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Abstract 

Most phase III trials in drug-resistant tuberculosis have either been underpowered to 
detect differences in microbiological endpoints or have taken up to a decade to 
complete. Composite primary endpoints, often dominated by differences in treatment 
discontinuation and regimen changes, may mask important differences in treatment 
failure and relapse. Although new regimens for drug-resistant tuberculosis appear very 
effective, resistance to new drugs is emerging rapidly. There is a need for shorter, safer 
and more tolerable regimens, including those active against bedaquiline-resistant 
tuberculosis. Transitioning from multiple regimen A versus regimen B trials to a single 
large phase III platform trial would accelerate the acquisition of robust estimates of 
relative efficacy and safety. Further efficiencies could be achieved by adopting modern 
adaptive platform designs. Collaboration among trialists, affected community 
representatives, funders and regulators is essential for developing such a phase III 
platform trial for drug-resistant tuberculosis treatment regimens. 
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Introduction 

Rifampicin and isoniazid are key drugs in treatment regimens for drug-susceptible tuberculosis. 

Rifampicin-resistant tuberculosis and multidrug-resistant tuberculosis (tuberculosis which is 

resistant to both isoniazid and rifampicin) are managed similarly,1,2 and rifampicin resistance is 

usually accompanied by isoniazid resistance. 

In 2022, an estimated 410 000 people worldwide developed rifampicin-resistant 

tuberculosis yet only 43% (175 650) started an appropriate treatment regimen. Among those 

treated, treatment success for rifampicin-resistant tuberculosis (63%; numerator not reported) 

was lower than that for drug-susceptible tuberculosis (88%; numerator not reported).3 In 2022, 

rifampicin-resistant tuberculosis caused an estimated 160 000 deaths.3 

The December 2022 update to the WHO consolidated guidelines on tuberculosis endorses 

several treatment regimens for rifampicin-resistant tuberculosis.1 These include 6- and 9-month 

all-oral bedaquiline-based regimens, plus longer bespoke regimens for patients not eligible for 

the shorter regimens, such as people with drug allergies.1 Practice varies globally, with many 

treatment programmes unable to access component drugs included in the new shorter regimens. 

While these new regimens mean treatment duration has reduced over recent years (from 

18–24 months to 6–9 months), they are not without problems. They include drugs with 

substantial adverse effects.4 They may also have too low a genetic barrier to developing acquired 

resistance, meaning the incidence of mutations conferring drug resistance is relatively high in 

people taking these regimens. 

Bedaquiline is a key component of modern rifampicin-resistant tuberculosis treatment. 

People taking bedaquiline-based regimens differ in several ways from people taking rifampicin-

based regimens, primarily because they usually have rifampicin-resistant tuberculosis. However, 

under programmatic conditions, people taking bedaquiline-based regimens appear to acquire 

drug resistance more than 10 times faster than those on rifampicin-based regimens.5–8 This issue 

is exacerbated by the lack of rapid, near-patient drug susceptibility testing for bedaquiline and 

other newer drugs.9 

Future studies need to address critical unanswered questions relating to the treatment of 

drug-resistant tuberculosis. These include: (i) the relative efficacy, tolerability and safety of the 

various shorter regimens that were evaluated in recent randomized controlled trials;10–14 
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(ii) optimum treatment duration (which is likely to vary by patient characteristics);15 and 

(iii) how best to manage people with bedaquiline-resistant tuberculosis. 

In this paper, we argue that robust estimates of the relative efficacy, tolerability safety of 

rifampicin-resistant tuberculosis treatment regimens are best obtained from randomized 

controlled trials; that primary efficacy endpoints in these trials should centre on treatment failure 

and relapse; that estimating the relative frequency of these outcomes with sufficient precision 

will require better-powered trials and that, while greater capacity to undertake treatment trials in 

rifampicin-resistant tuberculosis is needed, substantial improvements in study power might be 

achieved by transitioning from multiple smaller phase III trials to a single platform trial. 

While we concentrate on rifampicin-resistant tuberculosis, similar arguments might be 

made for other forms of tuberculosis, including drug-susceptible tuberculosis and tuberculous 

meningitis. 

Current approaches, and their limitations 

Treatment regimens for drug-susceptible tuberculosis were developed in a succession of highly 

successful randomized controlled trials16 but, until recently, treatment recommendations in 

rifampicin-resistant tuberculosis have been based on cohort studies17–19 and expert opinion. In 

tuberculosis treatment, as in other areas of medicine, findings from cohort studies and expert 

opinion have subsequently been refuted by evidence from randomized controlled trials. For 

example, a meta-analysis of observational data suggesting use of aminoglycosides in multidrug-

resistant tuberculosis regimens was associated with worse outcomes18 resulted in guideline 

changes. This conclusion is not consistent with the results of a subsequent randomized controlled 

trial where, in an exploratory analysis, a 28-week bedaquiline-based regimen that included 8 

weeks of an aminoglycoside appeared superior to a 40-week bedaquiline-based all oral 

regimen.13 People with rifampicin-resistant tuberculosis, clinicians and treatment programmes 

might choose to avoid aminoglycosides due to adverse effects, poor tolerability or programmatic 

considerations, but reliable estimates of relative efficacy are needed when making difficult risk-

benefit decisions. Similarly, in drug-susceptible tuberculosis, guidelines based on expert opinion 

included rifampicin-sparing treatment regimens that were subsequently demonstrated to be 

inferior in a randomized controlled trial.20 
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In recent years, we have seen both the first new drugs for tuberculosis in decades and 

publication of the first phase III randomized controlled trials of rifampicin-resistant tuberculosis 

treatment regimens.10–14,21 These are hugely welcome developments that have had a direct impact 

upon the lives of people with rifampicin-resistant tuberculosis. Most of these trials have involved 

comparing a small number of investigational regimens against a single standard of care arm, with 

the standard of care often changing mid-trial in response to guideline changes.22,23 

Most of these trials have not been powered to estimate between-regimen differences in 

key outcomes, such as treatment failure and relapse (Table 1). The STREAM trials were larger 

and so better powered than other drug-resistant tuberculosis treatment trials.13,21 However, they 

each took around a decade from conception to completion of follow up. The long duration meant 

that some countries had adopted newer regimens by the time trial results were reported. 

Increasing the power of randomized controlled trials of rifampicin-resistant tuberculosis 

treatment regimens could allow modest differences in key efficacy outcomes to be quantified 

and, also, allow estimation of between-arm differences in the frequency of important but less 

common safety outcomes. 

In recent rifampicin-resistant tuberculosis trials, most unfavourable outcomes have been 

treatment modifications, usually a result of adverse events, or treatment discontinuations 

(Table 1). While treatment discontinuation is associated with adverse outcomes,15 most people 

with rifampicin-resistant tuberculosis who discontinue treatment a few weeks early will not 

experience treatment failure or relapse. If early discontinuation does result in treatment failure or 

relapse, these events will be captured as unfavourable outcomes anyway. 

Including treatment modifications and treatment discontinuations in composite primary 

outcome measures can mask differences in microbiological outcomes. Importantly, where 

regimens being compared are of different length, including differences in treatment completion 

within a composite primary outcome will bias results in favour of the shorter regimens. This bias 

arises because people on longer regimens have more opportunity to stop treatment early. Further 

considerations in the choice of endpoints in drug-resistant tuberculosis randomized controlled 

trials are discussed in Box 1. 

The case for a platform trial 
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Platform trials are randomized controlled trials designed to test several different interventions. 

Platform trials can be amended, over time, to add new study arms or to abandon interventions 

that are shown to be futile or harmful. 

During the coronavirus disease 2019 (COVID-19) pandemic, people with COVID-19 

enrolled rapidly into large platform trials.30 Within three months, these trials identified effective 

therapies and also demonstrated that other widely advocated drugs were ineffective or harmful, 

thus saving hundreds of thousands of lives.31 Similar ambition is needed for rifampicin-resistant 

tuberculosis. 

Trials capacity in rifampicin-resistant tuberculosis remains constrained.32 While 

investment in additional trials capacity is clearly needed, major improvements in efficiency 

could be achieved though greater collaboration – specifically, transitioning from multiple, small, 

regimen A versus regimen B randomized controlled trials to a single, large adaptive platform 

trial powered to explore differences in treatment failure and relapse. 

The expected gains in efficiency would be both statistical and operational. First, use of 

common comparator arm(s) would negate the need to enrol separate sets of patients to control 

regimens for each new investigational regimen tested. Second, trial sites would not lie fallow 

between studies and could recruit continuously. Often, when trials end, highly trained staff at 

study sites move on to other projects or jobs resulting in loss of critical trial-specific expertise. 

The continuity in funding that a platform trial affords would help retain them. Third, new 

investigational treatment regimens could be added to the platform trial via amendments to 

existing ethical and institutional approvals, avoiding the need for separate time-consuming 

applications. Finally, efficiencies of scale can likely be achieved with respect to laboratory work, 

monitoring and other aspects of trial management. 

Additional advantages of a single, large, rifampicin-resistant tuberculosis platform trial 

include immediate harmonization of trial outcomes and, potentially, allowing direct comparisons 

to be made between the novel regimens being tested. 

Designing a drug-resistant tuberculosis platform trial 

The STREAM trials were two of the largest randomized controlled trials of treatment regimens 

for rifampicin-resistant tuberculosis.13,21 We argue here that primary efficacy outcomes in such 
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trials should focus on microbiological endpoints. The probability of treatment failure or relapse 

by week 76, with either of the STREAM stage 2 intervention regimens, was approximately 

2%.13,33 As it will be hard to improve on this proportion in terms of efficacy, we expect a future 

rifampicin-resistant tuberculosis platform trial to use a non-inferiority design with respect the 

primary efficacy endpoint. However, we would expect that the platform trial is designed to also 

assess whether new regimens are superior with respect safety and tolerability endpoints. 

Developments in adaptive trial design offer major opportunities to improve the efficiency 

of platform trials.12,34–38 These include the possibility of seamless phase II/III studies with an 

efficient and statistically-principled approach to selecting, from a range of possible interventions, 

those most likely to succeed.11,38 

Several of these new trial designs could be considered for a future rifampicin-resistant 

tuberculosis platform trial. In our view, the Personalized Randomized Controlled Trial 

(PRACTical)37 could be a good choice. With this design, a set of possible regimens are defined 

for each participant, considering factors such as baseline drug resistance, contraindications to 

specific drugs, patient preferences, and whether the local tuberculosis programme can deliver a 

particular regimen. The trial is then randomizing participants to one of this set of potential 

regimens. In analysing the results, indirect comparisons are achieved using an approach similar 

to network meta-analysis. The design maintains most of the advantages of a standard randomized 

controlled trial with respect to robust estimation of the relative efficacy and safety of treatment 

regimens. Importantly, the PRACTical design does not require a single standard of care arm to 

be defined. This approach is a major advantage for rifampicin-resistant tuberculosis trials, given 

the standard of care has changed frequently in recent years, often requiring changes to the control 

arm mid-study.22,23 Furthermore, people can be enrolled into a PRACTical trial if able to take 

any two of the study regimens, which reduces the number of people ineligible to participate. 

Potential disadvantages 

While platform trials have the potential to save lives, as seen during the COVID-19 pandemic,31 

there are potential downsides. In a review of the implementation of platform trials in low- and 

middle-income countries, the authors describe tensions in balancing the need for a universal 

study protocol and adapting interventions to best meet local needs.39 The authors also highlight 

the risk that, without concurrent capacity strengthening, limited research resources in low- and 



Publication: Bulletin of the World Health Organization; Type: Policy & practice 
Article ID: BLT.23.290948 

7 of 17 

middle-income countries might become dominated by platform trials. As in other areas of 

research, transnational platform trials involving research institutions in both high-income 

countries and low- and middle-income countries are often unequal.39 The shift from multiple 

small, sometimes locally led,14 randomized controlled trials, to a smaller number of platform 

trials clearly entails some loss of pluralism in methods.39 If, as is often the case, leadership and 

decision-making is dominated by researchers from high-income countries, the approach we 

advocate could exacerbate inequalities and risk producing research that is less relevant in the 

low- and middle-income country settings where most people with drug-resistant tuberculosis 

live.39 Finally, while, a single platform trial should improve efficiency, adaptive platform trials 

are operationally challenging.40–42 

Next steps 

Platform trials were becoming more frequent before the COVID-19 pandemic43 and their wide 

and successful use during the pandemic30 will likely result in the approach being increasingly 

adopted across a range of disease areas. Something similar to a platform trial has already been 

tried in rifampicin-resistant tuberculosis. Between 2017 and 2021, the endTB trial recruited 754 

people with rifampicin-resistant tuberculosis and randomized them to one of five investigational 

regimens or standard of care.12 Separately testing each of these five novel regimens against 

standard of care would have required enrolling many hundreds of additional participants. Further 

efficiencies could be achieved by continuing to enrol participants, by adding new investigational 

treatment arms, and through collaboration with investigators contemplating inefficient regimen 

A versus regimen B trials. By using a factorial randomization design, it might be possible to 

simultaneously test different drug-resistant tuberculosis treatment regimens and host-directed 

therapies, thereby improving the efficiency of the trials. 

Achieving a rifampicin-resistant tuberculosis platform trial requires collaboration among 

researchers. This collaboration includes a commitment to rethinking planned regimen A versus 

regimen B trials and observational studies that would consume the few resources32 available for 

rifampicin-resistant tuberculosis therapeutics research. Cooperation can be advocated by affected 

community representatives and incentivized by funders issuing specific calls for a consortium to 

run a rifampicin-resistant tuberculosis platform trial, including a commitment to funding the 

platform over the long term. An approach to ensuring these compromises do not limit career 
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progression, which has been used in other disease areas, is to assign principal investigator roles 

within the platform trial for each regimen or comparison. For the reasons outlined above, funders 

should favour consortia led by scientists in countries with a high burden of rifampicin-resistant 

tuberculosis. Finally, regulators should work with funders and trialists to design the platform in 

such a way that regimens containing unregistered drugs might be included, with the results of the 

platform trial generating the data needed to register these new drugs. 

Preclinical work being undertaken by the ongoing multinational UNITE4TB project will 

develop novel tuberculosis treatment regimens, including some that would be active against 

rifampicin-resistant tuberculosis.44 These regimens may eventually need clinical evaluation in 

definitive phase III randomized controlled trials. Decisions regarding which regimens are 

included in any rifampicin-resistant tuberculosis platform trial should be made in collaboration 

with key stakeholders including affected community representatives, clinicians working in high-

burden settings and national tuberculosis programmes. The views of Samara Barnes, who has 

completed a course of treatment for rifampicin-resistant tuberculosis, are presented in Box 2. The 

acceptability13 and cost–effectiveness28 of regimens may vary by setting but access to effective 

treatment must be globally equitable. 

Conclusion 

People with rifampicin-resistant tuberculosis deserve treatment regimens that are robust, 

effective, short and tolerable, and informed by data from adequately powered randomized 

controlled trials. These trials should be powered to estimate differences between regimens in the 

most important outcomes – treatment failure and relapse. A rifampicin-resistant tuberculosis 

platform trial would represent a step change in trial efficiency. It is now time for the tuberculosis 

community to come together, so the next rifampicin-resistant tuberculosis trials can report results 

in this decade, rather than the next. 
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Box 1. Further considerations in the choice of endpoints in rifampicin-resistant 
tuberculosis trials 

Primary endpoints 

Most deaths in recent rifampicin-resistant tuberculosis trials have been unrelated to 
tuberculosis. In superiority trials, including death in the primary endpoint can, therefore, 
mask true benefits. Conversely, including deaths unrelated to tuberculosis in the primary 
endpoint in non-inferiority trials may result in investigators falsely concluding non-
inferiority. We would therefore suggest rifampicin-resistant tuberculosis trials use a 
primary endpoint focused on microbiological endpoints – treatment failure and relapse. In 
high transmission settings, relapse and reinfection should, ideally, be distinguished using 
whole genome sequencing. Tuberculosis-related death might be included in the primary 
outcome, although there is a risk of introducing bias when ascertaining whether deaths 
are tuberculosis related in an open label trial. Attribution of cause of death is best done 
by a panel of experts blinded to treatment allocation. 

Secondary endpoints 

All-cause mortality, treatment modifications, treatment completion and severe adverse 
events can be included as secondary or safety endpoints. However, depending on the 
estimand of interest, changes to allocated treatment regimens should not always be 
considered unfavourable outcomes in tuberculosis randomized controlled trials.24 Another 
approach is to allocate people to treatment strategies, predefining switches in the event 
of bacteriological failure or the need to discontinue specific components of a regimen. 
This design was used in TRUNCATE-TB.25 Alternatively, subsequent randomizations can 
be prespecified, as in an on-going trial in neonatal sepsis (ISRCTN48721236). Events 
that are reported but not included in the primary outcome can still be included in 
secondary analyses (secondary estimands), including across-trial comparisons. 

Harmonization 

Harmonization of outcomes is important, as it allows the results of trials to be compared. 
This requires harmonizing both the events included in composite outcomes and the 
approach taken to handling post-randomization competing events. Switching from 
multiple small trials to a single large rifampicin-resistant tuberculosis platform trial would 
be one means of harmonizing trial outcomes. Alternatively, a common agreed set of 
outcomes for use in tuberculosis trials could be developed – work towards this is 
ongoing.26,27 

Economic evaluation 

We advocate embedding economic evaluation within rifampicin-resistant tuberculosis 
trials, including prospective capture of data on patient quality of life. This information is 
crucial when deciding which regimens to adopt programmatically.28 Research is 
underway to understand which components of quality-of-life scores matter most to people 
with drug-resistant tuberculosis.29 
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Box 2. A patient’s personal perspective on rifampicin-resistant tuberculosis 
platform trials and regimen selection 

Samara Barnes, one of this paper’s co-authors, was treated for rifampicin-resistant 
tuberculosis in 2016. She is based in the United Kingdom of Great Britain and Northern 
Ireland and is Affected Community Co-lead at United Kingdom Academics and 
Professionals to end TB. 

“In 2016, I was diagnosed with rifampicin-resistant pulmonary tuberculosis. This meant 
that my treatment regimen had to be lengthened by well over a year. 

“I had a permanent address, I had transport to be able to visit the hospital and collect 
prescriptions that could not be dispensed at my local pharmacy, I had a job that allowed 
me to take time off for appointments, and my life had structure – meaning there were no 
issues around taking my medication consistently. 

“I have, however, worked with people who are homeless; those who are reliant on legal 
and illegal drugs; alcoholics; people with mental ill health; people for whom English is not 
their first language; people in bail hotels; people who live in houses of multiple occupancy. 
The very people who are most likely to get pulmonary tuberculosis are the very people 
for whom having to take medication for an extended period is most difficult. 

“Abiding by your tuberculosis treatment regimen is difficult enough for those with the most 
secure and stable lives. It leaves you exhausted, so you need somewhere safe to sleep. 
You lose your appetite, so the food you do manage needs to be nutritious. You may need 
antihistamines due to allergic reactions to your medication. So just imagine how difficult 
it is for those who do not have the scaffolding around them to complete their treatment.” 

“So, I fully support the call for a platform trial. I’m aware that, in choosing regimens to test, 
there may be a trade-off between shortening regimens/reducing side-effects and efficacy. 
I am of the opinion that we should be looking for regimens that remain highly efficacious 
AND are shorter/more tolerable. By reducing the time of treatment, the patient is surely 
likely to have more success in completing their treatment. When you have drug-resistant 
tuberculosis, time is of the essence.” 
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Table 1. Unfavourable events included in the primary outcome in published rifampicin-resistant tuberculosis 
treatment trials 
Trial, regimen, duration Denominator 

(modified 
intention to 

treat) 

Unfavourable events included in the primary 
outcome, no. (%) 

Microbiological 
failure 

Relapse Death Other 

STREAM (stage 1)21 
Intervention (including injectables) 

9–11 months 245 19 (7.8) 7 (2.9) 9 (3.7)a 17 (6.9) 
Standard of care 124 7 (5.6) 0 (0.0) 5 (4.0)a 13 (10.5) 
NExT14 
Intervention arm (all oral) 

6–9 months 49 3 (6.1) 1 (2.0)b 4 (8.2) 16 (32.7) 
Standard of care 44 5 (11.4) 1 (2.3)b 4 (9.1) 24 (54.5) 
ZeNix10 (all arms bedaquiline + pretomanid, 6 months)  
Linezolid 1200mg 

26 weeks 44 0 (0.0) 0 (0.0) 0 (0.0) 3 (6.8) 
9 weeks 45 0 (0.0) 2 (4.4) 0 (0.0)a 3 (6.7) 

Linezolid 600mg 
26 weeks 45 0 (0.0) 1 (2.2) 0 (0.0) 3 (6.7) 
9 weeks 44 1 (2.3) 1 (2.3) 0 (0.0) 5 (11.4) 

TB PRACTECAL11 (72-week results)  
Bedaquiline + pretomanid + linezolid + moxifloxacin  

6 months 138 0 (0.0) 1 (0.7)c 0 (0.0) 15 (10.9) 
Bedaquiline + pretomanid + linezolid + clofazimine  

6 months 115 1 (0.9) 5 (4.3)c 1 (0.9) 9 (7.8) 
Bedaquiline + pretomanid + linezolid  

6 months 111 0 (0.0) 3 (2.7)c 1 (0.9) 11 (9.9) 
Standard of care 137 0 (0.0) 0 (0.0) 5 (3.6) 51 (37.2) 
STREAM (stage 2)13  
Intervention arm (all oral)  

9 months 196 6 (3.1) 2 (1.0) 3 (1.5)a 23 (11.7) 
Intervention arm (including injectables)  

6 months 134 2 (1.5) 1 (0.7) 2 (1.5) 7 (5.2) 
Standard of cared 187 19 (10.2) 1 (0.5) 1 (0.5)a 33 (17.6) 
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endTB12 
Bedaquiline + linezolid + moxifloxacin + pyrazinamide  

9 months 118 1 (0.8) 0 (0.0) 2 (1.7) 10 (8.5) 
Bedaquiline + clofazimine + linezolid + levofloxacin + 
pyrazinamide 

 

9 months 115 2 (1.7) 0 (0.0) 1 (0.9) 8 (7.0) 
Bedaquiline + delamanid + linezolid + levofloxacin + 
pyrazinamide 

 

9 months 122 1 (0.8) 0 (0.0) 3 (2.5) 14 (11.5) 
Delamanid + clofazimine + linezolid + levofloxacin + 
pyrazinamide 

 

9 months 118 10 (8.5) 1 (0.8)c 3 (2.5) 11 (9.3) 
Delamanid + clofazimine + moxifloxacin + pyrazinamide  

9 months 104 4 (3.8) 2 (1.9)c 2 (1.9) 7 (6.7) 
Standard of care 119 1 (0.8) 0 (0.0) 2 (1.7) 20 (16.8) 

a There were additional deaths among participants with microbiological failure or relapse. 

b In this trial, no sequencing was performed to distinguish relapse from reinfection. 

c Sequencing to distinguish relapse from reinfection is yet to be reported. 

d Not all these controls were used in estimating the relative efficacy of the 6-month regimen. 

 


