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

Tom A Yates et al.
Platform trials in drug-resistant tuberculosis

This online first version has been peer-reviewed, accepted and edited,
but not formatted and finalized with corrections from authors and proofreaders

Drug-resistant tuberculosis treatments: the case for a phase
lll platform trial

Tom A Yates,? Samara Barnes,? Martin Dedicoat,© Onn Min Kon, Heinke
Kunst,® Marc Lipman,’ Kerry A Millington,9 Andrew J Nunn," Patrick PJ
Phillips,’ Jessica L Potter’ & S Bertel Squired on behalf of UK Academics
and Professionals to end TB

a Institute of Health Informatics, University College London, 222 Euston Road, London NW1 2DA,
England.

b UK Academics and Professionals to end TB, Rawtenstall, England.

¢ Department of Infectious Diseases, University Hospitals Birmingham NHS Foundation Trust,
Birmingham, England.

d National Heart and Lung Institute, Imperial College London, London, England.

¢ Blizard Institute, Queen Mary University of London, London, England.

f Faculty of Medical Sciences, University College London, London, England.

9 Department of Clinical Sciences, Liverpool School of Tropical Medicine, Liverpool, England.

h Medical Research Council Clinical Trials Unit at UCL, University College London, London, England.

i UCSF Center for Tuberculosis, University of California San Francisco, San Francisco, United States of
America.

Correspondence to Tom Yates (email: t.yates@ucl.ac.uk).

(Submitted: 4 October 2023 — Revised version received: 1 May 2024 — Accepted: 3 May 2024 —
Published online: 7 July 2024)

Abstract

Most phase Il 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 Il 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 Il
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,"? 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).> In 2022,

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

The December 2022 update to the WHO consolidated guidelines on tuberculosis endorses
several treatment regimens for rifampicin-resistant tuberculosis.! 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.! 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 69 months), they are not without problems. They include drugs with
substantial adverse effects.* 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.>® This issue
is exacerbated by the lack of rapid, near-patient drug susceptibility testing for bedaquiline and

other newer drugs.’

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;'%'*
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(ii) optimum treatment duration (which is likely to vary by patient characteristics);'> and

(i11) 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 trials'® but, until recently, treatment recommendations in

rifampicin-resistant tuberculosis have been based on cohort studies!” !

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 outcomes'® 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.'® 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.?°
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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.'®'*2! 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.?>

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.!>?! 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, !> 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.?® 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.*! Similar ambition is needed for rifampicin-resistant

tuberculosis.

Trials capacity in rifampicin-resistant tuberculosis remains constrained.*> 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.'*>*! 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%.133 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.'>**3® These include the possibility of seamless phase II/I1I studies with an
efficient and statistically-principled approach to selecting, from a range of possible interventions,

those most likely to succeed.!'®

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)*’ 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.?>?* 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,!
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.*® The authors also highlight

the risk that, without concurrent capacity strengthening, limited research resources in low- and
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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.®* The shift from multiple
small, sometimes locally led,'* randomized controlled trials, to a smaller number of platform
trials clearly entails some loss of pluralism in methods.* 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.* Finally, while, a single platform trial should improve efficiency, adaptive platform trials

are operationally challenging. %>

Next steps

Platform trials were becoming more frequent before the COVID-19 pandemic*® and their wide
and successful use during the pandemic®® 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.!? 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 resources>? 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.** These regimens may eventually need clinical evaluation in
definitive phase Il 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
acceptability'? and cost—effectiveness®® 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.

Funding:

TAY is an NIHR Clinical Lecturer supported by the National Institute for Health and Care
Research. KAM works on the Leaving no-one behind: transforming gendered pathways to health
for tuberculosis (LIGHT) research programme consortium funded by aid from the government of
the United Kingdom and co-chairs the UK Academics and Professionals to end TB network.

Competing interests:

8 of 17



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

The authors either treat rifampicin-resistant tuberculosis (TAY, MD, OMK, HK, ML, JLP, SBS),
have been treated for rifampicin-resistant tuberculosis (SB), work on tuberculosis clinical trials
(AJN, PPJP, SBS) or work on tuberculosis policy (KAM). Over the period 2012-2017, TAY
worked on a trial that used rifapentine donated by Sanofi. OMK has served as principal
investigator in a post-marketing study of delamanid for Otsuka. As chief investigator for
STREAM 2, AJN received funds from Janssen Pharmaceuticals (including support for his
salary). SBS reports a research grant on tuberculosis research (paid to institution) from the
Foreign & Commonwealth Development Office of the United Kingdom, support for attending
trial-related meetings from Janssen Research & Development and USAID (paid to institution),
and is co-chair of the Scientific Working Group on Implementation Research for the Tropical
Disease Research Foundation (unpaid). Beyond this, the authors declare no conflicts of interest.

References

1. World Health Organization. WHO consolidated guidelines on tuberculosis Module 4:
treatment — drug-resistant tuberculosis treatment. 2022 update. Geneva: World
Health Organization; 2022.

2. WHO consolidated guidelines on tuberculosis. Module 4: treatment - drug-susceptible
tuberculosis treatment. Geneva: World Health Organization; 2022.

3. Global tuberculosis report 2023. Geneva: World Health Organization; 2023. Available
from: https://www.who.int/teams/global-tuberculosis-programme/tb-
reports/global-tuberculosis-report-2023 [cited 2024 Jun 26].

4. Padmapriyadarsini C, Vohra V, Bhatnagar A, Solanki R, Sridhar R, Anande L, et al.;
for BEAT India Team. Bedaquiline, delamanid, linezolid and clofazimine for
treatment of pre-extensively drug-resistant tuberculosis. Clin Infect Dis. 2022 Jun
29;76(3):€938—46. https://doi.org/10.1093/cid/ciac528 PMID:35767251

5. Ismail NA, Omar SV, Moultrie H, Bhyat Z, Conradie F, Enwerem M, et al.
Assessment of epidemiological and genetic characteristics and clinical outcomes
of resistance to bedaquiline in patients treated for rifampicin-resistant
tuberculosis: a cross-sectional and longitudinal study. Lancet Infect Dis. 2022
Apr;22(4):496-506. https://doi.org/10.1016/S1473-3099(21)00470-9
PMID:34780706

6. Chesov E, Chesov D, Maurer FP, Andres S, Utpatel C, Barilar |, et al. Emergence of
bedaquiline resistance in a high tuberculosis burden country. Eur Respir J. 2022
Mar 24;59(3):1-10. https://doi.org/10.1183/13993003.00621-2021
PMID:34503982

7. Loutet MG, Davidson JA, Brown T, Dedicoat M, Thomas HL, Lalor MK. Acquired
resistance to antituberculosis drugs in England, Wales and Northern Ireland,
2000-2015. Emerg Infect Dis. 2018 Mar;24(3):524-33.
https://doi.org/10.3201/eid2403.171362 PMID:29460735

8. Van Deun A, Bola V, Lebeke R, Kaswa M, Hossain MA, Gumusboga M, et al.
Acquired rifampicin resistance during first TB treatment: magnitude, relative
importance, risk factors and keys to control in low-income settings. JAC

9 of 17



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

Antimicrob Resist. 2022 Apr 9;4(2):dlac037.
https://doi.org/10.1093/jacamr/dlac037 PMID:35415609

9. Késer CU, Maurer FP, Kranzer K. ‘Those who cannot remember the past are
condemned to repeat it’: drug-susceptibility testing for bedaquiline and
delamanid. Int J Infect Dis. 2019 Mar;80S:S32-5.
https://doi.org/10.1016/j.ijid.2019.02.027 PMID:30818049

10. Conradie F, Bagdasaryan TR, Borisov S, Howell P, Mikiashvili L, Ngubane N, et al.;
ZeNix Trial Team. Bedaquiline-Pretomanid-Linezolid Regimens for Drug-
Resistant Tuberculosis. N Engl J Med. 2022 Sep 1;387(9):810-23.
https://doi.org/10.1056/NEJMo0a2119430 PMID:36053506

11. Nyang’'wa BT, Berry C, Kazounis E, Motta |, Parpieva N, Tigay Z, et al.; TB-
PRACTECAL team. Short oral regimens for pulmonary rifampicin-resistant
tuberculosis (TB-PRACTECAL): an open-label, randomised, controlled, phase
2B-3, multi-arm, multicentre, non-inferiority trial. Lancet Respir Med. 2024
Feb;12(2):117-28. https://doi.org/10.1016/S2213-2600(23)00389-2
PMID:37980911

12. Lorenzo G, Khan U, Velasquez GE, Gouillou M, Abubakirov A, Baudin E, et al.
Nine-month, all-oral regimens for rifampin-resistant tuberculosis. medRXxiv
2024.01.29.243016 [Preprint]. 2024 [cited 2024 Jun 26]: [25pp.].
https://doi.org/10.1101/2024.01.29.24301679

13. Goodall RL, Meredith SK, Nunn AJ, Bayissa A, Bhatnagar AK, Bronson G, et al,;
STREAM study collaborators. Evaluation of two short standardised regimens for
the treatment of rifampicin-resistant tuberculosis (STREAM stage 2): an open-
label, multicentre, randomised, non-inferiority trial. Lancet. 2022 Nov
26;400(10366):1858—68. https://doi.org/10.1016/S0140-6736(22)02078-5
PMID:36368336

14. Esmail A, Oelofse S, Lombard C, Perumal R, Mbuthini L, Goolam Mahomed A, et al.
An all-oral 6-month regimen for multidrug-resistant tuberculosis: a multicenter,
randomized controlled clinical trial (the NExT Study). Am J Respir Crit Care Med.
2022 May 15;205(10):1214-27. https://doi.org/10.1164/rccm.202107-17790C
PMID:35175905

15. Imperial MZ, Nahid P, Phillips PPJ, Davies GR, Fielding K, Hanna D, et al. A
patient-level pooled analysis of treatment-shortening regimens for drug-
susceptible pulmonary tuberculosis. Nat Med. 2018 Nov;24(11):1708-15.
https://doi.org/10.1038/s41591-018-0224-2 PMID:30397355

16. Fox W, Ellard GA, Mitchison DA. Studies on the treatment of tuberculosis
undertaken by the British Medical Research Council tuberculosis units, 1946-
1986, with relevant subsequent publications. Int J Tuberc Lung Dis. 1999
Oct;3(10) Suppl 2:5231-79. PMID:10529902

17. Van Deun A, Maug AKJ, Salim MAH, Das PK, Sarker MR, Daru P, et al. Short,
highly effective, and inexpensive standardized treatment of multidrug-resistant
tuberculosis. Am J Respir Crit Care Med. 2010 Sep 1;182(5):684-92.
https://doi.org/10.1164/rccm.201001-00770C PMID:20442432

10 of 17



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

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

Ahmad N, Ahuja SD, Akkerman OW, Alffenaar JC, Anderson LF, Baghaei P, et al.;
Collaborative Group for the Meta-Analysis of Individual Patient Data in MDR-TB
treatment—2017. Treatment correlates of successful outcomes in pulmonary
multidrug-resistant tuberculosis: an individual patient data meta-analysis. Lancet.
2018 Sep 8;392(10150):821-34. https://doi.org/10.1016/S0140-6736(18)31644-1
PMID:30215381

Conradie F, Diacon AH, Ngubane N, Howell P, Everitt D, Crook AM, et al.; Nix-TB
Trial Team. Treatment of highly drug-resistant pulmonary tuberculosis. N Engl J
Med. 2020 Mar 5;382(10):893-902. https://doi.org/10.1056/NEJM0a1901814
PMID:32130813

Jindani A, Nunn AJ, Enarson DA. Two 8-month regimens of chemotherapy for
treatment of newly diagnosed pulmonary tuberculosis: international multicentre
randomised trial. Lancet. 2004 Oct 2-8;364(9441):1244-51.
https://doi.org/10.1016/S0140-6736(04)17141-9 PMID:15464185

Nunn AJ, Phillips PPJ, Meredith SK, Chiang CY, Conradie F, Dalai D, et al.;
STREAM Study Collaborators. A trial of a shorter regimen for rifampin-resistant
tuberculosis. N Engl J Med. 2019 Mar 28;380(13):1201-13.
https://doi.org/10.1056/NEJMoa1811867 PMID:30865791

Goodall RL, Sanders K, Bronson G, Gurumurthy M, Torrea G, Meredith S, et al,;
STREAM Trial Team. Keeping up with the guidelines: design changes to the
STREAM stage 2 randomised controlled non-inferiority trial for rifampicin-
resistant tuberculosis. Trials. 2022 Jun 7;23(1):474.
https://doi.org/10.1186/s13063-022-06397-4 PMID:35672833

Phillips PPJ, Mitnick CD, Neaton JD, Nahid P, Lienhardt C, Nunn AJ. Keeping
phase Ill tuberculosis trials relevant: adapting to a rapidly changing landscape.
PLoS Med. 2019 Mar 22;16(3):e1002767.
https://doi.org/10.1371/journal.pmed.1002767 PMID:30901331

Pham TM, Tweed CD, Carpenter JR, Kahan BC, Nunn AJ, Crook AM, et al.
Rethinking intercurrent events in defining estimands for tuberculosis trials. Clin
Trials. 2022 Oct;19(5):522—33. https://doi.org/10.1177/17407745221103853
PMID:35850542

Paton NI, Cousins C, Suresh C, Burhan E, Chew KL, Dalay VB, et al.; TRUNCATE-
TB Trial Team. Treatment strategy for rifampin-susceptible tuberculosis. N Engl J
Med. 2023 Mar 9;388(10):873—87. https://doi.org/10.1056/NEJMoa2212537
PMID:36808186

Bonnett LJ, Ken-Dror G, Davies GR. Quality of reporting of outcomes in phase Il
studies of pulmonary tuberculosis: a systematic review. Trials. 2018 Feb
21;19(1):134. https://doi.org/10.1186/s13063-018-2522-x PMID:29467027

Phillips PPJ, Weir Isabelle R, Dufault SM, Hills N. Modernization of endpoints and
estimands of late-phase tuberculosis therapeutic trials. Charlottesville: Center for
Open Science; 2024. Available from: https://doi.org/10.17605/OSF.I0/4A7CQ
[cited 2024 Apr 24].

11 of 17



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

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

Rosu L, Madan JJ, Tomeny EM, Muniyandi M, Nidoi J, Girma M, et al.; STREAM
Study Health Economic Evaluation Collaborators. Economic evaluation of
shortened, bedaquiline-containing treatment regimens for rifampicin-resistant
tuberculosis (STREAM stage 2): a within-trial analysis of a randomised controlled
trial. Lancet Glob Health. 2023 Feb;11(2):e265-77.
https://doi.org/10.1016/S2214-109X(22)00498-3 PMID:36565704

South A, Dhesi P, Tweed CD, Tsogt B, Staples S, Tukvadze N, et al. Patients’
priorities around drug-resistant tuberculosis treatment: a multi-national qualitative
study from Mongolia, South Africa and Georgia. Glob Public Health. 2023
Jan;18(1):2234450. https://doi.org/10.1080/17441692.2023.2234450
PMID:37431789

Vanderbeek AM, Bliss JM, Yin Z, Yap C. Implementation of platform trials in the
COVID-19 pandemic: a rapid review. Contemp Clin Trials. 2022 Jan;112:106625.
https://doi.org/10.1016/j.cct.2021.106625 PMID:34793985

Aguas R, Mahdi A, Shretta R, Horby P, Landray M, White L, et al.; CoMo
Consortium. Potential health and economic impacts of dexamethasone treatment
for patients with COVID-19. Nat Commun. 2021 Feb 10;12(1):915.
https://doi.org/10.1038/s41467-021-21134-2 PMID:33568665

Tomlinson C, Frick M. Tuberculosis research funding trends 2005-2021. New York:
Treatment Action Group; 2022.

Phillips PPJ, Van Deun A, Ahmed S, Goodall RL, Meredith SK, Conradie F, et al.
Investigation of the efficacy of the short regimen for rifampicin-resistant TB from
the STREAM trial. BMC Med. 2020 Nov 4;18(1):314.
https://doi.org/10.1186/s12916-020-01770-z PMID:33143704

Quartagno M, Walker AS, Carpenter JR, Phillips PPJ, Parmar MKB. Rethinking non-
inferiority: a practical trial design for optimising treatment duration. Clin Trials.
2018 Oct;15(5):477-88. https://doi.org/10.1177/1740774518778027
PMID:29871495

Cellamare M, Ventz S, Baudin E, Mitnick CD, Trippa L. A Bayesian response-
adaptive trial in tuberculosis: The endTB trial. Clin Trials. 2017 Feb;14(1):17-28.
https://doi.org/10.1177/1740774516665090 PMID:27559021

Chang V, Phillips PPJ, Imperial MZ, Nahid P, Savic RM. A comparison of clinical
development pathways to advance tuberculosis regimen development. BMC
Infect Dis. 2022 Dec 9;22(1):920. https://doi.org/10.1186/s12879-022-07846-w
PMID:36494644

Walker AS, White IR, Turner RM, Hsu LY, Yeo TW, White NJ, et al. Personalised
randomised controlled trial designs-a new paradigm to define optimal treatments
for carbapenem-resistant infections. Lancet Infect Dis. 2021 Jun;21(6):e175-81.
https://doi.org/10.1016/S1473-3099(20)30791-X PMID:33894130

Parmar MKB, Sydes MR, Cafferty FH, Choodari-Oskooei B, Langley RE, Brown L,
et al. Testing many treatments within a single protocol over 10 years at MRC
Clinical Trials Unit at UCL: Multi-arm, multi-stage platform, umbrella and basket

12 of 17



39

40

41

42

43

44

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

protocols. Clin Trials. 2017 Oct;14(5):451-61.
https://doi.org/10.1177/1740774517725697 PMID:28830236

. Modlin C, Sugarman J, Chongwe G, Kass N, Nazziwa W, Tegli J, et al. Towards
achieving transnational research partnership equity: lessons from implementing
adaptive platform trials in low- and middle-income countries. Wellcome Open
Res. 2023 Dec 6;8:120. https://doi.org/10.12688/wellcomeopenres.18915.2
PMID:38089903

. Schiavone F, Bathia R, Letchemanan K, Masters L, Amos C, Bara A, et al.; Past
and present members of the STAMPEDE and FOCUS4 Trial Management
Group. This is a platform alteration: a trial management perspective on the
operational aspects of adaptive and platform and umbrella protocols. Trials. 2019
May 29;20(1):264. https://doi.org/10.1186/s13063-019-3216-8 PMID:31138317

. Hague D, Townsend S, Masters L, Rauchenberger M, Van Looy N, Diaz-Montana
C, et al.; STAMPEDE and FOCUS4 investigators. Changing platforms without
stopping the train: experiences of data management and data management
systems when adapting platform protocols by adding and closing comparisons.
Trials. 2019 May 29;20(1):294. https://doi.org/10.1186/s13063-019-3322-7
PMID:31138292

. Morrell L, Hordern J, Brown L, Sydes MR, Amos CL, Kaplan RS, et al. Mind the
gap? the platform trial as a working environment. Trials. 2019 May 29;20(1):297.
https://doi.org/10.1186/s13063-019-3377-5 PMID:31138284

. Park JJH, Siden E, Zoratti MJ, Dron L, Harari O, Singer J, et al. Systematic review
of basket trials, umbrella trials, and platform trials: A landscape analysis of
master protocols. Trials. 2019 Sep 18;20(1):572. https://doi.org/10.1186/s13063-
019-3664-1 PMID:31533793

. Boeree MJ, Lange C, Thwaites G, Paton N, de Vrueh R, Barros D, et al. UNITE4TB:
a new consortium for clinical drug and regimen development for TB. Int J Tuberc
Lung Dis. 2021 Nov 1;25(11):886-9. https://doi.org/10.5588/ijtld.21.0515
PMID:34686229

13 of 17



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

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.?* 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.?® 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.?® Research is

underway to understand which components of quality-of-life scores matter most to people
with drug-resistant tuberculosis.?®
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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, | 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, | had transport to be able to visit the hospital and collect
prescriptions that could not be dispensed at my local pharmacy, | 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, | 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.
| 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

Unfavourable events included in the primary

(modified outcome, no. (%)
intention to Microbiological | Relapse | Death Other
treat) failure
STREAM (stage 1)*'
Intervention (including injectables)

9-11 months 245 19 (7.8) 7(29) [9(3.77| 17 (6.9
Standard of care 124 7 (5.6) 0(0.0) [5(4.07]13(10.5)
NExT'™
Intervention arm (all oral)

6-9 months 49 3(6.1) 1(2.0° | 4(8.2) | 16 (32.7)
Standard of care 44 5(11.4) 1(2.3)° | 4(9.1) | 24 (54.5)
ZeNix'° (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(0.07] 3(6.7)
Linezolid 600mg

26 weeks 45 0 (0.0 1(22) 1 0(0.0) | 3(6.7)

9 weeks 44 1(2.3) 1(2.3) 1 0(0.0) | 5(11.4)
TB PRACTECAL' (72-week results)

Bedaquiline + pretomanid + linezolid + moxifloxacin

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

6 months 115 1(0.9) | 5(4.3)° [ 1(0.9) [ 9(7.8)
Bedaquiline + pretomanid + linezolid

6 months 111 0(0.0) 3(27)° |1 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)"

Intervention arm (all oral)

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

6 months 134 2 (1.5 1(0.7) 12(15) | 7(5.2)
Standard of care® 187 19 (10.2) 1(0.5) |1(0.52|33(17.6)
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endTB"?

Bedagquiline + 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(25)]14(11.5)
Delamanid + clofazimine + linezolid + levofloxacin +
pyrazinamide

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

9 months 104 4 (3.8) 2(1.9° | 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.

¢ 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.
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