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1 Executive Summary

1.1. Product Introduction

The applicant, Ardea Biosciences, Inc., submitted a new drug application (NDA) 209203 for the
lesinurad/allopurinol 200/200 and 200/300 fixed-dose combination (FDC) tablets to be taken
once daily for the treatment of hyperuricemia associated with gout in patients who have not
achieved target serum uric acid (sUA) levels with allopurinol alone. This is a new drug
application (NDA) for Duzallo, a proposed lesinurad/allopurinol fixed-dose combination (FDC)
tablet comprised of two currently approved oral products at doses that are within the
recommended dosing limits for both products:

e Lesinurad is a URAT1 inhibitor that decreases reabsorption of uric acid from the renal
proximal tubule by inhibiting the function of carrier proteins that transport uric acid.
URAT1 is responsible for the majority of the reabsorption of filtered uric acid from the
renal tubular lumen. Lesinurad has been approved in the United Sates (US) since 2015
under NDA 207988 for the treatment of hyperuricemia associated with gout in patients
who have not achieved target serum uric acid (sUA) levels with a xanthine oxidase
inhibitor alone.

e Allopurinol is an inhibitor of xanthine oxidase, the enzyme responsible for the
conversion of hypoxanthine to xanthine and of xanthine to uric acid. Allopurinol
monocomponent has been approved in the United Sates since 1966 for the
management of patients with signs and symptoms of primary or secondary gout (i.e.,
acute attacks, tophi, joint destruction, uric acid lithiasis, and/or nephropathy).

The FDC'’s proposed indication of hyperuricemia associated with gout in patients who have not
achieved target serum uric acid levels with allopurinol alone is consistent with the approved
indication for lesinurad. The Applicant states that they have developed these fixed dose
combination tablets to mitigate the renal safety risk associated with lesinurad monotherapy,
and has submitted this 505(b)(2) application which cross-references data reviewed previously in
support of NDA 207988 Lesinurad (Zurampic) and the previous findings of safety and
effectiveness of allopurinol (Zyloprim NDA 16084, and Aloprim, NDA 20298).

1.2. Conclusions on the Substantial Evidence of Effectiveness
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The efficacy and safety data in support of this 505(b)(2) application for these proposed FDC tablets containing 200 mg/200 mg and
200 mg /300 mg of lesinurad and allopurinol, respectively, are derived from clinical studies reviewed previously in support of NDA
207988 lesinurad (Zurampic), where the addition of lesinurad monocomponent to medically appropriate doses of allopurinol was
shown to have additional benefit over that of allopurinol alone for the reduction of serum uric acid in the intended patient
population.

As the to-be marketed combination was not studied in these studies, the Applicant conducted a bioavailability/bioequivalence study
RDEA594-501 (study 501) to provide the necessary pharmacokinetic data in support of a bridge between the combination of the
monocomponents used in the clinical studies supporting NDA 207988 to the to-be-marketed lesinurad/allopurinol FDC. In that
study, bioequivalence (BE) of the 200/300 FDC tablet to the coadministered single agents at corresponding doses was demonstrated.
The 90% confidence intervals (Cls) for the geometric least squares mean ratios of AUC,s;, AUC., and Cp,. for lesinurad, allopurinol
and oxypurinol, were within the conventional BE limits of 0.80 to 1.25 for the 200/300 FDC tablet. The 200/200 FDC tablet strength
was evaluated and met BE criteria with respect to all 3 PK parameters for all 3 analytes, with the exception of allopurinol C,,y; the
upper limit of the 90% Cl (1.28) was outside of the conventional BE limits. The efficacy and safety of allopurinol is primarily driven by
oxypurinol as a result of its activity and longer elimination half-life compared to allopurinol (Zyloprim). Since oxypurinol PK
parameters met the BE criteria, the observed differences in allopurinol C.x are not expected to affect the safety and efficacy profile
of the FDC. These BE results were confirmed by in-house analysis and found to be acceptable from clinical pharmacology
perspective. Overall, the results for both FDC tablet strengths fulfill the criteria to support the PK bridge between the
lesinurad/allopurinol FDC product and coadministered lesinurad and allopurinol tablets in the fasted state.

In the same study, the effect of food on lesinurad and allopurinol PK was evaluated at the highest strength of 200/300 for the
proposed FDC product. Lesinurad, allopurinol, and oxypurinol AUC, and oxypurinol Cy.x, Were similar in the fed (high-fat, high-
calorie) and fasted states following administration of the 200/300 FDC tablet, whereas C.x for lesinurad and allopurinol was
reduced (by 46% and 18%, respectively) and Trax Was extended following administration with food. The food effect observed with
the approved lesinurad formulation was lower and only 18% reduction in Cn,., Was observed (NDA 207988). To support the
conclusion that the observed PK differences for the FDC in the fed state were not clinically meaningful the following analysis were
submitted by the Applicant:
1. Plasma uric acid (pUA) concentration-time profile were evaluated following administration of the 200/300 FDC tablet in
fasted and fed state demonstrating that pUA reductions was similar with and without food, indicating that the
pharmacodynamics (PD) performance of the FDC was not affected by the C.ax reductions in the healthy subjects.
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2. A PK/PD model was developed by the Applicant to characterize the physiologic turnover of uric acid, including its production
and clearance. Model validation was performed using the phase 3 studies for lesinurad development program from NDA
207988. Simulations for sUA lowering in various PK scenarios were performed using hyperuricemic patient characteristics for
the proposed FDC product. The simulation results showed that steady-state lowering of sUA was not impacted by the PK
differences observed for the lesinurad/ allopurinol FDC in the fed state in the hyperuricemic patients.

The PK/PD simulations were confirmed in-house and additional sensitivity analysis was performed to validate the model. The Office
of Clinical Pharmacology senior leadership team concurred with the review team’s assessment that food did not have a clinically
meaningful effect on lesinurad, allopurinol and oxypurinol exposure from the 200/300 FDC tablet. Further, the observed clinical
pharmacology differences are not likely to negatively impact safety.

The NDA also provides labeling consistent with the Pregnancy and Lactation Labeling Rule (PLLR).

1.3. Benefit-Risk Assessment

The efficacy and safety data supporting the favorable risk-benefit profile of the proposed fixed-dose combination tablets containing 200
mg/200 mg and 200 mg /300 mg of lesinurad and allopurinol, respectively, are derived from clinical studies reviewed previously in support of
NDA 207988 lesinurad (Zurampic), where the addition of lesinurad monocomponent to medically appropriate doses of allopurinol was shown
to have additional benefit over that of allopurinol alone for the reduction of serum uric acid in the intended patient population. The relevance
of these data to the proposed to-be-marketed fixed-dose combination tablets of Duzallo is supported by the bioequivalence (BE) of the FDC
tablet to the coadministered single agents at corresponding doses. Of note, administering Duzallo with food may result in reduced Cp,.x of
lesinurad by approximately 46% and extended T,.x. However, the Applicant has provided data and results from modeling and simulation to
support that the differences in Chax do not impact the pharmacodynamic effects of lesinurad in healthy subjects and treatment naive or
treatment-exposed hyperuricemic gout patients. Further, the observed clinical pharmacology differences observed in fed state are not likely to
negatively impact safety. Thus, the overall risk-benefit profile of the to-be-marketed Duzallo tablets remains favorable.
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2 Therapeutic Context

2.1. Analysis of Condition

Gout is a metabolic disorder characterized by reduced clearance or overproduction of uric acid
leading to hyperuricemia, which in turn can result in monosodium urate (MSU) crystal
formation around the joints and soft tissues, urate nephropathy, and nephrolithiasis. The
prevalence of gout has been increasing over the past few decades, and has been recently
estimated to affect approximately 3.9% of adults in the United States (8.3 million)*. The
condition affects primarily middle-aged and older men and post-menopausal women. Obesity,
hyperlipidemia, diabetes, hypertension, chronic renal insufficiency, metabolic syndrome, and
cardiovascular disease are frequent comorbidities in patients with gout.

The course of gout is characterized by acute attacks of gouty arthritis alternating with attack-
free periods of intercritical gout. A typical course of gouty arthritis attack (or gout flare) is
characterized by acute inflammation of the affected joint and surrounding tissues associated
with often excruciating pain, tenderness, erythema, and swelling. If left untreated, the acute
inflammatory episode is self-limited, typically peaking within 24-48 hours and eventually
subsiding within 7-10 days. Treatment of acute attacks utilizes anti-inflammatory treatment of
various mechanisms, such as colchicine, nonsteroidal anti-inflammatory drugs (NSAIDS), or
corticosteroids. It is common practice to use an agent to help reduce the frequency and
severity of acute gout attacks, for which a patient is at increased risk during initiation of uric-
acid lowering therapies. To this end, maintenance doses of either colchicine or an NSAID are
continued as prophylaxis against gout flares; typically until the serum uric acid level has been
maintained within the target range and there have been no acute attacks for 3 to 6 months.

The chronic management of gout is founded upon control of hyperuricemia, as only this
approach treats the underlying pathology of the disorder. The mechanistic approaches to
lowering serum uric acid (sUA) include:

e Lowering uric acid production. This is currently the most common approach to
treatment, via xanthine oxidase inhibitors, i.e., allopurinol and febuxostat.

e Increasing urinary uric acid excretion (uricosurics). Uricosurics such as probenecid and
lesinurad inhibit active renal reabsorption of uric acid through urate transporters in
proximal tubule epithelial cells (predominantly URAT1), resulting in increased urinary
uric acid excretion.

e Direct enzymatic breakdown of uric acid. Because humans do not possess an
endogenous uricase, drugs such as pegloticase and rasburicase are derived from foreign

' Zhuy, Pandya BJ, Choi HK, “Prevalence of gout and hyperuricemia in the US general population: the National
Health and Nutrition Examination Survey 2007-2008.” Arthritis Rheum 2011; 63:3136-3141.
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proteins, and their use is limited by immunogenicity. Uricase breaks down uric acid into
the much more soluble allantoin, which can then be excreted in the urine.

2.2. Analysis of Current Treatment Options

Table 1 lists the currently approved small molecule products as well as therapeutic biologic
treatments for the management of hyperuricemia.

Table 1: Treatments for the Management of Hyperuricemia

Product | Year of Approval | Indication

Xanthine Oxidase Inhibitors (XOls)

Management of patients with signs and symptoms of primary

Allopurinol 1966 or secondary gout (i.e., acute attacks, tophi, joint destruction,
uric acid lithiasis, and/or nephropathy)
Febuxostat 2009 Chronic management of hyperuricemia in patients with gout

Uricosuric Agents1

Treatment of the hyperuricemia associated with gout and

Probenecid 1951 gouty arthritis
1959 . " . .
. Treatment of chronic gouty arthritis and intermittent gouty
Sulfinpyrazone (Removed from

market 2002) arthritis

Treatment of hyperuricemia associated with gout in patients
Lesinurad 2015 who have not achieved target serum uric acid (sUA) levels with
a xanthine oxidase inhibitor alone

Uricase
Initial management of plasma uric acid levels in pediatric
patients with leukemia, lymphoma, and sold tumor

Rasburicase 2002 malignancies who are receiving anti-cancer therapy expected
to result in tumor lysis and subsequent elevation of plasma uric
acid

Pegloticase 2010 Treatment of chronic gout in adult patients refractory to

conventional therapy

"Benzbromarone is a uricosuric agent that was never marketed in the U.S. but is available in other countries.

Benzbromarone, sulfinpyrazone, probenecid and lesinurad comprise the uricosuric class of
drugs which can be used in patients who are underexcretors of urate. Probenecid and lesinurad
are the only uricosuric currently available in the U.S. Like lesinurad, probenecid also interferes
with renal absorption of uric acid by inhibiting URAT1. Probenecid also inhibits OAT1 and
OAT3, as well as GLUT9. Based in part on concerns regarding urolithiasis and decreased
efficacy in patients with creatinine clearance below 50 ml/min, American College of
Rheumatology treatment guidelines include caveats such as not using uricosurics in patients
with urolithiasis or in patients with a creatinine clearance below 50 ml/min, or in patients with
elevated urine uric acid. The guidelines also recommend monitoring of urinary uric acid during
therapy, and considering urine alkalinization and increasing fluid intake. In order to minimize
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the risk of nephrotoxicity associated with lesinurad, patients prescribed this drug also need to
take it with a concomitant xanthine oxidase inhibitor.

The xanthine oxidase inhibitors (XOl), allopurinol and febuxostat, are the agents most
commonly used as first-line urate lowering therapy in patients with gout and in those with a
history of nephrolithiasis (renal stones). The effectiveness of allopurinol is limited by a number
of issues including the need to use lower doses in patients with renal insufficiency, and an
adverse event profile that includes gastrointestinal, hepatic, renal, hematological and skin
toxicities that occur in approximately 20% of patients who take this drug. In addition,
hypersensitivity reactions occur in 2-4% of patients that in some instances have been fatal.
Febuxostat’s safety profile is similar to that of allopurinol but it does not require renal
adjustment in dosing in patients with a creatinine clearance > 30 ml/minute. However, its
current label carries warnings for both cardiovascular events and hepatotoxicity some of which
have resulted in fatalities. Benzbromarone, sulfinpyrazone and probenecid comprise the
uricosuric class of drugs which can be used in patients who are underexcretors of urate.
Uricosuric agents are used as second-line therapy since their usefulness is limited by the risk for
developing urate renal stones and crystalluria in patients who are overexcretors of urate, have
decreased renal function (creatinine clearance of <50 mg/minute), and/or are not well hydrated
to support good urine flow. Pegloticase is a pegylated formulation of recombinant. @
urate oxidase that is administered intravenously. It is reserved as tertiary therapy as a
treatment for patients with ®® sout who are refractory to conventional
therapy. The effectiveness of this therapeutic biologic is limited by the development of
neutralizing antibodies and the occurrence of infusion reactions and anaphylaxis which requires
patients to be premedicated prior to its administration. Additionally, patients with underlying
congestive heart failure have to be monitored for exacerbations post-administration of
pegloticase.
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3 Regulatory Background

3.1. U.S. Regulatory Actions and Marketing History

Lesinurad is an approved URAT1 inhibitor that is available and marketed in the U.S. (since 2015)
and in Australia and the European Union (as of August 2016) as 200 mg-strength tablets when
administered in combination with a xanthine oxidase inhibitor (XOlI) for the treatment of
hyperuricemia associated with gout inpatients who have not achieved target serum uric acid
levels with a XOl alone. As a result of a nephrotoxicity safety signal, leinurad’s USPI contains a
box Warning regarding the risk for acute renal failure to occur particularly when this drug is
administered as monotherapy. It also contains a Warnings and Precautions statement for
monitoring renal function particularly in patients with eCLer below 60 ml/min and evaluate for
signs and symptoms of acute uric acid nephropathy.

Allopurinol (Zyloprim®) is an approved XOI that is available as 100 mg and 200 mg tablets that
has been marketed in this country since 1966 and is available generically for the management
of patients with signs and symptoms of primary or secondary gout (i.e., acute attacks, tophi,
joint destruction, uric acid lithiasis, and/or nephropathy) at daily doses of up to 800 mg. The
USPI for Zyloprim® contains a number of Warning statements including one for severe skin
hypersensitivity reactions for which patients with decreased renal function are at an increased
risk. It also contains numerous Precaution statements including ones for rising BUNs during
initiation of therapy and renal failure particularly in patients with pre-existing renal disease or
poor urate clearance. There is a labeling recommendation to healthcare providers to start with
a lower dose of Zyloprim® in these patients in order to minimize the safety risk associated with
the prolong half-life of its active metabolite, oxypurinol.

In order to mitigate the renal safety risk associated with lesinurad monotherapy, the Applicant
is proposing fixed dose combination (FDC) tablets containing 200 mg/200 mg and 200 mg/300
mg of lesinurad/allopurinol , respectively, as per the FDA’s Combination Rule (21 CFR §300.50)
and has submitted this 505(b)(2) application which cross-references data reviewed previously in
support of NDA 207988 Lesinurad (Zurampic®).

3.2. Summary of Presubmission/Submission Regulatory Activity

In lieu of a face-to-face pre-IND meeting, written responses dated June 24, 2013 were shared
with the Applicant that contain feedback comments regarding their proposed clinical
development plans for fixed dose combination tablets containing the urate lowering agents,
lesinurad and allopurinol, and applicability of the Combination Rule (21 CFR §300.50).

On Sept. 3, 2015, IND 119031 for lesinurad/allopurinol FDC tablets for use in the, @@
treatment of hyperuricemia associated with gout was opened by the Applicant.
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e The opening study was RDEA594-501 which was a phase 1,
bioavailability/bioequivalency, single-dose, cross-over pharmacokinetic (PK) study of
lesinurad 200mg/allopurinol 300 mg tablets in healthy volunteers

At a Type C meeting held on January 13, 2016, the following items summarize agreements
reached between the Applicant and the Division regarding the FDC lesinurad/allopurinol tablets
clinical development program:
e Acceptability of LES200mg/ALLO300mg and LES200mg/ALLO200 mg FDC proportional
similarity
. ®® for LES200mg/ALLO200mg FDC strength
e Stability package for FDC non-functional coating change

An End-of-Phase 2 (EOP2) meeting with the Applicant was held on May 6, 2016. Agreements
and discussion of key clinical and regulatory issues at that time included:
e Feedback on proposed in vitro dissolution test method
e Agreement on clinical package to support bridge for FDC to lesinurad and allopurinol
monocomponents

A pre-NDA meeting was held on August 30, 2016. The following items summarize the
understandings reached between the Applicant and the Division:

¢ Information to be contained in the FDC USPI

e Clinical data set information

e Formatting and technical issues related to application
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4 Significant Issues from Other Review Disciplines Pertinent to Clinical
Conclusions on Efficacy and Safety

4.1. Office of Scientific Investigations (OSI)

Since clinical site inspections and an audit of the Applicant were conducted in support of NDA
207988 Lesinurad (Zurampic®), no additional inspections were required for this application.

4.2. Product Quality
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Novel excipients: No
Any impurity of concern: No

The tablet drug product is a fixed dose combination of lesinurad, a URAT1 inhibitor, and
allopurinol, a xanthine oxidase inhibitor (XOl), and is indicated for the ®@treatment of
hyperuricemia associated with gout in patients who have not achieved target serum uric acid
(sUA) levels with allopurinol alone.

The lesinurad drug substance information for this application was provided by reference to the
applicant’s approved NDA 207988 for lesinurad tablets. Information for the allopurinol was
provided by letter authorization to allow reference to ®@ tvpe Il
DMF @@ Refer to the reviews for those documents for information about the CMC for the
two drug substances.

Lesinurad is a BCS class Il compound and allopurinol is a BCS class IV compound. PSD for
Allopurinol is controlled at D(v,0.5) NMT E'Zimicrons, and PSD for Lesinurad is controlled at NMT

b . . . b b
G microns. Lesinurad is reported to possess two known ®@ crystal forms Gl

polymorphs), and other B

The applicant supports two fixed-dose combinations (FDC) of 200/200 mg and 200/300 mg of
lesinurad/allopurinol. These are light and dark orange debossed film coated tablets,
respectively. The tablets include lactose, cellulose, hypromellose, crospovidone, and
magnesium stearate as excipients. In both formulations, the % w/w for both APIs is greater
EZ;%, thus achieving content uniformity is not difficult. This combination lesinurad/allopurinol
tablet meets all of the quality standards targeted for it in its specification. The two different
strengths are easily distinguished. The strengths of the two actives are well controlled, as are
the excipients. The finished product in the commercial container-closure is stable enough to
meet its specification at 24 months.

The drug product manufacturing process includes BN

The range of ®@ hatch size is approximately Ll
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The proposed dissolution method, discriminating ability of the method, dissolution acceptance
criterion, dissolution analytical method, PBPK modeling and simulation in support of the
proposed PSD of both drugs and wider dissolution acceptance criterion for lesinurad, in vitro
bridging for change in non-functional film coating for the proposed FDC IR tablet, were
reviewed in detail and were found to be adequate. The Applicant adequately responded to the
two biopharmaceutics information requests and PBPK questions discussed during the
teleconference on 06-JUL-2017. It should be noted that although the proposed PBPK model is
considered adequate for supporting PSD of drugs and wider dissolution acceptance criterion for
lesinurad, further refinement of this model would be required if it were later proposed to
broaden its application for lifecycle management (see letter to the applicant dated 20-JUL-
2017).

There are five facilities associated with drug substance manufacture and three supporting drug
product manufacture. The facilities team has found these to be adequate after a review of
application and inspection documentation.

4.3. Clinical Microbiology

Not applicable.

4.4, Devices and Companion Diagnostic Issues

Not applicable.
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5 Nonclinical Pharmacology/Toxicology

5.1. Executive Summary

The proposed Lesinurad/Allopurinol fixed-dose combination (FDC) tablet is comprised of two
currently approved oral products at doses that are within the recommended dosing limits for
both products. Lesinurad is a URAT1 inhibitor that decreases reabsorption of uric acid from the
renal proximal tubule by inhibiting the function of carrier proteins that transport uric acid;
URAT1 is responsible for the majority of the reabsorption of filtered uric acid from the renal
tubular lumen. Allopurinol is an inhibitor of xanthine oxidase, the enzyme responsible for the
conversion of hypoxanthine to xanthine and of xanthine to uric acid. The FDC’s proposed
indication of hyperuricemia associated with gout in patients who have not achieved target
serum uric acid levels with allopurinol alone is consistent with the approved indication for
lesinurad.

There are complete nonclinical development programs for each component of the FDC, which
have been reviewed previously (See NDA Pharmacology/Toxicology reviews for NDA 207988
[Lesinurad] and NDA 20298 [Allopurinol]). The sponsor has also conducted a 13-week
lesinurad/allopurinol combination toxicology study in rats in support of the proposed FDC
under IND 119031. No new or additive toxicities were observed in this study. No additional
nonclinical studies were conducted (or required) to support approval.

The lesinurad portions of the nonclinical sections of the sponsor’s proposed drug product
labeling are considered adequate as currently presented. The Division has provided
recommended changes to the allopurinol portions of the nonclinical sections of the proposed
labeling to allow for alignment with the Pregnancy and Lactation Labeling Rule (PLLR) and
current CDER labeling practices. Resources used to complete the revised allopurinol labeling
included the following: (1) Language in the existing prescribing information for Zyloprim (oral
allopurinol) and Aloprim (IV allopurinol), (2) Pharmacology/Toxicology review for Aloprim (NDA
20298, dated 5/17/96), and (3) published scientific literature.

The NDA is recommended for approval from the nonclinical perspective.

5.2. Referenced NDAs, BLAs, DMFs
NDA Product Approval
207988 Zurampic (Lesinurad) 2015
16084* Zyloprim (Allopurinol [oral]) 1966
20298 Aloprim (Allopurinol [IV]) 1996

*The nonclinical review for NDA 20298 references the results of
studies submitted in support of NDA 16084
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5.3. Pharmacology

Primary pharmacology

Lesinurad

Lesinurad decreases the reabsorption of uric acid from the renal proximal tubule by inhibiting
the function of carrier proteins that transport uric acid. Inhibition of URAT1 and OAT4, located
on the apical surface of renal tubular epithelial cells, is likely to be principal mechanism of
action. Lesinurad inhibits transporter function with potency in the 3 =7 uM range. The
Established Pharmacological Classification (EPC) for lesinurad is URAT1 inhibitor.

Allopurinol

Allopurinol is an inhibitor of xanthine oxidase, the enzyme responsible for the conversion of
hypoxanthine to xanthine and of xanthine to uric acid, the end product of purine metabolism in
humans. Allopurinol is metabolized to the corresponding xanthine analogue, oxypurinol
(alloxanthine), which also is an inhibitor of xanthine oxidase. The Established Pharmacological
Classification (EPC) for allopurinol is xanthine oxidase inhibitor.

5.4. ADME/PK

Lesinurad

= Lesinurad was orally bioavailable in rats (73%) and monkeys (41%).

= Lesinurad percent plasma protein binding values exceeded 94% in mouse, rat, dog,
monkey, or human plasma.

e The major lesinurad metabolites, observed in humans, were also observed in at least
one nonclinical species. Metabolites M3, a hydroxylated metabolite, and M4, a
dihydrodiol, represent two disproportionate human metabolites (12.3% and 20.7% of
the initial dose). M3 is formed at low levels in both rats and monkeys, while M4 is
observed at low levels in monkeys only. The M4 metabolite was formed in humans via
an epoxide intermediate termed M3c. Epoxide functional groups were known structural
alerts for mutagenicity. M3c formation may represent a potential clinical concern given
that lesinurad was to be administered chronically. M4 was not detected in rats
suggesting that the M3c epoxide was not present at significant levels. However, cysteine
conjugates (M9a and M9b) of the M3c epoxide were detected in monkeys. Based upon
the 12-month monkey study, the human M3c metabolite, an epoxide intermediate, was
qualified for safety with respect to general toxicity. Although the metabolite was not
qualified for safety with respect to carcinogenicity, no additional nonclinical studies
were required. This conclusion was based on the consideration that it was not
technically feasible to directly administer M3c in a stand-alone carcinogenicity study due
its chemical instability. Some concern with regard to the potential carcinogenic effects
of M3c may be mitigated by its transient nature and the fact that, in humans, this
molecule is detoxified to a didhydrodiol (M4).

Allopurinol
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There is no oral pharmacokinetic data available in animals for allopurinol.

Lesinurad/allopurinol combination
= A 13 week oral combination toxicology study (Study SR11-002) was conducted in SD rats
by Ardea in support of NDA 207988 and is cross-referenced in the current NDA
application. The study was designed as follows:

Treatment group Lesinurad Allopurinol
(mg/kg) (mg/kg)
1 0 0
2 100 0
3 0 25
4 300 0
5 0 100
6 100 25
7 100 100
8 300 25
9 300 100
= Results

o PK parameters for lesinurad, allopurinol and oxypurinol (metabolite of
allopurinol that also inhibits xanthine oxidase function) were measured at days
1, 29, and 91.

o Lesinurad, allopurinol, and oxypurinol Tpax values were between 1 — 8 hrs

0 Lesinurad Cax and AUCy.4 values were not affected by allopurinol co-
administration

o 100 mg/kg allopurinol AUC,.24 values were increased by 2 — 3-fold in the
presence of 100 or 300 mg/kg lesinurad at day 91.

Allopurinol
Males Females
Lesinurad Allopurinol AUC o240 AUC o240
cmal ml cm“ mI
(me/ke) (me/kg) (ug*hr/mi) we/ml) 1 (gthe/mi) (ng/mi)

Day1l 0 25 5.51 4,08 6.96 5.80
100 25 5.57 3.33 8.16 4.61

300 25 3.33 1.71 3.99 1.21

0 100 72.7 23.2 56.9 28.1

100 100 83.9 229 105 32.0

300 100 62.9 12.5 90.9 14.3

Day 91 0 25 13.8 7.92 15.1 9.31
100 25 17.8 6.32 14.5 6.27

300 25 11.3 2.99 13.4 4.40

0 100 54.7 18.3 67.9 23.4

100 100 153 27.8 141 31.5

300 100 167 23.8 137 20.5
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= The observed increase in allopurinol exposure in the presence of lesinurad is not
considered to represent a significant clinical concern for the following reasons:

0 The existing clinical pharmacology data with the FDC has shown no such effects
of lesinurad on allopurinol exposure in humans (See Section 6: Clinical
Pharmacology).

O The clinical lesinurad/allopurinol FDC tablet contains allopurinol at a maximum
strength of 300 mg/day. This dose is well below the maximum recommended
human dose of 800 mg/day allopurinol.

0 Allopurinol exposure in patients treated with the FDC is monitorable in the
clinical setting.

5.5. Toxicology
5.5.1. General Toxicology

Lesinurad

Chronic toxicology studies conducted with oral lesinurad in rats and monkeys have been

reviewed under NDA 207988 (see nonclinical review dated 9/3/15) and are briefly summarized

below.

= Rats
0 Inthe 6 month repeat-dose rat toxicology study, animals were dosed orally with

lesinurad at 0, 10, 30, 100, 300, and 600 mg/kg/d. An interim sacrifice was
conducted at the 3 month time point. 13/60 high dose animals died within the first
3 weeks of dosing. These animals showed clear evidence of toxicity in the kidney
(single cell necrosis (minimal — mild) and tubular degeneration) and gastrointestinal
tract (single cell necrosis (minimal — moderate), congestion, and hemorrhage in
stomach, duodenum, jejunum, ileum, cecum and colon). The remaining HD animals
were euthanized on study day 23.

0 Pancreas (single cell necrosis) and stomach (erosion, hemorrhage) appeared to be
potential target organs of toxicity at the 300 mg/kg dose at the 3 month time point,
but not at the 6 month time point. Neither incidence nor severity of these findings
increased between the 3 and 6 month time points. More specifically, the findings of
pancreas single cell necrosis and stomach erosion were each limited to an incidence
of 1/14 (separate animals) with a severity grading of minimal after 6 months of
treatment.

O Indicators of potential treatment-related kidney toxicity at 300 mg/kg/d included
increased water consumption, increased urine volume (decreased ability to
concentrate urine), increased serum creatinine, and decreased BUN:creatinine ratio.
However, there was limited microscopic evidence for overt kidney pathology at
either the 3 month or 6 month time points (limited to increased incidences of
tubular dilation for males and females at 300 mg/kg/day).
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0 The no observed adverse effect level (NOAEL) was judged to be 100 mg/kg/day
based on mortality observed at the 600 mg/kg dose and histopathological findings at
300 mg/kg/day in the pancreas (single cell necrosis) and stomach (erosion,
hemorrhage) at the 3-month time point and kidneys at the 6-month time point. This
dose was associated with an AUCg_p4n of 415 pg*hr/ml.

0 The AUCq.,4 at the NOAEL provides an exposure margin of 15 relative to the clinical
exposure at the maximum recommended human dose of 200 mg/day.

=  Monkeys
0 Inthe 12 month repeat dose monkey toxicology study, animals were dosed
orally with LESINURAD at 0, 30, 100, 300, or 600 mg/kg/day. There were 5
premature deaths in HD animals (600 mg/kg/d). 4/5 deaths were due to
treatment related severe diarrhea, emesis, and decreased food consumption.

O Bile duct hyperplasia in 300 mg/kg/d males and 600 mg/kg/d M & F with
correlating increases in gamma glutamyltransferase levels in affected animals
was considered to be dose limiting. The NOAEL was judged to be 100
mg/kg/day. This dose was associated with an AUCq.,4, of 82.6 pug*hr/ml.

0 The AUCq 4 at the NOAEL provides an exposure margin of 3 relative to the
clinical exposure at the maximum recommended human dose of 200 mg/day.

Allopurinol
Based upon the 13-week toxicology study in rats, described below, the kidneys were the target
organ of toxicity.

Lesinurad + allopurinol combination

Study title/ number: RDEA 594 and Allopurinol: A 13-week repeat combination oral
dose toxicity and toxicokinetic study in Sprague-Dawley rats / SR11-002

Key Study Findings

e 100 mg/kg allopurinol AUCy.,4 values were increased by 2 — 3-fold in the
presence of 100 or 300 mg/kg lesinurad at day 91.

e There were no additive effects of combining lesinurad + allopurinol with respect
to toxicologic findings

e Observed treatment-related findings in stomach and kidney were expected
based on previous toxicology studies conducted in rats with lesinurad or
allopurinol alone.

Conducting laboratory and location: ® @
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GLP compliance: Yes

Methods
Dose and frequency of dosing:

Route of administration:
Formulation/Vehicle:

Species/Strain:
Number/Sex/Group:
Age:

Satellite groups
Unique design

Deviation from study protocol
affecting interpretation of results:

Treatment group Lesinurad Allopurinol
(mg/kg) (mg/kg)
1 0 0
2 100 0
3 0 25
4 300 0
5 0 100
6 100 25
7 100 100
8 300 25
9 300 100
Once daily dosing
Oral gavage
Lesinurad & allopurinol used the same vehicle:
(b) (4)

Rat/Sprague-Dawley [Crl: CD (SD)]

Main study: 10

7 — 8 weeks

TK animals: 6/sex/group

Complete histopathology conducted in groups 1,
4,5, and 9 only

No

Observations and Results: changes from control

| Parameters | Major findings
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Mortality

The cause of death for male #73671 was characterized by the sponsor as Renal tubular
degeneration. Observations included tubular epithelium attenuation, loss, and basophilia as well as
single cell necrosis of many tubular cells. Tubules were frequently dilated. Affected tubules were in
a diffuse zone largely in the outer stripe and continuing into the outer medulla. The observed
tubular degeneration in the current study is consistent with observations in rats treated with
lesinurad alone. The causes of death for other animals appeared to have no or questionable
relationships to treatment.

Dose Dose Sex Animal Mode of Day of
group (mg/kg/d) no. death death
7 LES 100/AL 100 M 73726 Found dead 60 Potential gavage error. Dyspnea &
convulsions ~ 1 min post dose.
Foam at the mouth & nose.
8 LES 300/AL 25 F 73825 Found dead 80 Undetermined
Mammary gland: benign
fibroadenoma
Thymus: mild hemorrhage; marked
lymphoid depletion in cortex
Spleen (white pulp): mild lymphoid
depletion
Bone marrow_sternum: mild
hypocellularity
Lymph node (mandibular,
mesenteric): lymphoid depletion;
minimal

Cause of death

Gross findings (no microscopic
correlates):
Stomach: gas filled (mild)
Ovary: diffuse gray discoloration,
mild
Uterus: diffuse gray discoloration,
Mild

8 LES 300/AL 25 M 73671 Moribund 18 Cause of death: renal tubule

sacrifice degeneration

Kidney: Renal tubule degeneration
(moderate)
Adrenal: vacuolation, mild
Pancreas: zymogen granule
depletion: minimal
Thymus: marked lymphoid
depletion- cortex
Lymph node (mandibular,
mesenteric): lymphoid depletion,
minimal

Gross findings
Stomach: gas filled (marked)
Gl tract: gas filled (marked)

Clinical
Signs

No effects of lesinurad, allopurinol, or combination

Body
Weights

No effects of lesinurad, allopurinol, or combination

Ophthalmos
copy

No effects of lesinurad, allopurinol, or combination

Hematology

No effects of lesinurad, allopurinol, or combination
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Clinical Slight increases in liver enzymes (ALT, AST, ALP) and cholesterol values were observed in HD
Chemistry Lesinurad alone treated males and females. These observations appear to generally be consistent
with the microscopic evidence of hepatocellular hypertrophy observed in HD Lesinurad treated
animals. There was not a clear increase in effect size between days 28 and 92. There was no clear
effect of allopurinol on liver enzyme levels. The increase in liver enzyme levels in HD/HD animals
appeared to be largely driven by the effects of Lesinurad alone. There was no evidence for a clear
additive effect of lesinurad + allopurinol on liver enzyme levels.
Small increases of kidney markers (BUN and creatinine) were consistent with the minimal — mild
severity of renal pathology observed in HD animals
Males Females
control  HD HD HD Control HD HD HD
ontro Les Allo Les/Allo ontro Les Allo Les/Allo
ALT (U/L) 381  +26%  -15% +8% 33.2 4%  +56% +0%
AST (U/L) 1417 +7% 9% +0% 118.7 +9%  +19% +11%
ALP (U/L) 1789  +45%  -6% +36% 84.8 +48%  +12% +41%
Day ~ CHOLESTEROL 1.47 +51%  +24% +52% 2.04 +18% 7% +10%
28 (mM)
BUN (mM) 4.88 +12% +20% +7% 6.42 -2% +1% -2%
CRE&E’;'NE 258  +31%  +6% +38% 31.7 +11%  +1% +12%
ALT (U/L) 351 +26%  +1% +23% 34.4 7% +22% 8%
AST (U/L) 1319 +5% -7% +1% 119.3 +0% +6% +0%
ALP (U/L) 842  +75%  +1% +55% 39.9 +28%  +24% +24%
Day  CHOLESTEROL 177  +55%  +5% +53% 225 +15%  -10% +19%
92 (mM)
BUN (mM) 5.86 4% +11% +6% 6.58 -8% +7% +2%
CRT;IA";INE 31.5 +24% +15% +44% 37.0 +2% +8% +16%
Urinalysis No effects of lesinurad, allopurinol, or combination
Gross Stomach: discoloration (HD/LD; HD/HD females)
Pathology Kidney: rough surface, bilateral (HD allopurinol males)
Organ Increased mean absolute liver weight in HD Lesinurad M (+14%) & F (+20%)
Weights No additive effect of Lesinurad + Allopurinol on liver weight
Histopathol | Histopathological findings attributed to lesinurad were observed in the liver (hepatocellular
ogy hypertrophy), kidneys (cysts), and glandular stomach (erosion). Findings attributed to allopurinol
were observed in the kidneys (tubular nephropathy). Hepatocellular hypertrophy is considered to
Adequate be an adaptive response to drug administration, brought about by the need for increased
battery: Yes | metabolic activity. Stomach & kidney findings were expected based on toxicology studies with

individual components of the combination. There was no evidence of additive effects with the
combination of lesinurad and allopurinol. Findings were consistent with the individual components.

Males Females
Group 1 I 2 I 3 I a [ 5 6 I 7 I 8 I 9 1 I 2 I 3 I 4 I 5 6 I 7 I 8 I 9
Individual Components Combinations (LES/Allo) Individual Components Combinations (LES/Allo)
cul L] 1] HD HD Lo/ LD/H HD/ HD/ ctr LD (1] HD HD Lo/ LD/H HD/ HD/
LES Allo LES Allo LD D D HD 1 LES Allo LES Allo D D D HD
LES/ALLO ofo 100 0/2 300 of 100 100/ 300 300/ o/ 100 0/2 300 0/1 100 100/ 300 300/
(mg/kg/day) /o 5 /o 100 /25 100 /25 100 0 /o 5 /o 00 /25 100 /25 100
LIVER
(' ined) 10 10 10 10 10 10 10 9 10 9 10 10 10 9 9 10 9 10
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Hypertrophy,
hepatocellul

ar,
centrilobular
minimal o 7 o o o 8 7 1 o o o o 2 o 2 5 3 2
mild o 3 o 9 o 2 3 8 10 o o o 8 o o o 6 8

TOTAL o 10 ] 9 o 10 10 9 10 o o o 10 o 2 5 9 10

STOMACH

= ined) 10 10 10 10 10 10 10 9 10 9 10 10 10 9 9 10 9 10

Erosion;
glandular
minimal o o o o o o o o o o 1 o 1 o o o 1

KIDNEY

™ ined) 10 10 10 10 10 10 10 9 10 9 10 10 10 9 9 10 9 10

minimal o 1 1 1 1 o 1 o o o o o 4 o o o 1 2
tubular
nephropathy

minimal o o 3 o 2 2 3 1 5 o o o o 5 o 5 1 3

mild o o o o 5 o 5 o 3 o o o o a4 o 2 o 1
moderate o o o o 3 o 2 o 1 o o o o o o o o o

TOTAL o o 3 o 10 2 10 1

w0
o
o
°
o
w
°
~
-
&

LD: low dose; MD: mid dose; HD: high dose.
-: indicates reduction in parameters compared to control.

5.5.2. Genetic Toxicology

No genetic toxicology studies were conducted with the combination of lesinurad and
allopurinol as they are not required. Studies have been conducted with its individual
components.

Lesinurad

Lesinurad tested negative in the following genotoxicity assays: the in vitro Ames assay, in vitro
chromosomal aberration assay in Chinese hamster ovary cells, and in vivo rat bone marrow
micronucleus assay (see NDA 207988 nonclinical review dated 9/3/15).

Allopurinol
Allopurinol tested negative in the following genotoxicity assays: the in vitro Ames assay, in vitro
mouse lymphoma assay, and in vivo rat bone marrow micronucleus assay (see product label).

5.5.3. Carcinogenicity

No carcinogenicity studies were conducted with the combination of lesinurad and allopurinol as
they are not required. Studies have been conducted with its individual components.

Lesinurad

The carcinogenic potential of lesinurad was evaluated in a 2-year study conducted in Sprague-
Dawley rats and a 26-week study in TgRasH2 mice. No evidence of tumorigenicity was
observed in male or female rats at oral doses up to 200 mg/kg/day (approximately 35 times the
MRHD on an AUC basis). No evidence of tumorigenicity was observed in TgRasH2 mice at oral
doses up to 125 and 250 mg/kg/day in male and female mice, respectively (see NDA 207988
nonclinical review dated 9/3/15).
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Allopurinol

The carcinogenic potential of allopurinol has been evaluated in mice and rats. No evidence of
tumorigenicity was observed in male or female mice or rats that received oral allopurinol for
the majority of their life spans (greater than 88 weeks) at doses up to 20 mg/kg/day. This dose
is equivalent to 0.3 and 0.6 times the maximum recommended human dose on a mg/m? basis in
mice and rats respectively.

5.5.4. Reproductive and Developmental Toxicology

No reproductive and developmental toxicology studies were conducted with the combination
of lesinurad and allopurinol. Studies have been conducted with its individual components.

Fertility and Early Embryonic Development

Lesinurad

Lesinurad was tested at oral doses of 0, 75, 150, and 300 mg/kg/day. Male rats were dosed for
at least 10 weeks prior to scheduled sacrifice, including 4 weeks prior to mating and throughout
the cohabitation period through the day prior to scheduled sacrifice. Female rats were dosed
for 2 weeks prior to mating and throughout the cohabitation period, and Gestation Days O
through 7.

Female rats that received oral lesinurad at 300 mg/kg/day exhibited prolonged estrous cycles
and a slight increase in mean number of days to mate, compared to the control group. In
addition, slightly decreased mean numbers of corpora lutea and implantation sites were
observed in this dose group in the presence of overt toxicity (mortality, adverse clinical signs,
and decrease in mean body weight gain and mean food consumption).

However, fertility and reproductive performance were unaffected in male or female rats that
received lesinurad at oral doses up to 300 mg/kg/day. This dose is equivalent to approximately
15 times the MRHD on a mg/m2 basis (see NDA 207988 nonclinical review dated 9/3/15).

Allopurinol

Dedicated studies evaluating the effects of allopurinol on fertility and early embryonic
development were not conducted. However, studies were conducted in rats and rabbits in
which oral allopurinol (20 mg/kg) was dosed for 6 weeks prior to mating, throughout
pregnancy, and until weaning. There was no evidence of impairment to fertility in these studies
(see product label).

Embryo-Fetal Development

Lesinurad
Rats at 300 mg/kg/day exhibited maternal toxicity, including mortality, adverse clinical signs,
decrease in mean food consumption and mean body weight gains. There were no test article-
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related effects on post-implantation loss or fetal parameters including body weight, sex ratio,
external, visceral or skeletal observations. The NOAEL for maternal toxicity was 150 mg/kg/day,
whereas the NOAEL for embryofetal developmental toxicity was 300 mg/kg/day. Thus,
lesinurad was not teratogenic in rats at oral doses up to 300 mg/kg/day.

A NOAEL for maternal toxicity in the rabbit EFD study was not identified due to mortality in all
lesinurad-dosed groups. Lesinurad was not teratogenic in rabbits at oral doses up to 75
mg/kg/day (see NDA 207988 nonclinical review dated 9/3/15).

Allopurinol

Embryofetal development studies were conducted in rats and rabbits. Females were dosed
orally from gestational days 8 — 16 at up to 200 mg/kg/d (rats) or 100 mg/kg/day (rabbits).
There was no evidence of teratogenic effects in either species (see product label).

In a published report of an embryofetal development study with pregnant mice?, single doses
of allopurinol on gestation days 10 or 13 produced significant increases in fetal deaths and
teratogenic effects (cleft palate, harelip, and digital defects) at maternal intraperitoneal doses
of 50 or 100 mg/kg. It is uncertain whether the findings in mice represented fetal effects or
effects secondary to maternal toxicity.

Gieling et al.?> examined the effects of orally administered allopurinol (15 mg/kg/d) in pregnant
pigs during the final trimester of pregnancy (GD 86 — delivery; approximately 30 days of
treatment). Allopurinol was found to cross the placental barrier and was detectable in fetal
plasma in this study.

Prenatal and Postnatal Development

Lesinurad

Pregnant female rats were dosed orally with lesinurad at 0, 100, 200, or 300 mg/kg/day from
gestational day 7 (GD 7) — lactation day 20 (LD 20). Lesinurad was highly maternally toxic at >
200 mg/kg/day, with target organs including the stomach, kidney, and liver. The milk: plasma
ratio was > 1 in all treatment groups, showing that lesinurad distributes approximately evenly
between plasma and milk. There was no NOAEL identified with respect to maternal toxicity
based on statistically significant, dose-dependent decreases in body weight gain >10% at all
doses.

Lesinurad at > 200 mg/kg evoked multiple adverse effects on F1 offspring. 200 mg/kg/day
lesinurad treatment resulted in significantly reduced viability index, mean number of surviving

? Fujii & Nishimura (1972). Comparison of teratogenic action of substances related to purine metabolism in mouse
embryos. Japanese Journal of Pharmacology. 22, 201 — 206.

3 Gieling, E. et al. (2014). Chronic allopurinol treatment during the last trimester of pregnancy in sows: Effects on
low and normal birthweight offspring. PLOS One. 9, 1 —15.
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pups per litter at PND 21, and mean pup weight at birth & PND 21 vs. controls. The litter size at
PND 21 value and mean pup weight value were both outside of the range observed in historical
control animals.

Viability index (# of live pups on d 4/ # of live pups on d 1) and lactation index (# of live pups on
d 21/ # of live pups on d 4) were significantly lower in the 300 mg/kg dose group vs. controls.
The mean number of surviving pups at day 21 and mean pup weight at birth & day 21 were also
significantly reduced in the 300 mg/kg group vs. controls. Litter size at day 21 value and mean
pup weight values were outside of the range observed in historical control animals.

Mean time to vaginal patency was significantly delayed in F1 females in the 200 mg/kg and 300
mg/kg groups. There were no treatment-related effects on learning and memory or mating and
reproduction performance in the F1 generation. The NOAEL for fetal developmental toxicity
was 100 mg/kg/day. Lesinurad did not induce gross external changes in F2 generation fetuses.

Allopurinol

There was no evidence of maternal toxicity, or fetal toxicity in rats and rabbits receiving oral
doses of 20 mg/kg allopurinol for 6 weeks prior to mating, throughout pregnancy, and until
weaning. This dose is approximately 0.6 and 1.3 times the maximum recommended human on
a mg/m? basis in rats and rabbits respectively (see NDA 20298 action package dated 5/17/96).
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6 Clinical Pharmacology

6.1. Executive Summary

The applicant, Ardea Biosciences, Inc., has submitted NDA 209203 for the lesinurad/allopurinol
200/200 and 200/300 fixed-dose combination (FDC) tablets to be taken once daily (qd) for the
treatment of hyperuricemia associated with gout in patients who have not achieved target
serum uric acid (sUA) levels with allopurinol alone.

Lesinurad is a selective uric acid reabsorption inhibitor (SURI) that inhibits uric acid transporter
1 (URAT1). ZURAMPIC® (lesinurad 200 mg tablets, qd) is indicated in combination with a
xanthine oxidase inhibitor (XOI: allopurinol or febuxostat) for the treatment of hyperuricemia
associated with gout in patients who have not achieved target sUA levels with a XOI alone (NDA
207988, approved 2015). Allopurinol decreases production of uric acid by inhibiting xanthine
oxidase, the enzyme responsible for the conversion of hypoxanthine to xanthine and of
xanthine to uric acid, the end product of purine metabolism in humans. Allopurinol is rapidly
metabolized to the corresponding xanthine analogue, oxypurinol, which also is an inhibitor of
xanthine oxidase. ZYLOPRIM® (allopurinol) was first approved in the US in 1966; allopurinol 100
mg and 300 mg tablets are commercially available. Allopurinol is approved, at daily doses up to
800 mg, for multiple indications, including the management of patients with signs and
symptoms of gout.

6.2. Summary of Clinical Pharmacology Assessment

The Office of Clinical Pharmacology/Divisions of Clinical Pharmacology 2 (OCP/DCP2) and
Pharmacometrics (OCP/DPM) have reviewed Clinical Pharmacology data submitted under NDA
209203 (10/20/2016, 3/28/2017, 5/25/2017 and 06/05/2017) and recommend approval.

6.2.1. Pharmacology and Clinical Pharmacokinetics

The clinical development plan for the lesinurad/allopurinol FDC product included one pivotal
study - RDEA594-501 (study 501). Study 501 was a Phase 1, randomized, open-label, single-
dose, crossover study to assess the bioavailability (BA) of lesinurad/allopurinol 200/300 and
200/200 FDC tablets relative to that of coadministered lesinurad and allopurinol tablets, and
the effect of a high-fat/high-calorie meal on the PK of lesinurad /allopurinol FDC tablets in
healthy adult subjects. The study comprised of 3 parts and the results from the study are
discussed below.

Pivotal bioequivalence results: In part 1, bioequivalence (BE) of the 200/300 FDC tablet to the
coadministered single agents at corresponding doses was evaluated. 90% confidence intervals
(Cls) for the geometric least squares mean ratios of AUC,s, AUC., and Cpax for lesinurad,
allopurinol and oxypurinol, were within the conventional BE limits of 0.80 to 1.25 for the
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200/300 FDC tablet. In part 3, the 200/200 FDC tablet strength was evaluated and met BE
criteria with respect to all 3 PK parameters for all 3 analytes, with the exception of allopurinol
Cmayx; the upper limit of the 90% Cl (1.28) was outside of the conventional BE limits. The efficacy
and safety of allopurinol is primarily driven by oxypurinol as a result of its activity and longer
elimination half-life compared to allopurinol (Zyloprim, package insert). Since oxypurinol PK
parameters met the BE criteria, the observed differences in allopurinol Cy.x are not expected to
affect the safety and efficacy profile of the FDC. These BE results were confirmed by in-house
analysis and found to be acceptable from clinical pharmacology perspective. Overall, the results
for both FDC tablet strengths fulfill the criteria to support the PK bridge between the
lesinurad/allopurinol FDC product and coadministered lesinurad and allopurinol tablets in the
fasted state.

Food effect results: The effect of food on lesinurad and allopurinol PK was evaluated in part 2
of Study 501 at the highest strength of 200/300 for the proposed FDC product. Lesinurad,
allopurinol, and oxypurinol AUC, and oxypurinol Cya.yx, Were similar in the fed (high-fat, high-
calorie) and fasted states following administration of the 200/300 FDC tablet, whereas C,y for
lesinurad and allopurinol was reduced (by 46% and 18%, respectively) and T,ax Was extended
following administration with food. The food effect observed with the approved lesinurad
formulation was lower and only 18% reduction in C.,ax was observed (NDA 207988). To show
that the observed PK differences for the FDC in the fed state were not clinically meaningful the
following analysis were submitted by the sponsor:

1. Plasma uric acid (pUA) concentration-time profile were evaluated following
administration of the 200/300 FDC tablet in fasted and fed state demonstrating that
pUA reductions was similar with and without food, indicating that the
pharmacodynamics (PD) performance of the FDC was not affected by the Cpax
reductions in the healthy subjects.

2. A PKPD model was developed by the sponsor to characterize the physiologic turnover of
uric acid, including its production and clearance. Model validation was performed using
the phase 3 studies for lesinurad development program from NDA 207988. Simulations
for sUA lowering in various PK scenarios were performed using hyperuricemic patient
characteristics for the proposed FDC product. The simulation results showed that
steady-state lowering of sUA was not impacted by the PK differences observed for the
lesinurad/ allopurinol FDC in the fed state in the hyperuricemic patients.

The PKPD simulations were confirmed in-house and additional sensitivity analysis was
performed to validate the model. These data and analyses were discussed with Office of Clinical
Pharmacology senior leadership team (SLT) on June 6™ 2017. The SLT concurred with the
review team’s assessment that food did not have a clinically meaningful effect on lesinurad,
allopurinol and oxypurinol exposure from the 200/300 FDC tablet.

6.2.2. General Dosing and Therapeutic Individualization

General Dosing
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The recommended dose is one 200 mg lesinurad/300 mg allopurinol tablet per day (or one 200
mg lesinurad/200 mg allopurinol for patients with renal impairment).

Therapeutic Individualization

Lesinurad/allopurinol FDC tablets should be taken in the morning with food and water.
Outstanding Issues

None.

6.3. Comprehensive Clinical Pharmacology Review
6.3.1. General Pharmacology and Pharmacokinetic Characteristics

Lesinurad is a SURI that inhibits URAT1. URAT1 is responsible for the majority of the
reabsorption of filtered uric acid (UA) from the renal tubular lumen. By inhibiting URAT1,
lesinurad increases UA excretion and thereby lowers sUA. Lesinurad also inhibits organic anion
transporter 4 (OAT4), a UA transporter involved in diuretic-induced hyperuricemia. Lesinurad
Cmax Was attained within 1 to 4 hours. Cnax and AUC exposures of lesinurad increased
proportionally with single doses of lesinurad from 5 to 1200 mg. Administration with a high-fat
meal (800 to 1000 calories with 50% of calories being derived from fat content) decreases Cpax
by approximately 18% but does not alter AUC as compared with fasted state. In clinical trials,
lesinurad was administered with food. The elimination half-life (t}2) of lesinurad is
ap