Population PK Model development for bedaquiline and M2
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Bedaquiline (BDQ) is a novel anti-mycobacterial agent approved in US, EU and other countries as part of combination therapy in
adult (=18 years) and pediatric patients (5 years to <18 years, 215 kg) with pulmonary multi-drug resistant Mycobacterium tuberculosis
(MDR-TB). A popPK model for BDQ was previously developed based on data from 9 clinical studies in healthy volunteers (HVs) and 2
Phase 2 b MDR-TB patients [1]. Also, a parent-metabolite (BDQ-M2) model had been developed on the same MDR-TB Phase 2 studies
data but without HVs and single dose (SD) data|2].

Objectives The graphical analysis (Fig. 1, 2 and 3) showed that BDQ External validation on the phase 3 data

exposure increased proportionally with dose and was higher in The parent-metabolite model for BDQ and M2 provided an
HVs than patients with MDR-TB. M2 exposure was comparable adequate description of the observed data from the phase 3
between the two populations but lower than BDQ (M2 peak study STREAM Stage 2 (Fig. 6).

following SD was about 100-fold lower). M2 had flatter profiles

1. Perform an exploratory graphical analysis of BDQ and M2 in
HVs and patients with tuberculosis (TB).

2. Expand the previously developed model for BDQ by
incorporating metabolite compartment(s) (CMT) to describe

the observed BDQ and M2 PK data. with almost no peak to trough fluctuations compared to BDQ. A minor under-prediction of M2 was evident at a population level
. Quantify popPK parameters, including typical After 14 days of 400 mg QD, BDQ and M2 accumulation were 2- | (Fig. 6B) and subsequently a sensitivity analysis was conducted
barameter values, - terindividual variability, and fold and 14-fold, respectively. where the fraction of BDQ metabolized to M2 (and its BSV)
residual variability. where re-estimated (FM was re-estimated at 0.449 (2.5%RSE)
« Identify and quantify covariate effects which The .previo.usly dev.eloped struqtural model for BDQ was | compared to 0.542). A.Ithough. re-fastimating FM improved the
contribute to the variability in the PK of BDQ retained with consistent re-estimated parameter values. Fig. 4 model and the model diagnostics, it made no mean.lngful
and Table 1 present the model details. A two-CMT model with difference to the derived individual exposure metrics.

and M2.

o linear input to the BDQ central CMT and linear elimination
3. Validation of the BDQ-M2 model on data from a Phase 3

adequately described M2 data. To avoid identifiability issues, the

study central volume of distribution of M2 was fixed to BDQ and the Figure 6. pcVPC for BDQ (A) and M2 (B) using the STREAM
fraction metabolized (FM) parameter was estimated with a stage 2 phase 3 trial
Methods covariate effect to describe the differences in parent:metabolite

A . 30000
[ ]

10000 1

- ratios observed between HVs and patients, allowing BDQ to be
The original dataset used to develop the popPK model for BDQ eliminated as is and via metabolism to M2

was expanded by including M2 data from the same studies: PK 3000

data from HVs recruited in 6 phase 1 studies and patients . 2 1000, [EE—
recruited in 3 phase 2 studies. The model building dataset Typical apparent parameters for CLMET/Fm, clearance between g2
consisted of 5222 BDQ concentrations and 4717 M2 the central and peripheral CMT for the metabolite §~§ P Sy et
concentrations from 479 adult participants (111 HVs and 368 (CLp1,MET/Fm), central and peripheral volumes of distribution 5?} =
patients with TB) with weight range of 30 kg — 113 kg. The data for M2 (Ve,MET/Fm and Vp1,MET/Fm) were 4.95 L/h, 164L, and e N

set for the external validation included 3087 BDQ 862L. The long half-lives of BDQ and M2 arise from their low

concentrations and 3088 M2 concentrations from 282 clearance (2.62 and 4.95 L/h, respectively) and their large
MDR/Rifampicin-resistant-TB patients 16 years and older with peripheral volume of distribution (7670 and 862 L for the largest . S - |
weight range of 28-123.4 kg from the STREAM Stage 2 phase 3 | CMTs, respectively). T " qime Since Last Dose (weeks)
trial [3]. 10000
The VPCs showed that the popPK BDQ-M2 model provided an 3000
adequate description of the phase 3 data, despite a minor under-
prediction of M2 at the population level (Fig. 5).

An exploratory graphical analysis was conducted prior to the 1000
BDQ-M2 model development using the previously developed

popPK model for BDQ as a starting point. The BDQ structure
was reassessed, and the parameters were re-estimated after
the inclusion of the M2 data. Covariates (i.e. race, population,

study, and BDQ formulation) included in the prior model were

Figure 4. Schematic of the Final BDQ-M2 popPK Model

Pred Corrected
Concentration (ng/mL)

retained, with additional covariates evaluated. Arach DIETLAG) 31

\‘: :‘.. 1% Peripheral 1 |
The external validation of the BDQ-M2 model was performed el fo';’;‘ie” Do b2 m‘f;oﬁi)f{l) / CompaTen SR NN T O 4
with the parameters fixed to the final estimates obtained for mput | * | BDQCemmal || 2% Peripheral

. . . o o . ar ‘ ar ar B: 1000~
MDR-TB patients, using GOFs, VPCs, and individual profiles. S e \ Sk

/

31 Peripheral

Compartment =
) < (1-FM\ N . 100
CLppr/F * (1-FM) CLpy/F - FM == ?E»
Results and di i " ot
eS u S a n I S C U SS I O n M2 Central M2 Peripheral c a1
‘ ‘ P ES 30
C ompartment CO]llpEilTl]lEl]T 8 ,('.6.
—_
(] [ ] [} [ ] [ ] -—
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CLpag/F = apparent clearance for the parent, CLyger/Fm = apparent clearance for the metabolite, F = bioavailability, FM = fraction metabolized, Fm = bioavail-
1004 100- ability corrected with fraction metabolized (i.e.. Fm = F - FM), DI = duration of zero-order input into the first compartment, D2 = duration of zero-order input
into the second compartment, ALAG| = 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: V¢ mer/Fm was fixed to Ve par/F to avoid parameter identifiability
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