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BACKGROUND
For decades, poor treatment options and low-quality evidence plagued care for 
patients with rifampin-resistant tuberculosis. The advent of new drugs to treat 
tuberculosis and enhanced funding now permit randomized, controlled trials of 
shortened-duration, all-oral treatments for rifampin-resistant tuberculosis.

METHODS
We conducted a phase 3, multinational, open-label, randomized, controlled non-
inferiority trial to compare standard therapy for treatment of fluoroquinolone-
susceptible, rifampin-resistant tuberculosis with five 9-month oral regimens that 
included various combinations of bedaquiline (B), delamanid (D), linezolid (L), 
levofloxacin (Lfx) or moxifloxacin (M), clofazimine (C), and pyrazinamide (Z). 
Participants were randomly assigned (with the use of Bayesian response-adaptive 
randomization) to receive one of five combinations or standard therapy. The pri-
mary end point was a favorable outcome at week 73, defined by two negative 
sputum culture results or favorable bacteriologic, clinical, and radiologic evolu-
tion. The noninferiority margin was −12 percentage points.

RESULTS
Among the 754 participants who underwent randomization, 699 were included in 
the modified intention-to-treat analysis, and 562 in the per-protocol analysis. In the 
modified intention-to-treat analysis, 80.7% of the patients in the standard-therapy 
group had favorable outcomes. The risk difference between standard therapy and 
each of the four new regimens that were found to be noninferior in the modified 
intention-to-treat population was as follows: BCLLfxZ, 9.8 percentage points (95% 
confidence interval [CI], 0.9 to 18.7); BLMZ, 8.3 percentage points (95% CI, −0.8 to 
17.4); BDLLfxZ, 4.6 percentage points (95% CI, −4.9 to 14.1); and DCMZ, 2.5 percent-
age points (95% CI, −7.5 to 12.5). Differences were similar in the per-protocol popu-
lation, with the exception of DCMZ, which was not noninferior in that population. 
The proportion of participants with grade 3 or higher adverse events was similar 
across the regimens. Grade 3 or higher hepatotoxic events occurred in 11.7% of 
participants overall and in 7.1% of those receiving standard therapy.

CONCLUSIONS
Consistent results across all the analyses support the noninferior efficacy of three 
all-oral shortened regimens for the treatment of rifampin-resistant tuberculosis. 
(Funded by Unitaid and others; endTB ClinicalTrials.gov number, NCT02754765.)
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Tuberculosis that is resistant to  
rifampin, a key drug for treatment of 
tuberculosis, is a major global health 

threat. According to the World Health Organiza-
tion (WHO), 410,000 people become sick with 
rifampin-resistant tuberculosis annually. Only 
40% of cases are diagnosed and treated, 65% of 
them successfully.1 Historically, poor response 
was due largely to the suboptimal 18-to-24-
month regimens, which included injected ami-
noglycosides or polypeptides and caused sub-
stantial toxic effects.2 Regimens were devised on 
the basis of expert opinion and pooled analyses 
of observational studies because no evidence 
was available from contemporary randomized, 
controlled clinical trials.3,4 In 2016 and 2017, the 
endTB trial and two other multinational, ran-
domized, controlled trials were launched to ex-
amine whether shorter, all-oral regimens of 6 or 
9 months’ duration could safely and efficacious-
ly treat rifampin-resistant tuberculosis in adults 
and adolescents. The STREAM 2 study examined 
a 9-month, 7-drug bedaquiline-containing regi-
men.5 The TB-PRACTECAL study assessed three 
6-month regimens that included bedaquiline, line-
zolid, and pretomanid alone or with moxifloxacin 
or clofazimine.6 The endTB (Evaluating Newly 
Approved Drugs for Multidrug-Resistant Tuber-
culosis) trial, reported here, evaluated the efficacy 
and safety of five 9-month, all-oral treatment 
regimens as compared with the evolving standard 
of care for fluoroquinolone-susceptible, rifampin-
resistant tuberculosis. This phase 3 clinical trial 
aimed to identify shorter, effective, and safe 
regimens containing newer drugs (bedaquiline 
and delamanid) and repurposed drugs (clofazi-
mine and linezolid). We used Bayesian response-
adaptive randomization7,8 to concurrently study 
five regimens containing different combinations 
of these drugs with the goal of identifying mul-
tiple alternatives that would advance patient-
centered care.

Me thods

Design and Oversight

The endTB trial is a phase 3, multinational, open-
label, noninferiority trial that was conducted by the 
endTB consortium. A full description of the trial 
design and details regarding the implementation 
were published previously9 and are included in 
the Supplementary Appendix, available with the 
full text of this article at NEJM.org. The trial was 

approved by the institutional or ethics review 
board that supervised each consortium member 
and each participating site. All participants pro-
vided written informed consent.

The distribution of trial responsibilities 
across the team and additional oversight, includ-
ing by an independent data and safety monitor-
ing board, are described in the Supplementary 
Appendix (Section 2.2 and Tables S1 through 
S5). All the authors vouch for the accuracy and 
completeness of the data and for the fidelity of 
the trial to the protocol, available at NEJM.org. 
The Consolidated Standards of Reporting Trials 
extension for adaptive-design trials guided this 
trial report.10

Participants

Persons who were 15 years of age or older with 
fluoroquinolone-susceptible, pulmonary rifampin-
resistant tuberculosis that was confirmed by 
WHO-endorsed rapid tests were enrolled at 12 
sites, which were run by endTB partners (Table 
S2), in Georgia, India, Kazakhstan, Lesotho, 
Pakistan, Peru, and South Africa, with the goal 
of ensuring representativeness (Table S6). Inclu-
sion in the trial was irrespective of human im-
munodeficiency virus (HIV) serostatus and CD4 
lymphocyte count. The trial excluded persons 
with the following conditions at baseline: preg-
nancy; elevated liver enzymes; uncorrectable 
electrolyte disorders; a QT interval corrected 
according to Fridericia’s formula (QTcF) of at 
least 450 msec; resistance or previous exposure 
for 30 days or more to bedaquiline, delamanid, 
clofazimine, or linezolid; and at least 15 days 
of treatment with any second-line antitubercu-
losis drug during the current episode of tuber-
culosis.9 The Supplementary Appendix provides 
details regarding baseline eligibility criteria 
and trial retention of participants who became 
pregnant.

Randomization and Treatment

The treatment group was assigned by Bayesian 
response-adaptive randomization whereby the 
probability of randomization to each group was 
updated monthly according to interim analyses 
of treatment response (culture at week 8 and ef-
ficacy at week 39) in previously enrolled partici-
pants as they were progressing through the trial. 
Details have been published previously.7,8 Ran-
domization was performed through a central-
ized interactive randomization system.

A Quick Take 
is available at 
NEJM.org
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The experimental regimens were adminis-
tered over the course of 39 weeks (9 months) and 
contained 4 to 5 of the following drugs: beda-
quiline (B), delamanid (D), clofazimine (C), line-
zolid (L), levofloxacin (Lfx), moxifloxacin (M), 
and pyrazinamide (Z). The regimen combina-
tions were BLMZ, BCLLfxZ, BDLLfxZ, DCLLfxZ, 
and DCMZ. Standard-therapy regimens reflected 
the WHO guidelines that were in effect while 
the trial was being conducted.4,11,12 These regi-
mens were expected to be mostly individualized 
regimens of 18-to-24-months’ duration com-
posed according to WHO recommendations, 
which endorsed the use of the new drugs beda-
quiline and delamanid as well as the repurposed 
drugs linezolid and clofazimine, among others. 
If the WHO-recommended seven-drug, 9-month 
regimen was offered in routine care, this treat-
ment could be administered in participants with 
susceptibility to the drugs in that regimen. 
Treatment was administered 7 days a week, with 
direct observation occurring on 6 of the days. If 
the experimental regimen contained linezolid, 
the dose of linezolid was decreased at week 16 
or sooner if necessary to reduce toxic effects (for 
more details about the regimens, see Fig. S2 and 
Tables S7 and S8).

Procedures

Clinical, safety, and mycobacteriologic assess-
ments occurred weekly until week 12 and then 
every 4 weeks until week 47 and every 6 to 8 
weeks thereafter (Table S9). Standardized myco-
bacteriologic tests were performed at designated 
quality-controlled laboratories at each trial site; 
the Institute of Tropical Medicine supported site 
laboratories and performed additional testing. 
Procedures included smear microscopy and cul-
ture performed with the use of the Mycobacteria 
Growth Indicator Tube (MGIT) system at all 
laboratories and on solid Löwenstein–Jensen 
media at all laboratories except the one in South 
Africa. Phenotypic drug-susceptibility testing 
was performed with the use of the MGIT system 
for at least rifampin and f luoroquinolones. 
Drug-susceptibility testing for bedaquiline, clo-
fazimine, delamanid, and linezolid was gradu-
ally introduced.

End Points

The primary efficacy end point was a favorable 
outcome at week 73, which was defined as the 

absence of an unfavorable outcome and either 
two consecutive negative cultures (including one 
between weeks 65 and 73) or favorable bacterio-
logic, radiologic, and clinical evolution. Unfavor-
able outcomes included death (from any cause), 
the replacement or addition of one drug in the 
experimental regimens or two drugs in the 
standard-therapy regimen, or the initiation of 
new treatment for rifampin-resistant tuberculo-
sis (for the full list of unfavorable outcomes, see 
Section 2.6.2 in the Supplementary Appendix).

The maximum duration of follow-up was 104 
weeks. Trial follow-up ended when the final 
participant reached 73 weeks after randomiza-
tion. Favorable outcomes at week 39 and at week 
104 were secondary end points. Outcomes were 
adjudicated by the clinical advisory committee.

Safety end points were grade 3 or higher ad-
verse events, serious adverse events, death, dis-
continuation of at least one trial drug because of 
adverse events, and adverse events of special inter-
est (hepatotoxic events, hematologic toxic events, 
optic neuritis, peripheral neuropathy, and QTcF 
prolongation) that were defined as grade 3 or 
higher by week 73 (for more details on follow-up 
and outcomes, see Section 2.6 in the Supplemen-
tary Appendix). Adverse events could be estab-
lished by laboratory values alone and were graded 
by the site investigators according to the stan-
dardized Pharmacovigilance Unit Severity Scale 
(available at https://endtb . org/  toolkit/  endtb - trials 
- pharmacovigilance) from Médecins sans Fron-
tières (Doctors without Borders).

Analysis Populations

The modified intention-to-treat population and 
the per-protocol population were the coprimary 
analysis populations. The modified intention-to-
treat population included all the participants who 
underwent randomization and received at least 
one dose of trial treatment (safety population) 
and who had a prerandomization culture positive 
for Mycobacterium tuberculosis. It excluded par-
ticipants with baseline phenotypic resistance to 
bedaquiline, clofazimine, delamanid, any fluo-
roquinolone, or linezolid. The per-protocol pop-
ulation included participants from the modified 
intention-to-treat population who received for 
less than 7 days a prohibited concomitant medica-
tion or a trial drug that was not prescribed ac-
cording to the protocol and completed a protocol-
consistent course of treatment (at least 80% of 
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expected doses taken within 120% of the regimen 
duration) or who did not do so because of treat-
ment failure or death. Other analysis populations 
are described in the Supplementary Appendix.

Statistical Analysis

The sample size was determined with the as-
sumption that favorable outcomes at week 73 
would be seen in 75% of the participants in the 
experimental regimen groups and in 70% of the 
participants in the standard-therapy group, that 
relapse would occur in 10% of the participants, 
and that 11% of the participants would be ineli-
gible for inclusion in the modified intention-to-
treat population and an additional 10% would be 
ineligible for inclusion in the per-protocol popu-
lation. We calculated that a sample size of 750 
would give the trial 80% power to determine 
noninferiority (at a one-sided type I error rate of 
2.5%) of three experimental regimens in the 
modified intention-to-treat population and two 
in the per-protocol population. The noninferior-
ity margin was set at −12 percentage points be-
cause the standard therapy received in the trial 
was expected to perform better than other refer-
ence standards.13,14 Slightly worse efficacy of the 
experimental regimens was considered an ac-
ceptable trade-off for the benefits of the short-
ened treatment duration and reduction of the 
pill burden. Finally, three recent trials of tuber-
culosis treatment used a 12-percentage-point 
margin for noninferiority.6,15,16

The efficacy analysis relied on the absolute 
between-group difference in the percentages of 
participants with a favorable outcome at week 
73. To sequence regimen comparisons, we used 
a hierarchical testing approach. Noninferiority 
in the modified intention-to-treat population 
was to be established if the lower bound of the 
95% confidence interval around the difference 
exceeded −12 percentage points. In this report, 
per-protocol analyses provided complementary 
information but were not used for formal testing 
of a noninferiority comparison. Risk differences 
were estimated with the use of a binomial re-
gression model (generalized linear model for a 
binomial outcome with an identity link func-
tion). The primary analysis was unadjusted. 
Secondary analyses explored confounding ac-
cording to prespecified covariates. A Cox regres-
sion model was used to estimate crude hazard 
ratios and 95% confidence intervals for the time 

from randomization to an unfavorable outcome 
for each experimental group. Schoenfeld residu-
als were used to test the proportional-hazards 
assumption. Adjusted, subgroup, sensitivity, and 
post hoc efficacy analyses are described in Sec-
tion 2.7 in the Supplementary Appendix. For 
each group, we estimated the percentages of 
participants who died, who had serious adverse 
events, who had adverse events of special inter-
est, and who had grade 3 or higher adverse 
events. For grade 3 or higher adverse events, we 
also estimated the percentage of events that 
were related to a trial drug. All analyses were 
performed with the use of Stata, version 17.0.

R esult s

Trial Populations and Baseline 
Characteristics

From February 2017 through October 2021, a 
total of 1542 persons underwent screening and 
754 underwent randomization. Nine partici-
pants were excluded from the safety population 
(which now included 745 participants) and 46 
from the modified intention-to-treat population 
(699 participants). The per-protocol population 
included 562 participants (Fig. 1 and Fig. S4).

Overall, in the modified intention-to-treat 
population, 264 participants (37.8%) were wom-
en. The median age was 32 years, and 25 par-
ticipants (3.6%) were younger than 18 years of 
age; 98 participants (14.0%) were living with 
HIV infection, 568 participants (81.3%) had spu-
tum smear results graded 1+ or higher, and 
57.1% of the participants had cavitation on chest 
radiography. Baseline demographic and clinical 
characteristics are shown in Table 1 and Tables 
S10 and S11 and stratified by country in Table 
S12. Modest variability in severity of tuberculosis 
and previous treatment of tuberculosis was ob-
served among the groups; expected differences 
in coexisting conditions (e.g., HIV infection, 
diabetes, and hepatitis C infection) occurred ac-
cording to country.

Standard-therapy regimens consisted of at 
least five drugs at the start of the treatment 
course in 118 of 119 participants in the standard-
therapy group (99.2%). Most participants (114; 
95.8%) were assigned to individualized 18-to-24-
month regimens, and 97 participants (81.5%) re-
ceived treatment in accordance with the WHO 
2022 recommendations17 (Tables S13 and S14).
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Efficacy Results
In the primary, unadjusted outcome analysis of 
the standard-therapy group, favorable outcomes 
occurred in 80.7% (95% confidence interval [CI], 
72.4 to 87.3) of the participants in the modi-
fied intention-to-treat population and in 95.9% 
(95% CI, 88.6 to 99.2) of the participants in the 
per-protocol population. A hierarchically tested 
comparison revealed that four of the experi-
mental regimens (BCLLfxZ, BLMZ, BDLLfxZ, and 
DCMZ) were noninferior to standard therapy in 
the modified intention-to-treat population. Dif-
ferences in risk from standard therapy were 
9.8 percentage points (95% CI, 0.9 to 18.7) with 
BCLLfxZ, 8.3 percentage points (95% CI, −0.8 to 
17.4) with BLMZ, 4.6 percentage points (95% CI, 
−4.9 to 14.1) with BDLLfxZ, and 2.5 percentage 
points (95% CI, −7.5 to 12.5) with DCMZ (Ta-
ble 2 and Fig. 2). The DCLLfxZ regimen was not 
noninferior in the modified intention-to-treat 
population. Per-protocol analyses supported these 
findings, except for DCMZ (Table S15 and Figs. 
S5a through S5e), which was not noninferior in 
this population.

Among the participants in the modified  
intention-to-treat population, unfavorable out-
comes due to positive culture occurred in 4.1% of 
all the participants, in 7.5% of the DCMZ group, 
and in 10.2% of the DCLLfxZ group (Table 2). 
Loss to follow-up and withdrawal of consent oc-

curred in a larger percentage of the participants 
in the standard-therapy group than in any of the 
experimental regimen groups. Overall, recur-
rence occurred in 3 participants (0.4%) — 1 in 
the DCLLfxZ group and 2 in the DCMZ group. 
Efficacy outcomes were similar for secondary 
end points, at week 39 and week 104, in adjusted 
analyses, and in sensitivity analyses (Tables S16 
through S28 and Figs. S5a through S5e).

Overall, treatment effects at week 73 did not 
differ substantially in subgroup analyses in the 
modified intention-to-treat population. Possible 
exceptions were noted for subgroups defined ac-
cording to country, previous exposure to second-
line antituberculosis drugs, cavitation, HIV in-
fection, and low body-mass index. Over the 
course of the trial period, outcomes generally 
improved, whereas relative treatment effect did 
not change meaningfully (Figs. S6a through 
S6e). The time to an unfavorable outcome was 
longer in the BCLLfxZ group than in the stan-
dard-therapy group (hazard ratio, 0.48 [95% CI, 
0.23 to 0.98]) (Figs. S7a through S7e).

Safety Results

We report the number of participants in the 
safety population who had at least one of each 
safety event by week 73 after randomization. The 
percentage of participants who had at least one 
grade 3 or higher adverse event ranged from 
54.8% (in the BLMZ group) to 61.4% (in the 
BDLLfxZ group) and was 62.7% in the standard-
therapy group. The incidence of serious adverse 
events was similar across the groups, ranging 
from 13.1% in the BCLLfxZ group to 16.7% in 
the DCMZ and standard-therapy groups. Overall, 
death from any cause occurred in 15 partici-
pants (2.0%) by week 73 (Table 3) and in 18 
participants (2.4%) by week 104; the incidence 
was similar across the groups. No deaths were 
considered by the investigators to be related to 
trial drugs (Table S29).

Among all grade 3 or higher adverse events 
and serious adverse events, 313 of 901 (34.7%) and 
54 of 174 (31.0%), respectively, were classified by 
the investigator as related to trial drugs. At least 
one adverse event of special interest was reported 
in 23.9% of all the participants; the most com-
monly occurring adverse events of special inter-
est, hepatotoxic events, which were defined by 
any grade 3 or 4 increase in levels of alanine 
aminotransferase or aspartate aminotransferase, 

Figure 1 (facing page). Trial Groups and Analysis Pop-
ulations.

Trial treatments, administered over the course of 9 
months, included various combinations of four or five 
drugs from the following options: bedaquiline (B), 
delamanid (D), linezolid (L), levofloxacin (Lfx) or moxi-
floxacin (M), clofazimine (C), and pyrazinamide (Z). 
The safety population included all participants who 
underwent randomization and received at least one 
dose of trial treatment. The modified intention-to-treat 
population included participants from the safety popu-
lation who had a prerandomization culture positive for 
Mycobacterium tuberculosis but excluded participants 
with baseline phenotypic resistance to bedaquiline, 
clofazimine, delamanid, any fluoroquinolone, or line-
zolid. The per-protocol population included participants 
from the modified intention-to-treat population who 
received for less than 7 days 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) or 
did not complete the course of treatment because of 
treatment failure or death.

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org on March 20, 2025. For personal use only. 

 No other uses without permission. Copyright © 2025 Massachusetts Medical Society. All rights reserved.



n engl j med 392;5 nejm.org January 30, 2025474

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e
Ta

bl
e 

1.
 B

as
el

in
e 

C
ha

ra
ct

er
is

tic
s 

of
 th

e 
Pa

rt
ic

ip
an

ts
 (M

od
ifi

ed
 In

te
nt

io
n-

to
-T

re
at

 P
op

ul
at

io
n)

.*

C
ha

ra
ct

er
is

tic
B

LM
Z

 
(N

 =
 1

18
)

B
C

LL
fx

Z
 

(N
 =

 1
15

)
B

D
LL

fx
Z

 
(N

 =
 1

22
)

D
C

LL
fx

Z
 

(N
 =

 1
18

)
D

C
M

Z
 

(N
 =

 1
07

)

St
an

da
rd

 
Th

er
ap

y 
(N

 =
 1

19
)

To
ta

l 
(N

 =
 6

99
)

Fe
m

al
e 

se
x 

—
 n

o.
 (

%
)

41
 (

34
.7

)
37

 (
32

.2
)

55
 (

45
.1

)
38

 (
32

.2
)

45
 (

42
.1

)
48

 (
40

.3
)

26
4 

(3
7.

8)

A
ge

 —
 y

r

M
ed

ia
n 

(I
Q

R
)

31
  

(2
5–

41
)

38
  

(2
6–

50
)

32
  

(2
2–

45
)

30
  

(2
2–

41
)

32
  

(2
4–

46
)

31
  

(2
2–

42
)

32
  

(2
3–

44
)

R
an

ge
15

–6
9

15
–7

0
15

–7
0

15
–6

9
15

–7
1

15
–7

0
15

–7
1

C
ou

nt
ry

 —
 n

o.
 (

%
)

G
eo

rg
ia

2 
(1

.7
)

2 
(1

.7
)

1 
(0

.8
)

3 
(2

.5
)

1 
(0

.9
)

3 
(2

.5
)

12
 (

1.
7)

In
di

a
8 

(6
.8

)
4 

(3
.5

)
3 

(2
.5

)
3 

(2
.5

)
1 

(0
.9

)
4 

(3
.4

)
23

 (
3.

3)

K
az

ak
hs

ta
n

30
 (

25
.4

)
35

 (
30

.4
)

33
 (

27
.0

)
22

 (
18

.6
)

24
 (

22
.4

)
23

 (
19

.3
)

16
7 

(2
3.

9)

Le
so

th
o

14
 (

11
.9

)
11

 (
9.

6)
15

 (
12

.3
)

11
 (

9.
3)

14
 (

13
.1

)
12

 (
10

.1
)

77
 (

11
.0

)

Pa
ki

st
an

18
 (

15
.3

)
16

 (
13

.9
)

13
 (

10
.7

)
11

 (
9.

3)
16

 (
15

.0
)

18
 (

15
.1

)
92

 (
13

.2
)

Pe
ru

38
 (

32
.2

)
39

 (
33

.9
)

49
 (

40
.2

)
54

 (
45

.8
)

45
 (

42
.1

)
51

 (
42

.9
)

27
6 

(3
9.

5)

So
ut

h 
A

fr
ic

a
8 

(6
.8

)
8 

(7
.0

)
8 

(6
.6

)
14

 (
11

.9
)

6 
(5

.6
)

8 
(6

.7
)

52
 (

7.
4)

M
ed

ia
n 

bo
dy

-m
as

s 
in

de
x 

(I
Q

R
)†

19
.9

  
(1

7.
5–

22
.1

)
20

.0
  

(1
8.

4–
23

.6
)

20
.9

  
(1

8.
8–

22
.8

)
20

.6
  

(1
8.

1–
23

.6
)

19
.9

  
(1

7.
9–

22
.2

)
20

.8
  

(1
7.

6–
23

.0
)

20
.4

  
(1

8.
0–

22
.8

)

EC
O

G
 p

er
fo

rm
an

ce
-s

ta
tu

s 
sc

or
e 

—
 n

o.
 (

%
)‡

0
42

 (
35

.6
)

35
 (

30
.4

)
51

 (
41

.8
)

47
 (

39
.8

)
35

 (
32

.7
)

43
 (

36
.1

)
25

3 
(3

6.
2)

1
55

 (
46

.6
)

62
 (

53
.9

)
53

 (
43

.4
)

54
 (

45
.8

)
53

 (
49

.5
)

63
 (

52
.9

)
34

0 
(4

8.
6)

2
17

 (
14

.4
)

15
 (

13
.0

)
12

 (
9.

8)
16

 (
13

.6
)

17
 (

15
.9

)
11

 (
9.

2)
88

 (
12

.6
)

3
4 

(3
.4

)
3 

(2
.6

)
6 

(4
.9

)
1 

(0
.8

)
2 

(1
.9

)
2 

(1
.7

)
18

 (
2.

6)

H
IV

 in
fe

ct
io

n 
—

 n
o.

 (
%

)
15

 (
12

.7
)

14
 (

12
.2

)
17

 (
13

.9
)

18
 (

15
.3

)
15

 (
14

.0
)

19
 (

16
.0

)
98

 (
14

.0
)

M
ed

ia
n 

C
D

4 
co

un
t a

m
on

g 
pa

rt
ic

ip
an

ts
 w

ith
 H

IV
 

in
fe

ct
io

n 
(I

Q
R

) 
—

 c
el

ls
 p

er
 m

m
3 §

17
0.

5 
 

(4
1.

0–
50

5.
0)

19
0 

 
(8

5.
0–

37
7.

0)
31

4.
5 

 
(1

57
.0

–4
78

.5
)

32
8.

5 
 

(1
70

.5
–5

79
.5

)
40

4.
0 

 
(1

43
.0

–6
43

.0
)

26
9.

0 
 

(8
3.

0–
44

3.
0)

29
6.

0 
 

(1
18

.0
–4

97
.0

)

A
nt

ir
et

ro
vi

ra
l t

re
at

m
en

t a
m

on
g 

pa
rt

ic
ip

an
ts

 w
ith

  
H

IV
 in

fe
ct

io
n 

—
 n

o.
/t

ot
al

 n
o.

 (
%

)
12

/1
5 

(8
0.

0)
9/

14
 (

64
.3

)
10

/1
7 

(5
8.

8)
14

/1
8 

(7
7.

8)
11

/1
5 

(7
3.

3)
12

/1
9 

(6
3.

2)
68

/9
8 

(6
9.

4)

H
ep

at
iti

s 
B

 in
fe

ct
io

n,
 w

ith
 h

ep
at

iti
s 

B
 s

ur
fa

ce
  

an
tig

en
 —

 n
o.

 (
%

)
3 

(2
.5

)
3 

(2
.6

)
0

2 
(1

.7
)

4 
(3

.7
)

4 
(3

.4
)

16
 (

2.
3)

H
ep

at
iti

s 
C

 in
fe

ct
io

n 
—

 n
o.

 (
%

)
5 

(4
.2

)
5 

(4
.3

)
3 

(2
.5

)
4 

(3
.4

)
3 

(2
.8

)
6 

(5
.0

)
26

 (
3.

7)

D
ia

be
te

s 
—

 n
o.

 (
%

)¶
19

 (
16

.1
)

19
 (

16
.5

)
20

 (
16

.4
)

16
 (

13
.6

)
16

 (
15

.0
)

15
 (

12
.6

)
10

5 
(1

5.
0)

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org on March 20, 2025. For personal use only. 

 No other uses without permission. Copyright © 2025 Massachusetts Medical Society. All rights reserved.



n engl j med 392;5 nejm.org January 30, 2025 475

Or al Regimens for Tuberculosis

C
ha

ra
ct

er
is

tic
B

LM
Z

 
(N

 =
 1

18
)

B
C

LL
fx

Z
 

(N
 =

 1
15

)
B

D
LL

fx
Z

 
(N

 =
 1

22
)

D
C

LL
fx

Z
 

(N
 =

 1
18

)
D

C
M

Z
 

(N
 =

 1
07

)

St
an

da
rd

 
Th

er
ap

y 
(N

 =
 1

19
)

To
ta

l 
(N

 =
 6

99
)

Pe
ri

ph
er

al
-b

lo
od

 s
m

ea
r 

re
su

lt 
—

 n
o.

 (
%

)

N
eg

at
iv

e 
or

 s
ca

nt
y

20
 (

16
.9

)
19

 (
16

.5
)

31
 (

25
.4

)
24

 (
20

.3
)

18
 (

16
.8

)
19

 (
16

.0
)

13
1 

(1
8.

7)

1 
to

 2
+

57
 (

48
.3

)
59

 (
51

.3
)

58
 (

47
.5

)
49

 (
41

.5
)

43
 (

40
.2

)
52

 (
43

.7
)

31
8 

(4
5.

5)

3+
41

 (
34

.7
)

37
 (

32
.2

)
33

 (
27

.0
)

45
 (

38
.1

)
46

 (
43

.0
)

48
 (

40
.3

)
25

0 
(3

5.
8)

C
av

ita
tio

n 
—

 n
o.

 (
%

)‖
68

 (
57

.6
)

69
 (

60
.0

)
73

 (
59

.8
)

53
 (

44
.9

)
61

 (
57

.0
)

75
 (

63
.0

)
39

9 
(5

7.
1)

Ex
te

nt
 o

f t
ub

er
cu

lo
si

s 
—

 n
o.

 (
%

)*
*

Li
m

ite
d

21
 (

17
.8

)
14

 (
12

.2
)

18
 (

14
.8

)
23

 (
19

.5
)

20
 (

18
.7

)
18

 (
15

.1
)

11
4 

(1
6.

3)

M
od

er
at

e
70

 (
59

.3
)

77
 (

67
.0

)
77

 (
63

.1
)

67
 (

56
.8

)
64

 (
59

.8
)

71
 (

59
.7

)
42

6 
(6

0.
9)

Ex
te

ns
iv

e
27

 (
22

.9
)

24
 (

20
.9

)
26

 (
21

.3
)

25
 (

21
.2

)
23

 (
21

.5
)

29
 (

24
.4

)
15

4 
(2

2.
0)

Pr
ev

io
us

 e
xp

os
ur

e 
to

 tu
be

rc
ul

os
is

 tr
ea

tm
en

t  
—

 n
o.

 (
%

)†
†

N
on

e
76

 (
64

.4
)

67
 (

58
.3

)
78

 (
63

.9
)

80
 (

67
.8

)
72

 (
67

.3
)

74
 (

62
.2

)
44

7 
(6

3.
9)

Fi
rs

t-
lin

e 
dr

ug
s 

on
ly

20
 (

16
.9

)
23

 (
20

.0
)

27
 (

22
.1

)
25

 (
21

.2
)

23
 (

21
.5

)
31

 (
26

.1
)

14
9 

(2
1.

3)

O
th

er
 d

ru
gs

15
 (

12
.7

)
19

 (
16

.5
)

15
 (

12
.3

)
7 

(5
.9

)
11

 (
10

.3
)

11
 (

9.
2)

78
 (

11
.2

)

Py
ra

zi
na

m
id

e 
re

si
st

an
ce

 —
 n

o.
 (

%
)‡

‡
57

 (
48

.3
)

63
 (

54
.8

)
66

 (
54

.1
)

66
 (

55
.9

)
66

 (
61

.7
)

59
 (

49
.6

)
37

7 
(5

3.
9)

R
es

is
ta

nc
e 

to
 s

ec
on

d-
lin

e 
in

je
ct

ab
le

 m
ed

ic
at

io
n 

 
—

 n
o.

 (
%

)§
§

14
 (

11
.9

)
18

 (
15

.7
)

15
 (

12
.3

)
13

 (
11

.0
)

14
 (

13
.1

)
16

 (
13

.4
)

90
 (

12
.9

)

* 
 Th

e 
m

od
ifi

ed
 in

te
nt

io
n-

to
-t

re
at

 p
op

ul
at

io
n 

in
cl

ud
ed

 p
ar

ti
ci

pa
nt

s 
w

ho
 u

nd
er

w
en

t 
ra

nd
om

iz
at

io
n,

 r
ec

ei
ve

d 
at

 le
as

t 
on

e 
do

se
 o

f 
tr

ia
l t

re
at

m
en

t,
 a

nd
 h

ad
 a

 p
re

ra
nd

om
iz

at
io

n 
cu

lt
ur

e 
po

si
tiv

e 
fo

r 
M

yc
ob

ac
te

riu
m

 t
ub

er
cu

lo
si

s.
 I

t 
ex

cl
ud

ed
 p

ar
tic

ip
an

ts
 w

ith
 b

as
el

in
e 

ph
en

ot
yp

ic
 r

es
is

ta
nc

e 
to

 b
ed

aq
ui

lin
e,

 c
lo

fa
zi

m
in

e,
 d

el
am

an
id

, a
ny

 fl
uo

ro
qu

in
ol

on
e,

 o
r 

lin
ez

ol
id

. I
Q

R
 d

e-
no

te
s 

in
te

rq
ua

rt
ile

 r
an

ge
.

†
 

 Th
e 

bo
dy

-m
as

s 
in

de
x 

is
 t

he
 w

ei
gh

t 
in

 k
ilo

gr
am

s 
di

vi
de

d 
by

 t
he

 s
qu

ar
e 

of
 t

he
 h

ei
gh

t 
in

 m
et

er
s.

‡
 

 Th
e 

Ea
st

er
n 

C
oo

pe
ra

tiv
e 

O
nc

ol
og

y 
G

ro
up

 (
EC

O
G

) 
pe

rf
or

m
an

ce
-s

ta
tu

s 
sc

or
e 

ra
ng

es
 fr

om
 0

 t
o 

5,
 w

ith
 h

ig
he

r 
sc

or
es

 in
di

ca
tin

g 
gr

ea
te

r 
di

sa
bi

lit
y.

§ 
 D

at
a 

on
 C

D
4 

co
un

t 
w

er
e 

un
kn

ow
n 

fo
r 

se
ve

n 
pa

rt
ic

ip
an

ts
 (

on
e 

in
 t

he
 B

LM
Z

 g
ro

up
, t

w
o 

in
 t

he
 B

C
LL

fx
Z

 g
ro

up
, o

ne
 in

 t
he

 B
D

LL
fx

Z
 g

ro
up

, t
w

o 
in

 t
he

 D
C

LL
fx

Z
 g

ro
up

, a
nd

 o
ne

 in
 t

he
 

st
an

da
rd

-t
he

ra
py

 g
ro

up
).

¶
 

 D
at

a 
on

 d
ia

be
te

s 
w

er
e 

m
is

si
ng

 fo
r 

on
e 

pa
rt

ic
ip

an
t 

in
 t

he
 B

D
LL

fx
Z

 g
ro

up
.

‖ 
 D

at
a 

on
 c

av
ita

tio
n 

w
er

e 
un

kn
ow

n 
fo

r 
fiv

e 
pa

rt
ic

ip
an

ts
 (

on
e 

in
 t

he
 B

D
LL

fx
Z

 g
ro

up
, t

hr
ee

 in
 t

he
 D

C
LL

fx
Z

 g
ro

up
, a

nd
 o

ne
 in

 t
he

 s
ta

nd
ar

d-
th

er
ap

y 
gr

ou
p)

.
**

  E
xt

en
t 

of
 t

ub
er

cu
lo

si
s 

w
as

 c
la

ss
ifi

ed
 b

y 
th

e 
tr

ia
l i

nv
es

tig
at

or
s 

as
 li

m
ite

d 
(p

re
se

nc
e 

of
 le

si
on

s 
w

ith
 s

lig
ht

-t
o-

m
od

er
at

e 
de

ns
ity

, b
ut

 n
o 

ca
vi

ta
tio

ns
, n

ot
 e

xc
ee

di
ng

 t
he

 s
iz

e 
of

 t
he

 a
pe

x 
of

 
th

e 
lu

ng
),

 m
od

er
at

e 
(l

es
io

ns
 p

re
se

nt
 in

 o
ne

 o
r 

bo
th

 lu
ng

s,
 n

ot
 e

xc
ee

di
ng

 s
ca

tt
er

ed
 le

si
on

s 
of

 s
lig

ht
-t

o-
m

od
er

at
e 

de
ns

ity
 t

ha
t 

in
vo

lv
e 

th
e 

to
ta

l v
ol

um
e 

of
 o

ne
 lu

ng
 o

r 
pa

rt
ia

lly
 in

vo
lv

e 
bo

th
 lu

ng
s;

 d
en

se
, c

on
flu

en
t 

le
si

on
s 

th
at

 e
xt

en
d 

up
 t

o 
on

e 
th

ir
d 

of
 t

he
 v

ol
um

e 
of

 o
ne

 lu
ng

; a
nd

 c
av

ita
tio

n 
w

ith
 a

 d
ia

m
et

er
 o

f <
4 

cm
 in

 a
ny

 s
in

gl
e 

ca
vi

ty
),

 o
r 

ex
te

ns
iv

e 
(l

es
io

ns
 t

ha
t 

ar
e 

m
or

e 
ex

te
ns

iv
e 

th
an

 t
ho

se
 d

ef
in

ed
 a

s 
m

od
er

at
e)

. D
at

a 
on

 e
xt

en
t 

of
 t

ub
er

cu
lo

si
s 

w
er

e 
un

kn
ow

n 
fo

r 
fiv

e 
pa

rt
ic

ip
an

ts
 (

on
e 

in
 t

he
 B

D
LL

fx
Z

 g
ro

up
, t

hr
ee

 in
 t

he
 B

D
LL

fx
Z

 g
ro

up
, a

nd
 o

ne
  

in
 t

he
 s

ta
nd

ar
d-

th
er

ap
y 

gr
ou

p)
.

†
†

  D
at

a 
on

 p
re

vi
ou

s 
ex

po
su

re
 t

o 
tu

be
rc

ul
os

is
 t

re
at

m
en

t 
w

er
e 

un
kn

ow
n 

fo
r 

25
 p

ar
tic

ip
an

ts
 (

7 
in

 t
he

 B
LM

Z
 g

ro
up

, 6
 in

 t
he

 B
C

LL
fx

Z
 g

ro
up

, 2
 in

 t
he

 B
D

LL
fx

Z
 g

ro
up

, 6
 in

 t
he

 D
C

LL
fx

Z
 

gr
ou

p,
 1

 in
 t

he
 D

C
M

Z
 g

ro
up

, a
nd

 3
 in

 t
he

 s
ta

nd
ar

d-
th

er
ap

y 
gr

ou
p)

.
‡

‡
  P

yr
az

in
am

id
e 

re
si

st
an

ce
 w

as
 d

et
er

m
in

ed
 b

y 
m

ea
ns

 o
f p

he
no

ty
pi

c 
dr

ug
-s

us
ce

pt
ib

ili
ty

 t
es

tin
g.

 D
at

a 
on

 p
yr

az
in

am
id

e 
re

si
st

an
ce

 w
er

e 
un

kn
ow

n 
fo

r 
fiv

e 
pa

rt
ic

ip
an

ts
 (

tw
o 

in
 t

he
 D

C
LL

fx
Z

 
gr

ou
p 

an
d 

th
re

e 
in

 t
he

 s
ta

nd
ar

d-
th

er
ap

y 
gr

ou
p)

.
§§

 
 Se

co
nd

-li
ne

 in
je

ct
ab

le
 m

ed
ic

at
io

ns
 a

re
 a

m
ik

ac
in

, c
ap

re
om

yc
in

, a
nd

 k
an

am
yc

in
. D

at
a 

on
 s

ec
on

d-
lin

e 
in

je
ct

ab
le

 m
ed

ic
at

io
n 

w
er

e 
un

kn
ow

n 
fo

r 
fiv

e 
pa

rt
ic

ip
an

ts
 (

tw
o 

in
 t

he
 D

C
LL

fx
Z

 
gr

ou
p 

an
d 

th
re

e 
in

 t
he

 s
ta

nd
ar

d-
th

er
ap

y 
gr

ou
p)

.

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org on March 20, 2025. For personal use only. 

 No other uses without permission. Copyright © 2025 Massachusetts Medical Society. All rights reserved.



n engl j med 392;5 nejm.org January 30, 2025476

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Ta
bl

e 
2.

 P
ri

m
ar

y 
Ef

fic
ac

y 
En

d 
Po

in
ts

 a
t W

ee
k 

73
 (M

od
ifi

ed
 In

te
nt

io
n-

to
-T

re
at

 P
op

ul
at

io
n)

.*

O
ut

co
m

e
B

LM
Z

 
(N

 =
 1

18
)

B
C

LL
fx

Z
 

(N
 =

 1
15

)
B

D
LL

fx
Z

 
(N

 =
 1

22
)

D
C

LL
fx

Z
 

(N
 =

 1
18

)
D

C
M

Z
 

(N
 =

 1
07

)
St

an
da

rd
 T

he
ra

py
 

(N
 =

 1
19

)
To

ta
l 

(N
 =

 6
99

)

Fa
vo

ra
bl

e†

Pa
rt

ic
ip

an
ts

 w
ith

 fa
vo

ra
bl

e 
ou

tc
om

e 
—

 n
o.

 (
%

)
10

5 
(8

9.
0)

10
4 

(9
0.

4)
10

4 
(8

5.
2)

93
 (

78
.8

)
89

 (
83

.2
)

96
 (

80
.7

)
59

1 
(8

4.
5)

D
iff

er
en

ce
 fr

om
 s

ta
nd

ar
d 

th
er

ap
y 

(9
5%

 C
I)

  
—

 p
er

ce
nt

ag
e 

po
in

ts
8.

3 
 

(−
0.

8 
to

 1
7.

4)
9.

8 
 

(0
.9

 to
 1

8.
7)

4.
6 

 
(−

4.
9 

to
 1

4.
1)

−1
.9

  
(−

12
.1

 to
 8

.4
)

2.
5 

 
(−

7.
5 

to
 1

2.
5)

—
—

N
eg

at
iv

e 
cu

ltu
re

 r
es

ul
ts

, w
k 

65
 a

nd
 w

k 
73

 —
 n

o.
 

(%
)

10
2 

(8
6.

4)
10

0 
(8

7.
0)

10
2 

(8
3.

6)
90

 (
76

.3
)

87
 (

81
.3

)
91

 (
76

.5
)

57
2 

(8
1.

8)

Fa
vo

ra
bl

e 
ba

ct
er

io
lo

gi
c,

 c
lin

ic
al

, a
nd

 r
ad

io
lo

gi
c 

ev
ol

ut
io

n 
—

 n
o.

 (
%

)‡
3 

(2
.5

)
4 

(3
.5

)
2 

(1
.6

)
3 

(2
.5

)
2 

(1
.9

)
5 

(4
.2

)
19

 (
2.

7)

U
nf

av
or

ab
le

†

Pa
rt

ic
ip

an
ts

 w
ith

 u
nf

av
or

ab
le

 o
ut

co
m

e 
—

 n
o.

 (
%

)
13

 (
11

.0
)

11
 (

9.
6)

18
 (

14
.8

)
25

 (
21

.2
)

18
 (

16
.8

)
23

 (
19

.3
)

10
8 

(1
5.

5)

D
ea

th
 fr

om
 a

ny
 c

au
se

 —
 n

o.
 (

%
)§

2 
(1

.7
)

1 
(0

.9
)

3 
(2

.5
)

3 
(2

.5
)

2 
(1

.9
)

2 
(1

.7
)

13
 (

1.
9)

Po
si

tiv
e 

cu
ltu

re
 r

es
ul

ts
 —

 n
o.

 (
%

)¶
1 

(0
.8

)
3 

(2
.6

)
4 

(3
.3

)
12

 (
10

.2
)

8 
(7

.5
)

1 
(0

.8
)

29
 (

4.
1)

R
ec

ur
re

nc
e 

—
 n

o.
 (

%
)‖

0
0

0
1 

(0
.8

)
2 

(1
.9

)
0

3 
(0

.4
)

Pe
rm

an
en

t t
re

at
m

en
t d

is
co

nt
in

ua
tio

n 
du

e 
to

  
ad

ve
rs

e 
ev

en
t —

 n
o.

 (
%

)
3 

(2
.5

)
3 

(2
.6

)
1 

(0
.8

)
1 

(0
.8

)
1 

(0
.9

)
2 

(1
.7

)
11

 (
1.

6)

Po
or

 tr
ea

tm
en

t a
dh

er
en

ce
 o

r 
lo

ss
 to

 fo
llo

w
-u

p 
 

—
 n

o.
 (

%
)

3 
(2

.5
)

2 
(1

.7
)

3 
(2

.5
)

3 
(2

.5
)

4 
(3

.7
)

8 
(6

.7
)

23
 (

3.
3)

W
ith

dr
aw

al
 o

f c
on

se
nt

 —
 n

o.
 (

%
)

1 
(0

.8
)

1 
(0

.9
)

4 
(3

.3
)

3 
(2

.5
)

0
7 

(5
.9

)
16

 (
2.

3)

O
th

er
 u

nf
av

or
ab

le
 o

ut
co

m
e 

—
 n

o.
 (

%
)*

*
3 

(2
.5

)
1 

(0
.9

)
3 

(2
.5

)
2 

(1
.7

)
1 

(0
.9

)
3 

(2
.5

)
13

 (
1.

9)

* 
 Th

e 
w

id
th

s 
of

 t
he

 c
on

fid
en

ce
 in

te
rv

al
s 

ha
ve

 n
ot

 b
ee

n 
ad

ju
st

ed
 fo

r 
m

ul
tip

lic
ity

 a
nd

 s
ho

ul
d 

no
t 

be
 u

se
d 

in
 p

la
ce

 o
f h

yp
ot

he
si

s 
te

st
in

g.
†

 
 A

 fa
vo

ra
bl

e 
ou

tc
om

e 
at

 w
ee

k 
73

 (
th

e 
pr

im
ar

y 
ef

fic
ac

y 
en

d 
po

in
t)

 w
as

 d
ef

in
ed

 a
s 

th
e 

ab
se

nc
e 

of
 a

n 
un

fa
vo

ra
bl

e 
ou

tc
om

e 
an

d 
ei

th
er

 t
w

o 
co

ns
ec

ut
iv

e 
ne

ga
tiv

e 
cu

ltu
re

s 
(i

nc
lu

di
ng

 o
ne

 
be

tw
ee

n 
w

ee
ks

 6
5 

an
d 

73
) 

or
 fa

vo
ra

bl
e 

ba
ct

er
io

lo
gi

c,
 r

ad
io

lo
gi

c,
 a

nd
 c

lin
ic

al
 e

vo
lu

tio
n.

 U
nf

av
or

ab
le

 o
ut

co
m

es
 in

cl
ud

ed
 d

ea
th

 (
fr

om
 a

ny
 c

au
se

),
 t

he
 r

ep
la

ce
m

en
t 

or
 a

dd
iti

on
 o

f o
ne

 
dr

ug
 in

 t
he

 e
xp

er
im

en
ta

l r
eg

im
en

s 
or

 t
w

o 
dr

ug
s 

in
 t

he
 s

ta
nd

ar
d-

th
er

ap
y 

re
gi

m
en

, o
r 

th
e 

in
iti

at
io

n 
of

 n
ew

 t
re

at
m

en
t 

fo
r 

ri
fa

m
pi

n-
re

si
st

an
t 

tu
be

rc
ul

os
is

 (
fo

r 
th

e 
fu

ll 
lis

t 
of

 u
nf

av
or

ab
le

 
ou

tc
om

es
, s

ee
 S

ec
tio

n 
2.

6.
2 

in
 t

he
 S

up
pl

em
en

ta
ry

 A
pp

en
di

x)
.

‡
 

 Th
is

 c
at

eg
or

y 
in

cl
ud

es
 p

ar
tic

ip
an

ts
 w

ith
ou

t 
cu

ltu
re

 r
es

ul
ts

 b
et

w
ee

n 
w

ee
k 

65
 a

nd
 w

ee
k 

73
.

§ 
 Th

ir
te

en
 p

ar
tic

ip
an

ts
 in

 t
he

 m
od

ifi
ed

 in
te

nt
io

n-
to

-t
re

at
 p

op
ul

at
io

n 
di

ed
, a

nd
 o

ne
 p

ar
tic

ip
an

t 
in

 t
he

 s
af

et
y 

po
pu

la
tio

n 
w

ho
 w

as
 e

xc
lu

de
d 

fr
om

 t
he

 m
od

ifi
ed

 in
te

nt
io

n-
to

-t
re

at
 p

op
ul

at
io

n 
al

so
 d

ie
d.

 O
ne

 p
ar

tic
ip

an
t 

in
 t

he
 m

od
ifi

ed
 in

te
nt

io
n-

to
-t

re
at

 p
op

ul
at

io
n 

ha
d 

a 
po

si
tiv

e 
cu

ltu
re

 r
es

ul
t 

th
at

 w
as

 c
la

ss
ifi

ed
 a

s 
an

 u
nf

av
or

ab
le

 o
ut

co
m

e 
at

 w
ee

k 
73

 a
nd

 la
te

r 
di

ed
.

¶
 

 Th
is

 c
at

eg
or

y 
in

cl
ud

ed
 p

ar
tic

ip
an

ts
 w

ho
 p

er
m

an
en

tly
 d

is
co

nt
in

ue
d 

tr
ea

tm
en

t 
be

ca
us

e 
of

 a
 p

os
iti

ve
 s

pu
tu

m
 c

ul
tu

re
 a

t 
w

ee
k 

16
 o

r 
la

te
r 

or
 w

ho
 h

ad
 a

 p
os

iti
ve

 s
pu

tu
m

 c
ul

tu
re

 b
et

w
ee

n 
w

ee
k 

65
 a

nd
 w

ee
k 

73
.

‖ 
 In

cl
ud

ed
 in

 t
hi

s 
ca

te
go

ry
 w

er
e 

pa
rt

ic
ip

an
ts

 w
ho

 h
ad

 a
 p

os
iti

ve
 s

pu
tu

m
 c

ul
tu

re
 o

r 
st

ar
te

d 
a 

ne
w

 t
re

at
m

en
t 

re
gi

m
en

 a
ft

er
 t

re
at

m
en

t 
co

m
pl

et
io

n.
**

  T
hi

s 
ca

te
go

ry
 c

om
pr

is
ed

 p
ar

tic
ip

an
ts

 w
ho

 w
er

e 
no

t 
as

se
ss

ed
 a

ft
er

 t
re

at
m

en
t 

co
m

pl
et

io
n 

(6
 p

ar
tic

ip
an

ts
),

 w
er

e 
de

em
ed

 b
y 

an
 in

ve
st

ig
at

or
 t

o 
ha

ve
 a

n 
un

fa
vo

ra
bl

e 
ou

tc
om

e 
(4

 p
ar

tic
i-

pa
nt

s)
, w

er
e 

pr
eg

na
nt

 o
r 

br
ea

st
-fe

ed
in

g 
(2

 p
ar

tic
ip

an
ts

),
 o

r 
us

ed
 a

 p
ro

hi
bi

te
d 

co
nc

om
ita

nt
 m

ed
ic

at
io

n 
(1

 p
ar

tic
ip

an
t)

.

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org on March 20, 2025. For personal use only. 

 No other uses without permission. Copyright © 2025 Massachusetts Medical Society. All rights reserved.



n engl j med 392;5 nejm.org January 30, 2025 477

Or al Regimens for Tuberculosis

occurred in 7.1% of the participants in the 
standard-therapy group and ranged from 6.3% 
(in the BDLLfxZ group) to 18.3% (in the BLMZ 
group) in the experimental groups. Hematologic 
toxic events, defined as any grade 3 or 4 leuko-
penia, anemia, or thrombocytopenia, occurred 
in 10.3% of the participants in the standard-
therapy group and ranged from 7.4% (in the 
BCLLfxZ group) to 10.5% (in the DCLLfxZ 
group) in the experimental groups. Peripheral 
neuropathy occurred in 4.8% of the participants 
in the standard-therapy group and ranged from 
2.4% (in the DCLLfxZ group) to 7.1% (in the 
BDLLfxZ group) in the experimental groups. 
QTcF interval prolongation occurred exclusively 
in the DCMZ (4.2%) and BCLLfxZ (3.3%) groups. 
Other safety details, including drug discontinu-
ations, are reported in Tables S30 through S37. 
Ten participants (1.3%) became pregnant during 
trial participation (Table S38).

Discussion

Consistent results across all analyses support the 
noninferior efficacy of three regimens (BLMZ, 
BCLLfxZ, and BDLLfxZ) as compared with stan-
dard therapy. These three regimens each pro-
duced favorable outcomes in more than 85% of 
participants at week 73; this finding represents 
an improvement over global averages and is 
similar to trial results with the regimen of beda-
quiline, pretomanid, linezolid, and moxifloxacin 
(BPaLM) (89%).1,6

Death was uncommon despite the substantial 
burden of coexisting conditions and cavitary 
disease. Grade 3 or higher adverse events were 
common across all the groups but were often 
considered by the site investigator to be unre-
lated to trial drugs. Although the trial was not 
powered for statistical comparison of safety 
outcomes, we observed some patterns. Grade 3 

Standard therapy vs. BLMZ

Modified intention-to-treat population

Per-protocol population

Risk Difference (95% CI)Analysis Population

8.3 (−0.8 to 17.4)

0.0 (−6.0 to 5.9)  

no. with favorable outcome/total no. (%) percentage points

Experimental
Therapy

105/118 (89.0)

    94/98 (95.9)

Standard
Therapy

96/119 (80.7)

    71/74 (95.9)  

Standard therapy vs. BCLLfxZ

Modified intention-to-treat population

Per-protocol population

9.8 (0.9 to 18.7)

−0.2 (−6.2 to 5.9)  

104/115 (90.4)

    91/95 (95.8)

96/119 (80.7)

    71/74 (95.9)  

Standard therapy vs. BDLLfxZ

Modified intention-to-treat population

Per-protocol population

4.6 (−4.9 to 14.1)

−1.8 (−8.1 to 4.6)    

96/119 (80.7)

    71/74 (95.9)  

104/122 (85.2)

  97/103 (94.2)

Standard therapy vs. DCLLfxZ

Modified intention-to-treat population

Per-protocol population

−1.9 (−12.1 to 8.4)

−10.5 (−18.9 to −2.2)

93/118 (78.8)

    82/96 (85.4)  

96/119 (80.7)

    71/74 (95.9)  

−12 −5 0 5 10 15 20

Experimental Therapy
Better

Standard Therapy
Better

Standard therapy vs. DCMZ

Modified intention-to-treat population

Per-protocol population

−20

2.5 (−7.5 to 12.5)  

−10.5 (−18.9 to −2.2)    

89/107 (83.2)

    82/96 (85.4)  

96/119 (80.7)

    71/74 (95.9)  

Figure 2. Primary Efficacy Analysis at Week 73.

Shown are the results of the primary efficacy analysis in the modified intention-to-treat population and in the per-protocol population for 
the BLMZ regimen, the BCLLfxZ regimen, the BDLLfxZ regimen, the DCLLfxZ regimen, and the DCMZ regimen, each as compared with 
standard therapy. Noninferiority in the modified intention-to-treat population was established if the lower bound of the 95% confidence 
interval around the difference exceeded −12 percentage points (indicated by the dashed line). In this report, per-protocol analyses provid-
ed complementary information but were not used for formal testing of a noninferiority comparison. A favorable outcome at week 73 was 
defined as the absence of an unfavorable outcome and either two consecutive negative cultures (including one between weeks 65 and 73) 
or favorable bacteriologic, radiologic, and clinical evolution. Unfavorable outcomes included death (from any cause), the replacement or 
addition of one drug in the experimental regimens or two drugs in the standard-therapy regimen, or the initiation of new treatment for 
rifampin-resistant tuberculosis (for the full list of unfavorable outcomes, see Section 2.6.2 in the Supplementary Appendix). The widths 
of the confidence intervals have not been adjusted for multiplicity and should not be used in place of hypothesis testing.
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or higher hepatotoxic events were more common 
in the experimental groups, except the BDLLfxZ 
group, than in the standard-therapy group. Pyra-
zinamide, which was included in all the ex-
perimental regimens and in almost half the 
standard-therapy regimens, can cause elevated 
liver-enzyme levels, as can bedaquiline, fluoro-
quinolones, and linezolid; these elevations can 
be aggravated by alcohol use and active hepatitis 
B or C infection, which were present in some 
patients in the cohort.18-20 Linezolid-related toxic 
effects were generally less common in the ex-
perimental groups than in the standard-therapy 
group, and this finding may reflect a safety 
benefit of routinely lowering the weekly dose of 
linezolid at 16 weeks or earlier.21-24 QTcF inter-
vals of more than 500 msec were infrequent and 
occurred only in participants receiving regimens 
that contained clofazimine and either bedaqui-
line or moxifloxacin, drugs that are known to 
cause QT-interval prolongation. These results are 
consistent with emerging evidence about the 
safety of bedaquiline in combination with other 
QT-prolonging antituberculosis drugs.6,25,26

Bayesian response-adaptive randomization 
permitted identification of multiple noninferior 
tuberculosis regimens in a single trial. Random-
ization was ultimately relatively balanced be-
cause the experimental regimens performed 
similarly to standard therapy in the interim 
analyses used to adjust probabilities. Improved 
surrogate markers for treatment response will 
enhance the efficiency of adaptive trials in tu-
berculosis.27,28

Our trial had several limitations. Trial staff 
and participants were aware of the group assign-
ments because of the difference in treatment 
duration between the experimental and standard-
therapy groups. To mitigate risks of bias, we 
concealed treatment assignment and random-
ization probabilities from laboratory staff and 
central investigators. Bayesian adaptation and 
analysis for reports for the data and safety 
monitoring board were performed by statisti-
cians who were aware of the group assignments. 
During the trial enrollment period, the WHO 
guidelines changed twice. We incorporated 
these updates into trial guidance on the compo-
sition of standard-therapy regimens. The effect 
on regimen composition was modest because 
initial trial guidance had already been well 
aligned with newer WHO recommendations, to 

which 81.5% of standard-therapy regimens con-
formed.17

A strength of this trial was a design that in-
cluded an internal, concurrent standard-therapy 
group (as distinct from trials that are uncon-
trolled or historically controlled), which is es-
sential to high certainty of evidence for guid-
ance.29 Other strengths include the consistency 
of the findings across populations, end points, 
and analyses. Moreover, the performance of 
standard therapy, with a favorable outcome in 
80.7% of the participants, was better than that 
reported in other recent studies.5,6,30-32 That this 
improved standard could discriminate among 
well-performing regimens provides confidence 
in the efficacy of those found to be noninferior. 
The high retention of participants — including 
in the standard-therapy group — and complete-
ness of trial data indicate high-quality imple-
mentation. The trial included adolescents and 
retained participants who became pregnant. The 
population was heterogeneous, representing four 
continents, a range of severity of tuberculosis, 
and substantial burdens of important coexisting 
conditions, all of which contributed to the gener-
alizability of the trial results to the broader popu-
lation of people affected by rifampin-resistant 
tuberculosis (Table S6).

These findings support the use of three new, 
all-oral, shorter-duration regimens for rifampin-
resistant tuberculosis in addition to BPaLM. In 
August 2024, the WHO endorsed the use of 
these three regimens over the longer all-oral 
regimen.33 BPaLM was recommended by the 
WHO in 2022 for use in nonpregnant persons 
14 years of age or older.17 The BLMZ, BCLLfxZ, 
and BDLLfxZ regimens can be used in nearly 
all adults, children, and pregnant persons with 
fluoroquinolone-susceptible, rifampin-resistant 
tuberculosis; all the drugs in the endTB regi-
mens have pediatric formulations and are rec-
ommended regardless of age.34,35 Our findings 
are also relevant to pregnant persons: all the 
drugs included in the endTB regimens are con-
sidered to be acceptable for use during preg-
nancy.17,36 Two bedaquiline-sparing regimens 
(DCMZ and DCLLfxZ) were examined; the over-
all assessment of these regimens does not sup-
port their use as compared with a standard 
therapy that commonly contains bedaquiline. 
Percentages of participants with favorable out-
comes were higher than those reported in a recent 
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trial testing a 9-month regimen containing nei-
ther bedaquiline nor clofazimine.31 However, in 
the endTB trial, unfavorable outcomes due to 
positive culture during the treatment course or 
due to recurrence were more common among the 
participants receiving DCMZ and DCLLfxZ than 
among the participants receiving other regimens. 
Development of efficacious, shortened-duration, 
bedaquiline-sparing regimens warrants further 
research.

Several implementation considerations arise. 
First, adoption of endTB regimens by providers 
and national tuberculosis programs would allow 
simplification of the standard drug formularies 
while retaining a range of treatment options. 
Regimens may be selected according to individ-
ual patient characteristics and preferences; they 
offer alternatives to treatments containing drugs 
with unacceptable side effects, interactions, 
contraindications, resistance, and unavailability. 
Second, further development of — and access to 
— rapid, reliable resistance testing is essential 
both to ensure that patients receive the appropri-
ate regimen and to detect the emergence of re-
sistance.37,38 Finally, this trial underscores the 
need for diligent monitoring of liver-enzyme 
levels and of linezolid-associated toxic effects. 
Hepatotoxic effects are a known risk of many 
antituberculosis drugs, including pyrazinamide, 
a component of all the endTB regimens.17,19,35 
Monitoring of QT interval prolongation could be 
individualized through risk-based strategies — 

for example, by intensifying monitoring in per-
sons receiving multiple QT-prolonging drugs or 
persons with arrhythmia risk factors.39,40

The results of this trial support the noninfe-
rior efficacy of three all-oral shortened regimens 
for the treatment of rifampin-resistant tuber-
culosis. The results of the endTB trial improve 
prospects for effective, simple, all-oral treatment 
for adults and children with this disease.
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