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Abstract
Co-	administration	 of	 clesacostat	 (acetyl-	CoA	 carboxylase	 inhibitor,	 PF-	
05221304)	 and	 ervogastat	 (diacylglycerol	 O-	acyltransferase	 inhibitor,	 PF-	
06865571)	 in	 laboratory	 models	 improved	 non-	alcoholic	 fatty	 liver	 disease	
(NAFLD)/non-	alcoholic	 steatohepatitis	 (NASH)	 end	 points	 and	 mitigated	
clesacostat-	induced	 elevations	 in	 circulating	 triglycerides.	 Clesacostat	 is	
cleared	 via	 organic	 anion-	transporting	 polypeptide-	mediated	 hepatic	 uptake	
and	cytochrome	P450	family	3A	(CYP3A);	in vitro	clesacostat	is	identified	as	
a	 potential	 CYP3A	 time-	dependent	 inactivator.	 In  vitro	 ervogastat	 is	 identi-
fied	 as	 a	 substrate	 and	 potential	 inducer	 of	 CYP3A.	 Prior	 to	 longer-	term	 ef-
ficacy	 trials	 in	 participants	 with	 NAFLD,	 safety	 and	 pharmacokinetics	 (PK)	
were	evaluated	in	a	phase	I,	non-	randomized,	open-	label,	fixed-	sequence	trial	
in	 healthy	 participants.	 In	 Cohort	 1,	 participants	 (n	=	7)	 received	 clesacostat	
15	mg	twice	daily	(b.i.d.)	alone	(Days	1–7)	and	co-	administered	with	ervogastat	
300	mg	 b.i.d.	 (Days	 8–14).	 Mean	 systemic	 clesacostat	 exposures,	 when	 co-	
administered	with	ervogastat,	decreased	by	12%	and	19%,	based	on	maximum	
plasma	 drug	 concentration	 and	 area	 under	 the	 plasma	 drug	 concentration–
time	curve	during	the	dosing	interval,	respectively.	In	Cohort	2,	participants	
(n	=	9)	received	ervogastat	300	mg	b.i.d.	alone	(Days	1–7)	and	co-	administered	
with	 clesacostat	 15	mg	 b.i.d.	 (Days	 8–14).	 There	 were	 no	 meaningful	 differ-
ences	in	systemic	ervogastat	exposures	when	administered	alone	or	with	clesa-
costat.	Clesacostat	15	mg	b.i.d.	and	ervogastat	300	mg	b.i.d.	co-	administration	
was	overall	safe	and	well	tolerated	in	healthy	participants.	Cumulative	safety	
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INTRODUCTION

Non-	alcoholic	 steatohepatitis	 (NASH)	 is	 a	 progressive	
liver	 disease	 characterized	 by	 accumulation	 of	 liver	 fat,	
inflammation,	and	ballooning	appearance	of	hepatocytes,	
and	may	lead	to	cirrhosis,	hepatocellular	carcinoma,	and	
death.1	 Disordered	 metabolism,	 including	 elevated	 he-
patic	de	novo	lipogenesis	(DNL),	contributes	to	excess	ac-
cumulation	of	fat	in	the	liver	in	non-	alcoholic	fatty	liver	
disease	 (NAFLD)/NASH.	 Reducing	 fat	 accumulation	 in	
the	liver	is	hypothesized	to	reduce	lipotoxicity,	leading	to	
improvements	in	hepatic	inflammation,	hepatocellular	in-
jury,	and	possibly	fibrosis.	Acetyl-	CoA	carboxylase	(ACC)	
and	 diacylglycerol	 O-	acyltransferase	 2	 (DGAT2)	 are	 key	
enzymes	in	the	lipogenic	pathway,	and	inhibition	of	these	
enzymes	may	lead	to	reductions	in	steatosis	and	possibly	
downstream	benefits	for	the	treatment	of	NASH.2	In	mice,	
hepatic	 DGAT2	 deficiency	 reduced	 diet-	induced	 hepatic	
steatosis,	 suggesting	 the	 reversal	 of	 NAFLD	 severity	 by	
reducing	 triglycerides	 (TGs),3	 which	 has	 been	 shown	 to	
cause	reductions	 in	markers	of	 liver	 function	 in	healthy	

participants.4	In	addition,	a	systemically	available	DGAT2	
inhibitor,	 ervogastat	 (PF-	06865571),	 also	 showed	 reduc-
tion	in	TGs	and	liver	fat	in	participants	with	NAFLD.5	The	
liver-	directed	ACC	inhibitor	clesacostat	(PF-	05221304)	in-
hibited	hepatic	DNL	and	reduced	liver	 fat	accumulation	
in	primary	hepatocytes	and	Western-	diet	fed	rats	and	im-
proved	markers	of	 inflammation	and	fibrosis	 in	 liver	 in-
jury	and	liver	fibrosis	models.6	Similarly,	dose-	dependent	
inhibition	of	DNL	was	reported	in	humans	following	re-
peated	 administration	 of	 the	 ACC	 inhibitor	 clesacostat	
(PF-	05221304).7,8	In	a	16-	week	phase	IIa	trial	in	patients	
with	 presumed	 NAFLD	 or	 NASH,	 clesacostat	 mark-
edly	 lowered	 liver	 fat	 content,	 alanine	 aminotransferase	
(ALT),	and	aspartate	aminotransferase	(AST)	levels,	and	
hemoglobin	 A1c,	 as	 well	 as	 cytokeratin	 18,	 a	 marker	 of	
hepatocyte	apoptosis.5	However,	marked	dose-	dependent	
elevations	 in	 serum	 TG	 concentrations,	 a	 known	 con-
sequence	 of	 ACC	 inhibition,9	 were	 also	 observed.5	 As	
DGAT2	 inhibition	 was	 hypothesized	 to	 directly	 reverse	
the	mechanism	of	ACC	inhibitor-	induced	TG	elevations,	
non-	clinical	studies	were	undertaken	to	assess	the	effects	

and	no	clinically	meaningful	PK	drug	interactions	observed	in	this	study	sup-
ported	 co-	administration	 of	 these	 two	 novel	 agents	 in	 additional	 studies	 ex-
ploring	efficacy	and	safety	in	the	management	of	NAFLD.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Combinations	of	novel	agents	with	pre-	approved	drugs,	either	as	add-	on	therapy	
or	fixed-	dose	combinations,	is	becoming	routine.	Similarly,	clinical	development	
of	novel–novel	drug	combinations	is	emerging.
WHAT QUESTION DID THIS STUDY ADDRESS?
This	 study	 investigated	 the	 safety	 and	 pharmacokinetic	 (PK)	 drug	 interaction	
risks	of	a	novel–novel	 combination,	acetyl-	CoA	carboxylase	 inhibitor	 clesacos-
tat	(PF-	05221304)	with	diacylglycerol	O-	acyltransferase	inhibitor	ervogastat	(PF-	
06865571)	in	early	clinical	development.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Although	in vitro	ervogastat	was	predominantly	cleared	by	CYP3A	and	was	also	
a	potential	inducer	of	CYP3A	and	clesacostat	was	a	potential	time-	dependent	in-
activator	of	CYP3A,	co-	administration	of	ervogastat	300	mg	b.i.d.	with	clesacostat	
15	mg	b.i.d.	in	this	study	established	the	safety	and	lack	of	clinically	meaningful	
PK	drug	interaction.	These	results	supported	the	progression	of	this	novel	com-
bination	to	a	subsequent	phase	II	study	in	patients	with	non-	alcoholic	fatty	liver	
disease	(NAFLD).
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
This	 article	 describes	 the	 investigation	 of	 clinical	 drug	 interaction	 of	 a	 novel–
novel	combination	in	early	clinical	development.
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of	clesacostat	and	ervogastat	co-	administration	on	circu-
lating	 TGs,	 liver	 fat,	 hepatic	 inflammation,	 and	 fibrosis.	
These	 studies	 demonstrated	 that	 co-	administration	 of	
clesacostat	and	ervogastat	mitigated	clesacostat-	mediated	
increases	 in	 circulating	 TGs	 and	 produced	 greater	 liver	
fat,	 inflammation,	 and	 fibrosis	 efficacy	 than	 either	
monotherapy.5

In	 vitro	 data	 (unpublished)	 suggest	 that	 the	 primary	
clearance	mechanism	of	clesacostat	 is	hepatic	uptake	me-
diated	by	organic	anion-	transporting	polypeptides	(OATPs)	
specifically	 OATP1B1,	 OATP1B3,	 OATP2B1,	 and	 sodium-	
taurocholate	 cotransporting	 polypeptide,	 and	 CYP3A	 me-
tabolism.	 Ervogastat	 is	 primarily	 metabolized	 by	 CYP3A.	
The	terminal	elimination	half-	life	of	clesacostat	 is	14–18	h	
following	single	oral	doses	of	1–240	mg,7	whereas	the	termi-
nal	elimination	half-	life	of	ervogastat	is	1.45–5.22	h	following	
single	oral	doses	of	5–1500	mg.10	In vitro,	both	compounds	
were	substrates	for	efflux	transporters	P-	glycoprotein	(Pgp)	
and	breast	cancer	resistance	protein	(BCRP);	ervogastat	may	
inhibit	Pgp	and	BCRP.	In	addition,	in vitro	studies	demon-
strated	 that	 clesacostat	 is	 a	 time-	dependent	 inhibitor	 of	
CYP3A	 and	 ervogastat	 is	 a	 CYP3A	 inducer	 (data	 on	 file).	
The	data	represent	the	first	instance	of	co-	administering	cle-
sacostat	and	ervogastat	 in	humans.	Here,	we	assessed	 the	
safety	and	overall	pharmacokinetic	 (PK)	drug	 interactions	
following	co-	administration	of	clesacostat	and	ervogastat	in	
healthy	participants	(NCT03534648)	prior	to	evaluation	of	
these	two	novel	agents	co-	administered	in	participants	with	
NASH	and	liver	fibrosis.

METHODS

ACC	 inhibitor	 clesacostat	 (PF-	05221304)	 and	 DGAT2	
inhibitor	 ervogastat	 (PF-	06865571)	 drug	 products	 were	
manufactured	 at	 Pfizer.	 The	 study	 was	 conducted	 at	
the	 Pfizer	 Clinical	 Research	 Unit	 (CRU),	 located	 in	
Brussels,	 Belgium,	 and	 registered	 on	 clini	caltr	ials.	gov	
(NCT03534648).	 This	 study	 was	 performed	 in	 compli-
ance	 with	 ethical	 principles	 originating	 in	 or	 deriving	

from	the	Declaration	of	Helsinki	and	in	compliance	with	
all	 International	 Conference	 on	 Harmonisation	 Good	
Clinical	Practice	Guidelines	and	the	International	Ethical	
Guidelines	 for	 Biomedical	 Research	 Involving	 Human	
Subjects	 (Council	 for	 International	 Organizations	 of	
Medical	 Sciences	 2002).	 Approval	 from	 the	 local	 insti-
tutional	 review	 board	 (Comité	 d'Ethique	 Hospitalo-	
Facultaire	 Erasme-	ULB)	 was	 obtained	 prior	 to	 the	 start	
of	the	study,	in	the	interest	of	the	greater	protection	and	
safety	of	the	study	participants.

Participant eligibility criteria

All	 relevant	 medical	 and	 non-	medical	 information	 was	
taken	 into	 consideration	 and	 participants	 were	 expected	
to	meet	all	 inclusion	criteria	 to	be	eligible	 for	enrollment.	
Healthy	 male	 and	 non-	child-	bearing	 female	 participants	
aged	18	to	55	years	inclusive,	with	a	body	mass	index	of	17.5	
to	30.5	kg/m2	and	total	body	weight	of	>50	kg	(110	lb),	who	
provided	 a	 signed	 and	 dated	 informed	 consent	 form	 and	
who	were	willing	and	able	to	comply	with	the	study	plan,	
scheduled	 visits,	 treatment	 plan,	 laboratory	 tests,	 and	 all	
other	 study	 procedures,	 were	 eligible	 for	 inclusion	 in	 this	
study.

Study design

NCT03534648	 was	 a	 phase	 I,	 open-	label,	 non-	
randomized,	 fixed-	sequence,	 multiple-	dose	 study	 de-
signed	 to	 investigate	 the	 potential	 of	 a	 PK	 drug–drug	
interaction	 (DDI)	 between	 clesacostat	 and	 ervogastat.	
The	 study	 was	 conducted	 in	 two	 different	 cohorts	
(Figure  1).	 Participants	 were	 screened	 within	 28	days	
prior	to	their	first	dose	and	admitted	to	the	CRU	the	day	
before	 dosing	 Day	 1.	 By	 design,	 as	 a	 non-	randomized,	
fixed-	sequence	 study,	 the	 first	 seven	 enrolled	 partici-
pants	were	dosed	in	Cohort	1,	followed	by	the	next	nine	
enrolled	participants	in	Cohort	2.

F I G U R E  1  Study	design.	aOn	Day	
14,	clesacostat	15	mg	was	co-	administered	
with	ervogastat	300	mg	in	the	morning	
only;	no	afternoon	dose	was	administered.	
bOn	Day	14,	ervogastat	300	mg	was	co-	
administered	with	clesacostat	15	mg	in	
the	morning	only;	no	afternoon	dose	was	
administered.	BID,	twice	daily;	CRU,	
Clinical	Research	Unit.

http://clinicaltrials.gov
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Dose selection

A	dose	of	clesacostat	15	mg	b.i.d.	was	selected	in	this	study	
based	on	observed	cumulative	safety,	PK,	and	pharmaco-
dynamics	 in	 humans.7	 At	 this	 dose,	 no	 change	 in	 plate-
let	 count	 was	 anticipated	 with	 ≥80%	 inhibition	 of	 DNL.	
Ervogastat	 300	mg	 b.i.d.	 was	 selected	 based	 on	 all	 avail-
able	 cumulative	 safety,	 PK,	 and	 pharmacodynamic	 data	
generated	in	a	previous	clinical	study	(NCT03092232)	and	
because	this	dose	and	regimen	were	under	 investigation	
as	a	pharmacologically	relevant	dose	in	participants	with	
NAFLD.11	 The	 observed	 clinical	 PK	 of	 clesacostat	 sup-
ported	a	once-	daily	dosing	regimen.7	However,	a	b.i.d.	dos-
ing	regimen	was	selected	to	match	that	of	ervogastat.	This	
dose	and	dosing	regimen	(clesacostat	15	mg	b.i.d.	plus	er-
vogastat	300	mg	b.i.d.)	was	expected	to	be	administered	in	
a	subsequent	phase	IIa	study	in	participants	with	NAFLD	
(NCT03776175)5;	therefore,	the	same	dose	and	dosing	reg-
imens	of	clesacostat	and	ervogastat	were	co-	administered	
in	the	current	DDI	study.	All	doses	were	administered	as	
immediate-	release	tablet	formulations	following	standard	
meals,	 as	 food	 has	 been	 shown	 to	 significantly	 increase	
ervogastat	exposure.

Study treatments

In	Cohort	1,	participants	received	clesacostat	15	mg	b.i.d.	
alone	 on	 Days	 1–7	 and	 clesacostat	 15	mg	 b.i.d.	 plus	 er-
vogastat	300	mg	b.i.d.	on	Days	8–13.	On	Day	14,	partici-
pants	received	a	single	oral	dose	of	clesacostat	15	mg	plus	
ervogastat	300	mg	in	the	morning	only.	In	Cohort	2,	par-
ticipants	received	ervogastat	300	mg	b.i.d.	alone	on	Days	
1–7	 and	 ervogastat	 300	mg	 b.i.d.	 plus	 clesacostat	 15	mg	
b.i.d.	on	Days	8–13.	On	Day	14,	participants	received	a	sin-
gle	oral	dose	of	clesacostat	15	mg	plus	ervogastat	300	mg	in	
the	morning	only.	Participants	were	scheduled	to	be	dis-
charged	on	Day	15.	A	follow-	up	visit	was	planned	for	Day	
22	±	2	and	a	follow-	up	telephone	contact	was	planned	for	
Day	44	±	2.

Safety assessments

The	safety	and	tolerability	of	clesacostat	and	ervogastat	
(alone	and	in	combination)	were	evaluated	by	continu-
ous	monitoring	of	adverse	events	(AEs)	during	inpatient	
and	follow-	up	parts	of	the	study.	In	addition,	brief	physi-
cal	examinations	at	admission,	intermittent	sampling	of	
safety-	related	laboratory	parameters,	12-	lead	electrocar-
diograms	 (ECGs),	 and	 vital	 signs	 were	 assessed	 during	
the	study.

PK assessments

PK	sample	collection	and	bioanalyses	of	
clesacostat	and	ervogastat	in	plasma	using	
liquid	chromatography–tandem	mass	
spectrometry	(LC–MS/MS)

Blood	samples	(3	mL	each)	were	collected	to	provide	ap-
proximately	1	mL	plasma.	Samples	were	collected	on	Day	
7	and	Day	14	at	pre-	dose,	0.5,	1,	1.5,	2,	4,	6,	8,	10,	and	12	h	
post-	morning	dose.	Plasma	samples	were	stored	at	−20°C	
until	 analysis	 for	drug	 levels	of	 clesacostat	only	 (Cohort	
1)	or	ervogastat	only	(Cohort	2).	All	plasma	samples	were	
assayed	 at	 Covance	 Bioanalytical	 Services,	 LLC	 using	 a	
validated,	sensitive,	and	specific	high-	performance	liquid	
chromatography–tandem	mass	spectrometry	(HPLC-	MS/
MS)	bioanalytical	method	in	compliance	with	Pfizer	stand-
ard	operating	procedures	(SOPs).	The	mass	spectrometer	
(API	4000;	Sciex)	settings	and	acquisition	parameters	are	
listed	in	Table S1.

Plasma	 samples	 were	 analyzed	 for	 clesacostat	 at	
Covance.	 Briefly,	 clesacostat	 and	 its	 stable	 labeled	 inter-
nal	 standard,	 PF-	06894391,	 were	 extracted	 from	 human	
plasma	 using	 a	 protein	 precipitation	 extraction	 proce-
dure.	 Following	 centrifugation,	 the	 supernatant	 was	
diluted	 with	 200	μL	 of	 acetonitrile:water:formic	 acid	
(20:80:0.1,	v:v:v).	The	mixture	was	vortexed	and	analyzed	
using	liquid	chromatography	coupled	with	MS/MS	using	
electrospray	ionization	(ESI)	in	positive	mode.	The	chro-
matographic	separation	was	achieved	using	a	Xbridge	C8/
Waters/3.5	μm	column	(Waters	Corporation)	and	gradient	
elution,	using	0.1%	formic	acid	in	5	mM	ammonium	for-
mate	 in	 water	 as	 mobile	 phase	 A	 and	 50:50:0.1	 acetoni-
trile:methanol:formic	acid	as	mobile	phase	B.	Calibration	
standard	responses	were	linear	over	the	range	from	2.00	
to	1000	ng/mL,	using	weighted	(L/concentration2)	 linear	
least	squares	regression.	The	quality	control	(QC)	concen-
trations	 were	 6.00,	 50,	 450,	 800,	 and	 16,000	ng/mL.	 The	
performance	 of	 the	 method	 during	 validation	 is	 docu-
mented	internally	(Report	No.	C1179005).	During	sample	
analysis,	the	interday	assay	accuracy	ranged	from	−0.7%	to	
4.6%	and	the	between-	day	precision	was	≤10.4%.	Clinical	
specimens	with	plasma	clesacostat	concentrations	below	
the	lower	limit	of	quantification	(LLOQ)	were	reported	as	
below	the	LLOQ	(<2.00	ng/mL).

Plasma	samples	were	assayed	for	ervogastat	at	Syneos	
Health	 (301D	 College	 Road	 East	 Princeton,	 New	 Jersey,	
NY,	USA)	using	a	validated	bioanalytical	method	in	com-
pliance	with	Pfizer	SOPs.	Briefly,	ervogastat	and	its	stable	
labeled	 internal	 standard	 PF-	06865571-	[13C2,	 15N2]	 were	
extracted	from	human	plasma	by	a	liquid–liquid	extraction	
procedure.	After	mixing,	the	supernatant	was	evaporated	
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to	 dryness,	 reconstituted,	 vortexed,	 and	 analyzed	 by	
HPLC-	MS/MS	 using	 ESI	 in	 positive	 ionization	 mode.	
Chromatographic	separation	was	achieved	using	a	Restek	
Raptor	Biphenyl	2.1	×	50	mm,	5	μm	column	and	 isocratic	
elution	(Restek)	using	0.01%	trifluoroacetic	acid	in	60/40	
(v/v)	methanol/water	as	mobile	phase	A.	Calibration	stan-
dard	responses	were	 linear	over	 the	range	 from	0.250	 to	
250	ng/mL	using	weighted	(L/concentration2)	linear	least	
squares	 regression.	 The	 QC	 concentrations	 were	 0.750,	
125,	200,	and	4000	ng/mL.	The	performance	of	the	method	
during	 validation	 is	 documented	 internally	 (Report	 No.	
C2549001).	 During	 sample	 analysis,	 the	 interday	 assay	
accuracy	ranged	from	−3.00%	to	0.933%	and	the	between-	
day	precision	was	≤8.16%.	Clinical	specimens	with	plasma	
ervogastat	concentrations	below	the	LLOQ	were	reported	
as	below	the	LLOQ	(<0.250	ng/mL).

PK	parameter	evaluations	of	clesacostat	and	
ervogastat	alone	and	after	co-	administration

Plasma	 PK	 parameters	 following	 oral	 administration	
of	 clesacostat	 and	 ervogastat	 were	 determined	 from	
the	observed	plasma	concentration–time	profile,	using	
non-	compartmental	 analyses,	 as	 per	 Pfizer	 internal	
SOPs	and	as	data	permitted.	The	PK	parameters	of	the	
maximum	 plasma	 drug	 concentration	 (Cmax),	 the	 area	
under	 the	 plasma	 drug	 concentration–time	 curve	 dur-
ing	 the	 dosing	 interval	 (AUCtau),	 the	 apparent	 clear-
ance	 (CL/F),	 the	 apparent	 steady-	state	 volume	 of	
distribution,	and	the	plasma	elimination	half-	life	were	
determined	using	non-	compartmental	analysis,	as	data	
permitted.	 Concentrations	 below	 the	 LLOQ	 were	 re-
corded	as	0	ng/mL.

The	 plasma	 PK	 parameters	 were	 summarized	 de-
scriptively	 by	 treatment.	 To	 assess	 any	 effect	 of	 ervo-
gastat	 on	 clesacostat	 exposures	 or	 vice	 versa,	 natural	
log-	transformed	Cmax	and	AUCtau	were	analyzed	using	a	
mixed-	effects	model	with	treatment	as	a	fixed	effect	and	
participant	 as	 a	 random	 effect.	 The	 adjusted	 mean	 dif-
ferences	 and	 90%	 confidence	 intervals	 (CIs)	 for	 the	 dif-
ferences	obtained	from	the	model	were	exponentiated	to	
provide	estimates	of	the	ratio	of	adjusted	geometric	means	
(Test/Reference)	and	90%	CIs	for	the	ratios.	The	compari-
sons	of	interest	were:

Cohort	1:	Effect	of	ervogastat	on	clesacostat	exposures	
with	 Day	 7	 PK	 as	 the	 Reference	 treatment	 and	 cle-
sacostat	Day	14	PK	as	the	Test	treatment.
Cohort	2:	Effect	of	clesacostat	on	ervogastat	exposures	
with	 Day	 7	 PK	 as	 the	 Reference	 treatment	 and	 ervo-
gastat	Day	14	PK	as	the	Test	treatment.

Statistical analyses

Sample	size	determination

A	 sample	 size	 of	 approximately	 16	 participants	 was	
planned	for	the	study,	with	the	goal	of	attaining	approxi-
mately	14	completers	(6	for	Cohort	1	and	8	for	Cohort	2).	
The	sample	size	was	based	on	a	precision	approach.

Sample size determination in Cohort 1: Effect of 
ervogastat on the PK of clesacostat
A	sample	size	of	six	participants	was	selected	to	provide	
sufficient	precision	to	detect	a	50%	increase	in	exposure,	
as	measured	by	90%	CIs	for	the	difference	between	the	
Day	 14	 (Test)	 and	 Day	 7	 (Reference)	 measurements	
of	 Cmax	 and	 AUCtau	 of	 clesacostat	 on	 the	 natural	 log	
scale.	 For	 the	 estimated	 effect	 of	 1.5	 (Test/Reference),	
the	expected	90%	CI	with	80%	coverage	probability	was	
(1.23,	 1.83)	 and	 (1.36,	 1.65)	 for	 Cmax	 and	 AUCtau,	 re-
spectively.	 The	 calculations	 assumed	 intra-	participant	
standard	deviations	(SDs)	of	0.14	and	0.07	for	log	dose-	
normalized	 Cmax	 and	 AUCtau	 of	 clesacostat,	 respec-
tively,	 based	 on	 single-	dose	 PK	 data	 from	 a	 previous	
study	(NCT02871037).

Sample size determination in Cohort 2: Effect of 
clesacostat on the PK of ervogastat
A	sample	size	of	eight	participants	was	selected	to	provide	
sufficient	precision	to	detect	a	50%	increase	in	exposure,	
as	measured	by	90%	CIs	for	the	difference	between	Day	14	
(Test)	and	Day	7	(Reference)	measurements	of	Cmax	and	
AUCtau	of	ervogastat	on	the	natural	log	scale.	For	the	esti-
mated	effect	of	1.5	(Test/Reference),	the	expected	90%	CI	
with	80%	coverage	probability	was	(1.23,	1.84)	and	(1.31,	
1.72)	for	Cmax	and	AUCtau,	respectively.	Intra-	participant	
SDs	for	log	dose-	normalized	Cmax	and	AUCtau	of	ervogastat	
were	0.18	and	0.12,	respectively,	as	obtained	from	the	PK	
data	in	a	previous	study	(NCT03092232).

Analysis	populations

The	safety	analysis	set	was	defined	separately	 for	each	
cohort	as	all	participants	who	received	at	least	one	dose	
of	 study	 medication	 in	 the	 respective	 cohort.	 Safety	
evaluations	 were	 summarized	 in	 accordance	 with	 the	
sponsor	reporting	standards.	The	PK	concentration	pop-
ulations	 were	 defined	 as	 all	 participants	 who	 received	
at	least	one	dose	of	clesacostat	(Cohort	1)	or	ervogastat	
(Cohort	 2)	 and	 in	 whom	 at	 least	 one	 plasma	 concen-
tration	value	was	reported.	The	PK	parameter	analysis	
population	was	defined	as	all	participants	who	received	
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at	least	one	dose	of	clesacostat	(Cohort	1)	or	ervogastat	
(Cohort	2)	and	had	at	least	one	of	the	PK	parameters	of	
interest	calculated.

RESULTS

Participant demographics and disposition

This	study	enrolled	16	healthy	adult	male	participants	
(n	=	7	 in	 Cohort	 1	 and	 n	=	9	 in	 Cohort	 2).	 The	 demo-
graphics	of	all	participants	enrolled	are	summarized	in	
Table 1.	In	Cohort	1,	one	participant	was	discontinued	
on	 Day	 9	 (i.e.,	 7	days	 of	 clesacostat	 alone	 followed	 by	
2	days	of	co-	administration	of	clesacostat	+	ervogastat)	
due	to	elevations	in	alanine	transaminase	(ALT),	aspar-
tate	 transaminase	 (AST),	 and	 gamma-	glutamyl	 trans-
ferase	 (GGT),	 determined	 by	 the	 investigator	 to	 be	 of	
moderate	intensity.	There	were	no	discontinuations	in	
Cohort	2.

Safety of clesacostat (PF- 05221304) and 
ervogastat (PF- 06865571) alone or in 
combination

The	 safety	 of	 repeated	 dosing	 with	 clesacostat	 15	mg	
b.i.d.,	 ervogastat	 300	mg	 b.i.d.,	 and	 co-	administration	
was	 evaluated	 in	 healthy	 adult	 participants.	 The	 AEs	
reported	 are	 presented	 in	 Table  S2.	 All	 AEs	 were	 mild	
to	moderate	in	severity.	There	were	no	serious	AEs,	no	
severe	 AEs,	 and	 no	 deaths	 in	 this	 study	 and	 no	 other	
clinically	significant	findings	observed	in	laboratory	pa-
rameters,	vital	signs,	or	ECGs.	One	participant	in	Cohort	
1	was	noted	to	have	elevations	in	ALT	(2.8×	upper	limit	
of	normal	[ULN]	of	49	U/L),	AST	(3.5×	ULN	of	40	U/L),	
and	GGT	(2.8×	ULN	of	73	U/L)	following	7	days	of	dosing	
of	 clesacostat,	 with	 these	 elevations	 continuing	 to	 Day	
9	 (ALT	=	3.8×	 ULN,	 AST	=	2.9×	 ULN,	 and	 GGT	=	3.3×	
ULN)	at	which	time	a	decision	was	made	to	stop	dosing,	
with	 monitoring	 continued	 until	 these	 liver	 function	
tests	 returned	 to	baseline	 (Day	15	 for	GGT,	Day	20	 for	
AST,	and	Day	22	for	ALT).

PK of clesacostat (PF- 05221304) 15 mg 
b.i.d. alone on Day 7 (Reference) and in 
combination with ervogastat (PF- 06865571) 
300 mg b.i.d. on Day 14 (Test): Cohort 1

The	 median	 plasma	 concentration–time	 profile	 of	 clesa-
costat	 in	 participants	 in	 Cohort	 1	 on	 Day	 7	 (Reference)	
and	Day	14	(Test)	is	summarized	in	Figure 2a.	Following	
multiple	oral	doses	of	clesacostat	15	mg	b.i.d.	administered	
alone	(Day	7),	median	(range)	time	to	maximum	plasma	
drug	concentration	(Tmax)	was	4.0	(2.0	to	6.0)	h	post-	dose	
followed	by	a	decline	in	plasma	concentrations.	Following	
co-	administration	 of	 clesacostat	 15	mg	 b.i.d.	 with	 er-
vogastat	 300	mg	 b.i.d.,	 the	 median	 (range)	 Tmax	 of	 clesa-
costat	was	2.0	(1.5	to	4.0)	h	post-	dose.	Co-	administration	
with	ervogastat	resulted	in	a	slight	increase	in	CL/F	and	
peak-	to-	trough	ratio	within	one	dosing	interval	(PTR)	of	
clesacostat	(Table 2).	Interparticipant	variability	for	clesa-
costat	exposure,	based	on	geometric	percent	coefficient	of	
variability	(%CV),	was	similar	for	both	treatments	ranging	
from	20%–25%	for	Cmax	and	23%–26%	for	AUCtau.	The	Day	
14	(Test)/Day	7	(Reference)	ratio	of	the	adjusted	geomet-
ric	mean	(90%	CI)	for	clesacostat	Cmax	was	88.46%	(79.77%,	
98.10%)	 and	 for	 AUCtau	 was	 80.51%	 (73.59%,	 88.09%).	
Statistical	 analysis	 of	 clesacostat	 exposure	 parameters	
(with	and	without	ervogastat)	is	summarized	in	Table 2.

The	 concentration–time	 profiles	 by	 participant	 are	
shown	in	Figure S1.

PK of ervogastat (PF- 06865571) 300 mg 
b.i.d. alone on Day 7 (Reference) and in 
combination with clesacostat (PF- 05221304) 
15 mg b.i.d. on Day 14 (Test): Cohort 2

The	 median	 plasma	 concentration–time	 profile	 of	 er-
vogastat	in	participants	in	Cohort	2	on	Day	7	(Reference)	
and	Day	14	(Test)	is	summarized	in	Figure 2b.	Following	
multiple	oral	doses	of	ervogastat	300	mg	b.i.d.,	when	ad-
ministered	alone	(Day	7)	or	in	combination	with	clesa-
costat,	median	(range)	Tmax	was	approximately	2.0	(1.0	to	
4.0)	h	post-	dose	followed	by	a	decline	in	plasma	concen-
trations.	 Co-	administration	 of	 ervogastat	 300	mg	 b.i.d.	

Parameter Cohort 1 Cohort 2

Participants	(n) 7 9

Age,	years;	mean	(range) 38.0	(24,	54) 33.8	(22,	49)

Weight,	kg;	mean	(range) 77.1	(61.7,	94.5) 72.5	(58.5,	86.2)

Body	mass	index,	kg/m2;	mean	(range) 24.4	(19.7,	29.7) 23.2	(18.6,	28.1)

Sex,	male	(n) 7 9

Race,	White	(n) 7 9

T A B L E  1 	 Demographics	of	study	
participants.
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F I G U R E  2  Median	total	plasma	concentration–time	profile	of	(a)	clesacostat	(PF-	05221304)	15	mg	BID	alone	on	Day	7	(Reference)	and	
following	co-	administration	with	ervogastat	(PF-	06865571)	300	mg	BID	on	Day	14	(Test)	and	(b)	ervogastat	(PF-	06865571)	300	mg	BID	alone	
on	Day	7	(Reference)	and	following	co-	administration	with	clesacostat	(PF-	05221304)	15	mg	BID	on	Day	14	(Test).	BID,	twice	daily;	h,	hour.

(a)

(b)
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with	clesacostat	15	mg	BID	resulted	in	similar	CL/F	and	
PTR	(Table 2).	Interparticipant	variability	of	ervogastat	
exposures,	 based	 on	 geometric	 %CV,	 was	 higher	 when	
co-	administered	 with	 clesacostat	 and	 increased	 from	
10%	 to	 21%	 for	 Cmax	 and	 from	 19%	 to	 34%	 for	 AUCtau.	
The	 Day	 14	 (Test)/Dday	 7	 (Reference)	 ratio	 of	 the	 ad-
justed	geometric	mean	(90%	CI)	for	ervogastat	Cmax	was	
108.14%	(97.91%,	119.43%)	and	for	AUCtau	was	108.43%	
(97.08%,	121.10%).	Statistical	analysis	of	ervogastat	expo-
sure	parameters	(with	and	without	clesacostat)	 is	sum-
marized	in	Table 2.

DISCUSSION

Several	successful	combinations	have	been	developed	in	
oncology	 and	 cardiometabolic	 disorders	 and	 as	 antiret-
roviral	therapies.12–16	Safety,	pharmacology,	PK,	and	for-
mulation	 uncertainties	 have	 to	 be	 assessed	 to	 quantify	
the	 overall	 benefit–risk	 for	 such	 combinations.	 In	 ad-
dition,	 regulatory	 recommendations	 should	 be	 consid-
ered	 during	 the	 development	 of	 novel	 combinations.17	
Clesacostat	 was	 identified	 as	 a	 potent,	 selective,	 and	
orally	bioavailable	ACC1/2	dual	 inhibitor,	designed	 for	
preferential	 hepatic	 uptake	 and	 inhibition	 of	 hepatic	
DNL,	 while	 minimizing	 systemic	 ACC	 inhibition	 that	
has	been	shown	to	cause	dose-	dependent	reductions	 in	
platelet	 counts.8	 Ervogastat	 was	 designed	 as	 a	 potent,	
selective,	and	orally	bioavailable	DGAT2	inhibitor.	The	
current	work	describes	 the	 investigation	of	 the	PK	and	
safety	of	co-	administration	of	two	novel	molecules,	clesa-
costat	and	ervogastat,	in	healthy	adult	participants.	This	
investigation	 supported	 the	 progression	 of	 this	 combi-
nation	 in	 subsequent	 studies	 in	 patients	 with	 NAFLD	
(NCT03776175).5

This	phase	I	study	was	designed	as	a	fixed-	sequence,	
non-	randomized	trial	in	healthy	volunteers.	It	should	be	
considered	that	demographics	such	as	race,	age,	and	sex	
may	 impact	 the	PK	of	clesacostat	and	ervogastat,	given	
that	 CYP3A4	 and	 OATP	 genes	 may	 show	 pharmacog-
enomic	 variations	 across	 global	 populations,	 leading	 to	
differences	 in	hepatic	clearance	and	resulting	drug	me-
tabolism	 rates.18	 Demographic	 variations	 in	 CYP3A4	
genes	 have	 the	 potential	 to	 impact	 on	 both	 clesacostat	
clearance	 and	 ervogastat-	mediated	 CYP3A	 induction.	
In vitro,	clesacostat	was	identified	as	a	potential	CYP3A	
time-	dependent	 inhibitor	 (composite	 slopes	 for	 mid-
azolam	 and	 testosterone	 based	 on	 the	 observed	 inac-
tivation	 rate	 constant	 [kobs]	 0–300	μM	 were	 0.0271	 and	
0.0239	mL	min−1	μmol−1,	 respectively);	 the	 inhibition	
constant	 (KI)	 and	 maximal	 rate	 of	 enzyme	 inactivation	
(kinact)	could	not	be	calculated,	as	the	inactivation	reac-
tion	rate	when	the	enzyme	is	fully	saturated	by	substrate	T
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(kinact)	 was	 not	 reached	 within	 the	 concentration	 range	
tested.	As	per	US	Food	and	Drug	Administration	(FDA)	
guidance,19	the	CYP3A	time-	dependent	inhibition	poten-
tial	for	clesacostat	was	assessed	using	the	static	model20	
to	assess	the	potential	need	for	a	clinical	DDI	study.	At	
the	 planned	 clinical	 dose	 of	 clesacostat	 of	 15	mg	 b.i.d.,	
the	risk	for	CYP3A	TDI	is	predicted	to	be	low	(area	under	
the	plasma	concentration–time	curve	ratio	[AUCR]	of	a	
CYP3A	 probe	 substrate	 in	 the	 presence	 and	 absence	 of	
clesacostat	≤1.25).	 In vitro,	ervogastat	was	 identified	as	
an	 inducer	 of	 CYP3A	 based	 on	 mRNA	 expression	 and	
enzyme	activity	in	human	hepatocytes	(mRNA	EC50	val-
ues	ranging	from	21.4	to	37.2	μM	and	Emax	values	ranging	
from	 12.5	 to	 58.1-	fold;	 data	 on	 file).	 As	 per	 FDA	 guid-
ance,19	at	the	planned	clinical	dose	of	ervogastat	300	mg	
b.i.d.,	the	static	model20	predicted	potential	induction	of	
CYP3A4,	based	on	an	AUCR	of	<0.8	for	sensitive	CYP3A	
substrates.	 Therefore,	 this	 phase	 I	 study	 was	 designed	
as	a	fixed-	sequence,	non-	randomized	trial	to	investigate	
the	drug	interactions	following	co-	administration	of	cle-
sacostat	15	mg	b.i.d.	and	ervogastat	300	mg	b.i.d.

One	 participant	 in	 Cohort	 1	 experienced	 elevated	
liver	 enzymes	 on	 Day	 7,	 following	 treatment	 with	 cle-
sacostat.	 These	 remained	 elevated	 for	 several	 days,	 at	
which	 point	 the	 participant	 discontinued	 treatment.	
Although	 the	 increases	 in	 liver	 enzymes	 were	 deemed	
related	 to	 study	 treatment	by	 the	 investigator,	 this	 iso-
lated	 finding	 in	one	participant	has	not	been	observed	
by	others	following	clesacostat	administration	in	a	pre-
sumed/diagnosed	 NASH	 population.5	 In	 this	 popula-
tion,	clesacostat	was	associated	with	transient	increases	
in	 liver	 enzymes;	 however,	 longer-	term	 treatment	 was	
associated	 with	 reductions	 from	 baseline	 in	 liver	 en-
zymes,5	 consistent	 with	 the	 anti-	steatotic	 effect	 of	 the	
mechanism.

To	evaluate	 the	net	effect	of	CYP3A	 induction	 (due	
to	ervogastat)	and	time-	dependent	 inactivation	(due	 to	
clesacostat),	 the	 NCT03534648	 study	 was	 conducted	
in	 two	 separate	 cohorts	 and	 the	 compounds	 were	 co-	
administered	over	7	days	after	administration	of	each	of	
the	monotherapies	to	steady	state,	as	shown	in	Figure 1.	
The	dose	and	dosing	regimens	of	clesacostat	and	ervo-
gastat	were	chosen	to	match	those	planned	for	the	sub-
sequent	6-	week	phase	II	study	(NCT03776175).5	In	the	
current	study,	administration	of	clesacostat,	ervogastat,	
and	 co-	administration	 were	 found	 to	 be	 generally	 safe	
and	 well	 tolerated.	 When	 clesacostat	 15	mg	 b.i.d.	 was	
co-	administered	 with	 ervogastat	 300	mg	 b.i.d.,	 a	 de-
crease	 in	 mean	 systemic	 exposures	 of	 12%	 (Cmax)	 and	
19%	 (AUCtau)	 was	 observed	 (Table  2),	 suggesting	 no	
clinically	meaningful	drug	interaction.	The	decrease	in	
AUCtau	 (19%)	 was	 consistent	 with	 the	 slightly	 higher	

CL/F	and	PTR	of	clesacostat	co-	administered	with	ervo-
gastat.	While	in vitro	ervogastat	is	identified	as	a	CYP3A	
inducer,	the	small	magnitude	of	change	in	the	systemic	
exposures	 of	 clesacostat	 when	 co-	administered	 with	
ervogastat	 may	 be	 because	 the	 predominant	 clearance	
mechanisms	 of	 clesacostat	 are	 via	 hepatic	 uptake	 by	
OATPs	and	CYP3A	and	potentially	because	clesacostat	
is	not	a	CYP3A-	sensitive	substrate	(CYP3A	fm	was	~0.25;	
data	 on	 file).	 Furthermore,	 in	 healthy	 adults,	 a	 total	
daily	 dose	 of	 ervogastat	 ≤720	mg	 indicated	 no	 changes	
in	4β-	hydroxycholesterol,	a	biomarker	of	CYP3A	activ-
ity,21–23	 suggesting	 that	 ervogastat	 may	 not	 be	 a	 clini-
cally	significant	inducer	at	300	mg	b.i.d.	Overall,	while	a	
decrease	in	the	AUCtau	of	clesacostat	in	the	presence	of	
ervogastat	was	observed,	dose	adjustment	of	ervogastat	
or	 clesacostat	 for	 co-	administration	 was	 not	 deemed	
necessary	 due	 to	 the	 small	 magnitude	 of	 interaction.	
This	 approach	 is	 further	 supported	 by	 previous	 co-	
administration	study	findings,	wherein	the	combination	
of	these	agents	was	demonstrated.5

In	 Cohort	 2,	 the	 exposures	 of	 ervogastat	 remained	
unchanged	in	the	presence	of	clesacostat.	While	based	
on	 preliminary	 reaction	 phenotyping	 in	 human	 liver	
hepatocytes,	 ervogastat	 is	 cleared	 predominantly	 by	
CYP3A	(fm	~68%)	and	clesacostat	 is	 identified	as	a	po-
tential	 time-	dependent	 inactivator	 of	 CYP3A	 and	 no	
significant	 drug	 interaction	 was	 observed	 when	 er-
vogastat	 300	mg	 b.i.d.	 was	 co-	administered	 with	 cle-
sacostat	15	mg	b.i.d.

Based	on	cumulative	clinical	DDI	study	outcomes,	this	
co-	administration	 of	 clesacostat	 and	 ervogastat	 was	 safe	
and,	overall,	well	tolerated	in	healthy	participants.	As	the	
observed	drug	interaction	was	not	clinically	meaningful,	
dose	adjustment	of	either	of	the	two	monotherapies	was	
not	deemed	necessary.	The	overall	observed	safety	and	PK	
of	 this	 combination	 enabled	 its	 progression	 in	 a	 subse-
quent	early	sign-	of-	efficacy	study.5
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