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Abstract
Verinurad	is	a	selective	inhibitor	of	uric	acid	transporter	1	(URAT1).	Here,	we		assessed	
the safety, pharmacokinetics, and pharmacodynamics of verinurad + allopurinol 
and	 verinurad	 monotherapy	 in	 healthy	 participants.	 Studies	 1	 (NCT03836599)	 and	
2	 (NCT02608710)	 were	 randomized	 Phase	 1	 studies.	 In	 Study	 1,	 12	 healthy	 Asian	 
participants received 24 mg verinurad + 300 mg allopurinol or placebo, and 9 healthy 
Chinese participants received 12 mg verinurad +	300	mg	allopurinol.	 In	Study	2,	24	
healthy  non- Asian male participants received 12 mg verinurad. Safety analyses included 
	assessment	of	adverse	events	 (AEs).	Pharmacokinetic	parameters	 included	maximum	
concentration	(Cmax)	and	area	under	plasma	concentration-	time	curve	(AUC)	over	24	h	
(AUCτ).	Pharmacodynamic	parameters	included	percentage	change	from	baseline	(day	
–	1)	in	serum	uric	acid	(sUA)	and	urinary	uric	acid	(uUA).	There	were	no	serious	AEs	or	
deaths	in	either	study.	In	Study	1,	steady-	state	geometric	mean	(gCV%)	Cmax and AUCτ 
values	of	verinurad	after	7	days’	dosing	were	73.6	(29.0)	ng/mL	and	478	(18.4)	ng·h/mL,	 
respectively,	 in	 healthy	 Asian	 participants,	 and	 42.0	 (40.1)	 ng/mL	 and	 264	 (36.1)	 
ng·h/mL,	respectively,	in	healthy	Chinese	participants;	in	Study	2,	gCV%	values	were	36.3	
(36.5)	ng/mL	and	271	 (31.0)	ng·h/mL,	 respectively.	sUA	decreased	and	uUA	 	excretion	
increased compared with baseline following verinurad +	allopurinol	(Study	1)	or	verinurad	
(Study	2).	When	accounting	for	dose,	the	steady-	state	pharmacokinetics	of	verinurad	fol-
lowing multiple dosing were comparable between healthy Asian and Chinese participants 
and	healthy	non-	Asian	participants.	Verinurad	treatments	were	well	tolerated,	including	
at higher verinurad exposures than previously evaluated after repeated dosing.
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1  |  INTRODUC TION

High	levels	of	serum	uric	acid	(sUA)	are	observed	in	chronic	kidney	
disease	 (CKD)	 and	 heart	 failure	 with	 preserved	 ejection	 fraction	
(HFpEF)	and	may	constitute	either	a	contributing	cause	or	risk	factor	
for the diseases.1- 4	Consistent	associations	between	sUA	and	CKD	
development and rapid progression5- 8 challenge the concept that 
increased	 sUA	 in	patients	with	CKD	 should	be	 viewed	 solely	 as	 a	
biomarker	of	decreased	renal	uric	acid	(UA)	excretion.	In	HFpEF,	an	
association between hyperuricemia and clinical outcomes, including 
all- cause hospitalization, has also been reported.1,2

Currently available therapies for the correction of sUA in 
	hyperuricemia	 include	 xanthine	 oxidase	 inhibitors	 (XOI)	 such	 as	
 allopurinol and febuxostat, which inhibit UA production, and UA 
transporter	1	(URAT1)	inhibitors	such	as	probenecid,	benzbromarone,	 
and lesinurad, which decrease sUA levels by inhibiting its 
 reabsorption and increasing renal excretion of UA.9- 11

Verinurad	 is	 a	 novel,	 selective,	 highly	 potent	 inhibitor	 of	
URAT1,12	which	 is	 in	development	 for	CKD	and	HFpEF.	Verinurad	
shows	 	dose-	proportional	 exposure	 (maximum	 observed	 plasma	
 concentration [Cmax]	and	area	under	the	curve	[AUC])	up	to	40	mg	
 following a single dose13	and	15	mg	following	multiple	once-	daily	(QD)	
doses,14	and	 	minimal	accumulation	 (~1.2- fold for Cmax and 1.3- fold 
for	AUC)	after	QD	doses.14	In	a	Phase	2a,	randomized,		double-	blind,	
	placebo-	controlled	 trial	 (NCT03118739),	 the	 combination	 of	
 verinurad + febuxostat lowered sUA and was well tolerated in patients 
with type 2  diabetes, albuminuria, and hyperuricemia.15 Based on the  
effects on albuminuria noted in Phase 2a, the combination of verinurad +  
allopurinol is being evaluated in 2 separate Phase 2b studies 
in	 patients	 with	 CKD	 (SAPPHIRE;	 NCT03990363)	 and	 HFpEF	
(AMETHYST;	NCT04327024).

It	 is	 known	 that	 the	 pharmacokinetics	 of	 verinurad	 are	
	dependent	 on	 renal	 function.	 In	 a	 single-	dose	 pharmacokinetics	
study in participants with varying degrees of renal impairment,  
verinurad Cmax	increased	by	53%,	73%,	and	128%	and	AUC	increased	 
by	24%,	148%,	and	130%	in	participants	with	mild,	moderate,	and	
severe renal impairment, respectively, compared with normal renal 
function.16	 Therefore,	 it	 is	 likely	 that	 patients	with	CKD	will	 have	
verinurad exposure in the upper range or above what has  previously 
been	observed	in	healthy	participants	after	repeat	dosing.	In		addition,	
verinurad	 exposure	 (Cmax	 and	 AUC)	 was	 comparable	 in	 healthy	
Japanese and non- Asian participants when corrected for body 
weight.14 Whereas in 2 separate Phase 2 studies in patients with gout 
–  1 Japanese study and 1 Western study –  verinurad exposure was 
>2- fold higher than in Western patients.17 Therefore, we performed 
2 Phase 1 studies which assessed the safety, pharmacokinetics, 
and pharmacodynamics of verinurad + allopurinol in healthy Asian 
and	 Chinese	 participants	 (Study	 1;	 NCT03836599)	 and	 verinurad	 
monotherapy	 in	 healthy	 non-	Asian	 participants	 (Study	 2;	
NCT02608710).	 The	 specific	 aims	 of	 these	 studies	 in	 healthy	
	participants	were	to:	(1)	assess	high	verinurad	exposures	with	repeat	
dosing using the same type of formulation as is being used in the 
Phase	2b	CKD	and	HFpEF	studies,	and	(2)	to	provide	additional	data	

of	treatment	with	verinurad	in	Asian	participants	(Study	1)	compared	
with	non-	Asian	participants	(Study	2).

2  |  MATERIAL S AND METHODS

2.1  |  Study design

Study 1 was a randomized, placebo- controlled, Phase 1 study 
 consisting of two cohorts. Cohort 1 was randomized, double- blind,  
and placebo- controlled and consisted of 12 healthy Asian 
 participants, of whom <50%	were	Chinese.	Cohort	2	was		open-	label,	
consisting of 9 healthy Chinese participants. Each cohort  underwent 
a screening period; a 7- day run- in period; a combination treatment 
period with verinurad + allopurinol for 7 days; and a follow- up 
visit	 (Figure	 1).	 The	 7-	day	 run-	in	 period	 with	 300	 mg	 allopurinol	
was  intended to decrease the risk of allopurinol- induced toxicity;  
allopurinol administration was discontinued if skin rash or signs 
of allergic reaction appeared. Healthy Asian participants were 
	randomized	3:1	on	day	–	7	to	300	mg	allopurinol	or	placebo	QD.	In	
the combination treatment period, participants receiving  allopurinol 
during the run- in period received 24 mg verinurad + 300 mg 
	allopurinol	QD	during	days	1	to	7,	and	participants	receiving		placebo	
continued on placebo. Healthy Chinese participants received 
300	mg	allopurinol	QD	during	the	run-	in	period.	In	the	combination	
treatment period, participants received 12 mg verinurad + 300 mg 
allopurinol	QD	on	day	1,	no	dosing	on	day	2,	and	continued	dosing	
on days 3 to 9.

Study 2 was a Phase 1, randomized, open- label study  comprising 
of three parts. Parts 1 and 2 assessed the pharmacokinetics and 
 pharmacodynamics of single and multiple doses of verinurad,  respectively 
(Figure	1).	Part	3	assessed	the	effect	of	food	on	the	pharmacokinetics	and	
pharmacodynamics	of	verinurad	and	 is	not	 	reported	further	herein.	 In	
the single- dose assessment, 16  participants were randomized 1:1:1:1:1:1 
into 1 of 6 treatment  sequences with a single dose of 4.5, 6, or 12 mg 
	verinurad,	administered	on	days	1,	5,	and	9	(Figure	1).	In	the	multiple-	dose	 
assessment,	 8	 participants	 received	 12	 mg	 verinurad	 QD	 on	 days	 
1 to 7.

In	both	studies,	participants	received	verinurad	capsules	with	an	
extended-	release	profile.	On	the	days	of	pharmacokinetic	sampling,	
treatment was given in fasting state.

2.2  |  Participants

Eligible participants in Study 1 were healthy males and females who 
at screening were 18 to 50 years of age, had sUA level >4.0 mg/dL, 
body	mass	index	(BMI)	18	to	30	kg/m2, and 50 to 100 kg bodyweight. 
A participant was considered Asian if the participant and both  
parents	were	part	of	the	original	peoples	of	the	Far	East,	Southeast	
Asia,	or	the	Indian	subcontinent	(including,	for	example,	Cambodia,	
China,	India,	Japan,	Korea,	Malaysia,	Pakistan,	the	Philippine	Islands,	
Thailand,	 and	 Vietnam).	 A	 participant	 was	 considered	 Chinese	 if	
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both parents and all grandparents were Chinese, and the participant 
was born in China and had not lived outside of China for more than 
10 years.

For	 Study	 2,	 eligible	 participants	 were	 healthy	 males	 who	 at	
screening were 18 to 65 years of age, had sUA level 4.0 to 7.0 mg/dL,  
BMI	 18	 to	 40	 kg/m2,	 and	 ≥50	 kg	 bodyweight.	 There	 were	 no	
 pre- specified study inclusion criteria related to race or ethnicity; 
however, no Asian participants were enrolled in the study and, 
therefore, the cohort is referred to as the non- Asian cohort. Key 
 exclusion criteria are listed in the supplemental material.

2.3  |  Safety evaluation

Analysis	 of	 safety	was	 based	 on	 adverse	 events	 (AEs),	 laboratory	
assessments	 (including	 hematology,	 clinical	 chemistry,	 urinalysis,	
and	 coagulation),	 vital	 signs	 (systolic	 and	 diastolic	 blood	 pressure,	
and	pulse	rate),	electrocardiogram	(ECG),	and	physical	examination.	 
AEs	 were	 coded	 using	 the	 Medical	 Dictionary	 for	 Regulatory	
Activities.	 In	Study	1,	a	treatment-	emergent	AE	was	defined	as	an	
AE	with	 onset	 (start	 date/time)	 after	 the	 first	 dose	 of	 study	 drug	
in	 the	 run-	in	period	 (day	–	7).	 In	Study	2,	AEs	were	 recorded	 from	
the time the participant signed the informed consent through to the 
follow- up visit. ECGs were obtained after the participant rested in 
the	supine	position.	Digital	ECG	analysis	in	Study	1	was	performed	
at the AstraZeneca ECG Center.

Safety was assessed in the safety analysis set of each study, 
comprising	 all	 participants	 who	 received	 ≥1	 dose	 of	 study	 drug.	
Continuous variables are summarized using descriptive statistics,  
and categorical variables are summarized as frequency and 
proportion.

2.4  |  Pharmacokinetic and 
pharmacodynamic evaluation

2.4.1  |  Sample	collection	and	analytical	methods

Plasma concentration measurements and serum and urine samples 
were obtained as described in Supplemental Table S1.

Plasma samples for pharmacokinetic analysis of verinurad, 
 allopurinol, and oxypurinol in Study 1 were analyzed by Covance 
Bioanalytical	 Services,	 LLC	 (Indianapolis,	 IN,	 USA)	 and	 plasma	
 samples for verinurad in Study 2 were analyzed by Ardea Biosciences, 
Inc.	(San	Diego,	CA,	USA),	using	methods	validated	according	to	the	
US	Food	and	Drug	Administration.	Verinurad	plasma	samples	were	
 analyzed using similar methodologies as described by Shen et al.13 
with lower and upper limits of quantification of 0.100 ng/mL and 
40.0 ng/mL, respectively. The ability to dilute overrange samples 
was	also	confirmed.	 Intra-		 and	 inter-	run	accuracy	 (%	nominal)	 and	
precision	 (%	 CV)	 were	 in	 the	 ranges	 of	 94.6–	111%	 and	 ≤12.5%,	
respectively.	The	average	mean	recovery	of	verinurad	and	 its	 [D6] 

F I G U R E  1 Design	of	Study	1	and	Study	2.	Abbreviations:	QD,	once	daily;	R,	randomization;	sUA,	serum	uric	acid.	*Participants	returned	
for the follow- up visit within 7– 14 days of discharge from the clinical unit. #The	screening	visit	(Visit	1)	was	permitted	to	be	conducted	over	1	
or more days during the Screening Period

R

R

Screening (max. 28 days)#

Single dose

Healthy Asian
participants Allopurinol 300 mg QD Verinurad 24 mg + allopurinol 300 mg QD

Verinurad 12 mg QD

Allopurinol 300 mg QD Verinurad 12 mg + allopurinol 300 mg, Day 1, Days 3 to 9

Placebo QD Placebo QD

ABC

BCA

CAB

CBA

ACB

BAC

Follow-up*

Follow-up*

Follow-up

Follow-up

Study 1

Study 2

Healthy Chinese
participants

Multiple dose

Run-in period Combination treatment period

Day –7 Day 1 Day 7 Day 9 

Screening (max. 28 days) Treatment period

A: Verinurad 4.5 mg QD; B: Verinurad 6 mg QD; C: Verinurad 12 mg QD

Day –2 Day –1 Day 8 Day 12 Day 14 Day 16

Healthy male and
female Asian

participants, aged
>18 to <50 years,
sUA >4.0 mg/dL

Healthy male
participants, aged
>18 to <65 years,

sUA >4.0 to 
7.0 mg/dL
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stable	labelled	internal	standard	was	110%	and	105%,	respectively.	
Allopurinol and oxypurinol plasma samples were analyzed using 
similar methodologies as described by Kankam et al.18 with lower 
and upper limits of quantification of 25.0 ng/mL to 2000 ng/mL for 
allopurinol and 100 to 25 000 ng/mL for oxypurinol, respectively.  
The ability to dilute overrange samples was also confirmed.  
Intra-		and	inter-	run	accuracy	(%	nominal)	and	precision	(%	CV)	were	in	
the	ranges	of	91.7–	106%	and	≤10.3%,	respectively.	The	overall	mean	
recovery	 of	 allopurinol	 and	 oxypurinol	 ranged	 from	 88.5–	91.8%,	 
and the mean recovery of their stable labelled [13C3

15N3] and 
[13C2

15N]	internal	standards	were	87.8%	and	85.6%,	respectively.

2.4.2  |  Pharmacokinetic	and	
pharmacodynamic analysis

Key pharmacokinetic parameters across both studies included AUC 
and	AUC	over	24	h	(AUCτ),	apparent	oral	clearance	(CL/F),	Cmax and 
time to reach Cmax	(tmax),	half-	life	(t½λz),	and	accumulation	ratio	(Rac)	
for Cmax and AUCτ. t½λz	was	 calculated	 as	 (ln2)/λz, where λz was 
estimated by log- linear least squares regression of the terminal part 
of the concentration– time curve.

Key pharmacodynamic parameters included time- matched 
	percentage	change	from	baseline	(day	–	1)	at	each	timepoint	in	sUA	
concentration, maximum observed percentage change from  baseline 
(time-	matched,	 day	 –	1)	 in	 sUA	 concentration	 (Emax,CB)	 and	 time	 to	
Emax,CB,	 amount	 of	 UA	 recovered	 in	 urine	 (Aeur),	 and	 fractional	
	excretion	of	UA	(FEUA).	Time-	matched	changes	were	analyzed	due	
to the diurnal variation in sUA frequently seen in participants treated 
with URAT1 inhibitors.14

Pharmacokinetics and pharmacodynamics were assessed 
in	 all	 participants	 who	 received	 ≥1	 dose	 of	 study	 drug	 and	 had	
≥1	 	corresponding	 assessment.	 Pharmacokinetic	 parameters	
were  derived using noncompartmental methods with Phoenix® 
WinNonlin®	version	6.3	or	higher	(Pharsight	Corporation,	Mountain	
View,	CA,	USA)	and/or	SAS®	version	9.2	 (SAS	 Institute,	 Inc.,	Cary,	
NC,	USA).	 Statistics	 for	 pharmacodynamics	were	 calculated	 using	
SAS®	version	9.2	or	higher.	Data	are	summarized	using	number	and	
percentage of participants, median and range, geometric mean with 
geometric	coefficient	of	variation	 (gCV%),	or	arithmetic	mean	and	
standard	deviation	 (SD).	 In	Study	1,	analyses	of	pharmacodynamic	
variables were performed on log- transformed values.

3  |  RESULTS

3.1  |  Participants

In	 Study	 1,	 22	 participants	 were	 randomized.	 Nine	 healthy	 Asian	
participants received allopurinol and 4 received placebo during the 
run- in period; all but 1 participant completed the run- in period and 
were randomized to 24 mg verinurad +	300	mg	allopurinol	(n	=	9)	or	
matching	placebo	(n	=	3).	Nine	healthy	Chinese	participants	received	

allopurinol during the run- in period and 12 mg verinurad + 300 mg 
allopurinol in the combination treatment period.

In	Study	2,	24	healthy	non-	Asian	participants	were	randomized.	
In	the	single-	dose	assessment,	16	participants	were	randomized	to	1	
of	6	verinurad	treatment	sequences	(Figure	1):	ABC	n	= 2, BCA n = 3, 
CAB n = 3, CBA n = 3, ACB n = 3, BAC n =	2.	In	the	multiple-	dose	 
assessment,	 8	 participants	 received	 12	 mg	 verinurad	 QD.	 One	
participant from the multiple- dose assessment withdrew from the 
study,	after	receiving	12	mg	verinurad	QD	on	days	1	to	7	as	planned.

Baseline demographics and characteristics of participants in 
both studies are summarized in Table 1.

3.2  |  Safety and tolerability

3.2.1  |  Study	1

In	 healthy	 Asian	 participants,	 2	 (22.2%)	 participants	 receiving	
24 mg verinurad +	300	mg	allopurinol	reported	4	AEs	and	1	(33.3%)	
 participant receiving placebo reported 1 AE in the combination  
treatment	 period	 (Table	 2,	 Supplemental	 Table	 S2).	 In	 healthy	
Chinese	 participants,	 5	 (55.6%)	 participants	 receiving	 12	 mg	
 verinurad + 300 mg allopurinol reported 11 AEs in the combination 
treatment	period	 (Table	2,	 Supplemental	Table	S2).	All	AEs	during	
the combination treatment period were mild in severity, and there 
were no serious AEs, deaths, or AEs leading to discontinuation of 
study	drug	(Table	2).

AEs reported during the run- in period are described in the 
	supplemental	 material.	 One	 healthy	 Asian	 participant	 receiving	 
placebo prematurely withdrew from the study due to an AE of  clinically 
significant	 increases	 of	 transaminases	 (alanine	 aminotransferase	 
[ALT]	 and	 aspartate	 aminotransferase),	 considered	 by	 the	
 investigator to be of moderate intensity and related to placebo. The 
participant's	ALT	peaked	at	311	IU/L;	abnormal	liver	function	tests	
were monitored over 1 month until near normalization. There were 
no other clinically significant findings in laboratory assessments.

No	 clinically	 significant	 findings	 were	 noted	 in	 vital	 signs	 or	
	digital	ECG	variables	(supplemental	material),	nor	abnormal	findings	
during physical examinations, in the active treatment groups.

3.2.2  |  Study	2

Two healthy non- Asian participants reported 2 AEs in the single- dose 
assessment and 2 participants reported 3 AEs in the multiple- dose 
assessment	(Table	3).	No	AEs	occurred	in	more	than	1	participant,	 
with	 the	 exception	 of	 diarrhea	 (2	 participants;	 Supplemental	
Table	 S3).	 All	 AEs	 were	 mild	 in	 severity,	 with	 the	 exception	 of	 2	
	moderate	AEs	(gastrointestinal	motility	disorder	with	6	mg	verinurad;	 
rash	 pustular	 with	 12	mg	 verinurad).	 There	were	 no	 serious	 AEs,	
deaths,	or	AEs	leading	to	withdrawal	(Table	3).

No	 clinically	 significant	 findings	 were	 noted	 in	 laboratory	
parameters, vital signs, or 12- lead ECG variables. Except for a 
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resolving contusion reported at the discharge and follow- up visit in 
1 participant, there were no clinically significant findings in physical 
examinations.

3.3  |  Pharmacokinetics

3.3.1  |  Study	1

At	steady	state	after	7	days’	QD	dosing,	the	geometric	means	(gCV%)	
for Cmax and AUCτ	of	verinurad	were	73.6	(29.0)	ng/mL	and	478	

(18.4)	ng·h/mL,	respectively,	in	healthy	Asian	participants	(24	mg	 
verinurad),	 and	 42.0	 (40.1)	 ng/mL	 and	 264	 (36.1)	 ng·h/mL,	
	respectively,	 in	 healthy	 Chinese	 participants	 (12	 mg	 verinurad)	
(Table	 4).	 Plasma	 concentrations	 of	 verinurad	 showed	 biphasic	 
decline following Cmax	 (Figure	 2).	 Minimal	 accumulation	 of	
	verinurad	was	 seen	 after	QD	dosing	 based	 on	Rac Cmax and Rac 
AUCτ	 in	healthy	Asian	(1.03	and	1.15,	respectively)	and	Chinese	
(0.959	and	1.23,	respectively)		participants	(Table	4).

In	 both	 healthy	 Asian	 and	 Chinese	 participants,	 plasma	
concentration– time profiles of allopurinol and oxypurinol on the last 
day	of	300	mg	allopurinol	QD	dosing	showed	monophasic	decline	

TA B L E  2 Study	1:	Summary	of	AEs	with	the	combination	of	verinurad	+ allopurinol

Healthy Asian participants
Healthy Chinese 
participants

24 mg verinurad +
300 mg allopurinol (n = 9)

Placebo
(n = 3)

12 mg verinurad +
300 mg allopurinol (n = 9)

n (%) Events n (%) Events n (%) Events

All AEs 2	(22.2) 4 1	(33.3) 1 5	(55.6) 11

AE severity

Mild 2	(22.2) 4 1	(33.3) 1 5	(55.6) 11

Moderate 0 0 0 0 0 0

Severe 0 0 0 0 0 0

AEs related to study drug 2	(22.2) 3 1	(33.3) 1 4	(44.4) 7

Serious AEs 0 0 0 0 0 0

Death 0 0 0 0 0 0

AEs leading to study drug discontinuation 0 0 0 0 0 0

Note: Events that emerged during the combination treatment period. AE severity was assessed using the following scale: mild: awareness of sign or 
symptom, but easily tolerated; moderate: discomfort sufficient to cause interference with normal activities; severe: incapacitating, with inability to 
perform normal activities.
Abbreviation: AE, adverse event.

TA B L E  3 Study	2:	Summary	of	AEs

Single- dose assessment
Multiple- dose 
assessment

4.5 mg verinurad  
(n = 16)

6 mg verinurad  
(n = 16)

12 mg verinurad  
(n = 16)

12 mg verinurad QD 
(n = 8)

n (%) Events n (%) Events n (%) Events n (%) Events

All AEs 0 0 1	(6.3) 1 1	(6.3) 1 2	(25.0) 3

AE severity

Mild 0 0 0 0 1	(6.3) 1 1	(12.5) 2

Moderate 0 0 1	(6.3) 1 0 0 1	(12.5) 1

Severe 0 0 0 0 0 0 0 0

AEs possibly related to study drug 0 0 0 0 1	(6.3) 1 1	(12.5) 1

Serious AEs 0 0 0 0 0 0 0 0

Death 0 0 0 0 0 0 0 0

AEs leading to withdrawal 0 0 0 0 0 0 0 0

Note: AE severity was assessed using the Rheumatology Common Toxicity Criteria.
Abbreviations:	AE,	adverse	event;	QD,	once	daily.
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TA B L E  4 Study	1:	Summary	of	pharmacokinetic	parameters	for	verinurad	in	healthy	Asian	and	Chinese	participants

Study Day
AUC (ng·h/
mL)

AUCτ 
(ng·h/mL)

CL/F
(L/h)

Cmax
(ng/mL)

tmax
(h)

t½λz
(h) Rac AUCτ Rac Cmax

Verinurad:	Healthy	Asian	participants

Day	1 506	(24.8) 415	(25.7) 48.6	(11.3) 71.2	(34.9) 5.00
(4.98–	6.02)

5.98	(1.33) N/A N/A

Day	7 N/A 478	(18.4) 50.9	(9.01) 73.6	(29.0) 5.00
(4.00–	6.00)

N/A 1.15
(0.934–	1.60)

1.03
(0.779–	1.43)

Verinurad:	Healthy	Chinese	participants

Day	1 295	(39.9) 226	(42.7) 43.4	(16.2) 47.6	(50.2) 5.00
(4.00–	6.00)

12.9	(3.08) N/A N/A

Day	9 N/A 264	(36.1) 47.9	(17.2) 42.0	(40.1) 5.50
(4.00–	6.08)

6.27	(0.647) 1.23
(0.974–	1.90)

0.959
(0.691–	2.26)

Note: AUC, AUCτ, and Cmax,	are	geometric	mean	(gCV%);	CL/F	and	t½λz	are	arithmetic	mean	(SD);	tmax	is	median	(range);	and	Rac AUCτ and Rac Cmax 
are	geometric	mean	(range).
Abbreviations: AUC, area under plasma concentration- time curve; AUCτ,	AUC	over	a	dosing	interval	(24	h);	CL/F,	apparent	oral	clearance;	Cmax, 
maximum	observed	plasma	concentration;	gCV%,	geometric	coefficient	of	variation;	Rac,	accumulation	ratio;	SD,	standard	deviation;	t½λz, half- life 
associated with terminal slope of a semi- logarithmic concentration- time curve; tmax, time to reach Cmax.

F I G U R E  2 Geometric	mean	verinurad	plasma	concentration-	time	profiles	(A)	following	single	and	multiple	dosing	in	healthy	Asian	and	
Chinese	participants	in	Study	1	and	(B)	following	single	doses	in	healthy	non-	Asian	participants	in	Study	2.	(A)	Healthy	Asian	participants:	
24 mg verinurad + 300 mg allopurinol once daily for 7 days. Healthy Chinese participants: 12 mg verinurad + 300 mg allopurinol on day 
1	and	then	once	daily	on	days	3–	9.	(B)	Single-	dose	assessment:	participants	were	randomized	in	a	1:1:1:1:1:1	ratio	into	1	of	6	treatment	
sequences with a single dose of 4.5, 6, or 12 mg verinurad, administered on days 1, 5, and 9
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following Cmax	 (Supplemental	 Figure	 S1).	Minimal	 accumulation	 of	
	allopurinol	was	seen	after	QD	dosing	based	on	Rac Cmax and Rac AUCτ 
in	healthy	Asian	 (1.00	and	0.967,	 respectively)	and	Chinese	 (0.787	
and	0.932,	respectively)	participants	(Supplemental	Table	S4).	In	both	
cohorts, the AUCτ and Cmax of oxypurinol were reduced on the last 
day	of	300	mg	allopurinol	QD	compared	with	day	1	(Supplemental	
Table	S4).

3.3.2  |  Study	2

Following	a	single	dose	of	verinurad	4.5,	6,	or	12	mg,	geometric	mean	
Cmax ranged from 11.8 to 28.6 ng/mL and geometric mean AUCτ 
ranged	from	68.1	to	168	ng·h/mL	(Table	5)	and	appeared	to	increase	
dose- proportionally in healthy non- Asian participants. Plasma 
concentrations of verinurad showed biphasic decline  following 
Cmax	 (Figure	2).	 In	the	multiple-	dose	assessment,	geometric	means	
(gCV%)	for	Cmax and AUCτ	of	verinurad	were	36.3	(36.5)	ng/mL	and	
271	(31.0)	ng·hr/mL,	respectively,	following	12	mg	verinurad	QD	on	
day	7	(Table	5).	The	mean	Rac Cmax and Rac AUCτ values for verinurad 
on	day	7	were	1.21	and	1.30,	respectively	(Table	5).

3.4  |  Pharmacodynamics

3.4.1  |  Study	1

Levels of sUA at screening for the 2 cohorts are shown in Table 1. 
sUA	 was	 reduced	 from	 screening	 after	 300	 mg	 allopurinol	 QD	
for	7	days,	with	a	mean	percentage	change	on	day	1	 (pre-	dose)	of	
−26.1%	in	healthy	Asian	participants	and	−23.5%	in	healthy	Chinese	
 participants. The combination of 12/24 mg verinurad + 300 mg 
 allopurinol for 7 days further reduced sUA levels compared with day 

–	1	 (Figure	3A).	 In	healthy	Asian	participants,	mean	Emax,CB of sUA 
with 24 mg verinurad +	300	mg	allopurinol	on	day	1	was	–	58.3%	and	
on	day	7	was	−73.9%,	compared	with	day	–	1	(Supplemental	Table	S5).	
No	clinically	meaningful	changes	in	sUA	were	seen	in	healthy	Asian	
participants	 receiving	 placebo.	 In	 healthy	 Chinese	 participants,	
mean Emax,CB of sUA with 12 mg verinurad + 300 mg  allopurinol on 
day	1	was	−44.9%	and	on	day	9	was	−67.2%,	compared	with	day	–	1	
(Supplemental	Table	S5).

In	 healthy	 Asian	 participants,	 mean	 percentage	 change	 from	
baseline	(day	–	1)	of	Aeur peaked at 4 to 6 h post- dose on days 1 and 7 
with 24 mg verinurad +	300	mg	allopurinol;	mean	(range)		percentage	
change	was	375%	(82–	638%)	on	day	1	and	106%	(−5	to	250%)	on	day	
7	(Supplemental	Figure	S2).	No	clinically	meaningful	changes	were	
seen	in	participants	receiving	placebo.	In	healthy	Chinese	participants,	 
mean percentage change of Aeur peaked at 4 to 6 h post- dose on day 
1 and 2 to 4 h post- dose on day 9 with 12 mg verinurad + 300 mg 
allopurinol;	 mean	 (range)	 percentage	 change	 of	 Aeur	 was	 437%	 
(223–	1256%)	 on	 day	 1	 and	 300%	 (−24	 to	 1531%)	 on	 day	 9	
(Supplemental	Figure	S2).

On	 the	 last	 day	 of	 dosing,	 FEUA	 in	 healthy	Asian	 participants	
peaked	at	6	to	8	h	post-	dose	with	a	mean	FEUA	of	50.7%	with	24	mg	
verinurad + 300 mg allopurinol, and in healthy Chinese participants 
peaked	at	6	to	8	h	post-	dose	with	a	mean	FEUA	of	43.7%	with	12	mg	
verinurad +	300	mg	allopurinol	(Figure	3B).

3.4.2  |  Study	2

sUA decreased dose- proportionally following 4.5, 6, and 12 mg 
	verinurad	 in	 healthy	 non-	Asian	 participants	 (Figure	 4A).	 Mean	
Emax,CB	 of	 sUA	was	 −25.8%,	 −29.4%,	 and	 −42.2%	with	 4.5,	 6,	 and	
12 mg  verinurad, respectively, compared with day – 1 pre- dose 
(Supplemental	 Table	 S5).	 In	 the	 multiple-	dose	 assessment,	 mean	

TA B L E  5 Study	2:	Summary	of	pharmacokinetic	parameters	for	verinurad	in	healthy	non-	Asian	participants

AUC (ng·h/
mL)

AUCτ (ng·h/
mL)

CL/F
(L/h)

Cmax
(ng/mL)

tmax
(h)

t½λz
(h) Rac AUCτ Rac Cmax

Single- dose assessment

4.5 mg 86.8	(31.3) 68.1	(33.6) 51.8	(27.9) 11.8	(64.0) 4.00
(2.00–	6.00)

12.7	(76.5) N/A N/A

6 mg 102	(47.4) 80.8	(45.7) 58.8	(40.5) 13.4	(67.6) 4.00
(2.00–	6.05)

13.6	(58.3) N/A N/A

12 mg 206	(41.1) 168	(39.1) 58.3	(44.4) 28.6	(76.5) 4.00
(2.00–	6.00)

12.2	(67.7) N/A N/A

Multiple- dose assessment

Day	1 230	(18.6) 209	(18.6) 52.2	(20.2) 29.9	(32.2) 5.00
(2.00–	6.00)

7.15	(25.8) N/A N/A

Day	7 N/A 271	(31.0) 44.2	(27.3) 36.3	(36.5) 6.00
(3.00–	8.00)

10.9	(19.1) 1.30	(26.3) 1.21	(41.7)

Note: Abbreviations: AUC, area under plasma concentration- time curve; AUCτ,	AUC	over	a	dosing	interval	(24	h);	CL/F,	apparent	oral	clearance;	Cmax, 
maximum	observed	plasma	concentration;	gCV%,	geometric	coefficient	of	variation;	Rac, accumulation ratio; t½λz, half- life associated with terminal 
slope of a semi- logarithmic concentration- time curve; tmax, time to reach Cmax.
Data	shown	are	geometric	mean	(gCV%),	except	for	tmax	which	is	median	(range).
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Emax,CB	 of	 sUA	 on	 day	 1	 was	 −46.5%	 and	 on	 day	 7	 was	 −70.9%,	
	compared	with	day	–	1	pre-	dose	(Supplemental	Table	S5).

In	 the	 single-	dose	 assessment,	 mean	 Aeur assessed over 24 h 
post- dose increased dose- proportionally. Mean Aeur peaked at 3 to 
6 h post- dose; mean Aeur following 4.5, 6, and 12 mg verinurad was 
219%,	267%,	and	338%	higher,	respectively,	compared	with	day	–	1	
(Supplemental	Figure	S3A).	In	the	multiple-	dose	assessment,	mean	
Aeur	peaked	3	 to	6	h	post-	dose	 following	12	mg	verinurad	QD	on	

days 1 and 7; mean Aeur	was	353%	and	81.3%	higher,	respectively,	
compared	with	day	–	1	(Supplemental	Figure	S3B).

Following	4.5,	6,	and	12	mg	verinurad,	FEUA	peaked	at	3	to	6	h	
post-	dose	and	increased	dose-	proportionally;	mean	FEUA	was	21.5%,	
24.8%,	 and	 33.3%,	 respectively	 (Figure	 4B).	 In	 the	 multiple-	dose	 
assessment,	FEUA	peaked	at	3	to	6	h	post-	dose	on	both	days	1	and	
7	following	12	mg	verinurad	QD;	mean	FEUA	was	33.3%	and	31.2%,	
respectively	(Figure	4B).

F I G U R E  3 Study	1:	Mean	(SD)	observed	(A)	sUA	and	(B)	FEUA	in	healthy	Asian	and	Chinese	participants.	Healthy	Asian	participants:	
24 mg verinurad + 300 mg allopurinol or matching placebo once daily for 7 days. Healthy Chinese participants: 12 mg verinurad + 300 mg 
allopurinol	on	day	1	and	then	once	daily	on	days	3–	9.	Baseline	(day	–	1)	represents	sUA	and	FEUA	following	7	days	of	300	mg	allopurinol	
during	the	run-	in	period.	In	healthy	Asian	participants,	sUA	levels	at	screening	(day	–	8)	and	baseline	(day	–	1),	respectively,	were	6.31	mg/
dL and 4.77 mg/dL with 24 mg verinurad +	300	mg	allopurinol	and	7.40	mg/dL	and	6.97	mg/dL	with	matching	placebo.	In	healthy	Chinese	
participants,	sUA	levels	at	screening	(day	–	8)	and	baseline	(day	–	1),	respectively,	were	5.64	mg/dL	and	4.49	mg/dL	with	12	mg	verinurad	 
+	300	mg	allopurinol.	Abbreviations:	FEUA,	fractional	excretion	of	uric	acid;	SD,	standard	deviation;	sUA,	serum	uric	acid
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4  |  DISCUSSION

In	 the	 present	 Phase	 1	 studies,	 we	 evaluated	 the	 safety,	
 pharmacokinetics, and pharmacodynamics of verinurad + allopurinol  
in healthy Asian and Chinese participants, and verinurad alone in 
healthy non- Asian participants.

The first aim of these studies was to assess high verinurad 
	exposures	with	repeat	dosing.	In	Study	1,	higher	verinurad	exposures	
with repeat dosing than those assessed in earlier stage clinical  studies 
of	 verinurad	 were	 achieved.	 Indeed,	 steady-	state	 Cmax and AUCτ 
	values	 for	 verinurad	 of	 73.6	 ng/mL	 and	478	ng·h/mL,	 respectively,	
were achieved with 24 mg extended- release verinurad + 300 mg  
allopurinol in healthy Asian participants. By comparison, among 
healthy Japanese male participants, Cmax and AUCτ values for 

verinurad	 of	 38.2	 ng/mL	 and	 239	 ng·h/mL,	 respectively,	 were	
	observed	on	day	6	after	QD	dosing	with	15	mg	verinurad	given	as	
a modified- release formulation,14 which has a lower bioavailability 
 compared with the formulation used in Studies 1 and 2. To put this 
into perspective, increased verinurad exposures have been  observed 
in participants with renal impairment receiving 15 mg verinurad, 
with an increased Cmax	 of	 73%	 and	 128%	 and	 an	 increased	 AUC	
of	148%	and	130%	 in	participants	with	moderate	and	 severe	 renal	
 impairment, respectively, compared with normal renal function.16 
Given the  potential for higher verinurad exposure in the target patient  
population, i.e. those with reduced renal function,16 assessment 
of higher exposures of verinurad than previously assessed during 
 repeated dosing was therefore warranted. We observed no safety or 
tolerability concerns with dosing of up to 24 mg verinurad + 300 mg 

F I G U R E  4 Study	2:	Mean	(SD)	observed	(A)	sUA	and	(B)	FEUA	following	single	doses	and	multiple	doses	of	verinurad	in	healthy	non-	
Asian	participants.	sUA	levels	at	screening	(day	–	1,	–	24	h)	in	the	single-	dose	and	multiple-	dose	assessments	were	5.6	mg/dL	and	6.0	mg/dL,	
respectively.	Abbreviations:	FEUA,	fractional	excretion	of	uric	acid;	QD,	once	daily;	SD,	standard	deviation;	sUA,	serum	uric	acid
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allopurinol	in	healthy	Asian	participants.	Overall,	both	studies	suggest	
that the exposures of verinurad achieved in these 2 studies in healthy 
participants are tolerable.

The second aim of these studies was to provide additional data 
of treatment with verinurad in Asian participants. Previous  verinurad 
studies among the Asian population have predominantly included 
Japanese participants.14,17 Study 1 was performed to provide data 
for verinurad treatment in Asian participants regardless of ethnicity  
and assess a population consisting only of Chinese  participants. 
When accounting for differences in dose, the steady- state 
	exposure	of	verinurad	following	QD	dosing	for	7	days	was	generally	
	comparable	between	healthy	Asian	and	Chinese	participants	(Study	
1)	and	between	healthy	Asian	and	non-	Asian	participants	(Study	2).	
Accordingly, these findings suggest that Asian ethnicity does not 
 impact verinurad pharmacokinetics.

Data	 from	 Study	 2	 (4.5–	12	 mg	 verinurad)	 and	 Study	 1	 (12	
and	 24	 mg	 verinurad)	 support	 that	 verinurad	 exposure	 increases	
 dose- proportionally in the studied dose range, with minimal 
	accumulation	following	multiple	QD	dosing,	as	seen	previously	with	
verinurad among healthy Japanese participants.14

In	 Study	 1,	 comparison	 of	 day	 1	 and	 day	 7/9	 data	 suggests	
that verinurad co- administration did not influence the exposure of 
 allopurinol, which is consistent with the results from a drug– drug  
interaction study with verinurad and allopurinol among patients with 
gout;18 this study also showed that allopurinol does not  influence the 
pharmacokinetics of verinurad.18	 Oxypurinol	 exposure	 was	 lower	
on day 7/9 compared with day 1, which is to be expected following 
 several days of co- administration with verinurad.18

In	 both	 studies,	 healthy	 participants	 had	 baseline	 sUA	 levels	
near	the	upper	limit	of	normal	(i.e.,	~6	mg/dL)	at	screening,	and	sUA	
	decreased	following	treatment	with	verinurad	monotherapy	(Study	
2)	or	verinurad	+	 allopurinol	 (Study	1).	 In	Study	2,	 sUA	decreased	
dose- proportionally between the studied doses of verinurad  
(4.5–	12	mg),	supporting	dose-	dependent	reductions	in	sUA		observed	
previously.14,19,20	 In	Study	1,	both	studied	verinurad	doses	 (12	and	
24	mg	QD	for	7	days)	+ 300 mg allopurinol had  comparable mean 
Emax,CB of sUA, suggesting that the verinurad exposure achieved with 
12 and 24 mg doses is within the upper part of the exposure– sUA  
relationship.	 Importantly,	 baseline	 in	 Study	 1	 was	 defined	 as	 the	
last	day	of	 treatment	with	allopurinol	300	mg	 for	7	days	 (day	–	1),	
and so Emax,CB values for sUA with verinurad + allopurinol  represent 
changes following treatment with allopurinol 300 mg for 7 days. 
Therefore, changes in sUA after 7 days of verinurad + allopurinol 
were  compared with screening values; these data suggest that 12 
or 24 mg verinurad + 300 mg allopurinol will likely result in  percent 
changes	 in	 sUA	 of	 approximately	 −80%	 in	 healthy	 participants.	
Overall,	these	data	confirm	our	previous	knowledge	that	high	doses/
exposure	 of	 verinurad	 in	 combination	 with	 an	 XOI	 are	 likely	 to	
 normalize sUA levels among most patients with hyperuricemia.

Consistent with its mechanism of action as a selective 
	reabsorption	 inhibitor	 of	 URAT1,	 FEUA	 increased	 following	
	verinurad	monotherapy	(Study	2)	or	verinurad	in	combination	with	
an	XOI	(Study	1).	Increases	in	FEUA	with	verinurad	among	healthy	

non- Asian participants in Study 2 were dose- dependent, consistent 
with earlier findings using single and multiple doses of verinurad in 
healthy Japanese and non- Asian participants.14

The Phase 1 studies presented here have several potential 
 limitations. A direct within- study comparison of race/ethnicity could 
not be performed as neither study included both healthy Asian and 
non- Asian participants. However, a similar design and aim of the 
Phase	 1	 studies	 made	 a	 between-	study	 comparison	 possible.	 In	
Study 1, it is difficult to draw firm conclusions on the true effect of 
the pharmacodynamics of verinurad + allopurinol, as true  baseline 
measurements, i.e., without either treatment, were not taken. 
Baseline was instead defined as the measurement after 7 days 
of	 300	mg	 allopurinol	QD.	Although	 changes	 from	 screening	 (i.e.,	 
before	 allopurinol	 treatment)	 are	 interesting,	 the	 timing	 of	 the	
screening visit was not controlled using the same time- matched 
	criteria	 as	 for	 baseline.	 Finally,	 direct	 within-	study	 comparison	 of	
pharmacodynamics and safety could not be performed due to the 
impact	 of	 differences	 in	 treatment	 regimen	 (combination	 therapy	
of verinurad + allopurinol in Study 1 and verinurad monotherapy in 
Study	2)	and	differences	in	scales	used	to	assess	AE	severity.

Phase 2 studies evaluating verinurad combined with 300 mg 
allopurinol	are	currently	ongoing	in	patients	with	CKD	and	HFpEF.	
Studies 1 and 2 allowed the evaluation of verinurad at exposures 
expected to be seen in patients with impaired renal function after 
dosing of the highest dose currently being tested in Phase 2.

5  |  CONCLUSIONS

Verinurad	 treatments	 were	 well	 tolerated	 in	 both	 studies.	 The	
pharmacokinetics	of	verinurad	after	QD	dosing	were	comparable	
in healthy Asian and Chinese participants and healthy non- Asian 
participants.	Further	exploration	of	verinurad	doses	up	to	24	mg	
in	 combination	 with	 an	 XOI	 in	 Phase	 2	 dose-	finding	 studies	 is	
underway.
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