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Abstract
Filgotinib,	a	preferential	Janus	Kinase-	1	inhibitor,	is	approved	in	Europe	and	Japan	
for	treatment	of	rheumatoid	arthritis	and	is	being	developed	for	treatment	of	other	
chronic	 inflammatory	 diseases.	 Three	 drug-	drug	 interactions	 studies	 were	 con-
ducted	in	healthy	subjects	to	evaluate	the	effect	of	P-	glycoprotein	(P-	gp)	modulation	
(study	1:	P-	gp	inhibition	by	itraconazole	and	study	2:	P-	gp	induction	by	rifampin)	
on	filgotinib	pharmacokinetics	and	the	potential	of	 filgotinib	to	 impact	exposure	
of	metformin,	an	organic	cation	transporter	(OCT)	2	and	multidrug	and	toxin	ex-
trusion	(MATE)	1/2K	substrate	(study	3).	Co-	administration	of	filgotinib	with	itra-
conazole	increased	filgotinib	exposure	(maximum	concentration	[Cmax]	by	64%	and	
area	under	the	curve	to	infinity	[AUCinf]	by	45%)	but	had	no	effect	on	the	exposure	
of	GS-	829845,	filgotinib’s	primary	metabolite.	Rifampin	moderately	reduced	expo-
sures	of	filgotinib	and	GS-	829845	(Cmax	by	26%	and	AUCinf	by	27%	for	filgotinib;	
Cmax	by	19%	and	AUCinf	by	38%	for	GS-	829845).	The	data	confirmed	that	filgotinib	
is	a	P-	gp	substrate.	However,	the	magnitude	of	change	in	filgotinib/GS-	829845	ex-
posure	by	P-	gp	modulators	is	not	deemed	to	be	clinically	relevant	based	on	filgotinib	
exposure-	response	analyses	in	subjects	with	rheumatoid	arthritis.	Filgotinib	did	not	
alter	metformin	exposures,	indicating	that	filgotinib	and	GS-	829845	do	not	inhibit	
OCT2	and	MATE1/2K	at	the	clinical	doses.	Filgotinib	was	generally	well-	tolerated	
when	administered	alone	or	with	the	co-	administered	drugs	in	the	studies.	Results	
from	these	studies	were	the	basis	 to	enable	the	use	of	P-	gp	modulators	and	sub-
strates	of	OCT2,	MATE1,	and	MATE2K	with	filgotinib	without	the	need	for	dose	
modifications	in	the	current	approved	rheumatoid	arthritis	population.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Filgotinib	 is	 approved	 for	 treatment	 of	 patients	 with	 rheumatoid	 arthritis	 in	
Europe	and	Japan.	Polypharmacy	is	common	in	patients	with	inflammatory	dis-
eases,	such	as	rheumatoid	arthritis.
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INTRODUCTION

Filgotinib	 (brand	 name:	 Jyseleca®)	 is	 an	 oral	 small	 mol-
ecule	inhibitor	of	Janus	Kinase	(JAK)-	1.	Filgotinib	is	ap-
proved	 in	 Europe	 for	 treatment	 of	 moderate-	to-	severe	
active	rheumatoid	arthritis	in	adult	patients	who	have	re-
sponded	inadequately	to,	or	who	are	intolerant	to,	one	or	
more	disease-	modifying	anti-	rheumatic	drugs	(DMARDs)	
and	in	Japan	for	treatment	of	rheumatoid	arthritis	in	pa-
tients	 who	 had	 an	 inadequate	 response	 to	 conventional	
therapies	 (including	 prevention	 of	 structural	 damage	
to	 joints).1	 In	 the	 rheumatoid	 arthritis	 phase	 III	 stud-
ies,	both	 filgotinib	200 mg	and	100 mg	once-	daily	doses	
significantly	 improved	 signs	 and	 symptoms	 and	 physi-
cal	 function	 in	 patients	 with	 active	 rheumatoid	 arthritis	
who	had	an	inadequate	response	or	intolerance	to	one	or	
more	biological	DMARDs	or	patients	with	active	rheuma-
toid	arthritis	and	limited	or	no	prior	methotrexate	expo-
sure.2,3	Filgotinib	200 mg	is	the	therapeutic	dose	approved	
in	Europe	for	rheumatoid	arthritis,	as	it	provides	a	more	
favorable	benefit/risk	profile	over	the	100 mg	dose	in	this	
patient	population.	In	the	ulcerative	colitis	phase	IIb/III	
studies,	 filgotinib	 200  mg	 dose	 met	 all	 the	 primary	 end	
points	in	the	study,	inducing	clinical	remission	at	week	10	
and	maintaining	clinical	remission	at	week	58.	Filgotinib	
100 mg	dose	did	not	meet	the	primary	end	point	in	the	in-
duction	studies.4	Filgotinib	is	currently	under	regulatory	
review	by	the	European	Medicines	Agency	for	treatment	
of	 ulcerative	 colitis.	 Additionally,	 filgotinib	 is	 currently	
under	evaluation	for	treatment	of	Crohn’s	disease.5

Filgotinib	 inhibits	 JAK1	 with	 greater	 than	 five-	fold	
higher	potency	over	JAK2,	JAK3,	 tyrosine	kinase	2,	and	
other	 kinases	 as	 measured	 in	 whole	 blood	 and	 cellular	
assays.6	Filgotinib’s	major	metabolite,	GS-	829845,	which	
circulates	in	plasma	at	~ 16-		to	21-	fold	the	parent	exposure	
(adjusted	 for	differences	 in	molecular	weight),7	 is	also	a	
preferential	inhibitor	of	JAK1	with	~ 1/10	the	potency	of	
filgotinib	and	 it	has	been	shown	to	contribute	 to	overall	

pharmacodynamic	 effects	 of	 JAK1	 inhibition	 following	
filgotinib	dosing.8

Filgotinib	is	extensively	metabolized	with	~ 9%	and	5%	
of	 the	orally	administered	dose	recovered	as	unchanged	
filgotinib	in	urine	and	feces,	respectively.	Filgotinib	is	pri-
marily	metabolized	by	carboxylesterase	2	(CES2),	and	to	a	
lesser	extent	by	CES1,	to	form	GS-	829845.	Approximately	
87%	of	the	administered	dose	was	eliminated	in	the	urine	
as	filgotinib	and	its	metabolites,	whereas	about	15%	of	the	
dose	 was	 eliminated	 in	 the	 feces.	 GS-	829845	 accounted	
for	 ~  54%	 and	 9%	 of	 dose	 recovered	 in	 urine	 and	 feces,	
respectively.6	 In	 vitro	 and	 in	 vivo	 data	 indicate	 that	 the	
drug-	drug	 interactions	 (DDIs)	 liability	 of	 filgotinib	 is	
relatively	 low	 with	 cytochrome	 P450	 enzymes.9	 In	 vitro	
data	suggests	that	both	filgotinib	and	GS-	829845	are	sub-
strates	 of	 P-	glycoprotein.6	 Furthermore,	 in	 vitro	 studies	
indicate	that	filgotinib	and	GS-	829845	are	not	inhibitors	
of	 P-	gp,	 breast	 cancer	 resistance	 protein,	 organic	 cation	
transporter	 1,	 bile	 salt	 export	 pump,	 or	 organic	 anion	
transporter	 1,	 3,	 and	 4	 at	 clinically	 relevant	 concentra-
tions.6,9	In	vitro	data	also	suggested	that	filgotinib	inhib-
ited	 organic	 cation	 transporter	 2	 (OCT2)	 and	 multidrug	
and	 toxin	 extrusion	 1	 and	 2K	 (MATE1	 and	 MATE2K),	
and	organic	anion	transporting	polypeptide	1B1	and	1B3	
(OATP1B1/3).6

Therefore,	 clinical	 evaluations	 were	 designed	 to	 as-
sess	 whether	 filgotinib	 and	 GS-	829845	 could	 be	 victims	
of	 P-	gp	 mediated	 drug	 interactions	 and	 to	 evaluate	 any	
clinically	 relevant	 interactions	 between	 filgotinib	 and	
drugs	substrates	of	OCT2,	MATE1,	and	MATE2K.	Clinical	
evaluation	 of	 DDIs	 between	 filgotinib	 and	 substrates	 of	
OATP1B1/1B3	is	ongoing.

This	 report	 summarizes	 the	 results	 from	 three	 phase	
I	DDI	studies.	Study	1	assessed	the	effect	of	P-	gp	inhibi-
tion	on	filgotinib	pharmacokinetics	using	a	P-	gp	inhibitor,	
itraconazole.	Study	2	evaluated	 the	effect	of	P-	gp	 induc-
tion	on	filgotinib	pharmacokinetics	using	a	P-	gp	inducer,	
rifampin.	 Study	 3	 evaluated	 the	 effect	 of	 filgotinib	 on	

WHAT QUESTION DID THIS STUDY ADDRESS?
The	study	evaluated	the	drug-	drug	interaction	potential	for	filgotinib	with	P-	gp	
modulators	or	substrates	of	OCT2,	MATE1,	and	MATE2K	to	inform	on	the	dos-
ing	recommendations.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Filgotinib	and	GS-	829845	exposures	are	not	impacted	by	P-	gp	inhibitors	or	induc-
ers	to	any	clinically	relevant	extent.	Additionally,	filgotinib	and	GS-	829845	are	not	
inhibitors	of	OCT2,	MATE1,	and	MATE2K	at	the	clinically	relevant	exposures.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
Concomitant	 use	 of	 P-	gp	 modulators	 or	 substrates	 of	 OCT2,	 MATE1,	 and	
MATE2K	with	filgotinib	does	not	require	dose	modifications.
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metformin	exposure,	a	probe	substrate	for	OCT2,	MATE1,	
and	MATE2K.

Data	from	these	drug	interaction	studies	were	used	to	
inform	 the	 dosing	 recommendations	 of	 filgotinib	 when	
co-	administered	 with	 P-	gp	 modulators	 or	 with	 OCT2,	
MATE1,	and	MATE2K	substrates.

METHODS

Study population

For	 all	 studies,	 eligible	 subjects	 included	 males	 (surgi-
cally	sterile;	studies	2	and	3	only)	and	non-	pregnant,	non-	
lactating	females	of	18–	45 years	of	age	with	a	body	mass	
index	between	19	and	30 kg/m2.	Major	inclusion	criteria	
included	healthy	subjects	based	on	medical	history/physi-
cal	examinations/laboratory	evaluations,	12-	lead	electro-
cardiogram	 without	 clinically	 significant	 abnormalities,	
creatinine	clearance	greater	than	90 ml/min,	no	evidence	
of	 human	 immunodeficiency	 virus,	 hepatitis	 B	 virus	 or	
hepatitis	C	virus	infection,	and	use	of	at	 least	two	forms	
of	 contraception,	 including	 an	 effective	 barrier	 method.	
Exclusion	 criteria	 included	 plasma	 and	 blood	 donation	
within	 7	 and	 56  days	 of	 study	 entry,	 respectively,	 active	
medical	illness,	use	of	prescription	drugs	within	28 days	of	
study	drug	dosing	(except	vitamins,	acetaminophen,	ibu-
profen,	and/or	hormonal	contraceptives).

Study design

Study	design	schemas	are	presented	in	Figure	S1.	For	each	
study,	the	study	protocol	and	informed	consent	were	ap-
proved	 by	 the	 study	 center’s	 Institutional	 Review	 Board	
(Schulman	 Associates	 IRB,	 Cincinnati,	 OH	 for	 Study	 1,	
and	Advarra	Institutional	Review	Board,	Columbia,	MD,	
for	Studies	2	and	3),	and	subjects	provided	written	consent	
before	study	participation.

Study	1	was	an	open-	label,	fixed	sequence,	single-	center	
evaluation	in	healthy	subjects	at	SeaView	Jacksonville	LLC	
(Jacksonville,	FL).	A	single	100 mg	dose	of	filgotinib	was	
administered	in	the	morning	on	day	1.	This	was	followed	
by	a	washout	period	 from	days	2–	9.	On	day	10,	 subjects	
received	a	single	dose	of	itraconazole	200 mg,	followed	by	
a	 single	 100  mg	 dose	 of	 filgotinib	 1  h	 after	 itraconazole	
administration	in	the	morning.

Study	 2	 was	 an	 open-	label,	 fixed	 sequence,	 single-	
center	 study	 in	 healthy	 subjects	 at	 Quotient	 Sciences	
(Miami,	 FL).	 Eligible	 subjects	 received	 a	 single	 dose	 of	
200 mg	of	filgotinib	on	day	1	in	the	morning,	followed	by	
a	washout	period	 from	days	2–	5.	Then	subjects	 received	
rifampin	600 mg	once	daily	in	the	evening	from	days	6–	17.	

On	day	13,	a	single	dose	of	200 mg	filgotinib	was	adminis-
tered	in	the	morning.

Study	 3	 was	 an	 open-	label,	 fixed	 sequence,	 single-	
center	 study	 in	 healthy	 subjects	 at	 Quotient	 Sciences.	
Eligible	subjects	received	a	single	dose	of	850 mg	of	met-
formin	in	the	morning	on	day	1.	This	was	followed	by	a	
washout	 period	 from	 days	 2–	3.	 Afterward,	 subjects	 re-
ceived	200 mg	filgotinib	once	daily	in	the	morning	from	
days	 4–	13.	 Metformin	 850  mg	 was	 administered	 in	 the	
morning	on	day	11.

All	 study	 drugs	 were	 administered	 under	 fasting	
conditions.

Pharmacokinetic sampling

Serial	pharmacokinetic	samples	were	collected	at	the	fol-
lowing	time	points.

Study	1

On	days	1	and	10	predose	(≤5 min	before	dose),	and	at	0.5,	
1,	2,	3,	4,	6,	8,	12,	18,	24,	36,	48,	72,	96,	and	120 h	postdose.

Study	2

On	days	1	and	13	predose	(≤5 min	before	dose),	and	at	0.5,	
1,	2,	3,	4,	6,	8,	12,	18,	24,	36,	48,	72,	96,	and	120 h	postdose.

Study	3

On	days	1	and	11	predose	(≤5 min	before	dose),	and	at	0.5,	
1,	2,	2.5,	3,	4,	6,	8,	12,	18,	24,	36,	48,	and	72 h	postdose.

Bioanalytical procedures

Plasma	 concentrations	 of	 filgotinib,	 GS-	829845,	 and	
metformin	 were	 determined	 using	 a	 validated	 high-	
performance	 liquid	 chromatography-	tandem	 mass	 spec-
trometry	(LC-	MS/MS).	All	plasma	samples	were	analyzed	
within	the	timeframe	supported	by	frozen	sample	stability	
storage	data.	Sample	analyses	 for	plasma	concentrations	
of	filgotinib	and	GS-	829845	were	performed	at	QPS,	LLC,	
as	previously	described.10

Analysis	 of	 metformin	 concentrations	 in	 human	
plasma	 was	 performed	 and	 validated	 using	 an	 LC-	MS/
MS	 method	 that	 is	 commercially	 available	 from	 QPS.	
The	plasma	samples	were	prepared	 for	analysis	by	plac-
ing	 a	 25-	µl	 aliquot	 into	 a	 96-	well	 plate	 followed	 by	 the	
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additional	50-	µl	of	metformin-	d6	(Cayman	Chemicals)	in-
ternal	standard.	The	samples	were	extracted	using	2%	am-
monium	hydroxide	in	water	using	an	Oasis	WCX	96-	well	
solid-	phase	extraction	plate	30-	µm	(Waters).	The	eluent	in	
the	plate	was	evaporated	to	dryness	under	nitrogen	steam	
at	 50°C	 and	 then	 reconstituted	 in	 water.	 After	 vortex-	
mixing	and	centrifugation,	10-	µl	of	 the	 supernatant	was	
injected	onto	an	Acquity	UPLC	HSS	PFP	(2.1 × 50 mm,	
1.8 µm)	analytical	column	(Waters).	An	SIL-	30ACMP	au-
tosampler	 (Shimadzu	Scientific	 Instruments)	was	 linked	
to	 a	 LC-	30AD	 pump	 (Shimadzu),	 coupled	 with	 an	 API	
4000	mass	spectrometer	 (Sciex)	 for	sample	analysis.	The	
mobile	phases	were	composted	of	acetonitrile:	10 mM	am-
monium	acetate,	70:30	(v:v).	The	method	used	an	isocratic	
elution	with	a	flow	rate	of	0.6 ml/min	and	a	total	run	time	
of	 1.5  min.	 Data	 were	 acquired	 using	 multiple	 reaction	
monitoring	in	positive	ion	electrospray	mode,	with	an	op-
erating	source	temperature	of	600°C.	The	transitions	used	
for	metformin	and	its	internal	standard	were	m/z	130.0	to	
greater	 than	59.9	and	m/z	136.0	 to	greater	 than	59.9,	re-
spectively.	The	lower	and	upper	limits	of	quantitation	for	
the	assay	of	metformin	were	2	and	2000 ng/ml.

Pharmacokinetic analyses

Pharmacokinetic	parameters	were	estimated	by	noncom-
partmental	 methods	 using	 WinNonlin	 software	 (version	
6.3;	 Pharsight).	 Pharmacokinetic	 parameters	 included	
area	 under	 the	 concentration	 versus	 time	 curve	 (AUC)	
from	 time	 zero	 to	 the	 last	 quantifiable	 concentration	
(AUClast),	 AUC	 extrapolated	 to	 infinity	 (AUCinf),	 maxi-
mum	 observed	 plasma	 concentration	 (Cmax),	 time	 to	
reach	maximum	concentration	(Tmax),	 terminal	elimina-
tion	 half-	life	 (t1/2),	 and	 apparent	 oral	 clearance	 (CL/F).	
Samples	 that	were	below	the	 lower	 limit	of	quantitation	
after	 Tmax	 were	 treated	 as	 missing	 data	 in	 the	 noncom-
partmental	 analyses.	 As	 both	 filgotinib	 and	 GS-	829845	
contribute	to	efficacy,	effective	AUC	(AUCeff)	was	derived	
by	accounting	for	the	potency	and	the	molecular	weight	
difference	between	filgotinib	and	GS-	829845	using	the	fol-
lowing	equation:	AUCeff = filgotinib	AUCinf + GS-	829845	
AUCinf	*1/10	*	(425.51/357.43),	where	425.51	and	357.43	
are	 the	 molecular	 weights	 of	 filgotinib	 and	 GS-	829845,	
respectively.

Statistical analyses

The	 pharmacokinetic	 parameters	 were	 summarized	
statistically	 from	 the	 test	 and	 reference	 treatments.	
Furthermore,	an	analysis	of	variance	using	a	mixed-	effects	
model	 with	 treatment	 as	 a	 fixed	 effect	 and	 subject	 as	 a	

random	effect	was	fitted	to	the	natural	logarithmic	trans-
formation	 of	 AUC	 and	 Cmax	 of	 each	 analyte.	 Two-	sided	
90%	confidence	intervals	were	calculated	for	the	ratio	of	
geometric	 least-	squares	 means	 of	 primary	 pharmacoki-
netic	 parameters	 (AUClast,	 AUCinf,	 and	 Cmax)	 of	 the	 test	
versus	reference	treatments.	A	reference	treatment	repre-
sents	 the	 victim	 drug	 alone.	 A	 test	 treatment	 represents	
the	victim	in	the	presence	of	the	perpetrator.

Safety assessments

Safety	 assessments	 included	 clinical	 laboratory	 tests	
(hematology	 profile,	 chemistry	 profile,	 and	 urinalysis),	
physical	examinations,	vital	signs,	serum	pregnancy	tests	
(female	subjects),	and	review	of	concomitant	medications	
performed	at	screening,	at	baseline	(day	before	first	study	
dose),	on	the	days	before	the	pharmacokinetic	blood	sam-
pling,	and	at	various	times	during	the	study.	Subjects	were	
monitored	for	adverse	events	(AEs)	throughout	the	study	
and	follow-	up.

RESULTS

Subject demographics

Thirteen	subjects	enrolled	in	study	1	and	12	subjects	com-
pleted	the	study.	One	subject	discontinued	from	study	1	
due	 to	 withdrawal	 of	 consent.	 All	 subjects	 that	 enrolled	
in	 studies	 2	 (14	 subjects)	 and	 3	 (12	 subjects)	 completed	
the	studies.	Demographics	and	baseline	characteristics	by	
study	are	summarized	in	Table 1.

Pharmacokinetics

Effect	of	P-	gp	inhibition	on	filgotinib	
pharmacokinetics

Figure  1	 shows	 plasma	 concentrations	 versus	 time	 pro-
files	of	filgotinib	and	GS-	829845	after	administration	of	a	
single	100-	mg	dose	of	filgotinib	alone	or	1 h	after	a	single	
dose	of	itraconazole	200 mg,	under	fasting	conditions.	A	
summary	 of	 filgotinib	 and	 GS-	829845	 pharmacokinetic	
parameters	with	and	without	itraconazole	is	presented	in	
Table 2.	Itraconazole	increased	filgotinib	Cmax	by	64%	and	
AUCinf	by	45%	but	did	not	affect	filgotinib	Tmax	or	t1/2.	GS-	
829845	Cmax,	AUCinf,	Tmax,	and	t1/2	were	similar	with	and	
without	 itraconazole.	 The	 combined	 exposure	 (AUCeff)	
of	filgotinib	and	GS-	829845	was	21%	higher	following	ad-
ministration	of	filgotinib	with	itraconazole	relative	to	ad-
ministration	of	filgotinib	alone.
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Effect	of	P-	gp	induction	on	filgotinib	
pharmacokinetics

Figure  2	 shows	 the	 plasma	 concentrations	 versus	 time	
profiles	of	 filgotinib	and	GS-	829845	after	administration	
of	filgotinib	alone	or	following	multiple	doses	of	rifampin	
600  mg	 once	 daily.	 A	 summary	 of	 filgotinib	 and	 GS-	
829845	pharmacokinetic	parameters	with	and	without	ri-
fampin	is	presented	in	Table 3.	Filgotinib	Cmax	and	AUCinf	
were	reduced	by	26%	and	27%,	respectively,	following	ad-
ministration	of	filgotinib	on	day	8	of	a	12-	day	once-	daily	
regimen	of	rifampin,	compared	with	administration	of	fil-
gotinib	alone.	Filgotinib	Tmax	and	t1/2	values	were	similar	
following	 both	 treatments.	 GS-	829845	 AUCinf	 and	 Cmax	
were	 lower	 by	 38%	 and	 19%,	 respectively,	 following	 ad-
ministration	of	filgotinib	after	multiple	doses	of	rifampin,	
compared	 with	 administration	 of	 filgotinib	 alone.	 GS-	
829845	 Tmax	 was	 similar	 following	 both	 treatments.	 The	
combined	exposure	(AUCeff)	of	filgotinib	and	GS-	829845	
was	reduced	by	33%	following	administration	of	filgotinib	

after	multiple	doses	of	rifampin	relative	to	administration	
of	filgotinib	alone.

Effect	of	filgotinib	on	exposure	of	metformin,	
an	OCT2	and	MATE1/2K	substrate

Figure  3	 shows	 the	 plasma	 concentrations	 versus	 time	
profiles	of	metformin	after	administration	alone	or	on	day	
8	 of	 an	 11-	day	 regimen	 of	 filgotinib	 200  mg	 once	 daily.	
Metformin	 plasma	 pharmacokinetic	 parameters	 follow-
ing	administration	of	metformin	alone	or	with	filgotinib	
are	presented	in	Table 4.	Filgotinib	had	no	effect	on	met-
formin	AUCinf	or	Cmax.

Safety and tolerability

During	study	1,	AEs	were	reported	by	two	subjects	(15%)	
(filgotinib:	1	subject	[7.7%];	filgotinib + itraconazole:	one	

Study 1
N = 13

Study 2
N = 14

Study 3
N = 12

Age	(years) 36	(25,	45) 38	(22,	46) 31	(20,	42)

Sex	(M/F) 9/4 0/14 0/12

Race Black:	6
White:	7

Black:	2
White:	12

Black:	5
White:	7

Weight	(kg) 78.9	(62.0,	96.3) 68.5	(55.4,	85.4) 65.3	(52.1,	88.1)

Height	(cm) 170	(154,	181) 160	(149,	169) 163	(152,	179)

Body	mass	index	(kg/m2) 27.4	(21.8,	29.9) 26.7	(21.9,	30.1) 24.5	(19.9,	30.0)

CLcr	(ml/min) 119	(93.2,	148) 120	(90.8,	160) 117	(84.9,	169)

Note: Data	are	presented	as	mean	(minimum,	maximum).
Abbreviation:	CLcr,	creatinine	clearance	calculated	by	the	Cockcroft-	Gault	equation.

T A B L E  1 	 Demographics	and	baseline	
characteristics	of	study	participants

F I G U R E  1  Mean	(SD)	plasma	concentrations	versus	time	profiles	of	filgotinib	(a)	and	GS-	829845	(b)	after	a	single	dose	of	filgotinib	
administered	alone	or	1 h	after	itraconazole	.	Insets	are	mean	(SD)	plasma	concentrations	versus	time	profiles	in	a	linear	scale	for	the	first	
8 h
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subject	[8.3%]).	All	of	the	AEs	reported	were	grade	1	and	
were	not	related	to	study	drug.	A	total	of	seven	subjects	
(54%)	 (filgotinib:	 2  subjects	 [15%];	 filgotinib  +  itracona-
zole:	seven	subjects	[58%])	had	at	least	one	graded	labora-
tory	abnormality,	 the	majority	of	which	were	grade	1	or	
2	in	severity.	Grade	3	hypertriglyceridemia	was	reported	
for	one	subject	(8.3%)	during	the	filgotinib + itraconazole	
treatment	period.	The	subject	did	not	experience	any	AE	
during	 the	 study.	 No	 grade	 4	 laboratory	 abnormalities	
were	reported.

During	 study	 2,	 AEs	 were	 reported	 for	 two	 subjects	
(14%)	 during	 the	 rifampin	 treatment	 period.	 All	 of	 the	
AEs	 reported	 were	 grade	 1.	 Overall,	 AEs	 considered	 to	
be	related	to	study	drug	by	the	investigator	were	reported	
for	one	subject	(7.1%)	who	had	nausea	during	the	rifam-
pin	treatment	period.	A	total	of	13	subjects	(93%)	had	at	
least	one	graded	 laboratory	abnormality,	 the	majority	of	
which	were	grade	1	or	2	in	severity	(filgotinib:	2	subjects	
[14%];	rifampin:	13	subjects	[93%];	filgotinib	+	rifampin:	
11	subjects	[79%]).	A	grade	3	laboratory	abnormality	was	

Pharmacokinetic 
parameters

Filgotinib
N = 13

Filgotinib +  itraconazole
N = 12

%GLSM ratio
(90% CI)

Filgotinib

AUCinf	(ng*h/ml) 2190	(27.6) 3130	(21.1) 145	(133,	157)

AUClast	(ng*h/ml) 2170	(27.8) 3110	(21.2) 145	(133,	158)

Cmax	(ng/ml) 756	(44.7) 1170	(24.7) 164	(129,	208)

Tmax	(h) 1.00	(1.00,	2.00) 1.0	(0.80,1.50)

t1/2	(h) 7.4	(4.70,	8.30) 6.26	(5.20,	8.10)

CL/F	(L/h) 48.6	(25.0) 33.3	(21.8)

GS-	829845

AUCinf	(ng*h/ml) 31,200	(18.4) 32,400	(16.5) 107	(104,110)

AUClast	(ng*h/ml) 30,800	(18.0) 31,800	(15.8) 106	(103,109)

Cmax	(ng/ml) 1160	(24.8) 1090	(22.8) 94.4	(88.5,101)

Tmax	(h) 4.00	(4.00,	4.00) 4.00	(3.50,	5.00)

t1/2	(h) 17.0	(14.0,19.5) 17.0	(14.4,	22.5)

Combined	exposure

AUCeff	(ng*h/ml) 121	(108,	136)

Note: Data	are	presented	as	mean	(percentage	of	coefficient	of	variation)	except	for	t1/2	and	Tmax	which	are	
presented	as	median	(first	quartile	and	third	quartile).
Abbreviations:	AUCeff,	effective	area	under	the	concentration	versus	time	curve;	AUCinf,	area	under	
the	curve	to	infinity;	AUClast,	area	under	the	concentration	versus	time	curve	from	time	zero	to	the	last	
quantifiable	concentration;	CI,	confidence	interval;	CL/F,	total	apparent	clearance;	Cmax,	maximum	
concentration;	GLSM	ratio,	geometric	least	square	mean	ratio;	t1/2,	terminal	half-	life;	Tmax,	time	to	
maximum	concentration.

T A B L E  2 	 Filgotinib	and	GS-	829845	
plasma	pharmacokinetic	parameters	and	
statistical	comparisons	following	a	single	
dose	of	filgotinib	100 mg	with	or	without	
itraconazole

F I G U R E  2  Mean	(SD)	filgotinib	and	GS-	829845	plasma	concentrations	versus	time	profiles	following	administration	of	filgotinib	alone	
or	after	multiple	doses	of	rifampin.	Insets	are	mean	(SD)	plasma	concentrations	versus	time	profiles	in	a	linear	scale	for	the	first	8 h
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reported	for	two	subjects	(14%)	during	the	rifampin	treat-
ment	period	which	were	occult	blood	in	urine.	No	grade	4	
laboratory	abnormalities	were	reported.

During	 study	3,	AEs	were	 reported	 for	 three	 subjects	
(25%;	 filgotinib:	 1	 subject	 [8.3%];	 metformin:	 3	 subjects	
[25%];	 filgotinib  +  metformin:	 1	 subject	 [8.3%]).	 All	 of	

the	AEs	reported	were	grade	1.	Overall,	AEs	considered	to	
be	related	to	study	drug	by	the	investigator	were	reported	
for	 one	 subject	 (8.3%).	 This	 subject	 had	 an	 AE	 consid-
ered	related	to	study	drug	in	each	of	the	treatment	phases	
(metformin:	nausea	+	vomiting;	filgotinib:	headache;	fil-
gotinib + metformin:	vomiting).	A	total	of	nine	subjects	
(75%)	during	the	filgotinib	treatment	period	had	at	 least	
one	graded	laboratory	abnormality,	the	majority	of	which	
were	 grade	 1	 or	 2	 in	 severity.	 Grade	 3	 laboratory	 abnor-
malities	were	reported	for	three	subjects	(25%)	during	the	
filgotinib	treatment	period,	which	were	as	follows:	occult	
blood	in	urine	(2	subjects	[17%]),	and	decreased	lympho-
cytes	and	neutrophils	(1	subject	[8.3%]).	No	grade	4	labo-
ratory	abnormalities	were	reported.

For	all	three	studies,	study	drug	treatments	were	gen-
erally	well-	tolerated.	No	deaths,	serious	AEs,	or	AEs	lead-
ing	 to	 discontinuation	 of	 the	 study	 drug	 were	 reported.	
Additionally,	there	were	no	clinically	relevant	laboratory	
abnormalities,	 changes	 in	 vital	 signs,	 or	 electrocardio-
gram	abnormalities.

DISCUSSION

Filgotinib	is	approved	in	Europe	for	treatment	of	patients	
with	 rheumatoid	 arthritis	 who	 have	 responded	 inade-
quately	to,	or	who	are	intolerant	to,	one	or	more	DMARDs	

Pharmacokinetic 
parameters

Filgotinib
N = 14

Filgotinib + rifampin
N = 14

%GLSM ratio
(90% CI)

Filgotinib

AUCinf	(ng*h/ml) 6960	(24.7) 5070	(22.8) 72.7	(69.1,	76.5)

AUClast	(ng*h/ml) 6980	(24.6) 5050	(22.7) 72.7	(69.1,	76.5)

Cmax	(ng/ml) 2190	(31.7) 1640	(34.3) 74.3	(83.4,	86.4)

Tmax	(h) 1.00	(1.00,	2.00) 1.50	(1.00,	2.00) —	

t1/2	(h) 8.40	(6.70,	10.0) 7.70	(5.90,	8.60) —	

CL/F	(L/h) 30.1	(21.0) 41.3	(21.2) —	

GS−829845

AUCinf	(ng*h/ml) 77,400	(25.3) 47,200	(17.1) 61.9	(57.9,	66.1)

AUClast	(ng*h/ml) 76,700	(24.8) 47,100	(17.0) 62.3	(58.4,	66.4)

Cmax	(ng/ml) 2900	(15.1) 2340	(12.8) 81.0	(76.8,	85.4)

Tmax	(h) 4.00	(3.00,	4.00) 4.00	(3.00,	4.00) —	

t1/2	(h) 15.9	(14.8,	18.9) 12.4	(11.7,	13.9) —	

Combined	exposure

AUCeff	(ng*h/ml) 66.6	(58.6,	75.7)

Note: Data	are	presented	as	mean	(percentage	coefficient	of	variation)	except	for	t1/2	and	Tmax	which	are	
presented	as	median	(first	quartile	and	third	quartile).
Abbreviations:	AUCeff,	effective	area	under	the	concentration	versus	time	curve;	AUCinf,	area	under	the	
concentration	versus	time	curve	to	infinity;	AUClast,	area	under	the	concentration	versus	time	curve	from	
time	zero	to	the	last	quantifiable	concentration;	CI,	confidence	interval;	CL/F,	total	apparent	clearance;	
Cmax,	maximum	concentration;	GLSM	ratio,	geometric	least	square	mean	ratio;	t1/2,	terminal	half-	life;	
Tmax,	time	to	maximum	concentration.

T A B L E  3 	 Filgotinib	and	GS-	829845	
plasma	pharmacokinetic	parameters	
and	statistical	comparisons	following	
administration	of	filgotinib	alone	or	after	
multiple	doses	of	rifampin

F I G U R E  3  Mean	(SD)	metformin	plasma	concentrations	
versus	time	profiles	following	administration	of	metformin	alone	or	
with	filgotinib.	Insets	are	mean	(SD)	plasma	concentrations	versus	
time	profiles	in	a	linear	scale	for	the	first	8 h



368 |   HSUEH et al.

and	in	Japan	for	treatment	of	rheumatoid	arthritis	in	pa-
tients	 who	 had	 an	 inadequate	 response	 to	 conventional	
therapies.	Additionally,	filgotinib	is	under	evaluation	for	
treatment	 of	 other	 inflammatory	 diseases,	 including	 ul-
cerative	colitis	and	Crohn’s	disease.	Polypharmacy	is	com-
mon	in	patients	with	inflammatory	diseases.	As	such,	it	is	
important	to	understand	any	potential	DDIs	with	filgotinib	
to	provide	adequate	concomitant	use	recommendations.

Filgotinib	 is	 classified	 as	 a	 Biopharmaceutical	
Classification	System	(BCS)	II	compound	as	it	has	low	sol-
ubility	and	high	permeability.	In	human	colon	carcinoma-	
derived	 (Caco-	2)	 cells,	 it	 showed	 active	 efflux.	 Since	 in	
vitro	 data	 suggested	 that	 filgotinib	 and	 GS-	829845	 were	
substrates	of	P-	gp,	we	wanted	to	assess	whether	modula-
tion	 of	 P-	gp	 activity	 by	 a	 P-	gp	 perpetrator	 may	 alter	 the	
pharmacokinetics	of	filgotinib	and	GS-	829845.

The	200 mg	dose	is	the	therapeutic	dose	approved	for	
rheumatoid	 arthritis	 and	 is	 the	 proposed	 dose	 for	 treat-
ment	 of	 ulcerative	 colitis.	 In	 study	 1,	 filgotinib	 100  mg	
was	evaluated	to	account	for	any	potential	increase	in	fil-
gotinib	 exposure	 by	 itraconazole.	 The	 pharmacokinetics	
of	filgotinib	are	linear	(both	dose	proportional	and	time-	
independent)	from	50	to	200 mg.10	As	such,	a	single	dose	
of	filgotinib	was	appropriate	to	evaluate	the	victim	liabili-
ties	in	studies	1	and	2.11

Itraconazole	 is	 a	 strong	CYP3A	 inhibitor	and	a	 clini-
cal	 P-	gp	 inhibitor.	 A	 single	 dose	 of	 200  mg	 itraconazole	
was	administered	in	study	1;	this	dose	was	used	in	other	
drug	interaction	studies	utilizing	itraconazole	as	the	P-	gp	
inhibitor	in	healthy	subjects	and	has	been	shown	to	sub-
stantially	 increase	 the	 plasma	 exposures	 of	 probe	 P-	gp	
substrates.12,13	 Of	 note,	 the	 effect	 of	 itraconazole	 on	 the	
exposure	 of	 the	 probe	 P-	gp	 substrate,	 fexofenadine,	 was	
comparable	among	days	1,	3,	 and	6	of	 itraconazole	dos-
ing,12	indicating	that	a	single	dose	of	itraconazole	is	ade-
quate	to	maximize	P-	gp	inhibition.	In	vitro	data	indicate	

that	filgotinib	is	primarily	metabolized	by	CES2	and	to	a	
lesser	degree	by	CES1	and	filgotinib	is	not	a	substrate	of	
the	 cytochrome	 P450	 enzymes.	As	 such,	 any	 interaction	
between	filgotinib	and	itraconazole	is	expected	to	be	pri-
marily	driven	by	P-	gp	inhibition.

Itraconazole	 moderately	 increased	 the	 exposure	 of	
filgotinib	by	45%	without	impacting	the	half-	life.	This	in-
dicated	that	the	modest	effect	is	likely	mediated	through	
intestinal	P-	gp	 inhibition.	Furthermore,	 itraconazole	did	
not	affect	the	pharmacokinetics	of	GS-	829845.	When	the	
combined	 exposure	 and	 potency	 of	 filgotinib	 and	 GS-	
829845	 were	 taken	 into	 account,	 the	 increase	 in	 the	 ef-
fective	exposure	of	filgotinib	(AUCeff)	when	administered	
with	itraconazole	was	small	(~ 20%).

Rifampin	 600  mg	 once	 daily	 was	 selected	 as	 the	 per-
petrator	to	evaluate	the	impact	of	P-	gp	induction	in	study	
2.	P-	gp	induction	by	multiple	600 mg	once-	daily	doses	of	
rifampin	has	been	previously	established.14	In	the	current	
study,	rifampin	moderately	reduced	the	AUC	of	filgotinib	
and	GS-	829845	(by	27%	and	38%,	respectively).	It	is	of	note	
that	 rifampin	 causes	 moderate	 induction	 of	 both	 CES1	
and	CES2	in	human	hepatocytes.15	Therefore,	it	is	possible	
that	the	observed	effect	of	rifampin	in	the	current	study	is	
a	result	of	the	combined	effect	of	CES	and	P-	gp	induction.	
Overall,	multiple	doses	of	rifampin	reduced	the	effective	
exposure	 of	 filgotinib	 (combined	 AUC	 of	 filgotinib	 and	
GS-	829845,	adjusted	by	the	molecular	weight	and	potency	
ratio)	by	only	33%,	compared	with	administration	of	filgo-
tinib	alone.

Exposure-	efficacy	 analyses	 in	 subjects	 with	 rheuma-
toid	arthritis	from	the	phase	II	and	phase	III	clinical	stud-
ies	 consistently	 revealed	 high	 response	 rates	 across	 the	
exposure	 range	 for	 filgotinib	 200  mg	 and	 100  mg	 doses.	
Additionally,	 no	 relationships	 were	 observed	 between	
filgotinib	or	GS-	829845	exposures	and	the	most	frequent	
treatment	 emergent	 AEs	 (TEAEs),	 grade	 3/4	 laboratory	

Pharmacokinetic 
parameters

Metformin
N = 12

Metformin + filgotinib
N = 12

%GLSM ratio
(90% CI)

Metformin

AUCinf	(ng*h/ml) 8720	(22.9) 9020	(27.1) 102	(85.3,	122)

AUClast	(ng*h/ml) 8640	(22.8) 8890	(27.3) 102	(84.9,	122)

Cmax	(ng/ml) 1550	(22.6) 1610	(31.0) 102	(85.4,	121)

Tmax	(h) 2.00	(1.30,	2.00) 2.00	(1.00,	2.00) —	

t1/2	(h) 7.90	(6.00,	15.10) 9.70	(8.10,	17.5) —	

CL/F	(L/h) 103	(23.8) 102	(30.5) —	

Note: Data	are	presented	as	mean	(percentage	coefficient	of	variation)	except	for	t1/2	and	Tmax	which	are	
presented	as	median	(first	quartile	and	third	quartile).
Abbreviations:	AUCinf,	area	under	the	concentration	versus	time	curve	to	infinity;	AUClast,	area	under	
the	concentration	versus	time	curve	from	time	zero	to	the	last	quantifiable	concentration;	CI,	confidence	
interval;	CL/F,	total	apparent	clearance;	Cmax,	maximum	concentration;	GLSM	ratio,	geometric	least	
square	mean	ratio;	t1/2,	terminal	half-	life;	Tmax,	time	to	maximum	concentration.

T A B L E  4 	 Metformin	plasma	
pharmacokinetic	parameters	and	
statistical	comparisons	following	
administration	of	metformin	alone	or	with	
filgotinib
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abnormalities,	serious	TEAEs,	or	serious	infections	up	to	
week	52.16	Overall,	the	effect	of	itraconazole	or	rifampin	
on	 filgotinib	 exposures	 was	 not	 deemed	 to	 be	 clinically	
meaningful	based	on	the	exposure-	response	relationships	
observed	in	subjects	with	rheumatoid	arthritis.	The	clini-
cal	relevance	of	P-	gp	perpetrators	in	other	inflammatory	
diseases	 will	 be	 re-	assessed	 based	 on	 the	 emerging	 data	
collected	in	the	respective	populations.

In	vitro	data	suggested	that	filgotinib	may	inhibit	OCT2,	
MATE1,	 and	 MATE2K,	 whereas	 GS-	829845	 may	 inhibit	
OCT2	 and	 MATE2K	 .	The	 ratios	 of	 maximum	 unbound	
plasma	concentration	in	patients	with	rheumatoid	arthri-
tis	over	the	in	vitro	half-	maximal	inhibitory	concentration	
(IC50)	 against	 OCT2,	 MATE1,	 and	 MATE2K	 were	 0.26,	
0.26,	and	0.44,	respectively,	for	filgotinib	and	0.5,	less	than	
0.1,	and	0.69,	respectively,	 for	GS-	829845	(data	on	file	at	
Gilead	Sciences,	Inc.).	These	values	were	greater	than	the	
US	Food	and	Drug	Administration	(FDA)	recommended	
cutoff	value	of	0.1	that	warrants	clinical	assessment.

In	study	3,	a	single	dose	of	metformin	850 mg	was	eval-
uated	as	a	substrate	for	MATE1/2K	and	OCT2.	Daily	doses	
of	up	to	2550 mg	metformin	can	be	used	clinically;	how-
ever,	due	to	gastrointestinal	side	effects,	the	typical	daily	
dose	of	metformin	does	not	exceed	2000 mg.17	Metformin	
(single	or	multiple)	doses	up	to	1000 mg	are	typically	uti-
lized	in	drug	interactions	studies.18	Available	data	shows	
that	 the	 maximal	 increase	 of	 metformin	 exposure	 via	
OCT2,	MATE1,	and	MATE2K	inhibition	is	~ 2.6-	fold.11,17	
Therefore,	an	850 mg	dose	of	metformin	was	utilized	for	
evaluation	in	the	present	study.

Steady-	state	concentrations	of	filgotinib	and	GS-	829845	
are	achieved	in	~ 2 days	and	4 days,	respectively.	Filgotinib	
demonstrates	no	accumulation	following	multiple	doses,	
whereas	GS-	829845	demonstrates	approximately	twofold	
accumulation.8	 Accordingly,	 filgotinib	 was	 administered	
as	 200  mg	 once	 daily	 for	 7  days	 prior	 to	 administration	
with	metformin.	This	dosing	regimen	is	representative	of	
the	highest	anticipated	clinical	exposures	of	filgotinib	and	
GS-	829845	 and	 is	 in	 agreement	 with	 recommendations	
from	regulatory	agencies	for	assessing	the	maximum	po-
tential	of	a	drug	to	be	a	perpetrator	of	DDIs.11

Following	 administration	 of	 multiple	 doses	 of	 fil-
gotinib,	 the	 exposure	 of	 metformin,	 a	 sensitive	 OCT2,	
MATE1,	 and	 MATE2K	 substrate,	 remained	 unchanged,	
compared	with	administration	of	metformin	alone.	These	
data	confirm	that	filgotinib	and	GS-	829845	do	not	inhibit	
OCT2,	 MATE1,	 and	 MATE2K	 at	 the	 clinically	 relevant	
dose.	Substrates	of	OCT2,	MATE1,	and	MATE2K	can	be	
concomitantly	administered	with	filgotinib	without	need	
for	dose	modifications.

Collectively,	results	from	these	studies	indicate	that	filgo-
tinib	and	GS-	829845	exposures	are	not	impacted	by	P-	gp	in-
hibitors	or	inducers	to	any	clinically	relevant	extent,	despite	

being	in	vitro	P-	gp	substrates.	Both	filgotinib	and	GS-	829845	
are	not	 inhibitors	of	OCT2,	MATE1,	and	MATE2K	at	 the	
clinically	relevant	exposures.	Data	from	these	studies	were	
the	basis	to	allow	the	concomitant	use	of	P-	gp	modulators	
or	 substrates	 of	 OCT2,	 MATE1,	 and	 MATE2K	 with	 filgo-
tinib	without	the	need	for	dose	modifications	in	the	current	
approved	rheumatoid	arthritis	population.6
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