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ARTICLE INFO SUMMARY

Article history: Objectives: Assess the effectiveness of bedaquiline, pretomanid and linezolid (BPaL) regimens with varying
Accepted 9 May 2025 doses and duration of linezolid at the end of 48 weeks post treatment among drug resistant tuberculosis
Available online 15 May 2025 (DR TB) patients.

Methods: Multicentric pragmatic randomized clinical trial in which BPaL regimens were given for 26 weeks

I];?l’l Worredssi;tant ruberculosis for pulmonary pre extensively drug resistant tuberculosis (PreXDR TB); bedaquiline, pretomanid and
Linegz olid linezolid 600 mg for 26 weeks (arm1), structured dose reduction arms with linezolid dose reduction from
Dose reduction 600 to 300 mg after nine weeks (arm2) and 13 weeks (arm3). Participants were followed up for recurrence-
India free cure up to 48 weeks post-treatment. Whole genome sequencing in sputum samples at baseline and
Recurrence recurrence differentiated relapse and reinfection.

Bedaquiline Results: Of 403 enrolled, 378 were included for the modified intent-to-treat analysis based on baseline
Pretomanid sputum culture positivity and sensitivity to medications in the study regimen. Among them, 331(88%) had
Treatment outcome recurrence-free cure at the end of 48 weeks of post-treatment follow-up; arm1:112(87%), arm2:110(88%),

arm3:109(88%). Overall, 14 (12 bacteriological and 2 clinical) recurrences (arm1-four, 2-six and 3-four)
occurred; 11 recurrences occurred within 24 weeks after treatment completion; four out of 11 within the
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first 12 weeks. Of the 10 paired sputum samples available at baseline and recurrence for comparison of
lineages, there were two reinfections and eight relapses.

Conclusion: Structured dose reduction arms had comparable recurrence free cure rates as linezolid 600 mg
arm when given along with bedaquiline and pretomanid for 26 weeks in PreXDR TB. Most of the re-
currences occurred within the first six months.

© 2025 Published by Elsevier Ltd on behalf of The British Infection Association. This is an open access article

under the CC BY IGO license (http://creativecommons.org/licenses/by/3.0/igo/).

Introduction

Drug-resistant tuberculosis (DR-TB) continues to remain as an
imminent risk to public health, and a common cause of mortality
due to an infectious illness. Globally, the estimated number of
people who developed multidrug-resistant or rifampicin-resistant
tuberculosis (MDR/RR-TB) was 400,000 in 2023. Of the estimated
persons who had MDR/RR-TB in 2023, it was observed that four
main nations accounted for more than half of the total: India (27%),
Russian Federation (7-5%), Indonesia (7-4%) and China (7-4).
Nevertheless, despite this burden, globally the treatment success
rates have risen to 68% with the successful implementation
of bedaquiline based newer regimens for MDR/RR TB in many
countries.'

The efficacy of a regimen is determined not only by the treatment
success at the end of treatment but also by the prevention of re-
currence of the disease after treatment. Recurrence after completion
of TB treatment could be relapse because of the endogenous re-
activation with the same Mycobacterium tuberculosis (M.tb) strain
from the reservoirs of dormant bacilli or exogenous reinfection with
a new strain.” High relapse rates are suggestive of inadequate TB
treatment, whereas reinfection points towards ongoing community
transmission.” Genotyping methods that detect variations in re-
petitive sequences in M.tb complex strains help to differentiate re-
lapse from reinfection.’

Newer drugs and regimens have emerged as a pathway for
successfully treating DR-TB. Combinations of bedaquiline (BDQ)
and linezolid (LZD) with pretomanid (Pa) or delamanid (DIm), as
demonstrated by various studies, have shown high treatment
success rates.””” These combinations of all oral, non-injectable
regimens also have other benefits such as increased patient com-
pliance, shorter duration of treatment, and lower toxicities as
compared to other conventional longer regimens with injectables.
Despite many benefits, there are limited evidences for the long-
term effectiveness of these oral shorter regimens in preventing the
recurrence among DR TB patients. Recurrence rate among MDR/
RRTB patients on bedaquiline-based shorter regimens containing
levofloxacin or moxifloxacin, clofazimine, ethambutol, and pyr-
azinamide was less than one percent in a South African cohort.®
Mortality during post-treatment follow-up was around 7%.° Co-
morbidities including HIV, poor nutritional status, extra pul-
monary TB were some of the predictors for poor treatment
outcomes in a cohort of patients with MDR/RRTB in Ethiopia.” In
this era of oral shorter regimens with fewer drugs, the need to
identify factors that could predict those who may have suboptimal
treatment response with shorter regimen and may require a longer
duration of treatment is of foremost importance. The mitochon-
drial toxicities of Linezolid 600 mg leading to dose modifications
including treatment interruptions, dose reductions or dis-
continuation have been documented in earlier studies.®” A simu-
lation model by Imperial et al. predicted that Linezolid dose
reduction might reduce the occurrence of associated toxicities and
suggested further studies for efficacy.’” We describe here the long-
term outcomes at the end of 48 weeks of post-treatment follow-up
in a cohort of DR TB patients managed with bedaquiline,

pretomanid and linezolid-based regimens in which varying doses
of linezolid were given for different durations.

Methods

We enrolled adults aged between 18 and 65 years of age diag-
nosed with pre extensively drug resistant (PreXDR) pulmonary TB
i.e. M. tb resistant to rifampicin with or without isoniazid resistance
and with additional resistance to fluoroquinolones or MDR TB with
treatment intolerance or non-responsive to treatment (MDR TB 1y
NR), IN @ multicentric pragmatic clinical trial (ClinicalTrials.gov ID:
NCT05040126, CTRI/2021/03/032189) in India. The participants were
managed with bedaquiline (400 mg daily for two weeks followed by
200 mg thrice weekly), pretomanid 200 mg and linezolid dose based
regimens (arm 1: linezolid 600 mg for 26 weeks; arm 2: 9 weeks of
linezolid 600 mg and 17 weeks of 300 mg; arm 3: 13 weeks of
linezolid 600 mg and 13 weeks of linezolid 600 mg) for a period of
26 weeks. The treatment was extended to 39 weeks based on 16th
week sputum culture positivity. The primary outcome was defined
as TB recurrence-free cure at the end of 48 weeks of post-treatment
follow-up. We followed up those patients who were declared cured
at the end of treatment (without any evidence of failure and with at
least two negative consecutive sputum cultures on different occa-
sions taken at least seven days apart at the end of treatment) for a
duration of 48 weeks after treatment completion. Recurrence was
defined as the occurrence of two consecutive positive cultures
during post-treatment follow-up or clinical signs and symptoms
with radiographic deterioration after cure at the end of treatment.
The detailed study methodology had been given elsewhere.'! The
end of treatment results including effectiveness and safety are de-
scribed elsewhere.'? Post-treatment, we evaluated all participants
clinically once a month for the first three months, thereafter once
every three months for safety and any recurrence of TB disease. We
did a clinical assessment for TB symptoms and signs, and collected
two sputum specimens for acid-fast bacilli (AFB) smear and liquid
culture using Mycobacterium Growth Inhibitor Tube (MGIT) assay
during those quarterly visits. Any M. tb growth in sputum culture
was tested for drug susceptibility (DST) by MGIT. We compared the
drug susceptibility profiles of positive cultures at the time of re-
currence with baseline DST profile to rule out the emergence of
acquired drug resistance. We did Whole Genome Sequencing (WGS)
in the sputum samples both at the time of enrollment and recur-
rence. We compared the lineages of M.tb complex at baseline and at
the time of recurrence to differentiate relapse (endogenous re-
activation) from reinfection (exogenous reinfection). Different
lineages at both those time points indicate reinfection and the same
lineage with the same or different resistance patterns indicate re-
lapse or reactivation of the earlier infection. Participants had chest x-
rays at two time points during post-treatment follow-up, i.e., at the
end of 6 and 12 months after treatment completion. We compared
the chest X-rays taken during the post-treatment follow-up with the
end-of-treatment X-rays for any improvement or deterioration
based on the involvement of lung zones, laterality and presence of
new or existing cavities/lesions.
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Phenotypic drug susceptibility testing (DST)

DST for 10 drugs was performed on MGIT for bedaquiline (1.0pg/ml),
capreomycin (2-5ug/ml), clofazimine (1-Opg/ml), delamanid (0-06pg/ml),
ethionamide (5-Opg/ml), kanamycin (2-5ug/ml), levofloxacin (1-Opg/ml),
moxifloxacin (0-25 and 1-Opg/ml), para-aminosalicylic acid (PAS) (4-Oug/
ml), pretomanid (0-5 and 2:0 pg/ml), and pyrazinamide (100 pg/ml)."*

Whole-genome sequencing

Genomic DNA was extracted from clinical isolates using the CTAB
(cetyltrimethylammonium bromide) method and purified. Purified
DNA was assessed for quality and quantity using Nano DropTM and
QubitTM dsDNA assay kit method (ThermoFisher Scientific,
Waltham, MA, USA). Sequencing libraries were prepared using the
NEBNext Ultra DNA Library preparation kit.

Genomic analyses

FastQ files generated was analyzed to get variants using samtools
v1-3-1. Lineages were predicted using both SNP-based variants and
region of difference (RD) analysis using the tool RD-analyzer. Repeat
phenotypic testing or sequencing was not performed in the event of
discrepancies as there were none for study medications.

Statistical analysis

All patients who had a favorable outcome at the end of treatment
(cured) were followed up for 48 weeks post-treatment. The modified
intent-to-treat (mITT) population excluded patients with resistance
to any of the study drugs (bedaquiline, pretomanid, linezolid) or
sputum MGIT culture negativity at baseline. The per-protocol ana-
lysis excluded participants who had consumed less than 80% of the
study regimen.'” The frequencies and proportions with 95%
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confidence intervals were calculated for favorable and unfavorable
outcomes at the end of 48 weeks post-treatment follow-up. We used
a Cox regression model to determine the predictors of unfavorable
treatment outcomes, including treatment failure, recurrences, death
and lost to follow-up. The predictors included baseline character-
istics such as gender, age, body mass index (BMI), extent of the TB
disease based on chest X ray and treatment response indicators such
as sputum culture conversion at the end of 9 weeks of treatment and
weight gain during treatment.

Results

Of the 403 participants enrolled in this trial, 378 were included
for mITT analysis. Out of the 378 participants, 352 (93%) had a fa-
vorable outcome at the end of treatment.'? The consort of trial
participants is given in Fig. 1. At the end of 48 weeks post-treatment
follow-up, 88% (331) had a recurrence-free cure (Table 1). The re-
currence-free cure rates were similar across the treatment arms
(arm 1 -87%, arm 2 - 88% and arm 3 - 88%. The structured dose
reduction arms 2 and 3 were noninferior to arm 1 with a margin of -
0-1 for recurrence-free cure. One patient died and six patients were
lost to follow-up during the post-treatment follow-up in spite of all
attempts to retain them in the study. There were 14/378 recurrences
(four - arm 1, six - arm 2, four- arm 3) during the 48 weeks post-
treatment follow-up (Table 1).

Bacteriological reversion of negative sputum culture to positive
was noted in 12 patients with clinical and/or radiological dete-
rioration, and two patients had clinical and radiological deteriora-
tion without reversion to sputum smear/culture positivity. Out of 14
patients with recurrence, lineage 2 was the commonest (nine), fol-
lowed by lineage 3 (three) and lineage 4 (two) as identified by WGS
at baseline. Nine patients out of 14 were from the study sites in the
western part of India. Among them, lineage 2 was observed in six,
lineage 3 in two and lineage 4 in one patient. There were 10 paired

Enrolled
N =403

mITT exclusion
Baseline sputum culture negative —19

A

A4

Baseline resistance to
Bedaquiline/Pretomanid/Linezolid-6

mlITT Population
N=378
_| During Rx Unfavorable
g Outcome -26
A
Cured at End of Rx
N =352

! ‘

l

Cured at End of Rx
Arml - 120

Unfavorable Outcome- 8
Death - 1

Cured at End of Rx
Arm2 - 117

Cured at End of Rx
Arm3 - 115

Culture Reversion - 4
LTFU-3

v v

v

Unfavorable Outcome- 6
Culture Reversion - 4
LTFU -2

Unfavorable Outcome- 7
Culture Reversion - 6
LTFU -1

A4

End of 48 weeks post treatment
Recurrence free cure: 112

End of 48 weeks post treatment
Recurrence free cure: 110

End of 48 weeks post treatment
Recurrence free cure: 109

Fig. 1. Consort of mBPaL study participants.
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Table 1
Effectiveness analysis (Per protocol and mITT) at the end of 48 weeks of post-treat-
ment follow-up.

Characteristics Arm 1 Arm 2 Arm 3 Total N=403
(N=135)  (N=135)  (N=133)

Per protocol analysis

Assessable Population® 125 130 124 379
Recurrence-free cure 114 (91) 116 (89) 115 (93) 345 (91)
95% Cl 85-95 82-94 87-97 88-94
Unfavorable Outcome n(%) 11 (9) 14 (11) 9(7) 34 (9)
Treatment failure 2 5 3 10
TB recurrence 5 7 4 16
Death 1 1 0 2
Loss to follow-up 3 1 2 6
Modified Intent to Treat Analysis
Assessable Population” 129 125 124 378
Recurrence free cure n(%) 112 (87) 110 (88) 109 (88) 331(88)
95% Cl 80-92 81-93 81-93 84-91
Unfavorable Outcome n(%) 17 (13) 15 (12) 15 (12) 47 (12)
Treatment failure 8 5 6 19
TB recurrence 4 6 4 14
Loss to Follow up® 4 1 2 7
Death 1 3 3 7

2 Those who had taken less than 80% of study medications were excluded.

b baseline sputum MGIT culture negative -19, Drug resistance to study medications
at baseline -6 were excluded.

¢ lost to follow up during treatment -1 (arm 1).

4 6 deaths occurred during treatment (arm 1- 0, arm 2 -3. arm 3-3).
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sputum samples available at baseline and the time of recurrence for
comparison. Recurrence was due to exogenous reinfection in two
patients; Lineage 4 at baseline and 3 at recurrence in one patient,
lineage 2 at baseline and 3 at recurrence was observed in another
patient. Both the patients with reinfection were from one study site
in the northern part of India and the lineage at the time of recur-
rence was 3. The rest of the eight patients had endogenous re-
activation (relapse) as shown by similar lineages at baseline and at
the time of recurrence (Table 2).

Among 14 patients with recurrence, chest X-ray showed bilateral
lung involvement in eight and cavitary lesions in six patients at the
baseline. At the end of treatment, there was not much improvement
in the chest X-rays of seven participants, even though there was
sputum culture conversion to negative status during treatment.
Regarding weight gain at the end of treatment, nine had a weight
gain of 5 kg or less, four had more than 5 kg weight gain and one had
lost 0-5kg weight. Eleven of the fourteen recurrences occurred
within the first 24 weeks after completion of 26 weeks of treatment,
with four of them occurring within the first 12 weeks of follow-up,
while two occurred at the 48th week of post-treatment follow-up.
One of the patients with recurrence had treatment extended up to
39 weeks in view of the sputum culture positivity at the 16th week
of treatment as per the protocol. All the patients with recurrences
were started on appropriate treatment by the National TB
Programme.

S.No. | Time | Arm | Amigly | Amk ]| cap Cip Emb | ETH | FQ | Mox | o | kan | pza | Rif | Lineage

[SS) | NS RUSH NN

Cip: Ciprofloxacin; Emb: Ethambutol; ETH: Ethionamide;

Table 2
Comparison of drug resistance pattern (genotypic) among mBPaL study participants at the time of recurrence (relapse and reinfection).
Reinfection
Baseline
1 1
Recurrence
Baseline
2 2
Recurrence
Relapse
Baseline
3 3
Recurrence
Baseline
4. 2
Recurrence
Baseline
5 2
Recurrence
Baseline
6. 3
Recurrence
Baseline
7. 3
Recurrence
Baseline
8. 2
Recurrence
Baseline
9. 1
Recurrence
Baseline
10. 2
Recurrence
Sensitive |
Amigly: Aminoglycosides; Amk: Amikacin; Cap: Capreomycin;
FQ: Fluoroquinolone; Mox: Moxifloxacin; Ofx: Ofloxacin;

Kan: Kanamycin; PZA: Pyrazinamide; Rif: Rifampicin.
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Regarding the status of the Linezolid-related adverse events, out
of 183 patients who had developed anemia of any grade during
treatment, it resolved in 168 patients at the end of treatment. Of the
15 patients with anemia unresolved at the end of treatment, the
status of anemia in 7/183 was unknown as they had unfavorable
outcomes (death or treatment failure and no longer part of the trial).
Eight out of 168 persons (arm 1- 4, arm 2- 1, arm 3 - 2) on follow up
had unresolved anemia at the end of treatment, and among them it
was unresolved in two persons [Arm 1- 1 (grade 1), arm 3 -1 (grade
2)] at the end of 48 weeks of post treatment follow up. Of the 64
patients who had thrombocytopenia during treatment, it was re-
solved in 55 at the end of treatment. The status was unknown/un-
resolved for two, as they were no longer in the follow-up due to
unfavorable outcomes. One out of seven (arm 1-2, arm 2 -2, arm
3-3) with ongoing thrombocytopenia at the end of treatment had it
still unresolved [arm 3 (grade 1)] at the end of post-treatment
follow-up. A total of 61/66 persons with peripheral neuropathy
during treatment recovered, and the status was unknown for two
due to unfavorable outcomes. All three persons (arm 1-1, arm 3-2)
with unresolved peripheral neuropathy at the end of treatment and
who continued to be on follow-up experienced it till the end of post-
treatment follow-up as well. [arm1 -1 (grade 3), arm 3 -2 (grade 1)].

Drug resistance pattern among patients with TB recurrence
Genotypic resistance testing

Resistance patterns to ethambutol, pyrazinamide, ethionamide,
kanamycin, capreomycin, amikacin were noted in 14, 11, 6, 5, 4, and

1, respectively, in the culture-positive isolates of these patients (14)

Table 3

Journal of Infection 91 (2025) 106509

at baseline. Out of 12 with bacteriological recurrence during post-
treatment follow-up, paired samples at baseline and recurrence
were available only for 10 patients due to failure in M.tb growth in
one sample and sequencing did not generate enough sample for
analysis in another sample. The various drug resistance patterns
assessed by the genotypic method (WGS) are given in Table 2.
Among the injectables, acquired resistance to amikacin was ob-
served in two patients with reinfection. Almost all had resistance to
ethambutol at baseline and at the time of recurrence except for two
who did not have ethambutol resistance at the time of recurrence.
Resistance to pyrazinamide was noted in eight patients at baseline,
among them six had at the time of recurrence as well. All had re-
sistance to moxifloxacin and ofloxacin.

Phenotypic resistance testing (MGIT DST)

Out of 14 patients with recurrence, baseline MGIT DST results
were available for all and at the time of recurrence it was available
for 11 out of 12 patients with bacteriological recurrence. At baseline,
resistance was observed to ethionamide in 12, pyrazinamide in
eight, kanamycin in two and paraaminosalicylic acid (PAS) in two.
The various resistance patterns observed for 14 drugs (Bedaquiline,
Pretomanid (0.5 ng/ml and 2 pg/ml), delamanid, capreomycin, clo-
fazimine, ethionamide, kanamycin, levofloxacin, linezolid, moxi-
floxacin (0.25pg/ml and 1.0pg/ml), PAS and pyrazinamide) by
phenotypic method (MGIT DST) at baseline and at the time of re-
currence are presented in Table 3. All the 11 M. tb culture isolates
were sensitive to the study medications (bedaquiline, pretomanid,
linezolid), clofazimine, and delamanid at baseline and at recurrence
(Table 3).

Comparison of drug resistance pattern (phenotypic- MGIT DST) among mBPaL study participants at the time of recurrence.

S. Time Point Ar | BD 1.0 CP25 CZ1.0 DM 0.06

No. tme Foin m ug/ml pg/ml pg/ml ug/ml
Baseline

1 1
Recurrence
Baseline

2 2
Recurrence
Baseline -

3 1
Recurrence
Baseline

4 3
Recurrence
Baseline

5. 2
Recurrence
Baseline

6 2
Recurrence
Baseline

7 3
Recurrence
Baseline

8 3
Recurrence
Baseline

9 3
Recurrence
Baseline

10. 2
Recurrence
Baseline

11. 2
Recurrence

Sensitive

CP: Capreomycin;
LIN: Linezolid;

BD : Bedaquiline;
Levo: Levofloxacin;

CZ: Clofazamine;
MOXI: Moxifloxacin;

LEVO 1.0
g/ml ug/ml ug/ml ug/ml ug/ml ug/ml pg/ml

MOXI 0.25 MOXI 1.0 PTM 0.5 PTM 2.0 PZA 100

DM: Delamanid;
PAS: Para aminosalicylic acid;

ETH: Ethionamide; K: Kanamycin;
PTM: Pretomanid; PZA:Pyrazinamide
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Phenotype-genotype comparison

Phenotypic drug susceptibility based on genotypic predictions
for all 10 paired isolates was compared with phenotypic drug sus-
ceptibility testing results for 10 antituberculous drugs. Concordance
for each anti-TB drug ranged from 81.5 to 100% for first-line and
second-line drugs, except for newer drugs for which the mutations
are still to be cataloged.

Predictors of unfavorable treatment outcome

The predictors of unfavorable treatment outcomes including
baseline characteristics, indicators of treatment response are pre-
sented in Table 4. From the baseline characteristics, previous history
of treatment was significant during unadjusted analysis, however, it
was not so in multivariable analysis. Regarding the treatment re-
sponse indicators, sputum culture conversion on or before nine
weeks of treatment (HR=0-42 (0-2 - 0-87; p value = 0-02) and weight
gain of more than five kg. during treatment (HR= 0-31 (0-13 - 0-74); p
= 0-01) were indicative of a favorable treatment response in multi-
variable analysis.

Discussion

Recurrence-free cure at the end of 48 weeks of post-treatment
follow-up in our cohort of patients who were predominantly diag-
nosed with PreXDR TB was 88% and similar across the three treat-
ment arms. The structured linezolid dose reduction arms were
noninferior to linezolid 600 mg arm in effectiveness at the end of 48
weeks of post-treatment follow-up. The treatment success at the
end of treatment among PreXDR /MDR TB patients managed with
bedaquiline, pretomanid, linezolid (BPaL) and moxifloxacin (BPaLM)
regimens was 82-1% in Thailand. However, this was reported from a

Table 4
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smaller cohort of 28 patients.'* Other trials which had studied be-
daquiline, pretomanid and linezolid 600 mg for 26 weeks such as
ZeNiX trial showed a favorable outcome of 89% at the end of 78
weeks of post treatment follow up.® BPaL arm in the TB PRACTECAL
trial showed an unfavorable outcome (composite outcome) of 23% at
the end of 72 weeks post-randomization.” EndTB-Q trial showed a
favorable outcome of 85.8% at 39 weeks post-randomization with
bedaquiline, delamanid, clofazimine, and linezolid (BDCL) regimen
in preXDR TB patients.'”

Most of the recurrences were due to endogenous reactivation,
and two patients had exogenous infection in our cohort. A sys-
tematic review by Yosofi et al. showed a pooled proportion of relapse
as 2% with the BPaL regimens.'® Though details of the recurrences
during post-treatment follow-up of patients on BPaL regimen are
available, there are limited evidences regarding relapse or reinfec-
tion based on gene sequencing /spoligotyping. Looking into the de-
tails of endogenous reactivation and exogenous infection in these
patients with recurrence might help to understand the effectiveness
of the regimen in a better way. Comparable recurrence free cure at
the end of 48 weeks of post treatment follow up in structured dose
reduction arms (9 weeks linezolid 600 mg /17 weeks linezolid
300 ng and 13 weeks linezolid 600 mg/13 weeks linezolid 300 mg) to
linezolid 600 mg for 26 weeks suggest the possibility of its usage in
highly resistant TB patients to avoid limiting toxicities of linezolid
such as anemia and peripheral neuropathy. Most of the recurrences
occurred within the first 24 weeks post treatment similar to other
evidences.'” The World Health Organization (WHO) currently re-
commends follow up of patients with DR TB for two years after
treatment completion for early diagnosis and management of re-
current TB. Close monitoring of patients with DR TB treated with
BPaL regimens especially during the first year post treatment is
crucial for early detection of recurrence, appropriate management
and prevention of DR TB transmission.

Predictors of unfavorable treatment outcome at the end of 48 weeks of post-treatment follow-up.

Predictors for Unfavorable Outcome (N=378)

Variables Unadjusted analysis Adjusted analysis
Exp (B) 95% CI for Exp (B) p-value Exp (B) 95% CI for Exp (B) p-value
Lower Upper Lower Upper
Baseline characteristics
Gender Female 1.79 0.97 3.29 0.06 1.82 0.82 4.03 0.14
Male Reference Reference
Age >30yrs 0.75 0.42 135 0.320
<30yrs Reference
Weight <45kg 13 0.72 2.35 0.39
>45kg Reference
BMI <16 kg/m? 13 0.59 2.87 0.510
16-18.5 kg/m? 0.89 0.43 1.81 0.740
>18.5 kg/m? Reference
Previous History of ATT Yes 2.08 1.06 4.07 0.03 1.23 0.59 2.58 0.59
No Reference Reference
Smoking Yes 1.5 0.72 3.14 0.28
No Reference
Alcohol Yes 1.58 0.78 3.21 0.21
No Reference
Diabetic Yes 1.09 0.5 2.36 0.83
No Reference
Zones <3 0.62 0.33 1.16 0.13 140 0.62 319 0.42
>3 Reference Reference
Lateral Bilateral 1.57 0.81 3.08 0.19 1.48 0.60 3.62 0.39
Unilateral Reference Reference
Cavity Yes 0.98 0.54 1.76 0.93
No Reference
Response to treatment
Culture Conversion <9wks during Rx No 0.39 0.21 0.74 <0.0001 0.42 0.2 0.87 0.02
Yes Reference Reference
Weight 5 kg increased during Rx No 2.83 13 6.15 <0.0001 0.31 0.13 0.74 0.01
Yes Reference Reference
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Earlier reports have shown that lineages 1 and 3 are commonly
observed in India, lineage 1 in the southern part and 3 in the central
and northern regions; lineages 2 and 3 were commonly associated
with drug resistance patterns.'®>° Comparison of earlier BPaL trials
done by Juliano Timm et al. reported acquired resistance to be-
daquiline and pretomanid, however it was not reported for line-
zolid.?! They also observed that the overall bedaquiline acquired
resistance in those trials was lesser (0-45% to 1%) compared to be-
daquiline-based regimens with more number of drugs (2-2%). Also,
lower rates of acquired resistance for pretomanid was also observed
in those trials. None of the patients in our cohort had acquired re-
sistance to bedaquiline, pretomanid and linezolid at the time of re-
currence. These evidences strengthen the implementation plan of
BPaL-based regimens in the National Programmes for the manage-
ment of highly drug-resistant forms of TB. However, the effective-
ness of BPaL regimen in patients previously exposed to these drugs
and its impact on recurrence needs to be studied. Also, it will be
worthwhile to look into the role of lineages in acquiring drug re-
sistance to bedaquiline, pretomanid and linezolid, especially in high-
burden settings.

None of the baseline characteristics including age, nutritional
status, and extent of the lung lesions was predictive of unfavorable
treatment outcomes at the end of post-treatment follow-up.
However, culture conversion beyond nine weeks of treatment and
weight gain of less than five kg. from baseline were indicators of
unfavorable treatment outcome. Male gender, poor nutritional
status, aged 45 years and above, HIV TB co infection were identified
as some of the risk factors for poor treatment outcomes at the end of
treatment for a cohort of MDR TB patients in three states in India
between 2009 and 2011.%° Baseline weight above 50kg, more
number of anti TB medications, treatment with bedaquiline were
shown to be independent factors predictive of survival in a South
African cohort.”®> Regarding regimens consistent with fewer drugs
(BPaL) given for a shorter duration of time, identifying predictors
that could indicate the need for a longer duration of treatment for
better treatment outcomes is essential. Lower levels of acquired
resistance to bedaquiline and linezolid, as per the evidences from
other BPaL-based trials, and our trial assures their availability in
retreatment of most of these patients if needed. Resistance to oral
agents such as ethambutol, ethionamide and pyrazinamide observed
in our cohort limits their availability in subsequent management.

Regarding linezolid-related toxicities, especially with a focus on
myelosuppression and peripheral neuropathy, most of the events
that had occurred during treatment had resolved. None of the pa-
tients in arm 2 had any ongoing event at the end of post-treatment
follow-up. Any one linezolid-associated persistent adverse event at
the end of 48 weeks post-treatment follow-up was observed in 6
patients (arm 1-2 and arm 3-4). Evidences suggest that switching to
lower doses of linezolid might result in better tolerance and fewer
recurrent adverse events.”* Also, this could probably be due to the
close follow-up of patients and earlier interventions such as dose
reduction, permanent discontinuation, temporary withholding of
linezolid and appropriate management of the event in a trial setting.

Strengths of our trial included conduct of the trial in pragmatic
settings in multiple sites, participant follow-up for 48 weeks post-
treatment, genotyping at baseline and at the time of recurrence for
understanding relapses and reinfection in our cohort. Few factors
during treatment were identified as predictors of unfavorable re-
sponses. The study was not powered to look at predictors for
treatment outcome, and hence, the association could not be made
emphatically.

Conclusion

The structured dose reduction arms had similar recurrence-free
cure rates as the linezolid 600 mg arm when given along with
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bedaquiline and pretomanid. Post-treatment follow-up of patients
on BPaL-based regimen during the first one year is vital, as most of
the recurrences occurred within the first six months. The observa-
tion of nil acquired resistance to bedaquiline, pretomanid and line-
zolid among patients with recurrence may suggest considering the
usage of these drugs in the subsequent regimen; however, it will
need future studies. Culture conversion at nine weeks of treatment
and weight gain could be indicators of a favorable response to
treatment.
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