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TB drug development challenges:

• Curing TB takes considerably longer than any 
other bacterial infection of the lungs owing to a 
combination of drug, pathogen and host factors; 

• Drug tolerance fuels and synergizes with drug 
resistance; 

• Single drug and regimen development tested in 
sequence is inherently slow, while tools are 
emerging to rationally prioritize regimens early in 
the cascade; 



Anti-tuberculosis drug pipeline and 
mechanism of drug action
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NIX-TB results
• Patients with XDR-TB or failed MDR treatment
• Nix TB Trial (B-Pa-L)  Phase III (Phase II has been skipped)

Pretonamid 200mg qd

Bedaquiline 200mg tiw
After 2 week load:400 mg once daily for 2 
weeks 

Linezolid 1200mg qd
(before: 600mg bid)

6 months oral
treatment
(option for 9 months for 
subjects who remain culture 
positive at month 4)

• Successful outcome in 95 of the first 107 patients (88,8%) after six 
months of treatment with BPaL and six months of post-treatment 
follow-up.

ZeNIX Trial – NC-007 Rationale 
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Adverse events driven by linezolid often led to dose
reductions, interruptions or discontinuation of linezolid:
– Peripheral neuropathy (occurring in 81% of patients)

– Myelosuppression (48%)
Source: Conradie et al. Bedaquiline, pretomanid and linezolid for treatment of extensively drug resistant, intolerant or non-
responsive multidrug resistant pulmonary tuberculosis. N Eng J Med 2020;382:893-902.

Adverse events
- Optic and peripheral 

neuropathy
- Bone marrow suppression
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Pre-2021 WHO Definitions of
XDR-TB and Pre-XDR-TB
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ZeNix Trial Design: 
Open label 4 arm
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ZeNix Trial Design: 
Open label 4 arm Primary endpoint 

the incidence of 
an unfavourable 
outcome, defined 
as treatment 
failure or disease 
relapse (clinical or 
bacteriologic) at 
26 weeks after 
completion of 
treatment.  In 
mITT population. 



ZeNix Trial  (B-Pa-L)  NC-007

Pre-2021 WHO Definitions of
XDR-TB and Pre-XDR-TB
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ZeNix Trial Design: partially blind, randomized trial 

Primary endpoint 
the incidence of 
an unfavourable 
outcome, defined 
as treatment 
failure or disease 
relapse (clinical or 
bacteriologic) at 
26 weeks after 
completion of 
treatment.  In 
mITT population. 

Total 11 Trial sites: Four in South Africa, one in the country 
of Georgia, one in Moldova, and five in Russia



ZeNix Trial  (B-Pa-L)  NC-007

N= 181 [75 (41.4%) XDR-TB, 85 (47.0%) pre-XDR 21 (11.6%) Ti/NR MDR.] 



TB-PRACTECAL Trial for MDR-TB

1
3

Staged trial to evaluate BPaL-based regimens for all people with DR-TB
(at least rifampicin-resistant), not just highly drug-resistant strains:

Stage 1
• Regimen 1 - BPaL + Moxifloxacin for 6 months (BPaLM)
• Regimen 2 - BPaL + Clofazimine for 6 months (BPaLC)
• Regimen 3 - BPaL for 6 months (BPaL)
• Local SOC: The local standard of care for MDR-TB was used as

the internal control for both safety and efficacy
Stage 2

• Regimen 1 - BPaL + Moxifloxacin for 6 months
• Local SOC

Bedaquiline administered at 400mg dly for 2 weeks then 200mg 3X for 22
weeks. Linezolid administered at 600mg daily for 16 weeks then 300mg daily for
the remaining 8 weeks or earlier when moderately tolerated

Total seven trial sites across Belarus, South 
Africa and Uzbekistan.



TB-PRACTECAL Trial for MDR-TB

TB-PRACTECAL Trial 
Design 

Primary endpoint:  was an unfavorable status (a composite of death, treatment failure, 
treatment discontinuation, loss to follow-up, or recurrence of tuberculosis) at 72 weeks after 
randomization. The noninferiority margin was 12 percentage points



Steering committee elected to proceed with the BPaLM group only in Stage 2
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TB-PRACTECAL Trial for MDR-TB





Male Participants with DR-TB pulmonary TB 

BPaMZ/SEM Study / Analysis pending  

(B) Bedaquiline 200mg 
(first 8 weeks)

100mg ( for 18 weeks after) 

(Pa) Pretomanid 200mg 
daily (26 weeks)

(M) Moxifloxacin 400mg 
daily (26 weeks)

(Z) Pyrazinamide 1500mg 
daily (26 weeks)

(20 evaluable pts)  
~ 25 subjects enrolled in the trial assuming a 20% participant drop out of the trial

26 weeks of 
treatment 

DR-TB participants defined as:
1. Mono-resistance to rifampicin or 
isoniazid, OR
2. Resistance to both rifampicin and 
isoniazid (MDR-TB)

Up to 18 weeks of 
follow up 

Duration: up to 45 Weeks

DR-TB
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Participants with newly diagnosed smear positive DS and MDR TB, 
450 participants enrolled –data analysis pending

Screening Treatment Follow up
-9                                 -1 1 57 till                        104           

BPaMZ: 
Bedaquiline 200 mg daily for 8 weeks then 100 mg 
daily for 9 weeks, together with pretomanid 200 mg + 
moxifloxacin 400 mg + pyrazinamide 1500 mg daily 
for 17 weeks (Total treatment duration 4 months

HRZE:
Isoniazid 75mg plus rifampicin 150mg plus pyrazinamide
400mg plus ethambutol 275mg combination tablets

BPAMZ
Bedaquiline 200 mg daily for 8 weeks then 100 mg 
daily for 18 weeks, together with pretomanid 200 mg 
+ moxifloxacin 400 mg + pyrazinamide 1500 mg daily 
for 26 weeks (Total treatment duration 6 months

DS

MDR

Primary 
endpoint:
Time to 
sputum 
culture 
conversion 
over 8 weeks

Simplici TB (B-Pa-M-Z) NC-008 
(Phase II c)
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TRUNCATE-TB Trial Rationale 
• Current Global standard regimen for DS-TB is 

6m. HRZE (4HRZE/2HR)
• Established over 40 years ago
• Very good cure rate in Trials 95% 
• Decreases to < 85% under programmatic 

conditions

TRUNCATE-TB TRIAL 

University College, London, SPRINT TB 
(National University of Singapore)



TRUNCATE-TB TRIAL

TRUNCATE-TB Trial Design

Primary endpoint: % of unsatisfactory 
treatment outcome (death, active TB at w96, 
on treatment at w96) Non-inferiority declared 
if upper limit of 97,5 CI <12%



TRUNCATE-TB TRIAL

TSC Stopping decisions: High pill burden / 
regulatory refused CFZ importation

TRUNCATE-TB Trial Design



TRUNCATE-TB TRIAL 

Noninferiority criterion met in the strategy group with an initial bedaquiline linezolid regimen 
(11 of the 189 participants (5.8 %) (adjusted difference, 0.8 percentage points; 97.5% CI, −3.4 to 
5.1)



• Participant centered outcomes:
Safe: no excess severe/serious AEs, death, 

pulmonary disability
• Program centered outcomes:
Substantial reduction in overall treatment days 

(180 days vs 106/85days), increased motivation 
for adherence (score: 6 vs 8/8)
Low risk of drug resistance

TRUNCATE-TB TRIAL 



STREAM Stage 2 – Trial Interventions

With Version 8.0 of the protocol:
• Regimen B: replace moxifloxacin with levofloxacin 
• Stop randomisations to Regimens A and D

Primary Outcome: 
Favourable status at 76 weeks, 
defined as a negative culture for M 
tuberculosis at week 76 and on the 
preceding visit.

Thirteen Stage 2 sites were in Ethiopia, Georgia, India, Moldova, Mongolia, South Africa, 
and Uganda 



Results: primary outcome, diff (95% CI)

mITT

mITT

PP

PP

Solid line for 0 difference, and the dashed line at a 10% difference which indicated the non-inferiority margin for the trial

The upper bound of both CIs is lower than 10% , they are also lower than zero, meaning 
that regimen C was non-inferior to regimen B, and is actually superior to regimen B. 



WHO Rapid communication / Key 
recommendations



Further needs …
• The efficacy, safety and tolerability of the regimens for 

subpopulations: children aged below 14 years, patients with 
extrapulmonary TB, PLHIV with CD4 counts below 100, and 
pregnant and lactating women....
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Percentage of new TB cases with 
MDR/RR-TB, 2021

Percentage of previously treated 
TB cases with MDR/RR-TB, 2021

WHO Global Tuberculosis Report 2022
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Further needs (cont.)
• The efficacy, safety and tolerability of the regimens for 

subpopulations: children aged below 14 years, patients with 
extrapulmonary TB, PLHIV with CD4 counts below 100, and 
pregnant and lactating women....

• Data from other regions and countries (beyond countries with 
sites included in recent studies); 

• Description of the mechanism and molecular markers of new 
drugs resistance (pretomanid), allowing development of the DST



Further needs (cont.)
• The efficacy, safety and tolerability of the regimens for 

subpopulations: children aged below 14 years, patients with 
extrapulmonary TB, PLHIV with CD4 counts below 100, and 
pregnant and lactating women....

• Data from other regions and countries (beyond countries with 
sites included in recent studies); 

• Description of the mechanism and molecular markers of new 
drugs resistance (pretomanid), allowing development of the DST

• Documenting the full adverse event profile of pretomanid, 
and the frequency of relevant adverse events, with a focus on
hepatotoxicity and reproductive toxicity in humans 



• Compared to a decade ago, the anti-TB drug pipeline is 
well-shaped (Working Group on New TB Drugs). 

• In 2019, the first 6-month regimen was approved for the 
treatment of M/ XDR-TB (BPaL)

• Shorter, better tolerated and more successful 
treatments are needed for all patient populations. 

• To accomplish this both new antibiotics and new 
combinations of approved drugs and clinical candidates 
are required and most important research focus has 
become the prioritization of promising drug regimens. 

Conclusions: 

https://www.newtbdrugs.org/pipeline/clinical


Thank YOU!
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