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Abstract

Background and Objective Verinurad (RDEA3170) is a

high-affinity, selective URAT1 transporter inhibitor in devel-

opment for treating gout and asymptomatic hyperuricemia.

This Phase I, single-dose study investigated the pharmacoki-

netics, pharmacodynamics, and safety of verinurad in adults

with renal impairment and controls with normal renal function.

Methods Males aged 18–85 years were enrolled with

serum urate (sUA) 4.5–10 mg/dl and creatinine clearance

60–\ 90, 30–\ 60, 15–\ 30, or C 90 ml/min (mild,

moderate, severe renal impairment and controls, respec-

tively; n = 7/8). Verinurad 15 mg was administered orally

under fasted conditions. Serial plasma/serum and urine

samplings were 30 min pre-dose to 72 h post-dose.

Results Compared to controls, verinurad maximum

observed plasma concentration increased by 53, 73, and

128% and area under the concentration-time curve

increased by 24, 148, and 130%, in subjects with mild,

moderate, and severe renal impairment, respectively; renal

clearance decreased by 5, 42, and 79%. Exposures of major

verinurad metabolites also increased with increasing renal

impairment. Verinurad decreased sUA in all groups, with

greater maximal changes in control and mild renal

impairment than moderate and severe impairment groups

(- 38.3, - 36.9, - 20.5, - 12.6%, respectively). There

were no adverse event-related withdrawals or clinically

meaningful changes in laboratory values.

Conclusion Exposures of verinurad and metabolites

increased with decreasing renal function. Consistent with

the renal-dependent mechanism of action of verinurad,

increasing severity of renal impairment was associated

with decreased sUA lowering. Verinurad safety assess-

ments were similar regardless of renal impairment. Con-

tinued investigation of verinurad is warranted in patients

with gout and renal impairment.

ClinicalTrials.gov identifier NCT02219516.

Key Points

Verinurad is a potent uricosuric agent in clinical

development for the treatment of gout and

hyperuricemia.

In this study of adults with mild, moderate, or severe

renal impairment and controls, plasma exposures of

verinurad and its major metabolites increased with

increasing levels of renal impairment.

Verinurad 15 mg lowered serum urate levels and

increased renal excretion of uric acid in all groups,

with smaller absolute changes in the moderate and

severe renal impairment groups, consistent with the

renal-dependent mechanism of action of verinurad.
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1 Introduction

Gout is an inflammatory arthritis associated with elevated

serum urate (sUA) levels. Long-term management goals

are to maintain sUA concentrations below target levels

(e.g.,\ 6 mg/dl), which leads over time to dissolution of

monosodium urate crystal deposits and alleviation of gout

symptoms [1–4]. Common management approaches

incorporate a urate-lowering therapy (ULT), typically a

xanthine oxidase inhibitor (XOI) such as allopurinol or

febuxostat, as the first-line therapy.

Many patients fail to attain their target sUA using a

single ULT alone [4, 5]. For these patients, management

guidelines recommend combining ULTs with comple-

mentary mechanisms of action [6, 7]. Typical combination

therapies include an XOI to reduce production of urate and

a uricosuric—such as probenecid, benzbromarone, or

lesinurad—to increase renal excretion of uric acid [8].

Renal impairment is a common co-morbidity in patients

with gout that may cause elevation in sUA [9–12]. Hype-

ruricemia, in turn, can contribute to further renal impair-

ment, creating a vicious cycle. While sUA lowering may

slow the deterioration in renal function in these patients,

the presence of renal impairment complicates management

in terms of dosing, safety, or response to ULTs [8]. In the

case of allopurinol, many patients with both gout and renal

impairment fail to receive optimized dosing because of

perceived safety concerns with uptitration [13]. For these

patients, combining two therapies with complementary

mechanisms of action represents a promising approach to

achieving target sUA without the need for allopurinol dose

uptitration.

Lesinurad is a specific inhibitor of the uric acid trans-

porter URAT1, which was recently approved in the USA

and Europe in combination with an XOI for treating

hyperuricemia associated with gout. In the Phase III clin-

ical development programme, treatment with lesinurad 200

and 400 mg, in combination with febuxostat, resulted in

more patients achieving target sUA and experiencing a

reduction in overall tophus area compared with febuxostat

alone [14]. This treatment combination, however, showed

only a trend toward reduction in gout flares at the highest

lesinurad dose tested (400 mg), a dose that had increased

renal adverse effects (compared with lesinurad 200 mg

plus febuxostat or febuxostat alone) and was neither sub-

mitted to nor approved by US and European regulatory

agencies.

The clinical trial experience with ULTs has demon-

strated that greater lowering of sUA below target levels is

associated with improved outcomes (e.g., lower gout flare

incidence, greater tophus area reduction) [1, 3, 15–17].

Verinurad, a URAT1 inhibitor in clinical development,

demonstrates high potency with a half-maximal inhibitory

constant of 36 nM in inhibiting URAT1 [18] and in

humans provides sUA lowering at doses as low as 2.5 mg

[19–21]. The potency of verinurad together with its phar-

macokinetic properties may enable it to be used as a low-

dose drug, with potentially less drug interaction issues in

gout patients receiving concurrent treatments for comor-

bidities such as hypertension, cardiovascular disease, dia-

betes, and obesity. The combination of verinurad with an

XOI results in a urinary uric acid profile that may offer a

low potential for renal adverse effects [22] while also

lowering sUA to a greater extent than either agent alone at

the same or even higher monotherapy doses [23–25].

Verinurad is predominantly metabolized by glucuronyl

transferases to form M1 and by CYP3A4 to form the

N-oxide metabolite (M4), which subsequently undergoes

secondary metabolism by glucuronyl transferases to form

M8. M8 formation can also occur via CYP2C8-mediated

metabolism of M1. Metabolites M1 and M8 are the pre-

dominant circulating metabolites of verinurad and are

devoid of URAT1 activity [26]. Verinurad is predomi-

nantly eliminated by hepatic metabolism, with about 2% of

parent drug excreted unchanged in urine [21]. The

bioavailability of verinurad is unknown, as clinical evalu-

ation has not been conducted, but in animal studies in rats,

dogs, and monkeys it ranges from 57% to 80% (unpub-

lished data).

Gout patients frequently have impaired kidney function.

Renal failure has been shown to significantly reduce non-

renal clearance and alter the bioavailability of drugs pre-

dominately metabolized by the liver [27]. The aim of this

Phase I study was to investigate the pharmacokinetics,

pharmacodynamics, and safety of verinurad and its

metabolites in adults with mild, moderate, or severe renal

impairment and matched controls (RDEA3170-108,

NCT02219516).

2 Methods

2.1 Study Design and Subjects

The single-dose, open-label study included subjects with

normal renal function or renal impairment measured by

estimated creatinine clearance (eCrCl), calculated by the

Cockcroft-Gault formula [28]. The severity of renal

impairment was categorized as mild (eCrCl 60–\ 90 ml/

min), moderate (30–\ 60 ml/min), and severe (15–

\ 30 ml/min). All subjects were male, aged 18–85 years,

with sUA levels of 4.5–10 mg/dl.

Screening to determine study eligibility was performed

within 21 days before verinurad administration. Subjects in

the normal renal function group (eCrCl C 90 ml/min) were
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enrolled after the other groups to match the baseline

characteristics of age and body mass index. Subjects

checked into the study centre on Day - 2 and stayed until

the last procedures were completed. All subjects had a

follow-up visit on Day 7.

Oral verinurad was administered once under fasted

conditions at a dose of 15 mg, which has been shown to

have significant pharmacodynamic activity [19, 29]. Sub-

jects receiving other medications for gout (including

XOIs), strong or moderate CYP3A inhibitors or P-glyco-

protein inhibitors, or strong or moderate CYP2C9 inhibi-

tors or organic anion transporter inhibitors (OAT1 or

OAT3) within 2 weeks or seven half-lives before the dose

of study medication were excluded.

The study was conducted in compliance with the ethical

principles of Good Clinical Practice defined by the Inter-

national Conference on Harmonisation and the Declaration

of Helsinki. The protocol and consent form were approved

by independent institutional review boards (Crescent City

IRB, New Orleans, LA, USA; Aspire IRB, LLC, Santee,

CA, USA; Western Institutional Review Board, Puyallup,

WA, USA) and all subjects provided informed consent to

participate in the study.

2.2 Blood and Urine Sampling

Serial blood samples for pharmacokinetic and pharmaco-

dynamic analyses were collected on Day –1 and Day 1 at

frequent preset times up to 72 h post-dose. Urine samples

(total catch) for pharmacokinetic and pharmacodynamic

analyses were collected at 6- to 12-h intervals to 72 h post-

dose.

2.3 Endpoints and Determinations

Plasma pharmacokinetic parameters were calculated by

non-compartmental analysis and included maximum

observed concentration (Cmax), time to Cmax (Tmax), area

under the concentration-time curve from time 0 to infinity

(AUC0–?), terminal half-life (t1/2), and total body clear-

ance (CL/F) of verinurad and metabolites M1 and M8,

where applicable. Urinary pharmacokinetic parameters

included renal clearance (CLR), amount excreted in urine

as unchanged drug from time 0 up to 72 h post-dose

(Ae0–72), and fractional excretion from 0 to 72 h.

Pharmacodynamic parameters included maximal and

mean percent change in sUA from baseline (time-matched

to Day –1), amount of uric acid recovered in urine (AeUR),

rate of excretion of urinary uric acid (ReUR), renal clear-

ance of uric acid (CLUR), and fractional excretion of uric

acid (FEUA) from 0 to 24 h.

Safety assessments comprised adverse events (AEs)

coded according to the Medical Dictionary for Regulatory

Activities (MedDRA; version 17.0), clinical laboratory

evaluations, vital signs, electrocardiograms, and physical

examinations. Any hematology, chemistry, or urinalysis

abnormalities that were considered clinically relevant were

to be assigned a severity rating by the investigator based on

Rheumatology Common Toxicity Criteria version 2.0

[19, 30].

2.4 Analytical Methods

Pharmacokinetic samples were analysed by Ardea Bio-

sciences, Inc. (San Diego, CA, USA). All analytical

methods were validated following US Food and Drug

Administration bioanalytical method validation guidance

[31]. The analytical methodology for the quantitation of

verinurad and metabolite M1 in plasma samples was a

combination method similar to the methodology described

by Kankam et al. [22], although that methodology did not

include M1. When M1 was included in the methodology, it

(and its internal standard, IS) chromatographed as

diastereomers and each peak was integrated and the

resulting areas summed for concentration determination.

Addition of M1 to the methodology necessitated inclusion

of mass spectrometer transitions for M1 and IS (precur-

sor ? product ion transitions of m/z were 525 ? 263

(M1) and 531 ? 263 (IS [D6]RDEA3170-M1) and a dwell

time of180 ms for M1 and 30 ms for the IS). In this study,

plasma quality control (QC) samples showed % Theoreti-

cal [percent coefficient of variation (%CV)] of

97.7–104.0% (3.0–8.5%) for verinurad and 94.0–111.2%

(2.8–6.9%) for M1.

Quantitative determination of verinurad metabolite M8

(measured as total glucuronide conjugated M4 and

unconjugated M4) in acidified plasma (1% phosphoric

acid, v/v) involved alkalizing samples with 2 M potassium

hydroxide solution, incubating at room temperature to

completely convert M8 (acyl glucuronidated M4) to its

aglycone counterpart (M4), then extraction by protein

precipitation with 2% formic acid in acetonitrile (v/v)

containing internal standard [D6]RDEA3170-M4. Extrac-

ted samples were injected onto a Kinetex C18,

4.6 9 50 mm, 2.6 lm column (Phenomenex, Torrance,

CA, USA), which was connected to an Agilent 1100 HPLC

system (Agilent Technologies, Santa Clara, CA, USA)

running a gradient composed of 0.1% formic acid in water

(v/v, mobile phase A) with 0.1% formic acid in acetonitrile,

(v/v, mobile phase B) at a flow rate of 0.9 ml/min. The

column effluent was introduced into an API 5000 triple

quadrupole mass spectrometer (AB Sciex, Framingham,

MA, USA) operated in positive TurbolonSpray mode.

Under unit/low resolution (Q1/Q3), selected reaction

monitoring was used to monitor the precursor ? product

ion transitions of m/z 365 ? 279 (M4), 371 ? 280
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([D6]M4), and a dummy ion transition of 600 ? 200 (to

prevent cross-talk), with dwell times of 150 ms for M4,

30 ms for the internal standard, and 20 ms for the dummy

ion. The method had a 0.1 ng/ml lower limit of quantitation

(LLOQ). M4 QCs showed % Theoretical (%CV) during

study conduct of 97.7–101.3% (6.7–7.9%) and M8 QCs

(included to show complete conversion) calculated at

100.3–103.7% (5.0–5.5%). Based on limited circulating

unconjugated M4, the ng/ml concentration of M8 (acyl

glucuronidated RDEA3170-M4) in the clinical sample

(CM8, MW = 540.54) was calculated by converting the ng/

ml M4 total concentrations (CM4Tot, MW = 364.42) using

their respective molecular weights (g/mol), i.e. CM8-

= CM4Tot 9 540.54/364.42.

Analytical methodology for the quantitation of verinu-

rad in urine samples is described by Shen et al. [21].

Verinurad urine QCs showed % Theoretical (%CV) of

102.3–102.8% (2.9–7.7%) during this study.

For quantitative determination of M1 in urine, samples

were diluted with 0.2% formic acid in acetonitrile (v/v)

containing [D6]RDEA3170-M1 as an internal standard. An

aliquot of the extract was further diluted with 0.2% formic

acid in water (v/v) and injected onto a Kinetex C18,

4.6 9 50 mm, 2.6 lm column (Phenomenex), which was

connected to an Agilent 1100 HPLC system (Agilent

Technologies) running a gradient composed of 0.1% for-

mic acid in water (v/v, mobile phase A) with 0.1% formic

acid in acetonitrile (v/v, mobile phase B) at a flow rate of

0.9 ml/min. The column effluent was introduced into an

API 4000 triple quadrupole mass spectrometer (AB Sciex)

operated in positive TurbolonSpray mode. Under unit/unit

resolution (Q1/Q3), selected reaction monitoring was used

to monitor the precursor ? product ion transitions of m/z

525 ? 263 (RDEA3170-M1), 531 ? 263

([D6]RDEA3170-M1), and a dummy ion transition of

600 ? 200, with dwell times of 200 ms for M1, 70 ms for

the internal standard, and 30 ms for the dummy ion. The

method had a 10.0 ng/ml LLOQ and M1 urine QCs showed

% Theoretical (%CV) of 98.7–98.9% (3.6–5.5%) during

study conduct.

Similar to its analysis in plasma, quantitation of verin-

urad metabolite M8 in urine was measured as total M4.

Urine samples were alkalized with 2 M potassium

hydroxide and incubated at room temperature to com-

pletely convert M8 to M4. The samples were then fortified

with 2% formic acid in acetonitrile containing

[D6]RDEA3170-M4 as internal standard and then diluted

with acetonitrile:water, 1:2 (v/v). Extracted samples were

injected onto a Synergi Polar-RP, 4.6 9 50 mm, 4 lm
column (Phenomenex), which was connected to an Agilent

1100 HPLC system (Agilent Technologies) running a

gradient composed of 0.1% formic acid in water (v/v,

mobile phase A) with 0.1% formic acid in acetonitrile (v/v,

mobile phase B) at a flow rate of 0.9 ml/min. The column

effluent was introduced into an API 4000 triple quadrupole

mass spectrometer (AB Sciex) operated in positive Tur-

bolonSpray mode. Under unit/unit resolution (Q1/Q3),

selected reaction monitoring was used to monitor the pre-

cursor ? product ion transitions of m/z 365 ? 279 (M4),

371 ? 280 ([D6]M4), and a dummy ion transition of

600 ? 200, with dwell times of 150 ms for M4, 30 ms for

the internal standard, and 20 ms for the dummy ion. The

method had a 10.0 ng/ml LLOQ. M4 QCs showed %

Theoretical (%CV) during study conduct of 97.0–100.0%

(2.1–3.3%) and M8 QCs calculated at 97.0–103.3%

(3.0–3.3%). Based on limited unconjugated M4 in urine,

the concentration of M8 (acyl glucuronidated RDEA3170-

M4) was calculated using the conversion described above.

Pharmacodynamic parameters were determined by Early

Clinical Biometrics at Covance using SAS software (SAS

Institute, Inc., Cary, NC, USA). For pharmacodynamic

analyses, urate or creatinine in serum and urine samples

were analysed by an enzymatic method.

2.5 Data Analysis

Descriptive statistics are provided for pharmacokinetic,

pharmacodynamic, and safety data in subjects categorized

by their severity of renal impairment, using Phoenix

WinNonlin v.6.3 (Pharsight Corporation, Mountain View,

CA, USA) or SAS v.9.3 or later (SAS Institute, Inc.). To

assess the effect of renal impairment on the pharmacoki-

netics of verinurad, M1, and M8, a fixed-effects model with

treatment (renal impairment compared with normal renal

function) as a fixed effect was used to analyse natural log-

transformed pharmacokinetic parameters. Upon back-

transformation, an estimate of the geometric mean ratios of

the pharmacokinetic parameters with their corresponding

90% confidence intervals was generated.

All subjects who received at least one dose of verinurad

and had evaluable pharmacodynamic or pharmacokinetic

data constituted the pharmacodynamic and pharmacoki-

netic populations, respectively. All subjects who received

at least one dose of verinurad made up the safety

population.

3 Results

3.1 Subjects

Thirty-one male subjects were enrolled in the study.

Pharmacodynamic and pharmacokinetic data were based

on seven or eight subjects in each renal function group.

One subject with moderate renal impairment was excluded

from the pharmacodynamic and pharmacokinetic
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populations because of concomitant treatment with carve-

dilol, a P-glycoprotein inhibitor.

Demographic and other baseline characteristics of sub-

jects categorized by severity of renal impairment are

summarized in Table 1.

3.2 Pharmacokinetics

Plasma pharmacokinetic parameters of verinurad and

metabolites M1 and M8 following administration of ver-

inurad 15 mg are summarized in Table 2 and Fig. 1. The

median Tmax of verinurad and metabolites M1 and M8 was

similar, ranging from 2.00 to 3.50 h in the normal renal

function and renal impairment groups, indicating that

metabolite formation occurred immediately after verinurad

administration. The Cmax of verinurad increased by 53, 73,

and 128% and the AUC0–? increased by 24, 148, and

130%, respectively, in the mild, moderate, and severe renal

impairment groups compared to subjects with normal renal

function. For M1, Cmax increased by 29, 112, and 253%

and AUC0–? increased by 15, 213, and 316%, respectively,

in the mild, moderate, and severe renal impairment groups;

for M8, Cmax increased by 58, 56, and 270% and AUC0–?

increased by 36, 141, and 527%, respectively. The t1/2 of

verinurad, M1, and M8 increased with decreasing renal

function, while the CL/F of verinurad decreased. Plasma

protein binding of verinurad ranged from 97.6 to 98.7%

and was not influenced by severity of renal function

impairment.

Urinary pharmacokinetic parameters for verinurad, M1,

and M8 are summarized in Table 3. For verinurad, M1, and

M8 renal clearance in urine from time zero to 72 h

(CLR0–72) and fraction of drug excreted in urine unchanged

from time zero to 72 h (fe0–72) tended to decrease with

increasing severity of renal impairment. For example,

CLR0-72 decreased in the mild, moderate, and severe renal

impairment groups by 4.6, 42, and 79% for verinurad; 19,

60, and 90% for M1; and 26, 61, and 88% for M8,

respectively.

3.3 Pharmacodynamics

Pre-dose mean sUA levels were higher in subjects with

moderate and severe renal impairment (7.3 and 8.6 mg/dl,

respectively) compared with the normal renal function or

mild impairment groups (5.7 and 6.1 mg/dl, respectively).

Verinurad decreased mean sUA in all groups, with

greatest decreases in the normal function and mild renal

impairment groups. Mean (standard error [SE]) maximal

percent change in sUA from baseline (Emax%) was - 38.3%

(5.24), - 36.9% (4.79), - 20.5% (2.51), and - 12.6%

(2.62), respectively, in the normal function and mild,

moderate, and severe renal impairment groups, which

occurred approximately 12 h post-dose. By 24 h post-dose,

mean (SE) percent change in sUA from baseline was

- 31.6% (2.9), - 31.7% (6.0), - 15.2% (3.1), and - 8.6%

(2.9), respectively. The absolute changes in mean (SE)

sUA concentration in each group over time are shown in

Fig. 2.

Mean ReUR following verinurad administration is

depicted in Fig. 3. ReUR was highest in the 0–6-h collec-

tion interval and returned to baseline by 12 h post-dose.

Urinary pharmacodynamic parameters for uric acid are

shown in Table 4. Following verinurad administration,

AeUR, ReUR, and CLUR increased in all groups, with

smaller absolute increases in the renal impairment groups

compared with controls. Unlike pre-dose, where FEUA

tended to increase with increasing renal insufficiency,

administration of verinurad resulted in no difference in

FEUA between the groups.

Table 1 Demographic and other baseline characteristics

Characteristic Normal renal function

(N = 8)

Mild renal impairment

(N = 8)

Moderate renal

impairment (N = 8)

Severe renal

impairment (N = 7)

Age, years, mean (SD) 56 (4.7) 63 (6.4) 67 (14.9) 58 (11.1)

Body weight, kg, mean (SD) 86.5 (7.50) 77.9 (14.16) 89.4 (18.90) 74.7 (13.07)

BMI, kg/m2, mean (SD) 26.0 (1.20) 26.2 (3.86) 29.3 (4.84) 26.2 (5.12)

Race, n (%)

Black or African American 1 (12.5) 1 (12.5) 2 (25.0) 3 (42.9)

White 7 (87.5) 6 (75.0) 6 (75.0) 4 (57.1)

sUA (mg/dl), screening, mean (SD) 5.7 (0.63) 6.1 (0.84) 7.3 (1.53)a 8.6 (1.56)

Creatinine clearance (ml/min),

screening, mean (SD)

98.5 (10.67) 69.6 (8.30) 41.0 (7.90) 23.2 (4.74)

BMI body mass index, SD standard deviation, sUA serum urate
an = 7 subjects
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3.4 Safety

Verinurad 15 mg was well tolerated, with few AEs, no serious

AEs, and no AE-related withdrawals during treatment. Treat-

ment-emergent AEs (TEAEs) occurred at similar frequencies

across the renal impairment and control groups (Table 5). One

subject in each renal impairment group had oneTEAEpossibly

related to verinurad, which were each categorized as gas-

trointestinal: dyspepsia in themild, diarrhoea and nausea in the

moderate, and diarrhea in the severe renal impairment group.

One subject in the control group had oropharyngeal pain and

rhinorrhea possibly related to verinurad.

No clinically meaningful changes in laboratory values or

vital signs were observed. One subject in the severe renal

impairment group had serum creatinine elevation C 1.59

baseline during treatment, which resolved (to B 1.29

baseline) before study end and was not considered clinically

significant.

Table 2 Plasma pharmacokinetic parameters of verinurad, metabolite M1, and metabolite M8 following verinurad 15 mg administration in

subjects with normal renal function and mild, moderate, and severe renal impairment

Parameter Renal function

Normal

(N = 8)

Mild impairment

(N = 8)

Moderate

impairment

(N = 7)

Severe

impairment

(N = 7)

Verinurad Cmax (ng/ml) GM (95% CI) 16.7 (12.6–22.3) 25.6 (20.0–32.9) 29.0 (22.8–37.0) 38.2 (24.0–60.8)

GLSMR (90% CI) – 153% (115–203) 173% (131–230) 228% (155–336)

AUC0–? (ng�h/ml) GM (95% CI) 162 (120–218) 201 (144–279) 402 (255–634) 372 (209–663)

GLSMR (90% CI) – 124% (88.8–173) 248% (168–366) 230% (146–363)

Tmax (h), median (range) GM (95% CI) 2.50 (0.500–4.00) 2.50 (1.00–4.00) 3.00 (1.50–5.00) 2.00 (1.50–4.00)

GLSMR (90% CI) – NA NA NA

t� (h) GM (95% CI) 13.0 (7.91–21.5) 9.53 (7.42–12.2) 20.6 (9.96–42.4) 22.0 (14.2–34.1)

GLSMR (90% CI) – NA NA NA

CL/F (L/h) GM (95% CI) 92.6 (68.7–125) 74.8 (53.7–104) 37.3 (23.7–58.9) 40.3 (22.6–71.7)

GLSMR (90% CI) – 80.8%

(57.9–113)

40.3% (27.3–59.5) 43.5% (27.5–68.7)

M1 Cmax (ng/ml) GM (95% CI) 25.7 (19.9–33.3) 33.3 (24.0–46.3) 54.6 (44.3–67.3) 91.0 (65.8–126)

GLSMR (90% CI) – 129% (94.9–177) 212% (165–273) 353% (262–478)

AUC0–? (ng�h/ml) GM (95% CI) 233 (175–310) 266 (172–412) 727 (495–1070) 969 (533–1760)

GLSMR (90% CI) – 115% (77.6–169) 313% (221–442) 416% (262–662)

Tmax (h), median (range) GM (95% CI) 2.50 (1.50–4.00) 3.00 (1.00–4.00) 2.00 (1.50–6.00) 2.00 (1.50–2.00)

GLSMR (90% CI) – NA NA NA

t� (h) GM (95% CI) 11.9 (6.61–21.3) 10.6 (6.72–16.8) 20.8 (10.9–39.8) 21.2 (11.8–38.0)

GLSMR (90% CI) – NA NA NA

CL/F (L/h) GM (95% CI) NA NA NA NA

GLSMR (90% CI) – NA NA NA

M8 Cmax (ng/ml) GM (95% CI) 23.6 (19.5–28.5) 37.2 (28.1–49.1) 36.9 (22.8–59.7) 87.2 (70.0–109)

GLSMR (90% CI) – 158% (123–203) 156% (109–224) 370% (299–458)

AUC0–? (ng�h/ml) GM (95% CI) 250 (195–320) 339 (242–476) 601 (324–1110) 1570 (902–2720)

GLSMR (90% CI) – 136% (99.3–186) 241% (152–382) 627% (411–956)

Tmax (h), median (range) GM (95% CI) 3.50 (2.00–5.00) 3.00 (1.50–4.00) 3.00 (2.00–6.00) 3.00 (2.00–5.00)

GLSMR (90% CI) – 136% (99.3–186) 241% (152–382) 627% (411–956)

t� (h) GM (95% CI) 14.4 (8.62–24.0) 10.7 (8.47–13.4) 23.2 (14.0–38.4) 22.8 (13.7–37.9)

GLSMR (90% CI) – NA NA NA

CL/F (L/h) GM (95% CI) NA NA NA NA

GLSMR (90% CI) – NA NA NA

AUC0–? area under the concentration–time curve from time zero to infinity, CI confidence interval, CL/F total body clearance, Cmax maximum

observed concentration, GLSMR geometric least squares mean ratio versus normal renal function group, GM geometric mean, NA not applicable,

t� terminal half-life, Tmax time of maximum observed concentration
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4 Discussion

This Phase I, open-label study investigated the pharma-

cokinetics, pharmacodynamics, and safety of a single

15-mg dose of oral verinurad in adult subjects with mild,

moderate, or severe renal impairment and matched normal

controls.

Verinurad is predominantly eliminated by hepatic

metabolism via glucuronyl transferase and CYP3A4

metabolism, with about 2% of the parent drug excreted

unchanged in urine [26]. In this study, plasma exposure of

verinurad and its acyl glucuronides increased with the

extent of decreased renal function. Changes in metabolites

were a magnitude greater than the increase in verinurad

exposure. As M1 and M8 are exclusively renally elimi-

nated, it was anticipated that a decrease in renal function

would increase their plasma exposures and significantly

decrease their urinary elimination. The CLR of M1 and M8

decreased similarly, from approximately 18% in mild to

90% in severe renal impairment. Consequently, the fe of

M1 and M8 were not affected by renal function except in

severe renal impairment, where the fe of M1 and M8 were

approximately 63% and 33%, respectively, of values for

normal renal function. This observation was also made

with dapagliflozin, in which kidney metabolism decreased

with increased renal insufficiency, attributed to loss of

Normal function Mild impairment Moderate impairment Severe impairment

0.1

1

10

100

0 12 24 36 48 60 72

Time (h)

M1
M

ea
n

 (
S

E
) 

co
n

ce
n

tr
at

io
n

s 
(n

g
/m

L
)

0.1

1

10

100

0 12 24 36 48 60 72

Time (h)

Verinurad

0.1

1

10

100

0 12 24 36 48 60 72

Time (h)

M8

Fig. 1 Mean (SE) plasma concentration versus time profile for verinurad, MI, and M8 following verinurad 15 mg administration in subjects with

normal renal function and mild, moderate, and severe renal impairment. SE standard error

Table 3 Urinary pharmacokinetic parameters of verinurad, metabolite M1, and metabolite M8 following verinurad 15 mg administration in

subjects with normal renal function and mild, moderate, and severe renal impairment

Parameter Renal function

Normal

(N = 8)

Mild impairment

(N = 8)

Moderate impairment

(N = 7)

Severe impairment

(N = 7)

Verinurad CLR0–72 (ml/min) GM (95% CI) 13.5 (9.03–20.2) 12.9 (8.16–20.4) 7.87 (3.36–18.4) 2.86 (1.84–4.45)

GLSMR (90% CI) – 95.4% (60.6–150) 58.3% (30.2–113) 21.2% (13.6–32.8)

fe0–72 (%) GM (95% CI) 0.814 (0.508–1.31) 1.02 (0.563–1.84 1.05 (0.561–1.96) 0.362 (0.202–0.647)

GLSMR (90% CI) – NA NA NA

M1 CLR0–72 (ml/min) GM (95% CI) 201 (168–240) 163 (108–245) 80.4 (51.0–127) 19.6 (14.4–26.7)

GLSMR (90% CI) – 81.0% (58.2–113) 40.0% (28.5–56.1) 9.78% (7.60–12.6)

fe0–72 (%) GM (95% CI) 11.7 (8.83–15.4) 11.2 (7.87–16.0) 13.1 (9.08–18.8) 4.32 (2.71–6.88)

GLSMR (90% CI) – NA NA NA

M8 CLR0–72 (ml/min) GM (95% CI) 298 (255–347) 220 (158–307) 117 (82.4–167) 35.0 (23.6–52.0)

GLSMR (90% CI) – 73.9% (56.3–97.0) 39.5% (30.2–51.6) 11.8% (8.77–15.8)

fe0–72 (%) GM (95% CI) 18.0 (13.8–23.4) 18.8 (14.6–24.3) 15.0 (8.32–26.9) 11.9 (7.73–18.4)

GLSMR (90% CI) – NA NA NA

CI confidence interval, CLR0–72 renal clearance in urine from time zero to 72 h, fe0–72 fraction of drug excreted in urine unchanged from time

zero to 72 h; GLSMR geometric least squares mean ratio versus normal renal function group, GM geometric mean, NA not applicable
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functional nephrons which manifested in decreased uridine

glucuronyl transferase (UGT) activity [32].

Plasma exposures (Cmax and AUC) of verinurad

increased modestly, as noted above, with decreasing levels

of renal function, which is an unexpected finding consid-

ering that renal elimination is a minor pathway. The results

of the study emphasize the importance of studying the

impact of renal impairment for an agent that is eliminated

mainly via the liver, as previously observed [27, 33, 34].

There are several possible explanations for the increased

exposures of verinurad in subjects with renal impairment,

including: (1) hydrolysis of acyl glucuronide metabolites to

verinurad in the blood and small intestine (via biliary

excretion), which is then reabsorbed into the circulation,

and (2) reduced kidney metabolism via UGT. The verin-

urad acyl glucuronide metabolites are primarily eliminated

Fig. 2 Mean (SE) sUA

concentration (time-matched to

Day - 1) following verinurad

15 mg administration in

subjects with normal renal

function and mild, moderate,

and severe renal impairment. SE

standard error, sUA serum urate
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Fig. 3 Mean (SE) urinary uric

acid excretion rate (ReUR)

following verinurad 15 mg

administration in subjects with

normal renal function and mild,

moderate, and severe renal

impairment. SE standard error,

ReUR rate of excretion of urinary

uric acid

Table 4 Mean (SD) uric acid parameters at baseline and following verinurad 15 mg administration in subjects with normal renal function and

mild, moderate, and severe renal impairment

Parameter Normal renal function

(N = 8)

Mild renal impairment

(N = 8)

Moderate renal impairment

(N = 7)

Severe renal impairment

(N = 7)

Baseline Verinurad Baseline Verinurad Baseline Verinurad Baseline Verinurad

AeUR,0–24 h (mg) 525 (100) 969 (299) 439 (153) 880 (225) 440 (188) 707 (334) 246 (111) 393 (144)

ReUR,0–24 h (mg/h) 21.9 (4.18) 40.1 (12.1) 18.4 (6.37) 36.6 (9.39) 18.4 (7.85) 29.3 (13.8) 10.3 (4.62) 16.3 (6.02)

CLUR,0–24 h (ml/min) 6.41 (1.53) 17.1 (8.15) 5.35 (1.40) 16.5 (7.25) 4.52 (2.11) 8.62 (4.66) 2.05 (0.99) 3.49 (1.48)

FEUA,0–24 h (%) 5.24 (1.22) 13.8 (6.24) 5.43 (0.76) 16.2 (5.68) 6.86 (2.90) 13.0 (7.48) 9.45 (7.19) 12.7 (6.43)

AeUR amount of urinary uric acid recovered in urine, CLUR renal clearance of uric acid, FEUA fractional excretion of uric acid, ReUR rate of

urinary uric acid excretion, SD standard deviation
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by the kidney [26]. With impaired kidney function, renal

elimination of M1is reduced, resulting in higher circulating

blood levels which can either undergo hydrolysis-releasing

verinurad and/or are taken up by the liver and undergo

enterohepatic cycling, resulting in reabsorption of verinurad

and contributing to the increase in systemic exposure. This

has been demonstrated with mycophenolate mofetil, in

which the acyl glucuronide metabolite undergoes entero-

hepatic recirculation, releasing aglycone for reabsorption

into systemic circulation [35]. M8 may undergo some

enterohepatic recycling as there are low levels of M4

excreted in the urine as it is not eliminated in feces [26]. Both

M1 and M8 are shown to be substrates for multidrug resis-

tance protein 2 (MRP2; unpublished data), supporting the

potential for enterohepatic recycling, as both metabolites

were not detected in feces [26]. Therefore, increased renal

insufficiency is expected to increase the systemic exposure

of metabolites which can increase exposure of verinurad via

intestinal reabsorption via several mechanisms.

Subjects with greater renal impairment had increased

sUA and decreased uric acid excretion at baseline com-

pared with normal controls, which can be explained by

decreased filtration of uric acid. Verinurad lowered sUA in

all renal impairment groups. The sUA-lowering effect of

verinurad in subjects with mild renal impairment was

similar to normal controls (Emax% - 36.9 and - 38.3%,

respectively). Consistent with the renal-dependent mecha-

nism of action of verinurad, decreases in sUA were less in

subjects with moderate or severe renal impairment (Emax%

- 20.5 and - 12.6%, respectively), as there is likely less

functional URAT1 activity in these two groups compared

with normal controls owing to a lower number of func-

tional nephrons [36]. Another explanation is that renal

insufficiency may not allow verinurad to reach concentra-

tions to achieve maximal inhibition of URAT1 on the

apical membrane of the kidney proximal tubule, resulting

in partial inhibition. Overall, the complexity of renal

impairment alters uric acid directly by decreased filtration

as well as decreased URAT1 activity by loss of nephrons or

partial inhibition of URAT1.

Verinurad increased the amount and rate of uric acid

excretion in all groups, with smaller absolute changes in

the moderate and severe renal impairment groups com-

pared with normal controls. Consistent with this observa-

tion, the effects of lesinurad (another URAT1 inhibitor) on

urinary pharmacodynamics were also related to renal

impairment status [37]. Pre-dose FEUA was greater in

subjects with more severe renal impairment, which may

reflect a decline in URAT1 activity due to decreased

numbers of functional nephrons. FEUA did not differ

between groups following verinurad administration, which

may be explained by the net effect of multiple mecha-

nisms: less uric acid reabsorption occurred, while less

verinurad reached URAT1 due to a decreased glomerular

filtration rate and less active uptake. Although verinurad

dose adjustment may not be needed based on the degree of

renal insufficiency, we would recommend that verinurad is

not administered in patients with severe renal impairment,

similar to the dosing recommendations for lesinurad. The

benefit/risk of verinurad dosing in patients with severe

renal impairment will need to be assessed in future studies.

The safety and tolerability of verinurad were similar to

normal controls across all stages of renal impairment in this

single-administration study. Laboratory parameters were

consistent with impaired renal function and no clinically

significant changes were associated with verinurad

administration.

Potential limitations of the study include the inclusion of

exclusively male and predominantly white subjects and the

administration of a single dose of study drug. Further, the

sUA response to verinurad may differ between subjects

with or (as in this study) without gout, potentially as a

consequence of differences in urate handling [38]. Another

potential issue in the study was the proper handling of

blood samples for accurate measurement of the acyl glu-

curonides (M1 and M8) of verinurad; however, care was

taken to acidify plasma samples to ensure the integrity of

the M1 and M8 measurements.

In conclusion, following single-dose administration of

verinurad 15 mg, plasma exposures of verinurad and its

Table 5 Summary of treatment-emergent adverse events

Normal renal

function (N = 8)

Mild renal

impairment (N = 8)

Moderate renal

impairment (N = 8)

Severe renal

impairment (N = 7)

Subjects with adverse events 1 (12.5%) 3 (37.5%) 1 (12.5%) 2 (28.6%)

Number of adverse events 5 3 2 2

Severity (all adverse events)

Mild 1 (12.5%) [4] 2 (25.0%) [2] 1 (12.5%) [1] 1 (14.3%) [1]

Moderate 1 (12.5%) [1] 1 (12.5%) [1] 1 (12.5%) [1] 1 (14.3%) [1]

Severe/life-threatening 0 0 0 0

N number of subjects studied, () percentage of subjects with adverse events, [ ] number of adverse events
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major metabolites increased, and clearance and urinary

excretion decreased, with increasing levels of renal

impairment. Verinurad lowered sUA and increased renal

excretion of uric acid in all groups, with smaller changes in

moderate and severe renal impairment groups, consistent

with the renal-dependent mechanism of action of verinu-

rad. The safety and tolerability of verinurad were similar

across all stages of renal impairment. These data support

the continued investigation of oral verinurad in patients

with gout who have renal impairment.
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