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area under the plasma concentration-time curve

bedaquiline (also known as JNJ-16175328 and TMC207) is a diarylquinoline with in
vitro activity against DS-TB and drug-resistant strains to all anti-TB drugs (INH,
RMP, EMB, PZA, streptomycin, fluoroquinolones, injectables) either as
monoresistance or resistant to several drugs

body mass index
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1. Background information on the procedure

1.1. Type II variation

Pursuant to Article 16 of Commission Regulation (EC) No 1234/2008, Janssen-Cilag International N.V.
submitted to the European Medicines Agency on 7 November 2023 an application for a variation.

The following variation was requested:

Variation requested Type Annexes
affected
C.l.6.a C.I.6.a - Change(s) to therapeutic indication(s) - Addition | Type II I, II, IIIA
of a new therapeutic indication or modification of an and IIIB
approved one

Extension of indications by removal of the restriction for use of SIRTURO, based on final results from
study STREAM Stage 2; this is an multicenter, open-label, parallel-group, randomized, active-
controlled study in participants aged 15 years or older with RR/MDR-TB to evaluate an investigational
BDQ-containing, all-oral, 40-week regimen of anti-TB drugs (Regimen C) compared to an injectable-
containing 40-week control regimen (Regimen B). Submission of the study fulfils SOB 007. As a
consequence of the data emerging from the study, sections 2, 4.1, 4.2, 4.4, 4.5, 4.8, 4.9, 5.1, 5.2 and
5.3 of the SmPC are updated. In addition, section E of Annex II has also been updated to reflect
fulfilment of the last outstanding Specific Obligation. The Labelling and Package Leaflet are updated in
accordance. Version 10.1 of the RMP has also been submitted. Furthermore, the PI is brought in line
with the latest QRD template version 10.3. As part of the application, the MAH is requesting the switch
from a conditional MA to standard MA.

The variation requested amendments to the Summary of Product Characteristics, Annex II, Labelling
and Package Leaflet and to the Risk Management Plan (RMP).

Information relating to orphan designation

Sirturo was designated as an orphan medicinal product EU/3/05/314 on 26t™ August 2005 in the
following indication: Treatment of tuberculosis. The new indication, which is the subject of this
application, falls within the above-mentioned orphan designation.

Sirturo was removed from the European Community (EC) register for orphan designated medicinal
products on 7 March 2024.

Information on Paediatric requirements

Pursuant to Article 8 of Regulation (EC) No 1901/2006, the application included an EMA Decision
P/0470/2022 on the agreement of a paediatric investigation plan (PIP).

At the time of submission of the application, the PIP P/0470/2022 was not yet completed as some
measures were deferred.
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Information relating to orphan market exclusivity

Similarity

Pursuant to Article 8 of Regulation (EC) No. 141/2000 and Article 3 of Commission Regulation (EC) No
847/2000, the application included a critical report addressing the possible similarity with orphan
medicinal products authorised at the start of the procedure.

Protocol assistance

The MAH did not seek Protocol Assistance at the CHMP.

1.2. Steps taken for the assessment of the product

The Rapporteur and Co-Rapporteur appointed by the CHMP were:

Rapporteur: Filip Josephson Co-Rapporteur: N/A
Submission date 7 November 2023
Start of procedure 25 November 2023
CHMP Rapporteur Assessment Report 19 January 2024
PRAC Rapporteur Assessment Report 19 January 2024
PRAC members comments 31 January 2024
PRAC Outcome 8 February 2024

CHMP members comments

Updated CHMP Rapporteur Assessment Report 15 February 2024
Request for supplementary information (RSI) 22 February 2024
PRAC Rapporteur Assessment Report 2 April 2024
PRAC members comments 3 April 2024
CHMP Rapporteur Assessment Report 9 April 2024
PRAC Outcome 11 April 2024
CHMP members comments 15 April 2024
Updated CHMP Rapporteur Assessment Report 19 April 2024
CHMP Opinion 25 April 2024
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2. Scientific discussion

2.1. Introduction

Sirturo received initial conditional marketing authorisation (CMA) in the European Union (EU) on 5th
March 2014, with a later extension to the paediatric population, for the indication:

"SIRTURO is indicated for use as part of an appropriate combination regimen for pulmonary MDR-TB in
adult and paediatric patients (5-<18 years of age and weighing =15 kg) when an effective treatment
regimen cannot otherwise be composed for reasons of resistance or tolerability. Consideration should
be given to official guidance on the appropriate use of antibacterial agents.”

The main evidence for the efficacy of bedaquiline in the treatment of M. tuberculosis infection derived
from the C208 study, in which patients with MDR- or pre-XDR pulmonary TB were randomised to
receive bedaquiline or placebo as add on to an optimised background regimen. This study clearly
demonstrated the antimicrobial activity of bedaquiline, with a shorter time to sputum conversion and
an increased cure rate. However, the safety database was limited. There was a numerical excess in
mortality in the bedaquiline arm, as well as concerns related to QT-prolongation and the impact of an
increase in exposure, e.g., due to DDI with antiretrovirals. Thus, the data were deemed non-
comprehensive, and a confirmatory Phase 3 study was required as a Specific Obligation, to provide
additional efficacy and safety data and in particular to address remaining uncertainties relating to
clinical safety. Additional data were also generated to address questions on pharmacokinetics,
including drug-drug interactions (DDI).

With this type II variation application, the MAH submits the results from the confirmatory Phase 3
STREAM Stage 2 study, to fulfil the last outstanding Specific Obligation related to the EU Conditional
Marketing Authorisation and to support updates to the conditions of Marketing Authorisation (including
the switch to a standard marketing authorisation no longer subject to specific obligations), the Risk
Management Plan and the Product Information (including the extension of the indication).

Data supporting other proposed changes to the Product Information are provided in the form of four
population PK reports (STREAM / M2 metabolite / DDI / QT) and the results from a phase 1 Drug-Drug
Interaction (DDI) study with clarithromycin (CYP3A4 inhibitor).

Since removal of the restriction would broaden the indication, an Environmental Risk Assessment has
been submitted. The MAH also provided updated safety margins (animal/human ratios) based on
human exposure data of BDQ and its major metabolite (M2) from the STREAM Stage 2 study.

The data from preceding Phase 2 trials (TMC207-C208 and TMC207-C209) have been assessed in
previous regulatory procedures and are not extensively rediscussed here. Due to differences in the
study populations, including extent of TB resistance, and composition and duration of study
intervention (including BDQ), efficacy data from the Phase 2 studies and from the Phase 3 study
STREAM Stage 2 have not been pooled, but a high-level summary is provided the discussion on clinical
efficacy.

Assessment report
SIRTURO
EMEA/H/C/002614/11/0056



2.1.1. Problem statement

Disease or condition

Tuberculosis (TB), an infectious disease caused by M. tuberculosis, is a significant cause of morbidity
and mortality worldwide. During more recent years the burden of TB resistant to first line therapy has
increased rapidly and TB resistant to multiple anti-mycobacterial agents is how increasingly reported in
all regions of the world. The incidence of rifampicin-resistant TB (RR-TB) and multi-drug resistant TB
(MDR-TB) (18% in 2021) is highest amongst those previously treated with anti-mycobacterial agents,
particularly with suboptimal compliance or treatment duration.

MDR-TB is an orphan disease in EU and USA.

Claimed therapeutic indication

The MAH asserts that the results of the Phase 3 study combined with evidence from published data
related to BDQ support the switch to a standard marketing authorisation no longer subject to specific
obligations and the removal of the current restriction of the indication: namely use "when an effective
treatment regimen cannot otherwise be composed for reasons of resistance or tolerability". In addition,
as the terminology MDR-TB is subject to changes in definition over time, it is proposed to replace the
acronym for "MDR-TB” with the definition of the specific patient population by extent of resistance. The
newly proposed indication is:

“SIRTURO is indicated as part of combination therapy in adult (218 years) and paediatric patients (5-
<18 years of age and weighing =215 kg) with pulmonary TB due to M. tuberculosis resistant to at least
RMP and INH. Consideration should be given to official guidance on the appropriate use of antibacterial
agents.”

Other proposed minor updates to the Product Information are supported by new/additional data
specifically relating to:

- Elderly and HIV-coinfected special populations.
- Black and African American patients.
- Co-administration with CYP3A4 inducers and inhibitors.

- Longer treatment duration in patients >15 years and older beyond 24 weeks if necessary.

Epidemiology

Globally in 2021, approximately 10.6 million people developed TB disease, with a much higher
probability of developing TB disease in people also infected with HIV. In 2021, TB caused an estimated
1.4 million deaths among HIV-negative people and an additional 187,000 deaths among people living
with HIV. The burden of disease is notably different between the EU and low- and middle-income
countries. Indeed, 8 countries account for two-thirds of the global total of TB cases, namely India
(28%), Indonesia (9.2%), China (7.4%), the Philippines (7.0%), Pakistan (5.8%), Nigeria (4.4%),
Bangladesh (3.6%), and the Democratic Republic of the Congo (2.9%). An estimated 0.5 million older
adolescents aged =15 to 19 years and 7.5 million children and adolescents aged <15 years become
infected every year.
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Roughly 5% of all notified TB cases are caused by M. tuberculosis strains that are resistant to at least
RMP and INH (multidrug-resistant TB, MDR-TB) and are thus incurable with standard first-line
treatment, requiring second-line drugs. Three countries accounted for 42% of global cases of MDR-TB
in 2021: India (26%), the Russian Federation (8.5%) and Pakistan (7.9%). An estimated 25,000 to
32,000 children and young adolescents aged <15 years of age develop MDR-TB disease every year.

Management

Recommendations on management of MDR-TB have evolved since Sirturo was first granted Conditional
Marketing Authorisation in the EU in 2014 and will continue to evolve in the future. The two most
important classes of second-line anti-TB drugs were previously the injectable drugs (i.e., capreomycin
and the aminoglycosides amikacin and kanamycin) and the fluoroquinolones. Whereas earlier WHO
guidance recommended only conditional/ second-line use of BDQ in longer (=18 months) regimens for
the treatment of MDR-TB, the current WHO recommendation (2021) for the treatment of RR/MDR-TB
patients is an all-oral 6-month regimen of BDQ, pretomanid (PMD), linezolid (LZD) and moxifloxacin
(MFX) (abbreviated to BPaLM), omitting MFX in case of documented fluoroquinolone resistance. In the
meantime, injectable antibiotics have fallen out of favour due to their comparatively problematic safety
profiles (most notably the risk of irreversible hearing loss) and cumbersome administrative regimens.

2.1.2. About the product

Bedaquiline (BDQ) is marketed under the tradename Sirturo as 100-mg and 20-mg tablets and is
approved in >70 countries/ territories worldwide.

BDQ is a first- and (still) only-in-class diarylquinoline anti-mycobacterial agent used as part of a
combination therapy for MDR-TB due to Mycobacterium tuberculosis (M. tuberculosis). Bedaquiline has
a unique mechanism of action involving specific inhibition of mycobacterial adenosine 5' triphosphate
(ATP) synthase, which minimises the potential for cross-resistance with existing anti-TB drugs. In vitro
testing has shown bactericidal activity against drug susceptible (DS), MDR, pre-extensively drug
resistant (pre-XDR), and extensively drug resistant (XDR) strains of M. tuberculosis in the range of
<0.008 to 0.25 pg/mL. Animal models indicate that bedaquiline is a sterilising agent that could
significantly reduce the number of drugs and/or treatment duration required.

2.1.3. The development programme/compliance with CHMP
guidance/scientific advice

General guidance is available in the form of the 2017 revised CHMP Addendum to the note for
guidance on evaluation of medicinal products indicated for treatment of bacterial infections to
specifically address the clinical development of new agents to treat disease due to Mycobacterium
Tuberculosis (EMA/CHMP/EWP/14377/2008 Rev 1).

Whilst the STREAM Stage 2 study was ongoing, the MAH sought informal discussions with EMA and the
CHMP Rapporteur’s assessment team in September 2017 and again in January 2018 in relation to the
EU renewal procedure for Sirturo (EMEA/H/C/002614/R/0024). Specifically, in the face of recruitment
difficulties and changes in the treatment landscape rendering two of four study treatment regimens
untenable, the MAH sought feedback regarding the switch to a non-inferiority design (non-inferiority
margin of 10%) for the STREAM Stage 2 study, with a primary analysis only between Regimens B and
C (bedaquiline) and thus a reduced sample size of 200 participants per regimen. Superiority testing
was to be a secondary analysis. This was agreed by both EMA and FDA, since the antimicrobial efficacy

Assessment report
SIRTURO
EMEA/H/C/002614/11/0056



of bedaquiline was already established and not in doubt. The study aim was to demonstrate the clinical
usefulness of a regimen where oral bedaquiline replaces the injectable aminoglycoside.

In discussions with EMA in 2020 in relation to the EU renewal procedure for Sirturo
(EMEA/H/C/002614/R/0045) further modifications to study follow up, specifically curtailment of
efficacy data collection beyond Week 96, were agreed.

A summary of all major changes to the study protocol was provided.
Ongoing studies

Ongoing clinical studies with BDQ that do not form part of this submission are summarised below:

Table 1 Overview of Ongoing BDQ Studies in Treatment of RR/MDR-TB

Study Participantz Participants

Phaze Enrolled Expozed to BDC® BD() Doze Population References
Cohort 1 (=12 to 15 40 mz qgd m Weeks | and 2;
<18 years): 15 B 200 me= fiw m Weeks 3 to 24
Cohort 2 (=3 to =12 = 2 mz qgdim Weeks 1 and 2; Adolsscents and S —

. vears): 15 = 100 m= gu‘ inWeeks 310 24 children with acaon-Catls

- Cohort 3 (z2to =3 |, EmzhkzqdinWeeks 1 and 2; confirmed or probable (Tanssen-sponsorad)
vearz): 11 4 mz'ke tiwin Weeks 3t0 24 MDE-TE !
Cohort 4 (0 monthe 0 To be determuned

to <2 years):

Eegimen 1: 400 mg gd for the

first 2 wesks, 200 mg tiw . < TRIC20TTECA006°
(with at least 48 hours Adults (18-65 years)
o ] . . with microbiclozically B
4 113 32 betwean dosas) for remaming = S (Tanzzen-
waaks (e, 22 waeks or 38 "n.mﬂ]R_—TE PREREREY ollzborative-

weaks 1 caze BDO) freatment partner-sponsorad)
1z extended fto 40 wasks)

= At the cutoff date (30 June 2023)

= At the cutoff date for this document (30 June 2023), Cohorts 1 and 2 were completed and Cohort 3 enrollment i= ongoms.

= PROEPECT study, a pestmarketing commuitment for BDQ in Chinz, 15 sponzored by IATE (Beymg, China) m eollaboration
with Janssen Rezearch and Developrent, LLC and ¥ian Janszen Pharmacentical Lid.

2.2. Non-clinical aspects

2.2.1. Introduction

Since the indication would broaden by the proposed removal of the restriction, an Environmental Risk
Assessment (ERA) has been prepared and is provided as part of this submission. The MAH also
provided updated safety margins (animal/human ratios) based on human exposure data of BDQ and its
major metabolite (M2) from the STREAM Stage 2.

No new nonclinical safety pharmacology, toxicology or non-clinical pharmacokinetic data were
submitted.
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2.2.2. Toxicology

Toxicokinetic data

Safety margins for a 6-month BDQ-containing treatment in human are calculated based on the 39-
week (9-month) repeat-dose dog NOAEL (2 mg/kg/day) and the lowest dose of 5 mg/kg/day (LOAEL)
in the 26-week (6-month) repeat-dose rat study. The exposures to BDQ and M2 in human at the end
of Week 2 in the STREAM Stage 2 study were used as they represent the highest exposure in the
clinical regimen and thus provide the most conservative assessment (Table 1). Of note: the exposure
measures from STREAM Stage 2 on Week 2 were comparable to those observed in the Phase 2
TMC207-C208 study on Week 2 (BDQ/M2 AUCo-24h 43/9.4 ug.h/mL; Cmax 3,3/0.45 pg/mL).

Safety margins based on the exposures in human at the end of Week 24 (BDQ/M2 AUCo-24n [AUCO-168h
divided by 7] 23/5.3 pug.h/mL; Cmax 1.8/0.23 pg.h/mL) are also provided (Table 3).

Table 2: Animal/Human Exposure Ratio at LOAEL/NOAEL in Animals and Based on the
Exposure Data in Human After 2 Weeks of Treatment

Species Study Dose BDQ M2
(mg/kg/day) Crax Animal/Man Crmax Animal/Man
(Mg/mL) Ratio (Mg/mL) Ratio
M | F M F M F M F M F
Rat 26-weeks 5(LOAEL) | 0.7 | 1.0 | 0.23]0.32] 0.3 | 0.5 ]091| 1.5
Dog 39-weeks 2(NOAEL) | 1.6 | 1.2 |0.52|0.39] 0.6 | 0.7 | 1.8 | 2.1
Human| STREAM Stage = 3.1 = - 0.33 - -
2a
AUCo-24n | Animal/Man| AUCo-24n | Animal/Man
(ug.h/mL) Ratio (pug.h/mL) Ratio
Rat 26-weeks 5 (LOAEL) | 6.6 | 16.8|0.16 |/ 040 | 5.1 | 89 |0.70| 1.2
Dog 39-weeks 2 (NOAEL) | 27.9]121.3]0.66/0.51|11.7|13.3| 1.6 | 1.8
Human| STREAM Stage = 42 = = 7.3 = =

28

aExposure data determined at the end of Week 2 of clinical trial STREAM Stage 2; * LOAEL
F = female; M = male

Table 3: Animal/Human Exposure Ratio at LOAEL/NOAEL in Animals and Based on the
Exposure Data in Human After 24 Weeks of Treatment

Species)| Study | Dose BDQ M2
(mg/kg/day) Crmax Animal/Man Crmax Animal/Man
(Mg/mL) Ratio (Mg/mL) Ratio
M | F M F M F M F M F
Rat 26-weeks 5(LOAEL) | 0.7 | 1.0 |0.39| 056 03 | 05| 1.3 | 2.2
Dog 39-weeks 2(NOAEL) | 1.6 | 1.2 |0.89]/0.67| 0.6 | 0.7 | 2.6 | 3.0
Human| STREAM Stage = 1.8 = = 0.23 = =
2a
AUCo-24n | Animal/Man AUCo-24n Animal/Man
(ug.h/mL) Ratio (Mg.h/mL) Ratio
Rat 26-weeks 5 (LOAEL) | 6.6 | 16.8]/0.30/0.73| 5.1 | 89 |0.96| 1.7
Dog 39-weeks 2 (NOAEL) | 27.9[21.3] 1.2 | 092 |11.7113.3| 2.2 | 2.5
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Human| STREAM Stage 23 - - 5.3 - -
Da
2 Exposure data determined at the end of Week 24 of clinical trial STREAM Stage 2 (AUCo.24n were calculated by dividing
AUCo.163n by 7); ® LOAEL

F = female; M = male

The CHMP noted that exposure margins for a 6-month BDQ-containing treatment in human are
calculated based on the exposure to BDQ and M2 at the 39-week (9-month) repeat-dose dog NOAEL (2
mg/kg/day) and at the lowest dose of 5 mg/kg/day (LOAEL) in the 26-week (6-month) repeat-dose rat
study using the exposures to BDQ and M2 in human at the end of Week 2 in the STREAM Stage 2
study. The exposure at the end of Week 2 represent the highest exposure in the clinical regimen and
thus provide the most conservative assessment. As the exposure at the end of Week 2 in the STREAM
Stage 2 study (BDQ/M2 AUCo-24n 42/7.3 pug.h/mL; Cmax 3.1/0.33 pg/mL) are comparable or slightly
lower to those observed in the Phase 2 TMC207-C208 study on Week 2 (BDQ/M2 AUCo-24h 43/9.4
pMg.h/mL; Cmax 3.3/0.45 pg/mL) the exposure margins from the STREAM Stage 2 study are not lower
than those based on the Phase 2 study. An update of section 5.3 of the SmPC is thus not considered
necessary.

2.2.3. Ecotoxicity/environmental risk assessment

A full ERA, including Phase I and Phase II, tier A and B, was submitted and assessed for the initial
marketing authorisation application MAA and subsequent extensions to the MAA. Using an unrefined
market penetration factor (Fpen) and a bedaquiline dose of 400mg/day the predicted environmental
concentration in surface water (PECsurfacewater) Was calculated to 2 ug/L. After refining Fpen and
PECsurfacewater the risk quotents (ratio PECsurfacewater/ PNECwater) were below 1 and no risk was identified
for any of the compartments. The substance bedaquiline is however classified as a PBT substance.

For this Type II variation, the applicant has provided an ERA with the purpose to determine if there has
been a significant increase in the environmental exposure to bedaquiline after the conditional approval
2021 for the treatment of pulmonary MDR-TB in adult and paediatric patients 5 years to less than 18
years of age and weighing at least 15 kg that would justify an update to the previously submitted ERA.
The current (2019) and updated (2023) estimates of Fpen and PECsurfacewater Were presented.

Current exposure estimate for bedaquiline (2019)

The most current ERA version meeting the requirements of the EMA guideline on environmental risk
assessment was submitted in 2019 in support of the conditional marketing authorisation (MA) of
Sirturo (bedaquiline) for treatment of pulmonary multi-drug-resistant tuberculosis (MDR-TB) in adult
and paediatric patients 5 years to less than 18 years of age and weighing at least 15 kg. The
PECsurfacewater Was calculated based on a refined Fpen.

Based on WHO 2018 data indicating that the member state with the highest prevalence of MDR in
adult patients was Lithuania with a prevalence of 9.0 in 100000 and assuming a 100% market share
for Sirturo, the applicant estimated the potential population of adult patients treated for MDR in the EU
to 15,201.

To determine the number of potential paediatric patients in the EU, the applicant assumed that the
potential population of paediatrics eligible for treatment with bedaquiline was 10% of the adult
population (based on WHO Global Tuberculosis report 2018, that reported that Children <15 years
represented 10% of overall incidence of MDR in adults) resulting in 16,721 patients (15,201 + (10% x
15,201)).
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With a treatment regimen of Sirturo of 400 mg tablet orally, once daily (qd), for the first 2 weeks,
followed by 200 mg 3 times per week (tiw) for 22 weeks, the total amount consumed per patient per
treatment cycle was calculated to 18,800 mg and the total volume of bedaquiline on the EU market to
cover 16,721 patients was calculated to 314356680 mg (18,800 mg x 16721).

The market penetration factor was then calculated as follows:
Fpen = CONai,region/DOSEai X Ni = 0.0000042 (0.00042%)

Where: CONai,region: = Estimated consumption of active substance in geographic region per year
(mg/year) = 314356680 mg/year

DOSEai: = Maximum daily dose consumed per patient = 400 mg
Ni: = Inhabitants in geographic area = 512.7 million in EU (2018)
Nd: = Number of days in year = 365 d/year

The PECsurfacewater calculated using the formula in the ERA GL, i.e., DOSEai X Fpen/WASTEWinhab X
DILUTION, and the refined Fpen of 0.0000042 is 0.00084 ug/L:

DOSEai = Maximum daily dose consumed per patient = 400 mg
WASTEWinhab = 200 L per inhabitant and day
DILUTION = Dilution factor 10

Upon review of the risk assessment, the EMA concluded in the Public Assessment report (CHMP-
Sirturo Assessment Report. EMA/CHMP/598014/2020. 28 January 2021. Procedure No.
EMEA/H/C/002614/X/0036/G) that: no risk is identified for any of the compartments (ratio
PECsurfacewater/ PNECwater is below 1; 0.00084 ug/L / 0.077 ug/L), but since the substance is a PBT, the
following wording was included in the package Leaflet:

"This medicine may pose a risk to the environment. Do not throw away any medicines via wastewater
or household waste. Ask your pharmacist how to throw away medicines you no longer use. These
measures will help protect the environment.”

Assessment of potential increase in environmental exposure (2023)

A similar procedure is followed to determine if there has been a significant change in the
environmental exposure to bedaquiline after the conditional marketing authorisation.

The WHO Global tuberculosis report 2022 (WHO 2022 Report) indicates Lithuania is still the member
state with the highest prevalence of MDR in adult patients, with a prevalence of 5.4 in 100000 (a
decrease compared to 9.0 reported in 2018 that was used in the risk assessment). The potential adult
population based on the prevalence of 5.4 is 9060 patients. The WHO 2022 Report also suggests that
children <15 years represents 11% of overall incidence of MDR) (an increase compared to the 10%
reported in 2018). The total patient population (adult and paediatric) was thus calculated to 10057
patients (9060 + (11% x 9060)).

The total volume of bedaquiline to support 10057 patients with 18,800 mg per patient and treatment
cycle would be 189064080 mg. A refined Fpen of 0.0000029 (0.00029%) is determined according to
the formula above using the number of inhabitants in EU 2022, i.e., 446.8 million.

The PECsurfacewater Calculated using the formula above and the refined Fpen of 0.0000029 is 0.0006 ug/L
which is lower than the value accepted 2021.
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Conclusion

The CHMP noted the ERA provided by the MAH, with the purpose to determine if there has been a
significant change in the environmental exposure to bedaquiline after the conditional approval 2021 for
the treatment of pulmonary MDR-TB in adult and paediatric patients 5 years to less than 18 years of
age and weighing at least 15 kg. The most recent estimates of Fpen and PECsurfacewater approved 2021
were presented and compared with estimates updated 2023. The updated estimates were calculated in
the same way as the previous calculations using values for the prevalence of MDR-TB and inhabitants
in EU reported by WHO 2022. As the updated PECsurfacewater (0.0006 ug/L) was lower than previous
estimate (0.00084 pg/L) no risk was identified (ratio PECsurfacewater/PNECwater is below 1; 0.0006 ug/L /
0.077 pg/L). Whereas the calculations for the population of adult patients treated for MDR-TB in the EU
could not be followed, the humber of adult inhabitants in EU used for the calculations seem to be too
low, a potential underestimation is not considered to have any critical impact on the assessment of risk
(the ratio PECsurfacewater/PNECwater submitted 2019 and 2023 based on for example a 3-fold
underestimation will still be below 1; 0.0025 pg/L and 0.0018 ug/L / 0.077 ug/L, respectively). The
CHMP agreed that an ERA update is not necessary and that the current standard wording of Section
6.6 of the SmPC (special precautions for disposal) can be maintained.

2.2.4. Discussion on non-clinical aspects

No new nonclinical safety pharmacology, toxicology or non-clinical pharmacokinetic data were
submitted.

Exposure margins

Updated exposure margins (animal/human ratios) based on human exposure data of BDQ and its
major metabolite (M2) from the STREAM Stage 2 study were provided. As the exposure at the end of
Week 2 in the STREAM Stage 2 study are comparable to or slightly lower than those observed in the
Phase 2 TMC207-C208 study on Week 2 the exposure margins from the STREAM Stage 2 study are not
lower than reported previously. Update of section 5.3 of the SmPC is thus not considered necessary.

Environmental risk assessment (ERA)

Since the indication would broaden by the proposed removal of the restriction, an ERA with the
purpose to determine if there has been a significant change in the environmental exposure to
bedaquiline after the conditional approval in 2021 for the treatment of pulmonary MDR-TB in adult and
paediatric patients (5 years to less than 18 years of age and weighing at least 15 kg) was provided.
The most recent estimates of Fpen and PECsurfacewater approved 2021 and calculated using the
prevalence data for both the adult and the complete paediatric (0-18 years of age) population were
presented and compared with estimates updated 2023. As the updated PECsurfacewater (0.0006 pg/L) was
lower than previous estimate (0.00084 nug/L) no risk was identified (ratio PECsurfacewater/PNECwater is
below 1; 0.0006 pg/L / 0.077 pg/L).

2.2.5. Conclusion on the non-clinical aspects

The updated evaluations related to non-clinical aspects are adequate and support the extended
indication. There are no objections for approval of the current application for Sirturo from a non-clinical
perspective.

The updated data submitted in this application do not lead to a significant increase in environmental
exposure further to the use of bedaquiline. Considering the above data, bedaquiline is not expected to
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pose a risk to the environment.

2.3. Clinical aspects

2.3.1. Introduction

GCP

The MAH has provided a statement to the effect that the STREAM Stage 2 clinical trial conducted
outside the community (Ethiopia, Georgia, India, Moldova, Mongolia, South Africa and Uganda) were
carried out in accordance with the ethical standards of Directive 2001/20/EC.

2.3.2. Pharmacokinetics

Clinical Pharmacology Studies includes new PK and PK/PD information from the Phase 3 Study STREAM
Stage 2. To enable a collective assessment of the DDI liability when co-administering CYP3A4
perpetrators with BDQ chronically, additional PK information available from a new DDI study with
clarithromycin, a strong CYP3A4 inhibitor (Study TMC207NTM1001), as well as a new PopPK analysis
focusing on DDIs are incorporated.

Including STREAM Stage 2 and Study TMC207NTM1001, the PK properties of BDQ were studied in
1,009 participants in 13 Phase 1 studies, 4 Phase 2 studies (for the ongoing paediatric Study C211,
Cohort 1 [adolescents 12 to <18 years] and Cohort 2 [children, 5 to <12 years] are included), and 1
Phase 3 study, most of which have been summarised in the original submission. Table 4 lists all
studies from which data are presented in this summary with the new studies highlighted.

Assessment report
SIRTURO
EMEA/H/C/002614/11/0056



Table 4: List of PK Studies (New or Previously Submitted and Used for Comparisons in This Addendum
to the Summary of Clinical Pharmacology Studies)

Study Population BDQ) Dose Coadministered Drug(s)
Regimen
TMC20TNTMI1001 Healthy adults 18 100 mg, Clarithromyecin,
{new; Section 2.2.1.1) single doze 300 mg ql2h for 14 days
TMC207-C110 Healthy adulrs 16 400 mg, LPV/ETV,
{Maod2 7. 2/Original single dose 400/100 mg d for
SumClinPharm/Sec2.7.4) 24 davs
TMC207-C117 HIV-infected 16 400 mg, NVE,
{Mod2.7.2/Original single dose 200 mg qd for 2 weeks
SumClinPharm/Sec2.7.5) followed by 200 mg bid
for 4 weeks
TMC207-C208 MDR-TB 102 400 mg qd for BR: EM (or amikacin),
{Stages 1 and 2) (including (23+79) 2 weeks, followed ofloxacin {or
(Mod2 7 2/Oniginal pre-¥XDR-TB and by 200 mg tiw for ciprofloxacin),
SumClinPharm XDE-TB) & weeks (Stage 1) ethionamide (or PTO),
Sec2.5.2.1) or 22 weeks PZA, and terizidone (or
(Stage 2) EMB)
TMC207-C209 MDR-TB 233 400 mg qd for BR: mdrvidualized
(Mod2.7.2/0Original (including 2 weeks, followed MDR-TB using
SumClinPharm pre-XDR-TB and by 200 mg tiw for commonly prescribed
Sec2.5.2.2) XDR-TB) 22 weeks antimycobacterial TB
drugs
STREAMI Stage 2 RRMDR-TB 2822 400 mg qd for BR (Regimen C): LFX,
{(TMC207TBC3007) (173+109m 2 weeks, followed CFZ,EMB, and PZA,
{new; Section 2.1.1) Regimens C by 200 mg tiw for supplemented by
and ) 26 weeks high-dose TNH and PTO
{Regimen D) or for the first 16 weeks
38 weeks BR (Regimen D). LFX,
(Regimen C) CFZ, and PZA,
supplemented by KM and
INH at a higher dose than
used i Regimens B and C
for the first § weeks
Total (all studies)® 1,009°

BDQ=bedaquiline; bid=twice daily; BR=background regimen; CFZ=clofazimine; ENB=ethambutol; HIV=human
immunodeficiency virus; INH=1somazid; KM=kanamycin; LFX=levofloxacin; LEV=lopinavir;
MDE-TB=multidrug-resistant tuberculosis; N=number of participants; NVP=nevirapine;
PE=pharmacokinetic{s); PTO=prothionamide; PZA=pyrazinamide; q1 Zh=every 12 hours; gd=once daily;
RE/MDR-TB=rifampicin-resistant or multidrug-resistant tuberculosis; RTV=ritonavir; TB=tuberculosis; titw=3
times per week; XDR-TB=extensively drug-resistant tuberculosis.

& Participants in the PE Analysis Set.

®  Total number of participants from all Phase 1 and 2 studies included in the previous submissions (for
Study C211, Cohort 1 [12 to <18 years] and Cohort 2 [5 to <12 vears] are included) and new studies added in the

current submission.

Source: Mod2.7.2/Original SCP/Secl.2; Mod5.3.5. 1/STREAM Stage 2 CSE; Mod3.3.3 4/ TMC207NTMI1001 CSR

The CHMP noted the PK analyses performed by the MAH, with different purposes in the dossier.

Two new clinical studies with PK information which were not included in the original submission are
presented (STREAM Stage 2 and TMC207NTM1001) in the current procedure. In addition, updated
PopPK analyses are provided for several clinical studies included in the original submission.

The PK data from STREAM Stage 2 was used to describe PK in the target population and to perform
subgroup analyses to support dosing recommendations in special populations. The PK data from
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STREAM Stage 2 was also used to perform exposure-response analyses. The PK data from STREAM
Stage 2 was presented (1) as a summary of the underlying PK observations (e.g. as PK observations
plotted vs time) and (2) by applying an updated PopPK model based on PK data from studies C208 and
C209. The description of PK data in the target population included both bedaquiline (parent) and the
metabolite M2.

The clinical DDI study TMC207NTM1001 was used to support new dosing recommendations for
interaction scenarios. The updated PopPK analyses of studies TMC207-C110 and TMC207-C117 were
also used to support new dosing recommendations for interaction scenarios. In addition, a PK
subgroup analysis was performed to provide additional support for new dosing recommendations for
interaction scenarios.

Although PK data was used for several reasons as outlined above, the PK is in general considered
supportive only, with low impact for the total benefit-risk assessment. The CHMP considered that
clinical efficacy and safety data comprising mainly of Studies C208, C209 and STREAM Stage 2 is
sufficiently robust to draw the most necessary conclusions to determine the benefit-risk of this
procedure. The PK data is used to describe PK and support the benefit-risk assessment in certain
subgroups (e.g. dosing recommendations for interaction scenarios).

2.3.2.1. Bioanalysis methods

According to the summary of clinical pharmacology, the plasma samples from STEAM 2 was performed
with an updated bioanalysis method compared to the LC-MS/MS method used in the initial application,
the current method is named BA10946. The updated method was validated for lithium-heparin plasma
samples, transferred to another system and for a lower sample volume.

Table 5 Overview of analytical method BA10946

Laboratory Year Matrix, Extraction Chromatography Mass Remarks

Validated Anticoagulant Procedure Spectrometry
Stabilizer Conditions
PRA Health 2016 Human Protein  Acquity UPLC BEH MEM mode Validation to
Sciences, plasma precipitation C18 column accommodate
Assen, (lithium- (1.7 pm, Bedaquiline: different
Netherlands heparin) 50 = 2.1 mm) m/z 5552 = 58.0 LC-MS/MS
gradient 10 mM systemn and
ammonivm formate N-mono-desmethyl reduced
pH 4 as mobile bedaquiline (M2): sample

phase A and m'z 541.2 2 480.1 volume
methanol as mobile
phase B, flow rate of
0.6 mL/min
BEH=cthylene bridged hybrid; LC-MS/MS=liquid chromatographic-mass spectrometry/mass spectrometry;
MRM=multiple reaction monitoring; UPLC=ultra-performance liquid chromatography.

A full validation of BA10946 from PRA health sciences is presented in a report from 2016, but no
within-study bioanalysis report was located in the documentation.

The PK-samples from the clarithromycin DDI study were also analysed by PRA health sciences in
Assen, the Netherlands. In the within-study bioanalysis report, the method number is called PRA-NL-
SML-1702 and reference is made to a pre-study validation report from 2016 which could not be located
in the documentation.

The CHMP noted that the bioanalysis of bedaquiline and M2 was performed by the same laboratory in
the Netherlands for both STEAM 2 and the clarithromycin DDI study. Given that the methods used
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were claimed to be similar to the methods used in the initial submission and that the PK data is of low
impact, no further assessment of the bioanalysis methods has been performed in this variation.

2.3.2.2. Population PK analysis

PopPK analyses were applied in several different settings which can be summarised by the following:
e PopPK model development in TB patients (Study C208 and C209)
¢ Evaluation and application of PopPK model in STREAM Stage 2

e PopPK model development of DDI studies

2.3.2.2.1. PopPK model development in TB patients

Objectives

1. Perform an exploratory graphical analysis of the plasma concentration-time profile of bedaquiline
and M2 in healthy volunteers (HVs) and patients with tuberculosis (TB).

2. Expand the previously developed population pharmacokinetic (PK) model for bedaquiline by
incorporating a metabolite compartment(s) to describe the observed bedaquiline and M2 PK data.

(@) Quantify population PK parameters, including typical parameter values and random inter-individual
and residual variability.

(b) Identify and quantify covariate effects which describe variability in the PK of bedaquiline and M2.
The CHMP considered the objectives for the PopPK model to be acceptable.
Data

The original dataset used to develop population PK model for bedaquiline were expanded by including
M2 data. PK data from HVs recruited in studies R207910-CDE102, TMC207-TiDP13-C104, TMC207-
TiDP13-C109, TMC207-TiDP13-C110, TMC207-TiDP13-C111, and TMC207-TBC1003 and patients
recruited in studies TMC207-TiDP13-C202, TMC207-TiDP13-C208 and TMC207-TiDP13-C209 were
included in the analysis dataset (Table 4). The model building dataset consisted of 5222 bedaquiline
concentrations and 4717 M2 concentrations from 479 adult subjects (111 HVs and 368 patients with
TB) with weight range of 30 kg to 113 kg.

Table 6: Overview of Studies Included in the Population PK Update

Study Description Populat Ngw Bedaquiline Dose Formulation  Nsamples Duration of
ion jects per Sampling
subject
R207910-CDE- A double-blind randomised placebo controlled, Health 18 50,150 or 400 mg QD for Solution 43 Up to 7 days
after the
102 Multiple ascending dose trial in healthy male v l4days last dose
volunteers
TMC207- An open-label,1-sequencecross-over trial in 24 Health 22 400 mg QD for 15 days Solution 12 Up to 24
y hours after
TiDP13-C104  healthy malevolunteers to investigate DDI be- with co-administration of the last dose
tween repeated dosing of bedaquiline and the H/Z 300/2000 mg QD
combination isoniazid/pyrazinamide(H/Z) fromday11-15
TMC207- An open-label,1-sequencecross-over trial in 16 Health 16 400 mg QD fromday1-14 Solution 13 Ep to 2}1
ours after
TiDP13-C109  healthy malevolunteers to investigate DDI be- v with co-administration of the last dose
tween repeated dosing of bedaquiline and ketoconazole 400 mg QD
ketoconazole fromday12-14
TMC207- An open-label, randomized crossover trial to Health 8 400 mg single dose Tablet 16 Ufp to 14 days
after
TiDP13-C110  investigate the pharmacokinetic interaction be- Y dosing

tween steady-state lopinavir/ritonavir and single-
Dose bedaquiline
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TMC207- An open-label randomized,3-waycrossover trial Health 13 100 mg single dose Tablet 18 Up to 28 days

y after
TiDP13-C111 to determinethe relative oral bioavailability of dosing
bedaquiline after single dose administration of
bedaquiline100 mg as the Phase II clinical trial
tablet formulation and as a newly developed
tablet formulation, under fed and fasted
conditions
TMC207- A double-blind, randomized, placebo- and Health 44 800 mg single dose Tablet 12 Up to 24
y hours after
TBC1003 positive-controlled, parallel-group trial to dosing
evaluate the effect of single-dose bedaquiline on
the QT/QTc interval in healthy subjects
TMC207- An open-label randomised trial in 75 treatment-  TB 45 25,100 or 400 mg QD for Solution 12 Up to 24
patient hours after
s
TiDP13-C202* naive subjects with microscopic sputum smear- 7 days The last dose
positive pulmonary TB
TMC207- Exploratory stage of an anti-bacterial activity, MDR- 22 400 mg QD for the rst Tablet Upto43  Upto 36
TB weeks after
TiDP13-C208 safety, and tolerability trial of bedaquiline in patients 2 weeks,200 mg TIW for The last dose
Stagel subjects with sputum smear-positive pulmonary The following 6weeks
infection with multi-drug resistant Mycobacterium
tuberculosis
TMC207- Proof of efficacy stage of an anti-bacterial MDR- 78 400 mg QD for the rst Tablet Upto33  Upto 36
TB weeks after
TiDP13-C208 activity, safety, and tolerability trial of patients 2 weeks,200 mg TIW for The last dose
Stage2 bedaquiline in subjects with sputum smear-positive The following 22 weeks
pulmonary infection with multi-drug resistant
Mycobacterium tuberculosis
TMC207- An open-label, safety, tolerability, and efficacy MDR- 229 400 mg QD for the rst Tablet Uptoll Up to 72
TB hours after
TiDP13-C209 trial in subjects with sputum smear-positive patients 2 weeks,200 mg TIW for The last dose
pulmonary infection with multi-drug resistant The following 22 weeks
Mycobacterium tuberculosis
QD = once daily, TIW = three times a week, MDR-TB = multi-drug resistant Mycobacterium tuberculosis, TB = tuberculosis.
*Only bedaquiline concentration-time data were included.
The baseline characteristics of the included subjects are summarised in Table 7.
Table 7: Summary of Baseline Demographics
Age  Weight  Albumin BMI BSA Sex Race Study Health Status
(years) (kg) (g/l)  (kg/m?) (m?)
N 479 479 479 479 479 Male: 330 White: 134 102: 18 Healthy: 111
Mean 34.7 61.2 37.9 21.3 1.69 (68.89%) (27.97%) (3.76%) (23.17%)
SD 12.0 14.3 7.80 390 0223 Female: 149 Black: 149 104: 22 Tuberculosis: 368
CV % 344 234 20.6 183 3.1 (31.11%) (31.11%) (4.59%) (76.83%)
Median 32 59 38 20.742 1.67 Hispanic: 41 109: 15
Min 18 30 15 13.149 1.16 (8.56%) (3.13%)
Max 68 113 53 36.808 2.39 Asian: 99 110: 8
(20.67%) (1.67%)
Am. Ind.: 56 111: 4
(11.69%) (0.84%)
202: 43
(8.98%)
208: 98
(20.46%)
209: 227
(47.39%)
1003: 44

(9.19%)

N = number of subjects, SD = standard deviation, CV = coeflicient of variation. Min = minimum, Max = maximum, Am Ind = American Indian,
BMI = body mass index, BSA = body surface area.

A total of 292 observations (127 bedaquiline and 165 M2 observations, 2.9%) were excluded from the
model building dataset. The majority of these observations were excluded due to BLQ samples (112 of
292, 38.4%) and duplicate time (110 of 292, 37.7%).

The CHMP noted that the PopPK model was developed on a dataset including 368 TB patients and 111
healthy volunteers, including a total of 5222 bedaquiline concentrations and 4717 M2 concentrations.
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It is unclear why the PK data from STREAM Stage 2 was not included in the PopPK dataset. It would
have strengthened the analysis. However, the dataset and proposed approach is considered overall
acceptable and therefore this limitation is not pursued further.

The CHMP considered the covariates and the distributions to be overall acceptable. These are largely
unchanged compared to the initial submission. An important covariate based on the covariate analysis
from the initial submission is black race which was a strong predictor for BDQ PK.

Methods

The MAH conducted a graphical analysis to understand and explore the available data. This exploratory
analysis was used to assess whether the disposition of M2 appears to be mono or biexponential, the
M2 PK is linear across the evaluated dose range, or if there is an impact of potentially relevant
covariates.

The model-based analysis was carried out in the software NONMEM 7.4.4 using the FOCE as the
estimation method. A prior structural model for bedaquiline was retained with metabolite
compartment(s) included to describe the M2 PK. Initially the M2 data was described by a 1-
compartment model, with 2-compartment and 3-compartment models explored. For identifiability of
the fraction metabolised (FM), volume of distribution of M2 was fixed to the parent.

The prior model for bedaquiline included two demographic covariate effects, black race and HV
population on CL/F and sex on Vc/F. The covariates included in the previous model was retained with
the influence of continuous and categorical covariates on M2 PK explored. Age, weight, albumin, sex
and race were explored on M2 CL and Vc. Continuous covariates were explored using a power function.

A formal covariate analysis was not undertaken, however following development of the base model and
graphical assessment of covariate-eta (n) relationships, the covariate model was built according to the

following steps:

1. If a visually apparent relationship is identified, covariates will be added to the model in a stepwise
forward manner.

2. Covariates will be identified as significant if change in objective function value (OBJ) 7.9 (p < 0.005
for 1 degree of freedom).

3. All significant covariates from the univariate analysis was included in a full model. A backwards
elimination process was then be performed, where covariates were deleted singly from the full model
in a backward elimination process and the OBJ computed from the full model. Covariates that can be
deleted from the full model without an associated increase in objective function value (OBJ) 10.8 (p <
0.001 for 1 degree of freedom) were sorted by OBJ and the covariate with the smallest OBJ was
removed from the model. This process was repeated until no more covariates can be removed from
the model.

Model evaluation techniques to assess the quality of model fit include statistical tests, diagnostic plots,
and consideration of scientific plausibility.

The OBJ using the likelihood ratio test was used for model selection and evaluation. Generation of
acceptable relative standard errors (RSEs) for the parameter estimates was aimed for, using 35%CV
for fixed effects and 50%CYV for variability parameters as a general guide. RSEs were calculated using
the NONMEM covariance step and using sampling importance resampling (SIR).

Diagnostic plots included the standard goodness-of-fit plots and visual predictive checks. Forest plots
were generated to evaluate the impact of covariates on model-predicted exposure metrics.
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The CHMP noted that the current proposed workflow relies on a previous PopPK model for bedaquiline.
The general structure and covariates of the original BDQ PopPK model was kept and the model was
expanded to include an additional model for M2 PK. This considered an acceptable strategy.

The workflow for development of the M2 PK model included testing of 1-, 2- and 3-compartment
models which is considered acceptable. The covariate model development relied on visual assessment
of eta vs covariate trends. This is not an optimal strategy since it is sensitive to eta-shrinkage for CL
and Vc for the metabolite. The eta-shrinkages were 22% and 33% for M2 CL and Vc, respectively

which is too high for relying on this approach. However, this issue is not further pursued given the
limited impact of the PopPK model.

The CHMP was of the view that reasonable model evaluation techniques were used.

Results

Figure 1 and Figure 2 show median concentration-time profiles of bedaquiline (dashed lines) and M2
(solid lines) in healthy volunteers and patients, respectively.

Figure 1 Concentration-time profiles by dose - single dose (HVs)
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Solid and dashed lines show the median of M2 and bedaquiline with symbols representing the
observed data. Y-axis on log scale. Data below the LLOQ were excluded. Note: only data from single

dose studies were included (i.e., studies TMC207-TiDP13-C110, TMC207-TiDP13-Cl111and TMC207-
TBC1003). BDQ = bedaquiline.
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Figure 2 Concentration-time profiles by population (400 mg QD)
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Solid and dashed lines show the median of M2 and bedaquiline with symbols representing the observed
data. Y-axis on log scale. Data below the LLOQ were excluded. Note: PK data following bedaquiline 400
mg on Day 14 from studies R207910-CDE-102 and TMC207-TiDP13-C208 were included and truncated
at 24h for visualisation. BDQ = bedaquiline, HV = healthy volunteer, MDR-TB = patients with multi-
drug resistant Mycobacterium tuberculosis.

The previously developed structural model for bedaquiline (4-compartment disposition with dual zero-
order input and linear elimination) was retained. The PK model for bedaquiline was expanded to
include M2 metabolite data, which were described by a two-compartment model with linear
elimination. To avoid a structural identifiability problem, the apparent central volume of distribution for
the metabolite (Vc,MET/Fm) was fixed to that of the parent, with fraction metabolised (FM) estimated
for HVs and patient population. The FM was estimated separately for HVs and patient population based
on the PK differences observed in the graphical analysis (data not shown). The random effects included
in the prior model were retained, with additional between-subject variability (BSV) terms implemented
on apparent clearance for the metabolite (CLMET/Fm), apparent clearance between the central and
peripheral compartment for the metabolite (CLp1,MET/Fm), and FM. The residual unexplained
variability was described by separate additive error models with a correlation implemented between
bedaquiline and M2 observations.

Black race covariate included on apparent clearance for the parent (CLPAR/F) was also included on
CLMET/Fm with the same magnitude of covariate effect applied on both parameters. Subjects with
Black race had 71% higher CLPAR/F and CLMET/Fm compared to non-Black population. Sex included
on apparent central volume of distribution for the parent (Vc,PAR/F) in the previously developed PK
model was retained. Females had 25% lower Vc,PAR/F compared to males. Sex effect was also
included on Vc,MET/Fm as Vc,MET/Fm was fixed to Vc,PAR/F for parameter identifiability reasons. HVs
and patients in study TMC207-TiDP13-C202 (i.e. TB patients) had 45% higher CLPAR/F. There were no
significant relationships between weight, age, body mass index (BMI), body surface area (BSA), serum
creatinine (SCR), estimated glomerular filtration rate (eGFR), or creatinine clearance (CRCL) and any
individual model parameters identified in the final model.

A schematic of the final PK model is presented in Figure 3 with parameter estimates presented in Table
8.
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Lag time Lag time
(ALAGI) (D1+TLAG)
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Dose (D1 zero-order) Dose (D2 zero-order) Compartment
N N (1-FRI
\ FRI \ ¢ )
Input BDQ Central .| 2" Peripheral
Compartment Compartment "l Compartment
31 Peripheral
\ . Compartment
CLp\r/F - (1-FM) CLp\g/F - FM
v
M2 Central .| M2 Peripheral
Compartment - Compartment
CLyp/Fm

CLpar/F = apparent clearance for the parent, CLyer/Fm = apparent clearance for the metabolite, F = bioavailability, FM = fraction metabolized. Fm = bioavail-
ability corrected with fraction metabolized (i.e., Fm = F - FM), D1 = duration of zero-order input into the first compartment, D2 = duration of zero-order input
into the second compartment, ALAG1 = absorption lag time for the first pathway, TLAG = absorption lag time for the second pathway, FR1 = fraction of the dose
absorbed via the first pathway, BDQ = bedaquiline. * Rate parameter was fixed to 1000. Note: Ve mer/Fm was fixed to Ve par/F to avoid parameter identifiability

problem.

Figure 3 Schematic of the final parent-metabolite PK model for bedaquiline

Table 8: Parameter estimates for the final parent-metabolite PK model for bedaquiline and M2

Parameter Name Parameter Description Prior BDQ PKModel Final BDQ-M2 95%CIF
(Unit) Estimate Value (%RSE') PKModel
Estimate Value
(%RSE"™)
Bedaquiline
CLpar/F (I/h) Apparent clearance 2.78(5.1) 2.62(4.4) 2.40- 2.85
(Eff)sCtBlaCk,CLPAR/F -Effect ofblack raceon CLpar/F 52.0(21.2) 71.1(13.4) 51.9-89.2
%
{;’/ﬁ)gctHV.zoz,CLpAwF -Effect of HVs or studyC202 on CLpar/F 37.5(35.2) 45.0(28.6) 23.9-72.6
0,
V. par/F (1) Apparent central volumeofdistribution 164(5.0) 117(8.0) 98- 134
2‘;} )gctSex,chAR/F -Effect ofsex on V. par/F -15.7 (42.5) -25.8(35.9) -42.7--6.2
6
CLy,1/F (L/h) Apparent clearancebetween thecentral and first peripheral 11.8(7.6) 23.3(6.8) 20.1- 26.6
compartment
Vpi/F @) Apparent volumeofdistribution for thefirst peripheral 178(8.1) 124(5.0) 113-137
compartment
CLypo/F (L/h) Apparent clearancebetween thecentral and second peripheral 8.03(4.9) 8.61(3.8) 8.01-9.25
compartment
Vpo!/F (L) Apparent volumeofdistribution for thesecond peripheral 3010 (9.0) 2770 (5.6) 2466- 3062
compartment
CLy3/F (L/h) Apparent clearancebetween thecentral and third peripheral 3.58(9.0) 3.35(4.3) 3.11-
compartment 3.68
Vps/F (L) Apparent volumeofdistribution for thethird peripheral 7350 (5.8) 7670 (3.0) 7255 - 8166
compartment
FR1* Fraction ofthedoseabsorbed via thefirst pathway 1.41(11.1) 1.06(11.9) 0.85-1.34
D1(h) Duration ofzero-order input for first absorption pathway 2.22 (1.0 2.53(4.0) 2.33-2.71
ALAG1go1ution (h) Absorption lag time(solution) 0.541(5.7) 0.48(10.6) 0.38-0.59
ALAG 1gaplet (h) Absorption lag time(tablet) 0.917(0.6) 0.921(0.5) 0.911- 0.930
D2 (h) Duration ofzero-order input for second absorption pathway 1.48(3.2) 2.31(5.8) 2.07 - 2.60
TLAG (h)** Lag timefor second absorption pathway 1.48(3.2) 0.815(13.7) 0.525 -
0.989
Fo08,209 Relativebioavailabilityfor studies C208 and C209 1Fixed 1Fixed -
Frv-mMp Relativebioavailabilityfor studies 102 and C104 1.51(7.5) 1.49(9.7) 1.23-1.82
Frv-sp,ps-TB %»Elétivebioavailabilityfor studies C109,C110,C111,C202,and 2.03(4.7) 1.93(5.3) 1.74 - 2.14
1003
FMrp Fraction metabolized for patients with MDR-TB 0.542(6.3) 0.471- 0.603
Effectyv rm (%)4 -Effect ofHV on FM 48.1(10.2) 38.1-57.4
M2 Metabolite
CLyET/Fm(L/Mh) Apparent clearance - 4.95(6.9) 4.21-5.65
EttectBlack, CLygp/Fm -Effect ofblack raceon CLygT/Fm - Fixed to -
(%) EffectBlack,CLpsg/F
VeMET/Fm(L) Apparent central volumeofdistribution Fixed to V¢ par/F -
CLp1 merFm(L/h)  Apparent clearancebetween thecentral and peripheral - 104(15.7) 77- 140
compartment
VpirmMET/Fm(L) Apparent peripheral volumeofdistribution - 862 (6.7) 748- 970
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BSVLpap/F (%) Between subject variabilityfor CLpar/F 50.4(12.3) 44(7.7) 40.8-47.4

Ve par/F (%) Between subject variabilityfor V. par/F 39.1(15.6) 71.1(13.5) 61.1- 81.3
BSVrr1 (%) Between subject variabilityfor FR1 113(15.9) 97(16.1) 81.2-
112.8
BSVr (%) Between subject variabilityfor F 39.6(9.3) 36.9(7.4) 33.9-
39.5
BSVLygmFm (%) Between subject variabilityfor CLypr/Fm - 45.3(8.5) 41.4- 48.8
BSVrm (%) Between subject variabilityfor FM - 27.9(14.6) 24.1- 31.8
BSVCLy, wi/Fm (%) Between subject variabilityfor CLyp; Mer/Fm - 158 (18.4) 124 - 183
-Correlation Between CLpar/F —CLyp1/Fm - 0.908 (7.5) 0.852- 0.957
RUVppa.uv (%) Residual unexplained variaiblityfor BDQ in HVs 20.6(3.3) 23.9(2.3) 23.5-24.5
RUVgpq, T8 (%) Resi(dl;al unexplained variaiblityfor BDQ in Patients with MDR- 27.7(3.2) 28.8(1.9) 28.3-29.3
TB (%,
RUVnz (%) Residual unexplained variaiblityfor M2 (%) - 24.8(0.9) 24.5- 25.0
-Correlation Between RUVppg v RUVps - 0.652 (2.7) 0.624 - 0.678
-Correlation Between RUVepqMpr-1B- RUVaM2 - 0.492 (2.8) 0.470 -
0.518

RSE = relativestandard error,CI = confidenceinterval, BDQ = bedaciuiline. *Effect ofBlack raceon CL,,/F was parameterized as 1 + 0.711= whereEffect = 1
for Black raceand 0 for non-Black race. ‘Effect ofHV or studyR207910-CDE-102 on CL,./F was parameterized as 1+ 0.450* whereEffect = 1 for HV or
studyR207910-CDE-102 and 0 for other subjects. Effect ofsex on V., /F was parameterized as 1 + 0.450 whereEffect = 1for femaleand 0 for male.
‘Fraction metabolized for HVs was parameterized as FM,__ (1-0.481). *Parameterized as FR1/(1+FR1),**Parameterized as ALAG2 = D1+ TLAG."
Derived from$COV in NONMEM. - Derived from SIR

Prediction and variability corrected visual predictive checks (pvcVPCs) were constructed and are shown
in Figure 4 Figure 5 and Figure 6.

A: Single dose B: 400 mg QD for 14 days
0000 10000
-ET 300K
gz .
§
z§ |
§ 1000
£
3
i 300
Time Smc;;Dose(days) . o i) 7 14 A

Time Since First Dose (days)

Open circles = individual prediction/variability corrected observed data, dashed lines = observed 10" and 90™ percentiles, solid line = obser
median, shaded red area = 95% confidence interval for the simulated percentiles. Note: data from studies R207910-CDE-102, TMC207-TiDP
C104, TMC207-TiDP13-C109, TMC207-TiDP13-C110, TMC207-TiDP13-C111, and TMC207-TBC1003 were included. QD = once daily.
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Figure 4 pvcVPC for the final parent-metabolite PK model - bedaquiline (HVs)

A: Single dose B: 400 mg QD for 14 days
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ool 0.3

0.1

" Fy
7 14 21
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Open circles = individual prediction/variability corrected observed data, dashed lines = observed 10" and 90 percentiles, solid line = observ

median, shaded red area = 95% confidence interval for the simulated percentiles. Note: data from studies R207910-CDE-102, TMC207-TiDP]
C104, TMC207-TiDP13-C109, TMC207-TiDP13-C110, TMC207-TiDP13-C111, and TMC207-TBC1003 were included. QD = once daily.

Figure 5 pvcVPC for the final parent-metabolite PK model - M2 (HVs)
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Open circles = individual prediction/variability corrected observed data, dashed lines = observed 10" and 90™ percentiles, solid line = observed
median, shaded red area = 95% confidence interval for the simulated percentiles. Note: log-log scale is used. Data from studies TMC207-
TiDP13-C202, TMC207-TiDP13-C208, and TMC207-TiDP13-C209 were included. QD = once daily.

Figure 6 pvcVPC for the final parent-metabolite PK model - bedaquiline (patients with TB)

The impact of covariates including Black race, sex, and disease on bedaquiline and M2 exposure (area
under the plasma concentration-time curve from time 0 to 168 hours (AUC0-168), Cmax, and trough
concentration (Ciougn)) at Week 24 are summarised in Figure 7. Subjects with Black race were
predicted to have 31% lower bedaquiline and M2 AUCO0-168 compared to the reference population
(male non-Black patients with MDR-TB). The magnitude of the effect of sex on bedaquiline and M2
exposure were considered minor. HV have slightly higher bedaquiline exposures (<30%) and slightly
lower M2 exposures (<20%) compared with patients with TB.
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The solid black line represents no impact of the covariate with the reference subject referring to a male non-Black patient with MDR-TB with
F of 1. The blue dots and error bars represent the median and 95% (2.5® to 97.5" percentiles of the simulations) prediction intervals (PT)
of the covariate effect based on 1000 simulated subjects within each group including uncertainty on the fixed effect. BDQ = bedaquiline. F =
bioavailability. HV-MD = healthy volunteer following multiple-dose (studies R207910-CDE-102 and TMC207-TiDP13-C104). HV-SD/DS-TB =
healthy volunteer following single dose (studies TMC207-TiDP13-C109, TMC207-TiDP13-C110, TMC207-TiDP13-C111, TMC207-TBC1003)
or patients with drug-sensitive tuberculosis (study TMC207-TiDP13-C202).

Figure 7 Model predicted fold change in bedaquiline and M2 exposure metrics at week 24

The CHMP noted that for bedaquiline, the same structure and covariates were included as in the
previous PK model where all the bedaquiline parameters were re-estimated. This is considered a
reasonable strategy and as the final model was able to describe the observed bedaquiline data overall
well according to pvcVPCs, the bedaquiline sub-model is in principle considered acceptable.

The major new addition to the current model was the M2 sub-model which consisted of a two-
compartment disposition model. The fraction metabolised was estimated, and in order to avoid
identifiability issues, the central volume for M2 was fixed to that of the parent (and the covariates of
the parent on Vc were also introduced for M2). Therefore, the parameter estimates of M2, including
fraction metabolised should be interpreted with some caution since the assumption that the volume is
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identical for BDQ and M2 cannot be verified with the current state of knowledge (metabolite
parameters in absence of administration of the metabolite directly). Nevertheless, the M2 sub-model is
considered overall acceptable and the model gave acceptable description of the observed M2 data
according to pvcVPCs.

The CHMP considered the parameter estimates and RSEs to be overall acceptable. However, the
covariates should be interpreted with caution. There may be underlying confounding/correlations
between certain covariates, studies and potentially also between study sites. The very influential
covariate black race (~70% higher clearance of the parent and metabolite) should be interpreted with
caution since the estimate may be biased (black race may be confounded with region/study and
potentially also HIV co-infection/co-medication). Given the evidence presented by the MAH, black race
is not considered a clinically significant covariate (i.e. no altered dosing recommendations are needed).
This conclusion is also supported by subgroup analyses of efficacy data (see the Clinical efficacy
section below).

The shrinkage was ~20-30% for M2 CL and the central volume. Since the covariate model
development relied on EBEs, this is a limitation of the analysis. However, since the PopPK analysis is
considered to have low impact, this issue is not further pursued.

The forest plots confirmed that black race is an influential covariate, along with a patient vs healthy
volunteer effect.

Since there may be confounding between covariates the model may not be entirely appropriate for
clinical trial simulations. Furthermore, when this model was applied to PK data from STREAM Stage 2,
the model tended to overpredict the M2 concentrations which is another sign suggesting that the
model may not be applicable outside the setting of the dataset used to develop the PopPK model. Of
note, there were no clinical trial simulations that had a relevant impact on the benefit-risk assessment
in the current procedure.

In conclusion, the CHMP considered the PopPK analysis to be overall reasonable.

2.3.2.2.2. Evaluation and application of PopPK model in STREAM Stage 2

Objectives

- Evaluate the parent metabolite population pharmacokinetic (PK) model for bedaquiline and M2
on the data from the STREAM Stage 2 study.

- Determine the individual PK model parameter estimates for bedaquiline and M2 for participants
recruited in the STREAM Stage 2 study and provide individual estimates for the following
exposure metrics at Weeks 2, 12, 24, and 40:

o At Week 2, the following exposure metrics will be determined after the last 400 mg
once daily (QD) loading dose of bedaquiling, i.e. prior to commencement of
maintenance dosing:

*  Trough concentration (Ctrough)
=  Maximum plasma concentration (Cmax)

= Area under the plasma concentration-time curve from time 0 to 24hours
(AUCO0-24)

= Average plasma concentration (Cave) (AUC0-24/24)
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o At Weeks 12, 24, and 40 (Week 40 only for Regimen C (bedaquiline)), the following
exposure metrics will be determined for maintenance dosing:

- Ctrough
Cmax

= Area under the plasma concentration-time curve from time 0 to 168 hours
(AUCO0-168)

= Cave (AUCO-168/168)

The CHMP considered the objectives to be acceptable.

Data

PK observations were available from STREAM Stage 2 for patients at sites pre-selected for the PK sub-
study at pre-specified time points as outlined in Table 9

Table 9: PK sample collection timings

Randomisation
2
4

B

12

24

40

76
120!
1321
1 PK samples will not be taken after the projected Week 96 visit of the last patient randomised i.e.
approximately end of November 2021.

v v v
v N
v (Arm Conly) | /" (Arm C only)

B e e e i i e o

In total, 6155 PK observations (3087 bedaquiline concentrations, and 3068 M2 concentrations) were
available from 282 participants. The baseline characteristics of these patients are summarised in Table
10.
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Table 10: Summary of demographics

Age  Weight Body massindex  Albumin CrCL Sex Race  Regimen
(1) (kg) (kg/m?) (/L) (mL/min)
N 282 282 282 282 282 Male: 174 White: 53 C: 173
Mean 358 53.9 19.7 38 104.1 (61.7%) (18.8%) (61.3%)
SD 111 12.3 4.2 5 304  Female: 108 Black: 91 D: 109
CV% 309 228 21.6 132 29.2 (38.3%) (32.3%) (38.7%)
Median ~ 33.7 516 19 38 101.8 Asian: 138
Min 16 28 11.6 24 217 (48.9%)
Max 689 1234 47.6 49 278.9

N = number of participants, SD = standard deviation, CV = coefficient of variation, Min = minimum, Max = maximum

Graphical evaluations of the PK observations are shown in Figure 8 (versus time since first dose) and
Figure 9 (versus time since most recent dose, stratified by visit).
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Figure 8 Bedaquiline and M2 PK concentrations
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Figure 9 Bedaquiline and M2 PK concentrations by week

A summary of the data excluded from the analysis is shown in Table 11. A total of 644 observations
(303 bedaquiline and 341 M2 observations, 9.5%) were excluded from the population PK NONMEM
dataset. The majority of these observations were excluded as they were collected prior to the first dose
(n = 518). Post-dose BLQ observations accounted for 1.2% of all observations.

Table 11: Summary of excluded PK data

BDQ M2 Total
Original observations 3390 3409 6799
Day1 Pre-dose 259 (7.6%) 259 (7.6%) 518(7.6%)
Duplicate time 17 (0.5%) 16 (0.5%) 33(0.5%)
No Valid Data 5(0.1%) 5(0.1%) 10 (0.1%)
No Valid Dose 1 (0%) 1(0%) 2 (0%)
Post-dose BLQ 21 (0.6%) 60 (1.8%) 81 (1.2%)
Analysis observations 3087 3068 6155

The CHMP noted that the dataset comprised 6155 PK observations (3087 bedaquiline concentrations,
and 3068 M2 concentrations) from 282 participants. As sparse sampling was used, a PopPK approach
to analyse these data is considered a relevant choice. The covariate distributions are considered
acceptable given the objectives.

The CHMP considered the exclusions of data points reasonable. Apart from pre-dose samples, there
were generally only few samples excluded.

Methods

The parent metabolite model for bedaquiline and M2 was evaluated on the STREAM Stage 2 dataset
with the parameters fixed to the final estimates previously obtained for the MDR-TB participants. Model
evaluation techniques to assess the quality of model fit included diagnostic plots, visual predictive
checks (VPCs), and individual profiles.

Following model evaluation individual exposure metrics were derived in NONMEM by fixing the
parameters to the final model estimates and setting MAXEVAL=0 (i.e. estimation of the individual
random effects only). Individual predictions were obtained at dummy time points (every one hour),

Assessment report
SIRTURO
EMEA/H/C/002614/11/0056



supporting the calculation of bedaquiline and M2 AUC0-24 (Week 2), AUC0-168 (Weeks 12,24,40),
Crax (Weeks 2, 12, 24, 40) and Ciough (Weeks 2, 12, 24, 40).

The CHMP noted that the MAH applied a previously developed PopPK model without re-estimating any
parameters (i.e. "MAXEVAL=0"-setting). This could be considered a reasonable strategy as it may not
be appropriate to re-estimate the rather complex PopPK model on data from only 282 patients with
sparse PK sampling. However, a potentially better alternative would be to pool the STREAM Stage 2 PK
data with the previous PopPK dataset and perform a pooled analysis. However, the current approach is
most likely sufficient and is considered good enough given the impact of PK in the current procedure.

The CHMP considered that reasonable evaluation techniques were applied to evaluate the model fit for
the STREAM Stage 2 data.

Results

Plots of observed versus population predicted plasma concentrations and observed versus individual
predicted plasma concentrations for bedaquiline and M2 are presented in Figure 10 and Figure 11.
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The blue lines represent the line of unity, the red lines show the trend in the data (Loess smooth)

Figure 10 Goodness of fit plots for the prior parent-metabolite PK model - bedaquiline
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The blue lines represent the line of unity, the red lines show the trend in the data (Loess smooth)

Figure 11 Goodness of fit plots for the prior parent-metabolite PK model - M2

To further validate the model graphically, prediction corrected visual predictive checks (pcVPCs) were
constructed and are shown in Figure 12 and Figure 13.
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Figure 12 pcVPC for the prior parent-metabolite PK model - Bedaquiline
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Figure 13 pcVPC for the prior parent-metabolite PK model - M2
Boxplots of exposure metrics for both bedaquiline and M2 are displayed in Figure 14 and Figure 15,

respectively. A tabular summary of exposure metrics for bedaquiline and M2 are displayed in Table 12
and Table 13 for Week 2 and in Table 14 and Table 15: 3 for Week 40, respectively.
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Figure 14 Boxplot of bedaquiline exposure metrics by week
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Figure 15 Boxplot of M2 exposure metrics by week
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Table 12: Exposure metric summary, bedaquiline week 2

SD = standard deviation, CV = coefficient of variation, CI = confidence interval. Values were reported with 3 significant digits.
Median (range) Typq 24.0h (12.2h

AUCp-24 Cave Cimax C-[mugh
(ng.h/mL) (ng/mL) (ng/mL) (ng/mL)
N 281 281 281 281
Mean 41500 1800 3060 1130
95% C1 39700 - 43300 1730 - 1880 2930 -3190 1080 — 1180
SD 15100 646 1120 437
CV% 36.3 358 36.7 38.6
GeoMean 38500 1680 2840 1040
GeoMean CV% 44.2 433 43.1 46.8
Min 3000 125 188 90.8
Median 39900 1750 2960 1090
Max 104000 4330 9030 2620

24.0 h).

Table 13: Exposure metric summary, M2 week 2

SD = standard deviation, CV = coefficient of variation, CI = confidence interval. Values were reported with 3 significant digits.
Median (range) Tiay 24.0h (12.2h

Table 14: Exposure metric summary, bedaquiline week 40

SD = standard deviation, CV = coefficient of variation, CI = confidence interval. Values were reported with 3 significant digits.

AUC{]724 Cavc Cmax Cln::-ugh

(ng.h/mL) (ng/mL) (ng/mL) (ng/mL)
N 281 281 281 281
Mean 7270 315 326 296

95% CI1 69107620 300330 310-342  282-311
SD 3030 127 135 119
CV% 41.7 40.5 413 40.2
GeoMean 6560 286 296 270
GeoMean CV% 524 50.2 50.7 499
Min 677 20.0 203 279
Median 6840 202 305 278
Max 17300 722 744 690

24.0 h).

AU CU— 168 Cavc Cmax CLrough
(ng.h/mL) (ng/mL) (ng/mL) (ng/mL)
N 144 144 144 144
Mean 168000 1000 1790 812
95% CI 156000 - 181000 929 — 1080  1680— 1900 746 - 879
SD 74500 443 666 404
CV% 442 44.2 373 497
GeoMean 151000 900 1660 708
GeoMean CV% 524 52.4 432 60.6
Min 29000 173 339 111
Median 158000 940 1750 746
Max 388000 2310 4370 2190
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Table 15: Exposure metric summary, M2 week 40

AUC[]— 168 Cavc Cmm-; Clrou!:_h
(ng.h/mL) (ng/mL) (ng/mL) (ng/mL)
N 144 144 144 144
Mean 39500 235 246 228
95% Cl 36700 — 42400 218 - 252 229 -263  211-245
SD 17200 102 103 102
CV% 435 43.5 42 449
GeoMean 35200 209 220 201
GeoMean CV% 56.4 56.4 539 59.6
Min 6380 379 44.6 27.3
Median 37400 223 236 215
Max 86000 512 518 501

SD = standard deviation, CV = coefficient of variation, CI = confidence interval. Values were reported with 3 significant digits.

The CHMP noted that for bedaquiline, both the DV vs PRED, DV vs IPRED and the pcPVCs indicate that
the model gave acceptable description of the observed data and that the previous PopPK model is
reflective of the STREAM Stage 2 bedaquiline PK data.

For M2, both the DV vs PRED and pcVPCs indicated that the model overpredicts M2 concentrations.
This is considered a limitation. However, it should be acknowledged that the DV vs IPRED plot seems
acceptable which indicates that the individual parameters (EBEs) which have been derived from
STREAM Stage 2 patients are fit-for-purpose. This, along with no clear misspecifications in the
individual plots (see paragraph below) suggests that the individual parameters derived for M2 may be
acceptable despite a model misspecification in the pcVPC for M2. In this case, the individual
parameters are used for describing the PK in STREAM Stage 2, performing PK subgroup analyses and
for performing exposure-response analyses.

Apart from the diagnostic plots included above a selection of individual profiles (also known as
“individual plots”, showing individual and population predictions along with the observations) at pivotal
visits for participants included in the analysis were provided in the PopPK report. This is considered a
relevant diagnostic given this analysis but were not included in the current AR for brevity. This
included individual profiles for a limited number of subjects and are not considered conclusive but at
the same time did not identify any clear misspecification which should be acknowledged.

The individual predicted exposure metrics were used to conduct several PK subgroup analyses of
STREAM Stage 2 including DDIs.

In conclusion, the CHMP considered the application of the previous PopPK model to describe PK in
STREAM Stage 2 to be overall acceptable. Limitations of the analysis are present; however, the model
is considered acceptable for descriptive purposes.

2.3.2.2.3. PopPK model development of DDI studies

Objectives

The objective of this analysis was to assess the effect of selected key CYP3A4 perpetrators on BDQ
exposure, using simulations based on a previously developed BDQ PopPK model built on Phase 1 and
Phase 2 data from participants with MDR-TB and healthy participants (hereafter referred to as the
“base model”). The selected perpetrators studied were ritonavir (RTV)-boosted lopinavir (LPV) (RTV is
a strong CYP3A4 inhibitor) and nevirapine (NVP; a weak CYP3A4 inducer), which are commonly used
by patients coinfected with TB and HIV.
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This analysis included the following steps:

¢ Quantify the impact of CYP3A4 perpetrators on BDQ PopPK model parameters based on single-
dose Phase 1 studies and integrate into the base model to develop single-dose DDI models.

e Validate the adequacy of the estimated DDI effects of the single-dose DDI PopPK models in
patients by comparing multiple-dose DDI PopPK model-based predictions with PK data from
participants with rifampicin-resistant (RR) or MDR-TB (hereafter referred to as "RR/MDR-TB")
receiving BDQ and CYP3A4 perpetrators in the Phase 3 study STREAM Stage 2 (a
subpopulation with RR/MDR-TB).

e Derive the DDI effect size on the multiple-dose exposure metrics (AUC, average plasma
concentration [Cav], trough concentration [Cirough], @and maximum plasma concentration [Cmax])
in the general adult population with MDR-TB, using multiple-dose DDI PopPK model simulations
of the approved BDQ dose regimen or alternative dose regimens.

The CHMP considered the objectives to be acceptable. The overall goal of this analysis in this
procedure is to support the benefit-risk in special populations (in particular HIV co-infected patients).
Two DDI studies have been analysed using PopPK methodology, including nevirapine, a mild CYP3A4
inducer, and lopinavir/ritonavir, categorised as strong CYP3A4 inhibitor(s). The MAH is proposing in
section 4.2 of the SmPC to allow co-administration with mild CYP3A4 inducers and strong CYP3A4
inhibitors.

Previous non-compartmental analyses (NCA) were performed on the clinical pharmacology studies
included in the current PopPK analysis. Thus, the current PopPK analysis is supportive to the already
existing NCA results based on the same data. Furthermore, since the original submission, there are
more experience with using bedaquiline in HIV co-infected patients, including efficacy and safety data
from STREAM Stage 2. The current PopPK analysis is supportive to the efficacy and safety data (low
impact).

Data

Two clinical DDI studies were included in the current analysis and were analysed separately. The
included studies were Study C110, a DDI study in healthy volunteers administered LPV/RTV and C117,
a DDI study in HIV-positive participants administered NVP.

Study C110 was a cross-over study with rich plasma PK sampling of BDQ in each period (Figure 16).
The washout between the two periods were 4 weeks. NCA results of Study C110 was submitted in the
original submission (111:2012/66501) where more details on the study design can be found. 479 BDQ
PK samples were included from 16 patients. Individual BDQ plasma PK profiles until 14 days post-dose
were available from 16 healthy participants receiving a single dose of 400 mg BDQ with and without
LPV/RTV (400/100 mg twice daily for 24 days) in the randomised, 2-sequence, crossover Study C110.
BDQ doses were administered with food 4 weeks apart. Participants were mostly male (93.8%) and
non-black (62.5%), with a mean body weight of 77.1 kg.
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Session I

4 weeks berween
subsequent
TMC207 intakes

Session 11

Treatment A Treatment A
Group 1
(n=8§)
TNC207 TMC207
Single dose 400 mg on Day 1 Single dose 400 mg on Day 1
Ireatment B Treatment B
LPVirty .
Group 2 400/100 mg b.i.d. on Days 1 to 24 LEVAty
(n=8) mgb-1.¢. on Days 1 To 400/100 mg b.i.d. on Days 1 to 24
TMC207 -
Single dose 400 mg on Day 11 T)I(‘Iﬂ?
= = s Single dose 400 mg on Day 11

BDQ=bedaquiline; b.i.d.=twice daily; LPV=lopinavir: n=number of participants; rtv=ritonavir; TMC2Z07=BDQ().

Figure 16 Schematic overview of Study C110

Study C117 explored BDQ PK using a rich PK sampling design and explored BDQ PK before and after
administration of NVP (Figure 17). NCA results of Study C110 was submitted in the original submission
(111:2012/66501) where more details on the study design can be found. 527 BDQ PK samples were
included from 16 patients. Individual BDQ plasma PK profiles until 14 days post-dose were available
from 16 HIV-positive participants receiving a single dose of 400 mg BDQ with and without NVP (200
mg once daily for 14 days followed by 200 mg twice daily) in the single-sequence Study C117. BDQ
doses were administered with food. Participants were mostly male (62.5%) and half were black
(50.0%), with a mean body weight of 56.6 kg.

2 weeks after 4 weeks after

2to4

Session I b start NVP at start NVP at Session I
200 mg q.d. 200 mg b.id
Treanment A Trearment B
(n=16) (n=16)
TMC207 Start therapy Start therapy T™MC207
400 mg dose on — | with NVP - with NVP - 400 mg dose on Day 1
Day 1 200 mg q.d. 200 mg b.i.d. + continue NVP
+ 2 N(ORTIs + continue 200 mg bad. +
2 N()RTIs 2 N(DRTIs

BDQ=bedaquiling; b.i.d.=twice daily; n=number of participants; N{t{)RTI=nucleoside/nucleotide reverse
transcriptase inhibitor; NVP=nevirapine; q.d.=once daily; TMC207=BD(Q.

Figure 17 Schematic overview of Study C117

Data from STREAM Stage 2 was used for external validation of the respective models. DDI-relevant
subgroups of STREAM Stage 2 participants (referred to as the subpopulation with RR/MDR-TB) were
used to assess whether the DDI effect sizes estimated based on single-dose data in healthy
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participants were predictive of the DDI effect after multiple doses of BDQ in patients with MDR-TB. In
STREAM Stage 2, participants with RR/MDR-TB in the BDQ-containing regimens received BDQ 400 mg
once daily for 2 weeks, followed by 200 mg 3 times a week for 22 weeks (Regimen D) or 38 weeks
(Regimen C (bedaquiline)). PK exposure metrics and estimated GMRs during BDQ treatment were
derived by PopPK modelling for the 3 DDI subgroups of STREAM Stage 2 participants that were used in
this analysis: the reference (N=18-34), LPV/RTV (N=11-23), and NVP (N=9-22) groups. The LPV/RTV
and NVP ART subgroups were defined for each PK visit as all participants receiving the CYP3A4
perpetrator for at least 2 weeks before the visit, and the reference subgroup consisted of all HIV-
negative black participants, a PK-influencing covariate for BDQ in the subgroups.

The CHMP considered that the study design of C110 is generally a relevant design for a conventional
PK DDI study. In particular, the cross-over design with different sequences is acknowledged. However,
BDQ has a very long terminal half-life and the washout period of 4 weeks between BDQ
administrations is not sufficient to wash out all residual drug concentrations. A PopPK approach is
better suited to account for the insufficient washout compared to a traditional analysis using NCA
(Svensson et al 2016 AAPS J 18(1):171-9).

The study design of C117 has a clear limitation in that only a fixed sequence was explored (BDQ in
absence of NVP followed by BDQ and NVP in all subjects). It is unclear if the weak interaction can be
detected using a PopPK approach.

The external data consisted of a rather limited subset of STREAM Stage 2 which is a clear limitation of
the external validation. Not all subjects were sampled for PK and only black subjects were selected for
the external validation.

The PopPK datasets for the respective studies (including the external validation data) only includes
BDQ and not M2 which is a limitation. M2 may cause QT prolongation and shares (partly) the same
elimination pathway as BDQ. If M2 concentrations would have been included, the analysis may have
provided additional insight in the expected change in the ratio of BDQ:M2 when BDQ is co-
administered with NVP or LPV/RTV.

Methods

The base model for the DDI analysis was developed based on 5222 BDQ PK concentrations from 480
participants in Phase 1 and Phase 2 single- and multiple-dose studies. The pooled data used for model
development included a small portion of the data used in the current DDI analysis, i.e., the BDQ-only
arm of the LPV/RTV DDI Study C110 (N=8). No data from the NVP DDI Study C117 were used. The
PopPK model for BDQ had a 4-compartment disposition with dual zero-order input and linear
elimination, with the following covariates: black race and population (healthy, DS-TB, or MDR-TB) on
apparent clearance, population on relative bioavailability, and sex on central volume of distribution.

The parameters from the single-dose DDI PopPK model were either fixed to the final estimates of the
base model or re-estimated depending on the exploratory data analysis or the base model evaluation,
and the DDI parameters were estimated. Residual variability was also re-estimated. IIV was kept fixed
to retain a single IIV structure across all populations (Phase 1, DDI subgroups in the subpopulation of
STREAM Stage 2 participants with RR/MDR-TB, and the general population with MDR-TB).

The potential perpetrator effect was explored on the different base model parameters. To this end,
separate IIVs for the treatment group with perpetrator co-administration were added to the model,
allowing separate inter-individual random effects to be estimated for the same individual with and
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without the perpetrator. Data were generated using the PopPK model with all population parameters
fixed and all IIVs increased 3-fold, the latter to allow greater shifts in model parameters potentially
affected by the presence of the DDI. Model parameters that showed systematic changes with and
without the perpetrator were selected for the single-dose DDI PopPK model building.

The DDI effect of the perpetrator was assumed to start at full inhibition/induction immediately before
BDQ co-administration and to remain present at the full level during the co-administration time
(corresponding to the last PK sample).

The single-dose DDI PopPK model building consisted of the following steps:

e Fit the base model on the data corresponding to the administration of BDQ alone, potentially
adjusting for covariate effects for the studies not included in the data used to develop the
model (ie, Study C117) to avoid biasing the DDI parameter due to any potential small misfits
of the data. Parameter updates were done with the full dataset for each study in order to have
sufficient data for parameter estimation.

e Test potential DDI models starting from the model in Step 1. The DDI effects were tested
primarily on clearances and if required on other parameters according to the IIV exploration,
as appropriate and accounting for multiple testing and clinical consideration, until an
appropriate single-dose DDI PopPK model was identified. They were parametrised as relative
change (Equation 1) unless required otherwise.

o Equation 1: eperpetrator = gno perpetrator X (1 + BDDI)
Strong CYP3A4 inhibitor: LPV/RTV

The effect of LPV/RTV on BDQ PK was estimated as a covariate effect on clearance using BDQ
concentrations from Study C110. The adequacy of the single-dose DDI PopPK model was evaluated
using GOF plots, VPCs, and comparison of the model-based exposure metrics with the original NCA
analysis results. The translatability of the estimated DDI effect size from single-dose data in healthy
participants to multiple-dose data in patients with MDR-TB was evaluated based on external data from
the Phase 3 Study STREAM Stage 2 where BDQ-containing TB regimens were co-administered with the
LPV/RTV (see STREAM Stage 2 external validation section below).

Weak CYP3A4 inducer: NVP

The effect of NVP on BDQ PK was estimated as a covariate effect on clearance using BDQ
concentrations from Study C117. The adequacy of the single-dose DDI PopPK model was evaluated
using GOF plots, VPCs, and comparison of the model-based exposure metrics with the original NCA
analysis results. The translatability of the estimated DDI effect size from single-dose data in healthy
participants to multiple-dose data in patients with MDR-TB was evaluated based on external data from
the Phase 3 Study STREAM Stage 2 where BDQ-containing TB regimens were co-administered with
NVP (see STREAM Stage 2 external validation section below).

STREAM Stage 2 external validation

The point estimates of the DDI effect sizes estimated based on Phase 1 studies were used to simulate
STREAM Stage 2 PK endpoints (N=1000/DDI subgroup, matching the demographic characteristics from
the selected STREAM Stage 2 DDI subgroups). The external validation was considered successful if the
simulated values were included in the 95% CI of the observed values in STREAM Stage 2.

Simulation in the general population with MDR-TB
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BDQ PK was simulated in the general population with MDR-TB, with and without the perpetrator
(N=1000/DDI subgroup, with equal proportions regarding sex [male and female] and race [black and
non-black]), assuming full compliance and per protocol dosage of BDQ and the CYP3A4 perpetrator.
Key BDQ PK exposure metrics (AUC, Cavg, Ctrough, and Cmax at Weeks 2, 12, and 24, and related GMRs
with and without LPV/RTV) were computed.

The CHMP noted that the base model for development of the respective PopPK models were the BDQ
PopPK model from the initial submission (111:2012/66501), which is considered a reasonable strategy.

Based on graphical exploration of the PK data and based on the goodness-of-fit of the base model, an
informed decision was made by the MAH regarding which parameters to re-estimate using the DDI
data and how to explore effect sizes of the interactions and on which PK parameter. The CHMP
considered this to be an overall reasonable strategy.

The goodness-of-fit was evaluated using standard goodness-of-fit plots and using VPCs which is
adequate. An external evaluation step was also performed using data from STREAM Stage 2. This step
of evaluating the model is acknowledged, however, the external evaluation dataset is rather limited
and will not allow any firm conclusions to be drawn.

Results
Strong CYP3A4 inhibitor: LPV/RTV

The perpetrator-free data of Treatment Period 1 from Study C110 (N=8 participants) were included in
the development of the base model. GOF plots of this subset of data in the base model were in general
acceptable. The DDI effect was implemented as covariate on clearance for the single-dose DDI PopPK
model development. In addition, because the individual clearances in absence of LPV/RTV also showed
slight trends (most clearances being higher than the population value), the population clearance
(without DDI) was also re-estimated to avoid any bias in the DDI estimate.

The final single-dose DDI PopPK model, including an estimated DDI effect on the re-estimated
clearance, described Study C110 PK data well.

The estimated change in BDQ clearance with LPV/RTV was mild (=39.3%; 95% CI: —27.9% to
—50.7%; RSE: 14.9%) (Table 16). The population clearance without DDI in this study was estimated
to be 5.39 L/h, i.e., 41% higher than estimated for other studies with healthy participants.

Table 16: Population PK exposure metrics estimates of the single-dose DDI PopPK model for LPV/RTV
and BDQ

Parameter Parameter Description Single-dose DDI PopPK
Model for LPV/RTY and
BDQ
Parameter Estimate
(RSE as 95% CI")

CL/F (L/h) Apparent clearance 5.39(2.76, 8.02)
_Effect pyimyorp  — Fraction change in CL/F duc to interaction with LPV/RTV.  —0.393 (-0.507, 0.279)
RUV (%) Residual unexplained variability 0.155 (0143, 0.167)

BD(Q=bedaquiline; Cl=confidence interval; CL=clearance; DDI=drug-drug interaction; F=bioavailability;
LPV=lopinavir; NONMEM=non-linear mixed-effects modeling; PK=pharmacokinetic; popPK=population
pharmacokinetic; RSE=residual standard error; RTV=rilonavir.

*  RSEs were obtained from the NONMEM covariance step.

Results of the VPCs are shown graphically by treatment in Figure 18.
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BDQ=bedaquiline; DDI=drug-drug interaction; L/R=lopinavir/ritonavir; LPV=lopinavir; popPK=population
pharmacokinetic; gl 2h=every 12 hours; RTV=ritonavir; SD=single dose.

The solid lines represent the median of the observed data and the shaded arcas represent the 90% prediction interval
around the median (N=500 study replicates). The circles represent the observations and the vertical ticks mark
the binning intervals.

Figure 18 Visual predictive check for the single-dose DDI PopPK model for LPV/RTV and BDQ

GMRs from simulated PK exposure metrics were also well aligned with the STREAM Stage 2 PK data
(Figure 19). All GMRs from simulated PK exposure metrics were within the 95% CI of the GMRs from
observed PK exposure metrics for all parameters and at all timepoints, except for Cnax, for which the
GMR from simulated PK exposure metrics was just above the upper bound of the 95% CI of the GMRs
from observed PK exposure metrics at Weeks 2 and 40.
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AUC=area under the plasma concentration-time curve (AUCa4, for Week 2, AUC 44, otherwise); BDQ=bedaquiline;
Cav=average plasma concentration; Cl=confidence interval; Cpe=maximum plasma concentration;
Ctrough=trough concentration; DDI=drug-drug interaction; GMR=geometric mean ratio; HIV=human
immunodeficiency virus; LPV=lopinavir; RR/MDR-TB=rifampicin-resistant/multidrug-resistant tuberculosis;
popPK=population pharmacokinetic; RTV=ritonavir; w=week.

Dot and red error bars are the GMR and 95% CI obtained from the STREAM Stage 2 data using the HIV-negative
black participants as the reference, with the corresponding number of observations in the LPV/RTV group
indicated by the numbers in gray. Blue crosses are the GMRs from simulated PK exposure metrics (for N=1,000
participants/DDI subgroup).

Figure 19 External validation of the multiple-dose DDI PopPK model for LPV/RTV and BDQ on the GMRs
of STREAM Stage 2 participants with RR/MDR-TB

Weak CYP3A4 inducer: NVP

The BDQ data observed without co-administration of NVP (Treatment Period 1) proved to be well-
described when setting the apparent clearance and relative bioavailability to that estimated for healthy
participants. The DDI effect was implemented as covariate on clearance for the single-dose DDI PopPK
model development.

The single-dose DDI PopPK model for NVP and BDQ, using fixed parameters of the base model for
healthy participants and re-estimated fraction absorbed via the first pathway with the DDI parameter
as fractional change in clearance and the residual error, described Study C117 PK data well.

The estimated effect of change in BDQ clearance with NVP was a mild and statistically non-significant
change of —=7.2% (95% CI: —2.6% to —11.6%; RSE: 133%) (Table 17).
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Table 17: Population PK exposure metrics estimates of the single-dose DDI PopPK model for NVP and
BDQ

Parameter  Parameter Description Single-dose DDI PopPK Model for
NVP and BDQ)

Parameter Estimate
(RSE as 95% CI?)

FR1" Logit fraction of the dose absorbed via the first pathway 1.41 Fixed
COVFRI* Change in FR1 for Study C117 (HIV patients) —0.896 (—0.971, —0.821)
DDI Relative change in clearance —0.0724 (-0.261,— 0.116)
RUV (%) Residual unexplained variability 0.275 (0.258, 0.292)

BDQ=bedaquiline; Cl=confidence interval; DDI=drug-drug interaction; HIV=human immunodeficiency virus;
NONMEM=non-linear mixed-effects modeling; NVP=nevirapine: PK=pharmacokinetic; popPK=population
pharmacokinetic; RSE=residual standard error.

*  RSE were obtained from the NONMEM covariance step.

b FRI=F1/(1-F1) or vice versa where F1, the fraction via the first pathway, is 1. 41/(1+1.41)=0.585.

¢ COVFRI is the relative change in FR1, ie. FR1*(1+COVFR1), thus F1 estimated for Study C117 is
LA1T¥(1-0.896))/(1+1.41%(1-0.896))=0.0942.

Results of the VPCs are shown graphically by treatment in Figure 20.
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BDQ=bedaquiline; DDI=drug-drug interaction; NiRTl=nucleotide reverse transcriptase inhibitor; NVP=nevirapine;
popPK=population pharmacokinetic; q12h=every 12 hours; SD=single dose.
The solid lines represent the median of the observed data and the shaded areas represent the 90% prediction interval
around the median (N=500 study replicates). The circles represent the observations and the vertical ticks mark
the binning intervals.

Figure 20 Visual predictive check for the single-dose DDI PopPK model for NVP and BDQ
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GMRs from simulated PK exposure metrics were not fully aligned with the STREAM Stage 2 PK data
(Figure 21).
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AUC=area under the plasma concentration-time curve (AUC2n for Week 2, AUChasn otherwise); BDQ=bedaquiline;
Cav=average plasma concentration; Cl=confidence interval; Cpe=maximum plasma concentration;
Ctrough=trough concentration; DDI=drug-drug interaction; GMR=geometric mean ratio; HIV=human
immunodeficiency virus; LPV=lopinavir; NVP=nevirapine; PK=pharmacokinetic; popPK=population
pharmacokinetic; RR/MDR-TB=rifampicin-resistant/multidrug-resistant tuberculosis; RTV=ritonavir; w=week.

Dot and red error bars are the GMR and 95% CI obtained from the STREAM Stage 2 data using the HIV-negative
black participants as the reference, with the corresponding number of observations in the LEV/RTV group
indicated by the numbers in gray. Blue crosses are the GMRs from simulated PK exposure metrics (for N=1,000
participants/DDI subgroup).

Figure 21 External validation of the multiple-dose DDI PopPK model for NVP and BDQ on the GMRs of
STREAM Stage 2 participants with RR/MDR-TB

The CHMP considered that for LPV/RTV, the VPC indicated acceptable description of the concentration
vs time profiles for both periods with and without concomitant treatment. However, the number of
subjects per panel is limited and as a consequence, the confidence intervals in the VPC are rather wide
in relation to the magnitude of the DDI which is to be described in this analysis. The external validation
showed that the exposure metrics simulated from the model were generally in line with results from
subgroups of STREAM Stage 2.

For LPV/RTV, the re-estimated population CL was ~40% higher than estimated for other studies with
healthy participants which is considered a limitation. This may be due to systematic difference in the
PK behaviour in Study C110 compared to other studies and conclusions drawn based on this analysis
alone should be interpreted with caution.
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The CHMP noted that the PopPK analysis of the LPV/RTV DDI data points in the same direction as the
NCA results submitted in the original submission. The PopPK results indicates that the magnitude of
the interaction is slightly larger (~40% reduction in CL) compared to the magnitude of the interaction
estimated using NCA (~20% reduction in CL). This indicates that the results derived using NCA under-
predicted the interaction. These results are supportive to the previously submitted DDI data for
LPT/RTV and the efficacy and safety data from STREAM Stage 2. Whether this is considered a clinically
relevant interaction is based on totality of data including efficacy and safety data from STREAM Stage
2.

For NPV, the CHMP considered that the VPC indicated acceptable description of the concentration vs
time profiles for both periods. However, the number of subjects per panel is limited and as a
consequence, the confidence intervals in the VPC are wide in relation to the magnitude of the DDI
which is to be described in this analysis. The estimated interaction on CL predicted a small reduction of
CL (~10%) which is paradoxical for a CYP3A4 inducer. The model simulations could not reproduce the
data for the external validation which shows that the observed data indicates lower exposure for the
interaction (i.e. the opposite of what the simulations suggest).

Taken together, the CHMP could not draw firm conclusions regarding this analysis of NVP data. This
may be due to the limited sample size of the study and the study design itself which only included one
sequence (first BDQ alone and then BDQ co-administered with NVP). Overall, the CHMP did not
consider this analysis sensitive enough to answer the core question (magnitude of DDI for a CYP3A4
inducer).

2.3.2.3. Pharmacokinetic interaction studies

Several analyses of pharmacokinetic interactions were included in the dossier. This includes a
population PK analysis of DDI studies included in the initial submission, a subgroup analysis of PK data
of the patients in STREAM Stage 2 and a new DDI study with clarithromycin.

2.3.2.3.1. Subgroup analyses of HIV-Coinfected patients in STREAM Stage 2

To inform on DDIs between BDQ and ARTSs of interest (NVP and LPV/RTV), a comparative analysis of
the PK parameters was planned between subgroups of HIV-positive participants on ARTs and HIV-
negative participants as primary analysis. However, due to the imbalance in racial distribution (100%
black participants in the HIV-positive subgroups vs 15% black participants in the HIV-negative
reference subgroup, a known covariate for the PK of BDQ and M2), a subgroup analysis was performed
comparing the 4 HIV-positive subgroups with the reference group of black HIV-negative participants
only (Figure 22 and Figure 23). The PK exposure was Cayg per visit and was calculated from the
individual predicted PK parameters from the PopPK application in STREAM Stage 2 patients.

Based on this subgroup analysis:

e Co-administration of LPV/RTV with BDQ did not increase BDQ Cavg substantially (Cavg increased
by 10% and 20% at Weeks 2 and 24, respectively). M2 Cay decreased by 60% and 20% at
Weeks 2 and 24, respectively.

e Co-administration of NVP with BDQ did not affect BDQ Cavg at Week 2. At Week 24, BDQ Cayg
was decreased by 30%. This lower exposure for HIV-positive participants on NVP is not
associated with lower efficacy as 18 of 20 participants (90.0%) on NVP had a favourable

Assessment report
SIRTURO
EMEA/H/C/002614/11/0056



outcome at Week 76, suggesting that NVP had no clinically relevant effect on BDQ exposure.
M2 C.yg decreased by 10% and 30% at Weeks 2 and 24, respectively.

Mean albumin levels were not substantially different between the black HIV-negative reference group
and the black HIV-positive groups for most PK visits, although it was somewhat lower in the NVP
subgroup. This may have contributed to some extent to a higher drug clearance and the observed
lower exposure in the NVP subgroup.
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AR T=antiretroviral therapy; BDQ=bedaquiline; C;.=average plasma concentration; Cg=average plasma concentration; HIV=human immunedeficiency virus;
IQR=1nterquartile range; LPV/RTV=lopinavir/ritonavir, N=number of participants; NWVP=nevirapine; PK=pharmacokinetic(s); Q=quartile.

Box: represents 25% percentile to 75% percentile. Symbols in the boxes represent the median. Whiskers represent the maximum observation below Q3+1.5IQR (upper)
and the minimal observation above Q1-1.5*IQF. (lower). Values outside of box and whiskers represent outliers.

Source: Mod5.3.5.1/STREAM Stage 2 CSR/GPKPK9S%19¢c

Figure 22 Boxplot of BDQ Cavg by ART subgroup for Regimens C and D (STREAM Stage 2; PK Analysis
Set)
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and the minimal observation above Q1-1.5*IQR (lower). Values outside of box and whiskers represent outliers.

Source: Mod5.3.5.1/STREAM Stage 2 CSR/GPKPK9920¢

Figure 23 Boxplot of M2 Cavg by ART subgroup for Regimens C and D (STREAM Stage 2; PK Analysis
Set)

The CHMP noted that the MAH performed a subgroup analysis of the PK data in STREAM Stage 2 to
explore the exposure differences in patients with HIV co-medications LPV/RTV (strong CYP3A4
inhibitor) or NVP (weak CYP3A4 inducer). This comparison was focused only on HIV+ black
participants. The comparison was based only on patients with black race since black race was
demonstrated to be such an influential covariate. This is considered overall acceptable considering the
complexity of the PK dataset but it should be noted that the resulting number of subjects for making
the comparison are rather limited (LPV/RTV: N=11-23 depending on the visit, and NVP: N=9-22
depending on the visit). This should be taken into account when drawing conclusions based on this
subgroup analysis.

For LPV/RTV, BDQ Cayg did not increase substantially (increased by 10% to 20%) whereas M2 Cayqg
decreased by 60% to 20%. The CHMP agreed that this comparison indicates that the increase in BDQ
Cavg is rather limited and could support the conclusion that the increase in BDQ exposure is not
clinically significant. M2 is known to be formed by metabolism via CYP3A4 and by inhibiting this
pathway, it seems logical that the M2 exposure would decrease.

For NVP, BDQ Cayg was decreased by (up to) 30% whereas M2 decreased by 10 to 30%. Though from a
PK perspective, this is clear evidence of a PK DDI, the CHMP did not consider this to be of clinical
relevance. This is supported by subgroup analyses for the efficacy data which showed that the
favourable outcome was still sufficiently high in the NVP treated subgroup.
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2.3.2.3.2. DDI study of clarithromycin

The MAH provided an additional DDI study with a strong CYP3A4 inhibitor clarithromycin. Study
TMC207NTM1001 is a phase I study performed at SGS Clinical Pharmacology unit in Antwerp, Belgium,
in 2019, to assess the effect of steady-state clarithromycin at a dose of 500 mg once every 12 hours
(g12h) on the pharmacokinetic (PK) parameters of bedaquiline and its main metabolite N-
monodesmethylbedaquiline (M2) after a single 100-mg dose of bedaquiline.

This was a Phase 1, single-centre, 2-sequence, open-label, randomised, 2-way crossover study in
healthy adult subjects to assess the drug-drug interaction between steady-state clarithromycin and a
single dose of bedaquiline.

The study population consisted of 16 healthy adult subjects, who were randomised to 2 treatment
sequence groups. Each subject sequentially received 2 treatments (in Periods I and II): A-B in
Treatment Sequence Group 1 and B-A in Treatment Sequence Group 2

The treatments were as follows:

Treatment A: a single dose of 100 mg bedaquiline (administered as 1x100-mg oral commercial tablet
FO01) on Day 1, taken with a standardised breakfast.

Treatment B: 14 days of 500 mg clarithromycin q12h (Days 1-14) (administered as 1x500-mg oral
commercial tablet), with a single dose of 100 mg bedaquiline (administered as 1x100-mg oral
commercial tablet FOO1) on Day 5, taken with a standardised breakfast.

The washout period for bedaquiline was at least 28 days.

Full PK plasma profiles of bedaquiline and its main metabolite (M2) were determined over 240 hours
(10 days) after administration in each treatment period. Plasma samples were analysed to determine
concentrations of bedaquiline and M2, and clarithromycin and 14-OH-clarithromycin, respectively,
using validated, specific and sensitive liquid chromatography-mass spectrometry/mass spectrometry
methods under the supervision of the sponsor’s bioanalytical laboratory.

The primary PK parameters Cmax, Tmax, Cmin, AUC72h, and AUC240h were determined for bedaquiline as
well as M2. Metabolite to parent ratio as well as clarithromycin PK were also determined. The least
square means (LS means) of the log-transformed primary PK parameters for each treatment were
estimated with a linear mixed-effects model, controlling for treatment, sequence and period as fixed
effects, and subject as a random effect. A 90% CI was constructed around the difference between the
LS means of test and reference. Both the difference between the LS means and the 90% CIs were
retransformed to the original scale to provide relative bioavailability estimates with corresponding Cls.

The CHMP noted that performing a drug-drug interaction study with bedaquiline is a difficult task given
the very long half-life of both parent compound and metabolite M2. The MAH has chosen a 10 day co-
administration of the CYP3A4-inhibitor clarithromycin in treatment B and a 4 weeks washout. This
design is better than the previous study with ketoconazole, where only 3 days of co-administration of
ketoconazole was used and the wash-out was only 7 days. Carry-over between the periods is however
unavoidable, as well as an underestimation of the interaction effect given that 3A4-inhibitition is only
evident for 10 days and not during the long terminal elimination phase.

Tmax and Ciax of bedaquiline was similar both when given alone and with clarithromycin, whereas mean
AUCs were slightly higher after administration of bedaquiline in presence of clarithromycin compared to
bedaquiline alone. AUC0-240h of bedaquiline was 14% higher when co-administered with
clarithromycin (Table 18).
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Table 18:. Summary of PK parameters of bedaquiline after administration alone (A) or in combination

with clarithromycin (B)

Table 5: Summary of the Statistical Analvsis of the Pharmacokinetic Parameters of Bedaquiline After
Administration of Bedaquiline Alone at 100 mg (Treatment A) and in Combination With
Clarithromycin at 500 mg q12h for 14 Days (Treatment B); Pharmacokinetics Data Analysis
Set (Study TMC207NTM1001)

Bedaquiline + Clarithromycin versus
Geometric Means Bedaquiline alone
Bedaquiline 100 mg +
Bedaguiline 100 Clarithromycin at 500 Geometric Upper
mg (Treatment A, mg ql2h for 14 days Mean Ratioc Lower Limit Limit 90% Intra-subject

PK Parameter n reference) {Treatment B, test) (%0) 90% CI (%)  CI (%) CV(%)

Conex (ng/mL) 16 1277 1285 100.66 9122 111.08 159
AUC,;, (ng h/mL) 16 13831 15458 111.77 106.52 11727 77
AUC, 4y, (ngh/mL) 16 18482 21065 113.97 108.88 119.30 73

Crossreference: Afttachment TABPK16

In line with the long terminal half-life, a period effect was also evident. AUC240h was 8% (Treatment
B) to 18% (Treatment A) higher in Period 2 compared to Period 1.

For M2, the plasma levels increased slower when bedaquiline was co-administered with clarithromycin.
Given the long half-life of M2, substantial plasma concentrations were evident pre-dose in period 2
(Figure 24). After reaching a peak, M2 mean plasma concentrations tended to slowly decrease with a
slight re-increase in treatment period 2. Given the large carry-over between periods, data for M2 is
displayed separately for period 1 and 2 in Table 19: PK results of M2 presented separately per period.

Figure 3:

(Study TMC207NTM1001)

---®--- Treatment A —8— TreatmentB

e
!
.

Mean +/- SD Plasma Concentration {(ng/mL)
-

24 48 72

I I T T
96 120 144 168 182
Time (h)

T
216

T
240

Mean Plasma Concentration-time Profile of M2; Pharmacokinetics Data Analysis Set

Figure 24 Mean b/asma concentration time profile of M2 after administration of bedaquiline alone (A) or

in combination with clarithromycin (B).
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Table 19: PK results of M2 presented separately per period.

Table 7: Pharmacokinetic Results of M2 After Administration of Bedaquiline Alone at 100 mg
(Treatment A) and in Combination With Clarithromycin at 500 mg q12h for 14 Days
(Treatment B) per Period; Pharmacokinetics Data Analysis Set (Study TMC207NTM1001)

Pharmacokinetics of

M2 Bedaquiline 100 mg - Day 1 (Treatment A, Bedaquiline 100 mg + Clarithromycin at 500 mg
mean (SD), reference) ql2h for 14 days - Day 5 (Treatment B, test)
t,... median (range)

Period 1 Period 2 Period 1 Period 2
n 8 ] 8 g
C e (ng/mL) 12.0 (3.27) 16.3 (3.83) 4.66 (1.54) 9.89 (2.04)
tyme (H) 12.00 (5.00 - 239.77) 12.00 (6.00 - 72.28) 35.92(11.92-120.20) 23.90 (11.92 -220.62)
AUC,5, (ng.h/mL) 637 (177) 898 (211) 260 (78.1) 543 (132)
AUC)4 (ngh/mL) 1839 (422) 2691 (715) 886 (268) 1884 (370)
M/P Ratio Cpp; * 0.00936 (0.00318)  0.0142 (0.00514) 0.00390 (0.00153) 0.00798 (0.00294)
M/P Ratio AUC,, * 0.0481 (0.0154) 0.0670 (0.0190) 0.0183 (0.00639) 0.0347 (0.00872)
M/P Ratio AUC,.0, * 0.110(0.0299) 0.141 (0.0390) 0.0460 (0.0155) 0.0881 (0.0202)

*: MUP ratios corrected for molecular weight (bedaquiline: 550.50 g/mol; M2: 541.47 g/mol)
Crossreference: Attachment TABPKO09 and Attachment TABPK14

The CHMP noted that the results of the current study, with a 14% higher AUC240h of bedaquiline when
co-administered with the strong CYP3A4 inhibitor clarithromycin, are in line with the results from the
previous DDI study with the other strong CYP3A4 inhibitor ketoconazole, where a 22% increase in AUC
was observed. Given the very long half-life of both bedaquiline and its metabolite M2 the exact
magnitude of the interaction after longer co-administration and longer sampling is unknown, which
should be clarified in the SmPC. The formation of the metabolite M2 is substantially slower when
bedaquiline is co-administered with clarithromycin, but given the long half-life of both formation and
elimination of the metabolite the data is difficult to interpret and it is agreed with the MAH not to
mention them in the SmPC.

The CHMP considered it useful to add the information regarding the clarithromycin study with the
information of the ketoconazole study, to highlight the risk for underestimation of the effect for both
compounds:

The short term co administration of bedaquiline and ketoconazole (strong CYP3A4 inhibitor) in healthy
adults increased the mean bedaquiline exposure (AUC) by 22% [90% CI (12, 32)]. In healthy adults,
10 days of co-administration of another strong CYP3A4 inhibitor, clarithromycin, with single dose
bedaquiline increased the mean bedaquiline exposure (AUC) by 14% [90% CI (9; 19)]. A more
pronounced effect on bedaquiline may be observed during prolonged co administration of CYP3A4
inhibitors.

2.3.2.3.3. Proposed changes in the SmPC recommendations regarding CYP3A4 inhibitors
and inducers

Based mainly on the subgroup analysis from the STREAM Stage 2 study both regarding PK, efficacy
and safety, the MAH proposed changes in the SmPC recommendations regarding concomitant use of
CYP3A4 inhibitors and inducers.

1) Weak inducers

The MAH proposed to delete the general information in section 4.4 and 4.5 that bedaquiline exposure
may be reduced during co-administration with inducers of CYP3A4, and restrict the warning to
moderate and strong inducers.
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The MAH also proposed to add information from the PK subgroup analysis described above, indicating
that the Cavg was on average 30% lower at week 24 for patients receiving nevirapine compared with
black HIV-negative patients without ART co-treatment.

Table 20 Model-derived PK of BDQ in plasma after administration of BDQ withing regimen C or D in

HIV-negative participants or HIV-positive participants with or without coadministration of ARV
(STREAMT stage 2;PK Analysis set)

GMR (95% CT)
Mean (SD); % CV (Lest:Reference [HIV-negative, Black])
HIV-negative HIV-positive® Other
Parameter All Black LPV/RTV NVP Other ART No ART _|LPV/RIV__ NVP ART  No ART
Week 24
n 203 32 2 2 4 0 220 22t 4 o°
Car, ng/mL 1,009.3 8413 1,048.1 569.5 697.5 12 07 09
(359.56);35.6 (383.02):455 (534.94);329 (207.00);363 (171.64);24.6 . (0.9-1.6) (0.5-09) (0.5-1.5)
Sz ngml 1,896.1 16763 116-?1;05 ) 1,450.7 1,166.2 o Di o 991 - 01 .
(64008).33.8 (62450373 (L 5064’ (470.04). 324 (204.40); 252 0717 (0711 (©03-LY
Gomezh ng/mL 7863 627.9 208.6 382.0 5593 13 06 1.0
(303.87);386 (310.98):49.5 (533.34);38.7 (154.45):40.4 (194.10);34.7 - (0.9-1.9) (0.5-0.8) (0.5-17)
AUCitm, glyml  169.563.8 1413459 176,079.3 95,682.4 117,187.2 12 07 0.9
(60,406.75);  (64,347.27);  (93.229.66);  (34.776.45);  (28.83528); - (0.9-1.6) (0.5-0.9) (0.5-1.5)
356 455 529 363 24.6

18 of the 20 patients with concomitant nevirapine treatment had a favourable clinical outcome, which
is in line with the general study population.

The CHMP agreed that nevirapine can be classified as a weak CYP3A4 inducer, and that there is now
available data from STREAM Stage 2 suggesting a slightly lower bedaquiline exposure in patients
taking nevirapine, but with no sign of a lower efficacy in this subgroup.

The estimation of the effect size of the impact of weak CYP3A4 induction on bedaquiline exposure
made from STREAM Stage 2 can be considered uncertain, given the between-group comparison of
small numbers of patients and the known risk of confounding with factors like race and albumin.
However, even if the exact magnitude of the PK interaction is uncertain, it is agreed that co-
administration with weak inducers can now be considered acceptable given that the efficacy in the
subgroup receiving nevirapine was in line with the full population, and that the clinical experience with
co-administration of bedaquiline with ARDs has increased substantially over the years.

Given the limited data available, the CHMP agreed the following statement to describe the nevirapine
interaction:

In the Phase III study, co-administration of the weak CYP3A4 inducer nevirapine and SIRTURO as part
of combination therapy for up to 40 weeks in patients co-infected with HIV resulted in a mild decrease
in average bedaquiline exposure (AUC) compared to a subgroup without HIV co-infection. This
exposure difference was however not associated with a reduction in therapeutic effect. Therefore, no
dose adjustment is needed when co-administering SIRTURO with weak CYP3A4 inducers.

2) Moderate and strong CYP3A4 inhibitors

The MAH proposed that restrictions regarding concomitant use with moderate and strong CYP3A4
inhibitors are no longer needed, and that co-administration can be made without dose adjustments. In
addition, the MAH wanted to add results from the PK subgroup analysis described above, describing
that lopinavir/ritonavir in patients co-infected with HIV resulted in a 20% increase of bedaquiline
exposure at Week 24.

The CHMP noted that the MAH considers the combination of lopinavir and ritonavir as a net strong
CYP3A4 inhibitor, which is in line with the conclusions made by the Washington drug interaction
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database. This appears reasonable even if the interaction can be considered complex with lopinavir
being a CYP3A4 inducer. There is now available data from STREAM Stage 2 suggesting a slightly higher
bedaquiline exposure in patients taking lopinavir/ritonavir, but with no signs of higher toxicity.

The CHMP considered the estimation of the effect size of the impact of strong CYP3A4 inhibition on
bedaquiline exposure made from STREAM Stage 2 to be uncertain, given the between-group
comparison of small numbers of patients and the known risk of confounding with factors like race and
albumin. However, even if the exact magnitude of the PK interaction is uncertain, the CHMP agreed
that co-administration with moderate and strong CYP3A4 inhibitors can now be considered acceptable
given that the adverse events in the subgroup receiving lopinavir/ritonavir was in line with that in the
full population, and that the clinical experience with co-administration of bedaquiline with ARDs has
increased substantially over the years.

Given the limited data available, the CHMP agreed the following statement to describe the
lopinavir/ritonavir interaction:

Co-administration of SIRTURO and CYP3A4 inhibitors does not have a clinically relevant effect on
bedaquiline exposure. Therefore, the co-administration of SIRTURO and CYP3A4 inhibitors is allowed,
and no dose adjustment is needed.

The short-term co-administration of bedaquiline and ketoconazole (strong CYP3A4 inhibitor) in healthy
adults increased the mean bedaquiline exposure (AUC) by 22% [90% CI (12; 32)]. In healthy adults,
10 days of co-administration of another strong CYP3A4 inhibitor, clarithromycin, with single-dose
bedaquiline increased the mean bedaquiline exposure (AUC) by 14% [90% CI (9; 19)]. A more
pronounced effect on bedaquiline may be observed during prolonged co-administration of CYP3A4
inhibitors.

In the Phase III trial, long-term co-administration of SIRTURO as part of a combination therapy and
lopinavir/ritonavir in patients co-infected with HIV resulted in a mild increase in mean bedaquiline
exposure at Week 24 compared to a subgroup without HIV co-infection. No dose adjustment is
required.

2.3.3. Pharmacodynamics

The primary and secondary pharmacodynamics of bedaquiline were well described by non-clinical data
previously submitted as part of the original registration dossier, which are not re-discussed in this
assessment. New data pertaining to the further characterisation of drug-drug interactions (DDI) and
safety pharmacology are discussed within the relevant sections.

2.3.4. PK/PD modelling

PK/PD relationships of bedaquiline (and M2) were evaluated both for efficacy and safety endpoints. The
antimycobacterial activity of BDQ and the relationship between BDQ exposure and antimycobacterial
activity was evaluated in the original submission and again evaluated in STREAM Stage 2 for the
culture conversion and favourable outcome endpoints. For safety, a concentration-QT analysis was
performed based on studies C208 and C209. Since the initial approval of BDQ, extensive research has
been performed, providing quantitative estimates on the QT-prolonging effect of BDQ. Some of these
published literature sources are cited and used to support the assessment of QT prolongation in the
current procedure.
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The CHMP noted the PK/PD analyses for both efficacy and safety endpoints performed by the MAH. The
efficacy endpoints include culture conversion and favourable outcome and the safety endpoint included

QT prolongation.

The exposure-response analyses are considered supportive only and have low impact in the context of
the robust clinical data package. The CHMP considered clinical efficacy and safety data to be the most
important for drawing the necessary conclusions needed for assessing the benefit-risk.

2.3.4.1. Favourable outcome

In STREAM Stage 2, the relationship between BDQ and M2 exposure and the primary endpoint
(favourable/non-favourable) was explored through boxplots, presenting the exposure measures by TB
outcome (favourable/unfavourable) at Week 76 and Week 132 (shown for BDQ Cayg in Figure 25 and
Figure 26, respectively). BDQ concentrations for the subgroups defined based on outcome overlapped.
Given the limited number of cases with non-favourable outcome, no exposure-response relationship
could be observed.
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Figure 25 Boxplot of bedaquiline Cavg by favourable outcome at week 76 for Regimens C
(bedaquiline)+D
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below Q3 + 1.5IQR (upper) and the minimal observation above Q1-1.5*IQR (lower). Values outside of box and whiskers represent outliers.
Note: The No in favorable treatment outcome of week 132 include non-assessable.

Figure 26 Boxplot of bedaquiline Cavg by favourable outcome at week 132 for Regimen C
(bedaquiline)+D

The CHMP noted the exposure-response analysis performed between BDQ exposure and favourable
outcome in STREAM Stage 2. The data was stratified by outcome (favourable outcome, yes or no) and
the distribution of the PK exposure in each stratum was visualised in boxplots per visit. The CHMP
agreed with the MAH conclusion that no exposure-response trends are evident. This may indicate that
the PK exposure at the proposed dosing regimen is approaching a plateau. However, this exposure-
response analysis has limitations (as outlined below) and it is not possible to draw any firm
conclusions.

The CHMP noted that exposure-response analysis was based only on a single dose level/regimen which
was studied in STREAM Stage 2 (400 mg once daily for two weeks followed by 200 mg three times per
week). Having only a single dose level usually leads to a relatively narrow exposure range where it
may be difficult to detect any exposure-response trends. Furthermore, the number of patients without
favourable outcome was limited which makes it even more difficult to draw firm conclusions.

2.3.4.2. Culture conversion

In STREAM Stage 2, the relationship between BDQ exposure and the culture conversion rate for
participants completing the full course of BDQ treatment was explored through bar plots, presenting
the percentage converted at end of treatment by exposure and exposure/MIC quartile range based on
HIV status (positive/negative) and baseline MIC (<0.25 or >0.25 pg/mL). Figure 27 and Figure 28
show the culture conversion vs Cayg quartile for Regimen C (bedaquiline) and D, respectively. No trend
for an exposure-dependent conversion rate was observed for any of the regimens or in any of the pre-
determined subgroups.
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Figure 27 Culture conversion rates versus bedaquiline Cavg quartiles per HIV and BDQ resistance
subgroup (Regimen C (bedaquiline), Week 40)
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Figure 28 Culture conversion rates versus bedaquiline Cavg quartiles per HIV and BDQ resistance
subgroup (Regimen D, week 24)

The CHMP noted that an exposure-response analysis was performed between BDQ exposure and
culture conversion in STREAM Stage 2. The data was stratified by BDQ Cavg quartile and bar plots
showed the proportion of patients with culture conversion in each exposure quartile. As concluded by
the MAH, it can be agreed that no exposure-response trends are evident. This may indicate that the PK
exposure at the proposed dosing regimen is approaching a plateau. However, this exposure-response
analysis has limitations (as outlined below) and it is not possible to draw any firm conclusions.
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The CHMP noted that exposure-response analysis was based only on a single dose level/regimen which
was studied in STREAM Stage 2 (400 mg once daily for two weeks followed by 200 mg three times per
week). Having only a single dose level usually leads to a relatively narrow exposure range where it
may be difficult to detect any exposure-response trends. Furthermore, the number of patients without
culture conversion was very limited which makes it even more difficult to draw firm conclusions.

2.3.4.3. QT analysis

Several analyses regarding concentration-QTc have been included in the dossier. Reference is made to
several published concentration-QTc analyses. A model-based analysis was performed based on BDQ
Phase 2 data. Finally, a subgroup analysis has been performed of STREAM Stage 2 data.

The CHMP noted that analyses described in this section are viewed as supportive evidence. They are
supportive to (1) the results from the thorough QT study which was included in the original submission
(111:2012/66501) and (2) the safety analysis of the QTc data collected in STREAM Stage 2.

2.3.4.3.1. Literature references

Different authors, applying different analysis methodologies and using data generated in different
studies with participants with active TB, have come to the same conclusions:

e Patients with active TB, when enrolled in a study, have elevated HR. HR decreases during the
treatment period when patients improve.

e In patients with TB, QTcF corrects sub-optimally for HR, resulting in an upward bias of AQTcF
while HR decreases.

e PK/PD models require implementing drug-related and non-drug-related effects to enable
accurate estimation of the drug exposure-QTc relationship.

Briefly, using the data from Studies C208 and C209, Tanneau (Tanneau et al 2021 CPT:PSP
10(12):1538-1549) developed a BDQ/M2 exposure-QT model accounting for circadian rhythm patterns
and a secular trend (not drug-related) with a maximum secular trend on AQTcF of 6.5 ms (estimated
t1/2, ie, time needed to achieve 50% of the maximum effect: 6.44 weeks). The authors argued that
the secular trend was due to the suboptimal HR correction of QTcF. Tanneau (Tanneau et al 2022 Clin
Pharmacokinet 61(8):1538-1549) and van Beek (van Beek et al 2022 Open Forum Infect Dis 9(8))
applied the same exposure-QT model using data from the DELIBERATE study and the PROBeX study,
respectively, confirming the findings of Tanneau (2021). The estimates for the drug-related
parameters (Emax, EC50) for BDQ/M2 and non-drug-related parameters (QTmax) were consistent
across studies, with the mean AQTmax estimated to be in the range of 6 to 9 ms.

Alternative approaches to optimally correct for HR when estimating QTc in patients with TB have been
proposed:

e Ollario (Ollario et al 2017 AAC 61(7):e01834-16), based on pre-treatment ECGs, estimated an
optimal population correction factor of 0.4081.

e Li(Lietal 2019 AAC 63(10):e00445-19), using data from the PMD development program
including the BPalL regimen, also observed the tendency for increasing AQTcF after treatment,
which correlated with decreasing HR. The authors applied a different modelling approach to
dissociate the drug-related effect from the secular trend. A linear exposure-QT model was
fitted to each study-by-visit-by-time-post-dose grouping of data. The authors observed a time-
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independent slope (drug effect) constant throughout treatment but an intercept (AQT at zero
drug concentration) increasing with time-in-study. The authors evaluated 3 different HR
correction methods: QTcF, QTcB, and a population-specific correction factor obtained from the
pre-treatment ECG data (QTcN, correction factor=0.42, which is similar to the correction factor
of 0.4081 that has been proposed previously by Olliaro [2017]). They concluded that the
modelling methodology allowed to capture the time-dependent HR well and to differentiate
drug-related and non-drug-related effects: while QTcB, QTcF, and QTcN resulted in a different
estimate for the secular trend (confirming HR as driver for this secular trend), the estimated
slope (drug-related effect) of the concentration-QTc response model was similar across HR
correction factors.

Based on the above findings that QTcF did not optimally correct for HR in a population with TB, the
data from Studies C208 and C209 were re-evaluated using PK/HR modelling to enable an improved
assessment of the M2-related QT effect. In this analysis, through explorative regression analyses of
QTcF vs HR for subsets of data clustered by time since treatment start, it was observed that the slope
for QTcF vs HR changed with treatment duration. This observation suggests that, for an accurate
estimation of the drug exposure-QTc relationship, a time-dependent HR correction factor is needed
rather than a population-specific HR correction factor such as QTcN or the correction factor suggested
by Olliaro (2017).

In Table 18, estimates for AAQTc are presented for different exposure-QT models published, at Weeks
2 and 24 based on the mean Cnax values observed in STREAM Stage 2 at the end of the 2-week loading
phase (Week 2; 326.3 ng/mL) and at the end of the 22-week maintenance phase (Week 24; 233.9
ng/mL), respectively. The estimates of the maximum mean effect of M2 on QT (AAQTc) ranged from
4.9 to 8.3 ms at Week 2 and from 4.5 to 7.6 ms at Week 24. At Week 24, AQTcF was approximately
twice as high as AAQTCcF across the different sources, indicating equal contribution of the HR effect and
the drug-related effect to the observed AQTcF at the end of BDQ treatment. With the time-dependent
correction factor, the remaining secular trend was minimal (AQTcTBT of 0.4 ms at Week 24) and the
estimated M2 QT effect range was similar to that obtained across the other sources, further supporting
the conclusion that the mean AAQTc is <10 ms during the entire treatment period.

Collectively, based on the mean Cnax for M2 observed in STREAM Stage 2, AAQTcF due to BDQ intake
is estimated to be in the range of 6 to 8 ms.
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Table 21: Exposure-QTc relationship for M2 and effect size of secular trend on QTc based on different
exposure-QTc models and datasets

Derived Mean QTc Changes

Mean Secular
Following BD(Q Administration®

QT Correction Emsxan, ECaan, Trend
Study; (Correction ms ng/mL AAQTe, ms AQTe, ms  AQTmax, ms
Source Data Factor)  (%RSE) (%RSE) Week2® Week24° Week 24°  (%RSE)
Tanneau 2021; QTcF (0.33) 28.6(13.6) 855 (24.4)  7.9¢ 6.14 12.6% 6.5 (11.8)
C208 and C209
Tanneau 2022; QTcF (0.33) 25.9(144) 695(30.1)  §.3¢ 6.5¢ 1364 7.09 (8.72)
DELIBERATE
VanBeek 2022:  QTcF(0.33) 28.5(14.8) 844 (29) 7.94 6.2 1384 7.6(9.3)
PR OB

Slopexn, ms/(pug/mL)
(90% CT)
Li2019; QTCF (0.33) 18.3 (14.1-22.4) 6.0 43¢ 13,78 9.4 (NA)
Nix-TB (Bpal ~ QTcN (0.42) 19.3(15.2-23.3) 6.3 4.5f g 531 4.0 (NA)
regimen)  QTeB(05)  196(152:24)  64F 46 59 13(NA)
Study C208 QTCF (0.33) - i 3.1F 7.6 16.1° 9.0°
PK/HR analysis QTcTBT (time- - 4.9% 7.5% 7.9° 0.4%
dependent,
0.4081 toward
0.33)

AQTe=corrected QT change from baseline; AAQTe=drug-related corrected QT interval effect (corrected for
placebo); BDQ=bedaquiline; Crz=maximum plasma concentration; ECs=half maximum effect concentration;
Ews=maximum effect; HR=heart rate; NA=not available; PK=pharmacokinetic(s); QTc=corrected QT;
QTcF=Fndericia-corrected QT; QTcN=population-specific QT; QTumz—maximum QT effect; RSE=relative
standard error.

@ Based on M2 Cpg: at Week 2 in STREAM Stage 20 326.3 ng/'mL, except for Study C208 values.

® Based on observed mean pre- and postdose QT values per visit. Unlike the other methods and sources, this does

not correspond to an exposure-QT analysis but to a statistical summary of observed AAQTc by wvisit. As such,

the results depend on the QT vanahility in both placebo and BDQ) treatment groups for each visit and are not
itegrated over the full BDQ treatment duration.

M2 Crax at Week 24 1n STREAM Stage 2: 233.9 ng/'mL, except for Study C208 values.

Value denived as Emeo M2 Crg (ECs0207 M2 Cam).

Including the maximum secular trend.

Value derived as slopexM2 Cpay/1,000.

Source: Publications cited; Table 3; data on file for Study C208 PE/HR analysis

oM [=" e

The CHMP considered that the literature references identified by the MAH supports the usefulness of a
time-dependent correction factor in order to interpret the QT prolongation data. The MAH derived the
mean expected QTc changes following BDQ administration given the observed M2 Cray in STREAM
Stage 2, which indicates a QT prolongation in the range of 6-8 ms.

2.3.4.3.2. Model-based analysis of Phase 2 data

Objectives
The objectives of this analysis were:

e To develop an accurate QT correction method for patients with MDR-TB, which accounts for HR
changes due to disease improvement as a result of anti-TB treatment, based on nonlinear
mixed effect modelling of the change in HR vs time in patients treated for active TB.
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e To evaluate QTc changes in patients with MDR-TB receiving BDQ in addition to standardised
background regimens, using the developed correction factor, which decorrelates HR and QT
intervals during the entire treatment period.

The CHMP considered the objectives to be relevant. Increased HR in TB patients is known to bias the
QT prolongation. Similar issues exist for other infectious diseases (such as malaria). Developing an
empirical, data-driven time-varying correction factor to account for the bias caused by the elevated HR
in these patients is considered a fit-for-purpose approach to give better insight into the underlying QT
prolongation for BDQ.

Data

Data from the Phase 2 studies C208 and C209 were included in this analysis (Table 22). These studies
were thoroughly described in the initial submission where additional details can be found.

Table 22: Summary of studies included in the HR analysis

Study C208 Study C209
Objective To evaluate the efficacy of BD(} in To evaluate the safety and tolerability as
combination with a background regimen. well as efficacy of BDQ in combination

with a background regimen for the
treatment ol a broader cohort of

participants with drug-resistant-TB,
including pre-XDR and XDR-TB.

Type of study Randomized, double-blinded. Single-arm, open-label study
placebo-controlled study in 2 stages
(Stage 1 and Stage 2)

Medication BDQ or placebo BD(Q

Route of administration Oral Oral

Formulation Tablet Tablet

Dose regimen 400 mg once daily for 14 days and then 400 mg once daily for 14 days and then
200 mg 3 tmes per week 200 mg 3 times per week

Number of participants 207 233

Treatment duration Stage 1: 8 weeks 24 weeks

Stage 2: 24 weeks

Standardized 18 to 24 months 18 to 24 months

background regimen

duration

Sampling times Triplicate ECGs were collected around 8 AM - Triphicate ECGs were collected around

(before treatment) or predose (during & AM (before treatment) or predose
treatment) and 1 PM (before treatment) or 5 h (during treatment) and | PM (belore
postdose (during treatment) at Screening, treatment) or 5 h postdose (during
Day —1, Day I, and Weeks 2, 8, 12, and 24.  treatment) at Screening, Day —1, Day 1,
Single ECGs were collected up to 1 h predose and Weeks 2, 8, 12, and 24.
at Weeks 1,2,3,4.5,6,7, 10, 12, 14, 16,18,  Single ECGs were collectedup to L h
20, and 22. predose at Weeks 4, 16, and 20.

BDQ=bedaquiline; ECC i—clectrocardio gram: HR=heart rate; prc-}(DR=pru::-cxlcnsi vely drug-resistant;
TB=tuberculosis; XDR-TB=cxiensively drug-resisiant tuberculosis.

Data from 440 patients were included in the analysis (18657 HR measurements and 18495 QT
measurements). Data prior to baseline and during follow-up were excluded.
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Individual BDQ and M2 concentrations were predicted at each ECG timepoint using a previously
developed population PK model (Svensson et al 2016 CPT:PSP 5(12):682-691, Tanneau et al 2021
CPT:PSP 10(12):1538-1549).

The CHMP noted that the dataset that was used to develop the model included several HR and QT
measurements (18657 and 18495 measurements, respectively) from 440 patients which is considered
a reasonable dataset to perform a concentration-QT analysis. Bearing this in mind, the dataset has
certain limitations. The gold standard is to perform this type of analysis on QT measurements are
performed in a similar way in all subjects, even from the same site. In this case, the QT measurements
have been derived from different study sites and may lack standardisation which could bias the results
and lead to high variability.

Methods
The analyses were carried out in NONMEM 7.4.
HR model

First, a longitudinal PK/HR model was developed to describe the change in HR, consisting of the sum of
3 distinct effects: 1) time on treatment, 2) circadian rhythm, and 3) drug effect, mediated by M2. The
developed HR model was subsequently utilised to construct the time-dependent correction factor and
to evaluate the QTc prolongation effect of BDQ in Studies C208 and C209.

The HR analysis consisted of the following steps:

1. Develop the HR model using only baseline HR without any changes. Subsequently, the model was
expanded to include the linear or asymptotic function to determine which function best described the
change in HR over time.

2. Assess the diurnal variation of HR using cosine functions with different numbers of oscillations (i.e.,
1, 2, and 3) corresponding to 24- and12-hour cycles.

3. Evaluate the effect of BDQ andM2 on HR.
4. Develop the statistical model to describe the IIV and RUV.

5. Assess all relevant covariates by stepwise addition until no statistically significant covariate
remained (p<0.05). Subsequently, remove non-significant covariates using a stricter significance level
of p<0.01.

6. Assess model performance using GOF plots and VPCs.
Time-dependent correction factor

Linear regression analyses using the QT interval and HR measurements from Day —1 to the end of
treatment with BDQ (Week 24) were conducted to assess how well different correction factors could
decorrelate QT and HR. The QT-HR data were segmented into separate time intervals (bins) based on
the quantity of data and the rate of change in correlation in each interval: i) pre-treatment, ii) Week 0
to 1, iii) Week 1 to 2, iv) Week 2 to 4, v) Week 4 to 8, vi) Week 8 to 12, vii) Week 12 to 20, and viii)
Week 20 until the end of treatment with BDQ (Week 24). The correlation between QTc and HR was
quantified by the slope and r2 value from the regressions performed in each bin. It is expected that
the slope and r2 would have values close to 0 for the successful correction. The 95% CI of the slope
should cover 0, which means there is no significant difference from 0. To compare the difference in
performance between Fridericia and Olliaro correction factors and the time-dependent correction
factor, slope estimates and their uncertainty (standard error) from the QTc vs HR linear regression
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analysis were analysed using NONMEM. A linear model was used to describe the change in slope over
time, and the standard error of the slope was used as weighting factor in the analysis. For successful
correction, both the intercept (the QTc-HR correlation at time 0) and the gradient (the change in slope
over time) are expected to be close to 0 and the 95% CI should include 0.

QTc prolongation assessment

Visual and numerical summaries of different cardiovascular safety assessments over time in the
different arms of the Phase 2 studies were compared using the Fridericia and the time-dependent
correction factors. Three cardiovascular safety assessments were investigated: absolute QTc and AQTc
using pooled data from Studies C208 and C209, and AAQTc using only data from Study C208 as
placebo data were not available from Study C209. Pre-treatment (baseline) QTc was defined as Day
—1, at around 1 PM for the 5-hour post-dose assessments, and Day —1, pre-dose for all other
assessments. The mean of triplicate QT intervals was calculated for each occasion, after which all QT-
related assessments were summarised over the same time intervals as used for the correction factor
evaluation: i) pre-treatment, ii) Week 0 to 1, iii) Week 1 to 2, iv) Week 2 to 4, v) Week 4 to 8, vi)
Week 8 to 12, vii) Week 12 to 20, and viii) Week 20 until the end of treatment with BDQ (Week 24).

The CHMP considered that overall, reasonable methodology has been used for performing this QT
analysis. It should be noted that it deviates from how a QT analysis should be performed according to
the relevant guidelines (ICH E15). However, the CHMP considered it reasonable to deviate from the
standards in this case, due to the known effect of HR in TB patients which can bias the estimate of the
underlying QT prolongation.

Results
HR model

The observed HR vs time plots stratified by study and treatment arm (data not shown) showed overall
HR decreases over time during the treatment period in all treatment groups of Studies C208 and C209,
including the arms with placebo/background treatment.

The correlation matrices of QTc intervals vs HR for different published correction factors were reviewed
(data not shown) and none was found to adequately correct the QTc at all relevant time-points. This
supports that the correlation between QT interval and HR varies over time and that a single correction
factor, regardless of its value, will not be able to adequately correct over the full-time course of
treatment.

The final HR model included a component describing the asymptotic change in HR with time, 4- and
12-hour circadian rhythms, and an effect of M2 on HR, described the mean and the variability of the
HR data well. The model featured IIV on HRpaseline, HRrecovered, and amplitudes. IIV was exponential
except for amplitudes where the Box-Cox transformation was applied to aid in the non-normally
distributed EBEs. Additionally, exponential IIV was also added to RUV and RUVrepi components allowing
different magnitudes of residual between individuals. Correlation components (2 block) were included
for HRbaseline—HRrecovered, HRbaseline—Amplitudes, HRrecovered—Amplitudes, and RUV-RUVrep. The residual
error was best described by a proportional error model for RUV and an additive error model for RUVrepi.
Study, body weight, serum albumin, baseline MGIT and age were included as covariates in the model.
The model parameters are shown in Table 23.

The time on anti-TB treatment was estimated to result in a 5.1 bpm asymptotic decrease in HR over
time to 73.1 bpm (1.4% RSE) at steady-state, achieving half the HR decrease in 7.74 weeks (95% CI
Tprog: 5.17 to 10.27 weeks). This suggests that the HR had approached but not fully reached steady-
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state by the end of the 24-week treatment period, with an estimated HR of 73.7 bpm at the end of

treatment with BDQ (around 85% of steady-state).

Table 23: Parameter estimates of the base and final HR model

Madel Featare

Time on treatment

M2 cffccton HR

Covariate cffects

mwvEevh

Comclation
betarcen 1TV

Circadian rhythm

Diescription

" Bascline HR (bpm)

Recovercd HE (hpm)

Toray (wecks)

Peak time 24 h {clock time)
Amplitede 12 h (bpm)
Peak time 12 h {clock time)

Box-cox shape for amplitudes

ECs (ng/mL)

Effcct of study on HR (Study C209vs

C208) (fraction)

Eftect of changes in body weight on HR
(power)

Eftect of hascline scrum albumin on HR
(power)

Eftect of hascline MOGIT on bascline HR
{powecT)

Effect of age on recovered HR {poacr)

WV bascline HR

11V recovered HR
IV amplitude

IV ECs M2

IV proportional RUY

1V Additive tiphicate-specific RUY

Ra_qg|mgH}{rc,gqm¢dH}{

Bascline HR: amplitudc

Recovercd HR: amplitude

Parameter Estimate (95% C17)
| %aRSE] { %ashrinkage}®

Base Maodcl®
BO(TEZ, B1.T)
[1.1]
T4.6(T2.8, To.4)
11.2]
B15 (547, 10.8¥)
[ 16.9]
0.5 (4.6, B.4)
J14.9]
1570153, 16.1)
11.4]
1.7(1,2.4)
121.2]
1001 (%, 11.1)
[5.2]
.71 (097, —.45)
LTI

0158012, 0096

[12.2]
2170 (1256, 3061)
e

[4] {1.7}
15514, 17.5)
[5]47-3}
07.2(72.3,121.8)
[] 1248}
1002.5 (602.2, 1663)
[6] 1456
23,6 (19.6, 27.1)
%] {139}

385 (351, 41.6) 4]
L
0.42 (.27, 0.51)
(9.3
—0.15 {008, —0.01)
|24.1]

.41 (.53, —0.2%)
[10.2]

760162188

Final Model*
THZ (763, 80.1)
[1.2]
73.1{71.1,75.3)
[1.4]
7.74(5.17, 10.27)
[ 16.8]

6.2 (4.5, 7.9)
[13.6]
15.7(15.3, 16.2)}
[1.3]
1.65 (1, 2.3)
[ 19.7]
10,1 (9.2, 101
[4.8]
—0.77 (—1.1, —0.46)
O L
0.179 (0.14, 0.21)
[1.aj
2600 (1936, 3260)
I
(47 (0018, 0.076)
[31.3]
—0.2 {(—0.26, —0.14)
[15.2]
—0.22 (—0.3, —0.14)
[ 17.6]
—0.05 (—0.07, —0.03)
|22
0% (.03, 0.13)
[30.1]
15 (138, 16.1)
4] {253
15.1(13.2, 16.8)
6] §7-3;

95.3 (70,9, 119.2)
[9] 1255}
HEZA(T19.9, 1078.6)
|2] 45.1}
23.6(19.2,27.3)
[%] §13.7}

5.5 (35.1,41.6) 4]
L abdy

.41 (0.2%, 0.54)
[9]
—0.26 (039, —0.14)
[13.5]
—0.42 (—0.55, —0.2%)
[10.2]
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Proportional RUV: additive mriplicate- 0.37 (0.2, 0.54) 0.3% {021, 0.55)

__________________________ specificRUNV oA

Residual error Proportional RUY (30V) £.4 (5.1, 87) 54 (R 1LET)

madel [1.7] 12
Additive triplicatc-specific RUV (5D, 2.7 (2.6, 2.5} 2.7 (2.6.2.%)
byprri} [1.%] [1.9]

-V =percent of cocfficient of vanation; ECsi—=half maximum drug cifect concentration; Eye.=maximum drog
cificet; HR=hcart rate; 11'V=inter-individual vanability; MO T=mycobactena growth indicator tube;
NONMEM=nonlincar mixed cffects modeling; OF V=ohjective function value; REE=residual standard error;

RUY =residual uncxplaincd vanability; SD=standard deviation; tuo=half-life; Taw—time at which the heart rate had
reached 50% of its decrease.

* 95% (I calculated as parameter estimates + 1.96 - 5E

B Median (%RSE) |%Shnnkage| estimates by NONMEM from Studics C208 and C2009 datasct.

“  Run numhbcr=165; OFY=82,054.011.

4 Run number=206; (OFY=5%1_882_ 509,

= Time to positreity in MOGIT.

T 80V and %RSE calculated as e — 1

The performance of the final model was evaluated using VPC without stratifications (Figure 29). The
VPC results indicated that the final model described the HR data and its variability well.

Number of simulations: 1000, confidence interval: 95%
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Figure 29 VPC of HR over time for the final HR model

Time-dependent correction factor

Based on the exploration of data from Studies C208 and C209, it was observed that the QT-HR
correlation changed with time on treatment, associated with the decrease in HR. The Olliaro correction
factor (0.4018), estimated based on pre-treatment data, was found to perform well at the pre-
treatment stage while the Fridericia correction factor (0.33) was found to perform well at the end of
BDQ treatment stage.

Based on the expectation that the rate of change in HR represents the rate of change in the correlation
between QT interval and HR, the rate constant Tprog estimated in the HR model was utilised to
construct the time-dependent correction factor. As the HR was described by an asymptotic function
with a Tprog Of 7.74 weeks, a longitudinal correction factor was formulated. The correction factor
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decreases asymptotically from 0.4081 (Olliaro 2017) toward 0.33 (Fridericia 2003) over the time on
treatment.

Ln(2
CF(t) = 0.4081 — (0.0781) x (1 — e Xpros*YYwhere K,poq = T—()
prog

QTc prolongation assessment

Mean absolute QTcF and QTcTBT, AQTcF and AQTcTBT, and AAQTcF and AAQTCTBT, along with their
respective 95% ClIs, were calculated for each time point and are presented in Figure 30.

Mean AAQTcF and AAQTCcTBT were found to be similar with mean AAQTc mostly plateauing below 10
ms from Week 2 onwards. The observed peak at Week 8 to 12 for both correction factors (AAQTcTBT
of 13.4 ms; 95% CI: 9.4 to 17.3 ms, similar for AAQTCcF) is likely due to variability as the AQTc of the
placebo group is particularly low for this timepoint. The fact that AAQTCcTBT and AAQTCcF fully overlap
demonstrates that the time-dependent correction is appropriate and that AAQTCcF is able to capture the
drug effect on QT accurately, despite the HR bias. This confirms that QT prolongation under BDQ
treatment was adequately estimated based on the AAQTcF derived from Study C208, ie, when
accounting for the placebo response.

However, in studies where no adequate reference arm is available to dissociate the time-on-treatment
effect on HR from drug effect(s) on HR and QT, such as Study C209, which was a single-arm study, or
studies with arms containing different combinations of QT-prolonging drugs, AAQTc is often
unavailable and the secular trend cannot easily be accounted for. The QT effect of many anti-TB drugs
is thus often evaluated based on absolute QTc or AQTc, and the conclusions drawn from these values
were shown to differ depending on the methodology used and the time of evaluation. Across study
arms, mean QTcF values were up to 10.4 ms lower than QTcTBT values until Week 12 of the anti-TB
treatment, while mean AQTcF values were up to 8.2 ms higher than AQTcTBT values from Week 2
onwards. Mean QTcTBT and AQTcTBT values of the placebo group were closer to their baseline than
mean QTcF and AQTcF values, showing a better correction of the secular trend using the time-
dependent correction factor compared with the Fridericia correction factor.

In this analysis, QTcF and AQTcF were shown to lead to likely biased estimates of the drug-induced QT
effect if interpreted in the absence of an adequate description of non-drug-related HR changes, while
QTcTBT and AQTCcTBT were inherently corrected for HR changes due to disease improvement as a
result of anti-TB treatment.
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E AA QTc vs time (included only C208 study)
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Visit
BDO-bedaquiline; QTe—corrected QT: QTeF=Fredericia-corrected QT; QTcTBT=time-dependent QT

Tx=treatment with BD().
Pre-treatment=Day — | and predose on Day 1; End of Tx with BDOQ=Weck 24 or on the last day of receiving BDv

provided that the last day of receiving BDQ=Weck 20.

Points (placebo arm) and squares (BD(Q) arm) represent mean values. Error bars represent the 95% confidence
intervals of the mean values based on the total number of subjects in each time bin.

FFor the time intervals, parentheses mean the week was not included and square brackets mean the week was

included.

Figure 30 Absolute, change from baseline and placebo-corrected change from baseline in QTc over
time for the Fridericia correction factor (A, C, and E) and time-dependent correction factor (B, D, and

E)

The CHMP considered the HR model to be acceptable. The parameter estimates and RSEs were overall
reasonable and the final model described the data overall well according to the VPC.

The CHMP noted that time-dependent correction factor combined two known correction factors
(Fridericia and Olliaro) using a time-dependent factor derived from the HR model. This is considered an
acceptable approximation to give better insight into the actual QT prolongation in patients caused by
BDQ.

After correcting for the bias caused by the elevated HR in TB patients, the QT data indicates that BDQ
has a QT prolongation of approximately ~7.5 ms. At different time-points throughout the study, the
mean QT prolongation (and the confidence intervals) exceeded 10 ms.
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The CHMP considered the approximate QT prolongation of 7.5 ms to be in line with the expected QT
prolongation based on literature sources, given the observed M2 Cnax in STREAM Stage 2.

2.3.4.3.3. Subgroup analysis of STREAM Stage 2

The relationship between BDQ and M2 exposure and QT interval prolongation was explored through
boxplots, presenting the selected exposure measures by QTcF cut-off, for instance 480 ms as shown in
Figure 31. Given the limited number of cases in the QTcF subgroups of interest (>480 or >500 ms),
associated BDQ and M2 concentration ranges overlap entirely with the corresponding concentration
ranges in the reference groups. Therefore, no relationship between BDQ or M2 exposure and response
in terms of QTcF could be detected.
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Figure 31 Boxplot of M2 Cnax by absolute QTc value with cutoff 480 at visit level for Regimen C
(bedaquiline)+D

The CHMP noted that the MAH performed a very simplified exposure-response analysis for QT
prolongation based on the STREAM Stage 2 data. Since there were too few cases meeting the criteria
(for instance 480 ms), the plots are not informative. Treating QT as a continuous variable instead may
have been more useful, although it is known to be difficult to detect exposure-response relationships
with only a single dose level. Therefore, this issue is not pursued further.

2.3.5. Discussion on clinical pharmacology

The CHMP noted that the MAH has performed PK analyses with different purposes in the dossier. The
PK analyses are considered supportive to the efficacy and safety data, with overall low impact for the
benefit-risk assessment. The main relevance of the PK analyses is to describe PK in the target
population and to support dosing recommendations for DDI scenarios.
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Two new clinical studies with PK information which were not included in the original submission are
presented (STREAM Stage 2 and TMC207NTM1001) in the current procedure.

The PK data from STREAM Stage 2 was used to describe PK in the target population. Sparse PK
sampling was used and hence, a PopPK approach was used to describe the PK data which is
acceptable. An updated PopPK model was developed to describe the PK behaviour of bedaquiline and
its active metabolite M2 by expanding a previously submitted PopPK model to include description of M2
data. The new clinical study STREAM Stage 2 was not included when developing the updated PopPK
model. The updated PopPK model is considered overall acceptable. Furthermore, the covariate analysis
was based on visual inspection of eta vs covariate plots which is a limitation, since the shrinkage was
quite high (20-30%) for important parameters. However, this issue is not pursued given the limited
impact of the PopPK model.

The updated PopPK model was used to extract individual PK parameters (EBEs) from the patients in
STREAM Stage 2 which were used to calculate various exposure metrics for (1) descriptive purposes,
(2) PK subgroup analyses and (3) to perform PK/PD analyses. It would have been preferable to include
STREAM Stage 2 when developing the PopPK model but the presented approach is considered
acceptable given the rather low impact of the PopPK model. The updated PopPK model described the
observed data sufficiently well based on the model diagnostic plots “observations vs individual
predictions” and “individual plots”. Of note, the VPC for M2 had model misspecifications which means
that the simulation properties of the model are not optimal which should be considered if the model is
used to perform clinical trial simulations in future Type II variations.

The CHMP was of the view that the drug-drug interaction study with clarithromycin submitted (study
TMC207NTM1001) had several shortcomings given the difficulties with designing an interaction study
with a substrate with extremely long half-life of both parent compound and metabolite. The results of
this study is however in line with what was already known from other dedicated DDI studies as well as
PopPK analysis of clinical data, and it is considered acceptable to add the results from the
clarithromycin study to the SmPC.

The MAH proposed to change dosing recommendations for DDI scenarios of CYP3A4 strong inhibitors
and weak inducers, for which the MAH proposed no dose adjustment. PopPK analyses were performed
for two previously submitted DDI studies (TMC207-C110 and TMC207-C117 which were previously only
analysed using non-compartmental analysis) for LPV/RTV and NVP. For LPV/RTV (strong CYP3A4
inhibitor), the model-based analysis is considered acceptable and indicated a more pronounced
inhibition of bedaquiline CL (~40%) than what was concluded for the non-compartmental analysis of
the same study (~20%). For NVP (weak CYP3A4 inducer), the model-based analysis was inconclusive
as it did not identify any induction effect at all on bedaquiline PK which may be described by the
suboptimal study design of the NVP study. In addition, a PK subgroup analysis in STREAM Stage 2 was
also performed which showed that LPV/RTV led to increased bedaquiline exposure (~10-20%) and NPV
led to decreased bedaquiline exposure (up to ~30%). This PK subgroup analysis is uncertain mainly
due to the sparse PK design and limited number of subjects. In the first round of assessment, it was
concluded that quantitative results from this analysis should not be included in the SmPC, and the
SmPC was updated to describe the result in a qualitative way. Collectively, the performed analyses
regarding DDIs show that LPV/RTV and NVP cause PK interactions with bedaquiline. Given the totality
of evidence (see subgroup analyses of efficacy and safety data) the CHMP did not consider these
clinically significant DDIs.

Data from STREAM Stage 2 was used to perform exposure-response analyses based on efficacy- and
safety-related endpoints. The exposure-response analyses were based only on a single dose
level/regimen (400 mg once daily for two weeks followed by 200 mg three times per week). Having
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only a single dose level leads to a relatively narrow exposure range and no clinically significant
exposure-response trend was noted for any endpoint. The exposure-response analyses are considered
supportive only and have low impact. This can be partly explained by the overall robust safety and
efficacy data package. The CHMP considered clinical efficacy and safety data to be the most important
for drawing the necessary conclusions needed for assessing the benefit-risk.

PK/PD model-based analyses were performed for the QT data including analysis of existing data from
the sponsor (Studies C208 and C209). An empirical, data-driven time-varying correction factor was
developed to account for the bias caused by the elevated HR in these patients. The CHMP considered
this a fit-for-purpose approach to give better insight into the underlying QT prolongation for BDQ. After
correcting for the bias caused by the elevated HR in TB patients, the QT data indicates that BDQ has a
QT prolongation of approximately ~7.5 ms. At different time-points throughout the study, the mean
QT prolongation (and the confidence intervals) exceeded 10 ms.

In addition to the above, an analysis was also performed based on previously published concentration-
QTc analyses of bedaquiline. The literature references identified by the MAH supports the usefulness of
a time-dependent correction factor in order to interpret the QT prolongation data. The MAH derived the
mean expected QTc changes following BDQ administration given the observed M2 Crax in STREAM
Stage 2 which indicates a QT prolongation in the range of 6-8 ms.

2.3.6. Conclusions on clinical pharmacology

Several clinical pharmacokinetic analyses were performed, which the CHMP considered supportive to
the efficacy and safety data (low regulatory impact). The main relevance of the PK analyses is to
describe PK in the target population and to support dosing recommendations for DDI scenarios.

The new PK-data on co-administration of CYP3A34 modulators were in line with what was previously
known, but given the new clinical efficacy and safety data in patients co-administered with CYP3A4
modulators provided, and the larger clinical experience with bedaquiline, co-administration with
CYP3A4 inhibitors as well as weak inducers is now considered acceptable.

Exposure-response analyses were performed but did not indicate any significant exposure-response
trends.

Several analyses of QT data were performed using clinical data from the Sponsor and by considering
several concentration-QT analyses published in the literature. The CHMP considered that collectively,
these analyses supports a modest QT prolongation at the proposed bedaquiline posology in the range
of 6-8 ms.

2.4. Clinical efficacy

2.4.1. Main study

2.4.1.1. Title of Study

Study TMC207-STREAM: The Evaluation of a Standard Treatment Regimen of Anti-
tuberculosis Drugs for Patients With MDR-TB
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2.4.1.2. Methods

STREAM Stage 2 was an international, multicentre, randomised, parallel-group, active-controlled,
open-label Phase 3 confirmatory study of efficacy and safety of a BDQ-containing, all-oral 40-week
regimen (Regimen C) compared to an injectable-containing 40-week control regimen (Regimen B) in
participants =15 years of age with rifampicin (RMP)-resistant and isoniazid (INH)-susceptible
tuberculosis (TB) (RR-TB) or multidrug-resistant (MDR)-TB.

Study participants

Male and female patients aged =15 years (=18 years before protocol version 7.0) with:

Main

Diagnosis of pulmonary TB confirmed by a positive AFB sputum smear or GeneXpert result
(with a cycle threshold of <25) within 4 weeks prior to screening and by a chest X-ray
suggestive of active TB disease within 4 weeks of randomisation.

Evidence of resistance to at least RMP, either by Hain Genotype MTBDRplus LPA, GeneXpert, or
phenotypic DST, and evidence of susceptibility to fluoroquinolones and second-line injectables
by Hain Genotype MTBDRsI LPA.

exclusion criteria:

Received MDR-TB treatment in 12 weeks prior to screening beyond a maximum 4 weeks of
second-line treatment (provided sputum AFB stain still positive).

Previously treated with BDQ.

Treated with rifampicin in the 7 days prior to randomisation.
Tuberculous meningitis or bone and joint tuberculosis.

Abnormal potassium, magnesium and corrected calcium at screening.
Critically ill, and pregnant or breastfeeding participants.

AST or ALT >3x ULN, bilirubin >1.5x ULN, cirrhosis (Child’s Pugh B or C).
Pancreatic amylase >2x ULN.

Creatinine clearance <30 mL7min (Cockroft-Gault).

HIV-positive with CD4 count <50 cells/mm3.

One or more risk factors for QT prolongation:

o A confirmed prolongation of the QT or QTcF more than or equal to 450 ms in the
screening ECG (retesting to reassess eligibility will be allowed once using an
unscheduled visit during the screening phase)

o Pathological Q-waves (defined as Q-wave more than 40 ms or depth more than 0.4-0.5
mV)

o Evidence of ventricular pre-excitation (e.g., Wolff Parkinson White syndrome)

o Electrocardiographic evidence of complete or clinically significant incomplete left bundle
branch block or right bundle branch block

o Evidence of second- or third-degree heart block

Assessment report
SIRTURO
EMEA/H/C/002614/11/0056



o Intraventricular conduction delay with QRS duration more than 120 ms
o Bradycardia as defined by sinus rate less than 50 bpm
o Personal or family history of Long QT Syndrome

o Personal history of cardiac disease, symptomatic or asymptomatic arrhythmias, with
the exception of sinus arrhythmia

o Syncope (i.e. cardiac syncope not including syncope due to vasovagal or epileptic
causes)

o Risk factors for Torsades de Pointes (e.g., heart failure, hypokalaemia, or hypomagnesemia)

All HIV co-infected patients who were taking ART during screening were required to switch to one of
the following permissible ART regimens during screening and at least one week prior to randomisation:

- Lopinavir/ritonavir based regimen consisting of lopinavir/ritonavir in combination with any two
nucleoside reverse transcriptase inhibitors (NRTI)s

- Nevirapine (NVP) based regimen consisting of NVP in combination with any two NRTIs

- Integrase inhibitor based regimen consisting of an integrase inhibitor (either dolutegravir or
raltegravir) in combination with any two NRTIs

- Triple NRTI based regimen, e.g. a regimen made up of zidovudine, lamivudine, and abacavir,
or in accordance with local standard of care

Patients randomised to Regimen C (bedaquiline) who started ART while on randomised treatment were
required to take one of the permissible ART regimens listed above; they could start alternative ART on
completion of their study regimen. Regimens A and B patients could start alternative ART at any time
after randomisation at the discretion of the treating clinician.

Systemic use of other moderate and strong CYP3A4 inhibitors and inducers, as well as QT-prolonging
drugs, was prohibited with bedaquiline containing regimens.

Treatments

In its initial design, STREAM Stage 2 involved four different regimens. Due to major shifts in the MDR-
TB treatment landscape (including implementation of the 2016 WHO treatment guidelines), the original
STREAM Stage 2 study design was revised through multiple protocol amendments to cease
randomisation to Regimens A or D (both as of protocol 8.0).

The focus of this application and assessment are thus comparisons between Regimen B (comparator)
(including an injectable aminoglycoside) and Regimen C (all-oral, including bedaquiline). The
background regimen was essentially the same in both cases:

- 6 other agents (isoniazid, prothionamide, moxifloxacin/levofloxacin*, clofazimine, ethambutol,
and pyrazinamide) during the 16-week intensive phase, followed by

- 3 other agents (levofloxacin, ethambutol, and pyrazinamide) during continuation phase, i.e.
the continuation phase through to 40 weeks.

*From protocol 8.0 onwards, moxifloxacin was replaced by levofloxacin in Regimen B (comparator),
due to its better safety profile with respect to QT-prolongation.
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A pre-defined algorithm based on sputum smear results at pre-determined timepoints was used to
determine when a participant could proceed from the intensive to the continuation phase. The
algorithm was the same for participants in Regimens B and C (bedaquiline). The intensive phase was
extended to 20 or 24 weeks for patients whose smear had not converted by 16 or 20 weeks,
respectively. If the intensive phase was extended then so was the overall treatment duration, except
for BDQ, which was not to be given for longer than 40 weeks.

Initially, kanamycin was administered as the injectable aminoglycoside in Regimen B (comparator).
From protocol version 10.0 onwards, amikacin (preferred according to revised WHO guidance) or
kanamycin could be used, depending on availability.

The background regimen was generally aligned with the WHO recommendations the applied at the
time of study start, and acceptable even with respect WHO 2021 recommendations.

Figure 32 Regiments used in the STREAM study
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AM = amikacin, BDQ = bedaquiline, CFZ = clofazimine, EMB = ethambutol, INH = isoniazid, KM =
kanamycin, LFX =levofloxacin, MDR-TB = multidrug-resistant tuberculosis, MFX = moxifloxacin,

PTO = prothionamide, PZA = pyrazinamide, WHO = World Health Organization

Grey color: intensive phase; Blue color: continuation phase (see below for details)

*Locally-used (country-based) MDR-TB regimen in accordance with 2011 WHO MDR-TB treatment guidelines.
**From protocol version 10.0 onwards, injectables AM or KM could be used, depending on availability.
***From protocol version 8.0 onwards, MFX was replaced with LFX.

Dosing

Product (doses in mg) | Weight group
<33 kg 33 to 50 kg >50 kg

Bedaquiline 400 mg QD for the first 2 weeks and at 200 mg TIW thereafter
Moxifloxacin/levofloxacin* | 400/750 600/750 800/1000
Clofazimine 50 100 100
Ethambutol 800 800 1200
Pyrazinamide 1000 1500 2000
Isoniazid 300 400 600
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Prothionamide 250 500 750

Kanamycin/amikacin** 15mg/kg (max 1g)

*From protocol 8.0 onwards, moxifloxacin was replaced by levofloxacin.

**From protocol version 10.0 onwards, amikacin or kanamycin could be used, depending on
availability.

The CHMP noted that the doses used in the STREAM Stage 2 study generally align with the upper
ranges of those recommended in the WHO 2013 guidelines in place at the time of study start. Doses of
clofazimine, isoniazid and prothionamide for patients <33 kg are thus a little lower than those
recommended according to the WHO 2022 update for a similar weight bracket. This applies equally to
Regimen B (comparator) and Regimen C (bedaquiline) and is not considered to be clinically meaningful
nor to significantly impact comparison of the clinical usefulness of the injectable-based versus all-oral
regimen.

Late identification of drug-resistance or drug-sensitivity

Any participant whose initial TB infection was found to be susceptible to RMP (DS-TB) after they had
been randomised, as confirmed by gene sequencing, should have had their treatment amended
appropriately and followed up according to the study schedule.

In case participants were identified post-baseline as having DS-TB or pre-XDR-TB, the participant was
not to be discontinued from the study.

However, if participants were found to have XDR-TB (defined as MDR-TB with resistance to
fluoroquinolones and second-line injectables from phenotypic DST), these participants were withdrawn
from study treatment and treated according to national guidelines.

2.4.1.2.1. Objectives

Primary: Efficacy

To assess whether the proportion of participants with a favourable efficacy outcome at Week 76 in
Regimen C (bedaquiline) (40- week BDQ-containing all-oral regimen) was noninferior to that in
Regimen B (comparator) (40-week non-BDQ containing regimen, including an injectable), using a 10%
margin of noninferiority.

Secondary (non-exhaustive): Safety

To compare the safety, including the effect on mortality and tolerability, of 40 weeks of BDQ in
combination with the other drugs of Regimen C (bedaquiline) with Regimen B (comparator) during
treatment and follow-up.

2.4.1.2.2. Outcomes/endpoints

Primary efficacy outcome

» Proportion of participants with favourable outcome (last 2 consecutive culture results collected
at 2 separate visits at least 1 day apart were negative) at Week 76 (window defined as Week
70 to 82).
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The Week-76 window was extended to Week 90 if the visit was scheduled to occur during the COVID-
19 pandemic and did not occur due to restrictions on movement, unacceptable risk of exposure to
COVID-19 in connection with the scheduled visit, or any other reason related to the pandemic.

Patients that didn’t have a culture result within the Week 76 window (or the extended window for
reasons related to Covid-19) because they were unable to produce sputum or because their sample
was contaminated were classified as favourable if their last two cultures before the Week 76 window
were negative and they had not previously been classified as unfavourable.

An unfavourable outcome was documented if:

1. They were discontinued from their allocated study intervention and subsequently restarted on a
different MDR-TB regimen.

2. Treatment was extended beyond the scheduled EOT for any reason other than making up for days
when no treatment was given (missed treatment) for a maximum of 8 weeks. (Up to 14 days were
permitted, for any reason, before this was classed as treatment extension).

[Note: Extension of the intensive treatment phase was not classified as unfavourable if it
followed the pre-specified algorithm, nor was discontinuation of a single agent that was not replaced.]

3. They were restarted on any MDR-TB treatment after the scheduled EOT, but before 76 weeks after
randomisation.

4. They changed their allocated study intervention for any reason other than (1) the replacement of a
single drug (excluding changes from KM to AM) or (2) for participants allocated to Regimen A, when
the change was a result of changes in local guidelines and not related to any change in the
participants’ circumstances or condition.

5. BDQ was started in Regimen B (comparator).
6. A second-line injectable agent was started in Regimen C (bedaquiline).

7. A drug from the class of nitroimidazoles (DLM, PMD) or LZD [favoured salvage regimen following
BDQ use following WHO 2018 guidance] was started in any regimen.

8. They died at any point during treatment or follow-up (up to Week 76).

9. At least 1 of their last 2 culture results, from sputum samples taken on 2 separate visits at least 1
day apart, was positive. Missing or contaminated cultures were excluded from this evaluation.

10. They did not have a culture result within the visit window, except when the participant could not
produce the sputum sample or sample was contaminated.

The CHMP noted that replacing a single TB drug was not considered for study purposes to be a
substantial change to the regimen and therefore did not result in an unfavourable outcome, with the
exception of adding bedaquiline in Regimen B (comparator), a second-line injectable in Regimen C
(bedaquiline) or a drug from the class of nitroimidazoles or linezolid (in any regimen). The open-label
design is likely to have influenced treatment decisions to change regimens. On the other hand, the
individualisation of background regimen might be considered a strength of the study in the sense that
it better reflects how BDQ with multi-agent regimens is used in clinical practice. Importantly,
introduction of bedaquiline or other key second line agents against MDR-TB in participants not
allocated to these treatments by randomisation was considered an unfavourable outcome for the
purposes of primary efficacy analysis.

Secondary efficacy outcomes (non-exhaustive)
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» Proportion of participants with favourable outcome at Week 132.

» Microbiological status (culture conversion, AFB smear conversion, development of resistance)
at EOT, Week 76, Week 132.

» Time to smear conversion.
» Time to culture conversion.

Outcomes were classified as unfavourable at Week 132 it had been unfavourable at Week 76, or if they
had had a positive culture result, started MDR-TB treatment, or died since a previously favourable
outcome at Week 76.

Culture conversion (last 2 consecutive negative cultures (collected at 2 separate visits assigned to
separate analysis visits)) was the sum of:

Culture negative: Achieved if the last two consecutive negative culture results assigned to
separate analysis visits (including the last assessment in the visit window), were negative (confirmed).

Culture negative with no sputum sample available within analysis visit window: No culture
results available within analysis visit window because no sputum could be produced and culture
negative status (two consecutive negative cultures [confirmed]) was previously satisfied.

Culture negative not confirmed within analysis visit window: No culture results available within
analysis visit window due to premature study discontinuation, death, loss to follow-up, etc or sample
culture was contaminated (missing in analysis) or visit missed but culture negative status (two
consecutive negative cultures [confirmed]) was previously satisfied at the last assessment available
(last time participant was assessed).

Sputum AFB smear conversion was similarly defined as 2 consecutive negative smears (collected at 2
separate visits assigned to separate analysis visits).

Time to sputum culture conversion (conversion status maintained) was defined as the time from
randomisation to the first of two consecutive negative culture results.

Time to sputum AFB smear conversion was defined as the time from randomisation to the first of two
consecutive negative smear results.

Any culture result that was missing because the participant was no longer able to produce sputum was
treated as a negative result, provided the last 2 available culture results (from sputum samples taken
on 2 separate visits at least 1 day apart) were negative.

Similarity or not of post-baseline M. tuberculosis strain to that identified at baseline determined
categorisation of post-baseline infection following an initial favourable outcome as relapse or
reinfection.

Resistance to BDQ was documented when the MIC was >0.25 pg/mL (ie, the critical concentration) or
in the presence of mutations in the atpE, Rv0678 and pepQ genes.

Safety outcomes
» All-cause mortality during treatment or follow-up.

» Proportion of participants experiencing a Grade 3 or greater AE, as defined in the DAIDS
criteria, during treatment and follow-up.

» Change of regimen for AEs
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» Number of AEs occurring on treatment and during the follow-up period

2.4.1.2.3. Sample size

Initially, the planned sample size was 165 patients in Regimen A and 330 patients in each of Regimens
B, C, and D. As of protocol amendment 8.0, at a point when 70% (n=228/413) of patients in
Regimens B and C (bedaquiline) had been recruited, Regimens A and D were dropped and the primary
objective of the study was changed from a superiority to a non-inferiority comparison of Regimens B
and C (bedaquiline). A new sample size calculation was also made, which resulted in a reduction of the
planned sample size from 330 to 200 patients in each of Regimens B (comparator) and C
(bedaquiline).

The new sample size was determined based on the assumption that the proportion of participants with
a favourable outcome at Week 76 (primary endpoint) was 80% for Regimen B (comparator)
(estimated based on preliminary STREAM Stage 1 results) and 82% for Regimen C (bedaquiline)
(based on an anticipated minimum benefit in efficacy of using 40 weeks treatment with BDQ compared
with 16 weeks treatment with KM).

Using a noninferiority margin (or rather “equivalence” margin for the regimens, since an M1 based on
aminoglycoside contribution to regimen efficacy cannot be identified) of 10% and a one-sided
significance level of 2.5%, 172 evaluable participants were required in each of the 2 regimens to
demonstrate noninferiority of Regimen C (bedaquiline) to Regimen B (comparator) with 80% power. To
account for at least 14% of participants likely to be excluded from the Per-protocol analysis set, a total
of 400 participants was required to be enrolled in Regimens B and C (bedaquiline). Also, with a
minimum sample size of 200 participants per regimen and an assumed mortality rate of 8% in the
control group (Regimen B (comparator)), an increased mortality of 8% could be ruled out with 80%
power.

Protocol amendment 8.0 also included a plan for an interim analysis with a blinded and independent
sample size re-estimation. This interim analysis was to be performed when at least 40% of the 400
participants had completed 24 weeks of treatment and 10% had completed 76 weeks of follow-up.

A report of the interim analysis was finalised in March 2019, nearly 2 years after the plan to conduct a
sample size re-estimation had been adopted in protocol version 8.0 (April 2017). Based on this blinded
assessment of the primary endpoint determined by Kaplan-Meier analysis of time to unfavourable
outcome, and assuming a 2% treatment difference in favour of Regimen C (bedaquiline), the
estimated pooled Week 76 favourable outcome rate was =75%. This resulted in the decision that no
further sample size increase was required.

Randomisation

Patients were randomised using a web-based randomisation system. Separate randomisation lists for
each combination of strata was prepared using varying block sizes. If web access was not available at
the time of randomisation, a manual alternative using sealed envelopes was provided.

Randomisation was stratified by site and by HIV status and CD4 count status (three categories: HIV-
negative, HIV-positive with low CD4 count of less than 350 cells/mm3, or HIV-positive with high CD4
count of more than or equal to 350 cells/mm3).

The randomisation ratio was changed when Regimens A and D were discontinued, as shown in the
table below.
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Protocol version Allocation ratio Regimens

6.2 1:2:2:2 A:B:C:D

6.30r7.0 1:1:1 B:C:D in countries where the
local NTP adopted or has
imminent plans to adopt the
WHO 2016 short regimen; as
for v6.0 elsewhere

8.0 onwards 1:1 B:C

Blinding (masking)

STREAM Stage 2 was an open-label trial, so no blinding procedures were applicable to study site staff
or patients. However, laboratory assessments were performed blinded, and the sponsor and Janssen
staff involved in the analysis or in decision making were not provided with datasets/analyses including
dummy treatment codes.

An IDMC evaluated unblinded safety and efficacy data from the study at pre-specified intervals. The
primary purpose of the IDMC was to ensure the safety of participants in the study. Based on the IDMC
reviews, no direct changes (only recommendations) were made to the protocol.

The IDMC reports were prepared by the trial statisticians, and they were the only persons outside the
IDMC who had access to these (unblinded) reports. If any modifications to the trial design were
required, the unblinded statisticians were excluded from the discussion.

2.4.1.2.4. Statistical methods

Analysis sets
The Intent-to-treat (ITT) Analysis Set included all randomised participants.

The Modified Intent-to-treat (mITT) Analysis Set included all randomised participants who had a
positive culture for M. tuberculosis at screening or randomisation, except for participants with isolates
taken before randomisation that were subsequently found to be susceptible to RMP, and participants
with isolates taken before randomisation that were subsequently found to be resistant to both
fluoroquinolones and second-line injectables (i.e., XDR-TB) on phenotypic DST. Participants
randomised in error, ie, late screening failures, were excluded from the mITT Analysis Set.

The Per-protocol (PP) Analysis Set included all participants from the mITT Analysis Set, with the
exclusion of participants who did not complete a protocol-adherent course of treatment (taken 80% of
doses within 120% of the minimum duration in both the intensive phase and in the whole treatment
period), other than for treatment failure (defined as failure to attain and maintain culture negativity
until the end of allocated treatment), change of treatment for an AE, or death.

The modified PP (mPP) Analysis Set included all participants from the mITT Analysis Set with the
exclusion of participants who did not complete a protocol-adherent course of treatment (as defined in
the SAP), other than for treatment failure or death.

Favourable outcome at Week 76 (primary efficacy analysis)
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The difference in proportion of participants with a favourable outcome between Regimen B
(comparator) and Regimen C (bedaquiline) with corresponding two-sided 95% CI and p-value was
estimated using a stratified analysis of the risk difference from each stratum using Cochran-Mantel-
Haenszel weights, with 2 stratification factors: the protocol version under which participants were
enrolled (version 6.2; versions 6.3 or 7.0; versions 8.0 or 10.0) and HIV and baseline CD4 cell count
status (HIV-negative; HIV-positive with CD4 count less than 350 cells/mm3; and HIV-positive with
CD4 count more than or equal to 350 cells/mm3). A sensitivity analysis was also conducted in which a
third stratification factor, site, was included.

Noninferiority was declared if the upper bound of the 95% CI was less than the 10% margin of
noninferiority. This had to be shown in both the mITT and PP Analysis Sets. A sensitivity analysis was
performed on the mPP Analysis Set.

The 10% margin of non-inferiority was considered by the sponsor an acceptable reduction in efficacy
given the reduced pill burden and duration and the expected increase in adherence in reducing a
treatment regimen from a standard of 104 (as with Regimen A) weeks to 40 weeks (as with Regimens
B and C)). This is not a margin based on retention of a proportion of comparator (aminoglycoside)
contribution to regimen efficacy (i.e., no M1 has been formulated)

If noninferiority was demonstrated, superiority could be declared if the upper bound of the 95% CI was
less than zero. For the superiority analysis, the mITT Analysis Set was primary, the PP Analysis Set
was secondary, and the mPP Analysis Set was used for sensitivity analyses.

There were several sensitivity analyses of the primary outcome:
e Ignoring substitutions of levofloxacin for moxifloxacin and vice versa as treatment changes.
e Not counting starting linezolid alone as unfavourable.

e Excluding patients with no sputum sample available at Week 76 due to Covid-19 who are not
otherwise classified as unfavourable.

e Reclassifying any participants with missing Week 76 culture results because of COVID-19 as
favourable if they meet the definition of favourable, with the latest of the 2 negative culture
results being within the Week 68 window, unfavourable otherwise.

e With a patient’s outcome only classified as favourable if the patient’s last culture result within
the Week 76 window was negative and there was a previous negative culture result from sputa
taken at least 25 days earlier.

e Reclassifying any participants who died as a result of trauma (as adjudicated by independent
review) as “non-assessable” rather than unfavourable.

e Reclassifying any participants with reinfection (based on genotype) as “non-assessable” rather
than unfavourable.

e In the ITT analysis population

e In the safety analysis population

All primary efficacy analyses were repeated:

1. Unadjusted for any covariates except randomisation protocol.
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2. Adjusted for randomisation stratification factors HIV status and centre. Small strata with fewer
than 10 patients will be combined within geographical regions within country.

3. Adjusted for randomisation stratification factors and any additional important covariates such
as cavitation at baseline, or baseline bacillary load (baseline 1og10(CFU count)).

Time points of efficacy analyses beyond Week 76

For the efficacy analyses beyond Week 76, data collection was curtailed at the point when the last
recruited participant was projected to reach Week 96 (i.e., 30 November 2021). A participant’s last
scheduled efficacy visit was considered as his/her latest scheduled study visit on or before 30
November 2021. The long-term efficacy data therefore include data up to at least Week 96 for all
participants, and up to Week 132 for 145/187 (77.5%) participants in Regimen B (comparator) and
146/196 (74.5%) participants in Regimen C (bedaquiline). The timepoints for the secondary efficacy
analyses are still referred to as ‘Week 132’. For analyses including data beyond 30 November 2021,
the wording ‘Week 132 (all data)’ has been used.

Favourable outcome at Week 132 (secondary efficacy analysis)

The proportion of participants with a favourable outcome at Week 132 was estimated by analysis of
time to unfavourable outcome, thereby using information on all participants. Data from participants
whose scheduled last efficacy visit was before Week 132 were censored at the time of their last visit,
unless they had already become unfavourable. Non-assessable participants were included in the time
to event analysis and censored at the time of their last visit.

The survival curve for each combination of strata and randomised group was calculated using a Cox
proportional hazard regression model adjusting for stratification factors and randomised group. The
average survival curve for each randomised group was estimated as a weighted average of the
corresponding stratum-specific survival curves, with weights proportional to the number of individuals
in each stratum in the randomised group at baseline. The mean of these differences at week 132 was
the point estimate for the difference in overall survival function between Regimen C (bedaquiline) and
Regimen B (comparator). A two-sided bias-corrected 95% CI for the difference in proportion (Regimen
C - Regimen B) was calculated with bootstrap standard errors. Bootstrap standard errors for the risk
difference was used so that the CI of the risk difference (estimated by the risk difference £1.96se
assuming the bootstrap distribution is approximately Normal) is bounded between -1 and 1. The
bootstrapping sampled 1000 times and was stratified by stratification factors.

Non-inferiority and superiority were declared using the same principles as in the primary analysis.

A sensitivity analysis estimated the proportion unfavourable at Week 132 on the subset of participants
randomised at least 132 weeks on or before the end of November 2021. For this analysis, non-
assessable participants were excluded. This analysis was done on the mITT, PP and mPP populations.

The above analyses were repeated for the following comparisons, restricting the population in each
case to include only concurrent controls within sites: Regimen Biev (comparator including levofloxacin)
and Regimen C (bedaquiline), Regimen Bmox (comparator including moxifloxacin) and Regimen C
(bedaquiline), Regimen D and Regimen B, Regimen B and Regimen A, Regimen C and Regimen A,
Regimen D and Regimen A. The analysis will also be repeated (in both mITT and PP analysis
populations) in subgroups according to HIV status.

Microbiological status (secondary efficacy analysis)

Microbiological status was tabulated by Regimen at end of treatment, at Week 76, and using all data
(including culture results after Week 76) in the mITT set. The time window of the analysis at Week 76
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was extended if culture result was missing due to Covid-19 related reason, as was done in the primary
analysis.

The difference in proportion of responders between Regimen B (comparator) and Regimen C
(bedaquiline) with corresponding two-sided 95% CI and p-value was estimated using a stratified
analysis of the risk difference from each stratum using Cochran-Mantel-Haenszel weights, stratified by
the protocol version under which participants were enrolled (version 6.2; versions 6.3 or 7.0; versions
8.0 or 10.0). Whilst HIV status and CD4 count category was also a randomisation stratification factor,
it was not used as a stratification factor in the analysis model because there were few HIV-positive
participants, although it was part of the subgroup analyses.

In the analysis of microbiological status, a “no overruling” approach was used. This means that
participants who prematurely discontinued study participation and who had limited culture results
available were categorised as responder/non-responder based on the data available up to the time
point of last available assessment. In addition, change in treatment regimen was not taken into
consideration and data were utilised regardless of salvage TB treatment, re-treatment etc (intention-
to-treat principle).

Time to microbial response (secondary efficacy analysis)

Time to sputum culture conversion (conversion status maintained) was defined as the time from
randomisation to the first of two consecutive negative culture results, assigned to separate analysis
visits (culture conversion status maintained [implied no further intervening positive culture result
assigned to an analysis visit until the last collection of sputum that yielded the last culture result]).
Participants that did not achieve culture conversion were censored at the date of sputum collection
that yielded their last culture result. Similarly, participants with a positive baseline culture result and
for whom culture conversion could not be determined due to lack of post-baseline “evaluable” culture
results/insufficient post-baseline culture results were censored at Day 1.

Median time to sputum culture conversion (conversion status maintained) was analysed utilising
Kaplan-Meier estimates. The equality of survivor functions for time to sputum culture conversion
(conversion status maintained) was compared (for the primary and secondary comparisons noted
above) using a log rank test, stratified by randomisation protocol (version 6.2, versions 6.3 or 7.0,
versions 8.0 or 10.0).

Drug resistance (exploratory efficacy analysis)

Drug resistance at screening or baseline was tabulated by treatment arm, with separate tables for
genotypic and phenotypic DSTs. In addition, acquired resistance to any drugs was also described and
tabulated by treatment arm using any available post-randomisation DST result (i.e. classifying as
resistant if any result is resistant), for each drug.

Baseline MIC values for bedaquiline were tabulated by microbiological outcome. To explore possible
cross-resistance between bedaquiline and other Anti-TB drugs, baseline resistance to anti-TB drugs
were tabulated by baseline bedaquiline MIC. If subjects had any post-baseline bedaquiline MIC >=
4*baseline bedaquiline MIC, those subjects were defined as having 4-fold increase in bedaquiline MIC.
4-fold increase (Yes/No) in bedaquiline MIC (based on any available MIC) were tabulated by acquired
resistance to anti-TB drugs (based on any available DST) and also by baseline DST, for each drug.

Critical concentration of bedaquiline was classified as: 1) at least one post-baseline bedaquiline MIC >
0.25 ug/ml; 2) all post-baseline bedaquiline MIC =< 0.25 ug/ml. Critical concentration of bedaquiline
classification were tabulated by baseline DST and by acquired resistance to each anti-TB drugs (based
on any available DST data).
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Multiplicity

No adjustment for multiplicity was made.

2.4.1.3. Results

2.4.1.3.1. Participant flow

Of 1,436 participants screened for the study, 588 (40.9%) were enrolled, randomised and treated with
at least 1 dose of study intervention. The primary reasons for ineligibility were microbiology-related,
e.g., negative sputum samples, resistance to fluoroquinolones/injectables.

In the mITT Analysis Set, 44/543 (8.1%) participants prematurely terminated study participation
before the Week 132 visit due to death (19 [3.5%] participants), withdrawal of consent (12 [2.2%]),
lost to follow-up (11 [2.0%]), or another, not further specified reason (2 [0.4%1]). Reasons for
termination were comparable between the regimens.

Screened
N=1436

Ineligible (screened bul not randomized)

N=848

Randomized (ic, ITT Analysis Set)
N=588

|
l 1 1 |

Regimen A Regimen B Regimen C Regimen D
N=32 N=202 N=211 N=143

Regeived at least 1 dose of study intervention (ic, Safely Analysis Bel)
N=588

]
| | I |

Regimen A Regimen B Regimen C Regimen D
N=32 N=202 N=211 N=143

Positive culture for M. fuberculosis at screening or randomization® (ic, mITT Analysis Setl)

N-543
Regimen A Regimen B Regimen C Regimen D
N=26 N=187 N=196 N=134
Discontinued Discontinued Discontinued Discontinued
B study ] sludy study B study
N=0 N=19 N=21 N=4
Completed Completed Completed Completed
Study Study Study Study
N=26 N=168 N=175 N=130

*  See Section 3.7.3 fnirsllcﬂnitinn of the mITT Analysis Set
N: number of participan
Sources: Attachment TSIDS01 and Attachment TSTDS03b.
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Figure 33: Participant Disposition (Study TMC207TBC3007)

2.4.1.3.2. Conduct of the study

The study was conducted at 13 sites that enrolled participants in Ethiopia (2 sites), Georgia (1 site),
India (3 sites), Moldova (1 site), Mongolia (1 site), South Africa (4 sites), and Uganda (1 site).
Study start: 27 March 2016

Efficacy follow-up curtailed as of: 30 Nov 2021

Last patient last visit: 02 August 2022

Final protocol version: 11.0. (Note that the first version that applied to STREAM Stage 2 was 6.0, as
earlier version concerned STREAM Stage 1 only). The first participant was enrolled under version 6.2.

STREAM Stage 2 was initially designed as a superiority study comparing Regimen C (bedaquiline) with
Regimen B (comparator) (primary regulatory objective). Comparisons to assess NI of Regimen C
(bedaquiline) versus Regimen B (comparator) and of Regimen D versus Regimen B were planned as
secondary analyses. Due to major shifts in the MDR-TB treatment landscape, namely favouring
shorter, all-oral treatment regimens, the original STREAM Stage 2 study design was revised through
multiple protocol amendment to stop randomisation to Regimen A and Regimen D as of protocol 8.0
and make NI of Regimen C (bedaquiline) versus Regimen B (comparator) the primary objective.

Major changes to protocol (non-exhaustive)
Version 6.2 (16 February 2015) included the following changes:
- Follow-up was limited to Week 132 instead of Week 144.
Version 6.3 (16 April 2018; local version in India) included the following changes:

- Randomisation to Regimen A stopped in India, as the country had adopted the shortened
regimen, therefore making recruitment to Regimen A (20-24 month long regimen) unethical.

Version 7.0 (23 December 2016) included the following changes:

- Regimen A adjusted to the 2011 WHO MDR-TB treatment guidelines (not further detailed
here).

- Sample size (and power) sections were adjusted accordingly, clarifying randomisation in
countries where recruitment to Regimen A had been dropped (aiming to recruit at least 330
participants to Regimen B (comparator), Regimen C (bedaquiline), and Regimen D, in a ratio of
1:1:1).

- '‘Time to unfavourable efficacy outcome’; ‘The proportion of participants in each category
meeting the WHO classification of outcome as applicable at the time of analysis’; and ‘Time to
cessation of clinical symptoms based on PI assessment’ changed from secondary to exploratory
outcomes.

Version 8.0 (13 April 2017) included the following changes:

- MFX was replaced with LFX in Regimen B (comparator) on the basis of improved safety profile.
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Randomisation to Regimen A was stopped (most participating countries had adopted or had
imminent plans to adopt the WHO 2016 MDR-TB regimen). Randomisation to Regimen D was
stopped, to accommodate with the elimination of injectables from the treatment of MDR-TB.

Efficacy follow-up was adjusted to be terminated when the last participant randomised reached
Week 76 (instead of the planned Week 132).

Superiority of Regimen C (bedaquiline) compared to Regimen B (comparator) was removed as
a primary objective in favour of non-inferiority, leading to revision of the statistical
considerations, including rationale and power calculations, and sample size. A sample size re-
estimation interim analysis, to be performed by an independent Statistical Support Group, was
added to determine the final sample size needed to achieve adequate power. Secondary
objectives were modified to align with the change in primary objective from superiority to
noninferiority of Regimen C (bedaquiline) to Regimen B (comparator), to reflect assessments
to be performed at Weeks 76 and 132, and to reflect estimate differences between the
regimens in the proportion of participants with a favourable outcome. Mortality evaluation was
extended to all participants.

Version 9.0 was prepared, but never implemented or submitted to the sites.

Version 10.0 (17 April 2019) included the following changes:

Regimen B (comparator) allowed the use of KM or AM in the intensive phase, depending on
availability.

Version 11.0 (15 December 2020) included the following changes:

Safety follow-up continued for all participants up to Week 132, but the long-term efficacy
follow-up was curtailed at the pre-defined cut-off date of 30 November 2021, ie, the point
when the last recruited participant was projected to reach Week 96.

Clarification of the secondary objectives and of secondary and exploratory outcomes was
added, including definitions to prevent participants who were successfully treated and were not
able to produce sputum being classified as having an unfavourable outcome in error. Two
sensitivity analyses were added to assess the impact of changes to the protocol on the criteria
for an unfavourable outcome.

Pre-specified and alternative analysis approaches

Local and central laboratory results were processed hierarchically according to a pre-specified data
handling protocol, to determine microbiological results, including drug sensitivity data. An alternative
methodology for this was defined in the Microbiology Report. This differed in several respects from the
pre-specified analysis methodology detailed in the SAP. Both approaches were documented and signed
off prior to database lock. The main differences are summarised below:

Table 24: Main differences between data handling in the prespecified and post hoc alternative
statistical analysis (study TMC207TB3007)
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Prespecified Analyses

Alternative Analyses

Culture results collected from sputum sampling at
least 1 day apart contributed to the average CFU
count and subsequent culture status for that visit
(“separate visits” — sampling at least | day apart)
Only Ogawa/LJ assays were utilized for culture
conversion and microbiological status at key
timepoints

Time to culture conversion defined as the time from
randomization to the first of 2 consecutive negative
culture results obtained from separate visits at least
| day apart and regardless of status being maintained

All culture results assigned to windowed analysis visits
contributed to the average CFU count and subsequent culture
status for that analysis visit (“separate visits” = windowed
analysis visits)

Ogawa/L] assays or MGIT (if required conditions met) were
utilized for culture conversion and microbiological status at key
timepoints

Time to culture conversion (conversion status maintained)
defined as the time from randomization to the first of

2 consecutive negative culture results, assigned to separate
windowed analysis visits (culture conversion status maintained
implied no further intervening positive culture result assigned to
a windowed analysis visit until the last collection of sputum that
yielded the last culture result)
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Table 25: Differences between the pre-specified and alternative statistical analyses for drug
susceptibility testing results: Resistant/Susceptible assignment

Pre-specified Analvses Alternative Analyses

Joint microbiclogist/clinician review of | Local DST  result  (GeneXpert MTBDEplus/
EMP resistance (see Section 3.3.2 below) | MTEDRs[) comparad to central phenotvpic DST
result and if discrepant, decision is made baszed on
available genotypic DST in collaboration with
expert-level interpretation of the mutations (zee
Section 3.3.1.4 above for details)

Use of only central microbiology | Use of local DST results as last resort and in the
laboratory DST results absence of central phenotvpic/genotypic DST

Anv  evidence of resistance in | Hierarchv of DST categorization followed (see
screening ‘baseline period as based on | Section 3.3.1.4 above for details)
central microbiclogy  laboratory  data
assigned as K = Resistant

For REMP, INH. fluoroquinelones and | For all anti-TE dmigs, in case impact of mutations
injectables (at a minimum), if impact of | was  uncertainunknown,  “worst-case™  was
mutation was considered | assumed with assignment of B = Fesistant
uncertainunknown, the genotvpic DST
was not taken into account and considerad
missing

For INH and OFX., no differentiation | Concentration of INH and OFX taken into
between concentrations was made and | consideration in overall  assignment  of
resistance was derived if anv resistance | Resistant'Susceptible

observed across all tested concentrations

CS5/TED not accounted for in determining | C5/TRD accounted for in determining number of
number of active anti-TB dmgs in | active anti-TB drugs in Regimen A
Begimen A

The CHMP noted the MAH assertion that the alternative approach is most conservative and closest to
the methods applied in BDQ Phase 2 studies, in this regard. In the Summary of clinical efficacy, while
the pre-specified approach has been applied to primary and secondary clinical efficacy outcomes
(favourable outcome, time to favourable outcome), the alternative approach has been applied to
secondary analyses concerning microbiological status and drug susceptibility.

Protocol deviations

In the mITT Analysis Set, critical protocol deviations were reported in 4.3% in Regimen B (comparator)
and 4.1% in Regimen C (bedaquiline), while major protocol deviations (excluding COVID-19-related
deviations) were reported in 35.3% in Regimen B (comparator) and 26.5% in Regimen C
(bedaquiline). Protocol deviations in each regimen are broken down by category in the table below.

Protocol deviations related to COVID-19 were recorded separately. Reporting of COVID-19 related
protocol deviations was comparable between Regimens B and C (bedaquiline).
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Table 26 Critical, major and COVID-19-related protocols deviations; mITT analysis set (Study

TMC207TBC3007)
A B C D Overall
mlITT Analysis Sct 26 187 196 134 543
Participants with critical protocol
deviations 4(15.4%) 8(4.3%) 8(4.1%) 9(6.7%) 29(5.3%)
Informed consent 2(7.7%) 2(1.1%) 2(1.0%) 4(3.0%) 10(1.8%)
Concomitant medication criteria 2(7.7%) A42.1%) 0 0 6(1.1%)
IP compliance 0 0 3(1.5%) 3(2.2%) 6(1.1%)
Study procedures criteria 0 2(1.1%) 2(1.0%) 1(0.7%) 5(0.9%)
Eligibility and entry criteria 0 1(0.5%) 1(0.5%) 1(0.7%) 3(0.6%)
Participants with major protocol
deviations (cxcluding COVID-19-
related deviations) 8(30.8%) 66(35.3%) 52(26.5%) 52(38.8%) 178(32.8%)
Scrious adverse cvent critcria 4(15.4%) 33(17.6%) 23(11.7%) 23(17.2%) 83(15.3%)
Informed consent 2(7.7%) 9(4.8%) 8(4.1%) 11(8.2%) 30(5.5%)
Study procedures eriteria 1(3.8%) 17(9.1%) 8(4.1%) 4(3.0%) 30(5.5%)
Laboratory asscssment critcria 0 1(0.5%) 9(4.6%) 11(8.2%) 21(3.9%)
IP compliance 1(3.8%) 7(3.7%) 3(1.5%) 7(3.2%) 18(3.3%)
Visit schedule criteria 0 7(3.7%) 5(2.6%) 1(0.7%) 13(2.4%)
Eligibility and cntry criteria 1(3.8%) 2(1.1%) 3(1.5%) 2(1.5%) 8(1.5%)
Administrative eriteria 0 2(1.1%) 2(1.0%) 1(0.7%) 5(0.9%)
Lfficacy critcria 0 0 2(1.0%) 0 2(0.4%)
Other criteria 0 1(0.5%) 0 1(0.7%) 2(0.4%)
Participants with COVID-19-related
protocol deviations 4(15.4%) 87(46.5%) 90(45.9%) 63(47.0%) 244(44.9%)
Participants with at lcast onc
minor COVID-19-related
protocol deviation 4(15.4%) 87(46.5%) 90(45.9%) 63(47.0%) 244(44.9%)
Participants with at lcast onc
major COVID-19-rclated
protocol deviation 1(3.8%) 36(19.3%) 34(17.3%) 21(15.7%) 92(16.9%)
Note: Participants may appear in morc than onc catcgary.
Note: Critical deviation: Any deviation from protocol- fteets the integrity of data,

adversely affects participants and/or could invalidate acceptability of the study or part of it.

Note: Major deviation: Any deviation considered to impact on the cfficacy outcome or trecatment of the participant.
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2.4.1.3.3. Numbers analysed

Table 27 Number of participants per analysis set (study TMC207TBC3007)

ITT Analysis Set (Randomized

Participants)
Safety Analysis Set
mITT Analysis Set
Protocol version
v6.2
v6.3,v7.0
v8.0,v10.0
PP Analysis Set
mPP Analysis Set
PK Analysis Set

A

B

C

D

Overall

32(100%)

32 (100%)
26 (81.3%)

26 (81.3%)
0
0
26 (81.3%)
18 (56.3%)

202 (100%)

202 (100%)
187 (92.6%)

63 (31.2%)*
64 (31.7%)*
60 (29.7%)**
166 (82.2%)
136 (67.3%)

211 (100%)

211 (100%)
196 (92.9%)

66 (31.3%)
65 (30.8%)
65 (30.8%)
177 (83.9%)
166 (78.7%)
173 (82.0%)

143 (100%)

143 (100%)
134 (93.7%)

71 (49.7%)
63 (44.1%)
0
122 (85.3%)
117 (81.8%)
109 (76.2%)

588 (100%)

588 (100%)
543 (92.3%)

226
192
125 (21.3%)

(38.4%)

(3

(
491 (83.5%)

(

(

2.7%)

437 (74.3%)
282 (79.7%)

Note: Analysis sets are defined in Section 1.4.2.
Note: Percentage derived relative to total participants randomized, except for PK Analysis Set where percentage is derived
relative to total participants randomized to Regimens C and D only.

*Regimen Bumox

**Regimen Biev

Modified based on Mod5.3.5.1/STREAM Stage 2 CSR/Tab9

Table 28 Study disposition; mITT analysis set (study TMC207TBC3007)

A B C D Overall
Analysis set: mITT 26 187 196 134 543
Subjects completed study 26(100%) § 168(89.8%) 175(89.3%) | 130(97.0%) 499(91.9%)

Subjects prematurely terminated study participation 0 19(10.2%)  21(10.7%) 4(3.0%) 44(8.1%)
Death 0 7(3.7%) 10(5.1%) | 2(1.5%)  19(3.5%)
Withdrawal of Consent 0 6(3.2%) 6(3.1%) 0 12(2.2%)
Lost to Follow-up 0 5(2.7%) 4(2.0%) 2(1.5%) 11(2.0%)
Other 0 1(0.5%) 1(0.5%) 0 2(0.4%)

Note: Presented by randomized regimen.

Mod5.3.5.1/STREAM Stage 2 CSR/At®tTSIDS03b

2.4.1.3.4. Baseline data

Baseline demographics

In the mITT Analysis Set (N=543), the majority of participants were male (61.3%), Asian (48.4%) or
Black (34.6%), with median age 32.7 [range: 16, 69] years and median BMI 19.2 [range: 12, 40]
kg/mZ2. Demographics and baseline characteristics were comparable between the regimens and across
analysis sets but varied between country and site.
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Demographics and baseline characteristics (mITT Analyvsis Set)

A B C D Overall

N ds 187 196 134 343
Sex

Female 13(50.0%) 72(38.5%) 72(36.7%) 53(39.6%) 210(38.7%)

Male 13{50.0%) 115(61.5%) 124{63 3%) B1{60.4%) 333(61.3%)
Age: median(range), vears 37120, 53) 32.8(18; 64) 32.6(16; 65) 30.9(18; 69) 32.7(16; 69)
Race

Asian 13(50.0%) 87(46.5%) 02(46.9%) 71{33.0%) 263(45.4%)

Black or African American® 5(34.6%) 63(33.7%) 68(34.7%) 48(35.8%) 188(34.6%)

White 4(15.4%) 37(19.8%) 36(18.4%) 15(11.2%) 92(16.9%)
Weight: median(range). kg 55.5(40; 66) 55.0(32; 109) 51.9(31; 91) 51.9(28; 96) 53.0{28; 109}

Height: median(range), cm
Body mass index:

163.0(151; 183)

166.0(148; 202)

165.0(132; 187)

165.0(145; 187)

165.0(132; 202)

median(range), kg/m* 19.1(14; 26) 19.3(13; 35) 19.0(12; 37) 15.2(12; 40 19.2(12; 40)
Country
Ethiopia 4(15.4%) 20(10.7%) 19(5.7%) 18(13.4%) 61(11.2%)
Georgia 0 13(7.0%) 12(6.1%) 7(5.2%) 32(5.9%)
India 3(11.5%) 42(22.5%) 46(23.5%) 47(35.1%) 138(25.4%)
Moldova (The Republic Of) 4(15.4%) 24(12.8%) 24(12.2%) 8(5.0%) G0(11.0%)
Mongolia 10(38.5%) 45(24.1%) 46(23.5%) 24(17.9%) 125(23.0%)
South Africa 5(19.2%) 22(11.8%) 25(12.8%) 21(15.7%) 73(13.4%)
Uszanda 0 21(11.2%) 24(12.2%) 9(6.7%) 54(5.9%)
Smoking history
Current 5(19.2%) 40(21.4%) 51(26.0%) 22(16.4%) 118(21.7%)
Ex 4(15.4%) 28(15.0%) 31(15.8%) 16(11.9%) 79(14.5%)
Never 17(65.4%) 119(63.6%) 114(58.2%) 96(71.6%) 346(63.7%)

Note: N for each parameter reflects nonmissing values.

Note: Age (vears): Per inclusion criterion, participants 15 vears of age or older were eligible for study participation in Stage
2 if otherwise valid. As such, 3 participants < 18 years of age enrolled, 2 participants from Mongolia and 1 participant from
Uganda.

*All participants were black

Baseline disease characteristics

Cavitation was observed in most participants (74.9%), predominantly as multiple cavities (56.2%). A
higher proportion of participants in Regimen C (bedaquiline) (62.5%) had multiple cavities compared
to Regimen B (comparator) (46.6%).

Overall, most participants (97.6%) had previously used anti-TB drugs, including 65.5% using first-line
anti-TB drugs only, 20.4% second-line only, and 11.7% both first- and second-line. These proportions
were similar cross regimens.

Significant comorbidities

Ongoing medical history at screening was reported for 42.0% of participants overall. Most participants
(85.5%) were HIV-negative. As enrolment was prematurely stopped in South Africa, the overall
proportion of HIV-positive participants (n=52) in the study was lower than originally expected.

Overall, 30.0% and 4.8% of participants tested positive for hepatitis B and C, respectively. These
proportions were similar across all regimens.
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Prior anti-TB drugs

In the mITT Analysis Set, 75/187 participants (40.1%) in Regimen B (comparator) and 94/196
participants (48.0%) in Regimen C (bedaquiline) received prior anti-TB drugs. The most frequently
used anti-TB drugs prior to randomisation (by =5.0% of participants overall) included: RMP (45.5%),
INH (45.3%), EMB (45.1%), PZA (44.8%), and streptomycin (SM) (6.6%).

Number of Active Drugs in BR at Baseline

Almost all participants received 3 or more active anti-mycobacterial drugs at baseline from their
baseline study regimen. Only a few participants (4/187 and 2/196 in Regimens B and C, respectively)
were estimated to be receiving just 1 or 2 active drugs at baseline from their allocated regimen.

Concomitant anti-TB drugs

The most frequently (=3%) added anti-TB drugs (drugs received at or after the date of randomisation)
included:

e Regimen B (comparator) (n=187): LZD (31 [16.6%]), BDQ (29 [15.5%]), CS (10 [5.3%]),
and ETO (6 [3.2%])

e Regimen C (bedaquiline) (n=196): KM (8 [4.1%]) and LZD (7 [3.6%])

Concomitant drugs other than anti-mycobacterials

In the mITT Analysis Set, in the subset of HIV-positive participants, all participants received
concomitant ART during the study (drugs received at or after the date of randomisation). Of note,
some ARTs (such as EFV) were disallowed during the Treatment Phase for participants on BDQ
regimens, but restart was allowed after completion of the regimen, at the discretion of the treating
clinician. Overall, the most frequently used concomitant ARTs (=3% in the BDQ-containing Regimens C
and/or D) were the direct-acting antivirals:

- efavirenz: 5.3% and 2.6% of participants in Regimens B and C, respectively

- nevirapine: 3.2% and 6.6%, respectively

- tenofovir: 8.0% and 9.2%, respectively

- efavirenz/emtricitabine/tenofovir disoproxil fumarate: 2.1% and 5.1%, respectively
- emtricitabine: 4.3% and 4.1%, respectively

- lamivudine: 9.1% and 8.7%, respectively

- abacavir: 4.8% and 3.1%, respectively

- lopinavir/ritonavir: 7.5% and 5.1%, respectively

- dolutegravir: 2.1% and 4.6%, respectively

Other concomitant drugs were used by 100% of participants and there were no meaningful differences
between regimens.
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Baseline microbiological data

At baseline and consistent with the inclusion criteria, all 543 participants were culture positive at the
local laboratory. At baseline, AFB smear results were positive for 97.4% of participants and negative
for 2.6% of participants. Based on AFB score, the participants in the different treatment regimens had
a similar distribution of bacterial load.

The following tables shows the extent of baseline resistance in each treatment arm as per central drug
susceptibility testing, with good correlation with local testing (not shown here), generally comparable
rates of both individual drug resistance and MDR- or pre-XDR-TB resistance profiles between treatment
arms B and C (bedaquiline).

Baseline susceptibility data when determined according to the alternative analysis methodology (not
shown here) was concordant with that determined according to pre-specified analysis methodology
(see the Conduct of the study section above).

Based on the baseline BDQ DST results from the central microbiology laboratory, 3 (0.6%) participants
in the mITT Analysis Set had baseline resistance to BDQ: 2 of 186 (1.1%) participants in Regimen B
(comparator) and 1 of 195 (0.5%) participants in Regimen C (bedaquiline).

There were no obvious correlations between baseline BDQ MIC and baseline resistance to other anti-TB
drugs for the mITT analysis set (data not shown here).
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Table 29: Baseline susceptibility to bedaquiline and other anti-TB drugs for participants with central
microbiology laboratory data primary analysis; mITT analysis set (study STREAM stage 2)

—

A B C D Overall
Analysis set: mITT 26 187 196 134 543
Drug susceptibility patterns
First-line drugs
Rifampicin® 26 187 196 134 543
Susceptible 0 0 0 ] 0
Resistant 26 (100.0%) | 187 (100.0%) 196 (100.0%) | 134 (100.0%) 543 (100.0%)
Tsoniazid® 26 187 196 134 543
Susceptible 2 (7.7%) 28 (15.0%) 27 (13.8%) 11 (8.2%) 68 (12.5%)
Resistant 24 (92.3%) 159 (85.0%)  169(86.2%) | 123(918%) 475 (87.5%)
Pyrazinamide® 26 187 196 132 541
Susceptible 10 (38.5%) 102 (54.5%) 106 (54.1%) | 62(47.0%)  280(51.8%)
Resistant 16 (61.5%) 85 (45.5%) 90 (45.9%) 70 (53.0%) 261 (48.2%)
Ethambutol? 26 186 196 134 542
Susceptible 12 (46.2%) 108 (58.1%) 117 (59.7%) 72(53.7%)  309(57.0%)
Resistant 14 (33.8%) 78 (41.9%) 79 (40.3%) 62(46.3%) 233 (43.0%)
Second-line drugs
Fluoroquinolones
Ofloxacin® 26 183 190 130 529
Susceptible 25 (96.2%) 176 (96.2%)  182(95.8%) | 118(90.8%) 501 (94.7%)
Resistant 1(3.8%) 7(3.8%) 8 (4.2%) 12 (9.2%) 28 (5.3%)
Injectables
Kanamycin® 26 187 196 134 543
Susceptible 23 (88.5%) 174 (93.0%) 183 (93.4%) | 130(97.0%)  510(93.9%)
Resistant 3 (11.5%) 13 (7.0%) 13 (6.6%) 4(3.0%) 33 (6.1%)
Capreomycin® 26 186 196 134 542
Susceptible 26(100.0%) | 185(99.5%)  195(59.5%) | 133(59.3%) 539 (99.4%)
Resistant 0 1(0.5%) 1(0.5%) 1(0.7%) 3 (0.6%)
Ethionamide® 26 183 190 130 529
Susceptible 15 (37.7%) 130 (71.0%) 148 (77.9%) | 98(75.4%)  391(73.9%)
Resistant 11 (42.3%) 53 (29.0%) 42(22.1%) 32 (24.6%) 138 (26.1%)
Clofazimine® 25 180 18% 128 522
Susceptible 25(100.0%) | 179(99.4%) 189 (100.0%) | 128 (100.0%) 521 (99.8%)
Resistant 0 1 (0.6%) 0 0 1(0.2%)
Bedaquilined 26 186 195 134 541
Susceptible 26(100.0%) | 184(985%)  194(59.5%) | 134 (100.0%) 538 (99.4%)
Resistant 0 2(1.1%) 1(0.5%) 0 3 (0.6%)
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Table 30 Baseline susceptibility to bedaquiline and other anti-TB drugs for participants with central
microbiology laboratory data primary analysis; mITT analysis set (study STREAM stage 2)

A ' B ' C ' D ~ Ovenll
Bazeline extent of MTE resistance
(primary analysis)
D5-TIB 0 0 0 0 0
ER-TB 2(7.7%) 28 (15.0%) 27 (13.8%) 11(8.2%) 68 (12.3%)
MDE-TB 20 {76.9%) 140 (74.9%) 149 (76.0%) 106 (79.1%a) 415 (76.4%)
Pre-XDE-TB 4{13.4%) 19 (10.2%) 20 (10.2%) 17 (12.7%) &0 (11.0%)
Flucroguinolone-resistant 1(3.8%) 7 (3.7%) T (3.6%) 14 {10.4%2) 29 (3.3%)
Injectable-resistant 3{11.3%) 12 (5.4%) 13 (5.6%) 3{2.2%) 31(5.7%)
XDR-TB 0 0 0 0 0
Key: MIC = minimum inhibitory concentration, DST = dfug susceptibility testing.
* L éwenstein-Jensen proportion method vzed for rifampiding isoniazid and ethambutol TH11jagar method vzed for
ethionamide, kanamyein, capreomycin and ofloxacin.

b Pyrarinamide susceptibility/resistance measured using prcd gene sequencing.

“For clofazimine, MIC performed on TH11 agar medivm with critical concentration of 1 ug/mL used (>critical concentration =
resistance). Highest MIC valuve is retained at a given timepoint if more than one valoe 15 assigned to that timepoint.

dFor bedaquiline, MIC performed on TH11 agar medivm with critical concentration of 0.25 vg/mL used (>critical
concentration = resistance). Highest MIC value 1z retained at a grven timepoint if more than one valve 1s azsigned to that
timepoint.

Note: N = total number of subjects with data (non-missing/‘non-contaminated values) per anti-TB dreg.

Note: Bazeline iz defined as the last available DST assessment, based on the relevant positive culture result, prior to
randomization. Central DST results are nsed only where there 15 a local positive culture result.

Note: Bazeline extent of MTB rezistance: DS-TB: If susceptible to rifampicin. RE-TB: If resistant to rifampicin and susceptible
to 13oniazid. MDR-TEB: If resistant to rifampicin and to 1zoniazid. Pre-XDERE-TB: If resistant to rifampicin, to izoniazid and
additionally fluoroquinolone-resistant or injectable-resistant. XDR-TB: If resistant to rifampicin, isoniazid and additionally
resistant to kanamycin/amikacin/caprecmycin and at least one fluoroguinclone.

[tefinb(3epl.rtf] [tme207 stream/dbr_week13212_week] 32 tefmb03ep] sas] 23MIARI023, 16:53

Late identification of drug-resistance or drug-sensitivity

Based on central microbiology laboratory data, none of the isolates of the participants in the mITT
Analysis Set (N=543) showed susceptibility to RMP following the pre-specified analyses methodology
for the baseline DST results. However, using the alternative analyses methodology, 3 participants (1 in
Regimen B (comparator) and 2 in Regimen C (bedaquiline)) had MTB isolates susceptible to RMP. The
discrepancy is not considered likely to have a meaningful effect on the results of study analyses.

Based on the central microbiology laboratory DST (following the pre-specified approach), 5.3% of the
isolates of participants in the mITT Analysis Set displayed resistance to the fluoroquinolone ofloxacin,
6.1% displayed resistance to the injectable kanamycin, and 0.6% displayed resistance to the injectable
capreomycin. These rates were comparable between regimens.

2.4.1.3.5. Patient exposure and compliance

The median exposure was 280 days for both 40-week Regimens B and C (bedaquiline) (range: 1 to
441 and 1 to 424 respectively), while the mean (SD) exposures were 250.5 (85.33) and 261.8
(75.53), respectively.

Overall, treatment compliance was very high. In the mITT Analysis Set, the rate of >90% compliance
with allocated treatment regimen was slightly higher in Regimen C (bedaquiline) (96.4%) compared to
Regimen B (comparator) (92.0%).
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2.4.1.3.6. Outcomes and estimation

Primary efficacy analysis

Table 31: Favourable outcome at Week 76 (pre-specified approach)

Summary of Efficacy Results

A

B C

Primary efficacy endpoint
Favorable outcome at Week 76
(mITT Analysis Set)
Unadjusted analysis®
Adjusted analysis
Difference?® Regimen B vs Regimen
C (93% CI)
Nomnferiority p-value (6=10%)
Supertornty p-value (6=0)
Favorable outcome at Week 76 (PP
Analysis Set)
Unadjusted analysis®
Adjusted analysis
Difference? Regimen B vs Regimen
C (93% CI)
Noninferiority p-value (6=10%)
Superiority p-value (6=0)

17/26(65.4%)

17/26(65.4%)

133/187(71.1%)  162/196(82.7%)

T1.4% 82.4%
-11.0% (-19.0%.-2.9%0)
<0.001
0.004

126/166(75.9%)  155/177(87.6%)

T6.4% 87.1%
-10.7% (-18.5%.-2.9%)
<.001
0.004

122/134(91.0%)

114/122(93.4%)

Both statistical noninferiority (p<0.001) and superiority (p<0.004) of Regimen C (bedaquiline) to
Regimen B (comparator) in terms of favourable outcome at Week 76 were declared in the mITT
analysis set (and similarly in the PP analysis set) according to pre-specified adjusted analysis
(stratified by randomisation protocol, and HIV and CD4 cell count status). Unadjusted analysis
produced a similar result. Results (not shown here) of sensitivity analyses in the mPP and ITT analysis
sets, as well as sensitivity analyses using adjustment with different combinations of stratification factor
and applying different approaches for handling of missing data (see the section Statistical methods
above), were all supportive of the conclusions.
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For the participants with an unfavourable outcome at Week 76 (109/543), the reasons were as follows:

Table 32: Microbiological outcome at time of unfavourable outcome event through week 76; mITT
analysis set (Study TMC207TBC3007)

A B C D
Analvsis set: mITT 26 187 196 134
Subjects with unfavorable outcome 9(34.6%) 54(28.9%) 34(17.3%) 12 (9.0%)
Culture status at time of unfavorable outcome
Culture negative 6(23.1%) 25(13 4%) 17 (8.7%) 9 (6.7%)
Never culture converted (bacteriological failure) 3(11.3%) 16 (8.6%) 12 (6.1%) 1(0.7%)
Culture positive: relapse 0 7 (3.7%) 1 {0.5%) 2(1.3%)
Culture positive: remnfection 0 0 0 0
Culture positive: genotype missing 0 6 (3.2%) 4 (2.0%) 0
Reasons for unfavorable outcome
Discontinued allocated regimen and restarted a new
regimen 0 8 (4.3%) 2(1.0%) 1(0.7%)
Treatment extended bevond scheduled end of treatment 0 6 (3.2%) 5 (2.6%) 1(0.7%)
TB treatment restarted after scheduled end of treatment
and before Week 76 0 7(3.7%) 3 (1.5%) 2(1.5%)
Started bedaquiline in Regimen A or B 3(11.3%) 8 (4.3%) 0 0
At least one of last 2 cultures positive 0 2 (1.1%) 1{0.5%) 0
Don't have culture results within Week 76 window 0 7(3.7%) 12 (6.1%) 2(1.3%)
Started second line mjectable agent in Regunen C 0 0 6(3.1%) 0
Started nitroimidazoles or linezolid drug 3(11.3%) 13 (7.0%) 0 1(0.7%)
Started »=2 new drugs 3(11.3%) 1(0.5%) 0 3(2.2%)
Death 0 2 (1.1%) 3 (2.6%) 2(1.3%)

Note: Please refer to Section 1.4 4.1 for detailed Unfavorable outcome. Microbiological outcome 1s defined using culture
result up to and including the time that this outcome occurred.

Note: Microbiological outcome 1s evaluated at the time of the event leading to the unfavorable outcome.

Note: Culture negative: Culture negative status (two consecutive negative cultures from sputa collected on different davs
without an intervening positive) was satisfied at the time of the unfavorable cutcome event.

Note: Never culture converted (bacteriological failure): The subject never achieved culture negative status at any time during
the study prior to the unfavorable outcome event.

Note: Culture positive: Culture negative status was achieved at some point during the study but was not satisfied at the time
of the unfavorable outcome event (at least one of the last two non-missing cultures was positive).

Note: Culture positive further classified as Culture positive: Reinfection 1f 1t has been shown that the M. tuberculosis stramn
of the positive culture is different to baseline; and Culture positive: Relapse otherwise.

Note: Participants are classified by the first event that made the participant unfavorable.

Modified based on Mod3.3.5.1/STREAM Stage 2 CSR/Tabl7

The majority of unfavourable outcomes at Week 76 were thus driven by changes in treatment regimen
prior to Week 76. In fact, unfavourable outcome attributed due to positive culture at Week 76 was
uncommon: 2/187 (1.1%) in Regimen B (comparator) and 1/196 (0.5%) in Regimen C (bedaquiline).
Unfavourable outcomes due to death were also uncommon: 2/187 (1.1%) in Regimen B (comparator)
and 5/196 (2.6%) in Regimen C (bedaquiline).

Subgroup analysis: primary outcome

Subgroup analysis of favourable outcome at Week 76 in the mITT Analysis Set confirmed Regimen C
(bedaquiline) being numerically better than Regimen B (comparator) independent of age, sex, weight,
anti-TB drug history, baseline anti-TB drug resistance, and baseline disease characteristics. However
notable differences were observed in terms of HIV status.
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In the subgroup of HIV-positive participants, the observed proportions of participants with a favourable
outcome were 9/25 (36.0%) at both Weeks 76 and 132 in Regimen B (comparator) and 26/27
(96.3%) and 25/27 (92.6%) at Weeks 76 and 132, respectively, in Regimen C (bedaquiline). The
reasons for unfavourable outcome at Week 76 amongst HIV-positive participants in Regimen B
(comparator) were generally dominated by treatment regimen changes adding a second-line oral anti-
TB drug (linezolid or bedaquiline):

Table 33: Reason for Unfavourable Outcome at Week 76 - HIV+; mITT Analysis Set (study
TMC207TBC3007)

TEFFO9903HIVPOS: Reason for Unfavorable Outcome at Week 76 in HIV+:; mITT Analysis Set (Study TMC207TBC3007)

A B €
Analysis set: mITT 6 25 27
Unfavorable Qutcome 3 (50.0%) 16 (64.0%) 1(3.7%)
Reason for Unfavorable
Started LZD 0 5(20.0%) 0
Started BDQ 3 (50.0%) 4(16.0%) 0
Restarted MDR-TB treatment after
scheduled end of treatment 0 2 (8.0%) 0
Died during trt or follow-up 0 1 (4.0%) 0
Discontinue allocated trt, start new
regimen 0 1 (4.0%) 0
Extended treatment beyond that
allowed 0 1 (4.0%) 1(3.7%)
No culture at 76 weeks 0 1 (4.0%)
Started »=2 drugs 0 1 (4.0%) 0

[teffo9903hivpos.rtf] [tmc207 stream/dbr week132/re_week132/teffo?903hiv

The CHMP noted that Regimen B (comparator) appears to have performed particularly poorly amongst
HIV-positive participants, and Regimen C (bedaquiline) somewhat better, as compared to the overall
study population. Unfavourable outcomes at Week 76 amongst HIV-positive participants in Regimen B
(comparator) were due to regimen changes in over half of cases, namely addition of oral linezolid or
bedaquiline. The total number of HIV-positive participants was small and thus this subgroup analysis
should be interpreted with caution. This may reflect a perception in clinical practice of better efficacy
and/or safety of oral alternatives over injectables particular to the HIV-positive population.

The CHMP was of the view that the discrepancy in the HIV-positive subgroup, the majority of whom
were Black, drives the apparent difference in outcomes amongst Black participants.

For participants with baseline RR-TB, the observed proportions of participants with a favourable
outcome at Week 76 were 15/28 (53.6%) in Regimen B (comparator) vs 21/27 (77.8%) in Regimen C
(bedaquiline). Whereas for participants with baseline MDR-TB, the observed proportions of participants
with a favourable outcome at Week 76 were 104/140 (74.3%) in Regimen B (comparator) vs 124/149
(83.2%) in Regimen C (bedaquiline).

The reasons for unfavourable outcome at Week 76 amongst RR-TB participants in Regimen B
(comparator) were generally dominated (10 of 13 cases) by regimen changes, specifically
discontinuation of allocated regimen and start of a new one (2), addition of BDQ (3), addition of
nitroimidazole drug in (5). In Regimen C (bedaquiline), just 1 of 6 cases of unfavourable outcome was
related to addition of a second line injectable drug, and 1 other related to treatment restart after
scheduled EOT.

The CHMP considered that the RR-TB subgroup analysis should be interpreted with caution given that
regimen changes, including in response to baseline resistance data as results emerged, were permitted
at the discretion of the local investigator. In the face of individual results indicating RR-TB, it seems
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likely that an injectable-based regimen would be replaced more readily than an all-oral regimen for
ease of administration, and possibly also for safety and tolerability reasons.

Secondary efficacy analyses

Table 34: Favourable outcome at Week 132 (pre-specified approach)

Summary of Efficacy Feultz A B C D

Kev zecondary efficacy endpoints
Favorable cutcome at Weale 132=1

(mITT Anabyziz Set)

Unadyjusted analysiz® 17726065.4%) | 129/187¢A9.0%)  154/196(78.6%) | 11A/134(85.6%)
Adpsted anabhvais 69 2% 78.2%
Dhifference™* (95% CT) Regimen B = -0 0% -17 3%, -0.6%4)
Regiman C

In the mITT Analysis Set, the adjusted difference in proportions of participants with a favourable
outcome at Week 132 between Regimen B (comparator) (69.2%) and Regimen C (bedaquiline)
(78.2%) was -9.0% (95% CI: -17.5%, -0.6%). In this analysis, actual last efficacy visit (rather than
scheduled) was used to define the efficacy visit window and non-assessable outcomes due to missing
sputum culture results were categorised as unfavourable. Results in the PP Analysis Set were similar.

Results (not shown here) of sensitivity analyses in the mPP and ITT analysis sets, as well as sensitivity
analyses using adjustment with different combinations of stratification factor and applying different
approaches for handling of missing data (see the section Statistical methods above), were all
supportive of the above conclusion.

Microbiological status (alternative approach)

The rate of culture conversion at End of Treatment (EOT), Week 76 (primary analysis) and Week 132
were high in all treatment arms. Comparison of microbiological status was numerically similar or
favourable for Regimen C (bedaquiline) as compared with Regimen B (comparator) at all time points.
Results of sensitivity analyses were consistent with this, as were the results for AFB smear conversion
at all time points (not shown here).

There was no decrease in culture or AFB smear conversion rates in Regimen B (comparator) and C
(bedaquiline) over time (after end of treatment), suggesting a sustained effect of the treatment.
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Table 35: Summary of microbiological status primary comparison: culture conversion rate over time

(no overruling analysis); mITT analysis set (Study STREAM stage 2)

Analysis set: mITT

Bazeline culture results
™
Negative
Pozitive

EOT. N
Non-responder
Never culture converted
Culture positive
Eesponder
95% Wilzon zcore confidence interval®

Difference in proportion of responders vs
Eegimen C controlling for protocol
version®

Difference (point estimate)
95% confidence mterval
p-value

Week 76, N
Non-responder
Never culture converted
Culture positive with mizsing
genotyping
Culture positive: Relapse
Culture positive: Re-infection
Besponder
93% Wilzon score confidence interval®

Difference in proportion of responders vs
Eegimen C controlling for protocel
version®

Difference (point estimate)
95% confidence interval
p-value

Week 132 (all data), N
Non-responder
Never culture converted
Culture positive with missing
genotyping
Culture positive: Relapse
Culture positive: Re-infection
Besponder
95% Wilson score confidence interval®

Difference in proportion of responders vs
Regimen C controlling for protocol
version®

Difference (point estimate))
95% confidence interval
p-value

Pairwize Comparizon

A B C D
26 187 196 134
26 187 196 134
0 0 0 0
26 (100.0%) 187 (100.0%) 196 (100.0%) 134 (100.0%)
26 174 178 124
1(3.8%) 16 (9.2%) 8 (4.5%) 5 (4.0%)
1(3.8%) 6 (3.4%) 3 (1.7%) 1(0.8%)
0 10 (5.7%) 5 (2.8%) 4(3.2%)
25 (96.2%) 158 (90.8%) 170 (95.5%) 112 (96.0%)
(81.1;99.3) (85.6; 94.3) (91.4;97.7 (90.9; 98.3)
46
(-9.8;0.7)
0.091
26 176 179 124
0 12 (6.8%) 2 (1.1%) 1(0.8%)
0 4(2.3%) 0 1(0.8%)
0 4(2.3%) 1 (0.6%) 0
0 4(2.3%) 1 (0.6%) 0
0 0 0 0
26 (100.0%) 164 (93.2%4) 77 (98.9%) 123 (99.2%)
(87.1; 100.0) (88.5; 96.1) (96.0; 99.7) (95.6; 99.9)
57
(-9.8; -1.7)
0.006
26 176 179 124
0 9 (5.1%) 2(1.1%) 3 (2.4%)
0 3 (1.7%) 0 1(0.8%)
0 3 (1.7%) 1(0.6%) 0
0 3 (1.7%) 1(0.6%) 2 (1.6%)
0 0 0 0
26 (100.0%) 167 (94.9%) 177 (98.9%) 121 (97.6%)
(87.1; 100.0) (90.6; 97.3) (96.0; 99.7) (93.1; 99.2)
40
(-7.6; -0.4)
0.032

Key: COVID-19 = 2019 novel coronavirus, NE = not estimable.
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a 95% confidence interval for the binomial proportion of responders.

b Stratified difference in proportion of responders versus Regimen C (bedaquiline): Frequency procedure controlling for the
randomisation stratification factor, randomisation protocol (version 6.2, versions 6.3 or 7.0, versions 8.0 or 10.0), 2-sided 95%
confidence limits with Mantel-Haenszel weights for the common risk difference are presented. Significant regimen difference in
proportion of responders if p-value <0.05.

Note: N = total number of subjects with data (non-missing/non-contaminated values) and excludes subjects with non-evaluable
culture results post-baseline such that microbiological status cannot be determined.

Time to microbiological response (alternative approach)

Based on the mITT Analysis Set (no overruling), median time to culture conversion (conversion status
maintained) was 8.0 weeks (4.29 - 8.14) in Regimen B (comparator) and 4.1 weeks (4.14 - 4.43) in
Regimen C (bedaquiline), regardless of country, baseline HIV status and CD4 count category, and
baseline extent of MTB resistance, in the mITT Analysis Set and sensitivity mITT Analysis Set, except
for:

- For participants with pre-XDR-TB at baseline, median time to culture conversion (conversion
status maintained) was similar, at 8.1 weeks in Regimen B (comparator) (N=19) and 8.1
weeks in Regimen C (bedaquiline) (N=20).

Based on the mITT Analysis Set (no overruling), median time to AFB smear conversion (conversion
status maintained) was similar in Regimen C (bedaquiline) and Regimen B (comparator) (ie, 8.1 weeks
for both regimens) regardless of country, baseline HIV status and CD4 count category, and baseline
extent of MTB resistance, in the mITT Analysis Set and sensitivity mITT Analysis Set, except for:

- For participants with pre-XDR-TB at baseline, median time to AFB smear conversion
(conversion status maintained) was shorter at 4.3 weeks in Regimen B (comparator) (N=19)
compared to 10.1 weeks Regimen C (bedaquiline) (N=20).

The CHMP noted that there appears to be a numerical trend to shorter median time to culture and AFB
smear conversion amongst pre-XDR-TB participants on Regimen B (comparator) as compared to
Regimen C (bedaquiline). Some of the subgroups were small and the above comparisons must be
interpreted with caution.

Development of bedaquiline resistance (alternative approach)

One of 31 (3.2%) participants with paired data in Regimen C (bedaquiline) based demonstrated a
post-baseline BDQ MIC of 0.5 pg/mL when the baseline strain was susceptible according to
genotyping, but was culture negative at Week 132.

Two participants in Regimen D acquired resistance to BDQ based on an increased BDQ MIC. For 1
participant this was confirmed with a mutation in the Rv0678 gene. Microbiological outcomes at Week
132 were relapse and never culture converted for these 2 participants in Regimen D.

In addition, five of 30 (16.7%) participants in Regimen C (bedaquiline) and 4 of 25 (16.0%)
participants in Regimen D had a =4-fold increase in BDQ MIC post-baseline. For all participants except
2, the increase did not reach a MIC >0.25 ug/mL (7H11 agar method) indicating a decreased BDQ
susceptibility but not acquired resistance. Microbiological outcomes at Week 132 were:

- Culture negative (confirmed) for 4 participants.
- Culture negative not confirmed for 1 Participant.

- Never culture converted for 1 Participant.

Culture positive after having being culture negative (confirmed) for 1 Participant.

Relapse for 2 Participants.
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The CHMP noted that on-treatment evolution of higher bedaquiline MIC was uncommon. Although it
was measured during the study, the clinical implications (if any) of a =4-fold increase in BDQ MIC

remains unclear.

Development of other anti-mycobacterial resistance (alternative approach)

Overall, based on paired data (i.e., participants with baseline and post-baseline non-missing values),
acquired resistance to at least one other anti-TB drug was limited and similar in Regimen B
(comparator) and Regimen C (bedaquiline). Rates of on-treatment development of resistance by
individual first- and second-line drug are tabled below.

Table 36: proportion of participants with acquired resistance to other anti-TB drugs versus baseline
susceptibility; mITT analysis set (study STREAM stage 2)

A B C D
WN (%) WN (%) WN (%) /N (%)
Analysis set: mITT 26 L Las 134
Any acquired resistance 2/5 (40.0%) 21/59 (35.6%) 13/31 (41.9%) 9/25 (36.0%)
95% Wilson score confidence
interval® (11.8;76.9) (24.6; 48.3) (26.4; 59.2) (20.2: 55.5)
Isoniazid (0.2 ug/mL)P 0 2/12 (16.7%) 1/6 (16.7%) 1/2 (50.0%)
Isoniazid (1.0 ug/mL¥*)? 0 1/14 (7.1%) 1/6 (16.7%) 0/4
Isoniazid (5.0 ug/mL¥*)? 0/3 2/41 (4.9%) 1/17 (5.9%) 0/17
Pyrazinamide® 0 1/24 (4.2%) 2/9 (22.2%) 0/2
Ethambutol® 0/1 8/43 (18.6%) 2/21 (9.5%) /11 (9.1%)
Fluoroquinolones
Ofloxacin (2.0 ug/mL)P 0/5 7/58 (12.1%) 4/31(12.9%) 4/23 (17.4%)
Ofloxacin (8.0 ug/mL**)® 0/5 7/59 (11.9%) 4/31(12.9%) 3/24 (12.5%)
Levofloxacin® 0 3/13 (23.1%) 1/3 (33.3%) 2/3 (66.7%)
Moxifloxacin® 0 3/12 (25.0%) 1/3 (33.3%) 2/2 (100.0%)
Injectables
Kanamycin® 0/4 5/52 (9.6%) 2/26 (7.7%) 1/22 (4.5%)
Capreomycin® 0/5 3/59 (5.1%) 0/31 0/25
Amikacin® 0/1 1/21 (4.8%) 0/10 0/6
Ethionamide® 2/2 (100.0%) 5/42 (11.9%) 426 (15.4%) 2/20 (10.0%)
Clofazimine? 0/3 3/38 (7.9%) 3/16 (18.8%) 1/10 (10.0%)
Linezolid® 0 1/8 (12.5%) 0 0/3

Key: DST = drug susceptibility testing, MIC = minimum iffhibitory concentration.
Note that N is defined as the total number of paired basellne/post-baseline isolates available for telsting. If'0"is
displayed in the table, there were no paired isolates to as SHEeE=EasictaR

a 95% confidence interval for the binomial proportion of subjects with acquired resistance to any other anti-TB
drugs at any time during the study.

Note: Baseline is defined as the last available DST assessment, based on the relevant positive culture result, prior
to randomisation and utilising the hierarchical approach: Phenotypic DST else if missing genotypic DST else local
DST (as last resort and if available). Central DST results are used only where there is a local positive culture result.

The CHMP noted that only participants with paired data available, that is, patients failing
microbiologically (59/187 in Regimen B (comparator) and 31/196 in Regimen C (bedaquiline))
contributed to results for on-treatment acquired anti-TB drug resistance; thus the rates above do not
reflect the true tendency to on-treatment resistance in each regimen for the overall/ mITT population.
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Some of the subgroups were small and comparisons between regimen must be interpreted with
caution.

The CHMP considered that data from the Phase 2 studies of bedaquiline revealed a possible trend for
increased MICs to clofazimine amongst isolates with higher MICs to bedaquiline. At the time that CMA
was granted, there were not enough clinical data to confirm that finding, which was considered
relevant for further investigation within the confirmatory study. The frequency of baseline or post-
baseline isolates with higher bedaquiline MICs in STREAM Stage 2 was very low and thus no
meaningful analysis of the new data for this trend is possible.

Ancillary analyses
Comparisons across clinical studies

Results from STREAM Stage 2 are generally consistent with the results observed in the Phase 2
studies.

Direct comparison of outcomes between the studies should be made with caution, as they enrolled
slightly different populations, treatment regimens, microbiological methods and treatment duration.

Unlike the Phase 2 studies that supported the original CMA, HIV-injected subjects receiving
antiretroviral therapy (ART) or those who might need to start ART during the course of the study were
not excluded from STREAM Stage 2. Additionally, while in C208-Stage 2 participants with MDR-TB
previously treated with anything other than first-line TB drugs were excluded, in C209 and STREAM
Stage 2 participants with MDR-TB treated with previous second-line treatment (of limited duration)
were eligible, which better reflects the population to be treated in the real-world clinical context.

Exclusion criteria applied in the Phase 2 studies permitted enrolment of participants with pre-XDR-TB
and even XDR-TB as long as the isolate was susceptible to at least 3 of the 5 classes of TB drugs used
to treat MDR-TB, whereas in STREAM Stage 2 evidence of susceptibility to fluoroquinolones and
second-line injectables was required at screening. More than two thirds of participants in both Phases 2
and 3 had cavitations, but the proportion with multiple cavitations was higher in STREAM Stage 2 than
in Phase 2 studies, which therefore provides additional efficacy data in these more difficult-to-treat
patients.

Across the completed clinical studies, the background regimens were allowed to be changed. However,
permitted changes in the Phase 2 studies were pre-determined and had to be reported as an AE, while
changes in the STREAM Stage 2 were at the discretion of the investigator. However, the approach in
both Phase 2 and 3 used the mITT analysis population for the primary analysis, i.e. applying an
intention-to-treat principle disregarding individual regimen changes for the purposes of comparison of
outcomes. In this sense, STREAM Stage 2 better reflects how bedaquiline will be used as part of multi-
drug regimens in clinical practice.

Major features and results of the three clinical studies are summarised below:
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Trial STREAM Stage 2 TMC207-C208 Stage 2 TMC207-C209
Population RR-TB, MDR-TB MDR-TB, pre-XDR-TB MDR-TB, pre-XDR-TB, XDR-TB
mITT sample size (randomisation 543 (1:1) 132 (1:1) 205 (N/A)
ratio)
BDQ dosing 400mg QD for 2 weeks, then 200 MG TIW
BDQ treatment duration Regimen C (bedaquiline): 24 weeks 24 weeks
40 weeks
Follow-up period 96 (132) weeks* 96 weeks 96 weeks
Comparator Regimen B (comparator): Placebo N/A

injectable-containing
control regimen

Background regimen

KAN, OFL, ETH, PZA,
cycloserine/terizidone

Individualised

Primary efficacy endpoint

Proportion with favourable
outcome at Week 76

Time to sputum culture
conversion at Week 24

Time to sputum culture conversion at Week 24

Post-baseline culture method

MGIT

MGIT

Key efficacy outcomes

Adjusted favourable
outcome (no overruling)
at Week 76 82.4% on
BDQ versus 71.4% on
comparator (superiority
p=0.004).

Culture conversion rate at
EOT (no overruling)

Culture conversion rate at Week
24 (no overruling) 80.3% on
BDQ versus 65.2% on placebo
(p=0.049).

Time to culture conversion (no
overruling) 72 days on BDQ
versus 127 days on placebo.

Culture conversion rate at Week 24 (no
overruling) 80.5%.

Time to culture conversion (no overruling) 57
days.

4.9% with at least a 4-fold increase from
baseline in BDQ MIC.
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95.5% on BDQ versus
90.8% on comparator.

Time to culture conversion
(no overruling) 4.1 weeks
on BDQ versus 4.3 weeks
on comparator.

16.7% in BDQ regimen
with at least a 4-fold
increase from baseline in
BDQ MIC.

Evolution to a higher
extent of MTB resistance
in 6 (3.2%) BDQ and 7
(3.6%) comparator
participants.

3.0% in both arms with at least
a 4-fold increase from baseline
in BDQ MIC.

Evolution to a higher extent of
MTB resistance in 0 BDQ and 7
(10.6%) placebo participants.

Evolution to a higher extent of MTB resistance in
1.5%.

*In STREAM Stage 2, although safety assessments were continued through Week 132, efficacy data collection was curtailed at the point where all
participants were projected to reach Week 96.
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2.4.1.3.7. Summary of main study

The following tables summarise the efficacy results from the main study supporting the present application. These summaries should be read in conjunction
with the discussion on clinical efficacy as well as the benefit risk assessment (see later sections).

Table 37 Summary of Efficacy for Study TMC207-STREAM (STREAM Stage 2)

Title: The Evaluation of a Standard Treatment Regimen of Anti-tuberculosis Drugs for Patients With MDR-TB

Study identifier TMC207-STREAM

Design International, multicentre, randomized, parallel-group, active-controlled, open-label Phase 3 confirmatory study of efficacy and safety
of a BDQ-containing, all-oral 40-week regimen (Regimen C (bedaquiline)) compared to an injectable-containing 40-week control
regimen (Regimen B (comparator)) in participants =15 years of age with rifampicin (RMP)-resistant and isoniazid (INH)-susceptible
tuberculosis (TB) (RR-TB) or multidrug-resistant (MDR)-TB.

Duration intensive Tx phase: | 16 weeks

Duration continuation Tx Through 40 weeks

phase:

Duration efficacy follow-ups: | Through 76 weeks
Hypothesis Non-inferiority followed by Superiority

Treatments groups Background regimen: | Plus kanamycin/amikacin (intensive phase only)

Regimen B (comparator)
INH, PTO, MFX/LFX, 15mg/kg (max 19g) daily

CFzZ, EMB, PZA Plus bedaquiline (intensive and continuation phases)
(intensive phase)
400mg QD first 2 weeks, 200mg TIW thereafter
Regimen C (bedaquiline) followed by
MFX/LFX, CFZ, EMB,
PZA (continuation

phase)
Endpoints and Primary Proportion Favourable outcome required last 2 consecutive culture results (collected at 2 separate visits at
definitions endpoint with least 1 day apart) to be negative.
favourable
outcome Patients who died, started a new second-line MDR-TB regimen, restarted MDR-TB treatment after
having previously discontinued, or whose treatment was extended beyond the scheduled end of
treatment were assigned unfavourable outcome.
Secondary Proportion Culture conversion (last 2 consecutive negative cultures (collected at 2 separate visits assigned to
endpoints with separate analysis visits)) was the sum of Culture negative (confirmed), Culture negative with no
culture sputum sample available within analysis visit window and Culture negative not confirmed within
conversion | analysis visit window.
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Time to
culture
conversion

Proportion
with AFB
smear
conversion

Time to
AFB smear
conversion

on-

Rate of
acquired

treatment
resistance

Sputum AFB smear conversion was similarly defined as 2 consecutive negative smears (collected
at 2 separate visits assigned to separate analysis visits).

Resistance to BDQ was documented when the MIC was >0.25 ug/mL (ie, the critical concentration)
or in the presence of mutations in the atpE, Rv0678 and pepQ genes.

Alternative approach (see 2.4.1.3.2. Conduct of the study section).

Database lock

Results and Analysis

Analysis description

Primary Analysis

Analysis population

Modified Intention to Treat

and time point Week 76
description
Descriptive statistics Treatment group Regimen B Regimen C (bedaquiline)
and estimate (comparator)
variability
Number of subjects | 187 196
Proportion with 71.4% 82.4%
favourable
outcome
(adjusted)
Effect estimate per Primary endpoint Comparison groups Regimen B (comparator) minus C
comparison Difference -11.0%
95% CI -19.0% to -2.9%
P-value Non-inferiority <0.001
P-value Superiority 0.004
Notes The majority of unfavourable outcomes at Week 76 were driven by changes in treatment regimen prior to Week 76.

Unfavourable outcome attributed due to positive culture or death at Week 76 was uncommon.

Analysis description

Key secondary analyses

Analysis population

Modified Intention to Treat
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Descriptive statistics
and estimate
variability (95% CI)

Treatment group Regimen B Regimen C (bedaquiline)
(comparator)

Number of subjects | 187 196

Proportion with 69.2% 78.2%

favourable (-9.0%, 95%CI -17.5% to -0.6%)

outcome

(adjusted) Week

132

Proportion with 90.8% 95.5%

culture
conversion EOT

(85.6% - 94.3%)

(91.4% - 97.7%)

Proportion with
culture
conversion Week
76

93.2%
(88.5% - 96.1%)

98.8%
(96.0% - 99.7%)

Proportion with
culture
conversion Week
132

94.9%
(90.6% - 97.3%)

98.9%
(96.0% -99.7%)

Median time to
culture
conversion

8.0 weeks
(4.29 - 8.14 weeks

4.1 weeks
(4.14 - 4.43 weeks)
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2.4.2. Discussion on clinical efficacy

Design and conduct of clinical studies

STREAM Stage 2 was an international, multicentre, randomised, parallel-group, active-controlled,
open-label Phase 3 confirmatory study of the efficacy and safety of a BDQ-containing, all-oral 40-week
regimen (Regimen C (bedaquiline)) compared to an injectable-containing 40-week control regimen
(Regimen B (comparator)) in participants =15 years of age with rifampicin (RMP)-resistant and
isoniazid (INH)-susceptible pulmonary tuberculosis (TB) (RR-TB) or multidrug-resistant (MDR)-TB. The
primary endpoint was the proportion of patients with favourable outcome at Week 76 (a composite of
clinical and microbiological status).

Protocol and major amendments

The study protocol went through several major amendments while the study, which is open-label, was
enrolling. The amendments, which are summarised below, were made mostly in response to the
changing clinical landscape, revisions to international treatment guidelines, and to difficulties in
recruiting enough participants.

In its initial design, STREAM Stage 2 involved four different Regimens, A to D, but enrolment into
Regimens A and D were later discontinued.

The initial protocol also stated the primary analysis would test whether Regimen C (bedaquiline) was
superior to Regimen B (comparator), and a secondary analysis would test whether Regimen C
(bedaquiline) was noninferior, with regard to the primary endpoint. A protocol amendment later
switched these analyses, so that the noninferiority test was primary and the superiority test was
secondary. The target sample size was decreased from 336 to 200 patients in Regimens B and C
(bedaquiline). At the same time, an interim analysis with sample-size re-estimation was added,
although the sample size was not revised again after this analysis. The MAH states that the sample
size re-estimation was conducted by a blinded statistician, but information leakage cannot be ruled out
since the study was open-label.

The MAH states that the sponsor staff and MAH staff involved in analysis or decision making were not
provided with datasets/analyses. Despite this setup, changes to the study design and analysis could
not have been made in a blinded fashion.

Switching from superiority to noninferiority in the primary analysis is usually strongly discouraged
because it inflates the type 1 error (see EMA guideline on adaptive designs in confirmatory trials,
CHMP/EWP/2459/02). CHMP also generally discourages from recalculating the sample size during an
ongoing phase III trial.

However, since the antimicrobial efficacy of bedaquiline was already established and not in doubt, the
aim of the study was essentially to demonstrate the clinical usefulness of a regimen where oral
bedaquiline replaces the aminoglycoside. The impact of these protocol changes is thus less critical here
than in the setting of a pivotal efficacy trial and the data are considered interpretable in their
regulatory and clinical context.

Local and central laboratory results were processed hierarchically according to a pre-specified data
handling protocol, to determine microbiological results, including drug sensitivity data. An alternative
methodology for this that differed in several respects from the pre-specified analysis methodology
detailed in the SAP was presented in the Microbiology Report. Both approaches were documented and
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signed off prior to database lock. The MAH asserts that the alternative approach is most conservative
and closest to the methods applied in BDQ Phase 2 studies. Only the alternative approach is presented
in this report for secondary analyses of microbiological outcomes, for brevity. In practice,
microbiological outcomes determined according to the pre-specified or alternative approaches were
generally concordant, with very few discrepancies. Conclusions from secondary analyses applying
these two approaches are also in agreement.

Noninferiority margin

The noninferiority analysis was based on a noninferiority margin of 10% margin, which was specified in
before the start of patient enrolment. MAH has not presented a rationale for this margin. It is not
considered possible to provide one based on the available evidence, as a robust effect size estimate for
the comparator (kanamycin/amikacin) is not available. Nor can the clinical effect of bedaquiline versus
a comparator be isolated in an open-label trial where individualisation of the background regimen is
permitted. The NI margin should be interpreted as representing an equivalence margin with respect to
the usefulness of a regimen where oral bedaquiline replaces the aminoglycoside, rather than retention
of a certain fraction of the efficacy of the aminoglycoside.

Primary endpoint and estimand

The primary endpoint was defined so that patients who were unable to produce sputum or whose
samples had been contaminated could still be classified as having a favourable outcome at Week 76 if
their last two cultures before the Week 76 window were negative and they had not previously been
classified as unfavourable. This is essentially a last-observation-carried-forward approach for handling
missing data. Although such an approach is often discouraged because it can advantage the new
treatment (not be conservative), it seems reasonable here because of the strict condition for
previously favourable results. Furthermore, the main results are supported by a sensitivity analysis in
which a patient’s outcome was only classified as favourable if the last culture within the Week 76
window was negative, as well as the culture before that.

The MAH used the estimand framework in the statistical analysis plan but not in the study protocol. In
any case, the definition of the primary endpoint implies that a treatment policy strategy was used to
handle treatment discontinuations (these were ignored). It also implies that a composite strategy was
used to handle patients who died, started a new MDR-TB regimen, restarted MDR-TB treatment after
having previously discontinued, or whose treatment was extended beyond the scheduled end of
treatment (these events were considered unfavourable outcomes).

Secondary endpoints

In the regulatory and clinical context, microbiological outcomes from STREAM Stage 2 are of particular
interest even if formally classified as secondary outcomes. These included proportion with culture
conversion and AFB smear conversion, median time to culture conversion and AFB smear conversion,
and evolution of on-treatment resistance.

Randomisation

Randomisation was stratified by site and HIV status. The randomisation ratio was updated twice during
the trial but the ratio of patients allocated to the main comparison (Regimens B and C) stayed constant
at 1:1.

Treatment discontinuation and replacement

The study protocol allowed discontinuation of the allocated treatment regimen and replacement of
individual drugs in the initial regimen with alternate therapy to some extent. This was the decision of
the investigator, without pre-specified criteria for changing treatment regimen. The open-label design
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is likely to have influenced treatment decisions to change regimens. On the other hand, the
individualisation of background regimen might be considered a strength in the sense that it better
reflects how BDQ with multi-agent regimens is used in clinical practice. Importantly, introduction of
BDQ or other important second line agents against MDR-TB in participants not allocated to these
treatments by randomisation was considered an unfavourable outcome for the purposes of primary
efficacy analysis.

Population

The study permitted enrolment of participants with RR-TB and MDR-TB, but evidence of susceptibility
to fluoroquinolones and second-line injectables was required at screening to exclude pre-XDR-TB and
XDR-TB. The focus on MDR-TB is appropriate, considering the results of the completed Phase 2 studies
and the current CMA indication. Participants with MDR-TB treated with previous second-line treatment
(of limited duration) were eligible, which reflects the population to be treated in the real-world clinical
context, where resistant TB remains largely a problem driven by prior anti-mycobacterial treatment
with suboptimal compliance or treatment duration.

HIV-injected participants with a CD4 count >50 cells/mm3 receiving antiretroviral therapy (ART) or
those who might need to start ART during the course of the study were not excluded. However,
participants with pre-existing liver disease or end stage renal failure were excluded.

Timepoints of analyses

For efficacy outcomes (favourable outcome, time to favourable outcome) beyond Week 76, data
collection was curtailed at the point when the last recruited participant was projected to reach Week
96, in agreement with regulatory authorities. From protocol version 11.0 (dated 15 December 2020)
onwards, sputum microbiology was only undertaken after Week 96 if clinically indicated. The long-term
efficacy data thus include data up to at least Week 96 for all participants, and up to Week 132 for
145/187 (77.5%) participants in Regimen B (comparator) and 146/196 (74.5%) participants in
Regimen C (bedaquiline).

Therefore, although in the submission the timepoint for the secondary efficacy analyses are still
referred to as ‘Week 132, a participant’s last efficacy visit could have taken place at any time from
Week 96. Similarly, for microbiology-related analyses including data beyond 30 November 2021, the
wording ‘Week 132 (all data)’ has been used, but participants may have no further microbiological data
available after Week 96. The MAH asserts that the reduction the total person-years of follow-up for the
efficacy analysis was small, i.e., only 3% in Regimens B and C (bedaquiline).

Efficacy data and additional analyses

Numbers analysed

Following 1,436 participants screened for the study, the final mITT Analysis Set included 543
participants. Reasons for ineligibility were microbiology-related, e.g., negative sputum samples,
resistance to fluoroquinolones/injectables. In the mITT Analysis Set, 44/543 (8.1%) participants
prematurely terminated study participation before the Week 132 visit, with reasons for termination
comparable between the regimens.

Baseline characteristics and concomitant ART

The majority of participants were male (61.3%), Asian (48.4%) or Black (34.6%), with median age
32.7 [range: 16, 69] years and median BMI 19.2 [range: 12, 40] kg/m2. Essentially all participants
had previous exposure to anti-TB drugs, with around two thirds exposed to first-line drugs only and
one third exposed additionally to second-line drugs. At baseline, the rates of resistance to individual
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anti-mycobacterial agents as well as the rates of RR-TB (12.5%), MDR-TB (76.4%), and pre-XDR-TB
(11.0%) were similar between regimens. There were no participants with baseline XDR-TB.

Thus, the enrolled population adequately reflects the population covered by the indication, namely
MDR-TB, as well as the real-world clinical context for these patients (i.e., prior exposure to anti-TB
drugs). A higher proportion of participants in Regimen C (bedaquiline) had multiple cavities (62.5%)
compared to Regimen B (comparator) (46.6%), which is considered conservative from the perspective
of efficacy analyses. Almost all participants were receiving at least 3 or more active anti-TB drugs in
the background regimen at baseline.

In the enrolled subset of HIV-positive participants (n=52, 13.6%), all participants received
concomitant ART during the study.

Extent of exposure

The median exposure was 280 days for both 40-week Regimens B and C (bedaquiline) (range: 1 to
441 and 1 to 424 respectively), while the mean (SD) exposures were 250.5 (85.33) and 261.8
(75.53), respectively. The rate of >90% compliance with allocated treatment regimen was slightly
higher in Regimen C (bedaquiline) (96.4%) compared to Regimen B (comparator) (92.0%).

Primary analysis

For the primary efficacy analysis, the proportion of participants with favourable outcome at Week 76
was higher in Regimen C (bedaquiline) (82.7%)) versus Regimen B (comparator) (71.4%, difference -
11.0% [95%CI -19.0%, -2.9%]) and both statistical “noninferiority” (p<0.001) and superiority
(p<0.004) were declared in the mITT analysis set. However, the observed difference was driven
almost entirely by fewer changes in (or extension or restart of) treatment regimen amongst
participants on Regimen C (bedaquiline), with very few unfavourable outcomes attributable to other
reasons such as positive culture result or death.

The interpretation of this difference in terms of clinical benefit is hampered by the study’s lack of
blinding and the freedom to adjust treatment regimen at the discretion of the local investigator rather
than according to pre-defined criteria. Thus, the observed difference reflects rational preferences with
respect to adverse effects and convenience, as well as, possibly, lower antimicrobial efficacy of the
control regimen.

Subgroup analysis indicates a numerically higher rate of favourable outcome at Week 76 for Regimen
C (bedaquiline) independent of age, sex, weight, anti-TB drug history, baseline anti-TB drug
resistance, and baseline disease characteristics. The difference between regimens appears to be
markedly amplified in favour of Regimen C (bedaquiline) in particular for the HIV-positive and baseline
RR-TB subgroups. These subgroups are small and should be interpreted with caution. Given the open-
label setting, these differences possibly reflect a lower threshold in clinical practice to move
participants in these subgroups away from an injectable regimen.

Secondary analyses

In the mITT Analysis Set at Week 132, the proportions of participants with a favourable outcome were
generally sustained for both Regimen B (comparator) (69.2%) and Regimen C (bedaquiline) (78.2%).

The proportion of patients with culture conversion at week 76 was above 90% in the mITT population
in both arms, with numerically higher estimates in the bedaquiline arm. All other indicators of
microbiological status including culture and AFB smear conversion rates, time to smear and culture
conversion, and relapse or re-infection, were numerically similar or more favourable in Regimen C
(bedaquiline) compared to Regimen B (comparator) at EOT and Week 76. In the small subgroup of
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pre-XDR TB, microbiological responses favoured the control arm. However, there is no biological
rationale for this finding, which is not statistically convincing.

Rates of acquired resistance to other anti-TB drugs were based on paired data only (i.e., only the
subset of participants that were failing microbiologically) and were similar between Regimens B and C
(bedaquiline). Acquired resistance to BDQ was very limited in participants in Regimens C (40 weeks)
and D (28 weeks): 3 of 330 (0.9%) total participants receiving BDQ as part of their allocated
treatment regimen.

Overall, 21 participants died during the study with 8/202 (4.0%) in Regimen B (comparator), 11/211
(5.2%) in Regimen C (bedaquiline), and 2/143 (1.4%) in Regimen D. No participants did in regimen A.
The difference in the fatal rate between Regimen B (comparator) and C (bedaquiline) was statistically
not significant (p-value=0.551), with an adjusted difference in proportions of -1.2% (95% CI: -
5.2%,2.8%). Deaths are further discussed below, under the heading of Clinical Safety.

In summary, while STREAM Stage 2 was an open label study that underwent key protocol
amendments, it is considered to have delivered additional evidence of the efficacy of a bedaquiline-
based regimen for MDR-TB.

Definitions

The WHO definitions of extent of MTB resistance have changed during the course of the BDQ clinical
programme and since initial CMA was granted for Sirturo:

Comparison of WHO 2013 and WHO 2020 definitions of extent of MTB resistance

WHO 2013 definition WHO 2020 definition

MDR-TB Resistance to at least both isoniazid and rifampicin

Pre-XDR-TB

(Informal definition) MDR/RR-
TB and also resistance to any
fluoroquinolone?® or second-line
injectable (but not both)

(Formalised definition)
MDR/RR-TB and also resistance
to any fluoroquinolone?

XDR-TB

MDR/RR-TB and also resistance
to any fluoroquinolone and at
least one of three second-line
injectable drugs (capreomycin,
kanamycin and amikacin)

MDR/RR-TB and also resistance
to any fluoroquinolone and at
least one additional Group A
drugb

a. Including levofloxacin and moxifloxacin.

b. Including levofloxacin, moxifloxacin, bedaquiline and linezolid.

These definitions of TB resistance have changed with time and will continue to do so. On this basis,
the MAH argues that defining the resistance profile of the target population explicitly within the
authorised indication (“resistance to at least both isoniazid and rifampicin” rather than "MDR-TB”)
ensures that the indicated population is unambiguous and remains so even with further variation
and fluctuation in common terminology. This can be agreed.

2.4.3. Conclusions on the clinical efficacy

The CHMP was of the view that the phase III trial, STREAM Stage 2, had major limitations in terms of a
lack of blinding, substantial amendments while the trial was ongoing, and a primary endpoint that is
difficult to interpret. However, the antimicrobial efficacy of bedaquiline was already established in the
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phase II trials of bedaquiline, and the aim of STREAM Stage 2 was to demonstrate the safety and
clinical usefulness of a regimen where oral bedaquiline replaces the aminoglycoside. This clinical utility
has been confirmed by STREAM Stage 2.

The results showed that the rate of favourable outcome at Week 76 was higher in Regimen C
(bedaquiline) than in Regimen B (comparator) and sustained through Week 132. This difference was
driven almost entirely by participants in Regimen B (comparator) initiating new treatments, extending
current treatments, or restarting previous treatments, which were considered unfavourable outcomes.

Very few unfavourable outcomes were attributable to other reasons such as positive culture result or
death. Moreover, the proportion of patients with culture conversion at Week 76 was above 90% in the
mITT population in both arms, with numerically higher estimates in the bedaquiline arm. The CHMP
therefore considered that the utility of bedaquiline has been confirmed by the STREAM 2 study.

2.5. Clinical safety

Introduction

Safety was evaluated based on AEs, clinical laboratory tests, vital signs, ECG findings, visual acuity
and colour tests, hearing tests, and alcohol use.

All AEs and laboratory findings were graded according to severity using DAIDS criteria; AEs of
confirmed hearing loss based on audiometry findings were graded using Brock’s Criteria.

All toxicities leading to the study intervention being temporarily or permanently discontinued and all
toxicity effects of at least Grade 3 required thorough investigation with relevant clinical laboratory
tests, as clinically indicated. These were to be repeated as needed until final resolution or stabilisation
of the toxicity; if this was after the end of the study, follow-up was the responsibility of the treating
clinician.

There was a focus on all-cause mortality during treatment or follow-up. Safety data obtained during
the study were reviewed on a routine basis by an unblinded IDMC, as described above.

Patient exposure

The Safety Analysis Set included all randomised participants who had received at least 1 dose of
treatment (N=588).

Safety data were collected up to the end of the study (i.e., Week 132 or discontinued earlier) for all
participants. The safety analyses were therefore based on all data up to Week 132 (long-term safety
data).

Regimen C (bedaquiline) below contained bedaquiline 200 mg TIW for a planned 40 weeks. Regimen D
had the same bedaquiline dose for a planned 28 weeks.
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Table 38: STREAM Stage 2 - Number of participants per analysis set

Number of Participants per Analysis Set

A B C D Overall
ITT Analysis Set (Randomized 32 (100%) 202 (100%) 211 (100%) 143 (100%) 588 (100%)
Participants)
Safety Analysis Set 32 (100%) 202 (100%) 211 (100%) 143 (100%) 588 (100%)
mlITT Analysis Set 26 (81.3%) 187 (92.6%) 196 (92.9%) 134 (93.7%) 543 (92.3%)
Protocol version
v6H.2 26 (81.3%) 63 (31.2%)* 66(31.3%) 71 (49.7%) 226 (38.4%)
v6.3, v7.0 0 64 (31.7%)* 65 (30.8%) 63 (44.1%) 192 (32.7%)
v8.0, v10.0 0 60 (29.7%)y** 65 (30.8%) 0 125 (21.3%)
PP Analysis Set 26 (81.3%) 166 (82.2%) 177 (83.9%) 122 (85.3%) 491 (83.5%)
mPP Analysis Set 18 (56.3%) 136 (67.3%) 166 (78.7%) 117 (81.8%) 437 (74.3%)
PK Analysis Set - - 173 (82.0%) 109 (76.2%) 282 (79.7%)

Note: Analysis sets are defined in the Statistical Methods section below.

Note: Percentage derived relative to total participants randomized, except for PK Analysis Set where percentage is derived
relative to total participants randomized to Regimens C and D only.

*Regimen Bmox

**Regimen Biev

Table 39: STREAM Stage 2 - Disposition of participants

Disposition of participants

A B C D Overall
Screened 1.436
ITT Analysis Set 32 (100%) 202 (100%) 211 (100%) 143 (100%) 588 (100%)
(Randomized
Participants)
Safety Analysis Set 32 (100%) 202 (100%) 211 (100%) 143 (100%) 588 (100%)
mITT Analysis Set 26 (81.3%) 187 (92.6%) 196 (92.9%) 134 (93.7%) 543 (92.3%)
Completed study 26 (100%) 168 (89.8%) 175 (89.3%) 130 (97.0%) 499 (91.9%)

The CHMP noted that of 1,436 participants initially screened, 588 were enrolled. The majority of
screening failures had microbiological reasons. The Safety Analysis Set included all randomised
participants who had received at least 1 dose of treatment (588). Safety data were collected up to the
end of the study (i.e., Week 132 or discontinued earlier) for all participants.

Adverse events

Adverse Events

During the Treatment Phase, at least 1 AE was reported for almost all participants, ie, 32 (100%),
197/202 (97.5%), 206/211 (97.6%), and 142/143 (99.3%) participants in Regimens A, B, C and D,
respectively. During the Follow-up Phase, proportions of participants with at least 1 reported AE were
37.5%, 68.8%, 71.1%, and 84.6%, respectively.
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Table 40: Summary of adverse event, by analysis treatment and/or follow-up phase; safety analysis
set (study TMC207TBC3007)

A B C 1]
Safety Analvsis Set 12 202 211 143
Chwerall { Analysis Treatment + Follow-up Phase)
Any AFs I 100%:) 19898 .0%5) 206097.6%)  143(100%)
SAEs T(21.9%) 42(208%) H209%)  3N22.4%)
Treatment-re lated 54 Es* B 18.8%) 12(5.9%) 52 4%) B4.2%)
AEs leading to death®™ 0 Bld0%5) 11{5.2%) H14%)
AFEs of at least Grade 3 21{65.6%) 115(56.9%) 119(56.4%) BX57.3%)
AFEs of Grade 4 T(21.9%,) I5(17.3%) 2(15.2%) 2718.9%)
SAEs leading to permanent discontinuation of
B 0 0 1(0.5%)* 0
SAEs leading to permanent discontinuation of
other anti-TE drugs 2(6.3%) T3.5%) 209%) Y¥2.1%)
Analvsis Treatment Phase
Anv AFs I 100%) 197097 5%) 206(97.6%) 14299 1%,)
SAEs T2 9% 31(153%) W4 2%)  19(13.3%)
Treatment-rs lated SA Es* 6 18.8%) 11{5.4%) 572 4%) B4 2%
AEs leading to death®™ 0 42.0%) B(28%) X1 4%)
AEs of at least Grade 3 20062 .5%) 103051 .0%) 112053 1%)  71(49.7%)
AEs of Grade 4 6 18.8%) T6(12.9%) T10.P5)  16(11.2%)
SAEs leading to permanent discontinuation of
BD}} 0 0 100 5%) 0
S AEs leading to permanent discontinuation of
other anti-TB drugs 2(6.3%) Bi3.0%) 20 9%) N2.1%)
Analvsis Follow-up Phase
Any AFs 12(37.5%) 13068 8%) 150(71.1%)  121{R4.6%)
SAFs 0 15(7.4%) 19(9.0%)  16(11.2%)
Treatment-re lated 54 Es* 0 10, 5%) 0 0
AEs leading to death®™ 0 42 .0%%5) H24%) 0
AFEs of at least Grade 3 2(6.3%) 23 4%) M16.1%)  28(19.6%)
AEs of Grade 4 1{3.1%) 13(6.4%) I3(6.2%)  14(9.8%)

45 AE 15 categorized as related if assessed by the invest gator as possibly, probably, or defimitely related to study dmg,

B AEs leading to death are based on AE outcome of fatal.

Mote: Number of participants in each regimen is used as denomimator,

Mote: AE grades are based on DAIDS criteria,

Mote: Analysis Treatment Phase: From date of mndomization to date of last dose of anv anti-TB drugs (imcluding treatment
extension andfor retreatment for relapse) +7 days.

Mote: Analysis Follow-up Phase: From end of Analvsis Treatment Phase to last patticipant contact (scheduled or
unscheduled, or other contact ez, phone call),

Mote: AEs are coded using MedDBRA v21.0,

® A participantin Regmen C with an SAE of Vomiting had an erronsous by reported action taken with BDO of permanent
discontinuation, as reported by the investi gator on CRF Form 9b (Serious Adverse Event [SAE] Report). However, it was
subsequently established that this participant completed the BDO) course {see Section 3.7.8.9 for details). In addinon, AEs
leading to BDO) discontmuation were identified through programmatic and medical review. The identified 20 participant s
{see Section 5.2.2 71 do not include the aforementioned participant with an S AE of Vomiting,

The CHMP noted that almost all participants reported an AE during the treatment in all treatment
arms. During the follow up, proportions of participants with at least 1 reported AE were 37.5%, 68.8%,
71.1%, and 84.6% in the four study arms, respectively. AE frequencies were, thus, comparable
between study arm B and C (bedaquiline).

For 21.9%, 15.3%, 14.2%, and 13.3% of participants in Regimens A, B, C, and D, reported AEs were
serious, and, thus, roughly comparable for Regimen B (comparator) and C (bedaquiline) and lower
than for Regimen A.
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AEs by SOC and PT

AEs Reported During the Treatment Phase

Table 41 Participants with adverse events in the analysis treatment phase (=5% occurrence in any
treatment group), by body system and preferred term, safety analysis set (study TMC207TB3007)

MedDRA Svsiem Organ Class
Dictionary-derived Term A B C [}
Safety Analysis Set 12 202 m 143
Any adverse event, ni%a) 32(100%) 19797 .5%) 206097 6%) 142099 3%4)
Investigations 2X(68.8%) 156077.2%) 172(81.5%) 1107 6.94)
Electrocardiogram OT prolonged N21.9%) 11355.9%) 128(60.7%) BO(55.9%%)
Blood uric acid increased 028.1%) 43721.3%) S 24 6%) 34023 B%)
Alanime aminotransferase mersased 1{3.1%0) 4 19.8%) IT17.5%) 20014 (P )
Aspartate aminotmnsferase increased H125%) 36(17.8%) 190%:) 16011.2%)
Weight decreased S15.6%) 13{6.4%) 22(10.4%) 17(11.9%)
Blood bicarbonate decreased Ho4%) 1708 4%) 2009 5%) 1047 .0%0)
Hepatic enzyme moreased (3. 1%) W4.5%) 18(8.5%) 5(3.5%)
Amylase increased H12.5%) 14{6.9%;) 04, 3%5) 5(3.5%)
Blood creatine phospholinase mereased 6{18.8%) o4.5%) 4. 3%) 5(3.5%)
Blood creatinine mcreased H9.4%) 14{6.9%5) 5(2.4%) T(4.9%)
Lipase mcreased 0 14{6.9%;) 6(2.8%) 6(4.29%)
Blood magnesium decreased H9.4%) N3.5%) 52.4%) 32.1%)
Blood potassium decreased X6.3%%) B4 .0P4) H1.%%) 100.7%)
Blood glucose mcreased H12.5%) N1.5%) 41.9%5) 1(0.7%)
Blood sodium decreased 6. 3%0) 52.5%) 200.9%5) 32.1%)
Blood cholesterol increased X6.3%%) H2.0P%) 301.4%) 100.7%)
Gastrointestinal disorders 26(81.3%) 168(83.2%) 169(B0.1%) O5(66 4%0)
Nausea 16{50.0%5) 12762.9%) 114 54 0%5) 61(42.7%)
Vamiting 18(56.3%) 12561.9%) 113(53.6%) 41(28.7%)
Abdominal pain upper W28.1%) IF18.3%) 39{18.5%) 17(11.9%)
Drvspepsia B250%) 200 14.4%) 29(13.7%) 12(8.4%)
Abdomimal pam Ho4%) 14{6.9%0) 22{104%) BL5.6%)
Drarrhoea H9.4%) 1708 4%) 12(5.7%) 1047 .0%0)
Hvperchlorhydrnia 0 1105 4%) 11{5.2%%) 11(7.7%)
Abdomimal distension 0 W4.5%) 15(7.1%) BL5.6%)
Constipation H9.4%) W4.5%) 12(5.7%) 42.8%)
Rectal hasmorthage 6.3 0 0 0
Musculoskeletal and comnective tissue disorders 26(81.3%) Oi(47.5%) 11956 4%) O5(66 4%0)
Arthralgia 20(62.5%) 633, 2%) D444 5%) TE(54.5%)
Paim m extremity Ho4%) 18{8.9%) 26{123%) 11{7.7%)
Mvalgia (3. 1%) 63.0%4) 1909 .(%4) 12(8.4%)
Back pain N6 3%) N3.5%) B(3.8%) 159.1%)
Musculoskeletal pain A6.3%%) H1.5%) 4. 3%) 1449.8%)
Muscle spasms 515.6%) 52.5%) 200.9%%5) 42 8%)
Acrthritis N6 3%) 1(0.5%) 200.9%5) 201.4%)
Arthropathy X6.3%) LI 0 0
Metabolism and nutrition disorders 20(62.5%) DE(47.5%) 109(51.7%) 61(42.7%)
Drecreased appetite B250%0) 4 19.8%) SU24.2%0 2718 %)
Hypemuricasmia 515.6%) 39(19.3%) H190%) 3323 .1%)
Hypocalcasmia 045 1105 4% 16(7.6%) Ti4.9%)
Hyvpenzlveaemia 6{18.8%) B 3.0F) LB(8.5%) 6{4.2%)
Hvpoglyeasmia H94%) N3.5%) 1175, 2% Ti4.9%)
Hyvpokalaemia N21.9%) 1105 4%) B3 8%) 100.7%)
Hyvpomagnesaemia Ho4%) 11{5 4% B3.8%) 5(3.5%)
Hwponatraemia H15.6%) N3.5%) 104, 7% (3 5%)
Hwvperkalaemia 1(3.1%) H1.0%%) 11(5.2%%) 53 5%)
Hyvperd ipasasmia N6 3m) H1.0%%) 200.9%) 2(1.4%)
Hyvperamy lasaemia A6.3%) 100 .5%) 0 201.4%:)
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Table 42 Participants with adverse events in the analysis treatment phase (=5% occurrence in any
treatment group), by body system and preferred term, safety analysis set (study TMC207TB3007)

MedDRA Sysiem Organ Class

Dictionary-derived Term A B i [}
Skin and subcutansous tissue disorders 2N 6R.A%) TRIR.6%) 101{47 9%5) THE1.7%)
Pruritus 11{34.4%) 400 19.8%) S6(26.5%) 15024 5%
Rash W21.9%) 1507 4%) 2E(13.3%) 16(11.2%)
Dy skin I(3.1%) 16(7 9%a) 2511.8%) 17(11.9%)
Skin discolouration I(3.1%) [FEXI=FY] 1%9.0%) 2316.1%)
Skin hyperpigmentation i(3.1%) 11{54%) 16(7.6%) 1248.4%)
Might sweats 6.3 N1.5%) H1.%5) 6(4.29%)
Rash papular 6.3%) N1.0%) 240.9%) 0
Dhermatitis 6.3%) N1.0%) 0 100.7%)
Creneral disorders and admimistration site
conditions 1753.1%) B240.6%) T6(36.0%) T2(50.3%)
Pyrexia N21.9%) 2 10.9%) 4320.4%) 24{16.8%)
Chest pain 6{18.8%) 2411.9%) IY15.6%) 24016.8%)
Asthenia 0 4% 19{0 4%5) 157.1%) 124{8.4%)
Ml aise 0 45 2009 9%5) 1105.2%) BI5.6%)
Injection site pain W21 9% 1708 4% 0 17011.9%)
Fatigue 39 4%) B4.0%) 136.2%) B(5.6%)
Pain I(3.1%) N3.5%) 5(2.4%) B(5.6%)
Credema peripheml 6.5 100.5%) 1{0.5%0) 1(0.7%)
Chest discomfort 6.0 X109 0 0
Mervous svstem disorders 19(59.4%) O1(45.0%) TH{36.0%) 57030 0%)
Dhizziness B250%) 4220.8%) I7(17.5%) 3021 .0%)
Headache 11(34.4%) I6(17.8%) 16(17.1%) 2316.1%)
Poor quality slesp 6. 5%) 1708 4%) 10(4.7%) T(4.9%)
Pamesthesia 6. 3%0) B4.0%) 16(7.6%) 42.8%)
Hypoaesthesia 9. 4%) 100.5%) 0 2(1.4%)
Respimtory, thomeic and mediastinal disordems 12{37.5%) T 5.6%) T334.6%) 67(46.9%)
Cough N21.9%) I416.8%) 10(18.5%) 3323.1%)
Dyspnos H12.5%) I8 I0(14.2%) 2R(19.6%)
Productive coush 0 1909 4%5) 2210 4%) 26(18.2%)
Haemoptvsis I(3.1%) 1005 0%5) 136.2%) 16(11.2%)
Infections and infestations 16 50.0%0) B0 34.2%) BI3RA%) SO035.0%0)
Masopharvnmtis 1(3.1%) 12(5 9%5) 6(2.8%) 0(6.3%)
Hepatitis B 6.3%) 11{5 4%) 1004, 7%) 2(1.4%)
Candida mfction H15.6%) 1(0.5%) B(2.8%) 42 8%
Vulvovaginal candidiasis 26.3%) 1.0 T3 .3%) 5(3.5%)
Respiratory tract infection 9.4%) H1.5%) 10.5%) 4{2.8%)
Ol candidiasis 39 4%) 1(0.5%) H1.%4%) 2(1.4%)
Fungal infection 6.3 ] 0 H2.8%)
Ear and labvrinth disorders 18(56.3%) BY41.1%) 4B(22.7%) S337.1%)
Deafness B250%) 1001038 22(10.4%) 271895
Tinnitus H12.5%) IY16.3%) O4.3%) 15(10.5%)
Deafness unilateral 0 4%) 2009 9% 11(5.2%) 1047 .0%:)
Ear pain 6. 3%%) 1(0.5%) 10.5%) 1{0.7%)
Deafness neurosensory 6.3 ] 0 201L.4%)
Candine disonders H15.6%) 4321.3%) 4621 8%) 25(17.5%)
Palpitations 045 136 4%) 21(10.0%) T(4.9%)
Sinus tachyeardia 6.3%) B30 T3.3%) 3(21%)
Renal and urinary disonders 12(37.5%) IT18.3%) 16(17.1%) 2R(19.6%)
Proteimuna W21.9%) 21(10.4%) 2511.8%) 16(11.2%)
Haematuria H12.5%) 15(7 4%a) 136.2%) 0{6.3%)
Renal impairment 9. 4%) 4205 0 100.7%)
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Table 43 Participants with adverse events in the analysis treatment phase (25% occurrence in any
treatment group), by body system and preferred term, safety analysis set (study TMC207TB3007)

MedDRA Sysiem (Organ Class

Dictionaryv-derived Term A B C D
Blood md lymphatic system disorders 6{18.8%) 2512.4%,) I2152%) I6(25.2%)
Anaemia 1(3.1%) 19(9 4%4) 2 10.9%) 26{18.2%)
Levkocytosis X6.3%) X1.0%) 31 .4%) 42.8%)
Psvchiatric disorders 0{28.1%) 3517.3%) INT.5%) 16(11.2%)
Insommia H15.6%) 199 4%4) I 14.2%) 11(7.7%)
Drepression 30 4%) 31.5%) 31 .4%5) 2(1.4%5)
Hepatohiliary disorders N21.9%) 200 14.4%) 18(8.5%) 128 .4%)
Hepatitis toxic I(3.1%) 1909 4%;) 14 7%) 64.2%:)
H epatotoxic ity H12.5%) H2.00%) 5(2.4%) 5(3.5%)
Beproductive svstem and breast disorders H12.5%) 12(5 9%) T3 3%0) 17 .(%40)
Amenomhoea A6.3%%) A1.0%%) 31 4% 0
Endocrine disorders H12.5%) 100, 5%) 2(0.9%4) 4{2.8%)
Hvpothvrowdism 0 .4%) 0 0 1{0.7%%)

Mote: Participants are counted only once for any given event, regandless of the number of times they actually experienced the
event.

Mote: Number of participants in each regimen is used as denominator.

Mote: Analysis Treatment Phase: From date of mndomization to date of last dose of any anti-TB dmugs (mcluding treatment
extension and'or retreatment for rd apse) +7 days.

MNote: AEs are coded using MedDERA v21.0.

Modified based on Attachment TSFAED2a TP

The CHMP noted that the most frequent SOCs were Investigations, Gastrointestinal Disorders,
Musculoskeletal and Connective Tissue Disorders, Metabolism and Nutrition Disorders and Skin and
Subcutaneous Tissue Disorders. Here, Regimen A generally had the highest frequencies. Regimens B
(comparator) and C (bedaquiline) differed with up to 10% in frequencies.

The most frequent PTs were QT prolongation, nausea, vomiting, arthralgia, pruritus and blood uric acid
increases. Regimen A showed the highest frequencies. Regimen B (comparator) and C (bedaquiline)
where roughly comparable regarding frequencies in most of the PTs.

The CHMP noted that frequencies for hepatic enzymes increased (4,5% vs 8,5%), abdominal pain
(6,9% vs 10,4%) /abdominal distension (4,5% vs 7,1%), arthralgia (33,2% vs. 44,5%), myalgia
(3,0% vs. 9,0%), hyperkalaemia (1,0% vs 5,2%), rash (7,4% vs. 13.3%), skin discoloration (3,0% vs
9,0%), pyrexia (10,9% vs 20,4%), and different forms of candida infections (2,0% vs. 7,3%) are
higher in Regimen C (bedaquiline) than Regimen B (comparator). Arthralgia and myalgia are already
mentioned in section 4.8 of the SmPC.

Similarly, skin discoloration, and allergic reactions including rash and pruritus are more often observed
in Regimen C (bedaquiline) compared to Regimen B (comparator). The MAH was requested to evaluate
the possibility of a causal relationship between BDQ and adverse events of skin discoloration, rash and
pruritus. The comparison is confounded by the administration of aminoglycosides in Regimen B, and
multiple other classes of anti-TB drug in the background regimen in both arms. In fact, the totality of
clinical data (including earlier completed studies against placebo) does not appear to indicate
disproportionate occurrence of these events in association with BDQ. Reports of skin discoloration are
limited (and indeed attributable) to instances of concomitant administration of clofazimine (CFZz), for
which this is a known adverse effect). Meanwhile rash and pruritis are commonly reported in MDR-TB
and arise secondary to underlying condition and multiple classes of anti-TB drug. There are no
mechanistic reasons to suspect such off-target effects for BDQ, nor pre-clinical safety signals. There is
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no evidence to indicate a causal association between skin discoloration, rash or pruritis and BDQ
treatment.

AEs Reported During the Follow-up Phase

The CHMP noted that during the Follow-up Phase, at least 1 AE was reported for 37.5% of participants
in Regimen A, 68.8% in Regimen B (comparator), 71.1% in Regimen C (bedaquiline), and 84.6% in
Regimen D. Thus, AEs in the follow up phase were comparably in Regimens B (comparator) and C
(bedaquiline).

Notable Events

The following notable events were to be identified and reported to the Main Clinical Study Conduct
Partner:
e Pregnancy in a participant or partner of a participant during study intervention or follow-up
e QT or QTcF prolongation =500 ms while on treatment
e ALT/AST increase to =10xULN, or ALT/AST increase =3xULN in the presence of total bilirubin
increase >=2xULN
e Creatinine kinase =210xULN
e Pancreatic amylase =2xULN
e Any AE of at least Grade 3 (including medical conditions at randomisation worsening to an AE
of at least Grade 3)
e Any toxicity that led to withholding or stopping of allocated study intervention for more than 24
hours
e A clinically significant dysrhythmia, such as an episode of ventricular tachycardia, with >3
irregular beats in a row
e An overdose of any study intervention

Investigators were to notify the Main Clinical Study Conduct Partner of all SAEs and notable events as
defined above, within one working day of them becoming aware of the event. The Main Clinical Study
Conduct Partner was undertaking the duties of study management and was responsible for ensuring
that sites provided the sponsor’s research ethics committee and the regulatory authorities that have
approved the study with the safety reports that they required.

All Notable Events During the Treatment Phase

During the Treatment Phase, at least 1 notable event was reported for 20/32 (62.5%) participants in
Regimen A, 93/202 (46.0%) in Regimen B (comparator), 102/211 (48.3%) in Regimen C
(bedaquiline), and 61/143 (42.7%) in Regimen D.

Most of the notable events were of at least Grade 3 and were reported for 59.4%, 42.6%, 47.4%, and
40.6% of participants in Regimens A, B, C, and D, respectively. The only event of at least Grade 3
reported in more than 10% of participants in Regimens B, C, and D was Electrocardiogram QT
prolonged.

e By PT, the most frequently reported notable events (=5.0% of participants in the BDQ
containing Regimens C and/or D, in decreasing order for Regimen C (bedaquiline)) included:

e Electrocardiogram QT prolonged: 6.3%, 22.3%, 26.5%, and 23.8% of participants in Regimens
A, B, C, and D, respectively, of which none were reported as serious.

e Aspartate aminotransferase increased: 0%, 8.4%, 7.1%, and 0%, respectively.

e Hyperuricemia: 3.1%, 5.0%, 6.2%, and 6.3%, respectively
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Table 44:Subjects with notable events by DAIDS grade in the analysis treatment phase, by body
system and preferred term, safety analysis set (study TMC207 TBC3007)

MedDE.A Svystem Organ Class

Dictionary-derived Term A B C D
Analysis set: Safety 32 202 211 143
Any notable event, n{%) 20(62.5%) 93(46.0%) 102(48.3%) 61(42.7%)

Grade <3 1(3.1%) 7(3.5%) 2(0.9%) 3(2.1%)
Grade ==3 19(59 4%) 86(42.6%) 100(47 4%) 58(40.6%)
Investigations 11(34.4%) 60(34.2%) 82(38.9%) 44(30.8%)
Grade <3 0 0 0 0
Grade ==3 11(34.4%) 60(34.2%) 82(38.9%) 44(30.8%)
Electrocardiogram QT prolonged 2{6.3%) 45(22.3%) 56(26.5%) 34(23 8%)
Aspartate aminotransferase increased 0 17(8.4%) 15(7.1%) 0
Blood uric acid increased 5(15.6%) 6(3.0%) 8(3.8%) 3(2.1%)
Alanine aminotransferase increased 0 0(4.5%) 7(3.3%) 1(0.7%)
Weight decreased 4(12.5%) 2(1.0%) 4(1.9%) 3(2.1%)
Hepatic enzyme increased 1{3.1%) 1(0.5%) 6(2.8%) 2(1.4%)
Blood creatine phosphokinase increased 1(3.1%) 5(2.5%) 2(0.9%) 0
Amylase increased 2{6.3%) 3(1.5%) 1(0.5%) 1(0.7%)
Lipase increased 0 2(1.0%) 1(0.5%) 1{0.7%)
Blood bicarbonate decreased 1{3.1%) 0 1(0.5%) 1(0.7%)
Blood creatinine increased 0 2(1.0%) 0 1(0.7%)
Transaminases increased 0 2(1.0%) 0 1(0.7%%)
Blood cholesterol increased 0 1(0.5%) 1(0.5%) 0
Blood magnesium decreased 0 2(1.0%) 0 0
Blood bilirubin increased 0 0 1(0.5%) 0
Blood glucose increased 0 0 1(0.5%) 0
Blood sodium increased 0 0 1(0.5%) 0
Blood triglycerides increased 0 0 1(0.5%) 0
Creatinine renal clearance decreased 0 0 0 1(0.7%)
Platelet count decreased 0 0 1(0.5%) 0
Metabolism and nutrition disorders 6(18.8%) 15(7 4%) 20(9.5%) 10(7.0%)
Grade <3 0 0 0 0
Grade ==3 6(18.8%) 15(7 4%) 2009.5%) 10(7.0%)
Hyperuricaemia 1{3.1%) 10(5.0%) 13(6.2%) 9(6.3%)
Abnormal loss of weight 0 2(1.0%) 2(0.9%) 0
Hyponatraemia 1{3.1%) 1(0.5%) 2(0.9%) 0
Hypernatraemia 0 1(0.5%) 2(0.9%) 0
Hyperamylasaemia 1(3.1%) 0 0 1(0.7%)
Hypokalaemia 2{6.3%) 0 0 0
Decreased appetite 0 1(0.3%) 0 0
Hvperglvcaemia 1(3.1%) 0 0 0
Hyperkalaemia 0 0 1(0.5%) 0
Hvperlipasaemia 0 1(0.5%) 0 0
Hvpocalcaemia 0 0 1(0.5%) 0
Hvpoglycaemia 0 0 1(0.5%) 0
Hypomagnesaemia 0 0 1(0.5%) 0
Ear and labyrinth disorders 4(12.5%) 17(8.4%) 3(1.4%) 4(2.8%)
Grade <3 2(6.3%) 10(5.0%) 0 1(0.7%0)
Deafness 1{3.1%) 5(2.5%) 0 1{0.7%)
Deafness unilateral 0 2(1.0%) 0 0
Ototoxicity 1{3.1%) 1(0.5%) 0 0
Deafness bilateral 0 1(0.5%) 0 0
Vertigo 0 1(0.5%) 0 0
Grade ==3 2(6.3%) 7(3.5%) 3(1.4%) 3(2.1%)
Deafness unilateral 0 4{2.0%) 2(0.9%) 1(0.7%)
Deafness 0 3(1.5%) 0 2(1.4%)
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Table 45: Subjects with notable events by DAIDS grade in the analysis treatment phase, by body

system and preferred term; safety analysis set (study TMC 207TBC3007)

MedDEA Svstem Organ Class
Dictionary-derived Term
Deafness neurosensory
Deafness bilateral

Hepatobiliary disorders
Grade =3
Hepatotoxicity
Grade ==3
Hepatitis toxic
Hepatotoxicity

Injury, poisoning and procedural complications
Grade <3
Overdose
Grade ==3
Overdose

Gastrointestinal disorders
Grade <3
Vomiting
Grade >=3
Vomiting
Nausea

Blood and lymphatic system disorders
Grade <3
Grade ==3
Anaemia

General disorders and administration site
conditions
Grade <3
Grade ==3
Pyrexia
Injection sife reaction

Musculoskeletal and connective tissue disorders
Grade <3
Arthralgia
Grade ==3
Arthralgia
Mrositis

Fenal and urinary disorders
Grade <3
Acute kidney injury
Renal impairment
Grade ==3
Ketonuria
Nephropathy toxic

Vascular disorders
Grade =3
Grade ==3
Deep vein thrombosis
Embolism venous

Hypertension

A
2{(6.3%)
0

2(6.3%)
0

0
2(6.3%)
0
2(6.3%)

oo oo

2(6.3%)
0
0
2(6.3%)
1(3.1%)
1(3.1%)

oo o

cCoo oo

1(3.1%)
0
0
1(3.1%)
1(3.1%)
0

1(3.1%)
1(3.1%)
0
1(3.1%)
0
0
0

1(3.1%)
0
1(3.1%)
0
1(3.1%)
0

B
0
0

6(3.0%)
0

0

6(3.0%)

6(3.0%)
0

1(0.5%)
1(0.5%)
1(0.5%)
0
0

3(1.5%)

2(1.0%)

2(1.0%)

1(0.5%)

1(0.5%)
0

1(0.5%)
0

1(0.5%)
1(0.5%)

2(1.0%)
0
2(1.0%)
1(0.5%)
1(0.5%)

1(0.5%)
0
0
1(0.5%)
0
1(0.5%)

1(0.5%)
0
0
0
1(0.5%)
1(0.5%)
0

2(1.0%)
0
2(1.0%)
1(0.5%)
0
1(0.5%)

C
0
1{0.5%)

3(1.4%)
1(0.5%)
1(0.5%)
2(0.9%)
1(0.5%)
1(0.5%)

2(0.9%)
2(0.9%)
2(0.9%)
0
0

1(0.5%)
0
0
1(0.5%)
1(0.5%)
0

1(0.5%)
0

1(0.5%)
1(0.5%)

1(0.5%)
0
1(0.5%)
1(0.5%)
0

1(0.5%)
1(0.5%)
1(0.5%)

0

0

0

1(0.5%)
0
0
0
1(0.5%)
0
1(0.5%)

DD oo oo

D
0
0

1(0.7%)
0

0
1(0.7%)
0
1(0.7%)

4(2.8%)
2(1.4%)
2(1.4%)
2(1.4%)
2(1.4%)

Lo e e s T e Y e

2(1.4%)
0

2(1.4%)
2(1.4%)

1(0.7%)
0
1(0.7%)
1(0.7%)
0

1(0.7%)
1(0.7%)
1(0.7%)

0

0

0

1(0.7%)

1(0.7%)

1(0.7%)
0

Lo i e

Lo e e O i e e
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Table 46: Subjects with notable events by DAIDS grade in the analysis treatment phase, by body
system and preferred term, safety analysis set (study TMC 207TBC3007)
MedDEA System Organ Class

Dictionary-derived Term A B C D
Cardiac disorders 0 0 1(0.5%) 1{0.7%)
Grade <3 0 0 0 0

Grade ==3 0 0 1(0.5%) 1(0.7%)
Arrhythmia 0 0 0 1(0.7%)
Cardiac failure congestive 0 0 1(0.5%) 0

Eve disorders 0 0 1(0.3%) 0

Grade <3 0 0 0 0

Grade ==3 0 0 1(0.5%) 0
Visual impairment 0 0 1(0.5%) 0

Infections and infestations 0 0 0 1{0.7%)

Grade <3 ] 0 0 0

Grade ==3 0 0 0 1(0.7%)
Pneumonia 0 0 0 1(0.7%%)

Respiratory, thoracic and mediastinal disorders 0 0 1{0.5%) 0

Grade <3 ] 0 0 0

Grade ==3 0 0 1(0.5%) 0
Pneumothorax 0 0 1(0.5%) 0]

Skin and subcutaneous tissue disorders 0 0 1(0.5%) 0

Grade =3 0 0 0 0

Grade ==3 0 0 1(0.5%) 0
Dermatitis allergic 0 0 1(0.5%) 0

Surgical and medical procedures 0 0 1(0.5%) 0

Grade <3 0 0 0 0

Grade ==3 0 0 1(0.5%) 0
Abortion induced 0 0 1{0.5%) 0

Kev: DAIDS=Division of Acguired Immmmnodeficiency Syodrome, MedDEA=Medical Dictionary for Regulatory Activities.
Note: Number of subjects in each regimen 15 used as denomunator.
Note: Notable events presented based on the investigators assessment as collected on the Notable Event (NE) Report CRE.
Note: AE grades are based on DAIDS criteria.
Note: Analysis treatment phase: From date of randomization to date of last dose of any anti-TB dmgs (including treatment
extension and/or retreatment for relapse) +7 days.
Note: Adverse events are coded using MedDEA v21.0.

[TSFAE1S TP.RTF] ["WWILBTIA'WILBTIAQ2\JNT IITEBC3007WEEK 132 TFL W ADAM UFDATES'TLFTSFAELS TP.SAS]

0SMAR2023, 02:51

The CHMP noted that the only notable event of at least Grade 3 reported in more than 10% of
participants in Regimens B, C, and D was ‘Electrocardiogram QT prolonged’, which was slightly higher
in Regimen C (bedaquiline) compared with Regimen B (comparator) (22,3% vs 26,5%). The CHMP
noted that ‘Electrocardiogram QT prolonged’ is already well reflected in sections 4.4 and 4.8 of the
SmPC.

Notable Events Considered Related to BDQ or Other Anti-TB Drugs in the Regimen
(Excluding BDQ) by the Investigator

At Least Grade 3 Adverse Events

During the Treatment Phase, AEs of at least Grade 3 were reported for 62.5% of participants in
Regimen A, 51.0% in Regimen B (comparator), 53.1% in Regimen C (bedaquiline), and 49.7% in
Regimen D. By grade, the following distribution was observed:

e Grade 3: 17 (53.1%), 92 (45.5%), 100 (47.4%), and 62 (43.4%) participants in Regimens A,
B, C, and D, respectively

e Grade 4: 6 (18.8%), 26 (12.9%), 23 (10.9%), and 16 (11.2%) participants, respectively
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e Grade 5 (fatal): 0, 4 (2.0%), 6 (2.8%), and 2 (1.4%) participants, respectively

Grade 4 AEs occurred in 2 (6.3%), 7 (3.5%), 11 (5.2%), and 6 (4.2%) participants, respectively, and
were mainly due to:

e Aspartate aminotransferase increased in 1 (3.1%), 3 (1.5%), 3 (1.4%), and 0 participants,
respectively

e Blood uric acid increased in 1 (3.1%), 1 (0.5%), 2 (0.9%), and 2 (1.4%) participants,
respectively

e Hepatic enzyme increased in 1 (3.1%), 0, 3 (1.4%), and 2 (1.4%) participants, respectively
e No Grade 5 AEs were observed in this SOC
Adverse Events of Special Interest (AESIs) and Other Significant AEs

AESIs During the Treatment Phase
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Table 47 Participants with AESIs in the analysis treatment phase, safety analysis set (study
TMC207TB3007)

SMO) Term, Sub-SMO Terms and

Dictionary-derived Term A B C [}
Safety Analysis Set iz 202 21 143
Any AESE, n(%) 15(46.9%) 149 73.8%) 159{75.4%) 9. 2% )
Torsade de pomtes/ T
prolongation (SMO) T21.9%) 114056 4%) 128(60.7%) B1(56.6%)
Electrocardiogram 0T
prolonged T21.9%) 113(55.9%) 128060, 7%) BN 55.9%%)
Svyncope 0 0 1(0.5%) 100, 7%%)
Lass of consciousness 0 0 1] 1(0.7%0)
Sudden death 0 10 5%) 0 0
Acute pancreatitis (SMO) B25.0%) 33(16.3%) 1B(B.5%) 15(10.5%)
Amyvlase mereased H12.5%) 1406.9%) O{4.3%) 5(3.5%)
Lipase mereased LI 1446.9%5) 6(2.8%) 6{4.2%)
Blood bilirubm increased 0 O{4.5%) 41.9%) 2(1.4%)
Hvperlipasaemia 2{6.3%) 2{1.0%) 2{0.9%) 2(1.4%)
Hvperbilirubinaemia 1{3.1%) 4 2.0%) 100.5%0) 0
Hyvperamylasasmia 2{6.3%) 1{0.5%) 0 2(1.4%)
Pancreatic pseudocvst 1{3.1%) LI 0 1{0.7%0)
Pancreatitis 1{3.1%) 100 5%5) 0 0

Severs cutansous adverss

reactions (SMMO) 0 O4.5%3) 1074, 7%3) 1449 8%
Skin ex fohation LI 201.0%0) H1.9%) 6{4.2%)
Conpunctivitis LI 2(1.0%) S(2.4%) 4 2.8%)
Mouth ul ceration 0 442 %) 1(0.5%) 100, 7%%)
Crenital ulceration 0 0 0 2(1.4%)
Pemphigus LI LI 0 100, 7%4)
Skin erosion 0 10 5%) 0 0
Stevens-Johnson syndmome 0 1(0.5%) 1] 0
Stomatitis 0 0 0 100, 7%%)

Cardiac failure (SMO)) LI LI 1{0.5%) 0
Cardiac Bilure congestive 0 0 1(0.5%) 0
HEPATIC DISORDERS B25.0%) B1(40.1%) TR(A7.0%) 30027 .3%)

Liver-related mvestigations, signs

and symptoms (SMy) S15.6%) 62030, 7%) 660 31.3%) 3222 4%)

Alaning aminotransferase

mcreased 1(3.1%) 400 19 8%) I(17.5%) AN 14.075)
Aspartate armnotrans ferase

imcreased H12.5%) 2a(17.8%) 40 19074 ) 16(11.2%)
Hepatic eteyme mcreased 1(3.1%) O{4.5%) 18(8.5%) 5(3.5%)
Blood bilirubm increased LI W4.5%) 41.9%) 2(1.4%)
Cammuaglutamyvl tansferase

imcreased 1(3.1%) 42 0%0) A 1.4%) 32.1%)
Transaminases increased 0 2(1.0%) A 1.4%) 42.8%)
Hvperbilirubinaemia 1(3.1%) 442 %) 1(0.5%) 0
Bilirubin uring present LI 3 1.5%) 0 0
Urine bilirubin increased 0 2(1.0%) 1(0.5%) 0
Ascites LI LI 1{0.5%) 0
Bilimbin conjugated increased I I 100.5%) 0
Hypertransaminas asmia 0 0 1] 1(0. 7%
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SMOQ Term, Sub-5MO Terms and

Dictionary-derived Term A B C D
Hepatitis, noninfectiouns (SMO) 1{3.1%) 21(10.4%) 11{5.2%) 6{4.2%)
Hepatitis toxic 1(3.1%) 19(9.4%) 10(4.7%) 6(4.2%)
Hepatitis acute 0 1{0 5%) 1{0.5%) 0
Hepatitis 0 1{0 5%) 0 0
Hepatic failure, fibrasis and
cirrhosis and other liver damage-
related conditions {SMO) ) H12.5%) (2 5%) B{2.8%) 5(3.5%)
Hepatotoxicity H12.5%) 42 0%5) 5(2.4%) 5(3.5%)
Druginduced liver mjury 0 10 5%) 1{0.5%) 0
Ascites 0 0 1(0.5%%) 0
Cholestasis and jaundice of
hepatic origin { SMC)) 1{3.1%) 5(2.5%) 2(0.9%) 0
Hyperbilirubinasmmia 1{3.1%) 42 0%5) 1{0.5%) 0
Druginduced lver mjury 0 1{0 5%5) 1{0.5%%) 0
Jaundice { { 1{0.5%) {
Liver-related coapulation and
blesding disturbances (SMMO)) 0 0 1{0.5%5) 0
Prothrombin time ratio
abhnormal 0 0 1{0.5%) 0

Mote: AESIs are identified using SMO)s.

Mote: Analvsis Treatment Phase: From date of randomization to date of last dose of any anti-TBE dmugs (including treatment
extension and'or retreatment for relapse) +7 davs,
Mote: Mumber of participants i each regimen 15 wsed as denominator,

Mote: AEs are coded using MedDREA 210,

Maodified based on Attachment TSFAEL2 TP

Torsade de Pointes/QT Prolongation
During the Treatment Phase, the proportion of participants with at least 1 AE coding to Torsade de
pointes/QT prolongation (SMQ) was 21.9% in Regimen A, 56.4% in Regimen B (comparator), 60.7% in

Regimen C (bedaquiline), and 56.6% in Regimen D.

Many of these AEs were reported due to increases from baseline in QTcF. By PT, the only AE coding to
this SMQ reported in more than 1 participant in the BDQ-containing Regimens C (>0.5%) or D
(>0.7%) was Electrocardiogram QT prolonged, i.e., 21.9%, 55.9%, 60.7%, and 55.9% in Regimens A,

B, C, and D, respectively (Table 47).

SAEs coding to Torsade de pointes/QT prolongation (SMQ) were reported for 1/202 (0.5%) participant

in Regimen B (comparator) and 1/143 (0.7%) participant in Regimen D (Syncope, no QTcF

abnormalities reported), which resolved, and the participant completed treatment.

During the Follow-up Phase, at least 1 AE coding to Torsade de pointes/QT prolongation (SMQ) was
reported for 12.4% of participants in Regimen B (comparator), 14.2% in Regimen C (bedaquiline), and

15.4% in Regimen D.

No AEs coding to the PT of Torsade de Pointes or SAEs coding to the PT of Electrocardiogram QT

prolonged were reported.
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Hepatic Disorders/Hepatic Toxicity

During the Treatment Phase, the proportion of participants with at least 1 AE coding to Hepatic
disorders/hepatic toxicity (based on selected sub-SMQ’s) was 25.0% and 40.1% in non-BDQ
containing Regimens A and B, respectively, and 37.0% and 27.3% in BDQ-containing Regimens C and
D, respectively (Table 47).

More details regarding participants’ liver function in this study (meeting laboratory criteria for Hy’s law
or Temple’s corollary) can be found in the section laboratory values.

By PT, the most frequently reported AEs coding to this SMQ (=2 participants in the BDQ-containing
Regimens C [20.9%] or D [=1.4%]) were (see also Table 47above):

e Alanine aminotransferase increased: 3.1%, 19.8%, 17.5%, and 14.0% of participants in
Regimens A, B, C, and D, respectively

e Aspartate aminotransferase increased: 12.5%, 17.8%, 19.0%, and 11.2%, respectively

e Hepatic enzyme increased: 3.1%, 4.5%, 8.5%, and 3.5%, respectively

e Blood bilirubin increased: 0%, 4.5%, 1.9%, and 1.4%, respectively

e Gammaglutamyltransferase increased: 3.1%, 2.0%, 1.4%, and 2.1%, respectively

e Transaminases increased: 0%, 1.0%, 1.4%, and 2.8%, respectively

e Hepatitis, non-infectious (SMQ): reported for 3.1%, 10.4%, 5.2%, and 4.2% participants in
Regimens A, B, C, and D, respectively. By PT, the only AE reported coding to this SMQ for =22
participants in the BDQ-containing Regimens C (=0.9%) or D (=1.4%) was Hepatitis toxic,
reported for 3.1%, 9.4%, 4.7%, and 4.2% of participants, respectively.

e Hepatic failure, fibrosis and cirrhosis and other liver damage-related conditions (SMQ):
reported for 12.5%, 2.5%, 2.8%, and 3.5% of participants in Regimens A, B, C, and D,
respectively. By PT, the only AE reported coding to this SMQ for =2 participants in the BDQ-
containing Regimens C (20.9%) or D (=1.4%) was Hepatotoxicity, reported for 12.5%, 2.0%,
2.4%, and 3.5% of participants, respectively.

e Cholestasis and jaundice of hepatic origin (SMQ): reported for 3.1%, 2.5%, 0.9%, and 0% of
participants in Regimens A, B, C, and D, respectively. By PT, all AEs were reported for at most
1 participant in the BDQ-containing Regimens C (0.5%) or D (0%).

e Liver-related coagulation and bleeding disturbances (SMQ): reported for 0.5% of participants
in Regimen C (bedaquiline) (Prothrombin time ratio abnormal) SAEs coding to Hepatic
disorders/hepatic toxicity were reported for 1.4% of participants in BDQ-containing Regimen C
(bedaquiline), no participants in BDQ-containing Regimen D, and for 3.1% and 2.0% in non-
BDQ-containing Regimens A and B, respectively.

For 1 participant in Regimen B (comparator), a fatal AE related to liver toxicity was reported (i.e., AST
increased, ALT increased, and GGT increased).

During the Follow-up Phase, at least 1 AE coding to Hepatic disorders/hepatic toxicity (based on
selected sub-SMQs) was reported for 6.3% of participants in Regimen A, 12.9% in Regimen B
(comparator), 17.5% in Regimen C (bedaquiline), and 21.0% in Regimen D.

No AEs (PTs) including the term “hepatic failure” were reported. Events related to hepatic toxicity led
to discontinuation of BDQ in a small proportion of participants.

Acute Pancreatitis
During the Treatment Phase, AEs coding to Acute pancreatitis (SMQ) (Category A, B, and C
(bedaquiline) terms) were reported for fewer participants in the BDQ-containing Regimens C and D
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(8.5% and 10.5% of participants, respectively) compared with the Regimens A and B (25.0% and
16.3%, respectively). Amylase increased: 12.5%, 6.9%, 4.3%, and 3.5% of participants in Regimens
A, B, C, and D, respectively

e Lipase increased: 0%, 6.9%, 2.8%, and 4.2%, respectively

e Blood bilirubin increased: 0%, 4.5%, 1.9%, and 1.4%, respectively

e Hyperlipasemia: 6.3%, 1.0%, 0.9%, and 1.4%, respectively

e Hyperamylasaemia: 6.3%, 0.5%, 0%, and 1.4%, respectively

e SAEs coding to Acute pancreatitis (SMQ) were reported for 1/32 (3.1%) participant in Regimen

A (Pancreatic pseudocyst) and 1/143 (0.7%) participant in Regimen D (Amylase increased).

The CHMP noted that during the Treatment Phase, AEs coding to Acute pancreatitis (SMQ) (Category
A, B, and C (bedaquiline) terms) were reported for fewer participants in the BDQ-containing Regimens
C and D (8.5% and 10.5% of participants, respectively) compared with the Regimens A and B (25.0%
and 16.3%, respectively).

Rhabdomyolysis/Myopathy
During the Treatment Phase and during the Follow-up Phase, no AEs coding to
Rhabdomyolysis/Myopathy (SMQ) were reported in any regimen (Table 47).

Severe Cutaneous Adverse Reactions

During the Treatment Phase, AEs coding to Severe cutaneous adverse reactions (SMQ) were reported
for 4.5%, 4.7%, and 9.8% participants in Regimens B, C, and D, respectively, and no such events
were reported in Regimen A. By PT, the most frequently reported AEs coding to this SMQ (=2
participants in the BDQ-containing Regimens C [=0.9%] or D [=21.4%]) were (Table 47)

e Skin exfoliation: 1.0%, 1.9%, and 4.2% of participants in Regimens B, C and D, respectively
e Conjunctivitis: 1.0%, 2.4%, and 2.8% of participants in Regimens B, C and D, respectively
e Genital ulceration: 1.4% of participants in Regimen D

One/202 (0.5%) participant in Regimen B (comparator) was reported with an SAE of Stevens-Johnson
syndrome.

The CHMP noted that no specific concerns regarding bedaquiline were raised.

Cardiac Failure and Cardiomyopathy

During the Treatment Phase, the only AE coding to Cardiac failure (SMQ) was reported for 1 (0.5%)
participant in Regimen C (bedaquiline) (Cardiac failure congestive, nonserious). No events were
reported coding to Cardiomyopathy (SMQ) in any regimen (Table 47). During the Follow-up Phase,
there were no AEs coding to Cardiac failure (SMQ) or Cardiomyopathy (SMQ).

The CHMP noted that one participant with congestive heart failure was observed in Regimen C
(bedaquiline).

Hearing Impairment Adverse Events

During the Treatment and/or Follow-up Phase, AEs related to hearing impairment, identified by the
Hearing impairment sub-SMQ, were reported less frequently for participants in Regimen C
(bedaquiline) (49/211 [23.2%]) compared with the injectable-containing control Regimen B
(comparator) (87/202 [43.1%]) and the injectable- and BDQ-containing Regimen D (56/143 [39.2%]).

Assessment report
EMA/318955/2024 Page 128/166



By PT, the most frequently reported AEs (=5.0% of participants in the BDQ-containing Regimens C
and/or D) were

e Deafness: 25.0%, 20.8%, 11.4%, and 21.0% in Regimens A, B, C, and D, respectively

e Tinnitus: 12.5%, 16.3%, 4.7%, and 13.3%, respectively

e Deafness unilateral: 12.5%, 10.9%, 5.7%, and 7.7%, respectively

The CHMP noted that AEs related to hearing impairment, identified by the Hearing impairment sub-
SMQ, were reported less frequently for participants in Regimen C (bedaquiline) (23.2%) compared
with Regimen B (comparator) (43.1%) and Regimen D (39.2%). This is a known side effect of
aminoglycosides.

Lung Surgery
No participants underwent lung surgery during the study as confirmed by the Main Clinical Study
Conduct Partner.

Pregnancy
During the study, a total of 37/588 (6.3%) participants reported an event of pregnancy, of which
26/37 pregnancy in participants (including 1 ectopic pregnancy) and 11/37 pregnancy in partners of
participants. Pregnancies were reported as follows:

e Regimen A: 4/32 (12.5%): all 4 in participants and none in partners

e Regimen B (comparator): 11/202 (5.4%): 7 in participants and 4 in partners

e Regimen C (bedaquiline): 14/211 (6.6%): 9 in participants and 5 in partners

e Regimen D: 8/143 (5.6%): 6 in participants and 2 in partners
AE/SAE summary tables do not include actual pregnancies in participants or partners of participants,
but AEs related to pregnancies, listed under the SOCs of Pregnancy, puerperium and perinatal
conditions, Social circumstances, and Surgical and medical procedures.

Serious adverse event/deaths/other significant events

All SAEs During the Treatment Phase

During the Treatment Phase, at least 1 SAE (fatal or nonfatal) was reported for 7/32 (21.9%),
31/202 (15.3%), 30/211 (14.2%), and 19/143 (13.3%) participants in Regimens A, B, C, and
D, respectively.
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Table 48: Participants with serious adverse events in the analysis treatment phase, by body system
and preferred term, safety analysis set (study TMC207TBC3007)

MedDREA Svstem Organ Class

Dictionary-derived Term A B C 1]
Safety Analvsis Set a2 202 21 143
Anvy serious adverse event, n{ %) W21.9%) IW153%) A14.2%) 19 13.3%)
Ear and labvrinth disorders 0 5(2.5%) 301 .4%) 6(4.2%)
Dreafness LI X1.5%) 2{0.9%4) 32.1%)
[Deafmess unilateral 0 100.5%:) 1{0.5%) 100.7%5)
Deafmess bilateral LI 100.5%) 0 10, 7%%)
Hypoacusis 0 1] 1] 1(0.7%5)

Infections and mfestations 0 T(3.5%) 52 .4%) 2(1.4%)
Pulmonary tuberculosis LI X1.5%) 2{0.9%4) 10, 7%%)
Empvema 0 1] 200.9%5) 0
Preumonia LI 100.5%) 0 10, 7%%)
Unnary tract infection 0 0 1{0.5%) 100.7%5)
Anal abscess 0 100.5%) 1] 0
Hemes zoster 0 1(0.5%) 0 0
Staphvlococcal infection 0 100.5%:) 0 0

B espiratory, thoracie and mediastinal

disorders LI 6(3.074) 5(2.4%) 2{1.4%)

Dyspnoea 0 H1.5%) 1(0.5%) 0
Respiratory faihurs LI 100, 5% 200.9%0) LI
Preumaothorax 0 L] 10 5%) 1(0.7%)
Atelectasis 0 0 0 100.7%5)
Chmonic obstructive pulmonary diseass 0 100, 5% L] 0
Pleural effusion LI 0 100 5%0) LI
Fespiratory distress 0 100.5%) 1] 0

Creneral disorders and administration site

conditions 3.1%) 6(3.074) 10, 5%0) 2{1.4%)

Treatment failure 0 42.07%) 0 100.7%5)
A sthemia LI 100.5%) 0 LI
Chest pain 0 0 1{0.5%) 0
Hwpothermia LI 0 0 10, 7%%)
Pyrexia I(3.1%) 0 0 0
Sudden death LI 100.5%) 0 LI

Investigations H6.3%) 2(1.074) 3{1.4%) 32.1%)
Blood uric acid mcreased I(3.1%) 100.5%:) 1{0.5%) 100.7%5)
Amylase increased LI 0 0 10, 7%%)
A gpartate aminotmansferase mereased I(3.1%) 1] 1] 0
Blood creatimine mersassd 0 0 0 1(0.7%%)
Blood ghwose moreased LI 0 10, 5%0) LI
Hepatic enzyme increasad I(3.1%) 1] 1] 0
SARSCoV2 test positive LI 100.5%) 0 LI
Transaminases ncreassd 0 1] 1(0.5%) 0

Table 49 Participants with serious adverse events in the analysis treatment phase, by body system and
preferred term, safety analysis set (study TMC207TBC3007)
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MedDRA Svsie m Organ Class

Dictionarv-derived Term A B C 1]
Grastromtestmal disorders A6 3%) 0 5(2.4%) 0
Vomiting 0 0 5(2.4%) 0
Pancreatic pseudocyst I(3.1%%) 0 1] 1]
Pancreatiis chronic I(3.1%%) 0 1] 1]
Hepatobilary disorders 0 42.0%%) 2(0.9%;) 0
Hepatitis toxic 0 42.0%%) 1{0.5%) 0
Drginduced liver imjury 0 0 140 5%%) 0
Mervous system disorders 0 1(0.5%) 1{0.5%) 2.1%)
Mewroglveopenia LI LI 140 5%%) L
Polwneuropathy LI 1(0.5%) L L
Selruns 0 0 0 100.7%5)
Swnoope LI LI L 100.7%5)
Tonic convulsion 0 0 0 100.7%5)
Meoplasms bengn, malignant and
unspecified (incl cvsts and polyps) 0 2{1.0%%) 2{0.9%) 0
Breast cancer 0 0 140.5%) 0
Hepatic neoplasm 0 1(0.5%) 0 0
K aposis sarcoma 0 0 140.5%) 0
Prostate cancer 0 1(0.5%) 0 0
Surgeal md medical procedures 0 0 41.9%) 0
Hospital isation ] ] 2(0.9%%) 0
Abortion mduced ] ] 1{0.5%) 0
Cremtounnary operation 0 0 100.5%3) 1]
Metabolism and nutntion disorders LI LI 1{0.5%) 2{1.4%)
Dehydration LI LI 1{0.5%) 0
Diabetic ketoacidosis LI LI 0 100.7%)
Hypoglycasmia 0 0 1] 1{0.7%3)
Social ciroums tance s I{3.1%) LI 1{0.5%) 1{0.7%)
Social stay hospitalisation I{3.1%) LI 1{0.5%) 1{0.7%)
Pswehiatric disorders 26.3%) 0 0 0
Acute psvchosis I(3.1%) 0 1] 1]
Drepression I{3.1%) 0 0 0
Vascular disorders I(3.1%) 0 0 100.7%5)
Deep vem thrombosis 1(3.1%5) 0 1] 1]
Embaolism venous 1(3.1%5) 0 1] 1]
Hwpotension 0 0 0 100.7%5)
Candiac disorders L] L] 1{0.5%) 0
Acute coronary syndrome L] L] 1{0.5%5) L]
Musculoskeletal and commective tssue
disorders I(3.1%) ] 0 0
Muscle spasms I(3.1%) 0 0 0
Pregmancy, puerperium and perimatal
conditions LI 100.5%) 0 0
Abortion LI 100.5%) 0 0
Femal and urinary disonders 0 100.5%) 1] 1]
Unnary retention LI 100.5%) 0 0
Reproductive system and breast disorders 0 0 100.5%3) 1]
Bartholnitis LI LI 1{0.5%) 0
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Table 50 Participants with serious adverse events in the analysis treatment phase, by body system and
preferred term, safety analysis set (study TMC207TBC3007)

MedDRA Syvstem Organ Class

Dictionary-derived Term A B C [}
Skin and subcutansous tissue disorders 1] 10.5%) 1] 0
Stevens-Johnson syndrome 1] 1{0.5%) 1] 0

Mote: Participants are counted only once for any given event, regardless of the number of tmes they actually experienced
the event.

Mote: Number of participants mn each regimmen 15 usad as denominator,

Mote: Analysis Treatment Phase: From date of madomization to date of last dose of any anti-THB dmugs (mcluding treatment
extension and/or retreatment for relapse) +7 days.

Mote: AEs are coded using MedDEA v21.0.

Mote: COVID-19-related AEs are coded using MedDERA v23.0.

Modified based on Attachment TSFAEM TP

The CHMP noted that at least 1 SAE (fatal or nonfatal) was reported for 21.9%, 15.3%, 14.2%, and
13.3% of participants in Regimens A, B, C, and D, respectively. Thus, this rate was comparable
between Regimens B (comparator) and C (bedaquiline).

At least 1 SAE considered related to BDQ was reported for 3/211 (1.4%) participants in Regimen C
(bedaquiline) (Vomiting in 2 participants and Drug-induced liver injury in 1 participant), and 1/143
(0.7%) participant in Regimen D (Amylase increased). All were non-fatal. Vomiting and Transaminases
increased are listed in section 4.8 of the SmPC, which is endorsed.

At least 1 SAE was reported for 7.4%, 9.0%, and 11.2% of participants in Regimens B, C, and D,
respectively during the Follow-up Phase. No SAEs were reported in Regimen A during the Follow-up
Phase. The CHMP noted that none of the SAEs were considered related to BDQ by the investigator.

Deaths
Participants who Died During the Treatment and/or Follow-up Phase

Overall, 21 participants died during the study (Treatment Phase and/or Follow-up Phase): 8/202
(4.0%) participants in Regimen B (comparator), 11/211 (5.2%) participants in Regimen C
(bedaquiline), and 2/143 (1.4%) participants in Regimen D. There were no fatal AEs reported in
Regimen A during the study (Table 51 and Table 52).

There were 2 cases of sudden death during the study:

e 1 case of Sudden death reported during the Treatment Phase for 1 participant in Regimen B
(comparator)

e 1 case of Sudden cardiac death reported during the Follow-up Phase for 1 participant in
Regimen C (bedaquiline)

In both participants, all recorded QTcF values remained <500 ms.
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Table 51 Participants with fatal adverse events in the analysis treatment phase and/or follow-up phase,
by body system and preferred term, safety analysis set (study TMC207TBC3007)

MedDRA Sysiem Organ Class

Dictionary-derived Term A B C 1]
Safety Analvsis Set a2 202 21 143
Any fatal adverse event, n{%a) 0 B4 11{5.2%) 2(1.4%)
Infections and infestations 0 X1.0%) 31.4%) 100.7%3)

Pulmonary tubercul osis 0 10.5%) H1.4%) 100.7%3)
Preumaonia 0 10.5%) L] ]
Creneral disorders and administration site
conditions 0 N1.07%) 1{0.5%) 100.7%)
[Death LI 10.5%) 0 0
Hypothermia 0 1] L] 100.7%3)
Sudden cardiac death 0 0 1(0.5%) 0
Sudden death 0 1(0.5%) 0 0
Fespimtory, thorac e and mediastimal disorders 0 A1.0R40) 200.9%5) ]
Respiratory falure 0 10 .5%) 200.9%) 0
B espiratory distress 0 (0. 5543 i L]
Meoplasms bemgn, malignant and unspecified
(incl cvsts and palyps) LI 10.5%) 1i0.5%0) 0
Hepatic cancer L] 10.5%% 0 0
Lung cancer metastatic 0 1] 100.5%) ]
Candiac disorders 0 0 1(0.5%) 0
Aqute commary syndrome 0 1] (0. 5%:) 1]
Injury. poisoming and procedural compheations 0 1] 100.5%) ]
Alcohol poisoning ] 0 100.5%) 0
Mervous system disorders 0 1] (0. 5%:) 1]
Meuroghvcopenia 0 1] (0. 5%) 0
Flenal and urinary disorders 0 0 1(0.5%) 0
Acute kidney imjury 0 1] (0. 5%) 1]

Table 52 Participants with fatal adverse events in the analysis treatment phase and/or follow-up phase,
by body system and preferred term, safety analysis set (study TMC207TBC3007

MedDRA Svsicm Organ Class

Dictionarv-derived Term A B C 1]
Social circums tances 0 1(0.5%) 1] 0
Physical assault 0 100.5%) 0 0

Mote: Participants are countad onlv once for any given event, regardless of the number of tmes they actually experienced the
event,

Mote: Mumber of participants in each regimen is used as denomimator,

Mote: Analvsis Treatment Phase: From date of mndomizaton to date of last dose of any ant-TB drugs (mcludimg treatment
extension and'or retreatment for melapse) +7 davs.

Mote: Analvsis Follow-up Phase: From end of Analvsis Treatment Phase to last participant contact (scheduled or
urscheduled, or other contact ez, phone call),

MNote: AEs are coded using MadDBEA v21.0.

Maodified hased on Attachment TSFAEM TFP
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Table 53 Participants with fatal adverse events in the analysis treatment phase by body system and
preferred term, safety analysis set (study TMC207TBC3007

MedDREA Syvstem Organ Class

Dictionary-derived Term A B C 1]
Safety Analvsis Set 12 A2 211 143
Any fatal adverse event, n(%4) 0 42.0%0) 6(2.8%) 2{1.4%)
Infections and miestations 0 W0.5%) 200.9%) 100, 7%0)

Pulmonary tubercul osis 0 0 200, 9%) 100, 7%0)
Preumonia 0 I0.5%) 1] 0
Respimtory, thomeic and mediastinal disordens 0 N1.0%) 20 9%5) 0
Respiratory fahure 0 (0. 5%) 200.9%5) 0
Respiratory distress 0 0. 5%) 1] 0
Creneral disorders and admimistmtion site
condi torns 0 10, 5%) 0 1{0.7%)
Hypaothermia { { i 100, 7%%)
Sudden death 0 (0. 5%) 0 0
Canliac disorders LI LI 100, 5%) LI
Aqute coronary svndrome 0 0 1{0.5%) 0
Mervous svstem disorders 0 0 10.5%) 0
Meuroglycopenia 0 0 1{0.5%) 0

Mote: Participants are counted only once for any given event, regandless of the number of times they actually experienced the
event,

Mote: Number of participants m each regimen 15 used as denominator,

Mote: Analvsis Treatment Phase: From date of mndomizaton to date of last dose of anv anti-TB drugs (meludimg treatment
extension and'or retreatment for reapse) +7 davs.

Mote: AEs are coded using MedDEA v21.0.

Table 54 Participants with fatal adverse events in the analysis follow-up phase, by body system and
preferred term, safety analysis set (study TMC207TBC3007

MedDRA Svstem Organ Class

Dictionarv-derived Term A B L D
Safety Analvsis Set 32 202 211 143
Any fatal adverse event, n{%s) 1] 42.0%) 5(2.4%) 1]
General disorders and admimistmtion site

condi tiors 1] 100.5%) 1{0.5%) 1]

Deth 1] 100.5%) 0 1]
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Table 55 Participants with fatal adverse events in the analysis follow-up phase, by body system and
preferred term, safety analysis set (study TMC207TBC3007

MedDEA Syvsiem Organ Class

Dictionary-derived Term A [£] ('.' 1]
Sudden cardiae death { i 1(0.5%) i
Infections and infestations 0 1(0.5%) 1(0.5%) 0
Pulmonary tuberculasis 0 (0. 5%) 1(0.5%) 0

Meoplasms benign, malignant and unspecified

(inel cvsts and polvps) 0 100 5% 1(0.5%) 0
Hepatic cancer 0 10, 5% 0 0
Lung cancer metastatic 0 1] 1(0.5%) 0

Imury., posomne and procedural comphcations 0 1] 10.5%) 0
A leohol poisoning 0 1] 1(0.5%) 0
Fenal and urmary disorders 0 1] 1(0.5%) 0
Acute kidney mjury 0 1] 1(0.5%) 0
Social circums tances 0 1(0.5%) 0 0
Physical assault 0 1(0.5%) 0 0

Mote: Participants are counted only once for any given event, regardless of the number of times they actually experienced the
event,

Mote: Number of participants in each regimen is used as denomimator,

Mote: Analvsis Follow-up Phase: From end of Analvsis Treatment Phase to last participant contact (scheduled or
unscheduled, or other contact eg. phone call ).

Mote: AEs are coded using MadDBA v21.0,

Modified based on Attachment TSFAEDG FP

The CHMP noted that overall, 21 participants died during the study (Treatment Phase and/or Follow-up
Phase) with 8/202 (4.0%) in Regimen B (comparator), 11/211 (5.2%) in Regimen C (bedaquiline), and
2/143 (1.4%) in Regimen D. No participants in Regimen A died. The rate of deaths was marginally
higher in Regimen C (bedaquiline) compared to Regimen B (comparator), which was not statistically
significant (p-value=0.551) with an adjusted difference in proportions of -1.2% (95% CI: -
5.2%,2.8%).

The MAH is proposing to remove the warnings on mortality that were instituted in the SmPC due to
uncertainties about mortality at the time of approval, given the small size of the safety database. The
present expanded safety database is not indicative of any specific concern about excess deaths when
bedaquiline is part of the TB treatment regimen. Therefore, the CHMP agreed with the proposal.

Laboratory findings

Summary of Individual Participant Changes

Laboratory abnormalities were graded according to severity using DAIDS criteria and in accordance
with the normal ranges of the central safety laboratory for nongraded parameters. Haemoglobin
toxicity grades were added programmatically.

Note that the lower number of observations in the laboratory abnormality tables can be partly
explained by a high percentage of COVID-related protocol deviations defined as “scheduled lab blood
safety tests samples not taken”.

The majority of treatment-emergent graded laboratory abnormalities were Grade 1 (Table 56).
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Table 56: Treatment-emergent graded laboratory abnormalities (Worst grade) in the analysis

treatment phase,; safety analysis set (Study TMC207TBC3007)

A B C D
Safety Analysis Set 32 202 211 143
Chemistry
Alanine Aminotransferase
(Enzyme U/L)
N 32 199 207 143
Grade | 7(21.9%) 49(24.6%) 57(27 5%) 25(17.5%)
Grade 2 0 26(13.1%) 18(8.7%) 15(10.5%)
Grade 3 1{3.1%) 12{6.0%) 12(5.8%) T(4.9%)
Grade 4 1(3.1%) 5(2.5%) 7(3.4%) 1(0.7%)
Albumin (g/L)
N 32 199 207 143
Grade | 1(3.1%) 18(9.0%) 24(11.6%) 12(8.4%)
Grade 2 1{3.1%) T(3.5%) T(3.4%) 3(2.1%)
Grade 3 0 1(0.5%) 0 0
Grade 4 0 0 0 0
Alkaline Phosphatase (Enzyme
U/L)
N 32 199 207 143
Grade 1 1{3.1%) 13(6.5%) 12(5.8%) B(5.6%)
Grade 2 1(3.1%) 3(1.5%) 2(1.0%) 2(1.4%)
Grade 3 0 0 0 0
Grade 4 0 0 0 0
Amylase, Pancreatic (Enzyme
U/L)
N 32 199 207 143
Grade | 3(9.4%) 9(4.5%) 11(5.3%) 7(4.9%)
Grade 2 0 6(3.0%) T(3.4%) 3(2.1%)
Grade 3 3(9.4%) 1(0.5%) 0 1(0.7%)
Grade 4 0 1(0.5%) 0 1(0.7%)
Aspartate Aminotransferase
(Enzyme U/L)
N 32 199 207 143
Grade 1 11{34.4%) 49(24.6%) 50(24 2%) 24(16.8%)
Grade 2 1(3.1%) 17(8.5%) 24(11.6%) 18(12.6%)
Grade 3 2(6.3%) 15(7.5%) 17(8.2%) 3(2.1%)
Grade 4 1{3.1%) 8(4.0%) T(3.4%) 4(2.8%)
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A B C D
Bicarbonate ( mmol/L)
N 32 199 207 143
Grade 1 8(25.0%) T2(36.2%) 82(39.6%) 66(46.2%)
Grade 2 2(6.3%) I6(1R8.1%) 26(12.6%) 20014.0%)
Grade 3 2(6.3%) 0 1{0.5%) (0. 7%)
Grade 4 0 0 0 0
Bilirubin (umol/L)
N 32 199 207 143
Grade | 0 12(6.0%) 4(1.9%) 2(1.4%)
Grade 2 2(6.3%) 9(4.5%) 2(1.0%) 1(0.7%)
Grade 3 0 0 2(1.0%) 0
Grade 4 0 0 2(1.0%) 0
Cholesterol (mmaol/L)
N 32 199 207 143
Grade 1 0 0 0 0
Grade 2 0 0 1{0.5%) 0
Grade 3 0 0 0 0
Grade 4 0 0 0 0
Creatine Kinase (Enzyme U/L)
N 32 199 207 143
Grade 1 4(12.5%) T(3.5%) 6(2.9%) 3(2.1%)
Grade 2 0 0 0 0
Grade 3 1(3.1%) 3(1.5%) 1{0.5%) 0
Grade 4 0 3(1.5%) 0 0
Creatinine {umol/L)
N 32 199 207 143
Grade 1 7(21.9%) 29(14.6%) 13(6.3%) 13(9.1%)
Grade 2 2(6.3%) 15(7.5%) 2(1.0%) 2(1.4%)
Grade 3 0 3(1.5%) 1{0.5%) 2(1.4%)
Grade 4 0 1(0.5%) 0 1(0.7%)
Lipase (Enzyme U/L)
N 32 199 207 143
Grade | 1(3.1%) 12(6.0%) 0(4.3%) 7(4.9%)
Grade 2 3(9.4%) B(4.0%) 7(3.4%) 3(2.1%)
Grade 3 0 2(1.0%) 0 0
Grade 4 1(3.1%) 1{0.5%) 1{0.5%) 1(0.7%)
Magnesium (mmol/L)
N 32 199 207 143
Grade | 9(28.1%) 78(39.2%) 78(37.7%) 50(35.0%)
Grade 2 4(12.5%) 19(9.5%) 0(4.3%) 0(6.3%)
Grade 3 1{3.1%) 3(1.5%) 1{0.5%) 0
Grade 4 0 0 0 0
Triglycerides (mmol/L)
N 32 199 207 143
Grade 1 0 0 1{0.5%) 0
Grade 2 0 0 0 0
Grade 3 0 0 0 0
Grade 4 0 0 0 0
Urate {umol/L)
N 32 199 207 143
Grade | 6(18.8%) 59(29.6%) 54(26.1%) 51(35.7%)
Grade 2 6(18.8%) 44(22.1%) 44(21 3%) 32(22.4%)
Grade 3 10(31.3%) 14(7.0%) 22(10.6%) 18(12.6%)
Grade 4 3(9.4%) 4(2.0%) 5(2.4%) 1{0.7%)
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D
Hematology
Hemoglobin (g/L)
N 32 199 207 143
Grade | 3(9.4%) 19(9.5%) 16(7.7%) 24(16.8%)
Grade 2 1(3.1%) 9(4.5%) T(3.4%) 6(4.2%)
Grade 3 0 10(5.0%) 5(2.4%) 2(1.4%)
Grade 4 0 1(0.5%) 1(0.5%) 0
Leukocytes (10:9/L)
N 32 198 207 143
Grade | 1(3.1%) 5(2.5%) I(L.4%) 32.1%)
Grade 2 1(3.1%) 0 20 1.0%) 0
Grade 3 0 1] 0 0
Grade 4 0 0 0 0
Platelets (10°9/L)
N 32 197 206 143
Grade | 1(3.1%) 6(3.0%) 10{4.9%) 7(4.9%)
Grade 2 1(3.1%) 3(1.5%) 4(1.9%) 2(1.4%)
Grade 3 0 1] 1] 0
Grade 4 0 0 1] 0

Note: Presentation based on central laboratory resulis only.
Note: Scheduled and unscheduled laboratory assessments are considered in this summary.

Note: N is the number of participants with at least one postbaseline value for the laboratory parameter.
Note: An abnormality is considered emergent if worse than baseline.
Note: If baseline is missing, the abnormality is always considered as emergent.
Note: Baseline i1s defined as the last available assessment prior to randomization.
Note: Analysis Treatment Phase: From date of randomization to date of last dose of any anti-TB drugs (including treatment
extension and/or retreatment for relapse) +7 days.

Note: The toxicity grades are based on DAIDS criteria.

Modified based on Attachment TSFLABO3_TP

Table 57 Treatment-emergent graded laboratory abnormalities (high and low direction) (worst grage)
in the analysis treatment phase and/or follow up phase; safety analysis set (Study TMC207TBC3007)

A B C D
Safety Analysis Set 32 202 211 143
CHEMISTRY
Calcium (mmol/L)
High
N 32 199 207 143
Grade 1 1 (3.1%) 1 (0.5%) 4 (1.9%) 3(2.1%)
Low
N 32 199 207 143
Grade 1 6 (18.8%) 52 (26.1%) 45 (21.7%) 34 (23.8%)
Grade 2 2 (6.3%) 11(5.5%) 9 (4.3%) 7 (4.9%)
Grade 3 1 (3.1%) 1 (0.5%) 1 (0.5%) 0
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Glucose (mmaol/L)

High
N 32 199 207 143
Grade | B (25.0%) 67 (33.7%) 70 (33.8%) 33(23.1%)
Grade 2 2 (6.3%) 9 (4.5%) 18 (8.7%) 7 (4.9%)
Grade 3 2 (6.3%) T(3.5%) 9 (4.3%) 5(3.5%)
Grade 4 0 2 (1.0%) 1 (0.5%) 0
Low
N 32 199 207 143
Grade 1 4(12.5%) 18 (9.0%) 28 (13.5%) 20 (14.0%)
Grade 2 1(3.1%) 9 (4.5%) 23 (11.1%) L1 (7.7%)
Potassium (mmol/L)
High
N 32 199 207 143
Grade | 1(3.1%) 15 (7.5%) 21 (10.1%) 15 (10.5%)
Grade 2 0 2 (1.0%) 10 (4.8%) 1 {0.7%)
Grade 3 0 0 1 (0.5%) 0
Grade 4 0 0 1 (0.5%) 0
Low
N 32 199 207 143
Grade | 15 (46.9%) 33 (16.6%) 28 (13.5%) 21 (14.7%)
Grade 2 4(12.5%) 3(1.3%) 3(1L4%) 1 (0.7%)
Grade 3 1 (3.1%) 1 {0.5%) 0 0
Sodium (mmol/L)
High
N 32 199 207 143
Grade | 3(9.4%) 23 (11.6%) 23 (11.1%) 12 (8.4%)
Grade 2 1(3.1%) 1 (0.5%) 5(2.4%) 2(1.4%)
Grade 3 0 2 (1.0%) 2 (1.0%) 0
Grade 4 0 0 1 (0.5%) 0
Low
N 32 199 207 143
Grade 1 10 (31.3%) 38 (19.1%) 38 (18.4%) 30 (21.0%)
Grade 2 2(6.3%) 4(2.0%) 7 (3.4%) 4(2.8%)
Grade 3 0 3(1.3%) 3 (L4%) 3(2.1%)
Grade 4 0 1 (0.5%) 0 0

Note: Presentation based on central laboratory results only.

Mote: Scheduled and unscheduled laboratory assessments are considerad in this summary.

Note: N is the number of participants with at least one postbaseline value for the laboratory parameter.

Note: An abnormality is considered emergent if worse than baseline.

Mote: If baseline is missing, the abnormality is always considered as emergent.

Note: Baseline is defined as the last available assessment prior to randomization.

Note: Analysis Treatment Phase: From date of randomization to date of last dose of any anti-TB drugs (including treatment
extension and/or retreatment for relapse) +7 days.

Note: Analysis Follow-up Phase: From end of Analysis Treatment Phase to last participant contact (scheduled or
unscheduled, or other contact eg phone call).

Note: The toxacity grades are based on DAIDS criteria.

Modified based on Attachment TSFLAB9903
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Table 58 Treatment-emergent nongraded laboratory abnormalities (worst grade) without grading in
the DAIDs grading scale in the analysis treatment phase; safety analysis set (Study TMC207TBC3007)

A B C D
Safety Analysis Set 32 202 211 143
Chemuistry
Calcium Comected (mmol/L)
N 32 199 207 143
Abnormally low 6(18.8%) 45(22.6%) 31(15.0%) 24(16.8%)
Abnormally high 3(9.4%) 3(1.5%) 41.9%) 4(2.8%)
Chloride ( mmol/L)
N 32 199 207 143
Abnormally low 14(43.8%) 29(14.6%) 23(11.1%) 10(7.0%)
Abnormally high 1(3.1%) 19(9.5%) 17(8.2%) 6(4.2%)
Creatine Kinase MB (ug/L)
N 32 199 207 143
Abnormally low 2(6.3%) 0 4(1.9%) 1{0.7%)
Abnormally high 4(12.5%) 17(8.5%) 6(2.9%) 6(4.2%)
Gamma-glutamyl Transferase
(Enzyme U/L)
N 32 199 207 143
Abnormally low 0 3(1.5%) 0 3(2.1%)
Abnormally high 10(31.3%) 54(27.1%) 49(23.7%) 28(19.6%)
Lactate Dehydrogenase (Enzyme
U/L)
N 32 199 207 143
Abnormally low 0 0 1(0.5%) 1{0.7%)
Abnormally high 8(25.0%) 44(22.1%) 24(11.6%) 15(10.5%)
Protein (g/L)
N 32 199 207 143
Abnormally low 2(6.3%) 2(4.0%) 8(3.9%) 4(2.8%)
Abnormally high 11(34.4%) 3R(19.1%) 23(11.1%) 13(9.1%)
Urea Nitrogen (mmol/L)
N 32 199 207 143
Abnormally low 10(31.3%) 42(21.1%) 50(24.2%) 15(10.5%)
Abnormally high 6(18.8%) 35(17.6%) 13(6.3%) 17(11.9%)
Hematology
Ery. Mean Corpuscular Hemoglobin
(pz)
N 32 199 207 143
Abnormally low 1(3.1%) 7(3.5%) 10(4.8%) 10(7.0%)
Abnormally high 4(12.5%) 14(7.0%) 14(6.8%) 6(4.2%)
Ery. Mean Corpuscular Volume (fL)
N 32 199 207 143
Abnormally low 1(3.1%) 12(6.0%) 13(6.3%) 13(9.1%)
Abnormally high R(25.0%) 33(16.6%) 30(18.8%) 17(11.9%)
Ervthrocytes (10™12/L)
N 32 199 207 143
Abnormally low 6(18.8%) 43(21.6%) 35(16.9%) 26(18.2%)
Abnormally high 5(15.6%) T(3.5%) 16(7.7%) 18(12.6%)
Hematocrit (fraction of 1)
N 32 199 207 143
Abnormally low 5(15.6%) 50(25.1%) 38(18.4%) 37(25.9%)
Abnormally high 3(9.4%) 11(5.5%) 11(5.3%) 6(4.2%)
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A B C D

Note: Presentation based on central laboratory results only.

Note: Scheduled and unscheduled laboratory assessments are considered in this summary.

Note: N 1s the number of participants with at least one postbaseline value for the laboratory parameter.

Note: An abnormality 1s considered emergent if worse than baseline.

Note: If baseline is missing, the abnomnality is always considered as emergent.

Note: Baseline 1s defined as the last available assessment prior to randomization.

Note: Analysis treatment phase: From date of randomization to date of last dose of any anti-TB drugs (including treatment
extension and/or retreatment for relapse) +7 days.

Modified based on Attachment TSFLABO3A_TP

The CHMP noted that laboratory values were studied regarding trends over time. No meaningful
differences between the regimens were observed with regard to blood count and most of the
electrolytes. Two Grade 3 / 4 cases of hyperkalaemia are noted in Regimen C (bedaquiline).
Furthermore, a higher rate of hyperkalaemia is noted in Regimen C (bedaquiline) compared to
Regimen B (comparator) (see above in the AE section).

Disturbances in blood glucose-levels (= grade 2) were more prevalent in Regimen C (high: 13.5%;
low: 11.1%) than Regimen B (high: 9.0%; low: 4.5%). In addition, higher rates of hyperglycaemia
(8.5% vs. 3.0%) and hypoglycaemia (5.2% vs. 3.5%) and one SAE of "blood glucose increased" were
reported in Regimen C during the treatment phase. Dysglycaemia, i.e. hypo- and hyperglycaemia is a
known adverse drug reaction of moxifloxacin, which was part of the background regimen in Regimens
B and C. Information on drug-induced blood disturbances is included in the SmPC for moxifloxacin
(Avelox) including recommendations for close follow up of blood glucose levels in diabetic patients.

The MAH was requested to evaluate the possibility of a causal relationship between BDQ and adverse
events of hyperkalaemia or dysglycaemia, and discuss whether bedaquiline may exacerbate
moxifloxacin-induced blood glucose disturbances. This was because reports relating to these events
were seen to be numerically slightly higher in Regimen C in STREAM Stage 2 versus Regimen B.
However, the comparison is confounded by the administration of aminoglycosides in Regimen B, and
multiple other classes of anti-TB drug in the background regimen in both arms. In fact, the totality of
clinical data (including earlier completed studies against placebo) does not appear to indicate
disproportionate occurrence of these events in association with BDQ. Meanwhile electrolyte
disturbances and dysglycaemia are commonly reported in MDR-TB and arise secondary to underlying
condition, comorbidities such as diabetes and some classes of anti-TB drug, including fluoroquinolones.
The CHMP considered that there are no mechanistic reasons to suspect such off-target effects for BDQ,
nor pre-clinical safety signals, and that there is no evidence to indicate a causal association between
hyperkalaemia or dysglycaemia and BDQ treatment.

Otherwise, the majority of AEs linked to laboratory values were Grade 1 and the CHMP was of the view
that no further clinically relevant differences between the regimens were observed in treatment-
emergent graded or nongraded laboratory abnormalities or SAEs related to laboratory abnormalities.

Laboratory Parameters of Interest -Liver Function
Increases in AST or ALT

To identify participants with potential serious hepatotoxicity, eDish (electronic tool for drug-induced
serious hepatotoxicity) was used, plotting peak serum ALT/AST and total bilirubin levels for each
participant throughout the study in quadrants for normal range, hyperbilirubinemia, Temple’s
Corollary, and Hy’s law.

Results of this analysis are provided in Figure 15 for AST (bottom) and ALT (top). Seven participants
(3 from Regimen B (comparator), 3 from Regimen C (bedaquiline), and 1 from Regimen D)
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experienced a peak AST of at least 3xULN and a peak total bilirubin of at least 2xULN (Hy’s law
quadrant). Four of these participants (2 from Regimen B (comparator) and 2 from Regimen C
(bedaquiline)) were also plotted in the Hy’s law quadrant for ALT (Figure 15).

Overall, 7 participants met the laboratory criteria for Hy’s law (defined as an ALT or AST value of
>3xULN and a corresponding total bilirubin of 22xULN) during the Treatment and Follow-up Phase.
During the Treatment Phase, 3 (1.5%) participants in Regimen B (comparator) and 3 (1.4%)
participants in Regimen C (bedaquiline) met the laboratory criteria for Hy’s law.

e The event resolved in 6 participants; the event in the remaining participant (treatment related
event in Regimen B (comparator)lev) was reported as ongoing/not resolved by the
investigator, but the participant had a favourable outcome at Weeks 76 and 132.

e HBV infection and/or alcohol use were possible explanations in 2 participants (1 in Regimen B
(comparator) and 1 in Regimen C (bedaquiline)).

e Meeting laboratory criteria for Hy's law was considered possibly treatment related following
Janssen medical review (no other clinical explanation including hepatitis B or alcohol use) for 2
participants on BDQ (both in Regimen C (bedaquiline)) and 1 participant each in Regimens Biev
(comparator including levofloxacin) and Bmox (comparator including moxifloxacin). Refer to the
narratives for more details on the participants on BDQ.
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MNote: Presentation based on central safety laboratory test results only.
Note: Hy's law is defined as an ALT or AST value of >=3xULN and a corresponding total bilirubin of >=2xULN.
Note: Temple’s corollary 1s defined as al ALT or AST value of >==3xULN and no corresponding total bilirubin of >==2xULN.
Note: ALT, AST, and BILI (as relevant) from the same analysis visit window, if not matched on same date/time.
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Figure 34: eDISH Plot, safety analysis set (Study TMC207TBC3007)

The CHMP noted that laboratory criteria for Temple’s corollary (ALT or AST value of >3xULN and no
corresponding total bilirubin of =22xULN) were met by 3 (9.4%) participants in Regimen A, 45 (22.3%)
in Regimen B (comparator), 45 (21.3%) in Regimen C (bedaquiline), and 23 (16.1%) in Regimen D.
Events were thus lowest in Regimen A and roughly comparable in Regimens B (comparator) and C
(bedaquiline). During the Follow-up Phase, criteria were met by 0, 12 (5.9%), 23 (10.9%), and 8
(5.6%) participants, respectively.

Seven participants met the laboratory criteria for Hy’s law (defined as an ALT or AST value of =3xULN
and a corresponding total bilirubin of 22xULN), of which 3 were in Regimen B (comparator) and 3 in
Regimen C (bedaquiline) during the Treatment Phase, and 1 in Regimen D during the Follow-up Phase
(from Day 490). Thus, Regimens B (comparator) and C (bedaquiline) were comparable regarding the
rate of this event.
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AEs of increased transaminases are reflected in sections 4.4. and 4.8 of the SmPC, which includes
information on the necessity to regularly control liver values to monitor for potential liver toxic signs in

association with BDQ, which the CHMP considered to be sufficient.

Vital Signs

Individual Abnormalities in Vital Signs

Table 59: Vital Signs abnormalities (worst abnormalities) emerging in the analysis treatment phase,
safety analysis set (Study TMC207TBC3007)

A B C D
Safety Analysis Set 32 202 211 143
Analysis treatment phase
Body temperature (°C)
N 32 198 206 143
Grade 1 or mild 3(9.4%) 2(1.0%) 2(1.0%) 3(2.1%)
Grade 2 or moderate 0 0 5(2.4%) 1(0.7%)
(Grade 3 or severe 0 1{0.5%) 1(0.5%) 0
Grade 4 or potentially life-threatening 0 0 0 0
DBP (mm Hg)
N 32 198 206 143
Abnormally Low 1(3.1%) 12(6.1%) 10(4.9%) T(4.9%)
Grade 1 or mild 1(3.1%) 18(9.1%) 17(8.3%) 8(5.6%)
(irade 2 or moderate 1(3.1%) 4(2.0%) 6(2.9%) 32.1%)
Grade 3 or severe 1(3.1%) 0 1(0.5%) 0
Pulse (beats/min)
N 32 198 206 143
Abnormally Low 2(6.3%) 5(2.5%) 6(2.9%) 2(1.4%)
Abnormally high 8(25.0%) 21(10.6%) 21(10.2%) 8(5.6%)
SBP (mm Hg)
N 32 198 206 143
Abnormally Low 15(46.9%) 62(31.3%) 51(24.8%) 37(25.9%)
Grade 1 or mild 2(6.3%) 9(4.5%) T(3.4%) 2(1.4%)
(Grade 2 or moderate 0 4(2.0%) 4(1.9%) 0
Grade 3 or severe 1(3.1%) 0 1(0.5%) 0

Note: Scheduled and unscheduled vital signs assessments are considered in this summary.
Note: N is the number of participants with at least one postbaseline value for the vital signs parameter.
Note: An abnormality is considered emergent if worse than baseline.

Note: If baseline 1s missing, the abnormality 1s always considered as emergent.
Note: Baseline defined as the last available assessment prior to randomization.
Note: Analysis Treatment Phase: From date of randomization to date of last dose of any anti-TB drugs (including treatment

extension and/or retreatment for relapse) +7 days.

Modified based on Attachment TSFVITO3

The CHMP noted that shifts in SBP, DBP and pulse rate were roughly comparable between treatment
regimens. Frequencies of AEs linked to tachycardia/sinus tachycardia where only modestly different
between Regimen B (comparator) and C (bedaquiline) (4.5% vs 7.1%) in the treatment phase. Pyrexia
was less often observed in Regimen B (comparator) compared to the other regimens (21.9%, 10.9%,

20.4%, and 16.8% in Regimens A, B, C, and D) in the treatment phase.

Electrocardiograms

ECG Parameters Over Time

No sustained or clinically relevant changes over time were observed for mean PR duration, QRS
duration, and RR duration during the study and across the different regimens.

A gradual decrease from baseline in heart rate over the first 24 weeks of treatment (4.5 bpm, 11.2
bpm, [12.0 bpm, 9.4bpm,] 11.5 bpm, and 15.2 bpm in Regimens A, B, [Bmox, Biev,] C, and D,

respectively) was noted for all regimens.
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Furthermore, for all regimens, the mean QTcF values gradually increased from baseline over the first
10-14 weeks, until a plateau was reached (Table 60, Figure 35). Maximum mean increases from
baseline reached:

e 13.8 ms for Regimen A (Week 28)

e 29.9 ms for Regimen B (comparator) (Week 36)

e 31.8 ms for Regimen Bmox (comparator including moxifloxacin) (Week 36)
e 27.5 ms for Regimen Biev (comparator including levofloxacin) (Week 16)
e 34.5 ms for Regimen C (bedaquiline) (Week 32)

e 36.9 ms for Regimen D (Week 24)

Pwan 41 SE) Charge Frem Basming Valias

AR (41 56| Chasgn Fram Haswbies Vil iae
.

Key:SE=standard error, Blev=Regimen B with levofloxacin, Bmox=Regimen B with moxifloxacin.

Note: Visits: Windowed analysis visits such that only one assessment per participant per analysis visit is included in
summary over time.

Note: Regimen By participants randomized under protocol prior to v&.

Note: Regimen By participants randomized under protocol v8 onwards.

Note: N is the number of participants with nonmissing values.

Note: Standard error is not estimable when N=1.

Modified based on Attachment GSFECG9902

Figure 35: Changes from baseline over time for heart rate (bpm) (Top) and QTcF (ms) (Bottom);
safety analysis set (Study TMC207TBC3007)
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Table 60: Summary of actual values and changes from baseline over time for QTcF (ms); Safety
analysis set (Study TMC207TBC3007)

A B Bmox Blev C D
Safety Analysis
Set 32 202 140 62 211 143
Baseline
N 32 202 140 62 211 143
Mean (SD) 3991 (24.96) 400.9(21.72) 396.7(20.73) 4104 (21.10) 3983 (2098) 393.9(20.12)
Week B
N 32 198 136 62 201 141
Mean (SD) 408.5(29.05) 424.0(26.31) 4203 (25.91)  432.3(2551)  424.7(24.24) 4200 (20.69)
Mean CFB
(SD) 9.4(21.83) 23.1(2236) 23.7(21.65) 21.9(24.00) 26.1 (18.67) 26.6(17.06)
Week 12
N 32 195 133 62 201 142
Mean (SD) 40RR(21.48) 4276(2757)  4255(28.42) 432.1(2528)  4309(24.04) 4279 (19.17)
Mean CFB
(SD) 9.6(16.72) 26.3(23.62) 28.4(23.66) 21.8(23.06) 32.4(21.86) 34.4(17.74)
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Table 61: Summary of actual values and changes from baseline over time for QTcF (ms); Safety
analysis set (Study TMC207TBC3007)

A B B mox Blev C D
Week 16
N 3l 195 133 62 201 141
Mean (SD) 411.4(22.88) 428 B (2B.13) 424 5(2861)  437.9(2493) 4324(2639) 4302(23.59)
Mean CFB
(SD) 125 (20.69) 28.0 (26.35) 283 (26.07) 27.5(27.15) 33.7(23.67) 36.7(18.95)
Week 24
N 32 194 133 6l 196 139
Mean (SD) 409.4(23.73) 4296 (30.47)  428.1(30.2T7)  432.9(3090)  4322(2631) 4304 (24.07)
Mean CFB
(SD) 103 (20.54) 28.6 (28.54) 31.5(26.85) 224(31.24) 33.6(22.34) 36.9 (24 .08)
Week 28
N 3l 192 130 62 197 138
Mean (5D) 413.1(20.74) 4283 (28.67)  426.4(29.05)  432.5(27.63) 4312(27.76) 4300 (2258)
Mean CFB
(SD) 13.8 (20.55) 27.3(2692) 29.8 (26.59) 22.1(27.07) 32.8(24.25) 36.5(21.13)
Week 32
N 32 184 124 60 197 139
Mean (SD) 412.2(24.44) 4299 (30.13)  4273(32.37) 435.1(24.28) 4331 (2448) 4263 (23.95)
Mean CFB
(SD) 13.1 (23 .81) 289 (2721) 31.1(27.02) 24.6(27.29) 34502187 32.8(21.31)
Week 36
N 32 182 124 58 190 136
Mean (5D) 412.1(30.29) 430.5(31.38)  428.1(32.60)  435.7(28.15) 430.7(28.47) 4179(2457)
Mean CFB
(SD) 129 (26.29) 299 (2922) 31.8(29.24) 25.9(29.03) 32.4(24.68) 24.4(19.50)
Week 40
N 32 179 124 55 189 135
Mean (SD) 406.9(27.30) 428.7(30.26)  4255(31.46) 4359(26.20) 431.6(2556) 4157 (2443
Mean CFB
(SD) T8(21.08) 28.0 (28.29) 29.1(27.75) 25.5(29.58) 33.3(21.55) 21.8(20.09)
Week 44
N 32 181 125 56 183 135
Mean (SD) 409.5(27.92) 422.5(28.23)  418.6(2B.65)  431.3(25.39)  424.7(2528)  410.7 (23.26)
Mean CFB
(SD) 104 (21.16) 22.1 (24 38) 22.6(23.89) 21.1(25.63) 25.7(20.34) 16.9(19.11)
Week 132
N 4 18 17 1 22 21
Mean (SD) 3983 (10.14) 406.5(21.13)  405.5(21.31) 4240 (NE) 408.9(26.34) 308.1 (15.86)
Mean CFB
(SD) 193 (21.12) 16.1 (19.79) 14.1 (18.56) 49.0 (NE) 21.9(26.19) 11.0(18.18)

Note: Visits: Windowed analysis visits such that only one assessment per participant per analysis visit is included in

summary over time.

Note: Regimen Bmox participants randomized under protocol prior to v&.
Note: Regimen Blev participants randomized under protocol v8 onwards.
Note: N is the number of participants with nonmissing values.

Modified based on Attachment TSFECGO] and Attachment TSFECG02

For participants in Regimen C (bedaquiline) and Regimen D enrolled at sites that had been preselected
for the PK substudy, ECG values were closely monitored at PK visits (pre-dose and 4 hours post-BDQ
intake). For these participants, across all visits in the Safety Analysis Set, no relevant changes
between pre-dose and 4 hours post-dose were observed for mean heart rate, mean PR duration, QRS
duration, QT duration, QTcF, QTcB, and RR duration.
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The CHMP noted that heart rate gradually decreased from baseline over the first 24 weeks of
treatment in all regimens and to a comparable degree in Regimens B (comparator) and C (bedaquiline)
(4.5 bpm, 11.2 bpm, [12.0 bpm, 9.4 bpm,], 11.5 bpm, and 15.2 bpm in Regimens A, B, [Bmox, Blev,] C,
and D, respectively). The mean QTcF values gradually increased from baseline over the first 10-14
weeks, until a plateau was reached. Maximum mean increases from baseline reached with values
comparable values for Regimens B (comparator) and C (bedaquiline) (29.9 ms for Regimen B
(comparator) (Week 36), 31.8 ms for Regimen Bmox (comparator including moxifloxacin) (Week 36);
34.5 ms for Regimen C (bedaquiline) (Week 32)). Thus, the CHMP did not identify any major
differences between Regimens B (comparator) and C (bedaquiline).

Individual Abnormalities in ECG Parameters
QTcF

QTcF Abnormalities in All Participants Overall

Table 62 Tabulation of worst QTcF values/change from baseline (ms) categorization in the analysis
treatment phase; safety analysis set (Study TMC207TBC3007)

A B Bmox Blev C D
Safety Analysis Set 32 202 140 62 211 143
Worst QTcF
N 32 202 140 62 211 143
<450 23(71.9%) 94(46.5%) T5(53.6%) 19(30.6%) 92(43.6%) TR (54.5%)
=>=450-<480 6(18.8%)  T0(34.7%) 41 (293%) 29(46.8%) T7(365%) 43 (30.1%)
==480-<500 1 (3.1%) 23 (11.4%) 13 (9.3%) 10(16.1%)  31(14.7%) 17 (11.9%)
==3500 2 (6.3%) 15(74%) 11 (7.9%) 4(6.5%) 11{5.2%) 5(3.5%)
Worst QTcF change from baseline
N 32 202 140 62 211 143
<30 19 (59.4%) 33(16.3%) 23 (164%) 10(16.1%) 25(11.8%) 13 (9.1%)
==30-<60 9(28.1%) 95 (47.0%) 67 (479%) 28B(45.2%) 95(45.0%) T4(51L.7%)
==60 4(12.5%)  T4(36.6%) 50 (35.7%) 24(38.7%) 91 (43.1%) 56(39.2%)

Note: For worst QTcF, N 1s the number of participants with nonnussing values.

Note: For worst QTcF change from baseline, N is the number of participants with nonmissing values at both baseline and
the specified timepoint.

Note: Visits: Windowed analysis visits such that only one assessment per participant per analysis visit is included in
summary over time.

Note: Worst: Highest postbaseline averaged triplicate value (scheduled or unscheduled) emerging during the Analysis
Treatment Phase.

Note: Regimen Box participants randomized under protocol prior to v8.0

Note: Regimen By participants randomized from protocol v8.0 onwards.

Note: Analysis Treatment Phase: From date of randomization to date of last dose of any anti-TB drugs (including treatment
extension and/or retreatment for relapse) +7 days.

Modified based on Attachment TSFECG03_OVERALL and Attachment TSFECG04_OVERALL

The CHMP noted that the worst (highest) QTcF values 2500 ms were observed in 6.3%, 7.4%, 5.2%,
and 3.5% of participants in Regimens A, B, C, and D, respectively, and were, thus, roughly comparable
between treatment group B and C (bedaquiline) (risk of first QTcF =500 ms: hazard ratio of 1.43 [95%
CI: 0.66,3.11]). The proportion of participants with worst (highest) QTcF values 2480 ms to<500 ms
was 3.1%, 11.4%, 14.7%, and 11.9% in Regimens A, B, C, and D, respectively, and thus, also here
roughly comparable between Regimen B (comparator) and Regimen C (bedaquiline). The CHMP noted
that ‘QT prolonged’ is already included in sections 4.4. and 4.8 of the SmPC.

QTcF Abnormalities by Subgroups

By HIV status and CD4 count, overall, similar incidences in worst (highest) QTcF values and QTcF
change from baseline were observed across the strata during the Treatment Phase and Follow-up
Phase. Any observed differences should be interpreted with caution due to the low sample sizes for
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HIV-positive participants. Note that, of the 60 HIV-positive participants in BDQ-containing Regimens C
and D, 1 participant in Regimen D had a QTcF value =500 ms during the Treatment Phase

By sex during the Treatment Phase, the following differences between the strata were observed for
Regimens B, C, and D:

e the proportion of participants with worst (highest) QTcF values 2480 ms to <500 ms was
higher in females (14/81 [17.3%], 14/79 [17.7%], and 10/59 [16.9%] in Regimens B, C, and
D, respectively) compared with males (9/121 [7.4%], 17/132 [12.9%], and 7/84 [8.3%],
respectively)

e the proportion of participants with worst (highest) QTcF change from baseline =230 ms to <60
ms was lower in females in Regimen B (comparator) (31/81 [38.3%]) and Regimen D (23/59
[39.0%]) compared with males (64/121 [52.9%] and 51/84 [60.7%], respectively)

The CHMP noted that for HIV status and CD4 count, overall, similar incidences in worst (highest) QTcF
values and QTcF change from baseline were observed across the strata during the Treatment Phase
and Follow-up Phase. A trend towards higher QTcF values was observed in women in all treatment
regimens. It is an established fact that sex impacts the QTc interval, which is longer in females.

ECG-related and Cardiac Disorders Adverse Events

The table below lists all reported ECG-related AEs from the Investigations SOC and all AEs from the
Cardiac Disorders SOC during the Treatment Phase (Table 63).
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Table 63 ECG-related and Cardiac Disorders adverse events in the analysis treatment phase, by body

system and preferred term; safety analysis set (Study TMC207TBC3007)

MedD RA System Organ Class

Dictionary-derived Term A B C D
Safety Analysis Set 32 202 211 143
Any adverse event, n(%) 32(100%) 197(97.5%) 206(97.6%) 142(99.3%)
Investigations 22(68.8%) 156(77.2%) 172(81.5%) 110(76.9%)

Electrocardiogram QT prolonged T(21.9%) 113(55.9%) 128(60.7%) B0(55.9%)
Electrocardiogram PR prolongation 0 0 0 1(0.7%)
Electrocardiogram PR shortened 0 0 5%) 0
Electrocardiogram ST segment elevation 0 1(0.5%) 0 0
Electrocardiogram T wave abnormal 0 0 0 1(0.7%)
Cardiac disorders 5(15.6%) 43(21.3%) 46(21.8%) 25(17.5%)

Palpitations 3(9.4%) 13(6.4%) 21(10.0%) 7(4.9%)
Bradycardia 0 9(4.5%) 5(2.4%) 42.8%)
Sinus tachycardia 2(6.3%) 6(3.0%) 7(3.3%) 32.1%)
Tachycardia 1(3.1%) 5%) 8(3.8%) 5(3.5%)
Angina pectoris 0 6(3.0%) 2(0.9%) 3(2.1%)
Sinus bradycardia 0 %) 3(1.4%) 4 2.8%)
Arrhythmia 0 5(2.5%) 2(0.9%) 1(0.7%)
Atrioventricular block first degree 0 2(1.0%) 3(1.4%) 0
Sinus arrhythmia 0 2(1.0%) 1(0.5%) 0
Extrasystoles 0 1(0.5%) 0 1(0.7%)
WVentricular extrasystoles 0 2(1.0%) 0 0
Acute coronary syndrome 0 0 0.5%) 0
Arrhythmia supraventncular 0 1{0.5%) 0 0
Atrioventricular block 0 0 1(0.5%) 0
Cardiac failure congestive 0 0 1{0.5%) 0
Cyanosis 0 1(0.5%) 0 0
Myocardial infarction 0 0 0 1{0.7%)
Supraventricular extrasystoles 0 0 5%) 0

Note: Participants are counted only once for any given event, regardless of the number of times they actually experienced the

event.

Note: Number of participants in each regimen is used as denominator.

Note: Analysis Treatment Phase: From date of randomization to date of last dose of any anti-TB drugs (including treatment

extension and/or retreatment for relapse) +7 days.
Note: Adverse events are coded using MedDRA v21.0.

Modified based on Attachment TSFAE(2Z_TP

Four participants with an AE of Electrocardiogram QT prolonged discontinued BDQ (3 in Regimen C
(bedaquiline) and 1 in Regimen D). Together with decreasing QTcF values after treatment and the
lower proportion of participants with QTcF =500 ms in the Follow-up Phase compared to the Treatment
Phase, this illustrates the reversibility of the QTcF prolongation.

There were 2 cases of sudden death: ‘Sudden death’ during the Treatment Phase in 1 participant in
Regimen B (comparator) and ‘Sudden cardiac death’ during the Follow-up Phase in 1 participant in
Regimen C (bedaquiline), considered unrelated to BDQ or other anti-TB drugs in the regimen by the
investigator. However, all recorded QTcF values remained <500 ms in both participants.

The CHMP noted that no AEs coding to the PT of Torsade de Pointes were reported.

Visual Acuity and Colour Tests

Visual acuity (using a Tumbling ‘E’ chart) and colour tests (using Ishihara colour plates) were
performed at timepoints indicated in the Assessment Schedule and at other timepoints in case of

symptoms.
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During the Treatment Phase, there were no clinically relevant values or changes in visual acuity over
time and between the different regimens. Mean values were normal and ranged between 2.4-14.0 for
left eye, 2.4-22.5 for right eye across regimens. No important changes were evident between mean
values at baseline vs EOT for each regimen.

During the Treatment Phase, there were no clinically relevant values or changes in colour test over
time and between the different regimens. The median value ranged between 0.0 and 1.5 (range: 0
[best score] to 17 [worst score]).

The CHMP noted that during the Treatment Phase, there were no clinically relevant values or changes
in visual acuity seen over time and between the different regimens.

Safety in special populations

HIV
Disposition

In the ITT Analysis Set, in the subset of HIV-positive participants, most participants completed the
study. Overall, 12/97 (12.4%) participants prematurely terminated study participation before the
Week 132 visit. Overall, 5 HIV-positive participants died during the study: 0/6 (0%), 4/31 (12.9%),
1/34 (2.9%), and 0/26 (0%) participants in Regimens A, B, C, and D, respectively.

HIV Viral Load

Table 64 Qualitative Summary of viral load over time in HIV+ participants on ART; Safety analysis set
(study TMC207TBC3007)

A B B Blev LN ]

Safety Amlysix Sa 12 2 140 a2 211 143
Hassline
M 2 0 16 4 22 12
400 anpies'ml 2 {100 17 {R50%) 138133 4{1000%) 19 {86 4%) 11 {91.7%)
=4 i) copies'ml. 0 5 (1 5.0%) T 1B EM) 0 T 1LE%) 1 (B3]
AtBEOT
N 2 A 16 4 32 12
400 copies'ml. 2 {100k A il & {37 5%) LT 16{T2. M%) 12{1000%)
=4I} copiesml. 0 & F0U0R) & {37 5%) i} & {27.3%) 0
Mt avzilzhle 0 G S0 4 (25.0%4) 2 S0 0 0
Last posthaseline
M 2 n 1 i 22 12
<400 copies'mL 2 {10y 14 {T00%) 11 {68 _B¥) LT ] 200 (90 ) 10 (&3 5%)
=di{l{) copiesml. 0 Py 5 (3. ¥4 1 25.00%%) 2 (9.1 %) 2 {16.7%)

HMote: N is the number of HI'V 4+ pargcipams on ART at haseline with 2 hxeline and at least 2 posthaseline viral load
ams emmments. Perentzge was cal anlbied selative o B

Mot Viral load assessments helow limits of quant ficaton'detecton inchded in =400 copiesml caegory.
Mlosdilend Bupend om ASachdesr TS FLAEFSOSUINA R

HIV CD4 Cell Count

For HIV-positive participants who were on ART at baseline, baseline CD4 cell count was =350
cells/mm?3in 1/2 (50.0%) participants in Regimen A, 12/23 (52.2%) in Regimen B (comparator),
15/24 (62.5%) in Regimen C (bedaquiline), and 8/12 (66.7%) in Regimen D.

At Week 132, the majority of HIV-positive participants on ART with available results in Regimens B
(4/5 [80.0%]) and C (bedaquiline) (7/8 [87.5%]), and all (3/3 [100%]) participants with available
results in Regimen D had a CD4 cell count 2350 cells/mm3.
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Adverse events

Table 65: Summary of Adverse Events by treatment and/or follow-up phase HIV+ participants; Safety

analysis set (study TMC207TBC3007)

A B C i
Safety Amalysis Sa [ 31 14 26
verall {analysis treatment + folloe-op phase)
Any AFs & 100IRE) 30 (GRS (100 26 (1000%%)
SAFs 2{33.3%) 11 {35.5%) & (17.6%) 6 (23.1%)
Treatmem-related SAF 2{33.3%) 5 (16.1%) 1{29%) 4 (15.4%)
AFs leading to desh® 0 4 (129%) 1{29%) 0
AFs of at least Grade 3 5(RY.2%) 20 {545 18 {52.9%%5) 1R {69.2%)
AEs of (irade 4 2{33.3%%) TZ2a%) I{RR) 9 350%)
SAFEs leading to permanemt disoontimoation of BT ] ] i ]
SAEs leading to permanent discontimuation of ather
amti-TH dmgs 1{16.7%) 2 (65%) 0 13 E)
Amabysis teatmant phase
Any AFs & 100IRE) 20 (93.5%) (1000 261000
SAFs 2{33.3%%) 9 29Rs) & (17.6%) S{19.2%)
Treatmem-related SAF 2{33.3%) 5 (16.1%) 1{29%) 4 (15.4%)
AFs leading to desh® 0 2 (6.5%) 1 {29%) 0
AFs of at least Grade 3 5(RY.2%) 18 (S8.1%4) 18 {52.9%5) 15{57.7%)
AFs of Gmde 4 1{16.7%) 6 (19.4%) 2({59%) S({19.2%)
SAFEs leading to pamanent discontimation of BT ] ] i ]
SAFEs leading to permanent discontimation of other
amti-TH drogs 1{16.7%) 1 {32%) 0 1{3.8%)
Anahmis Dllowesmn phase
Any AFs & 100IRE) 24 (TT4%) I0(RE 24) 24{92.3%)
SAFs 0 3 (9.7%) 1{29%) 1{3.8%)
Treatmem-related SAF 0 0 0 0
AFs leading to deah® 0 2 (65%) 0 0
AFs of at least Grade 3 1{16.7%) 5 (16.1%) 4 (11.5%) T{26.9%)
AFs of Gmde 4 1 {16.7%) 1 {32%) 2 (5.9%) 5(19.2%)

“ZAE is cateponzed as related if assessed by the imestigator as possihly, pohably, or defimiehy mlaed to stody dmog.
EAEs lmding i death are hased on A E ouicomes of fazl.

Mote: Mumber of participants i exch regimen s msad 25 denominator.

Noe: AE godes ane hased on DA DS ariteria.

Mot Amalysis Treatment Phase: From date of randomization to dete of |t dose of any anti-TH drmogs (inchding seatment
extension andior mtrartment for relapse)+ 7 days.

Wote: Amalysis Follooeop Phase: Fromend of Amahsis Trestment Phass to last pasticipant contac {schedualed or
umscheaduled, or other comtadt &g, phone call).

Mote: A parficipant in Regimen C with an 3AFE of Vomiting had an emonanns]y reposted action taken with B of
“permanent discomtimation™, as reported by the mvestgaior on CRF Fomn 9h (Senioos Adverss Event [SAE] Repomt).
However, it was sohsequenty esiahlished that this participant completed ghe BDQ) comrse (see Section 3.7 89 for
detilsh. In addition,, AFs leading to B} disoomt muation were identifiad $rongh programmatic and media] mview. The

Mloalitend Buarend oo AZmackaesar T FAESS0I hivpod

The CHMP noted that no safety concerns regarding the AE profile were observed in HIV-positive

patients.

Safety related to drug-drug interactions and other interactions

Bedaquiline was safely co-administered with antiretrovirals. See also Pharmacokinetics section.

Discontinuation due to adverse events

Discontinuations of BDQ Due to AEs During the Treatment Phase
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In total, 13 participants experienced at least 1 AE from the Investigations SOC in temporal association
with BDQ discontinuation. One event, Amylase increased in Regimen D, was serious. None had a fatal
outcome:

e Amylase increased (1 participant each in Regimens A and D)
e AST increased (3 participants in Regimen C (bedaquiline))

e Electrocardiogram QT prolonged (3 participants in Regimen C (bedaquiline) and 1 in Regimen
D)

e Hepatic enzyme increased (3 participants in Regimen C (bedaquiline) and 1 in Regimen D)
Six SAEs had a fatal outcome:

e Pulmonary tuberculosis (1 participant each in Regimens C and D)

e Respiratory failure (1 participant in Regimen C (bedaquiline))

e Respiratory distress (1 participant in Reg Bmox; BDQ received as part of salvage regimen)

e Acute coronary syndrome (1 participant in Regimen C (bedaquiline))

e Neuroglycopenia (1 participant in Regimen C (bedaquiline))
Adverse Events Leading to Change of Regimen

AEs leading to a change in treatment regimen were reported for 14/32 (43.8%) participants in
Regimen A, 73/202 (36.1%) in Regimen B (comparator), 44/211 (20.9%) in Regimen C (bedaquiline),
and 27/143 (18.9%) in Regimen D (unadjusted analysis). The adjusted proportion of participants with
a change in treatment regimen due to AEs was notably lower in Regimen C (bedaquiline) (20.8%)
compared with Regimen B (comparator) (36.2%), with an adjusted difference in proportions of 15.3%
(95% CI: 6.8%,23.9%).

A change in treatment regimen was preceded by an SAE in 4/32 (12.5%), 13/202 (6.4%), 8/211
(3.8%), and 4/143 (2.8%) participants in Regimens A, B, C, and D, respectively.

For the following secondary comparisons, notable differences in the adjusted proportion of participants
with a change in treatment regimen due to AEs were observed:

e Lower proportion in Regimen D vs Regimen B (comparator)*: 27/143 (19.0%) vs 48/140
(34.3%); adjusted difference in proportions of 15.4% (95% CI: 5.2%,25.5%)

e Lower proportion in Regimen C (bedaquiline)* vs Regimen Bmox (comparator including
moxifloxacin): 28/144 (19.4%) vs 48/140 (34.3%); adjusted difference in proportions of
14.8% (95% CI: 4.7%,25.0%)

e Lower proportion in Regimen C (bedaquiline)* vs Regimen Biev (comparator including
levofloxacin): 16/67 (23.9%) vs 25/62 (40.3%); adjusted difference in proportions of 16.4%
(95% CI: 0.5%,32.4%)

Post-marketing experience

Based on the total distribution of 15,082 kg of finished product from launch to 31 May 2023, the
estimated cumulative post-marketing exposure to BDQ is 802,993 completed treatment courses.
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2.5.1. Discussion on clinical safety

The Safety Analysis Set included all randomised participants (588) who had received at least 1 dose of
treatment. Safety data were collected up to the end of the study (i.e., Week 132 or discontinued
earlier) for all participants.

Almost all participants reported an AE during the treatment in all treatment arms and 37.5%, 68.8%,
71.1%, and 84.6% in the four study arms reported AEs during the follow up phase, AE frequencies
were, thus, comparable between study arm B (comparator) and C (bedaquiline).

The most frequent PTs were QT prolongation, nausea, vomiting, arthralgia, pruritus and blood uric acid
increases. Regimen B (comparator) and C (bedaquiline) where roughly comparable regarding
frequencies in most of the mentioned PTs.

Frequencies of some PTs not previously identified as ADRs for BDQ were numerically slightly higher in
Regimen C (bedaquiline) as compared to B. The MAH was asked to further discuss the possibility of a
causal relationship between any of hyperkalaemia, dysglycaemia, skin discoloration, rash, and pruritis
with BDQ. The totality of pre-clinical and clinical data for bedaquiline indicates neither disproportionate
occurrence of such events in association with BDQ nor any reason to suspect a causal relationship. In
summary, no new safety issues were identified.

The rate of AEs of at least Grade 3 was similar across regimens (62.5%, 51.0%, 53.1%, and 49.7% in
Regimens A, B, C and D, respectively) with similar adjusted proportions between Regimen B
(comparator) and Regimen C (bedaquiline) (adjusted difference in proportions: -2.0% [95% CI: -
11.5%,7.5%]).

21.9%, 15.3%, 14.2%, and 13.3% of participants in Regimens A, B, C, and D, respectively, reported
SAEs. Rates were, thus, roughly comparable between regimen B (comparator) and C (bedaquiline) and
lower than in Regimen A. SAEs considered related to BDQ were in Regimen C (bedaquiline) Vomiting in
2 participants and Drug-induced liver injury in 1 participant. These terms are reflected in sections 4.4
and 4.8 of the SmPC.

At least one serious AESI was reported for 2/32 (6.3%), 6/202 (3.0%), 3/211 (1.4%), and 2/143
(1.4%) participants, respectively. There were no detected cases of torsade des pointes. QT
prolongation is a well characterised side effect that is already reflected in sections 4.4 and 4.8 of the
SmPC, which is considered sufficient.

Seven participants met the laboratory criteria for Hy’s law (defined as an ALT or AST value of 23xULN
and a corresponding total bilirubin of 22xULN), of which 3 were in Regimen B (comparator) and 3 in
Regimen C (bedaquiline) during the Treatment Phase, and 1 in Regimen D during the Follow-up Phase
(from Day 490). Thus, Regimen B (comparator) and C (bedaquiline) were comparable regarding the
rate of this event. The possibility for liver toxic events and the possibility of elevated transaminases is
adequately reflected in sections 4.4 and 4.8 of the SmPC. Data do not raise any new concerns.

The mean maximal QT prolongation in study arm C, which is the treatment regimen relevant for
labelling, was 34.5 ms. This is due to the sum effect of several drugs increasing the QT interval. This
risk is well known and subject to monitoring as per sections 4.4 and 4.8 of the SmPC. The study
results do not raise any new concerns.

97 HIV-positive participants were included into the study, for whom concomitant ART was allowed. The
mortality rate in HIV-positive participants was low and comparable to that in the overall study
population. Similar incidences in worst (highest) QTcF values and QTcF change from baseline were
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observed across the strata during the Treatment Phase and Follow-up Phase as for non-infected
patients.

Overall, 21 participants died during the study with 8/202 (4.0%) in Regimen B (comparator), 11/211
(5.2%) in Regimen C (bedaquiline), and 2/143 (1.4%) in Regimen D. No participants did in Regimen
A. The difference in the fatal rate between Regimen B (comparator) and C (bedaquiline) was
statistically not significant (p-value=0.551), with an adjusted difference in proportions of -1.2% (95%
CI: -5.2%,2.8%). The patterns of death / causes of death do not raise any specific safety concerns.

The MAH proposed to remove the warnings on mortality that were instituted in the SmPC. This was
due to uncertainties about mortality at the time of approval, given the small size of the safety
database. The present expanded safety database is not indicative of any specific concern about excess
deaths when bedaquiline is part of the TB treatment regimen. Therefore, the MAH proposal is
acceptable.

2.5.2. Conclusions on clinical safety

The STREAM Stage 2 study forms a considerable addition to the overall safety database for BDQ. The
relevant BDQ containing regimen without an aminoglycoside, was similarly tolerated as regimens not
comprising BDQ. Overall, mortality was roughly similar. No new safety concerns are raised.

2.5.3. PSUR cycle

The requirements for submission of periodic safety update reports for this medicinal product are set
out in the list of Union reference dates (EURD list) provided for under Article 107c(7) of Directive
2001/83/EC and any subsequent updates published on the European medicines web-portal.

2.6. Risk management plan

The MAH submitted a revised RMP version 10.2 with this application. The (main) proposed RMP
changes are the following:

Details of this RMP Submission

Version Number 10.2

Rationale for submitting an This EU-RMP is updated to align the indication with the Summary of
updated RMP: Product Characteristics (SmPC). In addition, due to the completion of
the STREAM Stage 2 trial, this has been removed as an additional
pharmacovigilance activity and as a post-authorisation efficacy study.
Based on the data from this trial and cumulative evidence, all
important potential risks and missing information have been
removed.

Summary of significant Update of the indication to align with the SmPC.

changes in this RMP: Safety concerns

Update of clinical trial exposure to include data from the STREAM
Stage 2 trial.

Removal of the following from the list of safety concerns:

. Important potential risks: ‘Severe hepatotoxicity’,
‘Pancreatitis’, ‘Myopathy’, and ‘Myocardial injury’.
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Missing information: ‘Long-term effects of bedaquiline treatment
on mortality’, ‘Use in patients using potent inhibitors of drug
metabolising enzymes’, and ‘Prolonged treatment duration’.

Electrocardiogram QT prolonged

Increased transaminases

Pharmacovigilance Plan

Removal of the completed STREAM Stage 2 trial.

Post-authorisation efficacy plan

Removal of the completed STREAM Stage 2 trial as a Specific
Obligation.

Specifically, the list of safety concerns is updated from:

Table SVIII.1:Summary of Safety Concerns

Important Identified Risks

Important Potential Risks

Missing Information

Electrocardiogram QT prolonged

Increased transaminases

Severe hepatotoxicity

Pancreatitis

Myopathy

Myocardial injury

Long-term effects of bedaquiline treatment on mortality

Use in patients using potent inhibitors of drug-metabolising

enzymes

Prolonged treatment duration

To:

Table SVIII.1:Summary of Safety Concerns

Important Identified Risks
Important Potential Risks

Missing Information

None
None

None

The suggested changes to the RMP are acceptable.

2.7. Overall conclusion on the RMP

The changes to the RMP and the changes to the conditions and obligations of the marketing
authorisation are acceptable. The CHMP endorsed the Risk Management Plan version 10.2.

2.8. Update of the Product information

As a consequence of this new indication, sections 4.1, 4.2, 4.4, 4.5, 4.8, 4.9, 5.1, 5.2 and 5.3 of the
SmPC have been updated. The Labelling and the Package Leaflet have been updated accordingly. In
addition, section E of Annex II has also been updated to reflect fulfilment of the last outstanding
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Specific Obligation. Furthermore, the PI is brought in line with the latest QRD template version 10.3.

2.8.1. User consultation

A justification for not performing a full user consultation with target patient groups on the package
leaflet has been submitted by the MAH and has been found acceptable for the following reasons: the
changes to the package leaflet are minimal and do not require user consultation with target patient
groups.

2.8.2. Additional monitoring

Pursuant to Article 23(3) of Regulation No (EU) 726/2004, Sirturo (bedaquiline) is removed from the
additional monitoring list as more than five years have passed after the Union reference date and all
specific obligations have been fulfilled.

Therefore, the statement that this medicinal product is subject to additional monitoring and that this
will allow quick identification of new safety information, preceded by an inverted equilateral black
triangle, is removed from the summary of product characteristics and the package leaflet.

3. Benefit-Risk Balance

3.1. Therapeutic Context

3.1.1. Disease or condition

In 2021, TB caused an estimated 1.4 million deaths among HIV-negative people and an additional
187,000 deaths among HIV-positive people. In 2021, the estimated proportion of people with TB who
had RR/MDR-TB was 3.6% among new cases and 18% among those previously treated.

3.1.2. Available therapies and unmet medical need

Sirturo is presently approved for patients with multi-drug resistant TB that cannot constitute an
effective treatment regimen with other agents.

By MDR-TB is meant tuberculosis resistant to the two key front-line agents, rifampicin and isoniazid.
RR-TB means TB resistant only to rifampicin.

Treatment guidelines for MDR-TB have evolved substantially in the past 2 decades to include fewer
drugs per regimen, relatively shorter (6-9 month versus =18 month) regimens and injectable-sparing
regimens (all-oral regimens) due to the comparatively problematic safety profile (most notably the risk
of irreversible hearing loss) and cumbersome administrative regimen of aminoglycosides.

Currently, BDQ is recommended by WHO as part of first-line regimens in rifampicin resistant (RR) and
MDR-TB, including the 6-month all-oral BPaLM or BPalL regimen as well as 9-month or longer
treatment regimens. Thus, the treatment community has already embraced Sirturo for the presently
sought extension of indication, which covers all TB resistant to both rifampicin and isoniazid.
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3.1.3. Main clinical studies

The STREAM Stage 2 was a Phase III, open-label, multicentre, active-controlled, randomised trial
conducted to evaluate the efficacy and safety of Sirturo co-administered with other oral anti-TB drugs
for 40 weeks in patients with sputum smear-positive pulmonary TB caused by M. tuberculosis that was
resistant to at least rifampicin, but not second-line injectable agents or fluoroquinolones.

Thus, the study population contained patients with RR and MDR-TB, but not pre-XDR or XDR TB, where
there is also resistance to fluoroquinolones and possibly also other agents.

This study was subject to multiple protocol amendments. Ultimately the key comparison was between
bedaquiline for 40 weeks (group B) versus 16 weeks of an aminoglycoside (kanamycin or amikacin)
(group C) within the framework of the so-called Bangladesh regimen:

. Group B (N=202), a 40-week control treatment of moxifloxacin or levofloxacin,
clofazimine, ethambutol, pyrazinamide, supplemented by injectable kanamycin, high-dose
isoniazid, and prothionamide in the first 16 weeks (intensive phase)

. Group C (N=211), a 40-week, all-oral treatment of bedaquiline, levofloxacin, clofazimine,
ethambutol, and pyrazinamide, supplemented by high-dose isoniazid and prothionamide in
the first 16 weeks (intensive phase)

The primary efficacy outcome measure was the proportion of patients with a favourable outcome at
Week 76. A favourable outcome at Week 76 was defined as last 2 consecutive cultures negative and no
unfavourable outcome. An unfavourable outcome at Week 76 encompassed clinically relevant changes
in treatment, all-cause mortality, at least 1 of the last 2 culture results positive, or no culture results
within the Week 76 window.

3.2. Favourable effects

In the primary mITT population, approximately 75% of patients were classified as MDR-TB (resistant
to rifampicin and isoniazid) whereas 15% had RR-TB only resistant to rifampicin among key agents.

In this population, the proportion of participants with a favourable outcome in Group C (bedaquiline)
(82.4%) was statistically superiority to that in Group B (aminoglycoside) (71.4%) at Week 76
(p=0.004).

The observed difference being almost entirely driven by fewer changes in (including extension or
restart of) treatment regimen amongst participants in group C.

Further, in the mITT Analysis Set, the adjusted difference in proportions of participants with a
favourable outcome at Week 132 between Regimen B (comparator) (69.2%) and Regimen C
(bedaquiline) (78.2%) was -9.0% (95% CI: -17.5%, -0.6%).

In the subgroup of HIV-positive participants, the observed proportions of participants with a favourable
outcome were 9/25 (36.0%) at both Weeks 76 and 132 in Regimen B (comparator) and 26/27
(96.3%) and 25/27 (92.6%) at Weeks 76 and 132, respectively, in Regimen C (bedaquiline). The
reasons for unfavourable outcome at Week 76 amongst HIV-positive participants in Regimen B
(comparator) were generally dominated by treatment regimen changes adding a second-line oral anti-
TB drug (linezolid or bedaquiline)

The proportion of patients (mITT) with culture conversion at end of treatment was 90.8% in arm B and
95.5% in arm C. At week 76 microbiological response rates were 93.3% and 98.9% in arms B and C,
respectively.
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Median time to culture conversion (conversion status maintained) was 8.0 weeks (4.29 - 8.14) in
Regimen B (comparator) and 4.1 weeks (4.14 - 4.43) in Regimen C (bedaquiline).

3.3. Uncertainties and limitations about favourable effects

The STREAM Stage 2 study protocol went through several major amendments while the study was
open and enrolling, mostly in response to the changing clinical landscape and revisions to international
treatment guidelines, to cease enrolment into Regimens A and D. The sample size was recalculated
twice during the course of the open-label study.

Since there is no basis for an M1 (the contribution of aminoglycosides to sum regimen efficacy is not
well defined), the study does not isolate the numerical contribution of bedaquiline to regimen efficacy.
However, the results seen could not reasonably have been achieved with only the background regimen
devoid of an aminoglycoside.

Other uncertainties arise due to the open-label set-up and the freedom to adjust individual treatment
regimens at the discretion of the local investigator, rather than according to pre-specified criteria.

3.4. Unfavourable effects

The Safety Analysis Set included all randomised participants (588) who had received at least 1 dose of
treatment. Safety data were collected up to the end of the study (i.e., Week 132 or discontinued
earlier) for all participants.

Almost all participants reported an AE during the treatment in all treatment arms. The rate of AEs of at
least Grade 3 was similar across regimens (51.0% and 53.1% in Regimens B and C)

15.3% and 14.2% of participants in Regimens B and C, respectively, reported SAEs.

The most frequent PTs were QT prolongation, nausea, vomiting, arthralgia, pruritus and blood uric acid
increases. Regimen B (comparator) and C (bedaquiline) where roughly comparable regarding
frequencies in most of the mentioned PTs (see the Effects Table 66).

Seven participants met the laboratory criteria for Hy’s law (defined as an ALT or AST value of 23xULN
and a corresponding total bilirubin of 22xULN), of which 3 were in Regimen B (comparator) and 3 in
Regimen C (bedaquiline) during the Treatment Phase.

The mean maximal QT prolongation in study arm C, which is the treatment regimen relevant for
labelling, was 34.5 ms. This is due to the sum effect of several drugs increasing the QT interval.

97 HIV-positive participants were included into the study, for whom concomitant ART was allowed. The
mortality rate in HIV-positive participants was low and comparable to that in the overall study
population. Similar incidences in worst (highest) QTcF values and QTcF change from baseline were
observed across the strata during the Treatment Phase and Follow-up Phase as for non-infected
patients.

Overall, 21 participants died during the study with 8/202 (4.0%) in Regimen B (comparator), 11/211
(5.2%) in Regimen C (bedaquiline). The difference in the fatal rate between Regimen B (comparator)
and C (bedaquiline) was statistically not significant (p-value=0.551), with an adjusted difference in
proportions of -1.2% (95% CI: -5.2%,2.8%).
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3.5. Uncertainties and limitations about unfavourable effects

Overall, the study confirms the known adverse event profile of bedaquiline, with most of the reported
side effects already being reflected in the product information.
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3.6. Effects Table

Table 66: Effects Table for SIRUTO in the treatment of MDR-TB as part of a multi-drug regimen:

Short
description

Treatment

Control

Uncertainties /
Strength of
evidence

Reference
s

Main favourable

Effects (mITT population)

Proportion with  Favourable: Regimen C Regimen p-value NI <0.001 2.4.1.3.6.
favourable last 2 (bedaquilin B p-value sup. 0.004 Outcomes
outcome, consecutive e) (compara and
Week 76 culture results 82.4% tor) Difference driven by estimation
(Primary negative. 71.4% changes in regimen
analysis) (rather than positive Summary
Unfavourable: -11.0% culture result) in of clinical
death, regimen (-19.0% to unblinded study with efficacy
change, -2.9%) regimen changes
missing result. permitted.
Proportion with  Last 2 90.8% 95.5%
culture consecutive (85.6% - (91.4% -
conversion, negative 94.3%) 97.7%)
End of cultures
Treatment (collected at 2
(Secondary separate visits
analysis) assigned to
Proportion with  separate 93.2% 98.8%
culture analysis visits) (88.5% - (96.0% -
conversion, 96.1%) 99.7%)
Weeks 76
(Secondary
analysis)
Median time to 8.0 weeks 4.1 weeks
culture (4.29 -8.14 (4.14 -
conversion weeks 4.43
weeks)
Unfavourable Effects
QT prolongation SMQ Regimen C Regimen Error!
(bedaquilin B Reference
e) (compara source
60,7% tor) not
56,4% found.Clin
increase in Preferred Term ical safety
transaminases ALAT 17,5% 19.8% Already included in in
ASAT 19.0% 17.8% section 4.8 of the Summary
Hepatic enzyme 8.5% 4.5% SmPC of clinical
|ncreasec_1 safety
Transaminases
increased 1.4% 1.0%
Nausea PT 62.9% 54.0%
Vomiting PT 53.6% 61.9%
Arthralgia PT 44.5% 33.2%
Myalgia PT 4.3% 1.5%
Hyperkalaemia PT 5.2% 1.0% Based on AE
Rash PT 13.3% 7.4% frequencies presented
Pruritus PT 26.5% 19.8% for Regimens C and B.
Skin PT 9.0% 3.0% Skin discoloration
discoloration attributable to
Hyperglycaemia PT 8.5 3.0 clofazimine (CFZ). No
Hypoglycaemia  PT 5.2 3.5 disproportionate

occurrence in
association with BDQ
across totality of
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Short Treatment Control Uncertainties / Reference
description Strength of s

evidence

clinical data, nor
grounds to suspect
causal relationship
with BDQ.

Abbreviations: PT= Preferred Term, SMQ= Standardized MedDRA Query.

3.7. Benefit-risk assessment and discussion

3.7.1. Importance of favourable and unfavourable effects

At the time of approval, the main evidence for the efficacy of bedaquiline in the treatment of M.
tuberculosis infection derived from the C208 study, in which patients with MDR- or pre-XDR pulmonary
TB were randomised to receive bedaquiline or placebo as add on to an optimised background regimen.

This study clearly demonstrated the antimicrobial activity of bedaquiline, with a shorter time to sputum
conversion and an increased cure rate.

However, the safety database was limited. There was a numerical excess in mortality in the
bedaquiline arm, as well as concerns related to QT-prolongation and the impact of an increase in
exposure, e.g., due to DDI with antiretrovirals.

This rendered an indication for patients with TB at least resistant to rifampicin and isoniazid, and who
needed bedaquiline to compose an effective treatment regimen, due to intolerability or resistance to
other agents.

Data were deemed non-comprehensive, and a CMA was instituted. The MAH was required to provide
“additional efficacy and safety data” in comparison to a regimen not containing bedaquiline. The
STREAM Stage 2 study was assigned as the specific obligation.

Due to an evolving treatment landscape, the open-label STREAM Stage 2 study underwent key protocol
changes while underway. While this study is not a paradigm of methodological stringency, the reasons
for key amendments are understood, and data considered interpretable in their regulatory and clinical
context.

Ultimately, the key analysis was a comparison of bedaquiline as a substitute for the injectable
aminoglycoside in the so-called Bangladesh regimen, in patients with rifampicin resistant, isoniazid
susceptible, or MDR-TB. The primary objective of the study was to assess whether the proportion of
participants with a favourable clinical efficacy outcome at Week 76.

The study had a non-inferiority design, with a 10% NIM. This is not based on the retention of a certain
fraction of the efficacy of the aminoglycoside (a robust basis for an M1 is not available). Rather, it
should be interpreted as representing an equivalence margin with respect to the usefulness of a
regimen where oral bedaquiline replaces the aminoglycoside. This was accepted by the CHMP, since
the antimicrobial efficacy of bedaquiline was not in doubt.

In the STREAM Stage 2 study, the time to sputum conversion was shorter in the bedaquiline arm.
Moreover, the proportion of patients with culture conversion at week 76 was above 90% in the mITT
population in both arms, with higher estimates in the bedaquiline arm. Thus, the antimicrobial efficacy
of bedaquiline has been corroborated.
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The study demonstrated statistical “non-inferiority” of the bedaquiline based regimen, as well as
superiority with respect to “favourable clinical outcome”, which was the primary endpoint. Superiority
was driven by patients classified as having changed their allocated study intervention, which was more
frequent in the control arm. While this was obviously not uninformed by treatment allocation, it reflects
rational preferences with respect to adverse effects and convenience, as well as, possibly, lower
antimicrobial efficacy of aminoglycosides compared to bedaquiline.

While STREAM Stage 2 was an open label study undergoing key protocol amendments, it is considered
to have delivered evidence of the efficacy of the bedaquiline-based regimen in patients with MDR-TB.
This is presently recommended by the WHO. Thus, efficacy data support the proposed extension of
indication to all patients with TB that is resistant to at least both rifampicin and isoniazid.

However, deficiencies such as an unjustified NI margin, and superiority driven by patient management
(change of treatment regimen) in an open label study, implies that it is not appropriate to accept a
claim of statistical superiority or non-inferiority in section 5.1 of the SmPC. Rather, the nominal results
in each arm should be presented.

With regards to safety, the study provides a randomised comparison of bedaquiline and
aminoglycoside safety. Overall, the comparative safety profile here may be considered favourable.
Qualitatively no new safety signals for bedaquiline were seen. The known safety issues, including
hepatotoxicity and QT-prolongation were shown to be clinically manageable. Moreover, the study as
provided more data to support the concomitant use of bedaquiline and standard antiretroviral
treatment regimens.

Mortality rates were 8/202 (4.0%) in the aminoglycoside arm, and 11/211 (5.2%) in the bedaquiline
arm. Most deaths were deemed likely due to tuberculosis. These data are reassuring with respect to
concerns due to a numerical imbalance in deaths in the C208 study that was pivotal to conditional
approval. These data, as well as the cumulative experience of bedaquiline use as followed per PSUR’s,
support the removal of the SmPC warnings of an “unexplained imbalance in deaths” in the small study
that supported the initial approval of bedaquiline.

In summary, data from STREAM Stage 2 have addressed the outstanding uncertainties at the time of
the granting of the conditional marketing authorisation. Data for Sirturo are now considered
comprehensive, supporting the switch to a standard marketing authorisation no longer subject to
specific obligations. Moreover, data support the MAH's proposed extension of indication to cover
patients with pulmonary TB resistant to at least rifampicin and isoniazid.

3.7.2. Balance of benefits and risks

The demonstrated positive effects of bedaquiline as a treatment option for MDR-TB are considered to
outweigh the negative effects.

3.7.3. Additional considerations on the benefit-risk balance

Scientific grounds for recommending the granting of a marketing
authorisation not subject to specific obligations

The MAH provided within this variation their position that comprehensive data are available about the
safety and efficacy of Sirturo and supporting the favourable benefit-risk profile of Sirturo in all approved
populations, as the submission of this variation application contains the data outstanding from the last
remaining specific obligation (SOB) as follows:
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Description Due date

The MAH will evaluate additional efficacy and safety data of * Annual updates on study

bedaquiline in diff t treat t reqi dt progress in the frame of
edaquiline in different treatment regimen compared to a annual renewal

regimen that does not include bedaquiline (confirmatory submissions

Phase III study) following an agreed protocol. . Final analysis - Clinical

Study Report 4Q 2023

The MAH therefore took the opportunity of present type II variation to request the removal the
outstanding specific obligation and the granting of a marketing authorisation in accordance with Article
14(1) of Regulation (EC) No 726/2004 (‘marketing authorisation not subject to specific obligations’).

The clinical safety profile, as well as the efficacy of this product is considered comprehensively
characterised and supportive of a positive benefit-risk balance. In conclusion, having reviewed the
data submitted by the MAH including the evidence concerning compliance with specific obligations,
the CHMP is of the opinion that the risk-benefit balance of Sirturo remains favourable, that all specific
obligations laid down in Annex II have been fulfilled and that comprehensive data supports a
favourable benefit-risk balance of the above-mentioned medicinal product.

Therefore, following fulfilment of the specific obligation in accordance with Article 14-a(8) of Regulation
(EC) No 726/2004 and considering that comprehensive data have now been provided, the CHMP is of
the opinion that the granting of a standard marketing authorisation not subject to specific obligations
and valid for five years can be recommended in accordance with Article 14(1) of Regulation (EC) No
726/2004.

3.8. Conclusions

The overall benefit-risk of Sirturo in the indication ‘use as part of an appropriate combination regimen
in adult and paediatric patients (5 years to less than 18 years of age and weighing at least 15 kg) with
pulmonary tuberculosis (TB) due to Mycobacterium tuberculosis resistant to at least rifampicin and
isoniazid’ is considered positive. The proposed changes to the product information are accepted.

4. Recommendations

Outcome

Based on the review of the submitted data, the CHMP considers the following variation acceptable and
therefore recommends the variation to the terms of the Marketing Authorisation, concerning the
following change:

Variation accepted Type Annexes
affected
C.l.6.a C.I.6.a - Change(s) to therapeutic indication(s) - Addition | Type II I, II, IIIA
of a new therapeutic indication or modification of an and IIIB
approved one

Extension of indication (by removing the restriction limiting the use of Sirturo for patients for whom an
effective treatment regimen cannot otherwise be composed for reasons of resistance or tolerability)
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based on final results from study STREAM Stage 2; a multicentre, open-label, parallel-group,
randomised, active-controlled study in participants aged 15 years or older with RR/MDR-TB to evaluate
an investigational BDQ-containing, all-oral, 40-week regimen of anti-TB drugs (Regimen C) compared
to an injectable-containing 40-week control regimen (Regimen B). Submission of the study fulfils SOB
007. As a consequence, sections 2, 4.1, 4.2, 4.4, 4.5, 4.8, 4.9, 5.1, 5.2 and 5.3 of the SmPC are
updated. The Labelling and Package Leaflet are updated in accordance. A revised RMP version 10.2 has
been approved. Furthermore, the PI is brought in line with the latest QRD template version 10.3.

The CHMP, having considered the application and having reviewed the data submitted by the
marketing authorisation holder including the evidence concerning compliance with specific obligations,
is of the opinion that the available data is comprehensive and supports the favourable benefit-risk
balance of Sirturo, and that all specific obligations laid down in Annex II have been fulfilled.

Amendments to the marketing authorisation

In view of the data submitted with the variation, amendments to Annexes I, II, IIIA and IIIB and to
the Risk Management Plan are recommended.

The following specific obligation has been fulfilled and is therefore deleted from the Annex II to the
Opinion:

Description Due date

The MAH will evaluate additional efficacy and safety data of . Annual updates on study
progress in the frame of

bedaquiline in different treatment regimen compared to a annual renewal
regimen that does not include bedaquiline (confirmatory submissions
Phase III study) following an agreed protocol. . Final analysis - Clinical

Study Report 4Q 2023

Conditions or restrictions with regard to the safe and effective use of the
medicinal product

Risk management plan (RMP)

The Marketing authorisation holder (MAH) shall perform the required pharmacovigilance activities and
interventions detailed in the agreed RMP presented in Module 1.8.2 of the Marketing Authorisation and
any agreed subsequent updates of the RMP.

In addition, an updated RMP should be submitted:
At the request of the European Medicines Agency;

Whenever the risk management system is modified, especially as the result of new information being
received that may lead to a significant change to the benefit/risk profile or as the result of an
important (pharmacovigilance or risk minimisation) milestone being reached.

Paediatric data

Furthermore, the CHMP reviewed the available paediatric data of studies subject to the agreed
Paediatric Investigation Plan P/0470/2022 and the results of these studies are reflected in the
Summary of Product Characteristics (SmPC) and, as appropriate, the Package Leaflet.
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Similarity with orphan medicinal products authorised at the start of the
procedure

Sirturo was removed from the European Community (EC) register for orphan designated medicinal
products on 7 March 2024.

The CHMP maintains by consensus its opinion that Sirturo is not similar to Deltyba, Dovprela and
Granupas within the meaning of Article 3 of Commission Regulation (EC) No. 847/200. See appendix 1.

5. EPAR changes

The EPAR will be updated following Commission Decision for this variation. In particular the EPAR
module 8 "steps after the authorisation" will be updated as follows:

Scope
Please refer to the Recommendations section above.
Summary

Please refer to Scientific Discussion ‘Product Name-H-C-Product Number-II-0056’

Assessment report
EMA/318955/2024 Page 166/166



	1.  Background information on the procedure
	1.1.  Type II variation
	1.2.  Steps taken for the assessment of the product

	2.  Scientific discussion
	2.1.  Introduction
	2.1.1.  Problem statement
	2.1.2.  About the product
	2.1.3.  The development programme/compliance with CHMP guidance/scientific advice

	2.2.  Non-clinical aspects
	2.2.1.  Introduction
	2.2.2.  Toxicology
	2.2.3.  Ecotoxicity/environmental risk assessment
	Current exposure estimate for bedaquiline (2019)
	Assessment of potential increase in environmental exposure (2023)
	Conclusion

	2.2.4.  Discussion on non-clinical aspects
	2.2.5.  Conclusion on the non-clinical aspects

	2.3.  Clinical aspects
	2.3.1.  Introduction
	2.3.2.  Pharmacokinetics
	2.3.2.1.  Bioanalysis methods
	2.3.2.2.  Population PK analysis
	2.3.2.2.1.  PopPK model development in TB patients
	2.3.2.2.2.  Evaluation and application of PopPK model in STREAM Stage 2
	2.3.2.2.3.  PopPK model development of DDI studies

	2.3.2.3.  Pharmacokinetic interaction studies
	2.3.2.3.1.  Subgroup analyses of HIV-Coinfected patients in STREAM Stage 2
	2.3.2.3.2.  DDI study of clarithromycin
	2.3.2.3.3.  Proposed changes in the SmPC recommendations regarding CYP3A4 inhibitors and inducers


	2.3.3.  Pharmacodynamics
	2.3.4.  PK/PD modelling
	2.3.4.1.  Favourable outcome
	2.3.4.2.  Culture conversion
	2.3.4.3.  QT analysis
	2.3.4.3.1.  Literature references
	2.3.4.3.2.  Model-based analysis of Phase 2 data
	2.3.4.3.3.  Subgroup analysis of STREAM Stage 2


	2.3.5.  Discussion on clinical pharmacology
	2.3.6.  Conclusions on clinical pharmacology

	2.4.  Clinical efficacy
	2.4.1.  Main study
	2.4.1.1.  Title of Study
	2.4.1.2.  Methods
	2.4.1.2.1.  Objectives
	2.4.1.2.2.  Outcomes/endpoints
	2.4.1.2.3.  Sample size
	2.4.1.2.4.  Statistical methods

	2.4.1.3.  Results
	2.4.1.3.1.  Participant flow
	2.4.1.3.2.  Conduct of the study
	2.4.1.3.3.  Numbers analysed
	2.4.1.3.4.  Baseline data
	2.4.1.3.5.  Patient exposure and compliance
	2.4.1.3.6.  Outcomes and estimation
	2.4.1.3.7.  Summary of main study


	2.4.2.  Discussion on clinical efficacy
	2.4.3.  Conclusions on the clinical efficacy

	2.5.  Clinical safety
	2.5.1.  Discussion on clinical safety
	2.5.2.  Conclusions on clinical safety
	2.5.3.  PSUR cycle

	2.6.  Risk management plan
	2.7.  Overall conclusion on the RMP
	2.8.  Update of the Product information
	2.8.1.  User consultation
	2.8.2.  Additional monitoring


	3.  Benefit-Risk Balance
	3.1.  Therapeutic Context
	3.1.1.  Disease or condition
	3.1.2.  Available therapies and unmet medical need
	3.1.3.  Main clinical studies

	3.2.  Favourable effects
	3.3.  Uncertainties and limitations about favourable effects
	3.4.  Unfavourable effects
	3.5.  Uncertainties and limitations about unfavourable effects
	3.6.  Effects Table
	3.7.  Benefit-risk assessment and discussion
	3.7.1.  Importance of favourable and unfavourable effects
	3.7.2.  Balance of benefits and risks
	3.7.3.  Additional considerations on the benefit-risk balance

	3.8.  Conclusions

	4.  Recommendations
	5.  EPAR changes

