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Abstract

Filgotinib, an oral Janus kinase-1 preferential inhibitor, is approved in Europe and Japan for adults with rheumatoid arthri-
tis. Patients with rheumatoid arthritis are at higher risk of cardiovascular morbidity/mortality; thus, it is important to
understand potential drug-drug interactions of filgotinib with lipid-lowering agents. This open-label, randomized, 2-way
crossover study evaluated the pharmacokinetics of atorvastatin, pravastatin, and rosuvastatin with and without filgo-
tinib coadministration. Healthy participants (N = 27) received single doses of atorvastatin (40 mg) and of a pravastatin
(40 mg)/rosuvastatin (10 mg) cocktail—alone or with filgotinib (200 mg once daily for 11 days)—on 2 different occasions
with washout in between.Serial pharmacokinetic blood samples were collected,and safety was assessed.Pharmacokinetic
parameters were evaluated using 90% confidence intervals (CI) of the geometric least-squares mean (GLSM) ratio of the
test treatment (statin coadministration with filgotinib) vs statin alone,with prespecified lack-of-interaction bounds of 0.70
to 1.43. Coadministration of filgotinib did not affect atorvastatin area under the plasma concentration–time curve ex-
trapolated to infinity (AUCinf; [GLSM ratios (90% CI): 0.91 (0.84-0.99)]), but maximum concentration [Cmax] was slightly
lower [0.82 (0.69-0.99)].The exposure of 2-hydroxy-atorvastatin was unaffected (GLSM ratios [90% CI],0.98 [0.81-1.19]
for Cmax;1.11 [1.02-1.22] for AUCinf).Pravastatin AUCinf was also unaffected (GLSM ratios,1.22 [1.05-1.41],but Cmax was
slightly higher 1.25 [1.01-1.54]). Rosuvastatin exposure was moderately higher with filgotinib coadministration—GLSM
ratios (90% CI), 1.68 (1.43-1.97) for Cmax; 1.42 (1.30-1.57) for AUCinf—but this was not considered clinically rele-
vant. These results indicate that filgotinib has no clinically meaningful effect on exposure of atorvastatin, pravastatin, or
rosuvastatin.
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Patients with rheumatoid arthritis (RA) are at an ele-
vated risk of cardiovascular morbidity and mortality
(relative risk, 1.4 in men and 1.5 in women).1 Statin use
is recommended for patients with risk-enhancing fac-
tors including RA.2 A recent position paper suggests
that many patients with RA may benefit from inten-
sified lipid-modifying therapy to reduce cardiovascu-
lar risk.3 Drug-drug interactions that significantly in-
crease the exposure of statins are unfavorable because
high statin exposure has been associated with statin-
induced myopathy.4 As such, it is important to under-
stand potential interactions of therapies for RA with
lipid-modifying agents.

Filgotinib (brand name Jyseleca®), a once-daily,
oral, Janus kinase (JAK) 1 preferential inhibitor, is ap-
proved for use in Europe and Japan in adult patients
with moderately to severely active RA who have had

an inadequate response to conventional therapies.5 Fil-
gotinib is ≈5- to 30-fold more selective for inhibition
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of JAK1 than JAK2.6,7 Filgotinib undergoes rapid ab-
sorption following oral dosing and is primarily metabo-
lized by carboxylesterase isoform 2, resulting in the loss
of the cyclopropyl carboxylic acid group to form itsma-
jor circulating metabolite, GS-829845 (see Namour et
al8 for the structures of filgotinib and its major metabo-
lite). GS-829845 has similar selectivity for JAK1 as fil-
gotinib but with ≈10-fold reduced potency based on
human whole blood assay and higher (≈16- to 20-fold)
systemic exposure.8

In vitro studies demonstrated that filgotinib andGS-
829845 do not interact with cytochrome P450 enzymes
or uridine 5’-diphospho-glucuronosyltransferases, and
they do not inhibit key drug transporters at clinically
relevant concentrations.9 Filgotinib and GS-829845
were shown to not affect QT interval.10 Systemic ex-
posure to filgotinib is not affected by food intake or
by coadministration of acid-reducing agents.11 Coad-
ministration of filgotinib and oral contraceptives did
not affect the pharmacokinetics of the representa-
tive oral contraceptive studied (Microgynon [ethinyl
estradiol]/levonorgestrel).12 Age ormild tomoderate re-
nal impairment were shown to have only limited effects
on the steady-state exposure of filgotinib.13

Filgotinib and GS-829845 are in vitro inhibitors of
organic anion transporting peptide (OATP)-1B1/1B3
isoforms at concentrations that are higher than those
that are clinically relevant with half-maximal inhibitory
concentrations (IC50) of 98 μM and >285 μM, respec-
tively, for filgotinib and 260 μM and >473 μM,
respectively, for GS-829845. Steady-state maximum
observed plasma concentration (Cmax) values of filgo-
tinib and GS-829845 are 5.1 and 12 μM, respectively,
following 200 mg once-daily dosing in RA patients.
OATP1B1 and OATP1B3 are the major isoforms of
OATP expressed on hepatocytes and are responsible
for transporting substrate drugs, including statins, into
hepatocytes for further metabolism.14,15

The objective of this study was to clinically evaluate
the potential for drug-drug interactions (DDIs) be-
tween filgotinib and 3 statins that are OATP substrates:
atorvastatin (cytochrome P450 (CYP) 3A4 and OATP
substrate), pravastatin (OATP substrate), and rosu-
vastatin (breast cancer resistance protein and OATP
substrate).

Methods
Ethics Statement
The study protocol was reviewed and approved by the
IntegReview institutional review board (Austin, Texas).
The study was carried out in accordance with the Dec-
laration of Helsinki and the International Council for
Harmonisation Good Clinical Practice guidelines. All
participants provided written informed consent before

study participation. The study was conducted at Prism
Research (St Paul, Minnesota).

Study Design and Population
This was a phase 1, randomized, 2-way crossover, open-
label, single- and multiple-dose, single-center study in
healthy adult participants (Figure 1). Eligible partici-
pants included surgically sterile men and nonpregnant,
nonlactating women between 18 and 55 years of age,
with a bodymass index≥19 and≤30 kg/m2, normal 12-
lead electrocardiogram, normal renal function, and no
significant medical history, who were in general good
health at the time of screening (≤28 days before the
first dose) as determined by the investigator. Exclusion
criteria included receipt of any investigational drug or
device (30 days before the first dose), positive coron-
avirus disease 2019 real-time reverse transcriptase poly-
merase chain reaction testing on screening and admis-
sion, use of any prescription or over-the-counter med-
ications (except vitamins, acetaminophen, ibuprofen,
and/or hormonal contraceptive medications) or herbal
products within 28 days of commencing study drug
dosing, and no current alcohol or substance use.

Following screening and day −1 assessments, par-
ticipants were randomized 1:1 to 1 of 2 treatment se-
quences (AB or BA). Treatment A (reference treat-
ment) was a single dose of atorvastatin 40 mg, fol-
lowed by a washout period of 1 day and a single dose
of a combination of pravastatin 40 mg (Bristol-Myers
Squibb, Princeton,New Jersey)/rosuvastatin 10mg (As-
traZeneca Pharmaceuticals, Wilmington, Delaware).
Treatment B (test treatment) was filgotinib 200 mg ad-
ministered once daily for 11 days, with a single dose
of atorvastatin 40 mg (Pfizer, Dublin, Ireland) admin-
istered on day 6 followed by a single dose of a combi-
nation of pravastatin 40 mg/rosuvastatin 10 mg admin-
istered on day 8.

All doses were administered by qualified study center
staff; mouth checks were performed to ensure that the
medication was taken, and time of dose was recorded.
All study treatments were administered with 240 mL
water in the morning at approximately the same time
following an overnight fast. Participants fasted for 2
hours after dosing on days without blood sampling;
on days when pharmacokinetic samples were collected,
participants fasted until 4 hours after dosing and were
then provided with a standardized meal.

Pharmacokinetic Sampling
Plasma concentrations of atorvastatin, 2-hydroxy-
atorvastatin (active metabolite of atorvastatin),
pravastatin, and rosuvastatin were determined, and
pharmacokinetic parameters were evaluated. Partic-
ipants were assigned to 1 of 2 sequences, described
above, either statins alone first or in combination with
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A) Sequence AB

B) Sequence BA

Screening

Admission
Discharge

Follow-up

-28 -1 17 24 (±2)

1 3 7 11 12 13 14 15 16

Screening

Admission Discharge Follow-up

-28 -1 23 27 (±2)

1 5 7 11 18 206 8

Clinic confinement

Washout

Intensive PK sampling

Filgotinib

Atorvastatin

Pravastatin + rosuvastatin

Clinic confinement

Washout

Intensive PK sampling

Filgotinib

Atorvastatin

Pravastatin + rosuvastatin

Figure 1. Study schematic for (A) sequence AB and (B) sequence BA. Samples collected during intensive PK sampling. PK, pharma-
cokinetics.

filgotinib first (Figure 1). Intensive pharmacokinetic
sampling occurred relative to dosing of study drug on
the following schedules: blood samples were collected
from participants at 5 minutes before dosing and 0.5, 1,
1.5, 2, 3, 4, 6, 8, 12, 16, 24, and 48 hours after dosing.
Samples were also collected at 5, 10, and 36 hours after
dosing on days when atorvastatin was administered and
72 hours after dosing when pravastatin/rosuvastatin
was administered. All samples were collected on ice
and stored at −70˚C until processing.

Safety Assessments
Safety was monitored throughout the study, at screen-
ing, and at discharge for all participants. All partic-
ipants were contacted via telephone 7 ± 2 days af-
ter the last administration of the study drug as a
follow-up. On days of drug administration, vital signs
were assessed before drug dosing (except for days 2,
4, and 10). Symptom-driven physical examination was
conducted during clinic confinement. Assessments of
adverse events (AEs) were performed throughout the
study with AEs recorded as per the Medical Dictio-
nary for Regulatory Activities and severity recorded by
Common Terminology Criteria for Adverse Events ver-
sion 5.0. AEs associated with laboratory abnormalities
were graded on the basis of clinical severity of the un-
derlying condition.

Bioanalytical Procedures
Plasma samples were collected and subsequently ana-
lyzed at QPS, LLC (Newark, Delaware) by commer-

cially available bioanalytical methods for each of the
statins studied; the methods were validated at QPS ac-
cording to criteria established in US Food and Drug
Administration guidance. Each method used liquid-
liquid extraction to isolate the analytes and their added
corresponding isotopically labeled analytes as internal
standards from the sample. Additionally, each method
used high-performance liquid chromatography-tandem
mass spectrometry for quantitation. Details of the
methods are presented in Table 1. Linear calibra-
tion curves were generated from drug-to-internal stan-
dards peak area ratios of calibration standards us-
ing least-squares regression analysis with 1/(nominal
concentration)2 weighting. All study samples were an-
alyzed within the frozen storage stability durations es-
tablished for each method.

Pharmacokinetic Analysis
Pharmacokinetic parameters of atorvastatin, 2-
hydroxy-atorvastatin, pravastatin, and rosuvastatin
were calculated by noncompartmental methods using
Phoenix WinNonlin 8.2 (Certara, Princeton, New
Jersey). Calculated parameters included area under the
plasma concentration–time curve (AUC) from time 0
to the last quantifiable concentration, AUC extrap-
olated to infinity (AUCinf ), Cmax, time to maximal
concentration, and the terminal phase elimination
half-life. The 2-hydroxy-atorvastatin to atorvastatin
metabolite-to-parent molar ratios of AUCinf and Cmax

were calculated. Postdose samples that were below the
lower limit of quantitation were treated as missing
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Table 2. Baseline Demographics

Treatment
Sequence AB

n = 14

Treatment
Sequence BA

n = 13 Total N = 27

Age, y
Median (range) 32 (20-43) 26 (19-43) 30 (19-43)
Mean (SD) 31 (7.2) 29 (7.6) 30 (7.3)

Sex, n (%)
Female 14 (100) 12 (92.3) 26 (96.3)
Male 0 1 (7.7) 1 (3.7)

Race, n (%)
Asian 0 1 (7.7) 1 (3.7)
Black or African American 3 (21.4) 2 (15.4) 5 (18.5)
White 10 (71.4) 9 (69.2) 19 (70.4)
Other 1 (7.1) 1 (7.7) 2 (7.4)

Ethnicity, n (%)
Hispanic or Latino 0 1 (7.7) 1 (3.7)
Not Hispanic or Latino 14 (100) 12 (92.3) 26 (96.3)

Body weight, kg
Median (range) 65.6 (54.6-90.9) 72.2 (55.6-84.5) 67.8 (54.6-90.9)
Mean (SD) 68.1 (9.70) 70.7 (9.39) 69.4 (9.46)

Body mass index, kg/m2

Median (range) 24.7 (19.3-29.8) 26.1 (19.2-29.1) 24.8 (19.2-29.8)
Mean (SD) 25.1 (3.07) 25.4 (3.01) 25.3 (2.99)

SD, standard deviation.
Percentages based on total number of participants in the safety analysis set. Treatment A was a single dose of atorvastatin 40 mg, followed by a 1-day
washout and a single dose of pravastatin 40 mg/rosuvastatin 10 mg; treatment B was filgotinib 200 mg once daily for 11 days, atorvastatin 40 mg on
day 6, followed by pravastatin 40 mg/rosuvastatin 10 mg on day 8.

data in the noncompartmental analyses. For summary
purposes, values that were below the lower limit of
quantitation were treated as 0 at predose and postdose
time points.

Statistical Methods
Plasma concentrations and pharmacokinetic param-
eters were summarized using descriptive statistics by
treatment. An analysis of variance using amixed-effects
model with treatment, period, and sequence as fixed
effects and participant as a random effect was fitted
to the natural logarithmic transformation of the pri-
mary pharmacokinetic parameters (AUC from time 0
to the last quantifiable concentration, AUCinf , Cmax)
for each analyte. Two-sided 90% confidence intervals
(CIs) were calculated for the ratios of geometric least-
squares mean (GLSM) of primary pharmacokinetic
parameters for treatment B versus treatment A. A lack
of pharmacokinetic interaction was concluded if the
90% CIs for the GLSM ratios were contained within
a range of 0.70 and 1.43 for atorvastatin, 2-hydroxy-
atorvastatin, pravastatin, and rosuvastatin for AUC
and Cmax. This 0.70 to 1.43 boundary was selected
on the basis of the dose/exposure relationship for the
statins studied, which indicates that a 30% change in
exposure is not clinically relevant, and these no-effect

boundaries have been previously used in other DDI
studies with statins.16–18 With 25 participants enrolled,
the estimated 2-sided 90% CI of the percent GLSM ra-
tio for treatment B versus treatment A was within 0.70
to 1.43, with >80% probability if the true GLSM ra-
tio were 1.0 and a standard deviation of no more than
0.569 on a natural logarithmic scale, based on prior
pharmacokinetic studies.

Results
A total of 27 participants enrolled in the study, and
25 completed all study treatments. Two participants
were enrolled but discontinued study treatments: 1
participant—the only participant of Asian descent in
the study—who was administered filgotinib plus the
statins, discontinued before the period of adminis-
tration of the statins alone due to a grade 3 increase
in creatine phosphokinase, and a second participant
discontinued due to difficulty with blood draws. The
majority of participants were White women with a
mean age of 30 years. Baseline demographics were
balanced between treatment sequences (Table 2).

Pharmacokinetics
Atorvastatin. Mean plasma concentration–time pro-

files of atorvastatin and 2-hydroxy-atorvastatin with
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Figure 2. Mean (± SD) plasma concentrations of (A) atorvastatin, (B) 2-hydroxy-atorvastatin, (C) pravastatin, and (D) rosuvastatin
with or without coadministration with filgotinib. 2-hydroxy-atorvastatin is an active metabolite of atorvastatin. Gray horizontal lines
indicate lower limit of quantitation. H, hours; SD, standard deviation.

and without filgotinib administration are shown in Fig-
ure 2A and 2B, respectively. The corresponding phar-
macokinetic parameters and statistical comparisons
for atorvastatin and 2-hydroxy-atorvastatin are pre-
sented in Table 3. The GLSM ratio and 90% CIs were
within the lack-of-interaction boundary for atorvas-
tatin AUC and 2-hydroxy-atorvastatin AUC and Cmax

when atorvastatin was administered with filgotinib
relative to when atorvastatin was administered alone.
Atorvastatin Cmax appeared to be 18% lower when ad-
ministered with filgotinib relative to when administered
alone. Atorvastatin metabolite-to-parent molar ratio
(2-hydroxy-atorvastatin to atorvastatin) for Cmax and
AUC were within the prespecified lack-of-interaction
criteria when coadministered with filgotinib.
Pravastatin. Mean plasma concentration–time pro-

files of pravastatin with and without filgotinib admin-
istration are shown in Figure 2C. The corresponding
pravastatin pharmacokinetic parameters and statistical
comparisons are presented in Table 3. There was no
effect of filgotinib coadministration on pravastatin
AUC, and the GLSM ratio and 90% CIs were within
the lack-of-interaction boundaries. TheCmax of pravas-
tatin appeared to be increased by 25% with filgotinib
coadministration relative to pravastatin alone.
Rosuvastatin. Mean plasma concentration–time

profiles of rosuvastatin with and without filgotinib

administration are shown in Figure 2D. The corre-
sponding rosuvastatin pharmacokinetic parameters
and statistical comparisons are presented in Table 3.
Relative to rosuvastatin alone, filgotinib coadministra-
tion increased rosuvastatin AUCinf and Cmax by 42%
and 68%, respectively. Consistent with the observed
pharmacokinetic changes, the GLSM ratio and 90%
CIs were above the lack-of-interaction boundary for
rosuvastatin AUC and Cmax.

A summary of changes in pharmacokinetic param-
eters observed for atorvastatin, 2-hydroxy-atorvastatin,
pravastatin, and rosuvastatin with filgotinib coadminis-
tration including the prespecified boundaries are shown
in Figure 3.

Safety
Eleven (40.7%) participants had a treatment-emergent
AE related to study drug; 3 (11.5%) events occurred
during atorvastatin treatment, 1 (4.0%) in the pravas-
tatin plus rosuvastatin arm, 8 (30.8%) in the filgotinib
arm, 1 (3.8%) in the filgotinib plus atorvastatin arm,
and 2 (7.7%) in the filgotinib plus pravastatin plus
rosuvastatin arm. The majority of treatment-emergent
AEs were mild or moderate (n = 5 each). One par-
ticipant (3.7%), a 24-year-old Asian female who re-
ceived filgotinib, experienced an asymptomatic grade
3 AE of blood creatine phosphokinase increase. The
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Table 3. Atorvastatin, 2-Hydroxy-Atorvastatin, Pravastatin, and Rosuvastatin Pharmacokinetic Parameters With and Without Filgo-
tinib 200 mg

Effect of Filgotinib on Atorvastatin PK

PK Parameter Atorvastatin Alone (n = 25) Atorvastatin + Filgotinib (n = 26) GLSM Ratio (90% CI)

AUCinf, ng · h/mL 80.8 (49.2) 71.8 (38.0) 0.91 (0.84-0.99)
AUClast, ng · h/mL 78.8 (49.6) 70.2 (38.6) 0.91 (0.84-0.99)
Cmax, ng/mL 19.7 (68.6) 15.0 (52.1) 0.82 (0.69-0.99)
tmax, h

a
1.5 (1.0-2.0) 1.0 (0.5-3.0) …

t1/2, h
a

6.9 (4.1-9.0) 7.4 (6.4-9.2) …
t1/2, h

b
7.16 (2.97) 7.40 (2.39) …

Effect of Filgotinib on 2-Hydroxy-Atorvastatin PK

PK Parameter Atorvastatin Alone (n = 25) Atorvastatin + Filgotinib (n = 26) GLSM Ratio (90% CI)

AUCinf, ng · h/mL 96.2 (38.4) 109 (36.4) 1.11 (1.02-1.22)
AUClast, ng · h/mL 93.0 (39.8) 106 (36.8) 1.12 (1.02-1.23)
Cmax, ng/mL 12.4 (53.3) 11.7 (43.9) 0.98 (0.81-1.19)
tmax, h

a
2.0 (1.5-4.1) 2.5 (1.5-4.0) …

t1/2, h
a

9.1 (7.1-10.9) 9.4 (8.4-10.1) …
t1/2, h

b
9.91 (4.32) 9.30 (1.49) …

AUCinf (molar ratio of
2-hydroxy-
atorvastatin to
atorvastatin)

1.3 (35.1) 1.6 (26.3) 1.22 (1.15-1.29)

Cmax (molar ratio of
2-hydroxy-
atorvastatin to
atorvastatin)

0.7 (43.9) 0.8 (29.3) 1.19 (1.06-1.33)

Effect of Filgotinib on Pravastatin PK

PK Parameter Pravastatin Alone
c
(n = 25) Pravastatin + Filgotinib (n = 26) GLSM Ratio (90% CI)

AUCinf, ng · h/mL 201 (57.8) 235 (58.5) 1.22 (1.05-1.41)
AUClast, ng · /mL 200 (58.0) 233 (59.2) 1.22 (1.05-1.41)
Cmax, ng/mL 84.2 (67.3) 99.2 (66.2) 1.25 (1.01-1.54)
tmax, h

a
1.0 (1.0-1.0) 1.0 (1.0-1.0) …

t1/2, h
a

4.9 (3.5-8.6) 5.6 (3.3-8.5) …
t1/2, h

b
6.48 (4.97) 6.57 (4.39) …

Effect of Filgotinib on Rosuvastatin PK

PK Parameter Rosuvastatin Alone
c
(n = 25) Rosuvastatin + Filgotinib (n = 26) GLSM Ratio (90% CI)

AUCinf, ng · h/mL 66.0 (44.8) 92.3 (37.9) 1.42 (1.30-1.57)
AUClast, ng · h/mL 62.6 (46.4) 89.3 (38.8) 1.46 (1.32-1.62)
Cmax, ng/mL 7.5 (55.3) 12.3 (48.8) 1.68 (1.43-1.97)
tmax, h

a
3.0 (2.0-4.0) 2.5 (1.5-3.0) …

t1/2, h
a

18.3 (13.5-22.0) 15.4 (12.9-20.8) …
t1/2, h

b
18.40 (6.89) 16.53 (4.50) …

AUCinf, area under the concentration-time curve from 0 to infinity; AUClast, area under the concentration-time curve from 0 to last PK observa-
tion; CI, confidence interval; Cmax, maximum observed plasma concentration; %CV, coefficient of variation; GLSM, geometric least-squares mean; PK,
pharmacokinetic; t1/2, terminal elimination half-life; tmax, time to maximum concentration.
All data presented as mean (%CV) with exceptions shown in the footnote.
a
Presented as median (Q1-Q3).

b
Presented as mean (standard deviation).

c
Administered as part of a pravastatin/rosuvastatincocktail.
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Figure 3. Effect of filgotinib on exposures of atorvastatin, 2-
hydroxy-atorvastatin, pravastatin, and rosuvastatin. Dashed ver-
tical lines indicate prespecified boundaries (0.70-1.43). AUCinf,
area under the curve from time 0 extrapolated to infinity; CI,
confidence interval;Cmax,maximum observed concentration;PK,
pharmacokinetics.

investigator assessed the event as AE related to all study
drugs (statins plus filgotinib), and the event resulted
in premature discontinuation of all study drugs and
study discontinuation. The most common AEs were
headache (n = 5 [19.2%] filgotinib, n = 2 [7.7%] ator-
vastatin, and n= 1 [4.0%] pravastatin plus rosuvastatin)
and nausea (n = 3 [11.5%] filgotinib and n = 1 [3.8%]
filgotinib plus atorvastatin); all were mild or moderate.

Discussion
This phase 1 studywas conducted to assess the potential
effect of filgotinib and itsmajormetabolite,GS-829845,
on the pharmacokinetics of atorvastatin, pravastatin,
and rosuvastatin. There is an elevated cardiovascular
risk for patients with RA, and statins are recommended
for use in patients with risk-enhancing factors, such as
RA.2,3 Studies have reported dyslipidemia can affect up
to one-third of patients with RA.19 Therefore, it is nec-
essary to understand potential interactions of RA ther-
apies with statins.

Based on in vitro studies, filgotinib inhibited
OATP1B1 and OATP1B3 at exposures that are signifi-
cantly greater than the clinically relevant range. Filgo-
tinib inhibited OATP1B1 and OATP1B3 with an IC50

of 98 μM and >285 μM, respectively, which is ≈19-
and 56-fold higher than the steady-state Cmax of filgo-
tinib in patients with RA following a 200-mg once-daily
dose. GS-829845, filgotinib’s active metabolite, inhib-
ited OATP1B1 and OATP1B3 with an IC50 of 260 μM
and>473μM, respectively, which is at least 22- and 39-

fold higher than the steady state Cmax of GS-829845 in
patients with RA following a 200-mg once-daily dose
of filgotinib. Therefore, filgotinib was not expected to
significantly increase exposure of statins via inhibition
of the OATP transporters at the clinically relevant dose.

The recommended dose of filgotinib for the treat-
ment of moderately to severely active RA is 200 mg
once daily.5 Filgotinib does not accumulate in plasma
following multiple once-daily dosing, and steady-state
filgotinib plasma concentrations are achieved in ap-
proximately 2 to 3 days. GS-829845, the major active
metabolite, demonstrates ≈2-fold accumulation fol-
lowing multiple once-daily dosing of filgotinib, with
steady-state plasma concentrations achieved in ≈4
days. Therefore, in the current study, filgotinib was ad-
ministered as 200-mg once-daily doses for 5 days before
being coadministered with atorvastatin, pravastatin,
or rosuvastatin to ensure the maximal effect of filgo-
tinib and GS-829845 was characterized for potential
OATP inhibition. Furthermore, filgotinib was admin-
istered alone for an additional 1 day and 3 days after
being coadministered with atorvastatin and pravas-
tatin/rosuvastatin, respectively, to ensure any potential
effect of filgotinib and GS-829845 on OATP drug
transporter was sustained during washout of the statin.

The atorvastatin dose evaluated in the study (40 mg)
was selected because it is representative of the middle
of the recommended dose range of 10 to 80 mg used
in clinical practice to treat hyperlipidemia or prevent
cardiovascular disease.20 In addition, drug interactions
resulting in significant changes in atorvastatin exposure
generally involve inhibition of CYP3A4; thus, large
increases in atorvastatin exposure were not expected
to occur when atorvastatin was administered with
filgotinib, since filgotinib does not inhibit CYP3A. The
40-mg dose of pravastatin was selected because it is
representative of a dose used for treatment of hyper-
lipidemia and for cardiovascular disease prevention,
and it has been established as an in vivo probe for
assessing OATP at this dose. Rosuvastatin is adminis-
tered at doses ranging from 5 to 40 mg once daily; a
10-mg dose was selected as a clinically relevant dose
representative of the range used in clinical practice, and
it has been established as an in vivo probe substrate for
OATP at this dose.21 Rosuvastatin and pravastatin were
administered as a cocktail of drug transporter probe
substrates. The use of this cocktail as a measure of
OATP and breast cancer resistance protein activity was
confirmed in a prior study, in which these probe drugs
were administered simultaneously with no interactions
with each other.22,23

With multiple filgotinib 200 mg once-daily adminis-
trations, there was no increase in the exposure of ator-
vastatin (CYP3A4 and OATP substrate). The apparent
small decrease (18%) in atorvastatin Cmax when



Anderson et al. 243

coadministered with filgotinib is not considered clini-
cally relevant based on the exposure-efficacy relation-
ship for atorvastatin, which indicates that a reduction
in low-density lipoprotein cholesterol is more likely to
be correlated with total daily exposure (AUC) rather
than Cmax.24–26 There was no increase in the systemic
exposure (AUC) of pravastatin, but a small increase
in pravastatin Cmax (25%) was observed. This small in-
crease in pravastatin Cmax is not considered clinically
relevant on the basis of the dose/exposure-safety data
for pravastatin.27

Of the 3 evaluated statins, only rosuvastatin showed
a small but consistent increase in AUC and Cmax.
However, the magnitude of observed change (42%
and 68% increase in AUCinf and Cmax, respectively) is
not considered clinically relevant based on the known
dose/exposure-response relationship of rosuvastatin.28

Across the approved dose range for rosuvastatin, the
dose-response relationship for safety is comparable to
other widely used statins.29,30 Results from clinical trials
and postmarketing surveillance in a broad patient pop-
ulation revealed no cases of rhabdomyolysis in patients
receiving 10 to 40 mg of rosuvastatin, and myopathy
related to rosuvastatin occurred in ≤0.03% of patients
receiving rosuvastatin.28 Further, across the approved
dose range, no significant increases in creatinine kinase
or alanine aminotransferase levels have been observed
with increases in dose. Above the approved dose range,
a dose-dependent increase was observed. Development
of severe myopathy or rhabdomyolysis occurred at an
increased incidence only at the 80-mg dose. Consis-
tently, guidance from the American Heart Association
on statin interactions describes the magnitude of drug
interaction as minor if the AUC increase is >1.25 to
<2.31 Interaction of rosuvastatin with drugs that result
in a <2-fold increase in exposure of rosuvastatin (such
as rosuvastatin interactions with eltrombopag 75 mg
once daily, darunavir 600 mg/ritonavir 100 mg twice
daily, tipranavir/ritonavir combination 500 mg/200 mg,
dronedarone 400 mg twice daily, and itraconazole 200
mg once daily) were not noted in the US prescribing
information as being clinically relevant or necessitating
rosuvastatin dose adjustment.32

Collectively, these data indicate a lack of clinically
relevant interaction between filgotinib and atorvastatin,
pravastatin, or rosuvastatin. Given that atorvastatin,
pravastatin, and rosuvastatin are sensitive OATP sub-
strates and the highest impact of filgotinib on the
evaluated statin exposure is limited (<50% increase in
rosuvastatin AUC), filgotinib is not anticipated to have
clinically meaningful interactions with other sensitive
substrates of the OATP transporter (eg, pitavastatin,
simvastatin, and valsartan).

This study provides an evaluation of the safety and
tolerability of a single dose of statins with filgotinib.

The majority of AEs were mild or moderate in nature,
and no new safety signals were observed with filgotinib
exposure in combination with statins compared to the
individual drugs. Given the low potential for OATP-
mediated DDIs at clinical concentrations, statins were
an allowed concomitant medication in the phase 2 and
phase 3 studies of filgotinib in patients with RA.33–35 In
a post hoc analysis of pooled data from these 5 studies,
no increases in statin-induced AEs, such as muscle or
liver toxicities, were observed following coadministra-
tion of statins with filgotinib (N= 387 patients withRA
on filgotinib and concomitant statin treatment). Results
from the current DDI study confirm that filgotinib has
no clinically relevant effect on exposure of statins.

This study evaluated the OATP DDI liability of fil-
gotinib in healthy participants rather than a targeted
patient population; however, healthy participants are
recommended for evaluating potential DDIs. In addi-
tion, filgotinib and GS-829845 exposure is comparable
between healthy participants and patients withRA, and
the mechanism of OATP DDI is not disease specific.
Therefore, it is to be expected that these results can be
extrapolated to the intended patient population.

Conclusion
Filgotinib, at its 200-mg once-daily dosage, had no clin-
ically relevant effect on the exposure of atorvastatin,
pravastatin, and rosuvastatin. Results of this study
confirm that filgotinib has a low potential to affect
the pharmacokinetics of concomitantly administered
drugs that are OATP substrates at the clinically relevant
exposures.
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