participants from the
Democratic People’s Republic of Korea (DPRK) due to differences in diagnosis and

treatment compared with the rest of the cohort.

Specification of the target trial

The (hypothetical) pragmatic trial would enroll participants within a week of
MDR/RR-TB treatment initiation in whom a FQ is unlikely to be effective and in whom
the following drugs are likely to be effective: Bdq, Lzd, Cfz, DIm, Imipenem (Imp), and at
least one second-line injectable (SLI) drug (i.e., Capreomycin [Cm], Kanamycin [Km],
and Amikacin [Am]). The likely-effectiveness of a drug in an individual is based on drug

susceptibility testing (DST) or prior history of these drugs (if no DST was available).

Two weeks after enroliment, each eligible individual would be randomly assigned
to one of six treatment strategies: the core regimen (Bdq for 5 to 8 months, Lzd, Cfz) or
one of five reinforced regimens: (1) Bdq (= 9 months)-Lzd-Cfz; (2) Bdg (= 9 months)-

Lzd-Cfz-DIm; (3) Bdq (= 5 months)-Lzd-Cfz-Imp; (4) Bdq (= 5 months)-Lzd-Cfz-SLlI; (5)
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Bdg (= 9 months)-Lzd-Cfz-DIm-Imp (Online Data Supplement Table E1). Lzd is initiated
at a dose of 600mg daily but can be reduced to other doses if clinically indicated.
Regimens are intended to last 18 to 20 months, but clinicians determine the total
duration of treatment and of each individual drug, except Bdg, which is protocolized into
one of three durations: =2 5 months, 5-8 months, = 9 months. Clinician-directed Bdq
interruptions of less than or equal to 14 days are allowable for any reason (e.g., toxicity,
drug stock-out). Bdq suspensions of longer than 14 days and additions of any drug for
longer than 14 days are not permitted unless in response to an adverse event (AE) or
acquired-resistance to a drug in the assigned treatment strategy. Bdg can be reinitiated
after the stoppage indicated by the assigned strategy, if clinically indicated, and drugs

that are unlikely effective can be included in the regimen.

The outcome of interest is treatment success, defined as cure or treatment
completion at the end of treatment. Death, treatment failure, and loss to follow-up are
considered unsuccessful end-of-treatment (EOT) outcomes. All EOT outcomes are
calculated based on the WHO guidance and identify the first point at which failure
occurs.*! For each individual, follow-up would start at assignment to a regimen (time 0)
and continue each week until the end of treatment. The causal contrasts of interest are

the intention-to-treat effect and the per-protocol effect.

Statistical analysis of the target trial
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97 In the intention-to-treat analysis, the probabilities of treatment success in each
98  group can be estimated nonparametrically or via a parametric logistic regression model
99 for the weekly probability of treatment success (the model can include baseline
100  covariates if their distribution differs between groups). The predicted probabilities of
101  treatment success are then compared via success ratios and differences. The 95%
102  confidence intervals are computed using the bootstrapping method with 500 samples.
103
104 The per-protocol analysis is identical except that individuals are censored if/when
105 their treatments deviated from their assigned strategy for any reasons other than
106  adverse effects or acquired-resistance to a drug in the assigned strategy. Specifically,
107  individuals are censored if they have any new likely-effective drugs added to their
108  assigned strategy or if they do not follow the assigned duration of Bdqg. To adjust for the
109  potential selection bias introduced by censoring, we can incorporate inverse-probability
110  (IP) weights.
111
112  Target trial emulation
113 We emulated the target trial using the endTB prospective observational dataset
114  (Online Data Supplement Table E1 and Figure E1)."® Inclusion criteria were the same,
115  except that eligible individuals were those in whom at least Bdq, Lzd, and Cfz were
116  likely to be effective (i.e., likely-effectiveness to a SLI, DIm and/or Imp was not required
117  for inclusion). Because individuals can have data compatible with more than one
118  treatment strategy at time 0, we made one modification to the per-protocol analysis*>*":

119  we cloned individuals in the dataset and assigned each clone to each of the Bdq
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durations (i.e., Bdg = 5 months, Bdg 5 to 8 months, or Bdq = 9 months) that were
compatible with their observed data at time 0. Online supplement Figure E2 shows an
overview of the cloning and censoring steps. We fit an IP-weighted logistic regression
model for the probability of treatment success among uncensored clones that included
the following baseline covariates®®: treated in Georgia (yes/no), year of enroliment
(continuous), low BMI (yes/no), sputum smear (positive/negative), sputum culture
(positive/negative), and receiving cycloserine (Cs), although it was unlikely to be

effective in the individual (yes/no).

We estimated the denominator of the stabilized IP weights using separate logistic
models for the weekly probability of “not adding any new likely-effective drugs to the
baseline regimens” and of “remaining on Bdq” conditional on baseline and time-varying
covariates. Time-varying confounders were sputum smear (positive/negative) and
receipt of Cs which was unlikely to be effective in the individual (yes/no). Time was
modelled with linear and quadratic terms for the week of follow-up. We estimated the
numerator of the stabilized IP weights using analogous models without time-varying
covariates. Online supplement Table E2 provides the calculation of IP weights for each

treatment strategy. IP weights were not truncated.

Research ethics
The endTB observational study protocol was approved by all study countries and

central ethics review committees for each consortium partner (Partners In Health,
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142  Doctors Without Borders, Epicentre, and Interactive Research and Development).

143  Participants provided written informed consent for inclusion in the observational cohort.
144

145  Results

146 Of 446 eligible patients across 13 countries, 443 had a known EOT outcome and
147  were included in our analysis (Online Data Supplement Figure E1). One-third (149/443)
148  of the participants were female, and the median age was 35 (IQR: 28, 45) (Table 1).
149  The prevalence of comorbidities was: 4% HIV infection, 12% diabetes mellitus or

150  glucose intolerance, 6% hepatitis B infection, and 17% hepatitis C infection. Also, 96%
151  had resistance to a FQ, 69% had bilateral disease, and 75% had cavitary disease.

152

153 Of the 443 individuals, 23% (n=100) initiated a regimen containing Bdq, Lzd, and
154  Cfz, without additional likely effective drugs. The remaining individuals received one or
155  more likely effective third-tier drugs, including DIm (18%, n=81), Imp (17%, n=74), SLI
156  (23%, n=103), and DIm and Imp together (19%, n=85). All but 1 individuals (0.2%)

157 initiated Lzd at a dose of 600 mg daily. The proportion who received Cs that was

158  unlikely effective for them was 65% (65/100) among participants who initiated Bdq-Lzd-
159  Cfz and 67% (69/103) among those initiating a reinforced regimen containing injectable.
160  In other regimens, the receipt of Cs ranged from 6 (Bdq-Lzd-Cfz-DIm-Imp: 5/85) to 36%
161 (Bdg-Lzd-Cfz-Imp: 27/74; Online Data Supplement Table E3).

162

163 The probability of treatment success ranged from 0.75 (95%CI: 0.61, 0.89) for

164  Bdq (5 to 8 months)-Lzd-Cfz to 0.84 (95%CI: 0.76, 0.91) for Bdq (=5 months)-Lzd-Cfz-
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SLI (Table 2). Compared with Bdg (5 to 8 months)-Lzd-Cfz, the treatment success ratios
ranged from 1.01 for regimens reinforced with bedaquiline 29 months (95%CI:0.79, 1.28)
and bedaquiline 29 months plus delamanid (95%CI:0.81, 1.31) to 1.11 for regimens
reinforced by a second-line injectable (95%CI:0.92, 1.39) and by delamanid and
imipenem (95%CI:0.90, 1.41) (Table 2). The risk difference ranged from 0.01 for
regimens reinforced with bedaquiline 29 months (95%CI:-0.18, 0.17) and bedaquiline =29
months plus delamanid (95%CI:-0.16, 0.19) to 0.08 for regimens reinforced by a
second-line injectable (95%CI:-0.08, 0.23) and by delamanid and imipenem (95%CI:-
0.08, 0.26) (Figure 1). The mean of stabilized IP weights was 1.00 (standard deviation:

0.13; range: 0.71, 4.20).

Discussion

In a cohort of individuals with MDR/RR-TB in whom a FQ was unlikely to be
effective, longer regimens containing at least Bdq for five months, Lzd, and Cfz yielded
high proportions of treatment success that align with those from randomized trials and
observational cohorts of patients treated with longer regimens comprised of new and
repurposed drugs.>® The regimens reinforced with at least one Group C drug and/or a
longer duration of Bdq did not substantially improve the frequency of treatment success
compared with the Bdq (5 to 8 months)-Lzd-Cfz core regimen. This finding underscores
that Bdg (5 to 8 months)-Lzd-Cfz was a potent regimen for treating individuals with
MDR/RR-TB in whom a FQ was unlikely to be effective. Lzd was initiated at a dose of

600 mg daily, which likely contributed to the effectiveness of the core regimen.” Prior
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studies have highlighted the challenges of evaluating the effectiveness of adding a

single drug to a highly effective regimen.**?°

Use of a target trial framework to address this research question facilitated
inference and interpretation in several regards. First, it enabled clear articulation of the
research question and the treatment strategies to be compared. Second, it informed
the design of an analysis that accounted for two important sources of potential bias: (1)
regimens were assigned and changed based on clinical judgment, not at random, which
can lead to important differences among the individuals who receive each regimen (i.e.,
confounding); (2) individuals who live longer can be treated longer (i.e., immortal

17,21

person-time bias). Although both biases are important considerations in

observational comparative effectiveness analyses of treatment duration, methods to

appropriately account for them have been applied infrequently in TB cohorts.*?*%

The 2022 WHO guidance recommends that longer regimens for MDR/RR-TB
prioritize drugs from Groups A (Bdg, Lzd, FQ) and B (Cfz and Cs).® Under this guidance,
the recommended longer regimen for someone with FQ-resistant TB consists of at least
the four-drug regimen Bdqg-Lzd-Cfz-Cs. We were unable to study this regimen because
Cs rarely met the definition of a likely-effective drug in this cohort of individuals
previously exposed to second-line drugs. Therefore, the core combination of Bdg-Lzd-
Cfz plus Cs, where all four drugs were likely effective, could not be evaluated in this

study.

10
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210 Although we observed a moderately higher frequency of treatment success with
211  three regimens, one reinforced with Imp, one reinforced with a SLI, and one reinforced
212 with DIm, Imp and longer Bdq duration, 95% confidence intervals around these

213 estimates were wide. These modest increases in effectiveness may be due to true

214 differences, chance, or residual confounding.?* The relatively small sample size for this
215 analysis forced us to balance confounder adjustment and model stability, and therefore
216  we focused on the strongest and most likely confounders. Therefore, residual

217  confounding is a possibility. We used the missing indicator method to account for

218  missing data on confounders, an approach that retains the original analytic sample size
219  but cannot completely adjust for confounding.?

220

221 One example of residual confounding is that regimen composition is often

222  clustered by study sites based on the national TB program guidelines. For example, the
223 regimen reinforced with an injectable was disproportionately used in Georgia; we

224  adjusted for this site, but the sample size precluded us from adjusting for all 13 sites
225 included in this analysis. Addressing this question within a larger longitudinal cohort
226 could facilitate more conclusive findings in several ways. First, it would increase

227  statistical power and reduce sampling variability. Second, it would afford greater

228 flexibility to adjust for all potential confounders. Third, it would facilitate the potential for
229  comparisons in key subgroups, such as individuals living with HIV.

230

231 In conclusion, among individuals with MDR/RR-TB in whom a FQ is unlikely to be

232 effective due to resistance or prior exposure to the second-line treatment, we found high

11
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233 rates of treatment success but no conclusive evidence that reinforcing a core regimen of
234  Bdq (5 to 8 months)-Lzd-Cfz with additional Group C drugs and/or a longer duration of
235 Bdq improved the treatment effectiveness. The high treatment success underscores the
236  need for expanded access to these drugs and supports the effectiveness of current

237  WHO drug hierarchy for the design of longer regimens. Future evaluations could

238  examine alternative strategies for optimizing this and other core regimens and informing
239 management strategies for suspension and discontinuation of core drugs. Analyses will
240 be improved through larger longitudinal cohorts, which will enhance precision, enable
241 more complete control of potential biases and permit examination of subgroup

242  heterogeneity.

12
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336 Figure Legend

337 Figure 1. Adjusted risk differences for treatment success of reinforced regimens
338 compared to the Bdq (5 to 8 months)-Lzd-Cfz core regimen

339  Abbreviations: Bdqg: Bedaquiline. Lzd: Linezolid. Cfz: Clofazimine. DIm: Delamanid. Imp:

340 Imipenem. SLI: Second-line injectable. Cl: Confidence interval.
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Table 1. Baseline characteristics of 443 individuals receiving treatment for MDR/RR-TB

who were previously treated with second-line tuberculosis drugs, 2015-2018

Characteristics

n (%)*

Demographic characteristics
Age at treatment initiation (year, median, IQR, range)
Female
Marital status, married or living together
Substance and drug use
Alcohol use
Tobacco use (N=441)
Injection drug use (N=441)
Non injection drug use (N=439)
Comorbidities
Anemia (N=439)
HIV infection
Diabetes mellitus or glucose intolerance (N=442)
Hepatitis B virus infection (N=442)
Hepatitis C virus infection
At least one comorbidity other than those above
TB-related characteristics
Prior TB treatment with second-line drugs
Bilateral disease (N=427)
Cavitary disease (N=417)
Positive culture (N=412)
Positive smear (N=423)
Resistance profile
MDR/RR-TB without any testing to FQ
MDR/RR-TB with resistance to any FQ
Numbers of not likely effective drugs included in baseline
regimen (median, IQR, range)

35 (28, 45; 14, 71)

149 (34)
211 (48)

55 (12)
142 (32)
6 (1)

14 (3)

181 (41)
19 (4)
53 (12)
28 (6)
77 (17)
48 (11)

439 (99)
296 (69)
313 (75)
276 (67)
250 (59)

33 (7)
410 (96)
1(0, 2; 0, 5)
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Impaired functional status (limited self-care or completely 192 (51)
disabled) (N=377)
Body mass index <18.5 (N=442) 154 (35)

343  Abbreviations: MDR/RR-TB: Multidrug- or rifampicin- resistant tuberculosis. FQ:

344  Fluoroquinolone. *: Unless otherwise noted. IQR: Interquartile range.
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Table 2. Adjusted probabilities and ratios of MDR/RR-TB end-of-treatment success

among individuals previously treated with second-line tuberculosis drugs

Treatment strategy

Adjusted probability of

treatment success

(95%Cl)

Adjusted ratio of

treatment success

(95%Cl)

Bdg-(5 to 8 mos)-Lzd-Cfz
Bdg-(=z 9 mos)-Lzd-Cfz
Bdg-(= 9 mos)-Lzd-Cfz-Dim
Bdg-(=z 5 mos)-Lzd-Cfz-Imp
Bdg-(= 5 mos)-Lzd-Cfz-SLlI

Bdg-(= 9 mos)-Lzd-Cfz-DIm-Imp

0.75 (0.61, 0.89)
0.77 (0.64, 0.87)
0.76 (0.65, 0.87)
0.80 (0.68, 0.90)
0.84 (0.76, 0.91)

0.83 (0.74, 0.91)

Ref.
1.01 (0.79, 1.28)
1.01 (0.81, 1.31)
1.06 (0.83, 1.34)
1.11 (0.92, 1.39)

1.11 (0.90, 1.41)

347  Abbreviations: MDR/RR-TB: Multidrug- or rifampicin- resistant tuberculosis. Bdqg: Bedaquiline.
348  Lzd: Linezolid. Cfz: Clofazimine. DIm: Delamanid. Imp: Imipenem. SLI: Second-line injectable.
349  mos: Months. CI: Confidence interval.

350

351  Adjusted for year of enrollment (i.e., 2015, 2016, 2017, 2018), treated in Georgia (yes/no), low
352  BMI (yes/no), sputum smear (negative/positive), time-varying sputum smear (negative/positive),
353  sputum culture (negative/positive), received cycloserine that was unlikely to be effective

354  (yes/no), time-varying receipt of cycloserine (yes/no), and missing indicator of sputum culture.
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361

Online Supplement Materials

362 Table E1. Protocol of comparative effectiveness analysis of a regimen comprised of Bdg-(5 to 8 months)-Lzd-Cfz, among

363 individuals in whom a FQ was unlikely to be effective

Component

Hypothetical clinical trial

Emulated trial using endTB
observational cohort

Eligibility criteria

Treatment strategies

Confirmed MDR/RR-TB

Started Bdg within a week of treatment
initiation

Fluoroquinolone unlikely to be effective
Likely-effectiveness of Bdq, Lzd, Cfz, DIim,
Imp, and at least one SLI drug (Cm, Km, and
Am)

Bdg (5 to 8 months)-Lzd-Cfz

Bdg (= 9 months)-Lzd-Cfz

Bdq (= 9 months)-Lzd-Cfz-Dim

Bdg (= 5 months)-Lzd-Cfz-Imp

Bdg (= 5 months)-Lzd-Cfz-SLI

Bdg (= 9 months)-Lzd-Cfz-DIm-Imp

o~ N PO

Regimens are intended to last 18 to 20

23

Same except that individuals had
likely effectiveness to at least Bdq,
Lzd, and Cfz. They could also have
likely-effectiveness to at least one

SLI or DIm and/or Imp

Same
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months, but clinicians determine the total
duration of treatment and of each individual
drug, except Bdq, which is protocolized into
one of three durations: = 5 months, 5-8
months, and =2 9 months.

- Clinician-directed drug interruptions of less
than or equal to 14 days were allowable for
any reason (e.g., toxicity, drug stock-out).

- Drug additions or suspensions of longer than
14 days are not permitted except in response
to an AE or acquired resistance to a drug in
the assigned treatment strategy.

- Bdq can be reinitiated after the stoppage
indicated by the assigned strategy, if clinically
indicated.

- Drugs that are unlikely to be effective can be

included in the regimen.

Treatment assignment

Individuals are randomly assigned to one of the
Six treatment strategies on day 14 of treatment

and are aware of their assignment.

Individuals are assigned to the
treatment strategies that their
observed data are compatible with at

day 14 of treatment.

Follow-up period

Follow-up starts at assignment and continues

Same

24
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364

365

366

until the occurrence of an end-of-treatment

outcome.

Outcome

Treatment success (i.e., cure or treatment
completion). Individuals who die, become lost to
follow-up, or in whom treatment fails would be
considered to have unsuccessful treatment

outcomes.

Same

Causal contrast of interest

Intention-to-treat and per-protocol effects

Observational analogue of the per-

protocol effect

Analysis plan

Per-protocol effect: Individuals are censored if
their treatment deviates from their assigned
strategy, and potential selection bias introduced
by censoring is adjusted for via IP weighting.
Estimates are adjusted for baseline covariates
that differ across groups. Probabilities of
treatment success are compared via ratios and

differences.

Same except that person clones are
used.

Abbreviations: FQ: Fluoroquinolone. MDR/RR-TB: Multidrug- or rifampicin-resistant tuberculosis. AE: Adverse event. Bdq:

Bedaquiline. Lzd: Linezolid. Cfz: Clofazimine. DIm: Delamanid. Imp: Imipenem. SLI: Second-line injectable. Cm: Capreomycin. Km:

Kanamycin. Am: Amikacin. IP: Inverse-probability.
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367

368

369

370

371

372

373

374

Table E2. Probabilities of being uncensored for each Bdq duration strategy and follow-up period

Bdq duration strategy

Probabilities of being uncensored

0 <t <5-month

5-month <t £ 8-month

9-month

t > 9-month

At least 5 months
Bdq, Lzd, Cfz, Imp
Bdq, Lzd, Cfz, SLI

5to 8 months
Bdq, Lzd, Cfz

At least 9 months
Bdq, Lzd, Cfz
Bdq, Lzd, Cfz, DIm
Bdq, Lzd, Cfz, DIm, Imp

1*Prob

1*Prob.

1*Prob.

1*Prob.
1*Prob.

1*Prob

. ho added drugs
no added drugs

no added drugs

no added drugs
no added drugs
. ho added drugs

1*Prob. no added drugs
1*Prob. no added drugs

1*Prob. no added drugs

Prob. on Bdg*Prob. no added drugs
Prob. on Bdg*Prob. no added drugs
Prob. on Bdg*Prob. no added drugs

1*Prob. no added drugs
1*Prob. no added drugs

(1-Prob. on Bdq for those who
had never stopped Bdq before")*
Prob. no added drugs

1*Prob. no added drugs
1*Prob. no added drugs
1*Prob. no added drugs

1*Prob.
1*Prob.

1*Prob.

1*Prob.
1*Prob.
1*Prob.

no added drugs
no added drugs

no added drugs

no added drugs
no added drugs
no added drugs

Abbreviations: Bdq: Bedaquiline. Lzd: Linezolid

. Cfz: Clofazimine. DIm: Delamanid. Imp: Imipenem. SLI: Second-line injectable. Prob:

Probability. t: Time. * : For other individuals, itis “1*Prob. no added drugs” .

The probability of being uncensored is calculated for each week. At time 0, the probability of being uncensored (p,) is 1.

Subsequently, for each week i, the overall probability of being uncensored (P;) is the cumulative product of the conditional

probabilities of being uncensored in each week up to and including week i, i.e. py,..., p; (Table E2). The formula for calculating P; is

shown in Formula 1:

26
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(Formula 2)

For each week, the weight (W;) is calculated as the inverse of the probability of being uncensored (P;) (Formula 2). The final weight at
L
27

the end of treatment was retained for each individual and adjusted in the analysis.
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Table E3. Inclusion of cycloserine that was unlikely to be effective in regimens of 443

eligible individuals treated for MDR/RR-TB (day 14)

Treatment strategy No use of Cs Use of Cs that was

unlikely to be effective

Bdg-Lzd-Cfz 34 (34) 65 (65)
Bdqg-Lzd-Cfz-DIm 56 (69) 25 (31)
Bdg-Lzd-Cfz-Imp 47 (64) 27 (36)
Bdqg-Lzd-Cfz-SLI 34 (33) 69 (67)
Bdg-Lzd-Cfz-Dim-Imp 80 (94) 5 (6)

Abbreviations: Cs: Cycloserine. Bdq: Bedaquiline. Lzd: Linezolid. Cfz: Clofazimine. DIm:

Delamanid. Imp: Imipenem. SLI: Second-line injectable.
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383

384
385 Patients enrolled in the endTB

386 observational cohort between April
387 2015 to September 2018 (N=2788)

388
389
390
391

392 - 155 from DPRK
393 - 24 not MDR/RR-TB
- 376 who did not start a Bdqg within one-week of
394 treatment initiation
395 - 985 fluoroquinolone likely to be effective
396 - 788 did not initiate a regimen of interest by the
end of week 2
397 - 17 EOT outcome not evaluated
398

399
400
401
402

403 Bdg-Lzd-Cfz (n=100)

404 Bdqg-Lzd-Cfz-DIm (n=81)
Bdqg-Lzd-Cfz-Imp (n=74)
405 Bdg-Lzd-Cfz-SLI (n=103)
406 Bdqg-Lzd-Cfz-DIm-Imp (n=85)

407
408  Figure E1. Inclusion flowchart of endTB Observational Study individuals included in the

Excluded (N=2345)

v

A

Analytic sample (N=443)

409  present analysis
410

411  Abbreviations: DPRK: Democratic People’s Republic of Korea. MDR/RR-TB: Multidrug- or
412 rifampicin- resistant tuberculosis. EOT: End-of-treatment. Bdq: Bedaquiline. Lzd: Linezolid. Cfz:

413  Clofazimine. DIm: Delamanid. Imp: Imipenem. SLI: Second-line injectable.
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414
415

416

417

418

419

Patient-clones for all
treatment strategies (N=543)

Bdq (5-8 mos), Lzd,
Cfz (N=100)

Bdq (29 mos), Lzd,
Cfz (N=100)

Bdq (>9 mos), Lzd,
Cfz, DIm (N=81)

Bdq (=5 mos), Lzd,
Cfz, Imp (NF4)

Bdq (=5 mos), Lzd,
Cfz, SLI (N=103)

Bdq (=9 mos), Lzd,
Cfz, DIm, Imp (N=85)

Y

Censored (n=60)
>9 mos of bdg: 43

>1 drug added: 17

3

A 4

Censored (n=47)
5~8mos of Bdg: 30

>1 drug added: 17

Uncensored
(n=40)

3

Y

Censored (n=6)
S~8moscof Bda: 1

>1 drug added: 5

Uncensored
(n=53)

Censored (n=11)

>1 drug added: 11

3

Uncensored
(n=75)

Y

Censored (n=9)

=1 drug added: 9

Uncensored
(n=63)

| 1P weighting process |

4

A

Censored (n=3)
S~8mosof Bdg: 1

=1 drug added: 2

Uncensored
(n=94)

Uncensored
(n=82)

Figure E2. Cloning, censoring, and IP weighting processes for each treatment strategy

Abbreviations: mos: Months. SLI. Second-line injectable. IP: Inverse-probability. Bdq: Bedaquiline. Lzd: Linezolid. Cfz: Clofazimine.

DIm: Delamanid. Imp: Imipenem.

Clones were censored if their treatment deviates from their assigned strategy; the uncensored clones were used to calculate the IP

weights.
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