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Summary

Background Pre-extensively drug-resistant (pre-XDR) tuberculosis (ie, multidrug-resistant or rifampicin-resistant
with additional resistance to any fluoroquinolone) is difficult to treat. endTB-Q aimed to evaluate the efficacy and
safety of bedaquiline, delamanid, linezolid, and clofazimine (BDLC) compared with the standard of care for patients
with pre-XDR tuberculosis.

Methods This open-label, multicentre, stratified, non-inferiority, randomised, controlled, phase 3 trial was conducted
in ten hospitals in India, Kazakhstan, Lesotho, Pakistan, Peru, and Viet Nam. Participants aged 15 years or older who
had pulmonary tuberculosis with resistance to rifampicin and fluoroquinolones were included. Participants were
randomly assigned (2:1) to the BDLC group (all-oral bedaquiline 400 mg once per day for 2 weeks followed by 200 mg
three times per week, delamanid 100 mg twice per day, linezolid 600 mg once per day for 16 weeks and then either
300 mg once per day or 600 mg three times per week, and clofazimine 100 mg once per day) or the control group
(individualised WHO-recommended longer standard of care). Randomisation was stratified by country and baseline
disease extent. BDLC was administered for 39 weeks (9-month regimen) for extensive disease and 24 weeks (6-month
regimen) for limited disease and extended to 9 months for those with a positive culture at 8 weeks or later or a
missing 8-week culture result. Site staff and participants were not masked, whereas investigators and laboratory staff
were masked to treatment assignment. The primary endpoint was favourable outcome (two consecutive, negative
cultures including one between weeks 65 and 73; or favourable bacteriological, radiological, and clinical evolution) at
week 73 after randomisation in the modified intention-to-treat (mITT) and per-protocol populations. We report the
risk differences adjusted for stratification variables, with a non-inferiority margin of -12%. This trial is registered with
ClinicalTrials.gov, NCT03896685.

Findings Between April 4, 2020, and March 28, 2023, 1030 individuals were screened and 324 (31%) were randomly
assigned (219 to the BDLC group and 105 to the control group). 114 (46%) participants were female and 133 (54%) were
male. Median age was 30-5 years (IQR 21-6-43-0). 157 (64%) participants had extensive disease at baseline. In the BDLC
group, 47 (29%) of 163 were assigned to receive the 6-month regimen and 116 (71%) the 9-month regimen. The core
regimen of BDLC plus one or more other drugs was used for 76 (91%) of 84 participants in the control group. At week 73,
favourable outcome was reached by 141 (87%) participants in the BDLC group versus 75 (89%) in the control group in the
mITT population (adjusted risk difference 0-2% [95% CI —9-110 9-5]; P, pninferiony=0- 0051) and by 138 (88%) of 157 versus
71 (93%) of 76 in the per-protocol population (adjusted risk difference —3-5% [-12-8 t0 5-9]; Poninferioniy=0+ 037). Overall
non-inferiority was not shown. 145 (68%) of 213 participants in the BDLC group and 77 (73%) of 105 in the control group
had at least one grade 3 or higher adverse event, with eight (4%) and two (2%) all-cause deaths by week 73, respectively.

Interpretation The shortened BDLC strategy was not non-inferior to the control. Accumulating evidence suggests that
this patient population might require longer, reinforced regimens.
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Research in context

Evidence before this study

Published phase 3 clinical trials on rifampicin-resistant
tuberculosis are rare, particularly for the subgroup of people with
pre-extensively drug-resistant (pre-XDR) tuberculosis. Current
guidelines on pre-XDR tuberculosis treatment rely on low
certainty evidence, partly due to the absence of randomised
controlled trials focused exclusively on pre-XDR tuberculosis. We
searched PubMed for clinical trials published in English between
Jan 1, 2000, and Dec 31, 2024, on standardised and shorter

(<12 months) tuberculosis drug regimens using the Medical
Subject Headings terms “pre-extensively drug-resistant
tuberculosis” OR “pre-XDR-TB” OR “fluoroquinolone-resistant
tuberculosis”. We excluded results that were not relevant to the
latest WHO 2021 definition of pre-XDR tuberculosis

(ie, tuberculosis with resistance to rifampicin and any
fluoroquinolone). Overall, we found four studies (BEAT-TB India,
Nix-TB, TB-PRACTECAL, and ZeNix) that evaluated shorter
regimens for drug-resistant tuberculosis, but they did not include
an internal control or included a small number of participants
with pre-XDR tuberculosis. Another unpublished phase 3 clinical
trial from South Africa (BEAT Tuberculosis; NCT04062201) is
referenced in WHO 2025 updated guidelines on the treatment of
drug-resistant tuberculosis. BEAT Tuberculosis tested a
treatment strategy for patients with rifampicin-resistant
tuberculosis, regardless of fluoroquinolone resistance, and was
not designed to draw conclusions for pre-XDR tuberculosis.

Added value of this study
This phase 3 randomised, controlled, non-inferiority trial
assessed the bedaquiline, delamanid, linezolid, and clofazimine

Introduction

Patients with pre-extensively drug-resistant (pre-XDR)
tuberculosis, defined as multidrug-resistant or
rifampicin-resistant  tuberculosis with  additional
resistance to any fluoroquinolone,’ have historically
received long, poorly performing regimens with high
toxicity. A 2023 meta-analysis estimated successful
treatment in around 60% of patients with pre-XDR
tuberculosis who received treatment in 2013 or later,
which represents an improvement compared with the
previous years.” The loss of fluoroquinolone activity
against Mycobacterium tuberculosis was a well-established
risk factor for worse outcomes with longer regimens in
the pre-bedaquiline era.’ The newly WHO-approved
6-9 month all-oral containing regimen of bedaquiline,
pretomanid, and linezolid (BPal) has approximately
90% effectiveness in highly resistant tuberculosis and
has improved the outcomes for people with pre-XDR
tuberculosis. However, the pivotal NiX-TB study of BPaL
had a small sample size of 71 people with pre-XDR
tuberculosis and included no internal, concurrent
comparator.* A second study (ZeNix) was designed to
optimise the dose of linezolid in BPalL (evaluated
181 patients) and showed similar rates of treatment

(BDLC) regimen against WHO recommended 18-month
regimens for pre-XDR tuberculosis. endTB-Q applied a
stratified medicine approach, assigning treatment duration
according to baseline disease extent and microbiological
response. Participants with limited disease and early culture
conversion received a 6-month regimen, whereas those with
extensive disease or delayed conversion received a 9-month
regimen. Our study provides evidence supporting the
feasibility of a personalised treatment strategy for pre-XDR
tuberculosis. Non-inferiority was not shown; however, the
BDLC group reached similar outcomes to the control group in
participants with limited disease, whereas those with extensive
disease did not respond as well to the 9-month regimen.

Implications of all the available evidence

WHO recommendations increasingly favour shorter, all-oral
regimens (including BDLC) for drug-resistant tuberculosis.
However, these recommendations are based on low certainty
evidence. Our findings support the use of BDLC, alongside
other recommended regimens, for people with pre-XDR
tuberculosis who have limited disease at baseline. However,
for those with pre-XDR tuberculosis and extensive disease,

a longer or reinforced regimen might be necessary to prevent
unfavourable outcomes. Further research is warranted to
optimise regimen composition and duration for this
population and to mitigate risks of tuberculosis relapse and
acquisition of drug resistance.

success, but still did not include an internal comparator.®
A third study with a comparator (TB-PRACTECAL)
evaluated BPal in 25 individuals with pre-XDR
tuberculosis.”” Another 6-month treatment strategy
emerged in 2024, comprising a regimen with
bedaquiline, delamanid, linezolid, levofloxacin, and
clofazimine; clofazimine is dropped in fluoroquinolone-
susceptible tuberculosis and levofloxacin is dropped in
pre-XDR tuberculosis. The BEAT Tuberculosis trial
testing this strategy included participants regardless of
fluoroquinolone resistance and was not designed to
draw conclusions for patients with pre-XDR
tuberculosis.®* WHO has conditionally recommended
these regimens acknowledging the low certainty of
evidence.”"

The extent of tuberculosis disease classification, based
on indicators of bacillary load and parenchymal damage
on a chest x-ray, is increasingly recognised to modify
the effect of shorter regimens compared with
longer regimens."” The stratified-medicine approach
suggested by this observation represents the foundation
of multiple planned trials of tuberculosis treatment
(PRISM-TB [NCT06441006], DATURA [NCT04738812],
and NEW-STRAT TB [NCT04951986]).
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In this internally controlled endTB-Q (Evaluating
Newly Approved Drugs in Combination Regimens for
Multidrug-Resistant Tuberculosis with Fluoroquinolone
Resistance) trial, we aim to evaluate the efficacy and
safety of an all-oral, stratified, shortened regimen of
bedaquiline, delamanid, linezolid, and clofazimine
(BDLC) compared with the WHO-recommended longer
standard of care for patients with pre-XDR tuberculosis.”

Methods

Study design

This open-label, multicentre, non-inferiority, stratified,
randomised, controlled, phase 3 trial was conducted in
ten ambulatory health facilities and hospitals in India,
Kazakhstan, Lesotho, Pakistan, Peru, and Viet Nam
(appendix 8 pp 23-24). Pre-XDR tuberculosis was defined
at trial inception as per the 2020 WHO definition.! The
trial was conducted by the endTB consortium (Médecins
Sans Frontieres [MSF], Partners In Health, and
Interactive Research and Development). Design and
implementation details and the full study protocol are
shown in appendix 8 (pp 60-178)." The study was
approved by the MSF Ethics Review Board (approval
number D:1761) and institutional review boards at
Harvard Medical School, Interactive Research and
Development, Institute of Tropical Medicine (ITM),
University of California San Francisco (UCSF), and at
each participating site. The Consolidated Standards of
Reporting Trials extension for non-inferiority trials
guided this trial report.* This trial is registered with
ClinicalTrials.gov, NCT03896685 (completed).

Participants

Participants (male and female as per sex classification by
the investigator) aged 15 years or older who had
pulmonary tuberculosis with documented or probable
resistance to rifampicin and fluoroquinolones were
referred to the trial from health facilities in study
catchment areas. Inclusion required resistance to
rifampicin and fluoroquinolones by WHO-endorsed
rapid molecular tests conducted at a designated trial-site
laboratory; inconclusive results of rapid molecular
fluoroquinolone resistance testing were sufficient to
permit enrolment in India and Pakistan where pretest
probability of fluoroquinolone resistance was elevated.”*
Inclusion was irrespective of HIV serostatus or CD4
lymphocyte count. Exclusion criteria were pregnancy; low
haemoglobin (grade 3 or higher); elevated liver enzymes
(grade 2 or higher) or bilirubin (grade 3 or higher);
uncorrectable electrolyte disorders (hypocalcaemia or
hypomagnesemia [grade 3 or higher] and hypokalaemia
or hyperkalaemia [grade 2 or higher]); serum creatinine
(grade 3 or higher); QT interval corrected by the Fridericia
formula (QTcF =450 ms; grade 1 or higher) or other
cardiac risk factors for arrhythmia; resistance or previous
exposure (=30 days) to any drug in the BDLC regimen;
and 15 days or longer treatment with any second-line

antituberculosis drug during the current tuberculosis
episode.” All participants provided written informed
consent. Full criteria for eligibility for enrolment of all
participants and for retention of participants who became
pregnant during the study are shown in the appendix 8

(pp 7-9).

Randomisation and masking

Participants were randomly assigned (2:1) with a
generated randomisation sequence using a centralised
interactive system (VennLife Sciences, Paris, France) to
the BDLC group or the standard of care control group
(WHO-recommended longer individualised regimen).
The unequal allocation ratio was chosen to increase the
accumulated evidence in the BDLC group relative to the
control. Randomisation was stratified by country and
baseline disease extent (limited disease was defined by a
negative or scanty smear for M tuberculosis irrespective
of cavitation or smear 1+ in the absence of cavitation and
extensive disease was defined by smear 2+ or 3+
irrespective of cavitation or smear 1+ in the presence of
cavitation; appendix 8 p 26) and was performed by site
investigators or coordinators. Site staff and participants
were not masked to treatment allocation, whereas
central investigators and mycobacteriology laboratory
study staff were masked to treatment assignment
(appendix 8 p 9).

Procedures

The BDLC group included four oral drugs: bedaquiline
400 mg once per day for 2 weeks followed by 200 mg
three times per week, delamanid 100 mg twice per day,
linezolid 600 mg once per day for 16 weeks and then
either 300 mg once per day or 600 mg three times
per week (the lower dose was started earlier than
16 weeks in case of linezolid-related toxicity), and
clofazimine 100 mg once per day. Reduced linezolid
dose was determined using a secondary balanced
randomisation; a comparison between the two dose
reduction strategies is planned and will be reported in
another publication.

The BDLC regimen was administered for 39 weeks
(9-month regimen) in participants with extensive disease
and 24 weeks (6-month regimen) in those with limited
disease and treatment was extended to 9 months for
those with a positive culture at 8 weeks or later (for those
with results available by week 24) or a missing 8-week
culture result. Control group regimens administered for
18 months were individualised and designed in
accordance with WHO guidelines for pre-XDR
tuberculosis,®” and could include drugs used in the
BDLC group and other oral and injected agents for the
entire duration of treatment. Treatment was directly
observed. Regimen guidance for the control group and
the dosing schedule for both study groups is provided in
the appendix 8 (pp 26-28). All study drugs were centrally
purchased.
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For the Pharmacovigilance Unit
Severity Scale see https://endtb.
org/toolkit/endtb-trials-
pharmacovigilance

Participants were followed up for a maximum of
104 weeks; follow-up ended when the final participant
reached week 73 after random assignment. Clinical,
safety, and mycobacteriological assessments occurred
once per week until week 12, every 4 weeks until
week 47, and every 6-8 weeks thereafter (appendix 8
pp 29-31). Standardised mycobacteriology tests were
performed in designated, quality-controlled, trial-site
laboratories. Tests included smear microscopy, culture
in Mycobacteria Growth Indicator Tube (MGIT) and
on solid Lowenstein-Jensen media at in-country
laboratories, except for Lesotho for which the culture-
based tests were performed only in MGIT in
South Africa. Phenotypic drug susceptibility testing
was performed in MGIT for at least rifampicin, and
fluoroquinolones; drug susceptibility testing for BDLC
was gradually introduced at various times in each site.
The ITM supported site laboratories and performed
central phenotypic and genotypic testing on positive
cultures from samples collected at 16 weeks or later and
corresponding baseline samples. A strain isolated from
a sample collected at 16 weeks or later was classified as
the same if there were 12 or fewer single nucleotide
polymorphisms different from the strain isolated at
baseline (appendix 8 p 12).

Outcomes

The primary efficacy endpoint was favourable outcome at
week 73 after randomisation in the modified intention-
to-treat (mITT) and per-protocol populations. Participants
were classified as having a favourable outcome at week 73
if, in the absence of an unfavourable outcome: their last
two culture results were negative and taken from sputum
samples collected on separate visits (the latest between
weeks 65 and 73); or the last culture result (between
weeks 65 and 73) was negative and there was no other
post-baseline culture result or the penultimate culture
result was positive due to laboratory cross-contamination
and the Dbacteriological, radiological, and clinical
evolution was favourable; or there was no culture result
from a sputum sample collected between weeks 65 and
73 or the result of that culture was positive due to
laboratory cross contamination and the latest culture
result was negative and bacteriological, radiological, and
clinical evolution was favourable.

Unfavourable outcomes were all-cause mortality; the
replacement or addition of drugs (one or more for the
BDLC group and two or more for the control group),
including changes on study treatment or upon initiation
of a new regimen after treatment discontinuation due to
treatment failure, an adverse event, poor treatment
adherence or loss to follow up, or withdrawal of consent;
the initiation of a new treatment for multidrug-resistant
or rifampicin-resistant tuberculosis after treatment
completion and before week 73 (classified as recurrence,
relapse, or reinfection according to sequencing results;
appendix 8 p 12); positive culture after week 16 resulting

in treatment discontinuation or between weeks 65 and 73
(both classified as treatment failure); and combination of
culture results insufficient to establish a favourable
outcome and unfavourable bacteriological, radiological,
or clinical evolution (classified as treatment failure).

Favourable and unfavourable outcome definitions were
similar for the secondary endpoints at weeks 39 and 104.
Other secondary outcomes were initial sputum culture
conversion by week 8, time to culture conversion, and
change in time to MGIT culture positivity and will be
reported separately. Acquired drug resistance was a
prespecified exploratory outcome, defined as newly
occurring phenotypic or genotypic resistance to any drug
in the BDLC regimen in a strain isolated from a sample
collected at week 16 or later and classified as the same as
the baseline strain (appendix 8 p 11). Treatment outcomes
were assigned by site investigators. If assignment
required consideration of evolution, outcomes were
adjudicated by the central Clinical Advisory Committee
(appendix 8 p 12).

Safety outcomes at weeks 73 and 104 were grade 3 or
higher adverse events, serious adverse events, death,
discontinuation of at least one study drug due to adverse
events, and adverse events of special interest defined
as grade 3 or higher hepatotoxicity, haematological
toxicity, optic neuritis, peripheral neuropathy, or QTcF
prolongation. Exploratory post-hoc analysis examined
these safety outcomes at 4 weeks after treatment
completion. Adverse events were graded by the site
investigators according to the MSF Pharmacovigilance
Unit Severity Scale. Treatment-emergent adverse events
are also reported. The MSF Pharmacovigilance Unit
provided support for standardised recording, reporting,
grading, and classification of adverse events.

Statistical analysis

Sample size assumptions were based on reaching
favourable outcomes at week 73 in 78% of participants in
the BDLC group and 75% in the control group, and 6%
being excluded from the mITT population and 10%
from per-protocol population. A sample size of 324
would give 80% power to establish non-inferiority
(margin of —12% and one-sided type I error rate of 2-5%)
in the BDLC group in both analysis populations. The
non-inferiority margin was set at —12% because the
standard therapy received in the control group was
expected to perform better than other reference
standards* and four trials*®*™ of tuberculosis treatment
have also used a -12% margin for non-inferiority
(appendix 8 p 17). Slightly worse efficacy in the BDLC
group was considered an acceptable trade-off for the
benefits of the shortened treatment duration and
reduction of the pill burden.

The efficacy analysis relied on the absolute between-
group difference (with 95% CI) in the proportion of
participants with a favourable outcome at week 73.
Establishment of non-inferiority required the lower

www.thelancet.com/respiratory Published online July 16, 2025 https://doi.org/10.1016/52213-2600(25)00194-8


https://endtb.org/toolkit/endtb-trials-pharmacovigilance
https://endtb.org/toolkit/endtb-trials-pharmacovigilance
https://endtb.org/toolkit/endtb-trials-pharmacovigilance
https://endtb.org/toolkit/endtb-trials-pharmacovigilance
https://endtb.org/toolkit/endtb-trials-pharmacovigilance

Articles

bound of the 95% CI around the difference to be greater
than or equal to —12% in both the mITT and per-protocol
populations. The safety population included all
participants who were randomly assigned and received at
least one dose of trial treatment. The mITT population
included participants from the safety population who
had a culture positive for Mycobacterium tuberculosis
before random assignment (excluding those with
baseline phenotypic resistance to BDLC). The per-
protocol population included participants from the mITT
population who did not receive more than 7 days of a
prohibited concomitant medication or a trial drug that
was not prescribed according to the protocol and
completed a protocol consistent course of treatment (at
least 80% of expected doses taken within 120% of the
regimen duration and no more than 120% of the expected
doses in participants who were to receive 24 weeks of
treatment) or those who did not do so because of
treatment failure or death (appendix 8 p 17).

Baseline characteristics were summarised using the
number of participants (%) or median (IQR). Risk
differences were estimated using a binomial regression
model (generalised linear model for a binomial outcome
with an identity link function). One-sided p values for
non-inferiority were calculated. The primary analysis was
adjusted for stratification factors as fixed effects. Kaplan—
Meier curves and log-rank tests for differences between
groups were used to estimate time to unfavourable
outcomes. Schoenfeld residuals were used to test the
proportional-hazards assumption. We prespecified
exploratory subgroup differences by baseline disease
extent (and component parts), country, comorbidities,
BMI, age, sex, and previous exposure to tuberculosis
treatment. Interaction p values were estimated from
an unadjusted binomial regression model. In case of
complete separation of the data, a combined approach of
Firth’s penalised logistic regression and bootstrap
methods were used.

Prespecified sensitivity analyses included unadjusted
analyses; analyses adjusted for randomisation strat-
ification factors, BMI, and type 1 and 2 diabetes;
and primary efficacy analyses performed in differently
defined mITT populations (appendix 8 p 17). A post-hoc
sensitivity analysis was done by pooling countries with
a small sample size (<10 patients in the control group).

All analyses were performed in Stata (version 18.0) and
R (version 4.4). Trial oversight was provided by the Data
Safety and Monitoring Board, Scientific Advisory
Committee, and Global TB Community Advisory Board
(appendix 8 pp 24-25). Data were analysed at Epicentre
(Paris, France) and validated for the primary efficacy
endpoint by UCSF.

Role of the funding source

The funders of the study (except for Unitaid) had a role
in study design, data collection, data analysis, data
interpretation, and writing of the report.

1030 patients screened for eligibility

706 ineligible

182 rifampicin resistance not shown
421 fluoroquinolone resistance not shown
30 abnormal laboratory values
28 investigator discretion
19 molecular test results incomplete during screening
window
14 cardiac risk factors
6 previous exposure or resistance to study drugs
4 contraindicated drug
1 pregnant and breastfeeding
1 eligible but not randomly assigned

A

| 324 randomly assigned

v

v

219 assigned to the BDLC group

| | 105 assigned to the control group

6 excluded
5 did not receive study treatment
1 withdrew consent for participation
and use of data

A

A

y

213 included in the safety population

| | 105 included in the sa

fety population

50 excluded
20 no fluoroquinolone
resistance (or undefined on
genotypic test and sensitive
on phenotypic test after
randomisation)
20 no positive culture
7 resistant to any drug in the
BDLC regimen
3 randomly assigned by error

A

21 excluded
12 no fluoroquinolone

resistance (or undefined
on genotypic test and
sensitive on phenotypic
test after randomisation)

6 no positive culture

3 resistant to to any drug in
the BDLC regimen

163 included in the mITT population

| | 84 included in the m

ITT population

6 excluded
5 <80% of expected
doses taken
1>120% of the
expected doses taken
(24 weeks of treatment)

A

A

y

8 excluded
8 <80% of expected doses
taken

157 included in the per-protocol population

| 76 included in the per-protocol population

Figure 1: Trial profile
The safety population included all participants who were randomly assigned and received at least one dose of trial
treatment. The mITT population included participants from the safety population who had a culture positive for
Mycobacterium tuberculosis before random assignment (excluding those with baseline phenotypic resistance to
BDLC). The per-protocol population included participants from the mITT population who did not receive more
than 7 days of a prohibited concomitant medication or a trial drug that was not prescribed according to the
protocol and completed a protocol consistent course of treatment (at least 80% of expected doses taken within
120% of the regimen duration and no more than 120% of the expected doses in participants who were to receive
24 weeks of treatment) or those who did not do so because of treatment failure or death. BDLC=bedaquiline,
delamanid, linezolid, and clofazimine. mITT=modified intention-to-treat.
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BDLC group Control group
(n=163) (n=84)
Sex
Female 71 (44%) 43 (51%)
Male 92 (56%) 41(49%)

Median age, years
Study country

India

Kazakhstan

Lesotho

Peru

Pakistan

Viet Nam
Median BMI, kg/m?*

313 (21.7-42:6)

71 (44%)
12 (7%)
2 (1%)
11 (7%)
53 (33%)
14.(9%)
175 (15»6—202)

291(20-7-44-6)

33 (39%)
6 (7%)
0
7 (8%)
30 (36%)
8 (10%)
17:9 (15:3-20-1)

Eastern Cooperative Oncology Group performance status

0

1

2

3
HIV*
Hepatitis B, HBsAg positive
Hepatitis C, HCVAb positive
Type 1and 2 diabetes
Smear result

Negative or scanty

1+

2+

3+
Cavitation
Extent of tuberculosis diseaset

Limited

Extensive

44 (27%)
95 (58%)
19 (12%)
5(3%)
1(1%)
2 (1%)
7 (4%)
37 (23%)

45 (28%)
47 (29%)
33 (20%)
38 (23%)
108 (66%)

58 (36%)
105 (64%)

Previous exposure to tuberculosis treatments

None
First-line drugs

At least second-line drugs

92 (59%)
50 (32%)
14 (9%)

24 (29%)
45 (54%)

)
57 (68%)

32 (38%)
52 (62%)

39 (49%)
34 (43%)
7(9%)

Data are n (%) or median (IQR). The mITT population included participants who
were randomly assigned, received at least one dose of trial treatment, and had

a culture positive for Mycobacterium tuberculosis before random assignment
(excluding those with baseline phenotypic resistance to BDLC). BDLC=bedaquiline,
delamanid, linezolid, and clofazimine. HBsAg=hepatitis B surface antigen. HCV
Ab=hepatitis C total antibody. mITT=modified intention-to-treat. *Of four
participants living with HIV, two were receiving antiretroviral treatment at baseline
(one in the BDLC group and one in the control group) and the other two (in the
control group) started antiretroviral treatment within the first 8 weeks after
random assignment. tBaseline disease extent (limited disease was defined by a
negative or scanty smear for M tuberculosis irrespective of cavitation or smear 1+ in
the absence of cavitation and extensive disease was defined by smear 2+ or 3+
irrespective of cavitation or smear 1+ in the presence of cavitation). $Data on
previous exposure to tuberculosis treatment were unknown for 11 participants
(seven in the BDLC group and four in the control group).

Table 1: Baseline characteristics in the mITT population

Results

Between April 4, 2020, and March 28, 2023, 1030 indi-
viduals were screened and 324 (31%) were randomly
assigned (219 to the BDLC group and 105 to the control
group; figure 1). Overall, 318 (98%) participants were
included in the safety population, 247 (76%) in the mITT
population, and 233 (72%) in the per-protocol population.
Reasons for ineligibility and exclusion from the analysis
populations are shown in figure 1. Baseline drug
susceptibility testing to all four drugs in the BDLC
regimen was performed in 17 participants (appendix 8
p 32).

The mITT population included 247 participants: 104
(42%) randomly assigned in India, 83 (34%) in Pakistan,
22 (9%) in Viet Nam, 18 (7%) in Kazakhstan, 18 (7%) in
Peru, and two (1%) in Lesotho (table 1). Overall, 114 (46%)
participants were female and 133 (54%) were male, 55
(22%) had diabetes, four (2%) were living with HIV, five
(2%) had active hepatitis B virus infection, and 12 (5%)
had active hepatitis C virus infection. Median age was
30-5 years (IQR 21-6-43-0), with 18 (7%) participants
aged 15-18 years at random assignment. Median BMI
was 17-6 kg/m2 (15-4-20-1). 157 (64%) participants had
extensive disease at baseline and 105 (43%) were
previously  treated for  tuberculosis.  Baseline
characteristics were well balanced between the two study
groups (table 1; appendix 8 p 34).

Among participants in the BDLC group, 47 (29%) of
163 were assigned to receive the 6-month regimen and
116 (71%6) were assigned to receive the 9-month regimen
using information on baseline disease extent and
treatment response. In the control group, all participants
received an individualised regimen that initially included
four to six drugs, with 71 (85%) of 84 receiving five drugs
(appendix 8 p 35). All initial regimens in the control
group had bedaquiline, clofazimine, and linezolid;
cycloserine (78 [93%]) and delamanid (76 [91%]) were also
commonly used. The core regimen of BDLC plus one or
more other drugs was used for 76 (91%) participants in
the control group. Median treatment duration in the
control group was 78 -0 weeks (IQR 77-1-78-0; appendix 8
pp 35-36). Median post-treatment follow-up was
63-1 weeks (49-9-68-6) in the BDLC group and
23-9 weeks (16-9-27-0) in the control group (appendix 8
p 36).

In the primary efficacy analysis of the mITT population
atweek 73, favourable outcome was reached by 141 (87%) of
163 participants in the BDLC group and 75 (89%) of 84 in
the control group (adjusted risk difference 0-2% [95% CI
—9:1 t0 9:5]; Puoninfeiony=0-0051). In the per-protocol
population, favourable outcome was reached by 138 (88%)
of 157 participants in the BDLC group and 71 (93%) of
76 in the control group (adjusted risk difference -3-5%
[-12-8 10 5-9]; Proninteriony=0- 037; table 2). The lower bound
of the 95% CI around the adjusted risk difference was
greater than the non-inferiority margin of -12% in the
mITT population and less than the margin in the
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per-protocol population; therefore, overall non-inferiority

was not shown (figure 2A). In the mITT population, mITT population

Per-protocol population

the proportion of participants with treatment failure BDLCgroup  Controlgroup  BDLCgroup  Control group
(seven [4%] in the BDLC group vs three [4%] in the control (n-163) (n=84) o) (n=76)
group) and all-cause mortality (four [2%] vs two [2%)]) favourablclovteome
were similar between the two groups. Four (5%) partici- Number of participants 141(87%) 75(89%) 138 (88%) 71(93%)
pants withdrew consent in the control group and Adjusted absolute difference 02% - -35%
one (1%) in the BDLC group. Recurrent disease occurred ﬂon_ﬂ_he contr_o" % (95_% o7 (81to35) (128t059)

Participants with negative 140 (86%) 74 (88%) 137 (87%) 70(92%)

in eight (5%) participants in the BDLC group. Central
testing at I'TM later classified all recurrences as relapses.
Paired testing was available from I'TM for 27 participants
in the mITT population (appendix 8 pp 37-38). Of those,
five (19%) had baseline resistance to bedaquiline and

culture results, weeks 65 and 73

Participants with favourable 1(1%) 1(1%) 1(1%) 1(1%)
bacteriological, clinical, and
radiological evolutiont

Unfavourable outcome

clofazimine (and one also had resistance to delamanid) Number of participants 22 (13%) 9 (11%) 19 (12%) 5 (7%)

that had been undetected at trial-site laboratories. All-cause mortalityt 4(2%) 2(2%) 4(3%) 2 (3%)

Acquired resistance to at least one drug in the BDLC Participants with treatment 7 (4%) 3 (4%) 7 (4%) 3 (4%)

regimen occurred among 14 (9%) of 163 participants— failure§

three were among those with undetected baseline Participants with relapseq] 8 (5%) 0 8 (5%) 0

resistance. Acquired resistance occurred in two (2%) of Participants with permanent 1(1%) 0 0 0

84 participants in the control group and none had :;e:;:“:r:::\'f:st:t'"”at'ond”e

bas.ehne resistance to the study drugs. Acqu.u'.ed drug Participants with poor 11%) o o o

resistance was most common for bedaquiline and treatment adherence or loss to

clofazimine, followed by delamanid and linezolid follow-up

(appendix 8 pp 37-39). Overall efficacy results were Participants who withdrew 1(1%) 4 (5%) 0 0
consent

similar at week 104 in the mlITT and per-protocol
populations. At week 39 with minimal post-treatment
observation, results differed with observed higher
efficacy in the BDLC group than in the control group in
the mITT population (appendix 8 pp 19, 40-41).
Prespecified sensitivity analyses confirmed the primary
efficacy findings at week 73 (appendix 8 pp 42—43). One
additional relapse had occurred in the BDLC group and
none in the control group by week 104. Eight of
nine relapses occurred among participants with extensive
disease, with a median time to relapse after treatment
completion of 30-1 weeks (IQR 14-7-33-3).

In prespecified subgroup analyses at week 73 in the
mlITT population, treatment efficacy was not statistically

The mITT population included participants who were randomly assigned, received at least one dose of trial treatment,
and had a culture positive for Mycobacterium tuberculosis before random assignment (excluding those with baseline
phenotypic resistance to BDLC). The per-protocol population included participants from the mITT population who did
not receive more than 7 days of a prohibited concomitant medication or a trial drug that was not prescribed according
to the protocol and completed a protocol consistent course of treatment (at least 80% of expected doses taken within
120% of the regimen duration and no more than 120% of the expected doses in participants who were to receive

24 weeks of treatment) or those who did not do so because of treatment failure or death. BDLC=bedaquiline,
delamanid, linezolid, and clofazimine. mITT=modified intention-to-treat. *Analyses adjusted for country and baseline
extent of tuberculosis disease (mITT n=227, with 20 observations dropped because of perfect separation; per-protocol
n=214, with 19 observations dropped because of perfect separation). fParticipants without culture results between
weeks 65 and 73. #Six participants in the mITT died (part of the treatment outcome) and three died in the safety
population (excluded from the mITT population). SParticipants who permanently discontinued treatment because of
a positive sputum culture at week 16 or later or who had a positive sputum culture between weeks 65 and 73 or who
had a combination of culture results insufficient to establish favourable outcome and unfavourable bacteriological,
radiological, or clinical evolution. [Participants who, after treatment completion, started a new treatment regimen
and had a confirmed relapse (same strain on baseline and after treatment).

significant, except for age (Piyeain=0-040) and diabetes

Table 2: Primary efficacy outcomes at week 73 in the mITT and per-protocol populations

(Pinterscion=0+-0077). Risk of unfavourable outcome with
BDLC was higher in people aged 45 years or older and

those with diabetes at baseline (appendix 8 pp 20-21).
The proportion of favourable outcome was higher in the
BDLC group among participants with limited disease
(54[93%] of 58 vs 28 [88%] of 32 in the control group; risk
difference 5-6% [95% CI —7-6 to 18-8]) and lower in the
BDLC group among participants with extensive disease
(87 [83%)] of 105 vs 47 [90%)] of 52; risk difference —7-5%
[-18-3 to 3-2]; figure 2B and appendix 8 p 22). This
observed difference reflects higher relapse rates among
participants with extensive than those with limited
disease in the BDLC group (figure 3).

At week 73, 317 (100%) of 318 participants included in
the safety population had at least one adverse event
(table 3). 145 (68%) of 213 participants in the BDLC group
versus 77 (73%) of 105 in the control group had at least
one grade 3 or higher adverse event and 42 (20%) versus

23 (22%) had at least one serious adverse event. 172 (34%)
of 501 grade 3 or higher adverse events and 23 (21%) of
109 serious adverse events were classified by investigators
as related to the study drugs. Permanent discontinuation
of any study drug due to an adverse event occurred in
30 (14%) participants in the BDLC group and 56 (53%) in
the control group. The most frequently discontinued
drug was linezolid, followed by cycloserine (appendix 8
p 44).

Eight (4%) participants died in the BDLC group and
two (2%) in the control group by week 73, and an
additional death occurred in the BDLC group between
weeks 73 and 104. The causes of death (each occurring in
one participant) were cardiac failure, cardiac failure
congestive, cardiogenic shock, coma and renal and
hepatic  failure, unknown cause, diabetic foot,
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Number with favourable outcome/total (%) Risk difference (95% Cl) Pinteraction
BDLC group Control group
Week 73
mITT 141/163 (87%) 75/84.(89%) P 02% (-91t0 9:5)
Per-protocol 138/157 (88%) 71/76 (93%) e -3-5% (-12-8 t0 5-9)
r T T T T T 1
B
Baseline disease extent 013
Limited 54/58 (93%) 28/32 (88%) . 5:6% (-7-6t018-8)
Extensive 87/105 (83%) 47/52 (90%) —_— e — -7:5% (-18:3t03-2)
r T T T T T 1
-20 -12 -5 5 10 15 20
Favours control  Favours BDLC

Figure 2: Primary efficacy analysis at week 73 between the BDLC and control groups

(A) Forest plot of primary efficacy analysis at week 73 in the mITT and per-protocol populations, adjusted by stratification factors. The non-inferiority margin of -12%
is shown by the dashed vertical line. (B) Forest plot at week 73 of the risk difference in the prespecified subgroup analysis, stratified by baseline tuberculosis disease
extent. Favourable outcome was defined as two consecutive, negative cultures including one between weeks 65 and 73; or favourable bacteriological, radiological,
and clinical evolution) at week 73 after randomisation. BDLC=bedaquiline, delamanid, linezolid, and clofazimine. mITT=modified intention-to-treat.

gastrointestinal haemorrhage, lower respiratory tract
infection, metabolic acidosis, metastatic colorectal
cancer, and death by suicide. Two deaths (one in each
group) were assessed by investigators, per pharmaco-
vigilance definitions, as potentially related to the study
drugs, although causality was not confirmed (appendix 8
p 45). Of the grade 3—4 adverse events of special interest,
peripheral neuropathy occurred in 44 (21%) participants
in the BDLC group versus 26 (25%) in the control
group and myelosuppression (leukopenia, anaemia, or
thrombocytopenia) occurred in 29 (14%) versus 22 (21%;
table 3). Grade 3—4 hepatotoxicity (ie, increases in
alanine or aspartate aminotransferases) was reported
in 13 (6%) participants in the BDLC group and
four (4%) in the control group. Three (1%) participants in
the BDLC group versus four (4%) in the control group
had grade 3—4 prolonged corrected QT interval and
two (1%) versus two (2%) had optic neuritis. A pre-
specified analysis of safety results evaluated at week 104
and post-hoc analysis at 4 weeks after the end of treatment
showed similar results to the main safety analysis
(appendix 8 pp 46-57). Overall, five participants became
pregnant during study participation (appendix 8 p 58).

Discussion

The BDLC strategy showed favourable outcomes at
week 73 in 87% (141 of 163) of participants, which is
substantially higher than global averages for pre-XDR
tuberculosis treatment outcomes? and similar to recent
trial results in patients with multidrug-resistant or
rifampicin-resistant tuberculosis.”** However, the BDLC
strategy was not non-inferior to the control, which was
often similar in terms of regimen composition but
supported by one or two additional drugs and given for a
longer duration. A possible explanation for this result is
the non-significant difference in the efficacy of the BDLC

strategy by baseline disease extent. Compared with the
control, in those with extensive disease the adjusted risk
difference estimate suggests reduced efficacy of BDLC
whereas in those with limited disease, the estimate
suggests at least a similar efficacy of BDLC. This finding
is consistent with the growing body of evidence that
extensive disease, defined by measures of bacterial
load and lung damage on a chest x-ray, compromises
outcomes of several shortened drug-susceptible
tuberculosis regimens.""” endTB-Q prospectively applied
a stratified medicine approach to overcome this
difference between extensive and limited disease, the
first such effort in a population comprising exclusively
people with pre-XDR tuberculosis. The stratified
medicine strategy used in the BDLC group assigned the
9-month regimen—instead of the 6-month regimen—in
case of baseline characteristics indicative of extensive
disease and absence of a sustained culture conversion by
6 months. This lengthened 9-month treatment does not
appear to overcome the increased risk of unfavourable
outcome conferred by extensive disease, compared with
the control group.

The other main finding of this endTB-Q trial is the
apparent increase in relapse in the BDLC strategy 5%
(nine of 163) compared with none in the control by
week 104. These relapse events occurred mostly among
participants with extensive disease. The observed
follow-up period after treatment completion was longer
in the BDLC group than in the control group (median
63-1 weeks [IQR 49-9-68-6] vs 23-9 [16-9-27-0]),
possibly leading to an underestimate of relapse in the
control group. Scarce data exist on recurrence after
longer regimens for multidrug-resistant or rifampicin-
resistant tuberculosis. No recurrence occurred in the
control group during 132 weeks of post-randomisation
follow-up in the STREAM 1 trial for patients with
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010~ Study group (baseline disease extent)
----BDLC (limited)
—— BDLC (extensive)

0084 Control (limited)

—— Control (extensive)

0-06- Global log-rank test p=0-186

Cumulative probability of relapse

004+
0-024
0
0 é 1‘6 2‘4 3‘2 4‘0 4‘8 5‘6 6‘4 7‘2 8‘0 8‘6
Number at risk Time from treatment completion (weeks)
(relapses)
BDLC (limited) 56 55 54 54 51 51 47 42 40 27 15 0
(0) (6] (0) (0) (0) (0) 0 0) 0) 0) (0) (0)
BDLC (extensive) 94 94 92 90 78 71 68 61 31 6 2 0]
(0) (02} (O] (02} (&2} (0) @® (0) (0) (0) (0) (0)
Control (limited) 27 24 22 15 0 0 0 0 0 0 0 0
(0) (0) (0) (0) (0) (0) (0 (0) (0) (0) (0) (0)
Control (extensive) 46 37 35 21 0 0 0 0 0 0 0 0
(0) (0) (0) (0) (0) (0) (0 (0) (0) 0) (0) (0)

Figure 3: Kaplan-Meier plot of time to relapse (from treatment completion) by baseline extent of tuberculosis disease in the mITT population
Observations censored at the time of post-treatment end of follow-up (early study discontinuation, death, or end of follow-up). Baseline disease extent (limited
disease was defined by a negative or scanty smear for M tuberculosis irrespective of cavitation or smear 1+ in the absence of cavitation and extensive disease was
defined by smear 2+ or 3+ irrespective of cavitation or smear 1+ in the presence of cavitation). BDLC=bedaquiline, delamanid, linezolid, and clofazimine.

mITT=modified intention-to-treat.

fluoroquinolone-susceptible tuberculosis.” Similarly, in
TB-PRACTECAL, no recurrences were observed in the
control group (including those receiving shorter 6-month
regimens and longer 18-month regimens) during
108 weeks of follow-up for fluoroquinolone-susceptible
and fluoroquinolone-resistant tuberculosis.” Specific to
longer regimens containing new and repurposed drugs,
in the endTB observational cohort study which included
a high proportion of patients with fluoroquinolone-
resistant multidrug-resistant or rifampicin-resistant
tuberculosis, ten (<1%) of 1991 had recurrence up to
6 months after treatment completion.?” Although none
of these studies offer a direct match to the population
and regimens used in our control group, universal
reports of minimal or no relapse suggest a low likelihood
of substantial unobserved relapse in the control group in
endTB-Q. Worryingly, acquired drug resistance was
more frequent with the BDLC strategy (14 [9%)] of 163 vs
two [2%)] of 84 with the control).

Relapse and acquired drug resistance findings in the
endTB-Q BDLC group are consistent with other clinical
trials and observational studies evaluating shorter
regimens for patients with pre-XDR tuberculosis, which
have shown similar rates of these outcomes. The BEAT
Tuberculosis trial evaluated, as part of a treatment
strategy, an experimental regimen for patients with
pre-XDR  tuberculosis that was similar to that in
endTB-Q. The BEAT Tuberculosis strategy was non-
inferior to the standard of care for multidrug-resistant or

rifampicin-resistant tuberculosis; however, recurrences
occurred in ten (5%) of 202 participants at 76 weeks in the
experimental group, with a 6-9% (14 of 202) unfavourable
outcome at the end of treatment. Acquired drug resistance
to bedaquiline occurred in all five participants in the
experimental group who had treatment failure or
recurrence and had pretreatment and post-treatment
drug susceptibility testing to bedaquiline; all had baseline
fluoroquinolone resistance.® The BEAT India study tested
BDLC given for 6-9 months in a population including
96% of participants with pre-XDR tuberculosis. Follow-up
occurred for 48 weeks with recurrence seen in 2%
(three of 165). The short follow-up and absence of
reported drug-susceptibility testing leave open the
possibility of more relapse and acquisition of drug
resistance.” Other trials evaluating short fluoroquinolone-
sparing regimens reported recurrence rates that were
similar to endTB-Q: TB-PRACTECAL showed 4% (nine of
226) recurrence at 72 weeks in participants with
multidrug-resistant or rifampicin-resistant tuberculosis
who received BPalL or BPalLC regimens and ZeNix
showed 6% (11 of 181) recurrence at 78 weeks in
participants receiving various dosages and durations of
BPal. In TB-PRACTECAL, acquired Dbedaquiline
resistance occurred in three participants with recurrence
and who had results available, all three had received
BPal. In ZeNix, acquired drug resistance was detected in
5% (seven of 143) of participants receiving the three-drug
BPaL regimen.” Compared with these results, four-drug

www.thelancet.com/respiratory Published online July 16, 2025 https://doi.org/10.1016/52213-2600(25)00194-8



Articles

BDLC Control Absolute
group group difference
(n=213) (n=105) (%, 95% ClI)*
Participants with any adverse event 213 (100%) 104 (99%)
Grade 3 or higher adverse events
Participants with =1 event 145 (68%) 77 (73%) -6:6 (-15-6 t0 2-4)
Number of events 319 182
Number of events related to study drugs (% of 93 (29%) 79 (43%)
all events)t
Serious adverse events
Participants with =1 event 42 (20%) 23 (22%) -0-9 (-10-6 to 8-9)
Number of events 66 43
Number of events related to study drugs (% of 12 (18%) 11 (26%)
all events)t
Death from any cause 8 (4%) 2 (2%) 17 (-2-0to 5-4)%
Number of events related to study drugst 1(13%) 1(50%)
Adverse event of special interest
Participants with =1 event 73 (34%) 47 (45%) -10-5(-21-9to 1-0)%
Participants with any grade 3-4 increase in 13 (6%) 4 (4%)
alanine or aspartate aminotransferases
Participants with any grade 3-4 leukopenia, 29 (14%) 22 (21%)
anaemia, or thrombocytopenia
Participants with any grade 3-4 peripheral 44 (21%) 26 (25%)
neuropathy
Participants with any grade 3-4 optic neuritis 2 (1%) 2 (2%)
Participants with any grade 3-4 prolonged 3 (1%) 4(4%)
corrected QT interval§
Participants with permanent discontinuation 30 (14%) 56 (53%) -39-1(-497t0-28-5)
of any drug due to an adverse event
The safety population included all participants who were randomly assigned and received at least one dose of trial
treatment. BDLC=bedaquiline, delamanid, linezolid, and clofazimine. *Analyses adjusted for country and baseline
extent of tuberculosis disease. tRelated was defined as at least a reasonable possibility to be caused by one or more
drugs in the regimen. $Analyses adjusted for baseline extent of tuberculosis disease, given the absence of convergence
when adjusting for all stratification variables. SQT interval corrected according to the Fridericia formula.
Table 3: Safety analysis at week 73 in the safety population

and five-drug fluoroquinolone-containing short regimens
that are currently recommended for patients with
fluoroquinolone-susceptible  multidrug-resistant  or
rifampicin-resistant  tuberculosis were shown to
effectively prevent relapse and substantially reduce the
risk of acquired drug resistance.””* Overall, our findings
underscore the role of fluoroquinolones as key drugs in
shortening multidrug-resistant or rifampicin-resistant
tuberculosis treatment; with the antituberculosis drugs
currently available, the loss of fluoroquinolone activity
in M tuberculosis might signal the need for longer
or reinforced regimens. Therefore, rapid molecular
testing for fluoroquinolone resistance is crucial in all
patients with multidrug-resistant or rifampicin-resistant
tuberculosis.

Both groups had frequent grade 3 or higher adverse
events (145 [68%] of 213 with BDLC vs 77 [73%] of 105
with the control). Compared with other reports of similar
regimens—eg, 34% (69 of 202) in the BEAT Tuberculosis
trial,* this frequency is high. Permanent treatment
discontinuation of the full regimen due to adverse events

was rare in endTB-Q, occurring in one (1%) participant
in the BDLC group and none in the control group; this
finding is considerably lower than in other trials.®®
Adverse events reported in endTB-Q were often
considered unrelated to the study drugs. Taken together,
this information suggests that the high frequency of
reported events might partly reflect the rigorous
monitoring and reporting in a clinical trial setting.
Although such high rates of events might not be reported
in routine care, they could still have implications for
treatment completion and other, more person-centred
outcomes.”

Permanent discontinuation of at least one drug due to
an adverse event occurred in 30 (14%) participants in the
BDLC group and 56 (53%) in the control group. This
difference likely reflects the greater number of drugs in
the control regimens—nearly all (98%) contained more
than four drugs—and their longer duration, which is
relevant because regimens containing more drugs hold
greater toxicity potential and investigators unmasked to
treatment might be more likely to discontinue a
medication in a regimen containing more drugs.
Linezolid-related toxic effects, such as peripheral
neuropathy (44 [21%] participants in the BDLC group vs
26 [25%] in the control group) and myelosuppression
(nine [14%)] vs 22 [21%)]), were frequent in both groups but
the proportion was slightly higher in the control group,
in which linezolid dose was not routinely reduced at
16 weeks and total linezolid exposure was higher.
Linezolid is part of every WHO-recommended regimen
for the treatment of pre-XDR tuberculosis. Treatment
limiting linezolid toxicity has been observed with other
regimens, which is especially worrisome with the three-
drug BPaL regimen.*” When linezolid is held or stopped,
the resulting two-drug regimen might increase risk of
poor outcomes, including acquired drug resistance. The
four-drug BDLC regimen used in endTB-Q and BEAT
Tuberculosis preserves at least three active drugs even
when linezolid is discontinued.

Our study had three main limitations. First, site trial
staff and participants were not masked to treatment
assignment because of the treatment duration difference
between the BDLC and control groups. To mitigate risk
of bias, treatment assignment was concealed from
laboratory staff and central investigators. Second, the
proportion of participants excluded from the mITT
population (24%) was higher than expected (6%).
Negative pretreatment cultures (26 [8%)] with no positive
baseline culture excluded from the mITT population)
and baseline isolates susceptible to fluoroquinolones (32
[10%] with no fluoroquinolone resistance) in phenotypic
drug susceptibility testing were more common than
expected (figure 1). This high proportion of participants
excluded from the mITT population reduced statistical
power (compared with that estimated in the study design)
to establish non-inferiority. Third, baseline drug
susceptibility testing for new or repurposed drugs was
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not available at trial-site laboratories for most participants
and at least five with an unfavourable outcome had
undetected baseline resistance to these drugs. This
limitation might have led to an underestimate of efficacy
in BDLC and control groups for the treatment of patients
with pre-XDR tuberculosis. This finding also highlights
the necessity of improving rapid and reliable resistance
testing, especially for newer and repurposed drugs, to
ensure that patients receive the most appropriate
regimen.

The strengths of our study include the randomised,
internally, concurrently controlled design. To our
knowledge, this study is the first trial designed to draw
conclusions on pre-XDR tuberculosis and the first to apply
stratified medicine in this population. The control regimen
performed well in terms of the favourable outcome and
including a control group as an internal comparator
allowed the finding of not showing non-inferiority in the
BDLC group. High retention of participants—including in
the control group—and completeness of study data
indicate high-quality ~implementation. The study
population was heterogeneous, including a range of
tuberculosis disease severity and substantial burdens of
important comorbidities (such as active hepatitis B or C
and diabetes). Although the small number of participants
(2%) with HIV coinfection precludes inference from
endTB-Q about this population, approximately 50% of
participants in the BEAT-Tuberculosis study were living
with HIV:* Consequently, this complementary study
provides important information about the BDLC regimen
in this priority population.

In conclusion, the BDLC strategy was not non-inferior to
a well performing internal comparator (ie, WHO-
recommended longer standard of care). Both treatment
strategies produced a high proportion of favourable
outcomes, partly due to the support provided (ie,
nutritional, economic, and transportation) under trial
conditions, highlighting the importance of quality of care
in all treatments for patients with pre-XDR tuberculosis.
Our findings support the use of the BDLC regimen for
people with pre-XDR tuberculosis who have limited
disease at baseline. For individuals with extensive pre-XDR
tuberculosis, longer individualised regimens including at
least five drugs might be better than the available, shorter
regimens at reaching relapse-free cure and preventing the
acquisition of drug resistance. In all cases, treatment
choice should be guided by conversations between patients
and providers about the risks and benefits of options and
patient preferences, characteristics, and risk factors.

The endTB-Q trial successfully implemented a stratified-
medicine approach in tuberculosis treatment, paving the
way for future efforts towards personalised medicine.”*
Better biomarkers for the prediction of treatment outcomes
are sorely needed to improve the efficacy of this approach.”
Given the key role of the fluoroquinolone, randomised
controlled trials performed specifically in populations with
tuberculosis resistant to fluoroquinolone—and with

sufficient follow-up to detect relapse—are needed to
identify the optimum duration and composition of
regimens for pre-XDR tuberculosis.
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