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Abstract
Difelikefalin,	a	selective	kappa-	opioid	receptor	agonist	with	limited	central	nerv-
ous	system	penetration,	is	being	developed	for	the	treatment	of	chronic	pruritic	
conditions.	This	randomized,	double-	blind,	active-		and	placebo-	controlled,	four-	
way	crossover	study	was	designed	to	evaluate	the	abuse	potential	of	difelikefalin	
in	healthy	 recreational	polydrug	users.	Using	a	4 × 4	Williams	design,	nonde-
pendent	adult	users	of	opioids	and	hallucinogens	(N = 44)	were	randomized	to	
receive	 single	 intravenous	 (i.v.)	 injections	 of	 difelikefalin	 at	 supratherapeutic	
doses	(5	and	15 mcg/kg);	pentazocine	(0.5 mg/kg),	a	schedule	IV	mu-	opioid	par-
tial	agonist	and	kappa-	opioid	receptor	agonist;	and	placebo.	The	abuse	potential	
of	difelikefalin	was	compared	with	pentazocine	and	placebo	using	the	maximal	
score	 (maximum	 effect	 [Emax])	 of	 the	 Drug	 Liking	 visual	 analog	 scale	 (VAS;	
primary	 end	 point),	 along	 with	 multiple	 secondary	 end	 points	 of	 subject-	rated	
measures	 and	 pupillometry.	 Difelikefalin	 produced	 significantly	 lower	 Drug	
Liking	VAS	Emax,	and	lower	peak	positive,	sedative,	and	perceptual	effects	com-
pared	with	pentazocine.	These	effects	of	difelikefalin	were	small,	brief,	and	not	
dose-	dependent,	although	marginally	greater	than	those	observed	with	placebo.	
Neither	dose	of	difelikefalin	elicited	significant	negative	or	hallucinogenic	effects.	
On	 end-	of-	session	 measures	 of	 overall	 drug	 liking	 and	 willingness	 to	 take	 the	
drug	again,	difelikefalin	did	not	differ	from	placebo,	indicating	subjects	neither	
liked	nor	disliked	the	effects	overall	and	did	not	feel	motivated	to	take	the	drug	
again.	Consistent	with	its	lack	of	mu	agonist	activity,	difelikefalin	did	not	induce	
miosis	compared	with	pentazocine.	All	treatments	were	generally	well-	tolerated.	
This	study	indicates	that	difelikefalin	presents	a	low	potential	for	abuse.
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INTRODUCTION

Difelikefalin	is	a	highly	selective	and	full	agonist	at	human	
kappa-	opioid	receptors	(KORs;	Ki	0.32 nM)1	and	is	being	
developed	for	the	treatment	of	chronic	pruritic	conditions	
as	an	intravenous	(i.v.)	and	oral	formulation.2,3

To	avoid	 the	characteristic	psychotomimetic	and	dys-
phoric	 effects	 observed	 with	 some	 centrally	 acting	 KOR	
agonists,4–	6	 the	 chemical	 structure	 of	 difelikefalin	 was	
selected	 based	 on	 preclinical	 studies	 demonstrating	 that	
tetrapeptides	composed	of	non-	natural	D-	amino	acids	can	
exhibit	high	potency	and	selectivity	for	KORs	with	essen-
tially	 no	 detectable	 penetration	 into	 the	 central	 nervous	
system	 (CNS).7–	9	 Difelikefalin	 does	 not	 undergo	 signif-
icant	 metabolism	 and	 is	 not	 a	 substrate	 for	 drug	 uptake	
transporters;	its	high	hydrophilicity	and	polar	surface	area	
and	charge	at	physiological	pH	result	in	negligible	mem-
brane	permeability	by	passive	diffusion.1

Difelikefalin	 has	 no	 activity	 at	 receptors	 other	 than	
KORs,	including	mu-	opioid	receptors	(MORs),1	which	are	
associated	 with	 the	 rewarding,	 dependence-	producing,	
and,	at	high	doses,	potentially	fatal	respiratory	depressant	
effects	 of	 commonly	 abused	 opioids.10–	14	 Difelikefalin	
does	not	induce	respiratory	depression	in	healthy	volun-
teers,15	and	dysphoria	and	abuse	have	not	been	reported	
in	any	clinical	studies2,3	thus	far,	which	is	consistent	with	
its	limited	CNS	penetration	and	lack	of	activity	at	MORs.1

Whereas	 difelikefalin	 binds	 selectively	 to	 KORs,	 has	
limited	 CNS	 penetration,	 and	 has	 no	 active	 metabolites	

or	 chemical	 similarity	 to	 controlled	 substances	 (unpub-
lished	data),	it	is	a	new	molecular	entity	belonging	to	the	
opioid	pharmacological	class.1	Therefore,	a	human	abuse	
potential	study	in	recreational	drug	users	with	opioid	and	
hallucinogen	 experience	 was	 conducted	 to	 compare	 dif-
elikefalin	 to	 placebo	 and	 pentazocine,	 a	 centrally	 acting	
opioid	analgesic	 that	 is	controlled	 in	schedule	 IV	(C-	IV)	
of	 the	 Controlled	 Substances	 Act	 in	 the	 United	 States.16	
Pentazocine	was	selected	as	a	positive	control	because	it	is	
a	KOR	agonist	with	only	slightly	lower	affinity	for	human	
KOR	than	difelikefalin	(Ki	range:	2.2	to	16.8 nM),17,18	with	
partial	agonist	properties	at	MORs17,18	and	low	but	mean-
ingful	abuse	potential.19–	21

This	is	the	first	study	in	humans	to	examine	the	abuse	
potential	 of	 a	 selective	 KOR	 agonist	 with	 limited	 CNS	
penetration.

METHODS

Subjects

This	 study	 was	 conducted	 at	 PRA	 Health	 Sciences	 (Salt	
Lake	City,	UT,	USA)	in	accordance	with	the	US	Food	and	
Drug	 Administration	 (FDA)	 guidance	 on	 Assessment	 of	
Abuse	 Potential	 of	 Drugs.22	 No	 study	 procedures	 were	
initiated	 prior	 to	 written	 informed	 consent	 of	 all	 sub-
jects.	The	protocol,	study	site,	and	informed	consent	form	
were	approved	by	the	New	England	Institutional	Review	

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Difelikefalin	 is	 a	 selective	 kappa-	opioid	 receptor	 agonist	 with	 limited	 central	
nervous	system	penetration	being	developed	for	the	treatment	of	chronic	pruri-
tus.	Difelikefalin	has	no	affinity	for	other	opioid	receptors	and	therefore	is	differ-
ent	from	opioid	analgesics	that	predominantly	bind	to	mu	opioid	receptors.
WHAT QUESTION DID THIS STUDY ADDRESS?
This	randomized,	double-	blind,	active-		and	placebo-	controlled,	four-	way	crosso-
ver	study	addressed	whether	difelikefalin	has	abuse	potential	in	healthy	recrea-
tional	polydrug	users.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Intravenous	difelikefalin,	at	supratherapeutic	doses,	had	an	abuse	potential	pro-
file	that	was	significantly	lower	than	the	schedule	IV	opioid	pentazocine,	and	not	
meaningfully	different	from	placebo.	Difelikefalin	did	not	elicit	significant	nega-
tive	or	hallucinogenic	effects.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 

TRANSLATIONAL SCIENCE?
These	findings	suggest	that	difelikefalin	should	not	be	a	target	for	diversion	for	
recreational	use.	This	has	important	clinical	implications	for	patients	who	may	
require	 this	 treatment,	 and	 it	 demonstrates	 that	 peripherally	 restricted	 kappa-	
opioid	receptor	exhibit	fewer	adverse	effects	and	toxicities	related	to	abuse	over	
typical	opioids.
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Board	 (Newton,	 MA,	 USA).	 All	 subjects	 were	 compen-
sated	for	their	participation	in	the	study	according	to	local	
guidelines.

Subjects	were	healthy	male	and	female	nondependent,	
recreational	 (i.e.,	 nontherapeutic)	 polydrug	 users,	 18	 to	
55 years	of	age,	with	a	history	of	opioid	use	(≥10	occasions	
within	 the	previous	year	and	≥1	use	within	12 weeks	of	
the	screening	visit)	and	recent	experience	(within	60 days)	
with	 hallucinogenic	 substances	 (e.g.,	 ketamine,	 phen-
cyclidine,	peyote,	psilocybin,	and	Salvia).	Subjects	had	a	
body	mass	index	(BMI)	within	19	to	33 kg/m2	and	weight	
greater	than	55 kg.

Subjects	with	positive	alcohol	breathalyzer	or	urine	
drug	of	abuse	test	results	(except	for	tetrahydrocannab-
inol)	 were	 excluded,	 as	 well	 as	 subjects	 with	 a	 history	
or	 current	 diagnosis	 of	 drug	 or	 alcohol	 dependence	
(excluding	 nicotine	 and/or	 caffeine)	 based	 on	 the	
Diagnostic	and	Statistical	Manual	of	Mental	Disorders,	
4th	 Edition.23	 Subjects	 were	 also	 excluded	 if	 they	
smoked	more	than	20	cigarettes,	eight	pipefuls,	or	eight	
cigars	 daily,	 and	 were	 unwilling	 to	 refrain	 from	 using	
nicotine	products	at	specified	times	during	the	study.	No	
concomitant	 medications	 were	 allowed,	 except	 for	 the	
treatment	of	adverse	events	(AEs)	or	the	continuous	use	
of	hormonal	contraceptives.

Study design and treatment

This	 was	 a	 single-	center,	 randomized,	 double-	blind,	 ac-
tive-		 and	 placebo-	controlled,	 four-	way	 crossover	 design	
conducted	 between	 July	 and	 October	 2014.	 The	 study	
included	screening,	qualification,	 treatment,	and	 follow-
	up	phases.	Within	21 days	of	the	screening	visit,	eligible	
subjects	were	confined	 to	 the	clinic	 from	the	day	before	
the	 qualification	 phase	 until	 24  h	 after	 final	 treatment,	
for	a	total	of	12 days.	A	telephone	follow-	up	occurred	7	to	
10 days	postdischarge.

The	 qualification	 phase	 included	 a	 naloxone	 chal-
lenge	and	a	drug	discrimination	test	to	confirm	the	ab-
sence	of	opioid	physical	dependence	and	 the	ability	 to	
tolerate	 and	 like	 the	 subjective	 effects	 of	 pentazocine,	
respectively.	 In	 the	 naloxone	 challenge,	 subjects	 re-
ceived	i.v.	bolus	naloxone	HCl	(Hospira,	Lake	Forest,	IL,	
USA;	0.2 mg	followed	by	0.6 mg	if	no	withdrawal	signs	
were	observed	within	30 s),	and	were	assessed	for	opi-
ate	withdrawal	 signs	using	 the	11-	item	Clinical	Opiate	
Withdrawal	 Scale	 (COWS).24,25	 Subjects	 with	 no	 with-
drawal	symptoms	(i.e.,	COWS	score	<5)	proceeded	to	the	
drug	discrimination	test	after	a	12-	h	washout	and	were	
administered	pentazocine	(0.5 mg/kg	i.v.)	or	placebo	on	
2	successive	days	in	a	two-	way	crossover,	double-	blind,	
randomized	design.	Drug	liking	(“Do	you	like	the	drug	

effect	you	are	feeling	now?”)	was	assessed	with	a	bipo-
lar	 100-	point	 visual	 analog	 scale	 (VAS)	 anchored	 with	
“strong	 disliking”	 (0),	 “neither	 like	 nor	 dislike”	 (50),	
and	 “strong	 liking”	 (100).	 The	 ability	 to	 discriminate	
between	 placebo	 and	 pentazocine	 was	 defined	 by	 a	
peak	Drug	Liking	VAS	score	greater	than	or	equal	to	70	
in	 response	 to	pentazocine,	a	placebo	response	greater	
than	 or	 equal	 to	 40	 and	 less	 than	 or	 equal	 to	 60,	 and	
a	 difference	 between	 pentazocine	 and	 placebo	 greater	
than	or	equal	 to	15	during	 the	 first	2 h	 following	drug	
administration.

Qualifying	subjects	entered	the	treatment	phase	(after	
a	24-	h	washout),	which	consisted	of	four	treatment	peri-
ods,	with	single	i.v.	bolus	injections	of	difelikefalin	(5	or	
15 mcg/kg),	pentazocine	(0.5 mg/kg),	or	placebo.	Subjects	
received	each	treatment	separated	by	a	48-	h	washout	pe-
riod	according	to	a	4	×	4	Williams	square	randomization	
scheme.26	The	doses	of	difelikefalin	were	 selected	based	
on	the	anticipated	therapeutic	and	supratherapeutic	doses	
(3-	fold	the	therapeutic	dose)	for	a	previously	explored	in-
dication	 of	 postoperative	 pain,27	 and	 represent	 doses	 10	
and	 30	 times	 higher	 than	 the	 intended	 therapeutic	 dose	
(0.5 mcg/kg)	for	the	treatment	of	moderate-	to-	severe	pru-
ritus	in	patients	undergoing	hemodialysis.2,3	The	dose	of	
pentazocine	was	based	on	a	previous	study.21	Difelikefalin	
solution	(10 mg/ml	in	0.04 M	isotonic	acetate	buffer,	pH	
4.5)	was	supplied	by	Cara	Therapeutics,	Inc.,	and	diluted	
with	an	appropriate	volume	of	sterile	0.9%	sodium	chlo-
ride.	Pentazocine	was	supplied	as	Talwin	Lactate	Injection	
(30 mg/1 ml	ampoule;	Hospira).	Placebo	was	the	vehicle	
used	for	difelikefalin.	The	dosing	volume	of	difelikefalin,	
pentazocine,	or	placebo	was	3 ml	in	all	treatment	groups.

Pharmacodynamic assessments

Pharmacodynamic	 (PD)	 assessments	 to	 evaluate	 drug	
effects	 consisted	 of	 multiple	 questionnaires	 completed	
by	 each	 subject	 using	 electronic	 data	 capture	 tablets	
(Cambridge	Cognition	Ltd.,	Cambridge,	UK;	FDA	21	CFR	
Part	11	compliant),	with	the	exception	of	one	paper	form,	
the	 Hallucinogen	 Rating	 Scale	 (HRS).	 Measures	 were	
taken	 prior	 to	 dosing	 (for	 measures	 not	 referring	 to	 the	
drug)	 and	 at	 various	 prespecified	 times	 throughout	 8  h	
postdose.

Drug	Liking	VAS	was	 the	primary	outcome	measure.	
Secondary	PD	measures	included	a	drug	effect	question-
naire	(DEQ)	assessing	whether	subjects	 felt	any	drug	ef-
fects,	good	effects,	bad	effects,	 feeling	high,	 feeling	 sick,	
nauseous,	sleepy,	dizzy,	spaced-	out,	floating,	detached,	or	
hallucinating	at	the	time	the	questions	were	asked.	Each	
item	was	assessed	using	a	unipolar	VAS	anchored	by	“not	
at	all”	(0)	and	“extremely”	(100).	A	bipolar	VAS	was	used	
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to	 assess	 alertness/drowsiness,	 with	 anchors	 of	 “very	
drowsy”	(0),	“normal”	(50),	and	“very	alert”	(100).

Hallucinogenic/psychedelic	 effects	 were	 assessed	
over	a	4-	h	period	(0	to	4 h	postdose)	using	the	99-	item	
HRS	 (version	 3.06),	 a	 validated	 self-	reported	 question-
naire	 sensitive	 to	 centrally	 active	 KOR	 agonists.28–	30	
The	 HRS	 assesses	 six	 aspects	 of	 hallucinogenic	 drug	
experiences:	 intensity	 (strength	 of	 the	 overall	 experi-
ence),	 somaesthesia	 (interoceptive,	 visceral,	 and	 tac-
tile	effects),	 affect	 (emotional	and	affective	 responses),	
perception	 (visual,	 auditory,	 gustatory,	 and	 olfactory	
effects),	 cognition	 (alterations	 in	 thought	 processes	 or	
content),	and	volition	(capacity	to	willfully	control	one’s	
body	 movements	 to	 interact	 with	 the	 environment).31	
Most	items	were	rated	using	a	five-	point	scale	(0 = not	
at	all,	1 = slightly,	2 = moderately,	3 = very	much,	and	
4 = extremely).

Global	 retrospective	 assessments	 of	 Overall	 Drug	
Liking,	 Take	 Drug	 Again,	 and	 Drug	 Similarity	 VAS	 and	
the	Price	Value	Assessment	Questionnaire	 (PVAQ)	were	
assessed	 at	 8  h	 postdose.	 The	 Overall	 Drug	 Liking	 VAS	
assesses	the	subject’s	global	drug	liking	by	responding	to	
“overall,	my	 liking	 for	 this	drug	 is”	using	a	bipolar	VAS	
anchored	 with	 “strong	 disliking”	 (0),	 “neither	 like	 nor	
dislike”	 (50),	 or	 “strong	 liking”	 (100).	 Subjects	 also	 re-
sponded	 to	 “Would	 you	 want	 to	 take	 the	 drug	 you	 just	
received	 again,	 if	 given	 the	 opportunity?”	 by	 marking	 a	
bipolar	 VAS	 anchored	 with	 “definitely	 would	 not”	 (0),	
“do	not	care”	(50),	or	“definitely	would”	(100).	Similarity	
of	 the	study	drugs	 to	up	to	11	drug	classes	was	assessed	
using	a	unipolar	Drug	Similarity	VAS	anchored	with	“not	
at	all	similar”	(0)	to	“very	similar”	(100).	The	PVAQ	asked	
subjects	to	estimate	the	most	they	would	pay	for	the	same	
dose	of	the	drug	they	received	if	illicitly	available,	with	a	
$0–	$100	scale	divided	into	$5	increments.

Pupillometry

Pupillary	 constriction	 (miosis)	 was	 measured	 using	 a	
NeurOptic	VIP	200	pupillometer	in	a	dimly	lit	room	(min-
imum	1 min	dark	adaptation).

Pharmacokinetic evaluation

Serial	blood	samples	were	collected	prior	to	dosing	and	up	
to	8 h	postdose	(i.e.,	at	5 min	and	0.25,	0.5,	0.75,	1,	1.5,	2,	
3,	4,	and	8 h	postdose)	to	determine	the	plasma	concentra-
tions	 of	 difelikefalin	 or	 pentazocine.	 Samples	 were	 ana-
lyzed	 according	 to	 validated	 methods	 (AIT	 Biosciences,	
Indianapolis,	IN,	USA),	using	tandem	mass	spectrometric	
detection.

Safety evaluation

Safety	assessments	included	recording	of	AEs,	supine	and	
standing	 vital	 signs,	 12-	lead	 electrocardiogram,	 clinical	
laboratory	 tests	 (hematology,	chemistry,	and	urinalysis),	
physical	 examinations,	 and	 continuous	 pulse	 oximetry	
monitoring	 (on	 dosing	 days	 from	 predose	 to	 8  h	 post-
dose).	Because	of	the	aquaretic	properties	of	difelikefalin,	
a	class	effect	of	KOR	agonists,32	additional	measurements	
of	serum	sodium	were	made	predose	and	at	12	and	24 h	
postdose,	 and	 fluid	 balance	 was	 monitored	 throughout	
the	treatment	period.

Statistical analysis

The	 analysis	 populations,	 hypothesis	 testing,	 and	 equiv-
alence	 margins	 described	 below	 were	 based	 on	 revised	
FDA	guidance22	issued	after	the	study	was	completed	and	
thus	 PD	 end	 points	 were	 re-	analyzed	 post	 hoc	 accord-
ingly.	Results	of	original	prespecified	analyses	are	consist-
ent	with	these	post	hoc	results.

Drug	 Liking	 maximum	 effect	 (Emax;	 i.e.,	 maximum	
VAS	 score	 or	 peak	 effect)	 was	 the	 primary	 end	 point.	
All	other	PD	parameters	were	secondary.	The	primary	
analysis	 population	 (completer	 set)	 consisted	 of	 sub-
jects	who	completed	all	treatment	periods	and	had	suf-
ficient	data	for	evaluation	of	Drug	Liking	Emax	(i.e.,	at	
least	1	observation	within	2 h	of	time	to	maximum	ob-
served	plasma	concentration	[Tmax]	for	each	treatment).	
The	modified	completer	set	consisted	of	all	subjects	in	
the	completer	set,	excluding	subjects	with	similar	Drug	
Liking	 Emax	 scores	 (difference	 within	 5	 points)	 across	
all	 study	 treatments	 (including	 placebo),	 or	 subjects	
with	 a	 Drug	 Liking	 Emax	 for	 placebo	 greater	 than	 60	
and	a	difference	between	Drug	Liking	Emax	for	placebo	
and	 pentazocine	 less	 than	 or	 equal	 to	 5.	 The	 primary	
PD	 parameter,	 Drug	 Liking	 Emax,	 was	 analyzed	 using	
the	 completer	 and	 modified	 completer	 sets,	 whereas	
the	secondary	PD	parameters	were	analyzed	using	the	
completer	set	only.

Analysis	of	derived	PD	parameters	was	conducted	with	
SAS	version	9.4	using	procedures	appropriate	for	the	par-
ticular	 analysis.	 Model	 and	 test	 selection	 (i.e.,	 mixed	 ef-
fects	model,	paired	t-	test,	or	Sign	test)	for	each	primary	and	
secondary	end	point	were	determined	through	a	stepwise	
procedure	 that	 included	 normality	 testing,	 homogeneity	
of	variance	testing,	first-	order	carryover	effect	evaluation,	
and	assessment	of	skewness	of	the	distribution	of	paired	
differences.

The	analysis	of	the	primary	end	point	was	conducted	
as	 one-	sided	 hypothesis	 tests	 at	 a	 significance	 level	
of	 α  =  0.05,	 with	 predefined	 equivalence	 margins	 (δ;	
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Table 1).	To	assess	study	validity,	a	margin	of	15	was	se-
lected	based	on	previous	studies,33–	35	with	a	lower	limit	of	
the	one-	sided	95%	confidence	interval	(CI;	equivalent	to	
2-	sided	90%	CI)	greater	than	15	for	the	difference	in	Drug	
Liking	Emax	between	pentazocine	and	placebo	indicating	
that	 pentazocine	 had	 a	 clinically	 relevant	 higher	 Drug	
Liking	VAS	score	than	placebo.	To	identify	absolute	abuse	
potential	 of	 difelikefalin,	 a	 margin	 of	 11	 was	 selected	
based	on	Chen	and	Bonson	(2013),36	with	the	upper	limit	
of	the	95%	CI	(equivalent	to	2-	sided	90%	CI)	greater	than	
or	equal	to	11	for	the	difference	in	Drug	Liking	Emax	be-
tween	difelikefalin	and	placebo	 indicating	 that	difelike-
falin	 had	 a	 clinically	 relevant	 higher	 Drug	 Liking	 VAS	
score	than	placebo.

No	 specific	 margins	 were	 selected	 for	 secondary	 end	
points,	as	there	is	no	literature	to	support	selection	of	such	
margins.	On	these	end	points,	for	comparisons	of	pentaz-
ocine	 relative	 to	 placebo	 and	 each	 dose	 of	 difelikefalin,	
the	null	hypothesis	was	that	the	difference	was	less	than	
or	equal	to	0	(1-	sided	tests	at	α = 0.05).	For	comparisons	
between	each	dose	of	difelikefalin	and	placebo,	 the	null	
hypothesis	was	 that	 the	 difference	was	 equal	 to	 zero	 (2-	
sided	tests	at	α = 0.10).	Drug	Similarity	VAS	scores	were	
summarized	descriptively	only.

Demographics	 and	 safety	 results	 were	 summarized	
descriptively.	 Pharmacokinetic	 (PK)	 parameters	 were	
derived	 using	 standard	 linear,	 trapezoidal	 noncompart-
mental	 methods	 (Phoenix	 WinNonlin,	 version	 6.3),	 and	
summarized	descriptively.

RESULTS

Disposition and demographics

A	total	of	69	subjects	out	of	72	qualified	after	the	nalox-
one	challenge	 test.	Of	69	 subjects	who	entered	 the	drug	
discrimination	test,	44	qualified	for	the	treatment	phase,	
and	 39	 completed	 the	 study	 and	 were	 included	 in	 the	
completer	 set	 (Figure  S1).	 Of	 the	 five	 subjects	 who	 did	
not	 complete	 the	 treatment	 phase,	 three	 discontinued	
due	 to	AEs	 (see	Safety	Results),	 and	 two	withdrew	con-
sent	(Figure S1).	Most	subjects	were	men	(79.5%),	white	
(86.4%)	and	non-	Hispanic	(88.6%),	with	a	mean	(standard	
deviation	[SD])	age	of	28.0	(7.72)	years.	All	subjects	had	
used	opioids	recreationally	(with	a	minimum	of	3	and	6	
occasions	 for	 men	 and	 women,	 respectively,	 in	 the	 last	
12 weeks)	and	hallucinogens	(1	to	25	occasions	within	the	

T A B L E  1 	 Drug	Liking	VAS	Emax	by	treatment	(top	panel;	primary	end	point)	and	treatment	comparison	(bottom	panel)

Drug liking VAS Emax Placebo Difelikefalin 5 mcg/kg Difelikefalin 15 mcg/kg
Pentazocine 
0.5 mg/kg

Mean	(SD) 52.6	(7.81) 66.3	(13.34) 67.3	(13.95) 88.2	(12.55)

Median	(min,	max) 50.0	(50,	85) 64.0	(50,	99) 69.0	(50,	100) 91.0	(49,	100)

Inferential analysis results

Pairwise comparisons LS mean difference 90% CI p value

Pentazocine	0.5 mg/kg	vs.	placebo 35.50 (31.41,	39.59) <0.0001a

Pentazocine	0.5 mg/kg	vs.	difelikefalin	5 mcg/kg 21.95 (17.85,	26.04) <0.0001b

Pentazocine	0.5 mg/kg	vs.	difelikefalin	15 mcg/kg 20.92 (16.83,	25.01) <0.0001b

Difelikefalin	5 mcg/kg	vs.	placebo 13.55 (9.46,	17.64) 0.8485c

Difelikefalin	15 mcg/kg	vs.	placebo 14.58 (10.49,	18.67) 0.9251c

Note: Least-	squares	mean	differences	were	estimated	from	a	mixed-	effect	model	having	treatment,	period,	sequence	as	fixed	effects	and	subject	nested	within	
sequence	as	a	random	effect.
A	90%	CI	for	a	two-	sided	test	was	derived	for	these	comparisons,	which	provides	the	equivalent	lower	limit	(or	upper	limit)	to	that	of	a	95%	CI	for	a	one-	sided	
test.
Abbreviations:	CI,	confidence	interval;	Emax,	maximum	effect;	LS,	least-	squares;	SD,	standard	deviation;	VAS,	visual	analog	scale.
Completer	set,	N = 39.
aOne-	sided,	α = 0.05;	H0:	µD−µC ≤ 15	vs.	H1:	µD−µC > 15.
bOne-	sided,	α = 0.05;	H0:	µD−µB ≤ 0	vs.	H1:	µD−µB > 0,	and	H0:	µD−µA ≤ 0	vs.	H1:	µD−µA > 0.
cOne-	sided,	α = 0.05;	H0:	µB−µC ≥ 11	vs.	H1:	µB−µC < 11	and	H0:	µA−µC ≥ 11	vs.	H1:	µA−µC < 11.
Where	A = difelikefalin	5 mcg/kg,	B = difelikefalin	15 mcg/kg,	C = placebo,	D = pentazocine	0.5 mg/kg
Confidence	limits	of	interest	and	statistically	significant	p	values	are	bolded.
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past	60 days,	with	59%	of	 subjects	having	≥10	 times	use	
in	the	last	12 months).	Additional	drug	classes	most	fre-
quently	taken	in	the	past	12 weeks	were	cannabinoids	and	
stimulants.

Pharmacodynamics

Drug	Liking

Mean	Drug	Liking	VAS	scores	for	pentazocine	were	in	the	
“liking	range”	(i.e.,	>60	points)	and	higher	than	the	other	
treatments	over	the	first	3 h,	whereas	mean	scores	remained	
close	 to	 neutral	 (50	 points)	 for	 placebo.	 Mean	 scores	 for	
difelikefalin	5	and	15 mcg/kg	were	notably	lower	than	for	
pentazocine	 and	 within	 the	 acceptable	 placebo	 response	
range	(≤60)	with	no	differences	between	doses	(Figure 1a).

Mean	(SD)	Drug	Liking	Emax	(primary	end	point,	com-
pleter	 set)	was	highest	 for	pentazocine	 (88.2	 [12.55])	and	
lowest	for	placebo	(52.6	[7.81]),	with	mean	scores	for	dif-
elikefalin	 5  mcg/kg	 (66.3	 [13.34])	 and	 15  mcg/kg	 (67.3	
[13.95])	showing	no	dose	dependence	(Figure 1b,	Table 1).	
The	least-	squares	(LS)	mean	difference	in	Drug	Liking	Emax	
between	pentazocine	and	placebo	was	35.50	and	the	lower	
limit	of	the	two-	sided	90%	CI	was	31.41	(i.e.,	greater	than	the	
margin	of	15;	p < 0.0001),	thereby	validating	the	study.	The	
LS	mean	differences	between	pentazocine	and	difelikefalin	
5	and	15 mcg/kg	were	21.95	and	20.92,	respectively,	with	
lower	 limits	of	 the	90%	CI	of	17.85	and	16.83,	 indicating	
that	difelikefalin	produced	significantly	less	at-	the-	moment	
drug	 liking	 compared	 with	 pentazocine	 (p  <  0.0001	 for	
both	comparisons).	The	LS	mean	differences	between	dif-
elikefalin	 5	 and	 15  mcg/kg	 and	 placebo	 were	 13.55	 and	
14.58,	respectively,	with	upper	limits	of	the	90%	CI	of	17.64	
and	 18.67	 (i.e.,	 greater	 than	 the	 upper	 limit	 equivalence	

F I G U R E  1  Mean	(SE)	drug	liking	VAS	scores	profile	following	administration	of	placebo,	difelikefalin	5	and	15 mcg/kg,	and	
pentazocine	0.5 mg/kg	(a);	Drug	Liking	VAS	Emax	(b);	Overall	Drug	Liking	VAS	(c);	and	Take	Drug	Again	VAS	(d)	at	8	h	postdose.	
Completer	set,	N = 39.	Each	VAS	was	administered	using	a	bipolar	scale,	where	50	was	a	neutral	score.	SE,	standard	error;	VAS,	Visual	
Analog	Scale
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margin	 of	 11,	 p  >  0.8),	 indicating	 that	 responses	 to	 both	
doses	of	difelikefalin	were	greater	than	response	to	placebo	
(Table 1).	 Inferential	analysis	 results	of	Drug	Liking	VAS	
Emax	for	the	modified	completer	set	(n = 37)	were	similar	to	
those	of	the	completer	set	(data	not	shown).

Results	of	 the	analyses	of	area	under	the	effect	curve	
from	 time	 zero	 to	 4	 or	 8  h	 (AUE0–	4;	 AUE0–	8)	 for	 Drug	
Liking	VAS	followed	the	same	pattern	as	that	of	Emax,	with	
AUEs	 for	 difelikefalin	 significantly	 higher	 than	 placebo	
but	with	small	mean	differences	(e.g.,	ranging	from	5.19	
to	8.13)	compared	with	the	mean	difference	between	pen-
tazocine	and	placebo	(48.85;	Table S1).

Global	effects

Mean	8-	h	scores	for	Overall	Drug	Liking	and	Take	Drug	
Again	 VAS	 were	 greater	 than	 or	 equal	 to	 69	 points	 for	
pentazocine	 and	 significantly	 greater	 than	 placebo	
(p < 0.0001),	whereas	scores	were	at	or	near	neutral	 for	
both	doses	of	difelikefalin	and	not	different	from	placebo	
(p > 0.47;	Figure 1c,d,	Table S1).

Mean	 values	 of	 PVAQ	 were	 lower	 for	 difelikefalin	
($2.70	 and	 $4.00	 for	 5	 and	 15  mcg/kg,	 respectively)	 and	
lowest	 for	 placebo	 ($1.20)	 compared	 with	 pentazocine	
($9.60).	 However,	 median	 values	 for	 both	 difelikefalin	
doses	and	placebo	were	$0.00,	whereas	that	of	pentazocine	
was	 $10.00.	 Both	 doses	 of	 difelikefalin	 were	 valued	 sig-
nificantly	higher	compared	with	placebo	(p = 0.0632	and	
p < 0.0001),	but	 significantly	 lower	compared	with	pen-
tazocine	(p < 0.0001	for	both	doses;	Table S1),	indicating	
that	subjects	would	be	willing	to	pay	more	for	pentazocine.

Positive,	negative,	and	other	effects

The	Emax	for	the	Good	Effects,	High,	Any	Effects,	and	Dizzy	
VAS	exhibited	a	pattern	similar	to	Drug	Liking	VAS	Emax,	
with	 significantly	 higher	 Emax	 for	 pentazocine	 and	 both	
doses	of	difelikefalin	relative	to	placebo,	but	Emax	values	for	
both	doses	of	difelikefalin	were	significantly	lower	than	for	
pentazocine	 (Figure  2a–	d,	 Table  S1).	 For	 the	 Bad	 Effects	
VAS,	Emax	values	for	pentazocine	and	both	doses	of	difelike-
falin	were	significantly	higher	than	that	of	placebo,	with	no	
significant	differences	between	pentazocine	and	difelikefa-
lin	and	low	scores	overall	(< 20	points),	indicating	relatively	
few	negative	effects	(Figure 2e,	Table S1).	A	similar	pattern	
was	observed	for	other	negative	effects	measures	(Feel	Sick	
and	 Nausea	 VAS),	 with	 low	 scores	 reported	 overall	 (<15	
points;	Table S1).	For	the	Alertness/Drowsiness	VAS,	Emax	
indicated	 minimal	 sedative	 effects	 (≤9	 points;	 Figure  2f,	
Table  S1);	 Emax	 was	 significantly	 higher	 for	 pentazocine	
compared	with	placebo	and	for	pentazocine	compared	with	

difelikefalin	15 mcg/kg,	but	no	significant	differences	were	
observed	between	pentazocine	and	difelikefalin	5 mcg/kg	or	
between	placebo	and	difelikefalin	(Table S1).	Pentazocine	
was	 associated	 with	 significantly	 higher	 Sleepy	 VAS	 Emax	
compared	with	placebo	and	both	doses	of	difelikefalin,	but	
only	difelikefalin	15 mcg/kg	had	a	statistically	higher	Emax	
compared	with	placebo	(Table S1).

Overall,	the	comparative	profile	of	the	DEQ	indicates	
that	 both	 doses	 of	 difelikefalin	 have	 significantly	 fewer	
positive	 and	 other	 effects	 compared	 with	 pentazocine	
(Figure 3,	Table S1)	with	low	scores	for	negative	effects.

Perceptual	effects

Emax	values	were	significantly	higher	for	pentazocine	rela-
tive	to	placebo	for	the	Spaced	Out,	Floating,	and	Detached	
VAS,	whereas	those	for	difelikefalin	significantly	separated	
from	placebo	but	were	intermediate	and	did	not	show	dose	
dependence	 (Figure  3,	 Table  S1).	 For	 the	 Hallucinations	
VAS,	the	Emax	was	low	but	significantly	higher	for	pentazo-
cine	compared	with	placebo,	with	no	other	statistical	dif-
ferences	on	this	endpoint	(Figure 3,	Table S1).	For	the	4-	h	
HRS	subscales	of	Affect,	Cognition,	 Intensity,	Perception	
and	Somaesthesia,	scores	were	significantly	higher	for	pen-
tazocine	and	both	doses	of	difelikefalin	compared	with	pla-
cebo,	but	values	 for	difelikefalin	were	significantly	 lower	
than	those	for	pentazocine.	For	the	HRS	Volition	subscale,	
scores	were	higher	for	pentazocine	and	both	doses	of	dife-
likefalin	compared	with	placebo,	but	no	statistical	differ-
ence	was	observed	between	pentazocine	and	either	dose	of	
difelikefalin	(Figure S2,	Table S1).

Drug	similarity

Subjects	 rated	pentazocine	 to	be	most	 similar	 to	opioids	
(median:	 65.0),	 followed	 by	 benzodiazepines	 (22.5),	 and	
not	similar	to	cannabinoids,	hallucinogens,	or	stimulants	
(≤2.0).	Subjects’	ratings	for	difelikefalin	were	much	lower	
compared	with	pentazocine	for	opioids	(median:	14.5	and	
10.5	 for	 5	 and	 15  mcg/kg,	 respectively)	 and	 benzodiaz-
epines	(8.0	and	1.5,	respectively)	and	showed	a	decrease	
with	 increasing	 dose.	 Subjects	 did	 not	 rate	 difelikefalin	
as	 similar	 to	 cannabinoids,	 hallucinogens,	 or	 stimulants	
(median:	0.0).	Subjects	did	not	perceive	placebo	as	similar	
to	any	drug	class	(Figure S3).

Pupillometry

Pupil	diameter	measured	over	the	8-	h	postdose	period	in-
dicated	pentazocine	induced	miosis	(Figure 4),	with	mean	
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Emax	reduction	in	pupil	diameter	of	2.5 mm	from	baseline	
(predose),	whereas	peak	reductions	for	difelikefalin	5 mcg/
kg	(0.6 mm)	and	15 mcg/kg	(0.4 mm)	were	comparable	to	
placebo	(0.4 mm).

Pharmacokinetics

Difelikefalin	 plasma	 concentrations	 increased	 approxi-
mately	dose	proportionally,	with	a	median	Tmax	of	~5 min	

F I G U R E  2  Time	course	of	mean	(SE)	scores	from	selected	unipolar	VAS	of	the	drug	effects	questionnaire	(DEQ)	(a–	e)	and	Bipolar	VAS	
for	Alertness/Drowsiness	(f).	Completer	Set,	N = 39.	SE,	standard	error;	VAS,	visual	analog	scale
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and	apparent	plasma	terminal	elimination	half-	life	of	2 h	
(t1/2,	Table 2).	The	PK	parameters	for	pentazocine	were	
generally	 consistent	 with	 previously	 reported	 data.37–	39	
Of	 note,	 the	 apparent	 volume	 of	 distribution	 (Vd)	 for	
difelikefalin	was	substantially	lower	than	that	for	penta-
zocine,	consistent	with	its	hydrophilic	properties.

Safety results

All	 treatments	 were	 generally	 well-	tolerated,	 and	 all	
treatment-	emergent	AEs	(TEAEs)	were	mild	in	severity,	

with	 the	 exception	 of	 a	 moderate	 TEAE	 of	 anxiety	 in	
one	subject	that	resulted	in	discontinuation.	Three	sub-
jects	 discontinued	 from	 the	 study	 due	 to	 TEAEs	 fol-
lowing	 difelikefalin	 5  mcg/kg	 (anxiety;	 injection-	site	
phlebitis)	 or	 pentazocine	 (muscle	 spasms).	 The	 most	
common	TEAEs	(>10%)	were	nausea	and	vomiting	with	
pentazocine,	and	dizziness	with	difelikefalin	15 mcg/kg	
(Table 3).

No	clinically	significant	changes	from	baseline	in	clin-
ical	laboratory	or	vital	sign	values	were	observed.	Despite	
an	 increased	 volume	 of	 urine	 excretion	 following	 dife-
likefalin	 administration,	 proactive	 water	 consumption	

F I G U R E  3  Differences	in	drug	effects	questionnaire	(DEQ)	VAS	scores	for	pentazocine	and	difelikefalin	treatment	relative	to	placebo	
(a)	and	for	pentazocine	treatment	relative	to	difelikefalin	(b)	for	any	effects,	positive	effects,	and	perceptual	effects.	Data	represent	the	
central	value	of	treatment	differences	analysis	in	peak	effect	(Emax)	with	lower/upper	limit	for	selected	VAS	item	of	the	Drug	Effects	
Questionnaire	(completer	set,	N = 39).	Depending	on	the	test	statistic	used	to	compare	treatment	groups,	the	central	value	represented	in	
the	plots	is	either	the	mean	or	the	median	and	the	limits	are	either	the	upper/lower	value	of	the	90%	CI	around	the	mean	or	the	first	and	
third	quartile	of	the	distribution.	CI,	confidence	interval;	VAS,	visual	analog	scale
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contributed	 to	 maintaining	 fluid	 balance,	 with	 overall	
fluid	balance	remaining	close	to	neutral.

DISCUSSION

This	study	evaluated	the	human	abuse	potential	of	single	
i.v.	doses	of	difelikefalin,	a	novel	KOR	agonist	with	limited	
CNS	penetration,	relative	to	pentazocine	and	placebo.	The	
overall	pattern	of	results	suggests	that	difelikefalin	has	a	
significantly	lower	abuse	potential	than	the	C-	IV	pentazo-
cine	 in	recreational	polydrug	users	with	opioid	and	hal-
lucinogen	experience.	Study	validity	was	confirmed	by	a	
significantly	higher	peak	drug	liking	for	pentazocine	rela-
tive	to	placebo,	and	other	measures.

In	 the	 primary	 analysis,	 doses	 of	 difelikefalin	 that	 are	
10	 and	 30	 times	 the	 planned	 therapeutic	 dose	 for	 pruri-
tus	 in	patients	undergoing	hemodialysis,2	were	associated	

with	 significantly	 lower	 peak	 Drug	 Liking	 VAS	 scores	
when	compared	with	pentazocine	but	higher	than	placebo.	
However,	 difelikefalin	 did	 not	 differ	 from	 placebo	 on	 the	
measures	of	overall	drug	liking	and	willingness	to	take	the	
drug	again,	suggesting	limited	reinforcing	potential.	These	
end-	of-	session	 measures	 have	 the	 advantage	 of	 assessing	
the	overall	drug	experience	and	provide	a	valuable	index	of	
the	likelihood	of	future	abuse	as	they	require	the	subjects	
to	consider	the	entire	drug	experience	and	are	less	affected	
by	potential	acute	drug	effects	at	earlier	assessments.40	The	
transient	elevations	of	at-	the-	moment	drug	liking	with	dife-
likefalin	may	be	due	to	previous	drug	experience	generating	
expectancy.	Of	note,	an	approximately	 three-	fold	 increase	
in	 difelikefalin	 exposure	 produced	 no	 further	 increase	 in	
drug	liking,	no	effect	on	the	duration	of	the	response,	and	
no	effects	on	other	measures,	which	is	inconsistent	with	the	
profile	of	a	drug	with	abuse	potential.	In	addition,	difelike-
falin	did	not	induce	miosis,	a	physiological	indicator	of	CNS	
MOR	activity,40	and	was	not	rated	as	being	similar	to	a	typ-
ical	opioid,	results	that	are	consistent	with	its	lack	of	MOR	
agonist	activity,	in	contrast	to	pentazocine.

Similarly,	 across	 other	 secondary	 end	 points,	 both	 pen-
tazocine	 and	 difelikefalin	 have	 low	 negative	 effects	 overall	
but	 difelikefalin	 had	 significantly	 lower	 positive,	 sedative,	
and	perceptual	effects	when	compared	with	pentazocine,	al-
though	marginally	higher	than	those	observed	with	placebo.

In	 contrast	 with	 the	 dose-	dependent	 hallucinogenic	
and	 dysphoric	 effects	 of	 centrally	 acting	 KOR	 ago-
nists,4–	6,29,30	difelikefalin	produced	only	marginal	subjec-
tive	effects	(e.g.,	low	HRS	scores)	despite	its	high	potency	
at	 the	 KOR	 and	 the	 use	 of	 supratherapeutic	 doses.	 The	
lack	of	hallucinogenic	effects,	a	basis	for	potential	abuse	
of	a	KOR	agonist,29,30	is	consistent	with	limited	CNS	pen-
etration	and	low	abuse	potential.

Difelikefalin	 had	 an	 acceptable	 safety	 profile	 with	
TEAEs	 that	 were	 generally	 mild	 in	 severity.	 The	 overall	

F I G U R E  4  Mean	(±SE)	pupil	diameter	over	time.	Completer	
set,	N = 39.	SE,	standard	error
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T A B L E  2 	 PK	parameters	following	single	intravenous	dose	of	difelikefalin	or	pentazocine

Parameter mean (SD) Difelikefalin 5 mcg/kg (n = 41) Difelikefalin 15 mcg/kg (n = 40)
Pentazocine 
0.5 mg/kg (n = 40)

Cmax	(ng/ml) 61.9	(23.9) 168.8	(52.6) 296.0	(197.7)

Tmax	(h)a 0.1	[0.1,	0.3] 0.1	[0.1,	0.3] 0.1	[0.1,	0.8]

AUC0–	t	(h*ng/ml) 94.0	(23.8) 246.0	(40.1) 487.4	(133.5)

t1/2	(h) 2.0	(0.2) 2.0	(0.2) 3.7	(1.2)

Vd	(ml/kg) 155	(39.3) 171	(28.0) 4280	(1079.8)

Note: PK	population = all	randomized	subjects	who	received	≥1	dose	of	study	drug	in	the	treatment	phase	and	had	adequate	plasma	concentration-	time	data	to	
allow	for	meaningful	PK	analysis.
Each	treatment	was	separated	by	a	48-	hour	washout	period,	which	largely	exceeded	each	treatment	half-	life	(t1/2)	of	2	to	4 hours.
Abbreviations:	AUC0–	t,	area	under	the	plasma	concentration-	time	curve	from	time	zero	to	the	last	quantifiable	concentration;	Cmax,	maximum	observed	
plasma	concentration;	PK,	pharmacokinetic;	SD,	standard	deviation;	Tmax,	time	to	maximum	observed	plasma	concentration;	t1/2,	apparent	plasma	terminal	
elimination	half-	life;	Vd,	apparent	volume	of	distribution.
aMedian	[range].
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incidence	of	TEAEs	increased	with	increasing	dose	of	dif-
elikefalin.	The	 incidence	of	AEs	that	are	more	 typical	of	
MOR	agonists,	such	as	nausea	and	vomiting,	were	lower	
for	 difelikefalin	 compared	 with	 pentazocine,	 consistent	
with	its	selectivity	for	KORs.	Consistent	with	the	low	HRS	
scores,	 there	 were	 no	 TEAEs	 related	 to	 psychotomime-
sis.	These	findings	are	 in	 line	with	the	 lack	of	reports	of	
euphoric	mood	or	dysphoria	in	controlled	phase	III	clin-
ical	studies	 in	patients	with	hemodialysis	with	pruritus.2	
Furthermore,	no	AEs	suggesting	misuse,	abuse,	diversion,	
or	dependence	were	reported	across	more	than	4000	sub-
jects	and	healthy	volunteers	exposed	to	i.v.	or	oral	difelike-
falin	thus	far	(data	on	file).

The	 FDA	 Guidance	 for	 abuse	 potential	 recommends	
evaluating	 the	 highest	 proposed	 therapeutic	 dose,	 along	
with	 doses	 at	 least	 two	 to	 three	 times	 greater.22	 In	 this	
study,	 difelikefalin	 doses	 were	 10-		 and	 30-	fold	 the	 pro-
posed	therapeutic	dose.2	Because	difelikefalin	did	not	pro-
duce	meaningful	negative	subjective	effects,	with	Emax	less	
than	20	on	unipolar	100-	point	VAS,	the	selected	doses	are	
relevant	to	the	abuse	potential	of	difelikefalin	and	allowed	
assessment	of	potential	rewarding	effects	of	a	drug	with	
limited	CNS	penetration.

CONCLUSIONS

Considering	the	overall	pattern	of	results	across	the	meas-
ures	evaluated	in	this	study,	it	appears	unlikely	that	dife-
likefalin	 will	 be	 regarded	 as	 an	 attractive	 drug	 of	 abuse	
for	 recreational	drug	users.	Although	 it	did	differentiate	
marginally	from	placebo,	difelikefalin	did	not	present	evi-
dence	of	meaningful	abuse	potential	with	overall	signals	
not	only	small	but	also	limited	in	duration,	and	not	dose	
dependent.	The	dose-	effect	ceiling	is	in	line	with	limited	
CNS	penetration,	and	indicates	there	would	be	little	incen-
tive	for	drug	abusers	to	increase	the	dose	of	difelikefalin	
to	achieve	a	greater	effect.	The	pharmacological	profile	of	
difelikefalin,	including	the	findings	of	this	study,	suggest	
that	it	should	not	be	a	target	for	diversion	for	recreational	
use.	 Difelikefalin	 was	 approved	 by	 the	 FDA	 in	 August	
2021	 for	 the	 treatment	of	moderate-	to-	severe	pruritus	 in	
adults	 undergoing	 hemodialysis	 and	 is	 not	 considered	 a	
controlled	substance.41
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T A B L E  3 	 Treatment-	emergent	adverse	events

Subjects, n (%)

Placebo
Difelikefalin 5 mcg/
kg

Difelikefalin 
15 mcg/kg
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0.5 mg/kg

n = 41 n = 41 n = 40 n = 40
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Any	severe	TEAE 0 0 0 0

Any	serious	TEAE 0 0 0 0

Discontinuation	due	to	TEAE 0 2	(4.9) 0 1	(2.5)

TEAEs	reported	in	≥2	patients	during	any	
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Note: Safety	Population = all	randomized	subjects	who	received	≥1	dose	of	study	medication	in	the	treatment	phase.	Although	44	patients	began	the	
randomized	treatment	phase	of	the	study,	not	all	patients	received	all	four	treatments	due	to	discontinuations.
Abbreviation:	TEAE,	treatment	emergent	adverse	event.
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