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TABLE 1

Transition-phase parameters for HPLC to support in vitro assays

Analytes MS/MS Transition (m/z, amu)
Verinurad 349 263
[Dg]Verinurad 355 263
M4 365 279
[Dg]Verinurad M4 371 279
M1 525 263
[Dg]Verinurad glucuronide M1 531 263
M8 541 279
[Dg]Verinurad glucuronide M8 547 279

amu, Atomic mass unit.

Results
HPLC Column Recovery and Sample Extraction Efficiency

Extraction efficiency of pooled plasma and feces samples was greater
than 90%. The pooled urine samples were analyzed directly without
sample extraction. HPLC column recovery was greater than 92% for
plasma, urine, and feces samples, an indication of adequate recovery of
radioactivity in the HPLC sample analysis.

Urinary and Fecal Recovery

Urine and fecal samples were collected up to 144 hours from eight
subjects who met the discharge criteria. The cumulative excretion of
radioactivity in urine and feces from all subjects was measured and is
shown graphically in Fig. 2. An average (=S.D.) 97.1% * 1.58% of the
administered 10-mg dose of [14C]Verinurad was recovered in total over
the 144-hour collection period, with recovery in individual subjects
ranging from 93.8% to 99.0%. Extraction efficiency of feces samples
was greater than 90%.

Pharmacokinetics of Verinurad and Total Radioactivity

Verinurad was rapidly absorbed with median T, of 0.5 hours
postdose (Fig. 3) following oral administration. Verinurad exhibited a
biphasic concentration-time profile. Plasma terminal half-life on the
basis of total radioactivity was 35 hours (Table 2), whereas the plasma
terminal half-life of verinurad was 15 hours (Table 2). Geometric mean
AUC,, values on the basis of total radioactivity in blood and plasma were
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Fig. 2. Cumulative percent of radioactive dose recovered in urine and feces at
specified intervals after administration of a single 10-mg (500 wCi) oral dose of
[**C]verinurad.
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556 and 906 nanogram equivalents xhours/ml, respectively. Blood-to-
plasma ratios on the basis of total radioactivity for C,,, and AUC., were
0.551 and 0.614, respectively (Table 2), indicating no preferential
distribution of the drug into the red blood cells; the majority of
circulating radioactivity was associated with plasma. The plasma
verinurad-to-total radioactivity ratios for C,.x and AUC were 0.464
and 0.213, respectively, indicating that metabolites were the predomi-
nant component in the circulation.

After absorption, verinurad plasma C,,,, and AUC., were 160 ng/ml
and 193 ng-hour/ml, respectively (Table 2) on the basis of quantification
via LC-MS/MS. Verinurad showed a moderate clearance of 51.8 1/h,
CL.0_96 nhour Of 11.5 ml/min, and a high volume of distribution (V/F) of
504 1, suggesting extensive distribution of the drug to peripheral tissues.

In urine, 63.6% of the radioactive dose was recovered during the first
48 hours postdose (Table 3) with 64.5% of the radioactive dose
recovered from 0 to 120 hour postdose, suggesting at least 64.5% of
the dose was absorbed following oral drug administration (Fig. 2). The
majority (>85%) of radioactivity recovered in the urine occurred in the
first 24 hours postdose, and the fraction excreted at 24 hours postdose
was 56% (Fig. 2). Only 1.3% of the dose was attributed to unchanged
verinurad excreted in the urine up to 96 hours postdose. The renal
clearance of verinurad was determined to be 11.5 ml/min based on the
amount recovered in urine and plasma AUC.

In feces, unchanged verinurad was the predominant component (over
97% in sample radioactivity analysis) accounting for 29.9% of the dose
by 120 hour post-dose (Fig. 2; Table 3), representing either unabsorbed
drug and/or excreted via biliary elimination.

Metabolite Identification

Metabolite profiles of [**C]verinurad were determined in human
plasma, urine, and feces (Fig. 4). Prior to the human [14C]—AME study
reported herein, metabolite profile of [MC]—verinurad was conducted in
both rat and dog. Six metabolites, oxidative and glucuronide conjugates,
were identified in both species, which set the metabolite naming
convention (data not shown). A total of three metabolites were identified
in humans, including an acyl glucuronide (M1), an N-oxide (M4), and an
acyl glucuronide of M4 (MS). The proposed metabolic pathway of
verinurad and metabolites M1, M4, and M8 in healthy adult male subjects
is depicted in Fig. 5 (see Supplemental Table 1 for chemical name).
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Fig. 3. Mean (S.E.) concentration-time profiles of verinurad in plasma and total
radioactivity in blood and plasma following a single oral dose of 10 mg oral solution
with 500 uCi of ["*C]verinurad (0-144 hours postdose). Only n = 2 and n =
1 samples were available, respectively, at 96 and 144 hours for total radioactivity in
the plasma and blood.
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TABLE 2

Summary of pharmacokinetic parameters (geometric mean, confidence interval 95%) of verinurad in blood and plasma following a single oral dose of ['*C]verinurad (10 mg,
500 uCi) given to healthy male subjects

Analyte Matrix Toax” Criax AUC.. CL/F V./F ti CL;096 1
h ng/ml ng-h/ml I/h 1 h ml/min
Plasma 0.50 160 193 51.8 504 14.8 —
Verinurad (0.50-0.75) (117-219) (152-246) (40.7-65.9)  (368-690)  (11.9-18.4)
(N=28) Urine — — — — — — 11.5
(7.64-17.3)
Plasma 0.50 344 906 — — 34.7 —
(0.50-0.75) (255-465) (742-1110) (26.9-44.7)
Blood 0.50 190 556 — — 375 —
. s b (0.25-0.75) (144-250) (428-723) (19.9-70.6)
Total radioactivity” (N = 8) Blood-to-plasma ratio — 0.551 0.614 — — — —
(0.527-0.576)  (0.535-0.703)
Plasma verinurad-to- — 0.464 0.213 — — — —

total radioactivity

(0.433-0.496)

(0.194-0.234)

CL/F, oral clearance corrected by bioavailability F; t,,,, half-life; V/F, volume of distribution at equilibrium corrected by bioavailability F.

“Tmax is expressed as median (range).

"C“m and AUC values expressed as nanogram equivalents/ml and nanogram equivalents - h/ml, respectively.

Plasma. Radioactivity was measurable in only the 1-, 3-, and 6-hour
postdose pooled samples, as later time samples were below detection
limits. Major metabolites M1 and M8 were observed and accounted for
most of the circulating radioactivity representing 22%—31% and 35%—
51% of plasma radioactivity, respectively, with no detection of M4 in the
eight subjects.

Metabolite Profiling in Urine and Feces. The total radioactivity at
48 hours postdose excreted in urine and feces accounted for 63.6% and
30.6% of the dose, respectively (Table 3). M1 and M8 were exclusively
eliminated in the urine, with recovered amounts of 29.2% and 32.5%,
respectively, of the radioactive dose and M4 was present at trace levels
(Table 3). In feces, unchanged verinurad was the predominant
component. M1 and M8 were not found in the feces but trace levels
of unidentified metabolites were observed (1.0% of the dose).

Pharmacokinetics of M1 and M8

Following verinurad administration, M1 and M8 were formed quickly
with median T,,, of 0.5-0.75 hours (Table 4). The majority (approx-
imately 90%) of M1 and M8 exposure was cleared within 24 hours
postdose.

The geometric mean plasma M]1-to-verinurad ratio for C,,, and
AUC,, were 0.786 and 0.997, respectively. The geometric mean plasma
MS8-to-verinurad ratios for C,,,x and AUC. were 0.485 and 0.943,
respectively (Table 4). The AUC molar ratios of M1 and M8 to verinurad
were both approximately 1:1. The plasma M1-to-total radioactivity ratios
for Cpnax and AUC,. were 0.550 and 0.321, respectively. Similarly, plasma
MB-to-total radioactivity ratios for C,,x and AUC,. were 0.350 and 0.313,
respectively. The elimination of M1 and M8 were only observed in the
urine with high CL;g 96 nour Of 224 and 338 ml/min, respectively.

In Vitro Metabolism

Formation of M4 Metabolite. Incubation studies with recombinant
P450s and FMO demonstrated that oxidative metabolism of verinurad to
M4 was primarily mediated by CYP3A4 with a minor contribution by
CYP2C9 and CYP3AS5 (Fig. 6A). Studies conducted using HLM and
selective chemical inhibitors ketoconazole and sulfaphenazole con-
firmed that CYP3A4/5 is the predominant oxidative enzyme with minor
contribution by CYP2C9 (Fig. 7).

Formation of M1 and M8 Metabolites. Incubation studies with
recombinant uridine 5’-diphospho-glucuronyl transferase (UGT) demon-
strated that the formation of M1 was mediated by several UGTs, namely

UGT1A3, UGT2B4, UGT2B7, and UGT2B17 (Fig. 8A). As shown in Fig.
5, the formation of M8 can occur via two pathways. The formation of M8 via
glucuronidation of M4 was mediated by several UGTs namely UGT1A1,
UGT1A3, UGT2B7, UGT1AS, and UGT2B17 (Fig. 8B), although levels
for UGT1A8 were low. Alternatively, the formation M8 can also occur via
P450-mediated oxidation of M1. Recombinant P450 incubation studies
showed that CYP2CS8 was the major isoform involved in the oxidation of M1
via N-oxidation to form M8 (Fig. 6B). Confirmation studies were performed
with HLM and quercetin, a selective CYP2C8 inhibitor (data not shown).

Buffer Stability of Acyl-Glucuronides

To assess the chemical reactivity of M1 and M8, in vitro studies were
performed in 100 mM potassium phosphate buffer (KPB) at 37°C up to
and including 24 hours. The half-life values of M1 and M8 in KPB were
determined to be 7.65 and 3.51 hours, respectively.

Assessment of In Vitro URAT1 Inhibition by M1 and M8

M1 inhibition of URAT1 was evaluated in vitro and the average ICs,
was 2.9 + 0.36 uM (mean *+ S.E., n = 10). Minimal inhibition of '*C-
uric acid uptake by URAT1 was observed with M8 and did not allow for
IC5o determination. Because both M1 and M8 were tested at concen-
trations well above the human C,,,, of 189 and 120 ng/ml (~350 and
220 nM, respectively), contribution to efficacy is low.

Discussion

The aim of this study was to investigate the disposition of verinurad in
humans following an oral dose of ['*C]verinurad to eight healthy male

TABLE 3

Recovery of verinurad and metabolites in excreta as a percentage of verinurad dose

% of Dose
Pathway Time Period (h)
Ml M4 M8  Others” Verinurad Total
Urine” 0-48 292 033 325 036 1.17 63.6°
Feces” 0-120 ND ND ND 0.67 29.9 30.6
Total excreta” 0-120 292 033 325 1.03 31.1 94.2

ND, Not detectable.

“Others: including unidentified minor metabolites.

"Urine collection up to 48 hours; and feces collection up to 120 hours.
“Urine collection from 0 to 120 hours recovered 64.5% of dose.

“The recovery of total radioactivity from 0 to 144 hours interval was 97.1%.
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Fig. 4. Verinurad and metabolites in pooled plasma, pooled urine, and pooled feces.

volunteers. Specifically, the study determined the mass balance of
verinurad and its metabolites in circulation and excreta, and found that
verinurad was well tolerated in all subjects with no significant adverse
events reported. Verinurad was well absorbed with the extent of
absorption estimated to be at least ~64% on the basis of urinary
recovery of parent and metabolites.

The mean oral clearance (CL/F) was approximately 51.8 I/h,
indicating moderate clearance. The radioactive dose was largely
recovered in excreta (97.1% by 144 hours). Unchanged verinurad
accounted for 29.9% of the dose excreted in the feces, with 1.3% of
dose excreted unchanged in the urine, indicating that metabolism was
the major route of elimination. The higher radioactivity in plasma
relative to whole blood indicated minimal distribution of radioac-
tivity to red blood cells. Furthermore, the large oral volume of
distribution of 504 liters suggested that verinurad distributed
extensively to peripheral tissues.

The verinurad-to-total radioactivity profiles indicated that metabolites
were the predominant component in circulation, with AUC of M1 and
M1 similar to that of verinurad. The formation of M1 occurred via direct
glucuronidation by several UGT (UGT1A3, 2B4, 2B7, and 2B17)
isoforms, whereas the formation of M8 occurred via a two-step process
involving two distinct pathways. From in vitro studies, one pathway to
MBS formation involved the oxidation of verinurad to M4 by CYP3A4
and to a lesser extent by CYP2C9 and CYP3AS, followed by efficient
glucuronidation involving several UGT isoforms (UGT1Al, 1A3, 2B7,
and 2B17) as M4 was not detected in circulation. The second pathway to
MBS formation is the sequential oxidation of M1 by CYP2CS8. Data
generated herein suggest both pathways were plausible for formation of
MS.

Interestingly, among all the CYP isoforms evaluated, only CYP2C8
was able to oxidize M1 to M8. Several glucuronide substrates have been
identified as CYP2CS ligands (Ma et al., 2017). Homology modeling
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Fig. 5. The proposed metabolic pathway of verinurad in humans.

has been used to examine substrate specificity of the CYP2C family
(namely 2C8, 2C9, 2C18, and 2C19). Several key amino acids have been
identified in the CYP2CS active site that afford substrate selectivity,
namely Serl14, Phe205, and Ile476, which enable binding of hydro-
philic substrates like glucuronides to the active site (Ridderstrom et al.,
2001; Schoch et al., 2004; Johnson and Stout, 2005). Several drugs,
including gemfibrozil and clopidogrel, form acylglucuronides that are
strong CYP2CS8 time-dependent inhibitors (Ma et al., 2017). The
CYP2CS time-dependent inhibition of M1 and M8 was not investigated
but will be in future studies.
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Fig. 6. Formation of M4 (A) and M8 (B) by recombinant P450s, FMO, and HLM.

Following oral administration of verinurad, the formation of acyl
glucuronide metabolites occurred via first pass metabolism in the
gastrointestinal (GI) tract and liver due to the presence of UGTSs
(Nakamura et al., 2008). Once verinurad is in the systemic circulation,
formation of acylglucuronide metabolites may also occur in the kidney
in addition to the liver. Interestingly, the pharmacokinetic data indicated
that formation of M1 and M8 was rapid as T, was reached within an
hour.

The disposition of verinurad involved drug transporters (unpublished
data), namely, active uptake transporters in the liver (OATP1B3) and
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TABLE 4

Summary of pharmacokinetic parameters (geometric mean, confidence interval 95%) for M1 and M8

Analyte Tonax” Cinax AUCjq5 AUC.. ti CLio 96 n
h ng/ml ng-h/ml ng-h/ml h ml/min
M1 (N =38) 0.5 189 287 290 12.9 224
(0.50-0.75) (112-320) (182-452) (185-455) (10.2-16.4) (182-276)
MI-to-verinurad ratio — 0.786 1.01 0.997 — —
(0.606-1.02) (0.769-1.34) (0.761-1.31)
M1 -to-total radioactivity ratio — 0.550 0.340 0.321 — —
(0.428-0.705) (0.252-0.459) (0.238-0.432)
M8 (N =38) 0.75 120 273 283 18.1 338
(0.50-0.75) (102-142) (227-329) (235-342) (12.4-26.5) (286-399)
MS8-to-verinurad ratio — 0.485 0.936 0.943 — —
(0.381-0.617) (0.769-1.14) (0.777-1.14)
MS8-to-total radioactivity ratio — 0.350 0.324 0.313 — —
(0.282-0.433) (0.290-0.361) (0.279-0.351)

AUC.,, area under the plasma concentration-time curve from zero to infinity; (t;,, half-life;
“Timax is expressed as median (range).
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Fig. 7. Inhibition of M4 formation in HLM by specific chemical inhibitors of
CYP3A4 (ketoconazole) and CYP2C9 (sulfaphenazole).

kidney (OAT1/3), however, the data was inconclusive for OATP1A2
(GI tract). Verinurad has high permeability, so uptake across various
organs involves both passive and active mechanisms. The disposition of
verinurad and its acylglucuronide metabolites in the liver appeared to be
dependent on both transport and metabolism involving enterohepatic
recycling. This was evident by the lack of M1 and M8 in the feces, which
suggested efficient hydrolysis by B-glucuronidase in the intestine
releasing the aglycone for reabsorption to the systemic circulation.
Enterohepatic recirculation was also evident by the secondary verinurad
peak at 6 hours postdose (Fig. 3), which was consistent with the ex vivo
findings that verinurad exhibited colonic absorption (unpublished data).
Furthermore, studies conducted in bile duct-cannulated (BDC) rats also
indicated enterohepatic recycling. In male BDC rats dosed with ['*C]-
verinurad (10 mg/kg, oral), ~79% of the radiolabeled material,
predominately M1, was eliminated in the bile (within 24 hours) and
~4%-11% was recovered in urine and feces. The bile collected from
these animals (consisting mainly of M1) was then dosed via intra-
duodenal infusion to a different group of rats; verinurad was the only
component in the feces, indicating that M1 was converted efficiently to
the aglycone in the GI tract (unpublished data).

The efflux of hepatic acylgluronides across the sinusoidal membrane
to the systemic circulation may be another mechanism followed by renal
elimination, as the acyl glucuronides were detected in the urine but not
the feces. In addition, the low fraction of verinurad excreted unchanged
in the urine may be the result of kidney metabolism by UGTs, CYP3AS
and CYP2CS8 though the expression level of CYP2C8 is not clear
(Bieche et al., 2007). The excretion of M1 and M8 in the urine may be
attributed in part (minor) to kidney metabolism in addition to hepatic
metabolism (Nakamura et al., 2008; Knights et al., 2013). The renal
clearance (CL;o_96 houry Of M1 and M8 of 224 and 338 ml/min,
respectively, were both greater than the glomerulus filtration rate,
indicating active efflux. Both M1 and M8 are substrates for MRP2 and
MRP4 (data not shown) consistent with the active renal clearance.

Although M1 and M8 circulate in plasma at approximately 1:1 with
verinurad, they are not pharmacologically active toward URAT]I.
Consequently, no further absorption, distribution, metabolism, and
excretion characterization was performed from a substrate perspective
but additional P450 and transporter inhibition studies will be conducted
in the future. Although rat and dog do not make appreciable levels of M8
(unpublished data), this metabolite was present in rabbits and monkeys,
providing the preclinical toxicology coverage required to support
clinical studies.
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Fig. 8. Formation of M1 (A) and M8 (B) metabolites by recombinant glucuronyl
transferases. Data are mean (£S.D.) of triplicate samples.

Acylglucuronides have been implicated in idiosyncratic drug toxicity
due to their reactivity toward macromolecules (Smith et al., 1990). The
buffer stability studies conducted with M1 and MS indicated that they
were stable, with half-life values of 7.65 and 3.51 hours, respectively. As
per Sawamura et al. (2010), acylglucuronides exhibiting or exceeding a
half-life of 3.6 hours in potassium phosphate buffer have a low risk of
chemical instability. The half-life of M1 was well above this safe-drug
criterion, but the half-life of M8 was similar to the criterion. The absence
of an alpha hydrogen next to the carboxyl group in M1 or M8 can further
reduce the reactivity of M1 or MS, thereby reducing the risk of
idiosyncratic toxicity (Wang et al., 2004). Thus, the chemical stability
data and the lack of an alpha hydrogen suggest a relatively low risk that
M1 or M8 may cause idiosyncratic drug toxicity. This result was
consistent with covalent binding studies performed in human hepato-
cytes, as the 10-mg clinical dose of verinurad fell within the safe zone
(Nakayama et al., 2009) (data not shown). To date, hepatotoxicity
observations related to verinurad have not been detected in clinical
studies.

The potential for co-medications to clinically affect the pharmacoki-
netics of verinurad is low due to the involvement of several enzymes,
CYP3A and UGTs. From the in vitro and in vivo investigations,
glucuronidation may be the predominant pathway, however, a clinical
study is needed to confirm this hypothesis. The clinical approach to
deduce the dominant pathway maybe to conduct a CYP3A inhibition
study as it may be difficult to inhibit all the UGT enzymes. To date, a
medication known to broadly inhibit UGTs is not available. In general,
UGTs are known to be high capacity enzymes with high Km values
(> 10 uM) (Kaivosaari et al., 2011) which further suggest that it may be
difficult to fully inhibit UGT mediated pathways. Thus, it is unlikely that

€202 ‘TS Yo\ Uo Sfeulnor | 34SY e Bio'seuinoiadsepwip wol papeojumoq


http://dmd.aspetjournals.org/

Verinurad Human Metabolism

a co-medication can alter the metabolic disposition of verinurad due to
the multiple pathways of elimination.

In conclusion, a single 10-mg dose of verinurad was safe and well
tolerated in healthy male subjects. The human disposition of verinurad is
predominantly via metabolism, although transporters also contribute.
The metabolism of verinurad was primarily via UGTs and CYP3A4.
Two acyl glucuronide metabolites (M1 and M8) circulate in concentra-
tions equimolar to verinurad but lack efficacy toward URATI.
Furthermore, these acylglucuronides were characterized as being stable
with low reactivity and low potential for idiosyncratic toxicity.

Acknowledgments

This study was funded by Ardea Biosciences, Inc., a member of the
AstraZeneca Group. The authors thank Barbara Nelson of Ardea Biosciences
for her contributions in editing the manuscript.

Authorship Contributions

Participated in research design: Yang, Shen, Hall, Gillen.

Conducted experiments: Yang, Shah, Wilson, Ostertag.

Contributed new reagents or analytic tools: Girardet.

Performed data analysis: Lee, Yang, Shah, Shen, Wilson, Ostertag, Hall,
Gillen.

Wrote or contributed to the writing of the manuscript: Lee, Yang, Shen,
Shah, Wilson, Ostertag, Gillen, Girardet.

References

Bardin T, Keenan R, Khanna P, Kopicko J, Fung M, Bhakta N, Adler S, Storgard C, Baumgartner
S, and So A (2015) Lesinurad, a selective uric acid reabsorption inhibitor, in combination with
allopurinol: results from a phase III study in gout patients having an inadequate response to
standard of care (CLEAR 2). Ann Rheum Dis 74:545.

Bardin T and Richette P (2014) Definition of hyperuricemia and gouty conditions. Curr Opin
Rheumatol 26:186-191.

Becker M, Fitz-Patrick D, Choi H, Dalbeth N, Storgard C, Cravets M, and Baumgartner S (2015)
An open-label, 6 month study of allopurinol safety in gout: the LASSO study. Semin Arthritis
Rheum 45:174-183.

Becker MA, Schumacher HR, Jr, Wortmann RL, MacDonald PA, Eustace D, Palo WA, Streit J,
and Joseph-Ridge N (2005) Febuxostat compared with allopurinol in patients with hyperuricemia
and gout. N Engl J Med 353:2450-2461.

Bhole V, de Vera M, Rahman MM, Krishnan E, and Choi H (2010) Epidemiology of gout in
women: fifty-two-year followup of a prospective cohort. Arthritis Rheum 62:1069-1076.

Biéche I, Narjoz C, Asselah T, Vacher S, Marcellin P, Lidereau R, Beaune P, and de Waziers I
(2007) Reverse transcriptase-PCR quantification of mRNA levels from cytochrome (CYP)1,
CYP2 and CYP3 families in 22 different human tissues. Pharmacogenet Genomics 17:731-742.

Diaz-Torné C, Perez-Herrero N, and Perez-Ruiz F (2015) New medications in development for the
treatment of hyperuricemia of gout. Curr Opin Rheumatol 27:164—169.

Girardet JL and Miner J (2014) Urate crystal deposition disease and gout - new therapies for an old
problem - Chapter 11. Annu Rep Med Chem 49:151-164.

Heap G and Sosa MP (2012) Gout chart audit. BioTrends Research Group and Decision Resources
Group.

Johnson EF and Stout CD (2005) Structural diversity of human xenobiotic-metabolizing cyto-
chrome P450 monooxygenases. Biochem Biophys Res Commun 338:331-336.

Kaivosaari S, Finel M, and Koskinen M (2011) N-glucuronidation of drugs and other xenobiotics
by human and animal UDP-glucuronosyltransferases. Xenobiotica 41:652-669.

Knights KM, Rowland A, and Miners JO (2013) Renal drug metabolism in humans: the
potential for drug-endobiotic interactions involving cytochrome P450 (CYP) and UDP-
glucuronosyltransferase (UGT). Br J Clin Pharmacol 76:587-602.

541

Ma Y, Fu Y, Khojasteh SC, Dalvie D, and Zhang D (2017) Glucuronides as potential anionic
substrates of human cytochrome P450 2C8 (CYP2C8). J Med Chem 60:8691-8705.

Mikuls TR, Farrar JT, Bilker WB, Fernandes S, Schumacher HR, Jr, and Saag KG (2005) Gout
epidemiology: results from the UK General Practice Research Database, 1990-1999. Ann Rheum
Dis 64:267-272.

Nakamura A, Nakajima M, Yamanaka H, Fujiwara R, and Yokoi T (2008) Expression of UGT1A
and UGT2B mRNA in human normal tissues and various cell lines. Drug Metab Dispos 36:
1461-1464.

Nakayama S, Atsumi R, Takakusa H, Kobayashi Y, Kurihara A, Nagai Y, Nakai D, and Okazaki O
(2009) A zone classification system for risk assessment of idiosyncratic drug toxicity using daily
dose and covalent binding. Drug Metab Dispos 37:1970-1977.

Ouk S, Gunic E, and Vernier J (2013) inventors. Thioacetate compounds, compositions and
methods of use. U.S. patent 8,541,589 B2. 2013 Sep 24.

Perez-Ruiz F, Sundy J, Krishnan E, Hingorani V, Welp J, Suster M, Manhard K, Shen Z, Yeh L-T,
and Quart B; (2011) Efficacy and safety of lesinurad (RDEA594), a novel uricosuric agent, given
in combination with allopurinol in allopurinol-refractory gout patients: randomized, double-
blind, placebo-controlled, phase 2B study. Ann Rheum Dis 70:104.

Perez-Ruiz F, Sundy JS, Miner JN, Cravets M, and Storgard C; RDEA594-203 Study Group
(2016) Lesinurad in combination with allopurinol: results of a phase 2, randomised, double-blind
study in patients with gout with an inadequate response to allopurinol. Ann Rheum Dis 75:
1074-1080.

Ridderstrom M, Zamora I, Fjellstrém O, and Andersson TB (2001) Analysis of selective regions in
the active sites of human cytochromes P450, 2C8, 2C9, 2C18, and 2C19 homology models using
GRID/CPCA. J Med Chem 44:4072—4081.

Saag K, Adler S, Bhakta N, Fung M, Kopicko J, Storgard C, and Bardin T (2014) Lesinurad, a
novel selective uric acid reabsorption inhibitor, in two phase III clinical trials: Combination study
of lesinurad in allopurinol standard of care inadequate responders (CLEAR 1 and 2). Presented at
2014 ACR/ARHP Annual Meeting; November 14-19, 2014; Boston, MA. American College of
Rheumatology, Atlanta, GA.

Saag K, Fitz-Patrick D, Kopicko J, Fung M, Bhakta N, Adler S, Storgard C, Baumgartner S,
and Becker M (2015) Lesinurad, a selective uric acid reabsorption inhibitor, in combination with
allopurinol: results from a phase III study in gout patients having an inadequate response to
tandard of care (CLEAR 1). Ann Rheum Dis 74:540.

Schoch GA, Yano JK, Wester MR, Griffin KJ, Stout CD, and Johnson EF (2004) Structure of
human microsomal cytochrome P450 2C8. Evidence for a peripheral fatty acid binding site. J
Biol Chem 279:9497-9503.

Shen Z, Gillen M, Miner JN, Bucci G, Wilson DM, and Hall JW (2017) Pharmacokinetics,
pharmacodynamics, and tolerability of verinurad, a selective uric acid reabsorption inhibitor, in
healthy adult male subjects. Drug Des Devel Ther 11:2077-2086.

Shen Z, Yeh L, Kerr B, Hingorani V, Polvent E, Suster M, Sheedy B, Miner JN, Nguyen M, Zhou
D, et al. (2011) RDEA594, a novel uricosuric agent, shows significant additive activity in
combination with allopurinol in gout patients. Clin Pharmacol Ther 89 (Suppl 1):S93.

Singh JA, Akhras KS, and Shiozawa A (2015) Comparative effectiveness of urate lowering with
febuxostat versus allopurinol in gout: analyses from large U.S. managed care cohort. Arthritis
Res Ther 17:120.

Smith PC, Benet LZ, and McDonagh AF (1990) Covalent binding of zomepirac glucuronide to
proteins: evidence for a Schiff base mechanism. Drug Metab Dispos 18:639-644.

Sawamura R, Okudaira N, Watanabe K, Murai T, Kobayashi Y, Tachibana M, Ohnuki T, Masuda
K, Honma H, Kurihara A, and Okazaki O (2010) Predictability of idiosyncratic drug toxicity risk
for carboxylic acid-containing drugs based on the chemical stability of acyl glucuronide. Drug
Metab Dispos 38:1857-64.

Tan PK, Hyndman D, Liu S, Quart BD, and Miner JN (2011) Lesinurad (RDEAS594), a novel
investigational uricosuric agent for hyperuricemia and gout, blocks transport of uric acid induced
by hydrochlorothiazide. Ann Rheum Dis 70:187.

Tan PK, Liu S, Gunic E, and Miner JN (2017) Discovery and characterization of verinurad, a potent
and specific inhibitor of URAT1 for the treatment of hyperuricemia and gout. Sci Rep 7:665.
Wang J, Davis M, Li F, Azam F, Scatina J, and Talaat R (2004) A novel approach for predicting
acyl glucuronide reactivity via Schiff base formation: development of rapidly formed peptide

adducts for LC/MS/MS measurements. Chem Res Toxicol 17:1206-1216.

Zhu Y, Pandya BJ, and Choi HK(2011) Prevalence of gout and hyperuricemia in the US general
population: the National Health and Nutrition Examination Survey 2007-2008. Arthritis Rheum
63:3136-3141.

Address correspondence to: Dr. Caroline A. Lee, Ardea Biosciences, Inc., 9390 Towne
Centre Drive, San Diego, CA 92121. E-mail: dmpksolutions.clee@gmail.com

€202 ‘TS Yo\ Uo Sfeulnor | 34SY e Bio'seusnoiadsepwip wioly papeojumoq


mailto:dmpksolutions.clee@gmail.com
http://dmd.aspetjournals.org/

