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rheumatoid arthritis (RA). This report describes exposure-response (ER) analyses of
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Methods: The pharmacokinetic exposures used in ER analyses were derived from

Funding information population pharmacokinetic analysis. The exposure-efficacy relationships were
Galapagos NV, Gilead Sciences assessed for efficacy endpoints (ACR20/50/70 and DAS28) over effective area under
curve (AUC.¢), the combined exposures of filgotinib and GS-829845 (major, active
metabolite), with nonlinear logistic regression models developed. Also, a t-test was
performed to compare the exposure between subjects who achieved response and
those who did not. For the ER analyses of safety, exposures were examined between
subjects who experienced and who did not experience the evaluated safety events,
which was conducted separately for filgotinib and GS-829845.

Results: The nonlinear logistic regression showed increasing response with increas-
ing exposure, with exposures at 200 mg dose primarily residing on the curve pla-
teau. Also, AUC was significantly higher in the subjects who achieved responses
compared to those who did not (10900 vs 9900 h*ng/mL for ACR20,
P value <.0001). For exposure-safety analyses, filgotinib and GS-829845
exposures were similar irrespective of the presence/absence of the evaluated
safety endpoints, indicating no exposure-safety relationship for common
treatment-emergent adverse events (TEAEs)/laboratory abnormalities and serious
TEAEs/infections.

Conclusions: ER analyses confirmed that filgotinib produced more robust therapeutic

effects across the exposure range observed at 200 mg once daily compared to lower
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1 | INTRODUCTION
Rheumatoid arthritis (RA) is a chronic, inflammatory joint disease that
primarily involves the lining of synovial joints and can cause progres-
sive disability.! Research efforts are now targeting Janus kinases
(JAK)-signal transducer and activator of transcription proteins (STAT)
signalling cascade as a therapeutic strategy.? The European Medi-
cines Agency and the Pharmaceuticals and Medical Devices Agency
have approved four oral, small-molecule JAK inhibitors, tofacitinib,
baricitinib, upadacitinib and filgotinib for the treatment of RA3™5
These agents differ in their in vitro selectivity profile for JAK sub-
types. Newer generations of JAK inhibitors are more selective, spe-
cifically targeting inhibition of JAK1 while avoiding potential
undesirable effects of inhibiting downstream signalling from JAK2
and JAK3.3¢7

Filgotinib is an oral, once-daily, potent JAK1 preferential inhibi-
tor® that has demonstrated clinical improvement in RA and was
granted marketing approval in the European Union and Japan for
treatment of moderate to severe RA in adults. Filgotinib has met all
the primary endpoints, ACR20 at week 12 or week 24, in its phase
3 clinical trials, FINCH 1, FINCH 2 and FINCH 3.77'! These studies
showed that filgotinib was well tolerated and highly efficacious in
patients with moderately to severely active RA by reducing the
signs and symptoms of disease, improving function and slowing the
progression of joint destruction. Filgotinib also showed clinical bene-

fit in ulcerative colitis'?*®

and is currently being investigated for
treatment of other chronic inflammatory diseases, such as Crohn's
disease.**

The pharmacokinetics of filgotinib have been well characterized
through noncompartmental analyses across phase 1 studies. Filgotinib
is primarily metabolized via carboxylesterase-2 (CES2) to form GS-
829845, the major circulating metabolite of filgotinib. GS-829845 is
also a JAK1 preferential inhibitor but is approximately 10-fold less
potent than the parent and with a longer half-life (approximately
19 hours for GS-829845 vs 7 hours for filgotinib).81>1¢ GS-829845 is
primarily cleared in renal elimination.

This report describes exposure-efficacy and exposure-safety ana-
lyses for filgotinib and its major active metabolite, GS-829845, based
on population pharmacokinetic (PopPK) model-derived PK exposures,
and efficacy and safety data from three phase 3 studies (FINCH
1, FINCH 2 and FINCH 3) and two phase 2 studies (DARWIN 1 and
DARWIN 2) in patients with moderate to severe RA to support dose

recommendation.””1+17-17

doses, and collectively with the lack of exposure-safety relationship, the 200 mg

once daily dose was supported for commercialization.

drug safety, PK-PD, randomized controlled trial, rheumatoid arthritis, therapeutics, Specialties:
filgotinib, JAK inhibitors, exposure-response

What is already known about this subject

o Filgotinib is an oral, potent JAK1 preferential inhibitor,
which has demonstrated clinical improvement in moder-
ate to severe rheumatoid arthritis and has been granted
marketing approval in the European Union and Japan.

e Previous exposure-response analyses based on two
phase 2 studies supported selection of 200 and 100 mg

once-daily doses in the phase 3 studies.

What this study adds

e Exposure-response analyses confirm that filgotinib pro-
duced more robust therapeutic effects across the expo-
sure range observed at 200 mg once daily compared to
lower doses.

e The positive exposure-efficacy relationship and a lack of
exposure-safety relationship on the evaluated safety end-
points supported the 200 mg once-daily dose for
commercialization.

2 | METHODS

21 | Study design and population
The protocol and informed consent for each of the studies were
approved by the local institutional review boards. All subjects pro-
vided written informed consent before study participation. All studies
were conducted according to the principles of the Declaration of Hel-
sinki and the Good Clinical Practice Guidelines of the International
Conference of Harmonisation. The study design, patient eligibility,
dose administration, statistical analyses and study outcome details for
the studies included in this report have been previously published
(FINCH 1: NCT02889796, FINCH 2: NCT02873936, FINCH 3:
NCT02886728, DARWIN 1: NCT01888874, DARWIN 2:
NCT01894516).101117-17

Brief summaries of the study design for each study are as fol-
lows. In the analyses, FINCH 1, FINCH 2 and FINCH 3 were three
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phase 3, randomized, double-blind, placebo- and active-controlled
studies in adults with moderately to severely active RA with
filgotinib 200 or 100 mg once daily in the treatment group, where
subjects (N = 1759) had an inadequate response (IR) to methotrex-
ate (MTX; MTX-IR) in FINCH 1 up to 52 weeks, subjects (N = 449)
had an inadequate response or were intolerant to at least one bio-
logic disease-modifying antirheumatic drug in FINCH 2 up to
24 weeks and subjects (N = 1252) were naive to MTX therapy in
FINCH 3 up to 52 weeks.” 117 DARWIN 1 and DARWIN 2 were
two phase 2, multicentre, 24-week, double-blind, placebo-controlled
studies in subjects with moderately to severely active RA who had
an inadequate response to MTX alone, where filgotinib was add-on
in DARWIN 1 with once-daily doses of 50, 100 and 200 mg and
twice-daily doses of 25, 50 and 100 mg (N = 594) and DARWIN 2
had filgotinib monotherapy with once daily doses of 50, 100 and
200 mg (N = 283).1817

2.2 | Population PK analysis
PopPK was performed to provide model predicted individual PK
parameter estimates for exposure-response (ER) analyses. Data from
seven phase 1 studies, four phase 2 studies and three phase 3 studies
were analysed using nonlinear mixed-effects modelling (NONMEM,
version 7.3.0 or later; ICON Development Solutions, Ellicott City, MD)
and Perl-Speaks-NONMEM (PsN; Uppsala University, Sweden). A
summary of the data, including population, posology, sampling time,
number of subjects and number of data points in the PopPK model-
ling, is shown in Supporting Information Tables S1 and S2. The
bioanalytical methods in the included studies were previously
described.292

Filgotinib and GS-829845 models were developed separately.
Various structural models and random effect models were evaluated
to reach the base models. Stepwise forward addition and backward
elimination were implemented in the covariate model building
process, with evaluated covariates including demographics (age, sex,
body weight, race), pathophysiological factors (baseline estimated
creatinine clearance [CL.], baseline bilirubin, baseline alanine amino-
transferase, baseline aspartate aminotransferase, RA disease status
[subjects with RA vs healthy subjects], baseline C-reactive protein
[CRP] and RA duration) and fed status with rationale described in the
Supporting Information (Rationale for Covariate Selection). Model
selection was done based on a log-likelihood ratio test at an accep-
tance P value of .01 (forward addition) or .001 (backward elimination).
The difference in —2 times the log of the likelihood (—2LL) between a
full and reduced model was assumed to have a X2 asymptotic distribu-
tion with degrees of freedom equal to the difference in number of
parameters between the two models. Model performance evaluation
was based on goodness-of-fit evaluation, prediction corrected visual
predictive check (pcVPC) and bootstrap resampling techniques. Indi-
vidual PK parameter estimates were predicted from the final models

for ER analyses.

2.3 | Exposure-efficacy analysis

The analysis dataset for filgotinib and its active metabolite GS-
829845 included all subjects from the three phase 3 and two phase
2 studies who (i) were randomized/enrolled and had received at least
one dose of filgotinib at the randomized/enrolled phase and (ii) had at
least one nonmissing PK parameter of interest estimated from a
PopPK model (described above) for the analyte of interest. ER ana-
lyses for efficacy were performed following completion of phase
3 and phase 2 studies to support the dose for commercialization.

The primary objective of the included studies was to evaluate the
effect of filgotinib for the treatment of RA as measured by the propor-
tion of subjects achieving ACR20 (primary endpoint) at week 12 (DAR-
WIN 1, DARWIN 2, FINCH 1 and FINCH 3) or week 24 (FINCH 2).
Secondary efficacy endpoints included the proportion of subjects who
achieved ACR50, ACR70 and Disease Activity Score (DAS)
28(CRP) = 3.2 or DAS28(CRP) < 2.6 at week 12 or week 24, as appli-
cable. Exposure-efficacy analyses were conducted to assess the rela-
tionship between filgotinib exposures and the various efficacy
endpoints based on pooled phase 2 and phase 3 data regardless of
the RA population. Clopper-Pearson is a common method for calculat-
ing binomial confidence intervals and was applied in the exposure-
efficacy analyses.

As both filgotinib and its metabolite, GS-829845, contribute to
efficacy via JAK1 inhibition, their PopPK-derived exposures were
combined by accounting for relative inhibition potency in the analyses
for efficacy. AUCq o4 of filgotinib and AUCq_»4 of its active metabolite
GS-829845 were combined into AUC¢. AUC; was calculated using

the equation:
AUC¢ = AUCE +AUCpet X 1/10 x (425.51/357.43)

where AUCE and AUC,,: are the AUCq.,4 of filgotinib and GS-
829845, respectively, 1/10 is the difference in potency between par-
ent and metabolite® and 425.51 and 357.43 are the molecular
weights of filgotinib and GS-829845, respectively.

Subjects were grouped into octile subgroups based on the AUC¢
in the filgotinib and GS-829845 analysis set. For each subject, the
determination of octile subgroup was based on the rankings of AUC¢
values from all the subjects in the filgotinib and GS-829845 analysis
set with the number of observations approximately equally distributed
within the eight octile subgroups. The relationship between exposure
(AUCqs) and binary efficacy endpoints (ACR20, ACR50, ACR70,
DAS28 (CRP) = 3.2, and DAS28(CRP) < 2.6 at week 12) were

described by nonlinear logistic regression using the equation:

Emin — Emax

Iog< P >*Emax+
1-P) 1+A—é’cc;sz ’

where P is the probability of having a response, log[P/(1 — P)] is logit,

Emax is the maximum of logit, Ein is the minimum of logit and ECsq is
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the AUCs to achieve logit = 50% x Epnax + 50% X Enin. Data in the
treatment group and placebo group at week 12 were included in the
regression. Exposure-efficacy relationships were also evaluated by
examining AUC in subjects who achieved and who did not achieve
ACR20/50/70 or DAS28 responses in phase 2 and phase 3 studies
across all the doses and a t-test was performed to compare AUC.

The exposure-efficacy analysis was conducted using SAS version 9.4.

24 | Exposure-safety analysis

ER analyses for safety were pooled from all five studies across all the
doses and were performed separately for filgotinib and GS-829845 to
characterize the individual safety profile of each analyte. Data were
not included in the analysis if they were collected after subjects were
rerandomized and were switched to a different treatment group. The
evaluated safety endpoints included the five most frequent
treatment-emergent adverse events (TEAEs) (nausea, nasopharyngitis,
upper respiratory tract infection, headache and hypertension) and
grade 3/4 laboratory abnormalities (glucose increase, lymphocyte
decrease, phosphate decrease, lipase increase and alanine transami-
nase [ALT] increase) that occurred in the filgotinib 200 mg once-daily
group based on phase 2 and phase 3 studies. Serious TEAEs and seri-
ous infections were also evaluated against the exposures. Exposures
were compared based on the presence and absence of selected safety
events.

2.5 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked
to corresponding entries in http://www.guidetopharmacology.org,
the common portal for data from the IUPHAR/BPS Guide to

TABLE 1

Subject characteristic DARWIN 1 (n = 520)

Continuous variables, median (min, max)

Age (y) 5(19,79) 52(18,79)
Body weight (kg) 72.3 (39, 157) 72.0 (37, 181)
CL¢, (mL/min) 110(38.0, 312) 115 (54.6, 264)
CRP (mg/L) 16.7 (1, 158) 17.1 (1, 244)
RA duration (y) 2 (0.5,43.2) 6.9 (0.5, 49.6)
Categorical variables, n (%)
Sex Male 99 (19.0%) 48 (18.7%)
Female 421 (81.0%) 209 (81.3%)
Race N (%) White 394 (75.8%) 193 (75.1%)
Black 3(0.6%) 3(1.2%)
Asian 2 (0.4%) 1(0.4%)
Other 121 (23.3%) 60 (23.3%)

DARWIN 2 (n = 257)

PHARMACOLOGY, and are permanently archived in the Concise
Guide to PHARMACOLOGY 2019/20.22

3 | RESULTS

Summaries of baseline characteristics in the ER analysis population
stratified by study are shown in Table 1. The baseline characteristics
were summarized by continuous variables (age, body weight, CL,
CRP and RA duration) and categorical variables (sex and race). The
baseline characteristics were as expected in a population with moder-
ately to severely active RA.

3.1 | Population PK analysis

The final PopPK model development dataset for filgotinib included
13 376 PK datapoints from 3125 subjects (details by study are pro-
vided in Supporting Information Tables S1 and S2). Plasma concentra-
tions of filgotinib were best described by a two-compartment model
with a mixture model for absorption and linear elimination following a
staged approach (Supporting Information Figure S1). The two subpopu-
lations for absorption, rapid versus slower, were described, respectively,
by a first-order (with absorption rate constant [k,] being fixed to a high
value to mimic an almost instantaneous absorption profile) and a
sequential zero- then first-order absorption. An inter-individual variabil-
ity (IIV) was included on oral clearance (CL/F), apparent central volume
of distribution of the drug (V./F), k; and duration of the zero-order
input (D1). The model included a difference in bioavailability (F)
between tablets and capsules. Weight effects were included on CL/F,
apparent intercompartmental clearance (Q/F), V./F and peripheral
volume of distribution (V,,/F) using standard fixed allometric exponents

of 0.75 for the clearance and 1 for the volume of distribution

Demographics and baseline characteristics of subjects with RA in the exposure-response analysis dataset

FINCH 1 (n = 926) FINCH 2 (n = 290) FINCH 3 (n = 796)

3(18, 86)
68.3 (35.6, 143)
107 (38.0, 291)
8.88(0.19, 163)

3(0.1,45.4)

174 (18.8%)
751 (81.2%)
617 (66.7%)
4 (1.5%)
232 (25.1%)
62 (6.7%)

56 (20, 80)
78.4 (40.6, 157)
113 (49.2, 298)
10.7 (0.34, 145)
10.1 (0.9, 49.7)

59 (20.4%)
230 (79.6%)
211 (73.0%)

26 (9.0%)

35(12.1%)

17 (5.9%)

53(18,85)
71.0(36.3, 148)
109 (36.6, 311)
0.81(0.02, 18.8)

0.4 (0.0, 47.6)

175 (22.0%)
620 (78.8%)
515 (64.8%)
31 (3.9%)
182 (22.9%)
67 (8.4%)

Abbreviations: CL.,, creatinine clearance; CRP, C-reactive protein; max, maximum; min, minimum; N, number of subjects; RA, rheumatoid arthritis.
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parameters. Moreover, baseline CRP and sex were identified as
statistically significant covariates on filgotinib CL/F, whereas race
(white and Asian vs black or African American vs other) was identified
as a statistically significant covariate on V./F (Supporting Information
Table S3).

The covariate analysis was first performed in a forward addition
and backward elimination process with all the coefficients estimated.
As body weight was a significant covariate on both CL/F and V/F, the
impact of standard allometric scaling (fixed exponents of 0.75 for
clearances and 1 for volume of distribution parameters) was evalu-
ated. The model with fixed allometric scaling provided no change in
overall model fit and increased stability due to the lower number of
parameters to be estimated, so despite an increase in objective func-
tion value (OFV) of 30.8 points, it was accepted as the final model.
The covariate impact on filgotinib PK was shown in a tornado plot for
the final model (Supporting Information Figure S2); the difference in
exposure was not clinically meaningful.

Although the final filgotinib model had a tendency to modestly
underpredict Cax (geometric mean ratios [GMRs] of 0.76-0.79 based
on different populations), the model was able to adequately predict
AUC,,, with GMR = 0.98, and thus could be used to predict individual
exposures for ER analyses.

For GS-829845, the final model development dataset included
14 896 PK datapoints from 3155 subjects (details by study are pro-
vided in Supporting Information Tables S1 and S2). Plasma concentra-
tions of GS-829845 were best described by a one-compartment
model with first-order absorption and first-order elimination. An IV
was included on CL/F, V./F and k,. Statistically significant covariates

included the effects of baseline CL,, baseline CRP, patient status and

ACR 20/50/70
£ 100+ 10mg  200mg
2 3 : B :
2 ' o ' -- ACR20
g 80 \ Cva &:
g f % _? : %- ..§ -+~ ACR50
> % p r}i i T -= ACR70
£ 601 0 = E o ACR20 placebo
% $ el %.&%’}L /£ © & ACRS0 placebo
b D - v r}

ﬁ 40 ; % : I : O ACR70 placebo
g }' 1 ‘E’ ,i. %i— = -i : ACR20 logistic regssion
g 209 £ i,‘i’? : ACR50 logistic regssion
7] :
5 u Potesest n ACRT70 logistic regssion

0 : ] p . .
°\° 0 T T T

placebo 10000 20000
AUC (h*ng/mL)
FIGURE 1
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sex on CL/F, Asian race versus non-Asian race and duration of RA on
V/F, and formulation on F and k, (Supporting Information Table S4).
The covariate impact on GS-829845 PK is shown in a tornado plot
(Supporting Information Figure S3); the difference in exposure was
not clinically meaningful.

The final models adequately described the plasma concentrations
of filgotinib and GS-829845 separately, as assessed by diagnostic
pcVPC and
bootstrap resampling (Supporting Information Tables S3 and S4, and

plots/metrics including goodness-of-fit evaluation,
Supporting Information Figures S4-S7). Thus, the predicted individual
PK exposures were deemed adequate to be used in the ER analyses.

3.2 | Exposure-efficacy analysis

3.2.1 | ER for efficacy supporting dose confirmation

The analysis set for exposure-efficacy included pooled phase 2 and
phase 3 subjects with RA who received filgotinib and had evaluable
PopPK-based exposure estimates (AUCq.54) for both filgotinib and
GS-829845 (N = 2678).

Exposure-efficacy analysis across the phase 2 and phase 3 pro-
gramme confirmed that filgotinib produced robust therapeutic effects
across the exposure range observed at 200 mg once daily at both
week 12 and week 24 (Figures 1 and S8). In this ER analysis over a
wide dose/exposure range, high response rates (approximately
75-80% for ACR20, the primary endpoint) were demonstrated across
octile groups associated with 200 mg in subjects with RA receiving
filgotinib at week 12 (Figure 1). ACR20 responses in the filgotinib
200 mg group appeared to be on the plateau of the ER curve in the

DAS 28

190 mg o 200 mg

804

DAS28 < 3.2

DAS28<2.6

DAS28 <3.2 placebo

DAS28 < 2.6 placebo

DAS28 < 2.6 logistic regssion
DAS28 < 3.2 logistic regssion
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= ims
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(=)
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AUC¢¢ (h*ng/mL)

T
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Exposure-response relationship of AUC based on filgotinib and GS-829845 against ACR and DAS28(CRP) responses at week 12

in subjects with rheumatoid arthritis (RA) in pooled phase 2 and phase 3 studies. The analysis set includes subjects with RA who were enrolled/
randomized, received at least one dose of filgotinib in studies DARWIN 1, DARWIN 2, FINCH 1, FINCH 2 and FINCH 3, and had at least one
nonmissing pharmacokinetic (PK) parameter of interest. Each symbol represents the proportion of subjects achieving the ACR response, with the
vertical line showing the 95% confidence interval within each group based on the Clopper-Pearson method. Circles show ACR20, triangles show
ACR50 and squares show ACR70 in the left panel. Semi-hollow circles show DAS28 < 3.2 and semi-hollow triangles show DAS28 < 2.6 in the
right panel. Orange solid lines are prediction curves based on nonlinear logistic regression. Shaded areas with blue stripes show median (dashed
vertical line) and 5th and 95th percentiles (dotted vertical lines) of AUC for filgotinib 200 mg once daily in phase 2 and phase 3 subjects with
RA. Shaded areas with a pink cross pattern show median (dashed vertical line) and 5th and 95th percentiles (dotted vertical lines) of AUC¢ for
filgotinib 100 mg once daily in phase 2 and phase 3 subjects with RA. AUC; is based on the population PK-predicted exposure in phase 2 and

phase 3 subjects with RA receiving filgotinib
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analysis (approximately 75-80%), with the filgotinib 100 mg group
being slightly lower than the curve plateau (approximately 70%). For
multiple secondary efficacy endpoints including ACR50, ACR70,
DAS28(CRP) < 3.2 and DAS28(CRP) < 2.6, a trend of increasing
response with increasing exposure was also observed over the first
four octiles (corresponding to 100 mg and lower doses) and a plateau
was observed over the last four octiles (corresponding to 200 mg
exposures). The analysis on week 24 data showed similar findings to
the week 12 analysis (Supporting Information Figure S8).

Nonlinear logistic regression models were developed and models
adequately described the exposure-efficacy relationships at week12
(Figure 1). The Enax and E., estimates (Supporting Information
Table S5) and the prediction curves (Figure 1) confirmed increasing
response with increasing exposure observed for ACR20, ACR50,
ACR70, DAS28(CRP) =< 3.2 and DAS28(CRP) < 2.6.

With the developed nonlinear logistic regression models, clinical
relevance was evaluated for PK changes in filgotinib and GS-829845
exposures due to the influence of intrinsic/extrinsic factors. The
AUC reduction from the most influential covariates, including body
weight for filgotinib and baseline CL., (97% of subjects in the PopPK
dataset had normal renal function or mild renal impairment) for GS-
829845, was approximately 20% and this lead to <4% reduction in
probability in achieving a response across all the efficacy endpoints at
200 mg, thus the moderate PK changes from PopPK-identified
covariates are not clinically meaningful and do not warrant a dose
adjustment in the evaluated population (ie, normal to mild renal
function).

Exposure-efficacy relationships were also evaluated by examining
AUC in subjects who achieved and who did not achieve
ACR20/50/70 or DAS28 responses in phase 2 and phase 3 studies
across all the doses and a t-test was performed. Figure 2 shows that
subjects who achieved responses had significantly higher AUC¢ com-
pared with those who did not achieve responses at both week 12 and
week 24. The difference was statistically significant across all the effi-
cacy endpoints with P <.01. For ACR20 at week 12, the AUCq¢ was
10 900 h*ng/mL in the subjects who achieved ACR20 compared to
9900 h*ng/mL in those who did not achieve responses.

Overall, filgotinib exposure-efficacy analysis across the phase
2 and phase 3 programme confirmed that filgotinib produced more
robust therapeutic effects across the exposure range observed at
200 mg once daily compared to lower doses. This analysis supported
200 mg for most adult patients and 100 mg for special populations
who may have elevated PK exposures. Also, modest changes in
filgotinib and GS-829845 exposures due to the influence of intrinsic/

extrinsic factors are not clinically meaningful.

3.3 | Exposure-safety analysis

The ER analyses for safety were based on the pooled population in
the phase 2 and phase 3 programme across all the doses and were
performed separately for filgotinib and GS-829845 to characterize
the individual safety profiles of each analyte.

3.3.1 | The most frequent TEAEs

The five evaluated TEAEs were nausea, nasopharyngitis, upper respi-
ratory tract infection, headache and hypertension. The analysis set for
exposure safety included pooled phase 2 and phase 3 subjects with
RA who received filgotinib and had evaluable PopPK-based exposure
estimates (AUCq.4) (N = 2678 for filgotinib and N = 2707 for GS-
829845). Data were not included in the analysis if they were collected
after subjects were rerandomized and were switched to a different
treatment group. As shown in Figure 3 (filgotinib) and Figure 4 (GS-
829845), filgotinib or GS-829845 exposures (AUCq.04) in subjects
with RA were similar regardless of the presence (black) or absence
(gray) of the evaluated TEAEs up to week 52.

3.3.2 | The most frequent grade 3/4 laboratory
abnormalities

The five evaluated grade 3/4 laboratory abnormalities were glucose
increase, lymphocyte decrease, phosphate decrease, lipase increase
and ALT increase. As shown in Figure 5 (filgotinib) and Figure 6 (GS-
829845), filgotinib or GS-829845 exposures (AUCq.»4) were highly
overlapping between subjects who experienced (black) and who did
not experience (gray) the selected grade 3/4 laboratory abnormalities
up to week 52.

3.3.3 | Serious TEAEs and serious infections
Serious TEAEs and serious infections are also evaluated against the
filgotinib and GS-829845 exposures and no exposure-driven patterns
were present based on the safety data up to week 52 (Supporting
Information Figure S9).

Overall, the exposure-safety relationships for either filgotinib and
GS-829845 demonstrate no trend toward increasing incidence of
common TEAEs, common laboratory abnormalities, serious TEAEs or

serious infections with increasing exposure.

4 | DISCUSSION

In the PopPK analysis, plasma concentrations were adequately
described by the final models and thus the predicted individual PK
exposures were further used in the ER analyses. The final filgotinib
model was able to adequately predict AUC,, with GMR = 0.98, but
it still had a tendency to modestly underpredict C..x (GMRs of
0.76-0.79 based on different populations). Various efforts were
made to address this issue in both the structural and stochastic
models. However, none of these additional modifications to the
PopPK model resulted in further improvement of the C., under-
prediction. Overall, the bias is acknowledged and taken into consid-
eration when using model-derived exposures in the context of ER

analyses with particular attention to the use of Cya. In all,
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FIGURE 2 Boxplot of AUC in subjects who achieved and did not achieve ACR20/50/70 and DAS28(CRP) responses in pooled phase 2 and
phase 3 studies. The pharmacokinetic (PK)/pharmacodynamic analysis set includes subjects with rheumatoid arthritis who were enrolled/
randomized, received at least one dose of filgotinib in studies FINCH 1, FINCH 2 and FINCH 3, and had at least one nonmissing PK parameter of
interest. For each box, the bottom and top edges are located at the sample 25th (Q1) and 75th (Q3) percentiles, respectively, the centre
horizontal line is drawn at the 50th percentile (median) and outliners (beyond 1.5 x the interquartile range) are displayed as small squares. ACR
and DAS28 responses at week 12 are shown in the upper panel and ACR and DAS28 responses at week 24 are shown in the lower panel.

**P <.01; ***P < .0001

estimated filgotinib AUC,,, is adequate for the intended purpose to
support ER analyses in subjects with RA. A joint parent-metabolite
modelling approached was considered and attempted as well, but
separate modelling was more reasonable based on mechanism and
model performance.

As a basis for the ER relationships, the PK-pharmacodynamic rela-
tionship of filgotinib was studied previously. Dose-dependent inhibi-
tion of the JAK1-related interleukin-6 (IL-6)-induced phosphorylated
signal transducer and activator of transcription 1 (pSTAT1) by
filgotinib was demonstrated at doses of 50 mg of filgotinib and higher
with maximum inhibition of pSTAT1 (~78%) plateaued at or above
200 mg total daily dose and intermediate inhibition (~47%) observed
at a total daily dose of 100 mg.%®

ER analyses based on phase 2 and phase 3 clinical studies were
further conducted to confirm the dose. Exposure-efficacy analyses con-
sistently revealed high response rates (approximately 75-80% for
ACR20 at week 12) across the exposure range for the filgotinib 200 mg
doses. Increasing response with increasing exposure was demonstrated
by the nonlinear logistic regression for multiple efficacy endpoints with
a plateau corresponding to filgotinib 200 mg exposures.

Exposure-safety relationships established that filgotinib and GS-
829845 exposures (AUCq.04) were similar regardless of the presence
or absence of the most frequent TEAEs, the most frequent grade 3/4
laboratory abnormalities, serious TEAEs or serious infections, indicat-
ing no exposure-safety relationship. Since the number of subjects with

safety event presence was less than 10%, the assessment was just
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FIGURE 3 Filgotinib AUCy.»4 by the five most frequent treatment-emergent adverse events in subjects with rheumatoid arthritis (RA) up to

week 52 data. The analysis set includes subjects with RA who were enrolled/randomized, received at least one dose of filgotinib in studies FINCH
1, FINCH 2, FINCH 3, DARWIN 1, DARWIN 2 and DARWIN 3, and had at least one nonmissing pharmacokinetic (PK) parameter of interest. For
each box, the bottom and top edges are located at the sample 25th (Q1) and 75th (Q3) percentiles, respectively, the centre horizontal line is
drawn at the 50th percentile (median) and outliners (beyond 1.5 x the interquartile range) are displayed as small squares. AUCq_,4 is the
population PK-predicted exposure in phase 2 and phase 3 subjects with RA receiving filgotinib
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FIGURE 4 GS-829845 AUC,.,4 by the five most frequent treatment-emergent adverse events in subjects with rheumatoid arthritis (RA) up

to week 52 data. The analysis set includes subjects with RA who were
FINCH 1, FINCH 2, FINCH 3, DARWIN 1, DARWIN 2 and DARWIN 3

enrolled/randomized, received at least one dose of filgotinib in studies
, and had at least one nonmissing pharmacokinetic (PK) parameter of

interest. For each box, the bottom and top edges are located at the sample 25th (Q1) and 75th (Q3) percentiles, respectively, the centre
horizontal line is drawn at the 50th percentile (median) and outliners (beyond 1.5 x the interquartile range) are displayed as small squares.
AUC.,4 is the population PK-predicted exposure in phase 2 and phase 3 subjects with RA receiving filgotinib

visual without performing a t-test due to the unbalanced number
of subjects. One limitation of the exposure-safety analyses is that
the grade 3/4 laboratory abnormalities were not treated as continu-
ous data for further analyses and continuous data can contain more
information compared to categorical data. Another limitation is that
treatment duration was not fully evaluated, although the analyses
were actually performed based on week 12 (data not shown), week
24 (data not shown) and week 52 data, and the results were

consistent.

Other exposure metrics, such as Ci,, and Cp,., Were also evalu-
ated. Cyy, in the form of Ciyy-eff (combination of Cy,, from both parent
and metabolite) was tested in the exposure-efficacy analyses and Cpax
was evaluated in the exposure-safety analyses. The results using Cia,-
off OF Crnax Were similar to those based on AUC.

With the identified ER relationship, clinical relevance was evalu-
ated for PK changes in filgotinib and GS-829845 exposures due to
the influence of intrinsic/extrinsic factors. The moderate reduction in

PK due to the most influential covariates only resulted in <4%
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FIGURE 5 Filgotinib AUCq »4 by the five most frequent grade 3/4 laboratory abnormalities in subjects with rheumatoid arthritis (RA). The
analysis set includes subjects with RA who were enrolled/randomized, received at least one dose of filgotinib in studies FINCH 1, FINCH

2, FINCH 3, DARWIN 1, DARWIN 2 and DARWIN 3, and had at least one nonmissing pharmacokinetic (PK) parameter of interest. For each box,
the bottom and top edges are located at the sample 25t (Q1) and 75t (Q3) percentiles, respectively, the centre horizontal line is drawn at the
50t percentile (median) and outliners (beyond 1.5 x the interquartile range) are displayed as small squares. AUCg »4 is the population PK-
predicted exposure in phase 2 and phase 3 subjects with RA receiving filgotinib
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FIGURE 6 GS-829845 AUC,.»4 by the five most frequent grade 34 laboratory abnormalities in subjects with rheumatoid arthritis (RA). The
analysis set includes subjects with RA who were enrolled/randomized, received at least one dose of filgotinib in studies FINCH 1, FINCH

2, FINCH 3, DARWIN 1, DARWIN 2 and DARWIN 3, and had at least one nonmissing pharmacokinetic (PK) parameter of interest. For each box,
the bottom and top edges are located at the sample 25th (Q1) and 75th (Q3) percentiles, respectively, the centre horizontal line is drawn at the
50th percentile (median) and outliners (beyond 1.5 x the interquartile range) are displayed as small squares. AUCg.,4 is the population PK-
predicted exposure in phase 2 and phase 3 subjects with RA receiving filgotinib

reduction in response rate across all the efficacy endpoints for The special populations whose PK may not be best characterized
200 mg; there are no safety concerns given the lack of an exposure- in the pooled analyses (only 3% with =75 years of age and 3% with
safety relationship. Thus, these PK changes are not clinically meaning- moderate to severe renal impairment) were covered in dedicated
ful and do not warrant a dose adjustment in the evaluated population studies. Filgotinib and its metabolite were shown to be moderately
(ie, normal to mild renal function). The limitation of current ER ana- higher (1.45- and 1.33-fold, respectively) in elderly subjects
lyses is insufficient information to guide dosing in special populations, (275 years) compared with younger subjects; in subjects with severe
such as elderly subjects and subjects with moderate to severe renal renal impairment (RI), filgotinib was 1.54 fold higher and 2.74 fold

impairment. higher for the metabolite.!® For hepatic impairment, there was no
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clinically relevant effect on filgotinib and GS-829845 exposure (AUC
and Cya,) in subjects with moderate hepatic impairment compared
with matched healthy controls. It was overall suggested that modest
changes in filgotinib and GS-829845 exposures due to the influence
of other intrinsic/extrinsic factors, such as moderate hepatic impair-
ment and food intake, are not clinically meaningful.?>2* However, for
special populations who may have elevated PK exposures (eg, patients
aged 75 years and older, and patients with moderate to severe RI) and
whose clinical data was limited, 100 mg is recommended, as this dose
was shown to provide efficacious exposures.

Collectively, the ER analyses indicate robust therapeutic effects
across the exposure range observed at 200 mg once daily in subjects
with moderately to severely active RA. The trend towards greater effi-
cacy with higher exposures observed for the primary and secondary
endpoints (ACR20, ACR50, ACR70, DAS28(CRP) < 3.2 and DAS28
(CRP) < 2.6) and a lack of exposure-safety relationship based on the
evaluated TEAEs and common laboratory abnormalities indicates an
advantage to the 200 mg filgotinib dose relative to the 100 mg
filgotinib dose for most adult patients.

5 | CONCLUSIONS

Based on the exposure-efficacy analyses, exposures associated with
200 mg once-daily filgotinib corresponded to higher ACR responses
compared with those associated with filgotinib 100 mg once daily or
lower doses, showing a plateau over higher exposures corresponding
to 200 mg for multiple efficacy endpoints (ACR20, ACR50, ACR70,
DAS28(CRP) < 3.2 and DAS28(CRP) < 2.6). For the safety analyses, it
was shown that filgotinib was generally well tolerated with no
exposure-dependent effects on the evaluated safety endpoints. Over-
all, the ER analyses supported 200 mg once-daily doses for

commercialization.
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