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Abstract

Filgotinib (GS-6034, formerly GLPG0634; Jyseleca®) is an oral, preferential Janus kinase (JAK)-1 inhibitor. Preferential
inhibition of JAK1 modulates a subset of proinflammatory cytokines within the JAK—signal transducer and activator of
transcription pathway, which differ from those inhibited by JAK2 or JAK3. Filgotinib is absorbed extensively and rapidly
after oral dosing and is metabolized by carboxylesterase isoform 2 to form its primary active metabolite, GS-829845. The
primary metabolite has a similar JAK1 selectivity profile but reduced activity (by 10-fold) and increased systemic exposure
(approximately 16- to 20-fold) compared with the parent compound. Both the parent and the metabolite demonstrate low
binding to plasma proteins in humans (< 60%). Systemic exposures of filgotinib and its primary metabolite increase dose
proportionally over a 50- to 200-mg once-daily dose range. Food does not affect the pharmacokinetics of filgotinib. Consist-
ent with their terminal elimination half-lives (4.9—-10.7 h for filgotinib and 19.6-27.3 h for the primary metabolite), steady
state in plasma is reached by day 2 for filgotinib and day 4 for its metabolite. Filgotinib is mainly eliminated in the urine
as the metabolite (> 80%). Intrinsic factors such as age, sex, race, mild renal impairment, and mild-to-moderate hepatic
impairment have either no or minimal impact on the pharmacokinetics of filgotinib and its primary metabolite. Filgotinib
has a low drug—drug interaction potential, without clinically significant interactions with commonly coadministered medi-
cations in patients with inflammatory diseases. Both filgotinib and its primary metabolite are substrates of P-glycoprotein
(P-gp); however, coadministration with P-gp inhibitors and inducers does not affect filgotinib pharmacokinetics sufficiently
to warrant dose adjustment. Neither filgotinib nor its primary metabolite affect the corrected QT interval (calculated using
Fridericia’s correction formula). Filgotinib is approved for the treatment of rheumatoid arthritis and ulcerative colitis in
Europe, the UK, and Japan.

1 Introduction
Key Points
The Janus kinase (JAK)-signal transducer and activator of

transcription (JAK-STAT) pathway is a key driver of rheu- Following oral dosing, filgotinib is rapidly converted to
matoid arthritis (RA), Crohn’s disease (CD), and ulcerative its primary active metabolite, which has a similar Janus
colitis (UC) by way of mediating the response to multiple kinase 1 selectivity profile and contributes to the overall
proinflammatory cytokines and cellular growth factors pharmacodynamic response.

[1-4]. Inhibition of the JAK-STAT pathway has demon- Filgotinib has a low drug—drug interaction potential
strated efficacy in immune-mediated diseases and has been without clinically significant interactions with com-
identified as a novel therapeutic target for the treatment of monly coadministered medications, such as methotrexate

RA [5], CD, and UC [6, 7]. Preferential inhibition of JAK1] or statins; cytochrome P450 3A4 substrates, including

oral contraceptives; and acid-reducing agents, including
< Florence Namour proton pump inhibitors and histamine antagonists.
florence.namour @glpg.com

Intrinsic factors such as age, sex, race, mild renal impair-

! Galapagos SASU, 102 Avenue Gaston Roussel, ment, and mild-to-moderate hepatic impairment have
93230 Romainville, France either no or minimal impact on the pharmacokinetics of
2 Gilead Sciences, Inc., 333 Lakeside Drive, Foster City, filgotinib and its primary metabolite.

CA 94404, USA

3 Galapagos NV, Generaal de Wittelaan L11 A3,
2800 Mechelen, Belgium

A\ Adis


http://orcid.org/0000-0002-8273-5451
http://crossmark.crossref.org/dialog/?doi=10.1007/s40262-022-01129-y&domain=pdf

820

F.Namour et al.

modulates a subset of proinflammatory cytokines within the
JAK-STAT pathway that differ from those inhibited by JAK2
or JAK3 and that could improve the benefit-risk profile in
comparison with that of pan-JAK inhibitors [8, 9]. Filgotinib
is a second-generation preferential JAK1 inhibitor. In bio-
chemical assays, filgotinib preferentially inhibited the activ-
ity of JAK1 and showed > 5-fold higher potency for JAK1
over JAK2, JAK3, and tyrosine kinase 2 [10, 11]. Filgotinib
has an active primary metabolite—GS-829845 (previously
(G254445)—which has a similar JAK1 selectivity profile but
10-fold lower potency in human whole blood assay than the
parent compound [12]. In humans, exposure to this primary
metabolite is 16- to 20-fold higher than to the parent filgo-
tinib [13]. Filgotinib exposure following 200 mg once-daily
(QD) dosing covers the half-maximal inhibitory concentra-
tion (ICs() for JAK1 in human whole blood [13].

Filgotinib is approved for the treatment of RA in
Europe, the UK, and Japan but has not received approval
for any indication in the USA. Clinical trials have shown
that filgotinib has an onset of action as early as week 2,
sustained efficacy, and a proven safety profile in patients
with moderate-to-severe RA who have had an inadequate
response to methotrexate, are biologic naive, or are bio-
logic experienced [14, 15]. Filgotinib has also demon-
strated efficacy and safety in combination with methotrex-
ate in a phase III study in patients with active RA who had
limited or no prior exposure to methotrexate [16]. Filgo-
tinib is approved for the treatment of UC in Europe, the
UK, and Japan, having demonstrated early symptomatic
relief and sustained efficacy in a phase III trial in patients
with UC who were biologic naive or biologic experienced
[17]. Filgotinib also displayed a promising clinical profile
in a phase II study in patients with CD, inducing clinical
remission in significantly more patients compared with
placebo [7].

2 Basic Properties of Filgotinib
2.1 Physicochemical Features

Filgotinib [N-(5-(4-((1,1-dioxidothiomorpholin-4-yl)
methyl)phenyl)[1,2,4]triazole[1,5-a]pyridin-2-yl)
cyclopropanecarboxamide(2Z)but-2-enedioate] is an
orally bioavailable JAK inhibitor (Fig. 1). It is catego-
rized as a class II drug according to the Biopharma-
ceutics Classification System, based on its high per-
meability and low solubility [18]. A study in human
epithelial colorectal adenocarcinoma (Caco-2) cell
monolayers showed an apparent permeability of 3.5
x 107° cm/s, with an efflux ratio of 16.0. This was
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lower than that of the high-permeability reference sub-
stance, propranolol (permeability 22.7 x 107 cm/s)
[19]. However, following oral administration of 100 mg
['4C]-filgotinib in a mass balance study, 87% of radioac-
tivity was excreted in the urine, indicating that filgotinib
permeability is high, with near complete absorption [10].
In healthy subject studies, filgotinib was rapidly absorbed
after single and repeated oral administration [13].

2.2 Analytical Methods

Plasma concentrations of filgotinib and its primary metab-
olite were determined simultaneously using a validated
liquid chromatography—tandem mass spectrometry assay
[13, 20, 21]. JAKI inhibition was investigated using fluo-
rescence-activated cell-sorting analysis on blood samples,
by measuring STAT1 phosphorylation (pSTAT1) in inter-
leukin-6-stimulated blood [22]. Similarly, JAK2 inhibition
was investigated by measuring STATS5 phosphorylation
(pSTATS) to confirm selectivity in vivo.

3 Human Pharmacokinetics
3.1 Absorption and Bioavailability

Filgotinib was rapidly absorbed following oral adminis-
tration in healthy subjects, with maximum (peak) plasma
concentrations (C,,,,) reached within 1 to 3 h postdose
(Table 1). Filgotinib exposure (both C,,, and area under
the plasma concentration—time curve [AUC]) increased dose
proportionally over the dose range of 50 to 200 mg. Over-
all, inter-subject variability of AUC and C,,,, at steady state
was low to moderate (inter-subject coefficient of variation
[CV%] range 16-44%) [13]. With regards to the primary
metabolite, plasma concentrations were detected within
30 min after single doses and reached a maximum 3 to 8 h
postdose (Table 1). As with the parent compound, C,,, and
AUC increased dose proportionally within the 50 to 200 mg
dose range. Inter-subject variability of AUC and C,,, of
the metabolite at steady state was low (inter-subject CV%
<26%). Primary metabolite exposures were on average 16-
to 20-fold higher than filgotinib exposures [13].

Various formulations have been used throughout the
clinical development of filgotinib, all of which have dem-
onstrated similar exposures, including the drug product used
in the phase IIb studies (a hydrochloride trihydrate salt) and
the maleate salt tablet formulation selected for use in the
phase III studies and subsequently commercialized (Fig. 2)
[10, 21].



Filgotinib Clinical Pharmacology

821

o)

>

CPCA

OH

Very low concentration

in plasma and urine (close to the lower limit of quantification: 5.00 ng/mL)

Filgotinib (Parent compound)
% dose:

9.37% (urine)

4.47% (feces)

N/ﬁ _0 % dose:
K/S\\/ 54% (urine)
8.88% (feces)

Present in plasma l
Za"—
*NH
NH ~ N~ />_
Ny />- 54 N <
S (0]
-« M1

M1 O-glucuronide oy % dose:

OH
COQH
:&L 2/08(18?’/86( rine) N o 1.55% (urine)
or , e =+ 0.20% (f
O'K/S/ 0.00% (feces) K/S\ o (feces)

OH o Absent in plasma

A~=N,
N\N,>—NH2

GS-829845 (M2)

Ol 0

Primary metabolite in plasma

O Absentin plasma

//

O_ COOH

NH
/>_ OH
OH

OH

G254445 N-glucuronide
o % dose:
ST 14.6% (urine)
0 1.86% (feces)
Minor metabolite in plasma

Z

M3

% dose:

0.294% (urine)
0.137% (feces)
Absent in plasma

Fig. 1 Human metabolic pathway of filgotinib (data on file). CPCA cyclopropanecarboxylic acid

3.2 Effect of Food

Filgotinib can be administered without regard to food intake,
as demonstrated in an evaluation of the commercialized
maleate salt tablet formulation. Effects of both a high-fat
(approximately 800 calories with 50% from fat) and a low-
fat (approximately 400 calories with 20% from fat) meal on
the pharmacokinetics of a single 200 mg dose of filgotinib
were compared with those of fasting conditions in healthy
subjects [21]. Slight decreases were noted for filgotinib C,,,, .,
with both the high-fat (20%) and the low-fat (11%) meal
versus fasting (Fig. 3a). Food intake delayed absorption of

filgotinib, with a median time to reach C,,,, following drug
administration (f,,,,) of 1 h while fasting, which increased
to 2 h with a low-fat meal and to 3 h with a high-fat meal.
These effects were marginal and not considered clinically
relevant. Neither the high-fat nor the low-fat meal affected
the pharmacokinetics of the primary metabolite (Fig. 3b)
[21]. This lack of effect was consistent with the high solu-
bility of the maleate salt formulation in simulated intestinal
fluids (data on file). Based on results from this study, the
filgotinib tablet formulation was administered without regard
to food in phase III studies.

Table 1 Pharmacokinetics of filgotinib and its primary metabolite after a single oral dose of filgotinib in healthy subjects [13]

Filgotinib dose Filgotinib Primary metabolite

Cpae Mg/mL 2. h AUC,, ug-h/mL t,,,h Chae Mg/mL 2. . h AUC,, ug-h/mL ¢, h
100 mg (n=6) 0.57(33.9) 2.00 (0.500-3.00) 1.74 (14.3)* 491 (11.5)* 0.96 (10.0)  5.00 (5.00-5.00) 30.2 (17.2) 22.5(13.0)
200 mg (n=6) 1.16(24.3) 3.00 (1.00-3.00) 4.84 (12.3)* 5.68 (39.6)* 2.29(18.7)  5.00 (3.00-8.00) 63.8 (22.2) 20.0 (19.6)

Estimates are arithmetic means (CV%) except median (range) for ..

AUC,, area under the plasma concentration—time curve from time zero to infinity, C,

variation, #,, apparent terminal half-life, ¢, time to reach C,,,,
n=4

e Maximum (peak) plasma concentration, CV coefficient of

following drug administration
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3.3 Distribution and Protein Binding

Binding of filgotinib or its primary metabolite to plasma pro-
teins was determined in vitro by equilibrium dialysis using
['*C]-filgotinib or cold compound. Protein binding of filgo-
tinib was low in all evaluated species, with a value of 55-59%
in humans and 32-70% in animal species. Binding of the
primary metabolite to plasma proteins was similar to that of
filgotinib, with values of 39-44% in humans and 29-55% in
animal species [10] (data on file). After oral administration
of ['4C]-filgotinib to healthy male subjects, geometric mean
whole blood-to-plasma total radioactivity ratios fluctuated
between 0.9 and 1.1, suggesting some affinity of the radioac-
tivity for red blood cell elements [10]. Protein binding of fil-
gotinib and its primary metabolite were unchanged in patients
with moderate hepatic impairment compared with healthy con-
trols (bound fraction 56-59% and 39-45%, respectively) [23].
Data from two studies in healthy subjects and a proof-of-
concept study in patients with RA were used to develop esti-
mates for several filgotinib pharmacokinetic parameters. The
apparent volume of distribution of filgotinib was 3.1 L (95%
confidence interval [CI] 2.2-3.6) in the central compartment and
4.7 L (95% CI 4.4-5.0) in the peripheral compartment. These
findings were comparable to the apparent volume of distribution
of the metabolite compartment (4.4 L [95% CI 4.3-4.4]) [13].

3.4 Metabolism
Carboxylesterases (CESs) are the enzymes responsible

for the formation of the primary metabolite [24]. CESs
belong to the serine hydrolase superfamily of enzymes, of

Filgotinib 200 mg tablet
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Fig.2 Mean + SD plasma concentrations of filgotinib and its primary
metabolite following a single dose of filgotinib 200 mg maleate tab-
lets (test) and filgotinib hydrochloride tablets (reference). SD standard
deviation. Figure adapted from Anderson et al. [21] with permission
from John Wiley and Sons. © 2019, The American College of Clini-
cal Pharmacology
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which there are six CES isoforms. The two most important
forms of CESs for drug metabolism in humans are CES1
and CES2 [25]. Human CES?2 is found mainly in the intes-
tine and, to a lesser extent, in the liver, whereas CES1 is
found mainly in the liver [25]. Following administration of
100 mg ['*C]-filgotinib to healthy subjects, two metabo-
lites were identified and quantified in plasma: the primary
metabolite and its N-glucuronide derivative (Fig. 1). The
primary metabolite accounted for approximately 92% of
the total radioactivity in plasma, and both metabolites
accounted for 68.6% of the total radioactivity in urine.
Cleavage of filgotinib into its primary metabolite released
cyclopropanecarboxylic acid (CPCA). CPCA was recorded
at very low concentrations (close to the lower limit of quan-
tification of 5.00 ng/mL) in plasma and urine but formed
conjugates with endogenous amino acids, such as carnitine,
taurine, and glycine [18]. Other minor filgotinib metabolites
included M1 and M3 (accounting for 1.55% and 0.294% of
the total radioactivity in urine, respectively) (Fig. 1).

3.5 Elimination

Following administration of ['*C]-filgotinib 100 mg to
healthy male subjects, 86.9% of the dose (filgotinib and its
metabolites) was recovered from urine, which suggested that
the majority of filgotinib and its metabolites were cleared by
the kidneys [10]. Urinary excretion was rapid, with approxi-
mately half of recovery achieved within 24 h of dosing. Eight
metabolites were identified in the urine and seven in the feces.
Similar to observations involving plasma, the primary metab-
olite and its N-glucuronide derivative were the most prevalent,
representing 54.0% and 14.6% of the total radioactivity in
urine, and 8.9% and 1.9% of the total radioactivity in feces,
respectively. Each of the remaining metabolites identified in
the urine and feces represented, on average, less than 2.2%
and 0.3% of the total radioactivity, respectively. The identical
metabolite pattern in urine and feces suggested some biliary
excretion of filgotinib and its metabolites (data on file).

3.6 Accumulation, Half-Life, and Steady-State
Pharmacokinetics

For filgotinib, no accumulation to steady state was observed
after QD dosing, consistent with its relatively short half-life
of 4.9 to 10.7 h (Tables 1 and 2). Steady state was reached
on day 2 of dosing. After repeated dosing with filgotinib,
plasma elimination of the primary metabolite displayed a
monophasic pattern, with mean apparent terminal elimina-
tion half-life (#,,) ranging between 19.6 and 27.3 h (Tables 1
and 2). Consistent with the terminal half-life, steady-state
levels of the metabolite were achieved within 4 days, with
an average 2-fold accumulation of the metabolite after QD
dosing [13, 26-28].
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Fig.3 Effect of extrinsic factors on the pharmacokinetics of (a) fil-
gotinib and (b) its primary metabolite; effect of intrinsic factors on
the pharmacokinetics of (¢) filgotinib and (d) its primary metabolite
(geometric mean of the point estimate with 90% CIs). Geometric
mean ratio for AUC, is shown when filgotinib was given as a sin-
gle dose; geometric mean ratio of AUC, is shown when filgotinib was

given as multiple doses. AUC,, area under the plasma concentration—
time curve from time zero to infinity, AUC, area under the plasma
concentration—time curve during a dosage interval (t), CI confidence
interval, C,,,. maximum (peak) plasma drug concentration, R/ renal
impairment
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Fig.3 (continued)

4 Effect of Intrinsic Factors on Filgotinib
Pharmacokinetics

4.1 Age
Age had a limited impact on filgotinib exposure. In a

dedicated study of filgotinib pharmacokinetics in healthy
elderly subjects, no pharmacokinetic differences were noted
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Geometric mean of the point estimate (90% Cl)

between subjects aged 65-74 years and those aged 40-50
years [26]. In subjects aged >75 years, filgotinib exposure
(AUC during a dosage interval [AUC_]) was 1.4-fold higher
than in those aged 40—50 years, but C,,,,,, t,,, and the amount
of unchanged filgotinib excreted in urine were not altered.
As with exposure to filgotinib, exposure (AUC,) to the pri-
mary metabolite was higher (by 1.3-fold) in subjects aged

>75 years than in subjects aged 40-50 years after filgotinib
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100 mg QD, with no change in the formation and elimina-
tion of the metabolite. This observation was supported by
the constant metabolite-over-parent exposure ratio (from
18.4-19.4) over the entire age range. The relative differences
in the pharmacokinetics of filgotinib and its primary metabo-
lite between the two elderly age groups (65-75 and >75
years) are illustrated in Fig. 3c, d. Based on these data, it
was concluded that age has no impact on the CESs involved
in filgotinib metabolite formation [26]; however, because of
a higher incidence of serious infections and limited clinical
experience in patients with RA aged >75 years, caution is
counselled when treating this population, and a starting fil-
gotinib dose of 100 mg QD is recommended [10].

4.2 Japanese Ethnicity

The pharmacokinetics of filgotinib and its primary metabo-
lite were compared between healthy Japanese and White
subjects after 10 days of filgotinib 200 mg QD (Table 2;
Fig. 3c, d) [29]. Filgotinib had a half-life of 6 h and 11 h in
Japanese and White subjects, respectively, reaching steady-
state plasma concentrations by day 2 in both populations. In
Japanese and White subjects, the active metabolite reached
higher plasma concentrations than filgotinib, consistent with
its longer half-life (17-20 h). Overall exposures for filgotinib

and its metabolite were similar in both groups. These data
indicate that the pharmacokinetic/pharmacodynamic profile
of filgotinib is comparable in Japanese and White subjects
[13].

4.3 Renal Impairment

Both filgotinib and its primary metabolite contribute to
the overall clinical efficacy of the molecule; therefore,
in instances where intrinsic/extrinsic factors show some
effect on filgotinib or metabolite pharmacokinetics, both
parent and metabolite exposures can be combined into
a single parameter, AUC, 4 (the sum of the AUC of fil-
gotinib and its metabolite adjusted for their respective
molecular weights and potencies), to more fully ana-
lyze whether dose adjustment is required [18]. Mild
renal impairment (estimated glomerular filtration rate
[eGFR] 60 to <90 mL/min/1.73 mz) had limited impact
on filgotinib pharmacokinetics (AUC, 4 increased by
1.5-fold); thus, no dose adjustment was required in these
patients [10, 18]. By contrast, moderate renal impair-
ment (eGFR 30 to <60 mL/min/1.73 m?) increased AUC
off by 2.0-fold, and severe renal impairment (eGFR 15 to
<30 mL/min/1.73 m?) increased AUC, by 3.0-fold; as a
result, a dose of filgotinib 100 mg QD is recommended

Table 2 Pharmacokinetics of filgotinib and its primary metabolite after repeated oral doses of filgotinib 200 mg once daily

Source Subjects Filgotinib Primary metabolite
Cpa Mg/mL 7. h AUC,, ty, h Crao Mg/mL ¢ h AUC, fy,, h
pg-h/mL pg-h/mL
Namour et al. Healthy 1.20 (42.0) 2.00 (1.00- 4.45(30.0) 5.17 (39.1)* 3.54(21.2) 5.00(3.00- 69.9(25.6) 27.3(7.81)
[13] subjects 2.00) 5.00)
(n=6)
Namour et al. Japanese 3.77 (53.2) 6.08 (27.8)  6.35(35.4) 5.09 (8.99) 81.4 (12.5) 16.7 (14.6)
[29] healthy
subjects
(n=6)
Namour et al. White 3.06 (51.0) 5.58(21.3) 10.7(67.9) 3.87 (36.4) 62.1(27.0) 19.6 (23.7)
[29] healthy
subjects
(n=6)
SmPC [10] RA n=37) 2.15(48.1) 6.77 (43.7) 4.43 (29.3)° 83.2 (27.3)°
SmPC [10] UC (n=13) 2.12(50.3) 6.15 (28.1)¢ 4.02 (30.5) 72.1 (33.9)¢

Estimates are arithmetic means (CV%) except median (range) for #,,..

AUC,, area under the plasma concentration—time curve from time zero to infinity, AUC, area under the plasma concentration—time curve during

a dosage interval (1), C, .

product characteristics, t,, apparent terminal half-life, z,,, .
n=5

°n=33

‘n=12

dn=1

maximum (peak) plasma drug concentration, CV coefficient of variation, RA rheumatoid arthritis, SmPC summary of

time to reach C,,,,,

following drug administration, UC ulcerative colitis
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in patients with RA with moderate or severe renal impair-
ment [10, 18]. As shown in Fig. 3c, d, the observed dif-
ferences in exposures across patients with renal impair-
ment of varying severity were more pronounced for the
metabolite, consistent with its primary excretion route (at
least 50% in urine) [29]. Filgotinib has not been studied
in patients with end-stage renal disease (eGFR <15 mL/
min/1.73 mz), so its use is therefore not recommended in
this population [10].

4.4 Hepatic Impairment

In a phase I study of patients with moderate hepatic
impairment (Child—Pugh score B; n=10), AUC from
time zero to infinity (AUC) for filgotinib and its pri-
mary metabolite increased by 1.6- and 1.2-fold, respec-
tively, versus healthy controls (n=10), after a single
dose of filgotinib 100 mg. Protein binding of filgo-
tinib and its primary metabolite was unchanged (see
Sect. 3.3). The absence of substantial differences in the
pharmacokinetics of filgotinib and its primary metabo-
lite was anticipated in individuals with mild-to-moderate
hepatic impairment as filgotinib is metabolized by CES2,
an enzyme located mainly in the intestine. Consequently,
no dose adjustment of filgotinib is required in patients
with mild-to-moderate hepatic impairment [10, 23];
however, filgotinib has not been studied in patients with
severe hepatic impairment (Child—Pugh score C) so is not
recommended for use in this population [10].

4.5 Disease State

The steady-state pharmacokinetics of filgotinib and its pri-
mary metabolite after administration of filgotinib 200 mg
QD were investigated using intensive pharmacokinetic
analyses across phase III trials in patients with moderate-
to-severe RA (FINCH 1-3; NCT02889796, NCT02873936,
NCTO02886728) [10] and in patients with UC in the
SELECTION study (NCT02914522) [10] (Table 3). Sum-
mary pharmacokinetic parameters in patients with RA and
UC were comparable to those reported for healthy subjects
(Tables 1 and 2).

4.6 Sex and Body Weight

Although sex and weight have not been formally evaluated
for potential effects on filgotinib pharmacokinetics in dedi-
cated studies, they do not appear to have a clinically relevant
effect on the pharmacokinetics of filgotinib or its metabolite
[10].
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5 Effects of Other Drugs on Filgotinib
5.1 Carboxylesterase Inhibitors

Human CES2 enzymes are the main isoforms responsible for
the formation of the primary metabolite of filgotinib; they
are localized mainly to the intestine and, to a lesser extent,
the liver [24, 30]. These enzymes of the a/f-hydrolase fam-
ily are abundant, with ubiquitous tissue-expression profiles.
Filgotinib is also metabolized by CES1, which is predomi-
nantly expressed in the liver but to a lesser extent than by
CES2 [10, 24]. In vitro inhibition of CES2 by medications
including fenofibrate, carvedilol, diltiazem, and simvastatin
has been demonstrated, although the clinical relevance of
these interactions is currently unknown [10]. In vitro charac-
terization indicates that, even when CES?2 is fully saturated,
filgotinib metabolism is not completely abrogated, as CES1
can also form the primary metabolite [24].

5.2 P-Glycoprotein Inhibitors and Inducers

Both filgotinib and its primary metabolite are substrates of
the xenobiotic compound transporter P-glycoprotein (P-gp)
[10]. The potential effect of the potent P-gp inhibitor itra-
conazole (200 mg single dose with 1 h pretreatment) on
the pharmacokinetics of filgotinib (100 mg single dose)
was evaluated in healthy subjects. Coadministration of fil-
gotinib with itraconazole increased filgotinib AUC_ and
Cpax bY 45% and 64%, respectively but did not affect the
AUC or C,,,, of its primary metabolite (Fig. 3a, b). Itra-
conazole increased the combined AUC 4 of filgotinib and
its primary metabolite by 21%, so no dose adjustment of
filgotinib was deemed necessary [31]. The effect of the P-gp
inducer rifampin (600 mg QD) on the pharmacokinetics of
filgotinib (200 mg single dose) in healthy subjects was also
evaluated. With coadministration, filgotinib AUC_ and C,,,,,
were reduced by 27% and 26%, respectively, and the primary
metabolite AUC_, and C,,, were reduced by 38% and 19%,
respectively (Fig. 3a, b) [31]. The combined AUC, 4 was
reduced by 33%. Based on the combined AUC,; of filgotinib
and its metabolite in the presence of these drugs, filgotinib
dose adjustment was not deemed to be warranted with coad-
ministration of P-gp inhibitors or inducers [10].

5.3 Acid-Reducing Agents

As patients with inflammatory diseases are likely to receive
acid-reducing agents, such as histamine H, antagonists and
proton pump inhibitors, potential drug interactions have
been evaluated with representative medications in each of
these classes [21]. Administration of filgotinib (100 mg
single dose) with simultaneously dosed omeprazole 40 mg
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(with 5-day pretreatment at 40 mg QD) or 2 h after famoti-
dine 40 mg (with 4-day pretreatment at 40 mg twice daily
[BID]) had no effect on the plasma exposure of filgotinib
(AUC,) or its metabolite (AUC_, and C,,,,) (Fig. 3a, b)
[21]. Coadministration of omeprazole slightly reduced the
C,..x of filgotinib by 27% (Fig. 3a) [21]. The effects of
acid-reducing agents on filgotinib pharmacokinetics are not
considered clinically relevant, and filgotinib dose adjust-
ment is not required when coadministering these agents
[10].

6 Effects of Filgotinib on Other Drugs

Overall, filgotinib has a low drug—drug interaction poten-
tial [24]. In vitro, filgotinib and its primary metabolite
at clinically relevant concentrations did not meaningfully
interact with most cytochrome P450 (CYP) enzymes or
uridine 5'-diphospho-glucuronosyltransferases and did
not inhibit most key drug efflux transporters. One excep-
tion is organic cation transporter 2 (OCT2), which was
inhibited by both filgotinib and its metabolite, with ICy,
values at least 11-fold higher than the C,,, values that
filgotinib and its metabolite reached with 200 mg QD dos-
ing [24]. In vitro studies indicated that filgotinib and its
metabolite may inhibit organic anion transporting poly-
peptides (OATP)1B1 and OATP1B3; however, a study
in healthy subjects given filgotinib 200 mg QD along-
side OATP probe substrates (atorvastatin and pravasta-
tin/rosuvastatin) indicated that no dose adaptation was
required for statins or other OATP substrates with filgo-
tinib coadministration (see Sect. 6.4) [32]. In vitro studies
are inconclusive regarding the potential of filgotinib to
induce CYP2B6 and induce or inhibit CYP1A2. Caution
is therefore recommended when coadministering filgotinib
with CYP1AZ2 substrates if the therapeutic index is narrow,
such as is the case with warfarin [10]. In the presence of
a probe substrate at concentrations of up to 200 and 500
UM, maximum inhibition of P-gp was 3.0% and 0% with
filgotinib and its primary metabolite, respectively (ICs,
>200 and >285 uM, respectively) [data on file]. At the
same maximum concentrations, filgotinib and its primary
metabolite inhibited the breast cancer resistance protein
(BCRP) by 20.9% and 0%, respectively (IC5, >200 and
>285 uM, respectively) [data on file]. As such, filgotinib
and its primary metabolite were deemed not to meaning-
fully inhibit P-gp or BCRP at clinically relevant concen-
trations. Overall, all in vitro and clinical data on drug-
metabolizing enzymes and key drug transporters support
coadministration of filgotinib with drugs commonly used
for patients with inflammatory diseases without the need
for dose adjustments.

6.1 Midazolam

To confirm and validate the in vitro results, the potential
for interaction with CYP3A4 was investigated in healthy
subjects using the sensitive CYP3A4 substrate midazolam
(2 mg single dose) administered alone or after filgotinib
200 mg QD for 7 days. Neither the C,,, nor the AUC_ of
midazolam were affected by coadministration of filgotinib
(Fig. 4). The point estimate pairwise comparisons for mida-
zolam AUC_ and C,,,, when coadministered with filgotinib
versus midazolam alone were 1.1 (90% CI 1.0-1.2) and 1.0
(90% CI 0.9-1.1), respectively, meaning that no specific
recommendation was warranted for coadministration of fil-

gotinib with CYP3 A4 substrates [10, 24].
6.2 Hormonal Contraceptives

Since there may be mechanisms of enzyme induction/inhibi-
tion relevant to hormonal contraceptives that are presently
poorly characterized (e.g., increased ethinyl estradiol due to
sulfotransferase inhibition, which has been associated with
thrombosis [33, 34]), the effects of filgotinib (200 mg QD
for 15 days) on hormonal contraceptives (single doses of 30
pg ethinyl estradiol/150 pg levonorgestrel before and after
filgotinib) were evaluated in healthy female subjects [35].
For both levonorgestrel and ethinyl estradiol, the percentage
geometric least squares mean (GLSM) ratios and associ-
ated 90% CIs of C,,, and AUC_, were contained within
the prespecified lack of interaction bounds (70-143%) when
coadministered with filgotinib (Fig. 4) [35]. Based on these
results, no dose adjustment was warranted for coadminis-
tration of filgotinib with hormonal contraceptives [10, 35].

6.3 Metformin

The oral antidiabetic metformin is a substrate of OCT2 and
of multidrug and toxin extrusion (MATE) transporter 1
(MATE1) and MATE2-K. As in vitro assessments indicated
that filgotinib and its primary metabolite are OCT inhibitors
(albeit at supratherapeutic concentrations) [24], potential
drug interactions between metformin (850 mg single dose)
and filgotinib 200 mg QD were assessed. Metformin per-
centage GLSM ratios and associated 90% Cls for AUC_,
and C,,, were not altered by coadministration of filgotinib
(Fig. 4), meaning that filgotinib dose adjustment with con-
comitant use of metformin and other OCT2 and MATE
transporter substrates was deemed unnecessary [31].

6.4 Statins

In vitro data indicated that filgotinib and its primary
metabolite may be inhibitors of OATP1B1 and OATP1B3
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Geometric mean of

70-143% predefined lack of interaction bounds

Factor Parameter the point estimate 90% CI are shown as orange lines

Levonorgestrel Crnax 1.05 0.948, 1.17 *Ib*

AUC. 0.949 0.902, 0.998 -
Ethinyl estradiol Crax 1.14 1.06-1.22 HH

AUC,, 1.14 1.09-1.18 L
Midazolam Cnox 0.999 0.876-1.13 -

AUC,., 1.05 0.978-1.17 -
Methotrexate Crnax 0.988 0.854-1.14 -

AUC, 1.03 0.840-1.26 —0—
Methotrexate metabolite Crax 0.989 0.690-1.41

AUC, 0.996 0.687-1.44
Atorvastatin Crax 0.820 0.690-0.990 HO—

AUC,., 0.910 0.840-0.990 o
2-hydroxy-atorvastatin Crrax 0.980 0.810-1.19 —@—

AUC., 111 1.02-1.22 Ho-
Pravastatin Crax 1.25 1.01-1.54 ®

AUC., 1.22 1.05-1.41 —o—
Rosuvastatin Crnax 1.68 1.43-1.97 —o—i

AUC,, 1.42 1.30-1.57 @
Metformin Conax 1.02 0.854-1.21 o

AUC,, 1.02 0.853-1.22 —o—

0 1 2 3 4 5

Fig. 4 Effects of filgotinib on the C,,, and AUC,, of levonorgestrel,
ethinyl estradiol, midazolam, methotrexate, atorvastatin, pravastatin,
rosuvastatin, and metformin (geometric mean of the point estimate
with 90% confidence intervals). Geometric mean ratio for AUC,, is
shown when the victim drug was given as a single dose; geometric

at supratherapeutic filgotinib concentrations [10]. A phase
I study was conducted in healthy subjects given filgotinib
200 mg QD for 11 days alongside single doses of the OATP
probe substrates atorvastatin (40 mg) and a combination
of pravastatin (40 mg)/rosuvastatin (10 mg) [32]. Of note,
rosuvastatin is both an OATP and a BCRP substrate, and the
combination of rosuvastatin and pravastatin as probes per-
mits simultaneous measurement of the activity of the drug
transporters OATP and BCRP in the presence of filgotinib
[32]. Although coadministration of filgotinib did not affect
atorvastatin AUC_, atorvastatin C,,,, was reduced by 18%
(Fig. 4). Neither the AUC_ nor the C,,, of the atorvas-
tatin metabolite, 2-hydroxy-atorvastatin, were affected by
coadministration with filgotinib (Fig. 4). Pravastatin AUC
was unaffected by filgotinib; however, filgotinib increased
pravastatin C,,, by 25% and increased the C,,, and AUC
of rosuvastatin by 68% and 42%, respectively (Fig. 4). None
of these changes were considered to represent a clinically
meaningful effect of filgotinib coadministration on statin
exposure, and no dose adjustment is required for statins or
other OATP or BCRP substrates [32].

max
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Geometric mean of the point estimate (90% Cl)

mean ratio of AUC_ is shown when the victim drug was given as mul-
tiple doses. AUC,, area under the plasma concentration—time curve
from time zero to infinity, AUC, area under the plasma concentra-
tion—time curve during a dosage interval (t), C,,,, maximum (peak)
plasma drug concentration

6.5 Methotrexate

Methotrexate is an OAT1 and OAT3 substrate that is a stand-
ard of care for the treatment of RA. The potential for drug
interaction with filgotinib was assessed during a phase Ila
study that investigated filgotinib in the treatment of patients
with active RA and an inadequate response to methotrexate
[24]. Patients received filgotinib 30, 75, 150, or 300 mg QD
(or placebo) and continued their stable methotrexate dose
(7.5-20 mg/kg weekly); pharmacokinetic data were pooled
across filgotinib doses (n=17) because of the low patient
numbers in individual dosing groups. The point estimate
pairwise comparisons for methotrexate AUC_ and C,,,, when
coadministered with filgotinib versus methotrexate alone
fell within the lack of interaction bounds (70-143%; Fig. 4)
[24]. These data indicate that filgotinib does not significantly
impact the pharmacokinetics of methotrexate and support
the coadministration of filgotinib with methotrexate without
dose adjustment.
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7 Thorough QTc Study

Filgotinib has no prolongation effect on the corrected QT
interval (calculated using Fridericia’s correction formula
[QTcF] and an individual correction factor [QTcI]). A par-
tially blinded, randomized, placebo- and positive-controlled
(moxifloxacin 400 mg), four-period, multiple-dose, cross-
over study was conducted to evaluate the effect of filgotinib
(at doses of 200 and 450 mg QD for 7 days) on placebo-
corrected QTcF (AAQTCcF; primary endpoint) [20]. Plasma
exposures of filgotinib and its primary metabolite were
expectedly higher following administration of filgotinib 450
versus 200 mg QD (mean C,,, increase of 2.1- and 1.9-fold
for filgotinib and its primary metabolite, respectively, over
a 2.3-fold dose range). No QT prolongation occurred based
on by-timepoint analysis. No clinically relevant relationships
were observed between time-matched, baseline-adjusted,
placebo-corrected QTc interval and plasma concentrations
of filgotinib or its primary metabolite [20]. This represents
a negative thorough QT study, as defined by International
Conference on Harmonisation E14 guidance.

8 Pharmacokinetic-Pharmacodynamic
Relationships

An analysis was performed based on early clinical data
(studies in healthy subjects and a proof-of-concept study in
patients with RA) to develop a preliminary population phar-
macokinetic/pharmacodynamic model describing the time
course of plasma concentrations of filgotinib and its primary
active metabolite across the pharmacodynamic dose range
of filgotinib (25-450 mg QD) [13]. The pharmacokinetics
of filgotinib and its primary metabolite were adequately
described by a combined two-compartment and a one-com-
partment model, respectively, with complete conversion of
filgotinib into metabolite at all except the highest filgotinib
doses. Individual status (healthy subject vs. patient with RA)
and sex were included as statistically significant covariates
on filgotinib and primary metabolite plasma clearance and
on filgotinib intercompartmental clearance, respectively.
Since the phase I studies included in the model were con-
ducted exclusively in healthy male subjects and the proof-
of-concept study included 33/36 (92%) female patients with
RA, sex was confounded with study and subject status in this
pharmacokinetic model. The relative inhibition of pSTAT1
in healthy subjects was described by a combined direct-
response model of the predicted plasma concentration of
filgotinib and its primary metabolite; drug effect on pSTAT1
inhibition was implemented as a sigmoidal maximum effect
(E.a) model. No covariates were included in the model for

biomarker. Figure 5 shows the simulated steady-state inhibi-
tion of pSTATT for various filgotinib regimens [13].

The biomarker—response curve over the dosing interval
correlated with the filgotinib and primary metabolite time
profiles, suggesting that the prolonged metabolite exposure
resulted in the maintenance of inhibition over the dosing
interval, whereas the peak filgotinib exposure contributed
to the maximal inhibition [13]. These data indicated that
the maximum pharmacodynamic effect was achieved with
a dose of filgotinib 200 mg QD and were used to support the
dose and regimen selection for registration trials.

9 Summary/Conclusions

Filgotinib is a preferential JAK1 inhibitor that is metabolized
to an active primary metabolite with similar JAK1 selectiv-
ity but with 10-fold lower potency and a relatively longer
elimination half-life than the parent compound. Filgotinib
100 and 200 mg QD are approved for the treatment of RA
in Europe and Japan. To date, filgotinib has been tested in
various clinical studies in patients with RA [14-16, 36, 37],
where doses of 100 to 200 mg QD or 50 to 100 mg BID were
efficacious for signs and symptoms, with rapid-onset kinet-
ics and a consistent safety profile. Of note, DARWIN 2 [36]
examined filgotinib monotherapy, whereas the other listed
trials included filgotinib in combination with methotrexate.
Filgotinib 200 mg QD is approved for the treatment of UC
in Europe and Japan and is being evaluated (dosed at 100
and 200 mg QD) for the treatment of CD in phase III trials
(NCT02914561, NCT02914600).

Pharmacokinetic analysis following single and multiple
ascending doses of filgotinib revealed rapid absorption fol-
lowing oral administration and conversion to its primary
active metabolite. The pharmacokinetics of filgotinib and
its metabolite were dose proportional over the dose range
of 50 to 200 mg, with no notable food effect on the C,,, or
AUC,,. As expected, based on its half-life of 4.9 to 10.7 h,
filgotinib did not accumulate with QD or BID dosing. The
metabolite has a longer half-life (19.6-27.3 h), reaching
steady state within 4 days of chronic dosing and achieving a
2-fold accumulation in exposure after QD dosing. At steady
state, exposures were approximately 16- to 20-fold higher
for the primary metabolite than for the parent filgotinib [13].

Filgotinib pharmacokinetics appear to be similar between
healthy subjects and patients with RA [10, 13] or UC [17],
and intrinsic factors such as age, mild renal impairment,
and mild-to-moderate hepatic impairment have either no
or minimal impact on the pharmacokinetics of filgotinib
and its primary metabolite [23, 26, 29]. Filgotinib has a
low drug—drug interaction potential, without clinically
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Fig.5 Simulated steady-state
inhibition of pSTAT1 with 90%
confidence intervals. The 90%
confidence intervals shown
represent parameter uncertainty
and are based on 1000 replicates
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significant interactions with commonly administered come-
dications, including methotrexate; oral contraceptives and
other CYP3 A4 substrates; statins; and acid-reducing agents,
such as proton pump inhibitors and histamine antagonists
[21, 24, 31, 32, 35]. No dose adjustment is required when
filgotinib is coadministered with other drugs [10, 24]. Both
filgotinib and its primary metabolite are substrates of P-gp;
however, coadministration with P-gp inhibitors or inducers
does not affect filgotinib pharmacokinetics sufficiently to
warrant dose adjustment [31]. Neither filgotinib nor its pri-
mary metabolite have shown an effect on QTcF interval [20].

In conclusion, the studies described herein support the
use of filgotinib as a treatment for patients with RA and UC
and potentially other inflammatory diseases, including CD,
because of its pharmacokinetic/pharmacodynamic and effi-
cacy profiles and acceptable tolerability [7, 14, 16, 17, 36].
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