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1 | INTRODUCTION

One challenge in the treatment of tuberculosis (TB) is the emer-

gence of drug resistance (DR-TB).! Bedaquiline, which is a

Background and Aim: The rise of drug-resistant tuberculosis (TB) poses a need for
new drugs and combinations. TBAJ-587, a new diarylquinoline (DARQ), has shown
promising efficacy in preclinical studies. This work aimed to describe the pharmacoki-
netics (PK) of TBAJ-587 and its metabolites M2 and M3 after single ascending dosing
in healthy volunteers and to develop a simultaneous population PK model. In addi-
tion, to explore different doses in relation to efficacy and safety and to assess the
impact of loading doses on exposure levels of TBAJ-587 and its metabolites.
Methods: Pharmacokinetic samples from 42 healthy volunteers following a single
dose (25, 50, 100, 200, 400 or 800 mg) were collected for up to Day 126. Population
pharmacokinetic modelling was conducted using nonlinear mixed-effects modelling
in NONMEM. Simulations from final model were performed to compare against effi-
cacy targets derived from the first-in-class DARQ bedaquiline and safety references
based on preclinical studies.

Results and Conclusions: The final model simultaneously described the PK of TBAJ-
587, M2 and M3 well. Simulations of final model identified that all simulated doses
and regimens resulted in exposures that were below the safety references. A loading
dose for 2 weeks resulted in initially higher concentrations, but a limited difference in
exposure at 4 weeks and onwards, compared with no loading dose. A 100 mg once
daily dose and higher reached the efficacy targets and can be studied further in com-
binations in phase 2a studies. Name of trial: Evaluation of the Safety, Tolerability, PK
of TBAJ-587 in Healthy Adults. Registration number: NCT04890535.

KEYWORDS
metabolite, pharmacometrics, population pharmacokinetics, TBAJ-587, tuberculosis

diarylquinoline (DARQ), an adenosine triphosphate synthase inhibi-
tor, was over a decade ago conditionally approved to be used
against DR-TB,>2 now approved, and has also recently been
included in novel regimens and studies in multiple different clinical
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trials such as Nix-TB, ZeNIX, TB-PRACTECAL and SimpliciTB.>™¢ In
the trials, the dosing regimens with bedaquiline all included loading
doses of bedaquiline of 2 or 8 weeks, maintenance dose once daily
or three times weekly for 9-24 weeks and doses of 100, 200 or
400 mg.3~¢ A loading dose period is needed to reach effective con-
centrations more quickly due to bedaquiline's very long terminal
half-life which is more than 5 months.” Label for bedaquiline states
that bedaquiline should first be given as 400 mg once daily for
2 weeks followed by 200 mg three times per week for 22 weeks.®
Since approval, there has been an increase in recorded resistance
to bedaquiline. For example, in Mozambique, an increase from 3%
to 14% of bedaquiline resistance prevalence was observed
between 2016 and 2021.° This highlights the need for next-
generation DARQs.

TBAJ-587 is a new chemical entity similar to bedaquiline and is
also classified as a DARQ. TBAJ-587 has been shown to have a
higher potency than bedaquiline against Mycobacterium tuberculosis
(H37Rv strain) in both replicating and non-replicating in vitro
assays.'° In BALB/c mice experiments, TBAJ-587 has shown supe-
rior sterilization activity compared with bedaquiline, both in mono-
therapy and when TBAJ-587 was substituted in different
combinations in both a bedaquiline-susceptible strain (H37Rv)'%?
and a bedaquiline-resistant mutant strain (Rv0678 mutant).*?> Beda-
quiline's N-desmethyl metabolite, bedaquiline-M2, has been linked
to increasing heart rate corrected time between the left-to-right
depolarization of the interventricular septum and ventricular repolar-
ization (QTc prolongation) in patients, highlighting the importance of
knowledge of potential metabolites for DARQs.'® The two human
metabolites to TBAJ-587, M2 and M3, share the same molecular
weight and are formed by mono-demethylation. The first in class
drug bedaquiline is mainly metabolized by cytochrome P450 3A4.1#
It is, however, not known which enzymes that are involved in the
metabolism of TBAJ-587. The in vitro bactericidal activity has been
studied for M2 and M3 and the minimum inhibitory concentration
(MIC) of M2 was ~10-fold larger than TBAJ-587, while the MIC of
M3 was similar to TBAJ-587.1° In BALB/c mice, TBAJ-587 and M3
share with bedaquiline the characteristic of having a long terminal
half-life.1

Dose selection based on exposure matching has been used within
different fields such as paediatric studies'® and formulation compari-
son.’” The approach is to take accessible information and with
assumptions of the extrapolation try to match exposure indices of dif-
ferent populations or different formulations. Adaptation of the expo-
sure matching approach gives an opportunity to further explore
TBAJ-587 efficacy-based dose selection because it is a second-
in-class DARQ.

This work aimed to describe the pharmacokinetics (PK) of TBAJ-
587 and its metabolites M2 and M3 after single ascending dosing in
healthy volunteers and to develop a simultaneous population PK
model. In addition, to explore different doses in relation to efficacy
and safety and to assess the impact of loading doses on exposure
levels of TBAJ-587 and its metabolites.

What is already known about this subject

e TBAJ-587 is a new antitubercular drug that is a second-
in-class diarylquinoline drug with promising preclinical
efficacy and safety profile.

e Selecting the dose(s) to be used in early clinical develop-

ment in patients can be complex.

What this study adds

e The pharmacokinetics of TBAJ-587 and its active metab-
olites were described using population pharmacokinetic
analysis.

o Simulations using efficacy targets derived from the first-
in-class diarylquinoline bedaquiline and safety references
based on preclinical studies predicted 100 mg once daily
dosing with or without a loading period to achieve safe

and efficacious exposures.

2 | MATERIALS AND METHODS

21 | Subjects and study design

The study was a partially blinded, placebo-controlled, randomized, sin-
gle ascending dose (SAD) with food effect cohort trial
(NCT04890535—Part 1).2® The trial was approved by the regulatory
authority and local ethics committee at the site (approval 1D
NL73973.056.20), and participants gave written informed consent.
The participants were healthy volunteers who were male or female of
non-childbearing potential, between 18 and 64 years of age. Further-
more, the body mass index was between 15.5 and 32.0 kg/m? with a
minimum weight of 50.0 kg.

Participants were recruited in seven different cohorts: six SAD
cohorts and one food-effect cohort. Doses for the SAD cohorts were
25, 50, 100, 200, 400 and 800 mg, from which data were available for
6,4, 5, 8,4 and 6 participants, respectively, at the time of this analysis.
Nine subjects in the food-effect cohort received a high-calorie and
high-fat meal together with a single 200 mg oral dose of TBAJ-587.
Plasma samples were collected at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 7, 8, 10,
12, 16, 24, 28, 32, 36, 40, 44, 48, 54, 60, 66, 72, 78, 84, 90, 96, 108,
120, 132, 144, 156, 168, 192, 216, 240, 264, 288 and 312 h post
dose. Additionally, in 29 out of 42 subjects (69%), samples were avail-
able also at Days 21, 28, 42, 56, 70, 84 and 98. In 23 out of these
29 participants (79%), additional samples were available at Days
112 and 126.

TBAJ-578, M2 and M3 plasma concentrations were determined

with a validated high-performance liquid chromatography-tandem
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mass spectrometry method within the same sample. The linear range
of the method was 1-1000 ng/mL for all four analytes. Observations
below the lower limit of quantification (LLOQ), that is, 1 ng/mL, were
reported as below the quantification limit (BQL). Intra-assay coeffi-
cient of variation (CV) and residual error were 1.0% to 12.8% and
—9.4% to 12.8%, respectively, for TBAJ-587; 1.8% to 13.2% and
—14.5% to 7.4%, respectively, for M2; and 1.8% to 14.0% and
—13.0% to 11.3%, respectively, for M3. The inter-assay CV and resid-
ual error were 4.0% to 9.9% and —5.1% to 4.8%, respectively, for
TBAJ-587; 3.5% to 13.2% and —5.3% to 2.6%, respectively, for M2;
and 2.9% to 13.3% and —0.7% to 8.0%, respectively, for M3. A mini-
mum of 6 quality control samples were included in each analysis, and
incurred sample reanalysis (ISR) was within the 20% assay variability
criterion for 97%, 89% and 95%, of samples for TBAJ-587, M2 and
M3, respectively, thereby adhering to the condition of 2/3 of the
repeats needing to be within the variability defined by the ICH-M10
guidance.

2.2 | Population pharmacokinetic analysis
Exploratory graphical analysis was performed to identify outliers and
indications of non-linearities in the PK profiles of the compounds.
Concentration vs. time data of TBAJ-587, M2 and M3 were included
in this analysis. Modelling was performed on natural-
logarithm-transformed molar concentration data.

One-, two- and three-compartmental disposition models with
first-order elimination were evaluated for TBAJ-587. Absorption
models explored for TBAJ-587 were zero and first order, with or with-
out lag-time or dynamic absorption transit compartments.'? Different
residual error models were tested throughout the model develop-
ment. Interindividual variability (IIV) was evaluated on all parameters

as in Equation (1).

Pi=Pxel, (1)

where P denotes the parameter, 1 denotes a normally distributed ran-
dom variable with mean 0 and standard deviation w and i denotes the
individual.

Different methods to handle BQL observations were explored
such as ignoring all BQL observations, setting the last BQL observa-
tion in the absorption phase and the first BQL observation in the elim-
ination phase to half the LLOQ, and the M3 method.?%2*

Once the parent PK model was developed, it was fixed and sepa-
rate sub-models for M2 and M3 were developed, one at a time,
assuming parallel formation, using the fixed TBAJ-587 PK model and
the assumption of f,,, the fraction of TBAJ-587 cleared to metabolite,
equalling one. Different methods to handle BQL observations were
explored as described above. Each metabolite was investigated by
evaluating one-, two- or three-compartment disposition with first-
order elimination. Different residual error models were assessed dur-
ing the model development procedure. IV was evaluated in all param-

eters as in Equation (1).
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After each structural PK sub-model was developed, food and
dose dependencies were explored on typical parameters using step-
wise covariate modelling (SCM)?? with forward inclusion criteria at a
5% significance level and 1% for backward elimination. Dose was trea-
ted as a continuous covariate and evaluated on absorption (k,
and MTT), relative bioavailability (F), metabolite formation (fym2 and
fmma) and elimination parameters (CLrgaj-587, CLmz and Clma), using
the SCM default expressions for linear, piece-wise linear, exponential

and power with the addition of an E,,, function as in Equation (2):

MAXgose X Dose

Pose =TVP Dso + Dose

; 2

where Pgose is the parameter with covariate effect, TVP is the typical
parameter, Dose is the dose in mg, D5 is the dose at 50% of the max-
imal change in the parameter and MAXyuse is the maximal effect on
the parameter P. Food effect was evaluated as a categorical covariate
on absorption (k, and MTT), relative bioavailability (F) and metabolite
formation (f, m2 and fr, m3) parameters.

In a final step, the sequentially developed metabolite sub-models
were estimated simultaneously with the parent PK model fixed and
covariance evaluated between random effects in mean-transit-time
(MTT) and relative bioavailability (F), as well as between the parent
clearance (CLtgas-ss7) and F as indicated by post hoc n correlation
graphical analysis, acknowledging shrinkage in these plots.?®

2.3 | Model selection and evaluation

Models were evaluated based on graphical diagnostics, such as obser-
vations vs. individual predictions, observations vs. population predic-
tions, individual residual errors vs. population predictions, individual
residual errors vs. time and individual plots. Furthermore, visual pre-
dictive checks (VPCs),232* relative standard error (RSE) of parameter
estimates, objective function value (OFV), scientific plausibility and
parsimony were used throughout the model development process.
Selection between nested models was based on a decrease in
OFV of 3.84 and a 5% significance level for one degree of freedom.
Confidence intervals for final parameter estimates were generated

using sampling importance resampling (SIR).2°

2.4 | Prediction of optimal maintenance dose
and influence of loading dose in relation to efficacy
and safety

The exposure of TBAJ-587 and metabolites after different mainte-
nance and loading doses was simulated using the final PK model and
explored in relation to efficacy targets and safety references. There
were two safety references based on a 3-month dog toxicity study,?®
each defined by the sum of the AUCq_o44's of TBAJ-587 and M3,
denoted AUC,: 113.6 h x mg/L, the AUC,,, at the no-observed-
adverse-effect-level dose of 10 mg/kg, and 185 h x mg/L, the
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AUC,,, at 20 mg/kg, the dose where cardiotoxicity was noted. The
M2 has been reported not to contribute to the cardiotoxicity in a
3-month dog toxicity study?® and therefore not included in the safety
references in this analysis.

Two different efficacy targets were derived based on exposures
of bedaquiline after dosing 400 mg daily for 2 weeks followed by
200 mg three times weekly per the label. The first exposure target
was derived using bedaquiline average daily concentrations over time
accounting for the potency difference between TBAJ-587 and beda-
quiline. The median TBAJ-587/bedaquiline MIC ratio was 0.10, which
was derived from matching MIC values from 96 different clinical iso-
lates (0.050-0.40; 5th-95th percentiles). TBAJ-587 and bedaquiline
are both highly bound (>99.9%), and as such, the exposure matching
was done using total concentrations. Efficacy Target 1 was derived as

in Equation (3):

MICrga)-587 3)

Efficacy Target 1 concentration (t) = Cayggpq(t) X
g MlCBDQ

where C,.g8pq(t) is the model-predicted typical daily average concen-
tration of bedaquiline from a previous developed model?” at a specific
time point following previously described simulation set-up,?®
MICrgas-sg7 is the MIC of TBAJ-587 and MICgpq is the MIC of beda-
quiline. Efficacy Target 1 with the 5th-95th MIC distribution was
compared with the model-predicted daily average concentration of
TBAJ-587.

The second efficacy target was derived using the sum of bedaqui-
line and the metabolite bedaquiline-M2 daily average concentrations
accounting for the potency difference between bedaquiline and
TBAJ-587 as well as the potency difference between bedaquiline-M2
and TBAJ-587. The TBAJ-587/bedaquiline-M2 MIC ratio was 0.041
(strain: H37Ryv, data on file). The MIC for the metabolite was derived
from a separate experiment than the clinical isolates experiment and
therefore did not have a distribution. TBAJ-587, bedaquiline
and metabolites were assumed to have comparable fractions
unbound, and thereby, total concentration was compared. Efficacy
Target 2 was derived in Equation (4):

MICrgaj-587
MiCsoq
MICrga)-587

MICepqm2

(4)

Efficacy Target 2 concentration (t) = Cayggpq(t) X

+ Cavgepq-M2(t) X

where C,gppq-m2(t) is the predicted typical daily average concentra-
tion of bedaquiline-M2 at time t?7?® and MICgpq-m2 is the MIC of
bedaquiline-M2. Efficacy Target 2 with the 5th-95th MIC distribution
was compared with the sum of the daily average concentration of
TBAJ-587 and the potency-adjusted daily average concentration
of M3.

Concentration-vs.-time profiles of TBAJ-587, M2 and M3 were
simulated with the final population PK model with food effect. Differ-
ent 2-week loading doses, scaled from the maintenance dose (25, 50,
100 or 200 mg daily), followed by 10 weeks of daily maintenance

doses were simulated and compared with scenarios without loading
dose. The ratios explored of loading dose to maintenance dose were
2:1, 3:1 and 4:1. AUCq_»4n for the different scenarios was predicted
using the final population PK model and the daily average concentra-

tion (C,vg) Was calculated given Equation (5):

AUC,_

The predicted C,g was compared with the efficacy targets and the
predicted AUCq_o4n, was compared with the safety references for
the different maintenance doses and loading doses. Daily doses were
simulated to reduce fluctuation and generate a practical regimen.

25 | Software

The population PK data were analysed with NONMEM (Version
7.4.3Y%° using first-order conditional estimation (FOCE)*° on an Intel
Xeon V4 CPU-based cluster running with parallelization on Scientific
Linux (Version 7.9.2009) with GCC (Version 8.3.0)°! as compiler.
Pearl-speaks-NONMEM (Version 5.0.0)°2 was utilized to control
NONMEM, execute SCM?? and SIR?* and create VPCs.?>? Plots and
simulations were generated using R (Version 4.1.2) with RStudio
(Version 2021.09.2+382).2% The R packages used for model evalua-
tions and simulations were tidyverse (Version 1.3.1)3* deSolve
(Version 1.33)%° and xpose4 (Version 4.7.1).3¢%7

2.6 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to corre-
sponding entries in http://www.guidetopharmacology.org and are
permanently archived in the Concise Guide to PHARMACOLOGY
2023/24.%8

3 | RESULTS
3.1 | Data

The data included in the analysis were from 42 subjects with 1929
observations for each compound, that is, TBAJ-587, M2 and M3, col-
lected up to Day 126. For TBAJ-587, M2 and M3, BQL observations
comprised 2%, 46% and 28%, respectively. Individual concentration
vs. time profiles by dose are shown in Figure 1. Abundance in plasma
was in decreasing order: TBAJ-587, M3 and M2.

The M3 method was not explored during the TBAJ-587 PK sub-
model development due to the low proportion of BQL. Setting the
first TBAJ-587 BQL and last BQL observations in the decreasing and
ascending PK curve to LLOQ/2 generated higher RSE compared with
omitting all TBAJ-587 BQL data, wherefore the BQL data were omit-
ted. The M3 method generated unstable models for both M2 and M3
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FIGURE 1 Individual concentrations vs. time of TBAJ-587 (blue), M2 (purple) and M3 (black) after different oral doses of TBAJ-587 with food
(dashed line) or fasted (solid line), stratified on dose.
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FIGURE 2 Structural overview of the final population pharmacokinetic model describing TBAJ-587, M2 and M3. F, relative bioavailability; ki,
transit rate constant; NN, number of transit compartment; MTT, mean transit time; Abs, absorption compartment; k,, absorption rate; Vc tgas-587,
TBAJ-587 central distribution volume; Vp4 1ga)-587, first TBAJ-587 peripheral distribution volume; Vp; tgas-587, sSecond TBAJ-587 peripheral
distribution volume; Qpz 1tgas-587, TBAJ-587 inter-compartmental clearance from Vc tgaj-5s7 t0 Vp2 18as-587; QP1.TBAI-587, TBAJ-587 inter-
compartmental clearance from Vc tgaj-587 t0 Vp1 1as-587; Clrsas-ss7, TBAJ-587 clearance; fi, m3, M3 relative fraction metabolized; f, m2, M2
relative fraction metabolized; V¢ m3, M3 central distribution volume; Vpy w3, first M3 peripheral distribution volume; Vp, pm3, second M3 peripheral
distribution volume; Qpz m3, M3 inter-compartmental clearance from V¢ ms to Vo ms; Qpima, M3 inter-compartmental clearance from Ve ms to
Vp1maz; CLM3, M3 clearance; Ve ma, M2 central distribution volume; Vpg ma, first M2 peripheral distribution volume; Qpy m2, M2 inter-
compartmental clearance from V¢ mz2 to Ve m2; Clmz, M2 clearance.

metabolite sub-models. Instead, M2 and M3 BQL data were omitted 3.2 | Population pharmacokinetic modelling

except for the first and last BQL observations in the decreasing and

ascending PK curve, respectively, which were set to LLOQ/2 Because no data were available under intravenous dosing, all clear-
(0.5 ng/mL). ance and volume parameters should be interpreted as apparent oral
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TABLE 1 Parameter estimates of the final population model of TBAJ-587, M2 and M3.

Typical estimate 1\

Parameter® Estimate RSE (%) Cl (2.5-97.5%)° CV (%)° RSE (%) Cl (2.5-97.5%)°

TBAJ-587 sub-model
fasted 1 FIX 419 12.0 34.3-53.2
ka(h™h) 0.0866 3.5 0.0818-0.930 19.0 11.8 14.7-23.1
Cltgas-ss7 (L/h) 5.40 8.4 4.70-6.24 42.2 28.1 28.6-63.2
Ve teas-ss7 (L) 88.2 6.8 76.7-100 48.2 13.9 35.3-65.3
Qp1,1BU-587 (L/) 31.1 6.4 28.9-33.7
Vp11BAJ-587 (L) 1910 8.7 1640-2180 38.5 17.2 28.1-52.0
Qp2.1BAs-587 (L/h) 315 4.0 29.2-335
Vp218A-587 (L) 22 500 3.9 20 700-24 900 34.3 14.5 25.1-44.5
MTTsted () 0.837 45 0.763-0.912 371 132 29.0-46.0
NN 2.36 8 2.14-2.64
Fed state on Ffstedd 0.688 18.6 0.392-0.965
Dose covariate on CLygaj.587° 0.298 28.8 0.144-0.466
Dose covariate on k" —0.00046 32.0 —0.000669 to —0.000277
Fed state on MTTstedd 0.958 14.0 0.643-1.29
Additive residual error on logarithmic scale 0.0337 5.0 0.0315-0.0363

M2 and M3 sub-models
frnM2 1 FIX 12.5 15.2 9.15-16.8
ClLmz (L/h) 34.1 6.1 30.9-37.5
Vemz (L) 247 85 216-288 60.5 12.9 46.5-78.4
Vpimz (L) 12 200 6.5 10 800-13 700 49.5 11.2 38.7-61.4
Qp1m2 (L/N) 174 5.0 131-189
fom3 1 FIX
ClLwms (L/h) 18.5 7.8 16.7-20.6 223 30.0 12.9-32.8
Vems (L) 816 6.0 739-906 315 18.1 23.5-43.1
Vp1ms (L) 1630 221 1170-2330
Qp1m3 (L/h) 9.09 17.9 5.97-11.8
Vpamz (L) 3010 6.5 2740-3340
Qroms (L) 99.6 6.4 90.9-108
Dose covariate on fi,m2° -0.373 16.5 —0.451 to —0.294
Fed state on fy,m2° —0.547 20.8 —0.657 to —0.0424
Dose covariate on CLy»® 0.146 31.2 0.0666-0.217
Dose covariate on fi,m3® -0.418 14.3 —0.489 to —0.346
Fed state on fy,ma” —0.479 24.8 —0.595 to —0.341
M2 additive residual error on logarithmic scale 0.0267 8.3 0.0246-0.0293
M3 additive residual error on logarithmic scale 0.0382 6.6 0.0356-0.0412

Abbreviations: CLya, M2 clearance; CLys, M3 clearance; Clrgay.ss7, TBAJ-587 clearance; F5t¢, relative bioavailability in fasted condition; frm2, relative

fraction metabolized to M2; f,, m3, relative fraction metabolized to M3; k,, absorption rate; MTT, mean transit time; NN, number of transit compartment;
Qp1,m2, M2 inter-compartmental clearance to Vpq M2 compartment; Qpq pms, M3 inter-compartmental clearance to Vpg mz compartment; Qpg tgaj-587, TBAJ-
587 inter-compartmental clearance to Vp; 1gas-587 compartment; Qpy m3, M3 inter-compartmental clearance to Vpy ms compartment; Qpo 1eas-587, TBAJ-
587 inter-compartmental clearance to Vp; 1gaj-587 compartment; Vi m2, M2 central distribution volume; Vi ms, M3 central distribution volume; V¢ 1gaj-587
TBAJ-587 central distribution volume; Vpy m2, M2 first peripheral distribution volume; Vp4 ms, M3 first peripheral distribution volume; Vpy 1ga)-587, TBAJ-
587 first peripheral distribution volume TBAJ-587; Vp, m3, M3 second peripheral distribution volume; Vp; tga)-587, TBAJ-587 second peripheral
distribution volume.

?Because no data were available under intravenous dosing, all clearance and volume parameters should be interpreted as apparent oral parameter
estimates. For metabolites, clearances and volumes are additionally relative to unknown fractions metabolized.

BCl = confidence interval derived using sampling/importance resampling (SIR) methodology.

€CV = coefficient of variation derived as CV = ve®* — 1 x 100%.
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Ymputation described as Pgeq = Prasted (1 -+ Covariatereq); P is the parameter of interest.

. . . oo
®Power relationship described as Ppose = P2go ngOEe"zf:) ovaratepose
mg

fExponential relationship described as Ppese = Paoo mg€

values. For metabolites, clearances and volumes are additionally rela-
tive to unknown fractions metabolized.

The final TBAJ-587 PK sub-model described the data well and
consisted of a three-compartment disposition model with first-order
elimination (Figures 2 and S1), which had an OFV drop of 733 points
compared with a two-compartment model. The estimated TBAJ-587
oral clearance (ClLygay-587) in the fasted state at a dose of 200 mg was
5.40L/h, and the central volume of distribution (Vctgas-587)
was 88.2 L. A statistically significant (p < 0.01) non-linear dose-
dependent relationship (power), where Clygaj.sg7 increased with
increasing doses, was included in the final TBAJ-587 sub-model. The
estimated absorption rate (k,) was 0.0866 h™! at a dose of 200 mg,
and a nonlinear relationship with dose was found to be statistically
significant (p < 0.01), resulting in k, ranging between 0.0939 and
0.0657 h~1 for doses of 25-800 mg. The delay in absorption was best
described with absorption transit compartments, which provided a
drop in OFV of 610 points, compared with a model with lag time.
Mean absorption transit time was estimated to be 0.837 h without
food and was twice as high in the presence of food while relative bio-
availability increased by 68.8% in the presence of food (p < 0.01). The
terminal half-life was predicted to range from 3.5 to 9.0 months for
the explored dose range in the dataset as identified using simulations
with the final model. The highest IV was estimated for Vctgaj-s87
(48.2%) and CLyga-587 (42.2%) (Table 1). Residual variability was mod-
elled with an additive error on a logarithmic scale. VPCs confirmed
that the final sub-model adequately captured the data (Figure S1).

M3 was best described by a three-compartmental disposition
model with first-order elimination (Figures 2 and S3), which had an
OFV drop of 17 points compared with a two-compartment model.
The estimated M3 clearance (CLy3) was 18.5 L/h, and the central vol-
ume of distribution of M3 (V¢ m3) was estimated as 816 L (Table 1).
The relative fraction metabolized to M3 decreased in a power-law
relationship with increasing doses (p < 0.01), and it was 47.1% lower
in the presence of food compared with without food (p < 0.01). The
terminal half-life of M3 was predicted to be in a similar range as
TBAJ-587. 1IV in CLy3 was estimated to be 22.3% and 31.5% for the
Vems. A separate residual variability for M3 was estimated with an
additive error on the logarithmic scale.

The M2 metabolite was best described by a two-compartment
disposition model with first-order elimination (Figures 2 and S2),
which had an OFV drop of 2640 points compared with a one-
compartment model. The estimated M2 clearance at a dose of
200 mg (CLmp) was 34.1 L/h, and the central volume of distribution
of M2 (Vcm2) was estimated to be 247 L (Table 1). The relative frac-
tion metabolized to M2 decreased in a power-law relationship with
increasing doses (p < 0.01), and it was 54.7% lower in the presence of
food (p < 0.01). CLy, increased non-linearly with increasing doses
(p < 0.01). The terminal half-life of M2 was predicted to be in a similar
range as TBAJ-587. IV was estimated in Vcnma (60.5%), peripheral

; P is the parameter of interest.
Covariatepgse X (Dose— Dosezno mg)

; P is the parameter of interest.

volume of distribution (Vpym2) (49.5%) and the relative fraction
metabolized to M2 (12.5%). Residual variability was explained inde-
pendently from TBAJ-587 and M3 with an additive error model on
the logarithmic scale.

The simultaneous fit of all three sub-models provided similar
parameter estimates but higher uncertainties in the model parameter
estimates compared with the estimates from the individual metabolite
sub-models using a fixed parent sub-model and was therefore not
selected as the final model. Parameter estimates for the simultaneous
fit are provided in Table S1. The final NONMEM code can be found in
Code S1. The VPCs of the final model, Figures S2-S4, show that the
final model described the compounds well, and Figure S5 shows that
the assumption of BQL data handling performed well in predicting the
percentages BQL.

Table S2 displays predicted AUCq_54, of TBAJ-587, M2 and M3
after 4 weeks of dosing 25-800 mg daily. Increases in predicted expo-
sure were approximately dose-proportional for TBAJ-587, slightly less
so for M2 and M3.

3.3 | Prediction of optimal maintenance dose and
influence of loading dose in relation to efficacy
and safety

Model-predicted C,,; of TBAJ-587 over time after different mainte-
nance doses, without loading doses, are shown in Figure 3. As a result
of the long half-life, steady state was not reached after 12 weeks of
dosing. Loading doses of 2x, 3x and 4x the maintenance dose for
2 weeks were also explored in the simulations, which resulted in ini-
tially higher concentrations but did still not result in steady state being
reached at 12 weeks. At 4 weeks, the exposure was similar between
no loading doses and loading doses. The lowest dosing regimen with-
out a loading dose that reached both efficacy targets over an entire
simulated 12-week dosing period was 100 mg once daily (Figures 3
and 4).

The model-predicted AUC,,,, vs. time was used to explore differ-
ent maintenance doses and loading doses in relation to safety refer-
ences. Simulations showed that all maintenance doses resulted in

exposures lower than the safety references (Figure 5).

4 | DISCUSSION

The selection of efficacy targets by matching bedaquiline exposures
with potency correction was possible as the mechanism of action of
TBAJ-587 is the same as for bedaquiline. A distribution of MICs from
different clinical isolates was used to create a 90% prediction interval
for the efficacy target. However, the MIC has the inherent drawback
of low resolution because of the two-fold dilutions that are standard
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FIGURE 3 Predicted exposure in relation to Efficacy Target 1. Predicted average concentration of TBAJ-587 over time, without (solid line)
and with different once daily loading doses for 2 weeks stratified on different once daily maintenance doses (dotted 2 x maintenance, dot-
dashed 3 x maintenance and short-long-dashed lines 4 x maintenance). The dashed green line indicates Efficacy Target 1, and the green shaded

area represents the 5th and 95th percentile of Efficacy Target 1.
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FIGURE 4 Predicted exposure in relation to Efficacy Target 2. Predicted average concentration (C,.g) of TBAJ-587 + M3 over time, adjusted

; ; MICrga,. MICrga.
for the difference in potency (Cayg eAJ-587 X ﬁ+cwg,m X e

) without (solid line) or with different once daily loading doses (dotted

2 x maintenance, dot-dashed 3 x maintenance and short-long-dashed lines 4 x maintenance), stratified on different once daily maintenance
doses. The dashed green line indicates Efficacy Target 2 and the green shaded area represents the 5th and 95th percentile of Efficacy Target
2. The MIC ratio of TBAJ-587/M3 was 0.5 (strain: H37Rv, data on file). The TBAJ-587 metabolite M2 was assumed to not contribute to the

efficacy.
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FIGURE 5 Predicted exposure in relation to safety references. Predicted sum of area under the concentration vs. time curves (AUCq,,) for

each day of TBAJ-587 and M3 without (solid line) or with different once daily loading doses (dotted 2 x maintenance, dot-dashed

3 x maintenance and short-long-dashed lines 4 x maintenance), stratified on different doses of once daily maintenance doses. The horizontal
dashed red and orange lines indicate the safety references derived from the corresponding AUC,,,,, found in a 3-month dog toxicity study at the
exposure where cardiotoxicity was observed and exposure of no-observed-adverse-effect level, respectively.

for MIC determination and lack of time dependency because MIC is a
single timepoint measurement. Furthermore, from a single MIC value
and from different laboratories, the establishment of between-strain
susceptibility is not possible.®? In future work, preclinical in vitro
PKPD data will inform dose selection in a translational context taking
into regard site-of-action and other translational factors. Nonetheless,
the exposure-matching approach creates a foundation for early dose
selection for phase 2a studies of bactericidal activity, based on only
nonclinical information (MIC) and data from a SAD study.

In this work, the simulations were done up to 12 weeks, which is
a shorter treatment period than the 24 weeks approved for bedaqui-
line. The reason for targeting a shorter treatment period for TBAJ-
587 is the shorter time to sterilization of TBAJ-587 in combinations in
mice compared with bedaquiline,** which is hypothesized to lead to
regimens with shorter treatment duration.

The TBAJ-587 metabolite M3 has been reported to be the micro-
biologically active metabolite.!® In this SAD study, it was confirmed
that M3 also is the main metabolite of TBAJ-587 in humans. It is not
known if M3 from TBAJ-587 causes any QTc prolongation as
bedaquiline-M2 does.

Safety references from the 3-month dog toxicity study were used
to explore if the predicted doses reaching the efficacy targets could
be considered safe. Uncertainties related to the translation from dogs
to humans are present because the ratio of M3 formed from TBAJ-
587 is higher in dogs than in humans (internal data). For the simula-
tions of exposure in relation to the safety references, the TBAJ-587

and M3 metabolite were assumed to contribute equally to the safety

via the AUC,,m. Mass-based exposures (mg/L) were summed for con-
venience rather than molar concentrations because the difference in
molecular weight between TBAJ-587 and M3 is only 2%. Future clini-
cal studies in TB patients need to collect safety data from short- and
long-term treatment. In addition, tolerability was not considered in
the dose predictions and should be monitored also in future phase
2 studies in patients.

The PK after different dose regimens were simulated under fed
conditions because it is anticipated that TBAJ-587, like bedaquiline,
will be recommended for administration with food. However, only
one dose level was administered under fed conditions in the modelled
data. Therefore, the predicted exposures assume that the dose depen-
dence of apparent oral clearance, driven by the six dose levels admin-
istered under fasting conditions, also applies under fed conditions.
Furthermore, the dose dependence on apparent oral clearance in this
model results in increasing clearance with increasing dose. Omission
or replacement with dose-dependent relative bioavailability decreased
the model's performance. The mechanism of the dose non-linearity is
not known but describes likely multiple different processes.

The predicted typical half-life of TBAJ-587 ranged from 3.5 to
9.0 months within the dosage range explored in the single-dose data;
however, in this study, the PK was followed for 18 weeks after a sin-
gle dose. Future multiple-dose PK data will potentially refine the pre-
dicted half-life. The long half-life of TBAJ-587 suggests the potential
need for a regimen that includes a loading dose to quickly achieve
effective concentrations. However, simulations showed that loading

doses of 2x, 3x and 4x the maintenance dose for 2 weeks resulted
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in initially higher concentrations but did still not result in steady state
being reached at 12 weeks. At 4 weeks, the exposure was similar
between no loading doses and loading doses. The inclusion of a load-
ing dose period might also be considered a more complicated regimen
which could increase adherence issues, although a loading dose period
of 2 weeks is being used for bedaquiline.

Bedaquiline PK has previously been reported by McLeay et al.*®
to be different among healthy volunteers, DS-TB and MDR-TB
patients. TBAJ-587 PK may similarly differ. Whether such a possible
difference is large enough to result in different dose/regimen recom-
mendations remains to be studied.

In conclusion, this work presents the PK data in healthy volun-
teers of TBAJ-587 and its metabolites M2 and M3 after a single dose
followed up to Day 126 within the dose range of 25-800 mg. The
population PK model developed simultaneously described the PK pro-
files of TBAJ-587, M2 and M3. Furthermore, the method of early dose
recommendation from SAD data and sparse preclinical information
was applied for a second-in-class drug. With the early dose recom-
mendation approach, simulations using efficacy targets and safety ref-
erences identified that doses in the range 25-200 mg daily are safe
and a 100 mg daily regimen, with or without loading doses, reaches
efficacy targets and can be studied further in combinations in phase

2a studies.
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