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Abstract

Background and Objectives GLPG1690 is an autotaxin inhibitor in development for the treatment of idiopathic pulmonary fibrosis.
Several publications suggested a role of autotaxin in the control of disease-affected lung function and of lysophosphatidic acid in
lung remodeling processes. The aim of the current article was to describe the exposure-response relationship of GLPG1690 and
further develop a rational basis to support dose selection for clinical trials in patients with idiopathic pulmonary fibrosis.
Methods Two trials were conducted in healthy volunteers: in the first trial, GLPG1690 was administered as single doses from 20 mg
up to 1500 mg, and subsequently in multiple daily doses of 300—~1000 mg. In a second trial, the interaction of rifampin with 600 mg
of GLPG1690 was evaluated. A third trial was conducted in patients with idiopathic pulmonary fibrosis administered 600 mg of
GLPG1690 once daily for 12 weeks. The exposure—response (lysophosphatidic acid C18:2 reduction) relationship of GLPG1690
was first described using non-linear mixed-effects modeling and the model was subsequently deployed to simulate a lysophos-
phatidic acid C18:2 reduction as a biomarker of autotaxin inhibition in the dose range from 50 to 1000 mg once or twice daily.
Results The population pharmacokinetics and lysophosphatidic acid C18:2 response of GLPG1690 were adequately described
by a combined population pharmacokinetic and pharmacokinetic/pharmacodynamic model. Dose, formulation, rifampin co-
administration, health status (healthy volunteer vs. patient with idiopathic pulmonary fibrosis), and baseline lysophosphatidic
acid C18:2 were identified as covariates in the model. The effect of dose on systemic clearance indicated that GLPG1690 fol-
lowed a more than dose-proportional increase in exposure over the simulated dose range of 50—1000 mg once daily. Model-based
simulations showed reductions in lysophosphatidic acid C18:2 of at least 80% with doses greater or equal to 200 mg once daily.
Conclusion Based on these results, 200 and 600 mg once-daily doses were selected for future clinical trials in patients with
idiopathic pulmonary fibrosis.

Early clinical studies with GLPG1690, a potent and
selective autotaxin inhibitor, showed a favorable phar-
macokinetic/pharmacodynamic profile, demonstrating

Electronic supplementary material The online version of this the ability to reduce plasma lysophosphatidic acid (LPA)
article (https://doi.org/10.1007/s40262-019-00755-3) contains C18:2 levels via inhibition of autotaxin.
supplementary material, which is available to authorized users.
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1 Background

Autotaxin (ATX) is an enzyme with lysophospholipase D
activity, which is responsible for the production of lysophos-
phatidic acid (LPA), an important biological mediator of cell
proliferation that underlies the development of pulmonary
fibrosis [1]. Lysophosphatidic acid signals through multiple
downstream receptors to control a range of cell activities
such as migration, contraction, and survival; therefore, it
plays important roles in bone development, [2] neurogenesis
[3]. embryo implantation, [4], and the formation of blood
and lymphatic vessels [5]. The most abundant LPA species
in human plasma is LPA C18:2, with a fatty acid side chain
of 18 carbon atoms including two unsaturated bonds. [6, 7].
Recently, a role for ATX and LPA in disease-affected lung
function has been suggested. Increased levels of ATX and
LPA seem to be associated with inflammatory and fibrotic
conditions in the lung [1, 8, 9].

GLPG1690 (Fig. 1) is an orally available, potent selective
inhibitor of ATX under development for the treatment of
respiratory diseases such as idiopathic pulmonary fibrosis
(IPF). In biochemical assays, the 50% inhibitory concen-
tration value (ICs)) was 131 nM and 224 nM with human
and mouse enzymes, respectively [10]. In vitro, the LPA
production after human plasma incubation was inhibited by
GLPG1690 with an ICy, of 242 nM. The ICs, difference
was within two fold when the assay was performed in the
absence of plasma, suggesting the low impact of plasma
protein binding on the activity of the compound. The effi-
cacy of GLPG1690 in a prophylactic bleomycin mouse
model of lung fibrosis (measured as of lung weight and
Ashcroft score) was reached with an exposure [area under
the curve (AUC)] of 11 pg h/mL, corresponding to 26 pg h/
mL in humans after inter-species correction for plasma pro-
tein binding, predicting an efficacious dose in humans of
approximately 200 mg once daily (QD). In a mouse tobacco
challenge model study, GLPG1690 significantly reduced the
pulmonary infiltration of the total number of proinflamma-
tory/profibrotic cells such as macrophages, neutrophils, and
lymphocytes. The decrease was comparable to the positive
control roflumilast. Plasma samples from a satellite group
of animals in the same study showed a dose-dependent
decrease in plasma LPA levels [11].

The pharmacokinetics and pharmacodynamics of
GLPG1690 have been evaluated in a first-in-human (FiH)
study in healthy volunteers (HVs) after single and multiple
ascending doses (NCT02179502) [12] and in a proof-of-
concept (PoC) study in patients with IPF (NCT02738801)
[13, 14]. Additionally, a drug—drug interaction study was
performed in HVs to determine the effect of repeated doses
of rifampin [a strong and sensitive cytochrome P450 (CYP)
3A4 inducer as well as a P-glycoprotein (P-gp) inducer] on
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Fig. 1 Structure of GLPG1690

the pharmacokinetics of GLPG1690, which has been shown
in vitro to be mainly metabolized via CYP3A4 (IND130687)
as well as being a P-glycoprotein substrate (Fieuw et al., data
on file). The aim of the current article was to describe the
exposure—response relationship of GLPG1690 and further
develop a rational basis to support dose selection for clinical
trials in patients with IPF.

2 Methods

All studies were conducted in accordance with accepted
standards for the protection of patient safety and welfare, and
the principles of the Declaration of Helsinki and its amend-
ments, and were in compliance with Good Clinical Practice.
The FiH study protocol and informed consent were approved
by the Ziekenhuis Netwerk Antwerpen Institutional Review
Board (Belgium). The drug—drug interaction study protocol
and informed consent were approved by the Midland Inde-
pendent Review Board (USA). The PoC study protocol and
informed consents were approved by the various local or
central ethics review committees across 14 study sites that
enrolled patients with IPF. All HVs and patients with IPF
gave written informed consent prior to study initiation.

2.1 Trial Designs

A summary of the design features of all studies, including
blood sampling for pharmacokinetics and pharmacodynam-
ics is provided in Table 1.

2.1.1 First-in-Human Study (NCT02179502)

This was a randomized, double-blind, placebo-controlled,
single-center study evaluating single and multiple ascend-
ing doses of GLPG1690 in healthy male volunteers (body
mass index 20-30 kg/m?, aged 18-50 years) [12]. Single
doses of 20-1500 mg of GLPG1690 (oral suspension) and
300 mg of GLPG1690 (capsule) were taken by two cohorts
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of eight volunteers each, who received treatment as ascend-
ing doses in an alternating fashion among the two cohorts.
Subsequently, separate cohorts of eight volunteers (six tak-
ing GLPG1690 and two taking placebo) received twice-daily
[BID] (150 mg) or once-daily (QD, 600 and 1000 mg) dos-
ing for 14 days. All doses were administered after a standard
breakfast or evening meal (approximately 533 kcal).

2.1.2 Drug-Drug Interaction Study (IND130687)

This was an open-label, single-center, drug—drug interaction
study evaluating the effect of repeated doses of rifampin
(600-mg capsule) for 10 days on the single-dose pharma-
cokinetics of GLPG1690 (600-mg capsule) in 18 healthy
male volunteers (body mass index 20-30 kg/m?, aged
18-50 years) (Fieuw et al., data on file). Blood samples were
collected for pharmacokinetic (PK) assessment before and
after repeated dosing with rifampin.

2.1.3 Proof-of-Concept Study in Patients with Idiopathic
Pulmonary Fibrosis (NCT02738801)

The exposures of GLPG1690 and LPA C18:2 biomarker
responses were evaluated in 23 patients with a confirmed
IPF diagnosis who received GLPG1690 600 mg QD (cap-
sule) or placebo for 12 weeks (n=6 placebo and 17 active)
[13]. Included patients were not allowed to take experimen-
tal or approved IPF therapies (such as pirfenidone and nint-
edanib) within 4 weeks before the screening period.

2.2 Bioanalytical, Pharmacokinetic,
and Pharmacodynamic Assessments

Blood samples for PK and pharmacodynamic (PD) assess-
ments were collected in tubes containing lithium heparin
as an anticoagulant to obtain plasma for the determination
of GLPG1690 and of LPA C18:2. Within 30 min after
blood collection, the plasma was separated in a refrig-
erated centrifuge (4-8 °C) for 10 min at approximately
1500 g and stored at — 20 °C until analysis.

Plasma concentrations of GLPG1690 were determined
using a validated liquid-chromatography tandem mass
spectrometry assay. To each 20-uL plasma sample, 900
pL of 0.06 M hydrochloric acid, 50 pL of methanol, and
50 pL of the internal standard (40 ng/mL of deuterated
GLPG1690) were added. Samples were mixed and the
supernatant loaded onto a solid-phase extraction plate.
After washing (1 mL of 0.06 M hydrochloric acid followed
by 1 mL Elix and 1 mL of methanol), the samples were
eluted (1 mL NH,OH 1% in acetone) and then evaporated
to dryness at 50 °C under nitrogen. The extraction yield
of GLPG1690 under these conditions was constant over

the concentration range tested (3.00-800 ng/mL), ranging
from 104% to 121%. The reconstituted samples (300 uM
of acetonitrile in water 25:100 v/v+0.01% NH,OH) were
injected into an AB SCIEX API 4000 liquid-chromatogra-
phy tandem mass spectrometry equipped with an Xbridge
C18 column. GLPG1690 was detected in positive mode
using multiple-reaction monitoring. Typical retention time
was 3.2 min. Quantification was performed using peak area
ratios and standard curves (with y=a + bx, weighting fac-
tor = 1/x*) prepared from calibration standards. The lower
limit of quantification was 1.00 ng/mL. The between- and
within-run precision for quality controls expressed as a
coefficient of variation were not greater than 16.9%, with
deviations from nominal concentrations of no more than
6.3%.

Plasma concentrations of LPA C18:2 were measured
using a validated liquid-chromatography tandem mass spec-
trometry method. This method was not quantitative because
of the presence of endogenous LPA levels in plasma. The
method was based on quantifying the ratio of LPA C18:2/
internal standard (LPA C17:0) peak area. This value was
used to determine the percentage of reductions in LPA by
comparing LPA C18:2/IS in a sample collected at each time
point with the one in the baseline sample. The quality-con-
trol samples were prepared and used to qualify each analyti-
cal batch at final concentrations of 0 (no LPA spike), 45, and
182 nM. Precision was estimated for each run using+15%
as the acceptance criterion (at least 67% and at least one
quality control per concentration had to be within 15%
precision). The effect of GLPG1690 on LPA C18:2 values
was expressed as the percentage reduction vs. baseline: %
LPA C18:2 peak area ratio reduction from baseline =100
— (100 x visit/baseline).

2.3 Population Pharmacokinetic
and Pharmacokinetic/Pharmacodynamic
Modeling

The population analyses and statistical methods were based
on the US Food and Drug Administration [15] and European
Medicines Agency guidance documents [16].

2.3.1 Population Pharmacokinetic and Pharmacokinetic/
Pharmacodynamic Data Assembly

Dose records describing GLPG1690 dosing amounts and
actual time of administration, baseline covariates, and
measured GLPG1690 plasma concentrations were merged
and formatted as a NONMEM-compatible analysis dataset
using SAS® (Version 9.4, SAS Institute, Cary, NC, USA).
All data assembly programs were documented and archived
to maintain an audit trail. Plasma LPA C18:2 reported for
individual subjects treated with GLPG1690 was included in
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the analysis dataset for simultaneous fitting of PK param-
eters and the PK/PD relationship.

2.3.2 Exploratory Data Analysis

GLPG1690 plasma concentrations and plasma LPA C18:2
vs. time profiles were explored graphically for the iden-
tification of potential outliers. The graphical analysis of
GLPG1690 plasma concentrations and plasma LPA C18:2
provided initial directions to the structural, statistical, and
residual error model components of the combined popula-
tion pharmacokinetic and PK/PD model. Covariate summary
statistics were provided across studies.

2.3.3 Covariates

Covariate analysis was conducted as part of the popu-
lation PK and PK/PD analyses to explain variability in
GLPG1690 plasma concentrations and observed LPA
C18:2 responses, respectively. The covariate-tested mod-
els were demographics (PK and PK/PD models), formu-
lation, and rifampin administration (PK model only),
baseline LPA, single vs. multiple ascending dose parts
of the FiH study, and HV vs. IPF patient status (PK/PD
model only).

2.3.4 Starting Population Pharmacokinetic Model

The time course of GLPG1690 plasma concentrations was
described by a two-compartment structural model with oral
absorption and linear elimination. Different random-effect
models, and the effect of extrinsic covariates (e.g., rifampin
administration, formulation) on different model parameters
were evaluated on the starting model resulting in the base
model.

2.3.5 Pharmacokinetic and Pharmacokinetic/
Pharmacodynamic Full and Final Model Development

The association between subject-level covariates, PK
parameters, and predictors of plasma LPA C18:2 was
evaluated in a stepwise manner, applying an iterative
addition and deletion covariate selection strategy. Model
selection was performed based on the likelihood ratio test
and the NONMEM objective function value (OFV) by
iteratively adding the most significant of the evaluated
covariate-parameter relationships until no more statisti-
cally significant covariates (at p =0.01) were found. Sub-
sequently, the least significant covariate was eliminated

in a backward deletion procedure until no non-significant
covariates (at p=0.001) were left in the model. Finally,
covariates that did not lead to at least a 10% reduction in
the corresponding between-patient random-effect vari-
ance (w?) were excluded from the covariate model. The
PK/PD stepwise covariate model building was automated
by the stepwise covariate modeling script included in the
PsN toolkit.

2.3.6 Pharmacokinetic Model Evaluation

Alternative models were compared based on the model fit
(i.e., OFV), precision of parameter estimates (relative stand-
ard error, %RSE), condition number, and random-effect and
residual error model variances. The model with a statisti-
cally significantly lower objective function was preferred.
However, it could have been discarded based on the esti-
mated uncertainty of any fixed model parameters, if any
parameter estimate appeared implausible, or if diagnostic
plots and methods (e.g., bootstrap evaluation, visual predic-
tive check) indicated that the model showed substantial bias
or was unable to describe the trends and variability of the
observed data.

2.3.7 Pharmacokinetic/Pharmacodynamic Modeling
of Plasma Lysophosphatidic Acid C18:2

A PK/PD analysis was conducted to describe the relation-
ship between GLPG1690 and LPA C18:2 plasma concen-
trations. The PK/PD analysis reported individual plasma
LPA C18:2 (from the FiH and PoC studies) to individual-
predicted exposures in a regression analysis framework.
The HVs participating on multiple occasions in the SAD
part of the FiH study were considered as independent vol-
unteers in the analysis, given the washout period (1 week)
between occasions. This approach implicitly accounted
for between-occasion variability. The starting model was
a direct response (regression) model under the assumption
that the delay between changes in GLPG1690 and LPA
C18:2 plasma concentrations was negligible.

Model variations including different random-effect
models, and structural covariates (e.g., study subpopula-
tions) on different model parameters, non-linearities (Hill
factors), and the impact of delays between PK and PD
responses were compared to the starting model. The sta-
tistical model was built using the same principles as used
for the population PK analysis and the developed PK/PD
model was evaluated using similar diagnostic methods.
Outlying data records with an unreasonably large time
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period since the last dose or large conditional weighted
residuals based on a preliminary model were flagged for
exclusion from the analysis.

2.3.8 Model Diagnostics and Evaluation

Alternative models were compared based on the model fit
(i.e., OFV), precision of parameter estimates (%RSE), con-
dition number, and random-effect and residual error model
variances. Diagnostics included comparative objective func-
tion values, plausibility of parameter estimates, and good-
ness-of-fit plots.

A non-parametric bootstrap was performed to rule out
substantial bias in the estimates. Additionally, visual pre-
dictive checks were performed, where 1000 replicates of
the analysis dataset were performed and the quartiles of
observed data were superposed on the simulated data to
demonstrate the ability of the model to adequately describe
the mean trend and variability in the observed data.

2.3.9 Model-Based Simulations

Typical Patient Simulations The developed combined
population PK and PK/PD model was simulated to eluci-
date the relationship between dose, exposure, and plasma
LPA C18:2 in the typical patient with IPF, incorporating
uncertainty in the model parameter estimates. Two hundred
and fifty sets of parameters from the variance—covariance
matrix of the estimates were sampled. Patient covari-
ates identified in the population PK and PK/PD analyses
were set to typical (i.e., median or most frequent) values,
while random effects (random effects are denoted as ETA
in NONMEM) were set to zero. The default simulation
scenario was a typical patient with IPF treated with a
GLPG1690 capsule, not taking rifampin, with a baseline
plasma LPA C18:2 of 0.36. Health status was not found
to be a covariate on any of the PD parameters; hence, the
maximal (possible) plasma LPA C18:2 reduction ({,,,)
was based on the value estimated for the pooled HV and
patient data.

The simulated steady-state exposure was summarized
as maximal GLPG1690 plasma concentration (C,,,,) and
exposure during a 24-h interval (AUC,,;) with a 95% con-
fidence interval (CI) for total daily doses of 50, 100, 200,
300, 600, and 1000 mg administered QD or BID. Simi-
larly, simulated plasma LPA C18:2 was summarized as
the maximal plasma LPA C18:2 reduction from baseline
and area under the (baseline-corrected) plasma LPA C18:2
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effect curve during a 24-h interval (AUEC,,;,) with a 95%
CI for the same set of GLPG1690 doses.

Individual Subject Simulations Simulations accounting
for between-subject variability were performed to describe
the distribution of PK and PD responses predicted for total
QD doses between 50 and 1000 mg. The baseline plasma
LPA C18:2 (LPA C18:2p;) was sampled from a uniform
distribution covering the range of reported values for 15
patients in the PoC patient study (0.14-0.59), excluding
one patient with a reported LPA C18:25; value of 1.3,
which was considered an outlier. Unexplained between-
patient variability was accounted for by sampling random
effects from the variance—covariance matrix describing
patient-level random effects in the final model. The simu-
lations included 10,000 virtual patients replicated across
seven GLPG1690 dose levels from 50- to 1000-mg QD
dosing.

The individual patient simulations results were sum-
marized as the 2.5th, 10th, 25th, and 50th (median) per-
centile of individual C,,,,, AUC,,;,, maximal plasma LPA
C18:2 reduction (/,,,), and LPA C18:2 AUEC,,, with
90% prediction intervals. Parameter uncertainty was not
accounted for in the individual patient simulations, reflect-
ing an assumption that the maximum likelihood param-
eters estimated by the model were close to the true values.

3 Results

3.1 Subject/Patient Disposition and Dataset
Summary

A summary of the number of subjects and GLPG1690 and
LPA C18:2 plasma concentrations included in the analy-
sis dataset, as well as subject covariates and the number
of PK/PD samples according to the GLPG1690 regimen
included in the analysis dataset are summarized in Table 2.
The concentrations below the limit of quantification
(1.00 ng/mL) excluded from the dataset represented 11%
(166/1514) of the total number of values of the dataset.

To illustrate the PK data used in the PK/PD modeling,
a scatterplot of the dose—normalized GLPG1690 plasma
concentrations as a function of time since the last dose is
presented in Fig. 2. Additionally, selected LPA C18:2 vs.
time profiles for single doses ranging from 20 to1500 mg
and repeat doses of 150, 600, and 1000 mg, each given QD
or BID (150 mg) for 14 days, are also presented.
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Table 2 Subject demographics, baseline characteristics, and number of samples used/excluded in the population pharmacokinetic/pharmacody-

namic analysis

Demographic, mean (range)

First-in-human study, SAD

First-in-human

Drug—drug interaction study PoC study (NCT02738801)

or % (NCT02179502) study, MAD (IND130687)
(NCT02179502)

Number of subjects in the 16 24 18 23

study
Sex 100% male 100% male 100% male 56.25% male,

43.75% female

Age, y 39.5 (21-49) 39.2 (24-49) 34.9 (21-49) 66.8 (54-79)
Weight, kg 80.1 (69.40-98.8) 80.30 (64.20-98) 83.80 (66.75-104.50) 83.10 (66.30-110)
BMI, kg/m? 24.5 (20.0-30.0) 25.4 (22.0-30.0) 26.1 (20.6-29.4) 29.7 (24.8-39.1)
LPA C18:25;, 0.474 (0.239-0.884) 0.174 (0.104-0.319)  N/A 0.329 (0.136-1.305)
Number of NONMEM ID/  48/417 18/414 18/393 16/122

number of PK samples
Number of NONMEM ID/  42/477 48/342 N/A 16/75

number of PD samples
Number of PK samples - 1 sample was missing sam- 15 duplicate pre-dose con-

excluded ple time centrations were excluded

Number of PD samples
excluded

1 sample was missing a LPA value

1 sample with concentra-
tion<LOQ at 72 h since
last dose

3 samples were missing
values

1 sample with concentra-
tion<LOQ at95.5h
since last dose

1 sample collected approxi-
mately 9 wk since last
dose

Median (range) presented for demographic variables

BMI body mass index, IND Investigational New Drug, LOQ limit of quantitation, LPA lysophosphatidic acid, LPAy; baseline lysophospha-
tidic acid, MAD multiple ascending dose, N/A not applicable, PD pharmacodynamics, PK pharmacokinetics, PoC proof-of-concept, SAD single

ascending dose

FIH

, study part: SAD

100

= v
€ 10.00 |
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: RN AR A
S ¥ . £}
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Fig.2 Dose-normalized = GLPG1690  concentration—time

lysophosphatidic acid (LPA) C18:2—time plots of data used for the

40 60

Time since last dose (hr)

and

population pharmacokinetic and pharmacodynamic analyses. DDI

20 mg suspension
~+=60 mg suspension
e~ 150 mg suspension
~+-300 mg suspension
~+=600 mg suspension
1000 mg suspension

1500 mg suspension

FIH, study part: MAD

Plasma LPA18:2 reduction (%)

150 mg suspension
=+=600 mg suspension

~+=1000 mg suspension
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Time since last dose on Day 14 (hr)

drug—drug interaction, FiH first-in-human, /PF idiopathic pulmonary
fibrosis, MAD multiple ascending dose, SAD single ascending dose
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GLPG1690 dose
F1

Absorption:

A C

KEO .-

Effect/delay

cmt: Ce

Peripheral:
C

VP3

periph’

Dose

Cerr=C + CPreCpe

plasma

Drug effect = lyax i Cepe/ (Cere+1Cog)
LPA C18:2 = LPA C18:2,,-(1 — Drug effect)

Fig.3 Structure of the combined GLPG1690 population pharma-
cokinetic and plasma lysophosphatidic acid (LPA) C18:2 pharma-
cokinetic/pharmacodynamic model. A GLPG1690 amount in the
absorption compartment, Cyp effective concentration (weighted sum
of plasma and effect compartment concentration), CLg; p slope of the
linear relationship between GLPG1690 dose and apparent clearance,
Cprasma and Cperipn, GLPG1690 concentration in the central (plasma)
and peripheral compartments, CPgg weighting factor between

plasma and effect compartment concentration, C,. (hypothetical)

3.2 GLPG1690 Population Pharmacokinetic/
Pharmacodynamic Model

The observed concentration and LPA C18:2 response was
described in a combined population PK and PK/PD model,
as shown in Fig. 3.

d

EA =-KA;-A
d

VP2 - Ecp[u.\ma =KA;-A—-Q23- (Cplasma - Cperiph) — CL{(DOSE) - Cpyma
d

VP3 - Ecperiph =023 (Cplasma - Cperiph)

d

d_[ Cpc =KEO - (Cplasmn - Cpr’)

CL,(DOSE) = TVCL, - (1 — CLg;, - DOSE)

CE["F = Cplasmu + CP, REL * Cpe

I o Crope
LPA Cg., = LPA Cig. 5 - <1 MAx.i * CEFF >

Cepr +1Csp,

The pharmacokinetics of GLPG1690 was described
by a two-compartment model with first-order absorp-
tion and dose-dependent elimination, where the apparent
systemic clearance (CL) decreased with increasing doses.
This is further depicted in Fig. 3, and the transfer of mass

A\ Adis

effect compartment concentration, F/ bioavailability, ,,,,; maximal
reduction in plasma LPA C18:2, KA; absorption rate constant, KEO
rate constant of the effect compartment, Q,; apparent inter-compart-
mental clearance, TVCL; typical apparent clearance for subject i, VP2
apparent volume of distribution of central compartment, VP3 appar-
ent volume of distribution of peripheral compartment. For simplicity,
covariate relations (apart from dose effect on clearance) and defini-
tion of random effects are not explicitly shown

balance is described with the help of differential equa-
tions. To elaborate further, GLPG1690 is absorbed into
the central compartment following oral dosing. There is
exchange of drug between the central and a peripheral
compartment, governed by a first-order process, whereby
0,3 is the inter-compartmental clearance. It undergoes
elimination from the central compartment in a dose-
dependent manner, i.e., the higher the dose, the lower
the clearance.

Visual exploration of the PK and PD data revealed a
transient hysteresis and this was described with a hypotheti-
cal effect compartment (Cpe), see Figs. S1 and S2 of the
Electronic Supplementary Material (ESM). The observed
plasma LPA C18:2 could be described by an /,, function
driven by “effective concentration”, defined as a weighted
sum of plasma GLPG1690 and “effect site” concentration
in the said hypothetical effect compartment. Inclusion of
the effect compartment resulted in a statistically signifi-
cant improvement of the model (46 points reduction of
OFV for 2 df, p<0.0001). The estimated weighting factor
allowed the model to describe a biphasic plasma LPA C18:2
response to GLPG1690 plasma concentrations composed of
an immediate component driven by plasma the GLPG1690
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Table 3 Final model parameter estimates and bootstrap results

Parameter Estimate in physical units Estimate (%RSE) BSV variance (%RSE) Bootstrap 95% CI of Bootstrap 95% CI
estimate estimate of BSV

CL? 23.3 L/h (54.2%cv) 3.15(2.22) 0.294 (13) 2.998-3.269 0.1543-0.4553
vp2? 14.1 L (93.7%cv) 2.65 (4.48) 0.877 (14) 2.445-2.888 0.381-1.449
CL x VP2 covariance 70.3% (correlation) - 0.357 (18) - 0.135-0.6288
KA? 0.222/h (13.9%cv) —1.51(3.28) 0.0194 (27.7) —1.591 to — 1.389 0.00294-0.04116
0,5* 1.14 L/h 0.130 (153) - —0.2298 t0 0.5158 -
VP3? 125L 2.53 (5.01) - 2.312-2.778 -
KA (capsule) 16.2% change 0.162 (42.1) - 0.04168-0.285 -
Relative bioavailability 9.94% —2.31(5.84) - —2.58 to — 2.057 -

F1 with DDI?
KA with DDI 117% change 1.17 (13.2%) - 0.8704-1.54 -
CL(DOSE) —0.0415% change/mg 0.000415 (12.5) - 0.0003045-0.0004993 -
Il 90.8% 1.33 (4.15) 0.0324 (10.8) 1.218-1.499 0.0161-0.044
| (O 114 ng/mL (35.9%cv) 4.74 (3.08) 0.129 (15.8) 4.461-5.095 0.04571-0.2102
KEO?* 0.0982/h —-2.32(5) - —2.562t0 —2.11 -
CPgp” 0.303 —1.20 (16.2) - —1.616to — 0.745 -
I at occasion 2 of the ~ 83.33% —0.36 (19.9) —0.5861 to — 0.2118

FIH study, SAD part
I . at occasion 3 of the ~ 80.97% —0.4504 (18.4) —0.6433 to —0.2277

FIH study, SAD part
I ..« at day 14 and later 93.72% 0.2043 (13.9) 0.1385-0.2611

of the FIH study, MAD

part

GLPG1690 RUV in 23.3% change 0.209 (50.5)
patients with IPF*

Plasma LPA C18:2 RUV  64.9% change 0.500 (22.6)
in patients with IPF*

ICs, (LPA C18:25)¢ —4.41% —0.473 (23.8)

change/+ 10%
I (LPA C18:25)° 91.7% at typical baseline  0.5805 (26)
+0.1

VP2 in IPF patients 559% change 5.59 (24.2)

GLPG1690 RUV 44.8%cv 0.200 (5.86)

Plasma LPA C18:2 RUV  27.6%cv 0.0762 (3.09)

- —0.03705 to 0.4562

- 0.2115-0.721 -

- —0.7344 to — 0.1537 -

- 0.2506-1.389 -

- 2.671-8.647 -
- 0.1514-0.2398 -
- 0.06678-0.08577 -

CI confidence interval, CL clearance, CPpy; weighting factor between plasma and effect compartment concentration, DDI drug—drug interaction,
FIH first-in-human, F1 bioavailability, /Cs, 50% inhibitory concentration value, /,,, maximal reduction of plasma LPA C18:2, IPF idiopathic
pulmonary fibrosis, KA absorption rate constant, KEO rate constant of the effect compartment, LPA lysophosphatidic acid, LPA C18:2 baseline
lysophosphatidic acid, MAD multiple ascending dose, Q,; apparent inter-compartmental clearance, RUV residual unexplained variability, SAD
single ascending dose, VP2 apparent volume of distribution of central compartment, VP3 apparent volume of distribution of peripheral compart-

ment
“Log-transformed parameter

®Probit transformed parameter

“Power function covariate relation (as a function of baseline LPA C18:2) on log-transformed parameter

dLinear covariate relation (as a function of baseline LPA C18:2) on probit-transformed parameter

concentration and a delayed component driven by the effect-
site concentration.

Correlated random effects were included on CL and the
apparent volume of distribution of central compartment
(VP2). In addition, random effects on GLPG1690 absorp-
tion rate, and the /,, and I1Cs, parameters describing the
PK/PD relationship were included. Including a covariance

term on [, and ICs, did not improve the model. The
model described the log-transformed GLPG1690 plasma
concentration and plasma LPA C18:2 with residual unex-
plained variability described by an additive residual
error model. A study effect was included on the residual
unexplained variability variance, allowing the model to
describe a higher variance in the PoC patient study.
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Fig.4 Goodness-of-fit assessment comparing observed GLPG1690
plasma concentrations with the corresponding individual (a) and pop-
ulation predictions (b), Q-Q plot of conditional weighted residuals
(¢), and conditional weighted residuals vs. time, population-predicted
GLPG1690 plasma concentration, and by treatment group (d—f). The
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solid black and blue lines show the line of unity and linear regression
(with 95% confidence interval), respectively. DDI drug—drug inter-
action, FiH first-in-human, /PF idiopathic pulmonary fibrosis, MAD

multiple ascending dose, SAD single ascending dose
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Fig.5 Goodness-of-fit assessment comparing observed plasma
lysophosphatidic acid (LPA) C18:2 with the corresponding individ-
ual (a) and population predictions (b) and Q—Q plot of conditional
weighted residuals [CWRES] (C), and CWRES vs. time, population-
predicted LPA C18:2, and by treatment group (d—f). The solid black

(B)

(D)

(F)

(log) LPA18:2 goodness—of—fit

FIH, study part: SAD
FIH, study part: MAD
IPF patients

Pop. predictions

Observations

LPA18:2 conditional weighted residuals (CWRES)

FIH, study part: MAD day 1
FIH, study part: MAD later
FIH, study part: SAD day 1
FIH, study part: SAD later

IPF patients

Ay BGHERTRERED WO B
e

Conditional weighted residuals
o

o 0. BES SNPRS00 @

0 500 1000 1500 2000 2500
Time (hr)

LPA18:2 conditional weighted residuals (CWRES)

| =

Conditional weighted residuals
<
|

20 mg suspension
60 mg suspension
150 mg suspension
300 mg suspension
600 mg suspension
600 mg capsule
1000 mg suspension
1500 mg suspension

and blue lines show the line of unity and linear regression (with 95%
confidence interval), respectively. DDI drug—drug interaction, FiH
first-in-human, /PF idiopathic pulmonary fibrosis, MAD multiple
ascending dose, SAD single ascending dose
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Fig.6 Visual predictive checks (VPC) of all data on day 1 (left) and day 14 (right). LPA lysophosphatidic acid. CI confidence interval

A summary of estimated parameter values of the final
GLPG1690 population PK and plasma LPA C18:2 PK/PD
model is shown in Table 3. Most parameters were estimated
with residual standard errors (RSEs) well below 50%. An
exception was the apparent inter-compartmental clearance
(Q,3). However, because this was modeled as a log-trans-
formed parameter, this was considered acceptable. Addi-
tionally, the relative increase in the RUV of the GLPG1690
plasma concentration in the patient study was estimated
with a RSE slightly above 50%. However, for symmetry
reasons (e.g., the similar effect estimated on plasma LPA

C18:2 RUV), the parameter was retained in the model. The
maximum likelihood estimate and the appropriateness of the
parametric confidence intervals were confirmed by a boot-
strap evaluation of the model. Two and eight runs out of 250
were discarded because of non-convergence and parameter
estimates near a boundary, respectively.

3.3 Covariate Effects

Subject health status (HV vs. IPF) was included as a covari-
ate on the VP2 with~560% increased volume in patients

Table 4 Simulated typical patient dose-response relationship of GLPG1690 pharmacokinetics and plasma lysophosphatidic acid (LPA) C18:2

pharmacodynamics at steady state

GLPG1690 treatment (mg GLPG1690 C,

max

(ng/mL) GLPG1690 AUC (ug/

Maximal plasma LPA C18:2 Plasma LPA C18:2

total daily dose)

[95% CI]

mL h) [95% CT]

reduction (%) [95% CI]

AUEC (%h) [95%
e}

50 QD 204 [172-254] 2.19 [1.96-2.58]
50 BID 124 [108-147] 2.19[1.96-2.58]
100 QD 413 [348-514] 4.48 [4.02-5.25]
100 BID 252 [220-299] 4.48 [4.02-5.25]
150 QD 626 [528-780] 6.86 [6.17-8.02]
150 BID 385 [336-457] 6.86 [6.17-8.02]
200 QD 845 [713-1050] 9.36 [8.43-10.9]
200 BID 522 [456-620] 9.36 [8.43-10.9]
300 QD 1300 [1100-1610] 14.7 [13.3-16.9]
300 BID 811 [711-962] 14.7 [13.3-16.9]
600 QD 2830 [2370-3480] 34.3 [31.1-38.5]
600 BID 1830 [1610-2150] 34.3 [31.1-38.5]
1000 QD 5420 [4460-6690] 73.3 [63.4-84.2]
1000 BID 3720 [3150-4390] 73.3 [63.4-84.2]

60.7 [55.2-66.6]
51.8 [46.8-57.8]
73 [68.9-76.9]
66.3 [62-70.6]
78.2[75.1-81]
73.1 [69.5-76.5]
81.1[78.7-83.3]
77 [74.1-79.8]
84.3 [82.4-86]
81.4 [79.3-83.4]
87.7 [86.3-89.2]
86.4 [84.9-87.9]
89.2 [87.6-90.8]
88.6 [87-90.2]

1010 [902-1140]
1100 [970—1240]
1360 [1240-1480]
1470 [1360—1580]
1550 [1440-1660]
1650 [1570-1750]
1670 [1570-1770]
1770 [1690—1840]
1820 [1740-1890]
1900 [1840-1950]
2020 [1950-2050]
2050 [2010-2090]
2110 [2050-2140]
2120 [2080-2160]

AUC area under the curve, AUEC area under the effect curve, BID twice daily, CI confidence interval, C,

max

once daily
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maximum plasma concentration, QD
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Fig.7 Percentiles of individual- GLPG1690 AUC (mcg/ml.hr) GLPG1690 CMAX (ng/ml)
simulated steady-state area
under the curve (AUC, top-left),
maximum plasma concentration 60
(Cipax» top-right), area under the 4000 -
effect curve (AUEC, bottom-
left), and maximal plasma 40+
lysophosphatidic acid (LPA) 2000 -
C18:2 reduction (bottom-right) 20 -
at GLPG1690 doses between 50 .
and 1000 mg once daily 0- 0- 2.5th %ile
—o—10th %ile
LPA18:2 AUEC (%.hr) Max LPA18:2 inhibition (%) o 25th %ile
(o]
2000 A 80- 50th %ile
1500 A
60 -
1000
40 -
500 A
TIrrr é é é TIrrr é é é
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—N O © S —N ® © S
GLPG1690 dose (mg)
GLPG1690 5150 (%) was 10% of that in its absence. Finally, higher LPA C18:24;
132: resulted in lower ICs; and higher /.. For an LPA C18:25;
504 of 0.36, the maximal reduction of LPA C18:2 was 91%. The
0_3 22: estimated [, tended to be higher following multiple (94%)
g T as compared with single (81%) doses (see Table 3).
£ 1001 2.5th %ile Figures 4 and 5 show the goodness-of-fit plots of the pop-
20 - 10th %ile ulation and individual predictions for the PK and the PK/
§ 251 “easn %f'e PD model, respectively. The predictions appeared to scatter
g . GLPG1690510%0 (%) som el randomly around the line of unity, indicating an unbiased
3 100 model. The slope of the regression line (Fig. 4) indicated a
. ;g slight regression to the mean, which is commonly observed
251 / in population PK and PK/PD models. In Fig. 4a, b, a small
0 ® T T

o o
=] o
® ©

GLPG1690 dose (mg)

50
100
150
200

1000

Fig.8 Percentiles of individual-simulated fractions of the dosing
interval where plasma concentrations of GLPG1690 lie above the
50% inhibitory concentration value (top), 80% inhibitory concentra-
tion value (middle), or 90% inhibitory concentration value (bottom)
at doses between 50 and 1000 mg once daily. IC50/80/90 percentage
of concentrations resulting in 50, 80, and 90% of the maximal effect

with IPF. Furthermore, both formulation and rifampin
administration were found to be covariates on the rate of
absorption. The absorption rate was 16% higher for the
capsule compared with the suspension, and 117% higher in
the presence of rifampin as compared with the absence of
rifampin. Relative bioavailability in the presence of rifampin

number of samples from the DDI study appeared above the
scatter of dots, indicating a model over-prediction of these
observations. Diagnostic plots (Fig. 4c—e) for both figures
confirmed that the residuals were acceptable. Boxplots of
population conditional weighted residuals (Figs. 4 and 5f)
stratified by treatment group confirmed that the population
PK and PK/PD model showed no meaningful bias with
respect to dose and formulation.

Figure 6 shows VPCs of the full analysis dataset with
good agreement between observed and simulated data
for the majority of the analysis dataset. The simulated
95% CI of these statistics covered or almost covered the
corresponding observed metrics on day 1 (left panel),
with the model slightly over-predicting the dose-nor-
malized GLPG1690 plasma concentration at the 97.5th
percentile of the study population. The model slightly
under-predicted the dose-normalized GLPG1690 plasma
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Table 5 Summary of metrics of the individual patient simulations for treatment with GLPG1690 at steady-state doses between 200 and 600 mg

once daily (QD)

Summary variable 200 mg 300 mg 600 mg
GLPG1690 QD GLPG1690 QD GLPG1690
QD
Patients > ICy, for during the entire dosing interval (%) 24.7 43.4 79.8
Patients reaching 50% plasma LPA C18:2 reduction (%) 99.4 99.9 100
Patients reaching 80% plasma LPA C18:2 reduction (%) 51.3 69.7 91.0
Patients reaching 90% plasma LPA C18:2 reduction (%) 3.22 7.39 223
Median fraction of the dosing interval with GLPG1690 plasma concentration>ICs (%) 79.0 94.0 100
Median fraction of the dosing interval with GLPG1690 plasma concentration > ICg (%) 36.0 51.0 82.0
Median fraction of the dosing interval with GLPG1690 plasma concentration > ICy, (%) 0 20.0 54.0

ICsy, ICg), ICyy 50%, 80%, 90% inhibitory concentration value, respectively, LPA lysophosphatidic acid

754

50 1

25

Fraction of patients (%)

T
o
o
©

GLPG1690 dose (mg)

50
100
1501
200
300

10004

Patients reaching 50% plasma LPA18:2 inhibition
—e— Patients reaching 80% plasma LPA18:2 inhibition
Patients reaching 90% plasma LPA18:2 inhibition

Fig.9 Fraction of individual-simulated patients reaching 50, 80,
and 90% reductions of plasma lysophosphatidic acid (LPA) C18:2 at
GLPG1690 doses between 50 and 1000 mg once daily

concentration at the 2.5th percentile of the population dur-
ing the 48 h after the dose on day 14 (right panel). While
the average and variability of plasma LPA C18:2 was gen-
erally well described on both days 1 and 14, the plasma
LPA C18:2 at 24 h after the dose on day 14 was lower than
expected and not well described by the model.

3.4 Model-Based Simulations

Table 4 shows the simulated AUC,,;,, AUEC,,, C,,.. and
maximal plasma LPA C18:2 reduction (with 95% CI) at
steady state for GLPG1690 across a range of dosing regi-
mens between 50 mg QD and 1000 mg BID for the typical
patient with IPF. The simulations showed that a dose of
200 mg QD led to an 81% (79-83%) LPA C18:2 reduction,
and at a dose of 600 mg QD, the expected reduction was
88% (86—89%).

Figure 7 also shows visualizations of the 50th, 25th, 10th,
and 2.5th percentiles of individual simulated GLPG1690
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C..x and AUC, and a maximal plasma LPA C18:2 reduction
and AUEC within the 50- to 1000-mg QD dose range. The
impact of between-patient variability is illustrated by the
difference between the curves representing different percen-
tiles of the simulated population in each panel. There was an
increasing response when raising the GLPG1690 dose from
200 to 300 and 600 mg QD for all summary variables. The
curvature of the relationship between GLPG1690 dose and
AUC reflects the implicit dose dependence on CL (estimated
to decrease by approximately 4% per 100-mg increase of the
GLPG1690 dose) included in the developed model (also see
Fig. S3 of the ESM).

Most simulated patients reached a 50% reduction at
200 mg QD, with limited improvement in this metric when
increasing the dose to 600 mg QD, indicating a high potency
for LPA C18:2 reduction. Figure 8 summarizes the percen-
tiles of individual-simulated fractions of the steady-state
dosing interval above ICs, (114 ng/mL, see Table 5), ICy,
(defined as 80%/20% times 1Cs), and IC90 (90%/10% times
ICs,) at GLPG1690 doses between 50 and 1000 mg QD.
The first panel shows that 75% of the simulated patients
have a GLPG1690 plasma concentration above the ICs, for
the entire dosing interval at doses of at least 600 mg QD. In
comparison, in 10% of patients treated with 600 mg QD, the
GLPG1690 plasma concentration did not reach 1Cy,,.

Figure 9 summarizes the percentiles of the fractions of
simulated patients achieving 50, 80, or 90% reductions in
LPA C18:2 as compared to baseline levels for a dose range
from 50 to 1000 mg QD. Almost 75% of simulated patients
reached the ICs at the lowest simulated dose of 50 mg of
GLPG1690 QD. At 150 mg, nearly all simulated patients
(> 98%) reached ICs,. The higher targets of ICg, and ICy,
showed a more pronounced dose-response relationship with
the fraction of simulated patients reaching ICy, increasing
from essentially none (<0.1%) to 36% when increasing the
GLPG1690 dose from 50 to 1000 mg QD. The fraction of
patients reaching ICq, was the most sensitive of the three
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summary metrics, increasing from 4% to 97% across the
range of simulated GLPG1690 doses.

A summary of simulations for selected dosing regi-
mens shows improved response with an increasing dose
of GLPG1690 from 200 to 300 and 600 mg QD (Table 5).
Almost all simulated patients reached a 50% reduction at
200 mg QD (99.4%) and an 80% reduction at the highest
dose of 600 mg QD (91.0%).

4 Discussion

The pharmacokinetics of GLPG1690 was found to be
adequately described by a two-compartment model with
first-order absorption and dose-dependent elimination.
Systemic clearance was found to decrease with increas-
ing doses by approximately 4% for a 100-mg increase in
GLPG1690 dose. Baseline covariates were included in the
model to explain between-patient variability. Patient health
status was identified as a significant and highly impactful
covariate on the central volume of distribution, indicat-
ing an approximately 560% increase in volume in patients
with IPF compared with HVs. This apparent disparity
was most likely the result of a sparse sampling strategy
in the PoC study, whereby PK samples were not taken
around the time to C,,,, resulting in an underestimation
of the C,,,, [17]. Absorption rate was estimated to be 16%
higher for GLPG1690 administered as an oral capsule
compared with a suspension. However, the overall expo-
sure was comparable between HV and patients with IPF
who received the capsule formulation in the IPF patient
study. Furthermore, absorption rate was 117% higher in
the presence of rifampin compared to without rifampin.
Co-administration with rifampin also affected the relative
bioavailability, which was estimated at 10% compared to
the bioavailability without rifampin without impacting
the clearance of GLPG1690. Hence, rifampin co-admin-
istration did not impact the elimination of GLPG1690,
but rather its absorption and bioavailability, resulting in
decreased exposure [18]. Rifampin induces both intestinal
P-gp as well as CYP3A4 [19]. As GLPG1690 has been
shown to be a substrate of CYP3A4 and P-gp in an in vitro
assay, we hypothesize that induction of the efflux trans-
porter P-gp at the gut level was likely the explanation of
the effect observed of rifampin on decreasing GLPG1690
exposure. To date, this hypothesis has not been confirmed
by clinical data.

GLPG1690 caused an extensive and sustained reduction
of LPA C18:2. A PK/PD model was developed to charac-
terize the plasma LPA C18:2 biomarker response predicted
by the GLPG1690 plasma concentration. Exploratory
analyses indicated that the extent of hysteresis between the
GLPG1690 plasma concentration and plasma LPA C18:2

was short lived, precluding the use of a turnover model [20].
Nevertheless, a model including an effect of delayed (“effect-
site”’) concentration was found to improve the description of
the observed plasma LPA C18:2 data, as evidenced by a
reduction in the OFV function. The PK/PD relationship was
described by an /,,, model, where the predictor of response
was the model-predicted effective concentration. A higher
baseline LPA C18:2 predicted both higher potency and effi-
cacy (lower ICy, and higher /., respectively). It has been
reported that LPA levels are higher in female individuals and
our observations in the PoC study are in line with this report
[21] (see Fig. S4, Table S1 in the ESM). Median baseline
LPA C18:2 levels were 0.47 and 0.36 in female and male
individuals, respectively; LPA reductions were thus higher
in female individuals. It should be noted that the dataset did
not have equal representation of female and male subjects,
hence no firm conclusions can be made on this covariate
at this stage, but this hypothesis merits further evaluation.

The model predicted the exposure that would theoretically
result in a half-maximal reduction of LPA C18:2 response
(ICsp) at 114 ng/mL GLPG1690, which is in the same order
of magnitude as the relative potency established in the
ex vivo human plasma assay (ICs,: 131 nM and 242 nM,
i.e., 77.1-142 ng/mL).

The PD response was simulated in a typical patient by
predicting exposures for GLPG1690 and a reduction in LPA
C18:2 based on the developed PK/PD model. To summa-
rize, our work suggest that the therapeutic dose would range
between 200 and 600 mg QD, with a maximal reduction
of plasma LPA C18:2 at steady state of 81% in the typical
patient following 200 mg QD, and practically all simulated
patients reaching plasma concentrations above the ICs,. To
avoid disrupting the physiological functions mediated by
LPA C18:2, higher levels of reduction may be undesirable,
and may be difficult to achieve because LPA production can
occur along multiple pathways [1]. Similarly, the fraction
of the dosing interval with concentrations above the ICy,
was considerable at these doses, with half of the simulated
patients predicted to maintain GLPG1690 plasma concen-
trations above the LPA C18:2 ICs, for at least 79% of the
dosing interval at 200 mg QD.

The relationship between the clinical endpoint [absolute
and relative forced vital capacity (FVC)], LPA C18:2, and
GLPG1690 exposures was explored (data not shown); how-
ever, no correlations were evident. This could be attributed
to the fact that there was only one active dose in the PoC
study (600 mg QD), which precluded characterization of
these putative relationships. However, the patients in the
GLPG1690 arm showed a stabilization in their FVC meas-
urements. Concurrently, statistically significant reductions
in LPA C 18:2 vs. placebo were seen [13]. While a link
between the LPA reduction and the clinical endpoint is yet
to be established, the stabilization of the FVC observed in
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the GLPG1690-treated arm in the POC study is in line with
our predictions of the maximal inhibition of LPA occurring
at a dose of 600 mg QD.

This was a limitation of the design of the current IPF
patient study, and future trials would need to be conducted
with multiple-dose cohorts to elucidate a relationship
between the biomarker and the clinical endpoint. From a
safety standpoint, GLPG1690 was found to be safe and well
tolerated when administered to 17 patients with IPF at daily
doses of 600 mg for a period of 12 weeks. The incidence of
treatment-emergent adverse events was 64.7% in the placebo
group and 66.7% in the GLPG1690 group [13]. GLPG1690
was also well tolerated in the multiple ascending dose study
where it was administered at daily doses of 1000 mg daily
for 14 days to a cohort of HVs. Overall, the treatment-emer-
gent adverse events were of mild to moderate severity. Given
the small sample sizes, these findings need to be confirmed
in larger trials with more heterogeneous patient populations.

5 Conclusions

Based on these results, 200 and 600 mg QD doses were
selected for future clinical trials in patients with IPF.
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