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1. Executive Summary

Zurampic™ (lesinurad) a uricosuric drug that inhibits several transporters in kidney.
Ardea Biosciences has submitted NDA207988 under 505(b)(1) pathway seeking the
marketing approval for lesinurad for the indication of “for the treatment of hyperuricemia
associated with gout in combination with a xanthine oxidase inhibitor”. The proposed
dosing regimen is 200 mg once daily in combination with a xanthine oxidase inhibitor,
including allopurinol or febuxostat. The dosage form is tablet (200 mg).

1.1 Recommendations

The Office of Clinical Pharmacology (OCP) has reviewed the clinical pharmacology data
submitted on 12/29/14 under NDA 207988. Lesinurad is not recommended in patients
with creatinine clearance <45 mL/min due to the unfavorable benefit-to-risk ratio. An
Advisory Committee meeting will be held on Oct 23, 2015 to discuss the review team’s
recommendations.

Labeling Recommendations:

Please see Section 3 for details.

1.2 Phase IV Commitments
None.

1.3 Summary of Clinical Pharmacology and Biopharmaceutics
Findings
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1.3.1 Background

Zurampic™ (lesinurad) a uricosuric drug that inhibits several transporters in kidney.
Lesinurad is proposed for the treatment of hyperuricemia associated with gout in
combination with a xanthine oxidase inhibitor. It is supplied with 200 mg tablet
formulation and the proposed dosing regimen is 200mg QD.

1.3.2 Biopharmaceutics

Over the course of the lesinurad clinical development program, a @@ formulation, a
capsule formulation, and a number of tablet formulations of lesinurad sodium salt and
free acid have been used. The Phase 3 tablet formulation was shown to be completely
absorbed, with an absolute bioavailability of approximately 100% in the fasted state,
relative to an IV dose. The Phase 3 formulation was shown to have comparable exposure
to the Phase 2 capsule and Phase 2 tablet formulations. Lesinurad tablet formulation to be
used in the proposed commercial site (AstraZeneca AB) is bioequivalent to that used in
the clinical development N

1.3.3 Pharmacokinetics

Pharmacokinetics in Healthy Subjects

Absorption

The absolute bioavailability of lesinurad under fed conditions is about 100%. Systemic
exposure (AUCy.,) and peak plasma concentration (Cyax) increased in proportion to the
dose in the dose range of 5 to 1200 mg. Tmax Was reached by approximately 1-4 hours
following oral administration under fed conditions. Coadministration with a high-fat
meal decreases Cmax by up to 18% but does not alter AUC as compared with fasting
state. The steady-state was reached after one dose with minimal accumulation.

Distribution
Plasma protein binding for lesinurad is high, primarily to albumin, with bound fraction of
98%.The volume of distribution at steady-state (Vss) is approximately 20.3 liters.

Metabolism and Excretion

Lesinurad undergoes oxidative metabolism mainly via cytochrome P450 CYP2C9.
Plasma exposure of metabolites is minimal (<10% of unchanged lesinurad). Metabolites
are not known to contribute to the uric acid lowering effects of Zurampic. A transient
oxide metabolite is rapidly eliminated by microsomal epoxide hydrolase in the liver and
not detected in plasma. Approximately 63% of administered dose is excreted in urine and
32% is eliminated in feces. The terminal half-life of lesinurad is approximately 5 hours.

Pharmacokinetics in Gout Patients

The PK of lesinurad in subjects with gout was assessed in 2 drug-drug interaction studies
and 4 Phase 2 studies. In addition, sparse PK samples were also collected in the Phase 3
studies and analyzed using population PK methods. Overall, the PK of lesinurad was
similar in healthy subjects and patients with gout. The population PK analysis showed
that typical CL/F value in subjects in gout patients (Phase 3 studies) was approximately
18% lower than that observed in healthy subjects in (Phase 1 studies).
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Pharmacokinetics in Specific Populations

Renal Impairment

The impact of renal impairment on the PK of lesinurad was evaluated in Studies 104 and
120. Study 104 evaluated a single dose of lesinurad 200 mg in adult volunteers with mild
or moderate renal impairment. Study 120 evaluated a single dose of lesinurad 400 mg in
adult volunteers with moderate or severe renal impairment. Lesinurad exposure (AUC)
increased by 31%, 50-74% and 113%, respectively in subjects with mild, moderate and
severe renal impairment compared with subjects with normal renal function.

Hepatic Impairment

The effect of hepatic impairment on the metabolism of lesinurad was studied in mild and
moderate hepatic impairment subjects and compared with healthy volunteers following a
400 mg dose of lesinurad (Study 118). Mild or moderate hepatic impairment (Child-
Pugh Classes A and B) had no significant effect on lesinurad PK. No dose adjustment of
lesinurad in mild and moderate hepatic impaired patients. Lesinurad is not recommended
in patients with severe hepatic impairment.

Weight, Age, Race and Sex
Race, ethnicity, age and sex did not significantly impact the PK of lesinurad. No dose
adjustments are recommended based on weight, age, race and sex.

Drug-Drug Interaction (DDI)

Effect of coadministered drugs on lesinurad

Lesinurad is a substrate of CYP2C9. Lesinurad exposure is increased by 56% when
lesinurad is co-administered with fluconazole, an inhibitor of CYP2C9. Lesinurad should
be used with caution in patients taking moderate inhibitors of CYP2C9 (e.g., fluconazole,
amiodarone). Lesinurad exposure is decreased when lesinurad is co-administered with
inducers of CYP2C9 (e.g., rifampin), which may decrease the therapeutic effect of
lesinurad.

Aspirin may affect lesinurad’s URATT inhibiting activity, and decrease the uric acid
lowering activity of lesinurad. Thiazide may increase sUA, and antagonize the activity of
lesinurad. Subgroup analysis in study 301 and 302 suggested that low dose aspirin
(<325mg) or thiazide diuretics did not affect the efficacy of lesinurad.

Effect of lesinurad on coadministered drugs

Lesinurad is a weak CYP3A4 inducer. Concomitant use with lesinurad reduced the
plasma concentration of sensitive CYP3A4 substrates (e.g., Sildenafil, Amlodipine), and
possibly reduce the efficacy of sensitive CYP3A4 substrates. Patients should not rely on
hormonal contraception alone when taking lesinurad.

Based on in vitro studies, lesinurad is a substrate of OAT1 and OAT3 and a weak

inhibitor of OATP1B1, OCT1, OATI, and OAT3. However, in vivo drug interaction
studies suggested that lesinurad does not decrease the renal clearance of furosemide
(substrate of OAT1/3), or affect the exposure of metformin (substrate of OCT1). In
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addition, consistent with the in vitro finding of being a URAT]1 inhibitor, lesinurad
reduces the exposure of oxypurinol, a URAT] substrate, by 25%.

1.3.4 Exposure-Response Relationship

Exposure-Response Relationship for Efficacy

Dose(exposure)-response relationship for efficacy in gout patients was examined in the 3
Phase 3 studies (Studies 301, 302, 304). There is a dose response relationship for change
from baseline in serum uric acid level (sSUA), with a trend toward better efficacy with
increasing dose or exposure.

Further, there appears to be a lower reduction in sUA levels with increasing degree of
renal impairment in subjects with gout. The reduction in sUA was minimal in subjects
with creatinine clearance< 45mL/min. This impact of renal impairment on lesinurad
efficacy is consistent with its mechanism of action. Lesinurad acts as an inhibitor of
several transporters in kidney and inhibits the reabsorption of uric acid. Its activity is
dependent on the adequate glomerular filtration of uric acid.

Exposure-Response Relationship for Safety

The dose-safety relationship from the Phase 3 studies (Studies 301 and 302) showed that
lesinurad decreased creatinine clearance (¢CRCL) from baseline in a dose-dependent
manner. This decrease in eCRCL was observed in all categories of renal impairment
patients. On average, the decline in eCRCL appeared to stabilize after month 1. However,
at individual level, the longer lesinurad treatment durations, the more number of patients
with elevated serum creatinine levels.

1.3.5 Dose Selection

During clinical development of lesinurad, only once daily regimen was evaluated in the
Phase 2 and 3 studies. The once daily dosing regimen was supported with the extended
pharmacodynamics effect and safety concern. A direct relationship between
concentration and serum uric acid (sSUA) level and a dose-dependent sUA decrease was
observed within the investigated lesinurad dose range of 100 and 600 mg. As lesinurad
400 mg qd was associated with acute uric acid nephropathy as evidenced by an increased
incidence of sCr elevations and AEs of acute renal failure, lesinurad 200 mg QD is the
proposed dosing regimen to seek approval.

The efficacy and safety of lesinurad were evaluated in studies that included gout patients
with mild and moderate renal impairment. The efficacy and safety of lesinurad have not
been evaluated in gout patients with severe renal impairment, with end stage renal disease
(ESRD), or receiving dialysis. Given the lower response of lesinurad in eCRCL<45
mL/min group and the increased risk of decline in renal function (¢CRCL) from baseline,
we consider benefit-risk of lesinurad not favorable in eCRCL<45 mL/min group.

2. Question Based Review

2.1 List the in vitro and in vivo Clinical Pharmacology and Biopharmaceutics
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studies and the clinical studies with PK and/or PD information submitted in
the NDA or BLA

NDA 207988 consists of 31 in vitro studies with human materials (Table 1), 30 Phase 1
studies (Table 2), 1 Phase 2a (study 201), 3 Phase 2b (Studies 202, 203, and 204), and 4
Phase 3 studies (301, 302, and 304 for proposed indication, 303 for lesinurad
monotherapy). Additionally, 3 meta-analysis and PopPK/PD reports were submitted to
assess the effect of covariates, to understand the PK in special populations such as renal
impairment patients, and to understand exposure-response relationship. Also, study
SR13-015 evaluated data pooled from 5 clinical studies (Studies 109, 110, 111, 202, and
203) to assess the effect of genetic polymorphism of CYP2C9 on lesinurad PK.

Table 1. Lesinurad (RDEA594) and Its Major Metabolites M4 and M6 In Vitro Studies Using
Human Biomaterials

ADME Objective Study/Report
Absorption | Caco-2 permeability assay for lesinurad 8ARDEP3R1

Transport (Papp) studies of lesinurad SR09-066
Distribution | Plasma protein binding SR08-045, SR12-039
Metabolism | Metabolic profiling in microsomes and hepatocytes SR08-056

Possible Metabolic pathways RDEAS594-112-MET,

RDEA594-105-MET-
M4

In vitro P450 reaction phenotyping, human recombinant CYPs SR08-038

In vitro P450 reaction phenotyping, human recombinant CYPs SR11-031

Glutathione conjugation to lesinurad SR12-027

UGT reaction phenotyping SR10-002

Evaluation of M4 formation SR12-026
DDI In vitro P450 inhibition SR08-048, SR12-043
potential In vitro UGT Inhibition SR10-001

In vitro CYP Induction in human hepatocytes SR08-026, SR10-063

Drug Interaction with mEH Inhibitors SR12-044
Transporter | Evaluation as a substrate of hOATP1B1 and hOATP1B3 SR11-044

interaction in MDCK-II cells

In vitro IC50 determination of lesinurad against hOATP1B1 and | SR11-045

hOATP1B3 mediated transport of substrate

In vitro IC50 determination of lesinurad against human BCRP

mediated transport of substrate in Caco-2 cells expressing SR11-053

human BCRP

In vitro IC50 determination of lesinurad against hOCT1 and SR11-054, SR11-028

hOCT2 mediated transport of substrate in MDCK-II cells

In vitro assessment of Lesinurad as a substrate of hOCT1 and SR11-055, SR11-029

hOCT2 mediated transport in MDCK-II cells

Interaction studies of lesinurad with human MRP2 (ABCC2) SR11-099

and human MRP4 (ABCC4) efflux transporters using indirect

vesicular

transport assays (substrate study)

Evaluation of hOAT1 and hOATS3 interaction in oocytes SR08-018

Evaluation of URAT1, OATI, and OAT3 interaction in SR10-006

oocytes

Assessment of lesinurad-M4 as a an inhibitor of human OCT2, SR14-007

MATE] and MATE2-K

Interaction with MATE1 and MATE2K SR11-020
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Assessment of lesinurad-M6 as a substrate or an inhibitor of SR13-006
human MRP2 and MRP4
(Source — reviewer summary)

Table 2: Clinical pharmacology studies

APPEARSTHIS WAY ON ORIGINAL
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Study | Objective Population Formulation
101 | Dose proportionality, SAD, FITH 34 Healthy subjects ®@
102 | Dose proportionality, MAD 64 Healthy subjects ®® 1R capsule, ®@®@
capsule, @® tablet
103 | Formulation finding " vs IR 27 Healthy subjects IR Capsule, ®® tablets, IO
tablets
104 | Renal impairment 6 Healthy, 8 mild, 10 IR Capsule, 100mg
moderate
105 | PK and PD interaction of 36 Healthy Japanese IR Capsule, 100mg
febuxostat and lesinurad subjects
106 | Formulation finding OOIR 8 Healthy subjects IR Capsule, 100mg, g; tablet 200 mg
107 | Formulation finding, two IR 8 Healthy subjects IR Capsule 100mg, IR tablet 200mg
formulation (sodium salt)
108 | DDI, effect on sildenafil 45 Healthy subjects 100 mg IR capsule
109 | Formulation finding, crystalline free | 23 Healthy subjects 100 mg IR capsule, 200 mg crystalline
acid tablet vs IR capsule; food effect free acid tablet
110 | PK and PD interaction of 21 Hyper-uricemic subjects | 100 mg IR capsule
allopurinol and lesinurad with symptomatic gout
111 | PK and PD interaction of 21 Hyper-uricemic subjects | 100 mg IR capsule
febuxostat and lesinurad with symptomatic gout
112 | Human radiolabelled ADME/mass 6 Healthy subjects ®®
balance
113 | DDI, effect on atorvastatin 28 Healthy subjects 200, 400 mg crystalline free acid tablet
114 | DDI, effect on amlodipine 14 Healthy subjects 400 mg crystalline free acid tablet
115 | DDI, effect on tolbutamide 14 Healthy subjects 400 mg crystalline free acid tablet
116 | DDI, effect on repaglinide 13 Healthy subjects 400 mg crystalline free acid tablet
117 | Thorough QT 89 Healthy subjects 400 mg crystalline free acid tablet
118 | Hepatic impairment 8 Healthy, 8 mild, 8 400 mg crystalline free acid tablet
moderate
120 | Renal impairment 6 Healthy, 6 moderate, 6 400 mg crystalline free acid tablet
severe
121 | Pivotal food effect study 16 Healthy subjects 400 mg crystalline free acid tablet
122 | DDI, fluconazole and rifampin 21 Healthy subjects 400 mg crystalline free acid tablet
effect on lesinurad
123 | DDI, effect on warfarin 18 Healthy subjects 400 mg crystalline free acid tablet
125 | PK in Japanese subject 40 Healthy Japanese 50, 100 and 200 mg crystalline free
subjects acid tablet
126 | DDI, naproxen effect on lesinurad 21 Healthy subjects 400 mg crystalline free acid tablet
127 | DDI, ranitidine effect on lesinurad 16 Healthy subjects 400 mg crystalline free acid tablet
128 | DDI, effect on metformin, 23 Healthy subjects 400 mg crystalline free acid tablet
furosemide
129 | Relative bioavailability of two 73 Healthy subjects 400 mg crystalline free acid tablet
manufacture site
130 | DDI, calcium carbonate; 73 Healthy subjects 400 mg crystalline free acid tablet
magnesium hydroxide and
aluminum hydroxide effect on
lesinurad
131 | Absolute bioavailability 10 Healthy subjects 400 mg crystalline free acid tablet
132 | Relative bioavailability of two 54 Healthy subjects 400 mg crystalline free acid tablet
manufacture site

(Source: Reviewer summary)
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2.1.1 What pertinent regulatory background or history contributes to the current
assessment of the clinical pharmacology of this drug?

Zurampic™ (lesinurad) a uricosuric drug that inhibits several transporters in kidney.
Lesinurad was also referred as RDEA594 during the development program and studied
under IND102128 for the treatment of hyperuricemia associated with gout (IND opened
in Oct 2009). There have been several interactions between Agency and Sponsor to
discuss the clinical pharmacology program of the proposed product. The key Clinical
Pharmacology agreements are summarized in Table 3. The NDA review is under
standard review timelines.

Table 3. Summary of Regulatory history relevant to clinical pharmacology

g:\i D12A0 14) Dosing frequency discussion, FDA express concern “QOD dosing and the resultant

p intra-day sUA fluctuations may result in increased gout flares after flare prophylaxis is
discontinued”
Agreed on general clinical pharm studies adequate to support NDA filing

(CI\?(:SI;(‘; ? ;;atlon Agree on the DDI plan, no need for DDI studies with CYP2B6 and CYP2C19

EOP2 Agreed that sufficient information on characterization of elimination

(Aug 2011)
Recommend subgroup analysis in phase 3 studies to assess risk benefit in renal
impairment patients

2.2 General Attributes of the Drug

2.2.1 What are the highlights of the chemistry and physical-chemical properties of
the drug substance and the formulation of the drug product?

Lesinurad is a small molecule drug. Its structure is shown in Figure 1 and its
physicochemical properties are listed in Table 4.

/\

Figure 1. Molecular structure of lesinurad
(Source: Figure 1, section 3.2.S.1.2)

Table 4: Lesinurad physical chemical properties

Molecular C]7H14BI‘N3028
Formula

Molecular 404.28 g/mol
Weight

Physical State Lesinurad is a white to off-white powder.
Polymorphism

(b) (4)
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® @

Dissociation Lesinurad 1s a weak carboxylic acid with one dissociation constant.
Constants The pKa was determined potentiometrically to be 3.2 (carboxylate).
Solubility Lesinurad 1s a crystalline powder @9 with low aqueous

solubility at gastric pH but high solubility at intestinal pH (5.3 to 7.5)
¢ <0.01 mg/mL up to pH 3.0

e >3 7 mg/mL atpH > 6

o Solubility increases with increase in pH

Partition Moderately lipophilic, It has a log P (octanol/water) of 2.85 at 25 °C,
Coefficient which corresponds to a log D at pH 7.4 of -1.35.

(Source: Reviewer summary)

For the drug product, Zurampic is available as blue film-coated tablets for oral
administration containing 200 mg lesinurad and the following inactive ingredients:
lactose monohydrate, microcrystalline cellulose, hypromellose, crospovidone, and
magnesium stearate. Zurampic tablets are coated with Opadry blue.

2.2.2 What are the proposed mechanism of action and therapeutic indications?
Lesinurad is proposed to act as a selective uric acid reabsorption inhibitor (SURI) that
mhibits the URAT] transporter. URATI is responsible for the majority of the
reabsorption of filtered uric acid from the renal tubular lumen. By inhibiting URATI,
lesinurad increases uric acid excretion and thereby lowers serum uric acid (sUA).
Lesinurad also inhibits OAT4, a uric acid transporter involved in diuretic-induced
hyperuricemia.

The proposed indication is treatment of hyperuricemia associated with gout in
combination with a xanthine oxidase inhibitor.

2.2.3 What are the proposed dosages and routes of administration?

The proposed dosing regimen is 200 mg once daily in combination with a xanthine
oxidase inhibitor, including allopurinol or febuxostat . Lesinurad tablets should be taken
orally in the morning with food and water.

2.2.4 What drugs (substances, products) indicated for the same indication are
approved in the US?

The therapeutic goal in the management of gout is to lower sUA levels sufficiently to
durably improve the signs and symptoms of gout, with a target sUA of < 6 mg/dL (360
pmol/L) at minimum. The drugs which are approved for treatment of gout in the US can
be classified into the following classes:
(a) Urate-lowering therapy (ULT, Figure 2)
=  Oral xanthine oxidase (XO) inhibitors:
o Allopurinol
o Febuxostat (Uloric)
* Intravenous recombinant uricase:
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o Pegloticase (Krystexxa)
= Uricosuric:
o Probenecid

(b) Treatment/Prophylaxis against gout flare
= Colchicine

=  NSAIDs

= Corticosteroid

Abbreviations: GI. gastrointestinal; XO, xanthine oxidase.
* Benzbromarone is approved in only a few markets.
Sources: Adapted from (Buns 2011) and the (Krystexxa [US package insert] Rev September 2012).

Figure 2. Schematic of Lesinurad and Current Therapies for Gout
(Source: Figure 1, Clinical overview)

2.3 General Clinical Pharmacology

2.3.1 What are the design features of the clinical pharmacology and
biopharmaceutics studies and the clinical studies used to support dosing or
claims?

The clinical pharmacology and biopharmaceutics studies supporting this NDA and their

design features are listed under section 2.1.

2.3.2 What is the basis for selecting the response endpoints and how are they
measured in clinical pharmacology studies?

In the pivotal combination therapy studies (Studies 301, 302, and 304), the primary
efficacy endpoint was the proportion of subjects reaching a target sUA level by Month 6.
The target sUA level differed based on the study design and population. Studies 301 and
302 included subjects with gout who had an inadequate hypouricemic response to
allopurinol and at least 2 gout flares in the 12 months prior. The target in these studies
was to achieve an sUA < 6.0 mg/dL based on current treatment guidelines by ACR and
the EULAR Standing Committee for International Clinical Studies Including
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Therapeutics (ESCISIT) (Khanna 2012, Richette 2014). In Study 304, the target sUA was
an sUA < 5.0 mg/dL as the subjects were required to have tophaceous gout and is
consistent with international treatment guidelines for patients with greater disease
severity and urate burden, such as those with tophi.

Key secondary endpoints include Mean rate of gout flares and tophus resolution. Other
secondary endpoints include patient reported outcomes (HAQ-DI), absolute and percent
change from baseline in sUA, Proportion of subjects whose sUA level was < 6.0 mg/dL,
< 5.0 mg/dL, and < 4.0 mg/dL at each visit, etc.

sUA was measured in several clinical pharmacology studies. For assessment of the
primary endpoint in pivotal studies, please see the medical and statistical reviews (Dr.
Rosemarie Neuner and Dr. Yu Wang).

2.3.3 Are the active moieties in plasma and clinically relevant tissues appropriately
identified and measured to assess pharmacokinetic parameters and exposure
response relationships?

Yes. In all relevant studies, lesinurad concentration was measured.

2.4 Exposure-Response

2.4.1 Is there a dose/exposure-response relationship for efficacy?

Yes, Phase 1 and 2 studies of lesinurad showed a direct relationship between lesinurad
dose and sUA lowering, with doses of 100 mg qd and lower being relatively inactive and
doses of 200 mg, 400 mg, and 600 mg qd showing dose-related effects on sSUA and uUA.
In the dose ranging study on background of allopurinol (Study 203), 3 doses of lesinurad
(200 mg QD, 400 mg QD, and 600 mg QD) were compared with placebo over 28 days of
treatment. The percent change from baseline in sUA following 4 weeks of treatment
(primary efficacy endpoint) was statistically significant for lesinurad plus allopurinol
compared with placebo plus allopurinol (Figure 3, -16.12%, -22.07%, and -30.35% in the
200 mg, 400 mg, and 600 mg dose groups, respectively, compared with +2.63% in the
placebo group; p < 0.0001 for all comparisons).

In the non-responder imputation analysis, 63.0%, 73.8%, and 79.2% of subjects in the
200 mg, 400 mg, and 600 mg groups, respectively, and 25.0% in the placebo group had
sUA < 6.0 mg/dL at Day 27 (p < 0.0001 for all comparisons), suggesting that the 200 and
400 mg doses are at the steep part of the dose response curve. Considering safety, two
doses of lesinurad (200 mg QD, 400 mg QD) were included in the Phase 3 program.
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(Source: CSR rdea594-203. Fig 4)

Dose-response relationship for efficacy in gout patients was also examined in the 4 Phase
3 studies (Studies 301, 302, 303, 304). There is a dose response relationship for change
from baseline in sUA, with a trend toward better efficacy with increasing dose (Figure
4A).

Consistent with the dose-response relationship, there is an exposure-response relationship
for efficacy. With the efficacy endpoint of proportion of patients achieving target sUA,
higher exposure is associated with higher response rate (Figure 4B). The highest
exposure quartile corresponds to the average plasma concentrations that are likely to be

achieved with the 400 mg QD dose. APPEARS THIS WAY ON ORIGINAL

A. Change in serum uric acid
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2.4.2 Is there an impact of renal impairment on the efficacy of lesinurad?
Yes, the severity of renal impairment appears to impact the efficacy of lesinurad.

The impact of renal function on lesinurad efficacy was evaluated in the Phase 3 studies
(Studies 301 and 302). There appears to be a lower reduction in serum uric acid levels
with increasing degree of renal impairment in subjects with gout. The reduction in sUA
from baseline in subjects with creatinine clearance< 45mL/min was less than those in
patients with normal renal function or with mild renal impairment (Table 5). Further, the
responder analysis of pooled studies 301 and 302 also suggested that the efficacy in
patients with creatinine clearance less than 45mL/min is minimal (Figure 5). This impact
of renal impairment on lesinurad efficacy is consistent with its mechanism of action.
Lesinurad acts as an inhibitor of several transporters in kidney and inhibits the
reabsorption of uric acid. Its activity is dependent on the adequate glomerular filtration
of uric acid.

Table 5. Effects of baseline renal function on sUA decline compared to placebo (study 301and 302,
dose of 200 mg QD, posthoc analysis)

Difference of Least Square Mean, sUA (mg/dL), study 301+302
Baseline Renal LESU200 + ALLO
Function v. ALLO LL UL N
<45 -0.288 -1.37 0.795 46
45 to <60 -0.807 -1.32 -.294 105
>= 60 -1.13 -1.40 -.861 637

(Source: Reviewer analysis, see statistical review by Dr. Yu Wang)

Diff LCL UCL M p-value

-Baseline Renal Function- 0.580
=45 —— 0900 -.123 0323 48
4510 =60 —l 0.260 0118 0422 108
== HH 0.302 0.242 0362 655
Favors Placeho Favors LESU
-1.0 05 0.0 0A 1.0

Figure S. Pooled studies301 and 302 subgroup analysis of lesinurad 200 over placebo estimated sUA
responder rate difference and 95% confidence interval. None responder imputation-ITT
(Source: Reviewer analysis by Dr. Yu Wang, study 301 and 302)

A pharmacokinetic-pharmacodynamic model was built with an Emax model. Renal
function was identified as the only covariate that impacts the lesinurad efficacy. The final
Emax model suggested that for a patient with CRCL of 30ml/min, 55% of the efficacy
will be preserved at similar lesinurad exposure; For a patient with CRCL of 60ml/min,
80% of the efficacy will be preserved at similar lesinurad exposure. This is consistent
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with the observed efficacy data in phase 3 studies.

2.4.3 Is there a dose/exposure-response relationship for safety?
Yes, there is a dose-response relationship for renal toxicity.

The dose-response relationship for safety was assessed in the Phase 3 studies (Studies
301 and 302). Lesinurad decreased eCRCL from baseline in a dose-dependent manner.
This decrease in eCRCL was observed in all categories of renal impairment patients
(Figure 6). On average, the decline in eCRCL appeared to stabilize after month 1.
However, at individual level, more patients have serum creatinine elevations with longer
lesinurad treatment durations (Figure 7).

While the eCRCL decline was observed in patients with all categories of baseline renal
function, the decline of eCRCL led to more severe consequence in patients with worse
baseline renal function. In 5% (5/101) of patients with moderate renal impairment at
baseline, the eCRCL declined to <30mL after 6 to 12 months treatment of lesinurad
200mg+XOI, compared to 1% (1/101)in the placebo+XOI group(Table 6). Some of
these patients end up requiring dialysis as the renal function declined in the Phase 3

studies.

See Dr. Rosemarie Neuner’s clinical review for detailed information on safety analysis.
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Figure 6. Mean change in eCRCL (mL/min) and relative change in Ecrcl(%)from baseline over time
in patients with different baseline CRCLs. Blue: Placebo+Allo, Pink: Lesinurad 200mg+Allo, Green:
Lesinurad 400mg+Allo

(Source: Reviewer analysis, Studies 301 and 302)
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Figure 7: Cumulative Incidence of Serum Creatinine Elevations>2.0 x Baseline in the Pivotal Phase 3

Table 6. Shift From Baseline to Last Post-Baseline Estimated Creatinine Clearance Category During

Core Study (Studies 301, 302, and 304)

Placebo (n=516)

Last eCrCl (mL/min)

>=90 >=60-<90 >=30-<60 <30 Missing Total
Baseline eCrCl {(mL/min) n (%) n (%) n (%) n (%) n (%) n (%)
>=90 154 ( 30.0) 19( 3.7) 1( 02) 0 6( 1.2) 180 ( 35.0)
>=60-<90 45( B6.8) 171(33.3) B( 1.6) 0 5( 1.0) 229 ( 44.6)
»>=30-<60 0 29( 5.6) 68 (13.2) 1( 0.2) 3( 08) 101 ( 19.6)
<30 0 0 4( 0.8) 0 0 4( 0.8)
Total 199 (38.7) 219 (42.6) 81(15.8) 1( 0.2) 14 27) 514 (100)
Lesinurad 200mg+XOI (n=511)
Last eCrCl (mL/min)
==90 >=60-<90 >=30-<60 <30 Missing Total
Baseline eCrCl {mL/min) n (%) n (%) n (%) n (%) n (%) n (%)
>=90 167 (32.7) 29( 5.7) 0 0 4( 08) 200 (39.2)
>=60-<90 31( 6.1) 153 (30.0) 15( 2.9) 0 9( 1.8) 208 ( 40.8)
>=30-<60 0 21( 4.1) 75 (14.7) 5( 1.0} 0 101 ( 19.8)
<30 0 0 0 1( 02) 0 1( 0.2)
Total 198 ( 38.8) 203 ( 39.8) 90 (17.6) 6( 1.2) 13( 2.5) 510 (100)
Lesinurad 400mg+XOI (n=510)
Last eCrCl (mL/min)
>=90 >=60-<90 >=30-<60 <30 Missing Total
Baseline eCrCl {mL/min) n (%) n (%) n (%) n (%) n (%) n (%)
>=90 152 ( 29.9) 45( 89) 1( 02) 0 5( 1.0) 203 (40.0)
>=60-<90 24( 47) 162 ( 31.9) 24( 47 2( 04) 1( 0.2) 213 (41.9)
>=30-<60 1( 02) 17( 33) 70(13.8) 3( 0.6) 1( 0.2) 92 (18.1)
<30 0 0 0 0 0 0
Total 177 ( 34.8) 224 (44.7) 95 (18.7) 5( 1.0) T( 14) 508 (100)

(Source: Table 9.5.4.1, ias-16)
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2.4.4 Does the dose-response relationship for effectiveness and safety support the
proposed doses of 200 mg QD in gout patients?

Dosing frequency

During clinical development of lesinurad, only QD regimen was evaluated in all Phase 2
and 3 studies. While FDA has expressed concerns about the daily variation of sUA with
once daily dosing regimen (Table 3), the sponsor suggested that the once daily dosing
regimen was supported by the extended pharmacodynamics effect of lesinurad and
theoretical safety concern of evening dosing.

The PK half-life of lesinurad is 5 hours. The normal urate half-life (in absence of URATI
inhibitor) ranges from approximately 20 hours to 56 hours. Maximal lowering of serum
uric acid (sUA) during steady state occurs at approximately 8 hours post-dose with less
urate lowering effect remains after 24 hours postdose (Figure 8). Sponsor suggested that
urine volume is substantially reduced at night, so twice daily dosing would result in the
highest concentrations of urinary uric acid, which would increase the potential for

crystallization.
0—

=20 —

\/ —&— 400 mg lesinurad

A0 —&— 400 mg lesinurad+300 mgq allopurinol
A

=60 —

Median urate change from baseline,%

-80 r

Time (hr)

Figure 8. Median Plasma Uric Acid Change from Baseline Following Multiple QD Dosing of 400 mg
Lesinurad , gout patients, on Steady State Day 7 (Study 110)
(Source: section 2.7.3, summary of clinical pharmacology, Figure 17)

Dose selection

Dose response was observed for both efficacy and safety (section 2.4.1 and section 2.4.3).
Phase 3 studies indicated that lesinurad 400 mg qd was associated with acute uric acid
nephropathy as evidenced by an increased incidence of sCr elevations and AEs of acute
renal failure. Thus, it is concluded that lesinurad 200 mg is the appropriate dose for
which to seek approval.

Recommendation for patients with different baseline renal functions
OCP recommends the following regulatory and labeling actions. An Advisory Committee
meeting will be held on Oct 23, 2015 to discuss the review team’s recommendations.

I Dosing in gout patients with normal renal function (eCRCL > 90mL/min) and mild
renal impairment (eCRCL = 60-<90 mL/min):
The sponsor proposes lesinurad 200 mg be administered with food and water. OCP
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review team recommends approval in this population.

II Dosing in moderate renal impaired patients with an estimated creatinine clearance
of 30-<60 mL/min:

Lesinurad acts as an inhibitor of several transporters in kidney, and inhibits the
reabsorption of uric acid. Activity of lesinurad is dependent on the renal function of
patients. There appears to be an attenuated uric acid lowering activity in patients with
eCRCL less than 45mL/min based on the integrated PK/PD analysis, which is supported
by the subgroup analysis (see section 2.4.2 and PM review).

The renal safety evaluation also suggested that the decline of renal function led to more
severe consequence in patients with worse baseline renal function (see section 2.4.3).

Given the lower response of lesinurad in e€CRCL<45 mL/min group and the increased
risk of decline in renal function (¢CRCL) from baseline, we consider benefit-risk of
lesinurad not favorable in eCRCL<45 mL/min group. As another uricosuric drug
probenecid was not recommended in patients with eCRCL<50mL/min by ACR guideline,
and the data were sparse for patients with eCRCL between 45-50 mL/min in the lesinurad
program, our analysis also supports similar recommendations for treatment with
lesinurad. This risk benefit analysis has been communicated to clinical team.

Overall, we recommends:
In patients with eCRCL >45 mL/min
e Recommend for approval.
e Labeling explicitly cautioning language for adverse events, and renal function
monitoring.
In patients with eCRCL<45 mL/min
¢ Do not use lesinurad because of unfavorable benefit-to-risk ratio.

2.4.5 Does this drug prolong QT/QTc Interval?

No, lesinurad does not prolong QT/QTc¢ interval.

A thorough QT study (Study 117) was conducted in healthy subjects given super-
therapeutic dose of 400 and 1600 mg. The supratherapeutic doses of 400 mg and 1600
mg did not impact the QT/QTc interval in healthy subjects. The largest upper bounds of
the 2-sided 90% CI for the mean difference between lesinurad and placebo were below
10 ms (Table 7), the threshold for regulatory concern as described in ICH E14 guidelines.
Please see QT-IRT review (by Dr. Janice Brodsky, DARRT date 10/23/2012,
IND102128) for details.
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Table 7. The Point Estimates and the 90% CIs Corresponding to the Largest Upper Bounds for
Lesinurad and the Largest Lower Bound for Moxifloxacin (FDA Analysis)

Treatment Time (h) AAQTcl (ms) | 90% CI (ms) ‘
Lesinurad 400 mg 2 2.9 (1.0.4.8)
Lesinurad 1600 mg 6 35 (1.4,5.7)
Moxifloxacin 400 mg | 3 9.8 (7.9.11.0)

* Multiple endpoint adjustment was not applied. The largest lower bound after Bonferroni adjustment for 4
timepoints is 7.9 ms.

(Source: Review by Dr. Janice Brodsky)
2.5  What are the PK characteristics of the drug?

2.5.1 What are the single and multiple dose PK parameters of parent drug and
relevant metabolites in healthy adults?

Single dose PK in healthy adults
In a study in healthy adults, lesinurad was assessed following single dosing of lesinurad
@@ at 5 to 600 mg. The mean plasma concentration-time profile is shown in
Figure 9. Following oral administration, lesinurad was readily absorbed with a median
Tmax ranging between 0.5 to 0.75 hours in the fasted state (5 mg to 200 mg) and 0.25 to
1.5 hours in the fed state (100 mg to 600 mg). Lesinurad appears to follow bi-exponential
disposition kinetics in healthy male volunteers (Figure 9). The terminal half-life after
single dose was 2.73 to 34.6 hours across the different dose groups (Table 8). However,
the large majority of lesinurad was eliminated within the first 24 hours postdose. The
mean residence time of lesinurad in plasma after oral dosing was approximately 2.91 to
5.94 hours. PK parameters after single dose of lesinurad under fasting and fed conditions
are summarized in Table 8.

100
= ,
%_) 10 § -5~ 5 mg, Fasted
= -4~ 25 mg, Fasted
é 1 --' -5~ 100 mg, Fasted
s , 6= 200 mg, Fasted
'%u 0.1 -% 100 mg, Fed
UEJ 1 =¥ 400 mg, Fed
g 0.01 3 -8 600 mg, Fed
3 ]
£ T
£ 0.001 5
- ]
0.0001 : : | | | | : | : : : |
0 6 12 18 24 30 36 42 48 54 60 66 72
Time (hr)
Figure 9: Median Plasma Concentration Profiles of Lesinurad Following Single Oral Doses of
Lesinurad ®@ Under Fasted and Fed Conditions

(Source — Figure 1, summary of clin pharm)
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Table 8: Summary of the Pharmacokinetic Parameters for RDEA594 Following Single Oral Doses

Dose of RDEAS594
5mg 25mg 100 mg 200 mg 100 mg 400 mg 600 mg

(fasted) (fasted) (fasted) (fasted) (fed) (fed) (fed)
Parameter (N=4) (N=4) (N=4) (N=4) (N=4) (N=4) (N=4)
AUC 241y 0.787 3.12 17.5 31.9 10.9 56.4 106
(ug-h/mL) 0.407,1.52 245,398 10.7.288 21.0.48.5 833,142 349,912  53.8.209
AUC 0.779 3.15 17.9 322 11.2 56.9 108
(ug.h/mL) 0.396.1.53 246,403 108,296 21.2.49.1 8.65.145 352,921 54.1.216
Cnax 0.303 1.54 7.68 11.8 3.21 17.7 22.0
(ug/mL) 0.134.0.685  1.17,2.04 446,132 9.16,152 1.62,6.33 135,232 16.1,30.1
Tonax 0.75 0.50 0.50 0.50 1.50 0.25 0.875
(h) 0.50-1.00 0.50-0.50  0.50-1.00  0.25-0.50  0.25-250  0.25-1.00  0.50-5.00
AUC g 10.2 10.6 12.4 12.5 8.89 11.7 15.7
(norm) 6.44,16.2 822,136 6.07,255 839.185 6.47.122 794,172 7.67.323
Conax 3.97 5.18 5.34 4.56 2.54 3.64 3.21
(norm) 2.26,6.97 459,585 239,119 289,718 1.52.426 292,454 2.04.5.06
Ly 2.73 3.99 12.7 5.97 34.6 5.19 8.04
(h) 1.46, 5.09 3.40.4.68 4.64,346 4.63.7.70 17.3.693 5.03,535 2.61.248
MRT 2.93 291 3.76 3.09 5.74 3.70 4.82
(h) 2.33.3.70 221.3.82 251,564 240.399 486.6.78 2.96,4.63 3.08.7.56
CLF 107 132 93.1 103 149 117 925
(mL/min) 54.4,210 103, 169 56.3. 154 67.9, 157 115,193 72.4. 190 46.3, 185
V./F 253 45.7 102 534 445 52.6 64.4
L) 20.1,31.8 31.6,66.1 244, 427 27.7, 103 232,854 334,828 17.2,242

(Source — 11-1, Study 101 report)

Single dose PD in healthy adults

A dose-dependent decrease in sUA concentrations resulted from the oral administration
of lesinurad over the 100 mg (fed/fasted) to 600 mg (fed) dose range, with maximum
suppression of sSUA occurring at the first sampling timepoint of 6 hours postdose (Figure
10). The duration of the suppression of sUA concentrations in serum increased with
increasing lesinurad dose, from approximately 12 hours at 100 mg (fed/fasted) to beyond
24 hours postdose at the highest dose level (600 mg [fed]).

Excretion of uUA appeared to increase with increasing dose with the majority of
statistically significant differences to placebo found across the 0 to 6 hour interval for the
amount of uric acid recovered in urine (Aeur, 600 mg), renal clearance of uric acid
(CLur; 100 mg, 400 mg, and 600 mg [fed]) and fractional excretion of uric acid (FEUA,
100 mg [fasted] and 100 mg to 600 mg [fed]).
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Figure 10. Median Percent Time-Matched Changes from Baseline (Day -1) in Serum Urate
Concentrations Following Single Ascending Oral Doses of Lesinurad in Healthy Volunteers (Study
101)

(Source: Figure 11, summary of clin pharm)

Multiple-dose PK in healthy adults

Multiple-dose PK of lesinurad was characterized in study 102 with several formulations.
Lesinurad PK after multiple doses was consistent with the single dose PK. The median
Tmax Was about 0.75-5 hr and mean apparent terminal t;/; ranged from 3.77-10.6 hrs.
Accumulation after multiple doses was minimal. Mean accumulation ratio for all doses
ranged from 0.85 to 1.27, which was as expected based on short half-life and QD dosing
regimen. The steady state was reached after one dose. Mean plasma PK profiles are
shown in Figure 11 and summary PK parameters are listed in Table 9. From other
studies, measurement of trough concentrations indicated that steady-state was achieved
within 24-48 hrs after initiating repeat dosing.
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Table 9: Summary of the Pharmacokinetic Parameters for RDEAS594 Following Multiple

Oral Doses (Segment I)
Dose of RDEAS94
100 mg 200 mg 400 mg 200 mg
R ® @req) (IR capsules, fasted) (IR capsules, fasted) (IR capsules, fed)
Parameter (N=6) (N=6) (N=6) (N=6)
Dayv1 Day 10 Day 1 Day 10 Dav1 Day 10 Day 1 Day 10
AUC, 14.2 12.1 287 331 70.5 898 20.8 303
(pgh/mL) (124.16.2) (10.6.13.7) (24.1.34.1) (28.1,39.1) (52.0,95.8) (67.1,120) (20.7,43.0) (23.3,39.2)
AUC. 14.2 . 289 712 . 30.2
(ngh/mL) (12.5.10.2) NA (24.2,34.5) NA (52.4, 96.8) NA (20.8,43.9) NA
Cax 474 4.02 108 11.7 23.1 219 554 6.51
(ng/mL) (341.6.59) (2.86. 5.67) (9.26.12.5) (9.27.149) (16.9.31.6) (18.3.26.2) (4.44.6.91) (5.46.7.76)
p— 0.750 0.625 0.750 0.750 1.00 2.00 5.00 4.50
(h) (0.25-2.50) (0.50-2.50) (0.75-1.50) (0.50-2.00) (0.75-1.50) (1.00-4.00) (4.00-6.00) (3.00-5.00)
AUC, 10.1 8.56 114 13.1 14.2 181 1.7 118
(norm) (890, 11.4)  (7.33.0.90)  (823.15.7) (9.88.175) (10.7.18.8) (13.6.24.0) (7.76.17.5)  (8.75.16.0)
AUC, 10.1 ¥ 115 14.2 . 11.8
(norm) (895, 11.4) NA (8.27.15.9) NA (108, 19.0) NA (7.80.17.9) NA
Cax 3.36 2.86 427 4.66 4.65 441 2.16 2.55
(norm) (2.48.4.50) (2.05.4.01) (3.69.4.94) (3.35,6.49) (3.65,.392) (3.57.5.449) (1.59, 2.95) (2.16. 3.00)
| 4.23 10.6 4.72 891 5.03 7.48 3.77 8.20
(h) (3.74.4.78) (7.43.15.1) (4.03.5.53) (7.59.105) (4.33.585) (6.22.8.99) (3.38.4.20) (585.11.5)
MRT 3.19 3.92 3.35 4.26 3.60 4.67 6.45 7.20
(h) (2,68, 3.80) (3.34. 4.60) (2.81.4.00) (3.90,4.65) (2.97.437) (3.80,575) (5.08,8.19) (644.8.06)
gLJFror 7.02 8.29 6.92 6.04 5.61 4.46 6.62 6.61
(Li;) (6.16, 8.00) (7.27. 9.46) (5.80,8.25) (5.11,7.13) (4.13,7.63) (3.33,597) (4.55,9.62) (5.10,8.57)
VF 224 325 232 25.7 202 208 427 47.6
(L) (17.8,28.2) (254.4106) (21.3.25.3) (21.6, 30.6) (15.1, 27.1) (17.5.24.7) (34.0, 53.5) (39.7.57.0)
0.851 1.09 0.949 1.18
Rave: NA (0.729, NA (0.765. NA (0.628, NA (0.819,
0992) 1.56) 1.43) 1.69)
0.849 116 127 1.01
Rewax NA (0.633. NA (0.968. NA (1.01. NA (0.850.
1.14) 1.38) 1.61) 1.21)
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Dose of RDEAS94

200 mg 400 mg 600 mg 200 mg
®) (Orap\nln. fed) (b)mp\nln. fed) ®) (o'npmln. fed) (4)lahlrl\. fed)
(N=6) @ (N=6) (N=6) (N=6)

Parameter Day 1 Day7 Day 1 Day 7 Day 1 Day 7 Day 1 Day 7
AUC, 26.1 251 518 53.9 73.0 849 20.9 21.2
(pgh/mL) (204, 31.3) (21.2,29.7) (40.8.65.7) (44.6.651) (61.3,87.0) (73.5.98.1) (17.3,25.3) (18.7,.24.1)
AUC, 26.3 . 523 . 73.7 . 21.1 .
(pgl/ml) (206, 33.7) NA (41.3.66.3) NA (61.9, 87.7) NA (17.4,25.5) Na
Caus 8.18 7.71 13.8 15.7 20.1 208 616 5.57
(ngmL) (5.49,122) (591, 10.0) (11.5.16.7) (139.177) (17.3,23.3) (16.4,.26.4) (4.60, 8.25) (4.24.7.31)
Tass 3.00 3.50 3.00 2.50 2.50 3.50 (1.00- 175 450
(h) (1.00. 3.00) (2.00-5.00) (1.50.3.00) (1.50-4.00) (1.50. 5.00) 5.00) (1.00. 5.00) (2.00-6.00)
AUC, 104 9.98 11.0 114 9.62 112 879 3.02
(nom) (793.136) (799.125) (794.152) (877.149) (808.115) (100.125)  (80596]) (7.58.105)
AUC. 105 . 111 . 9.72 : 887 .
(nom) (8.00, 13.7) NA (8.03.15.4) NA (8.17. 11.6) NA (8.10,9.71) NA.
Caus 3.25 3.07 294 3.33 2.65 274 259 234
(nom) (2.12,498)  (235,401)  (2.31.3.75)  (271,4.10)  (2.18,320)  (2.22,3.39)  (1.96,3.43)  (1.66, 3.30)
te; 4.56 6.98 4.01 5.40 4.14 7.89 411 5.65
(h) (4.24. 490) (6.04, 8.06) (2.94.5.47) (6.80,104) (2.78,6.17) (5.22,11.9) (3.83,440) (5.28, 6.05)
MRT 4.67 5.90 494 5.50 4.71 5.95 471 6.67
(h) (4.09,533)  (521.669) (4.33.564) (4.80.629) (385.577) (5.12.690) (3.48637) (5.50,8.07)
f} Frf" 7.59 7.97 7.65 743 $.14 7.06 950 9.44
wh (5.94,970)  (674,943)  (6.03,9.69)  (6.15,8.97) (6.84,969) (6.12,8.16) (7.85115) (8.31,107)
V/F 355 47.1 378 40.8 384 420 447 629
(L) (260,48.3)  (36.9,60.0) (28.1.50.9)  (37.0,451)  (31.2,47.2)  (38.9.454) (30.4,658)  (52.0,76.1)

0.961 1.04 1.16 1.01
Ratce NA (0.855, NA (0.861, NA (1.07, NA (0.815,

1.08) 1.26) 1.26) 1.26)

0.943 1.13 1.04 0.904
Rewms NA (0.633. NA (0964, NA (0.877. NA (0.670.

1.41) 1.33) 1.22) 1.22)

(Source — Table 11-1, 11-2, study report 102)

Multiple-dose PD in healthy adults

A statistically significant treatment-dependent decrease in sUA concentrations was found,
compared with placebo, following multiple qd oral admlmstlatlon of lesinurad as IR
formulations (100 mg to 400 mg over 10 days, Figure 12) and ©
to 600 mg over 7 days). Similarly, excretion of wUA increased with increasing doses of
lesinurad. Maximum suppression of SUA occurred at the first sampling timepoint of 12
hours postdose, which corresponded with maximal wUA excretion at the earliest time
interval of 0 to 12 hours postdose. The effects of SUA reduction were observed through

24 hours postdose at 100 mg to 600 mg dosing.
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Serum Concentration

from Baseline (Time—maiched, Day —1)

, Change

0 12 24 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 24 36 48
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Doy 8 Day 9 Day 10

) 100 mg ROEASS4 (IR O oq)
594 (IR copsules, fasted) £ 400 mg RDEASS4 .’,IQ capsules, fasted)
594 {IR copsules, fed)

Figure 12. Median Percent Changes from Baseline (Time-Matched, Day -1) in Serum Urate
Concentrations Following Multiple Oral Immediate-Release Doses of Lesinurad (Day 1 to Day 10) in
Healthy Volunteers (Study 102)

(source: Figure 12, summary of clin pharm)

2.5.2 How does the PK of the drug and its relevant metabolites in healthy adults
compare to that in patients with the target disease?

Lesinurad PK was assessed in subjects with gout in 2 DDI studies (Studies 110 and 111)
and 4 Phase 2 studies (Studies 202, 203, 201, and 204).

Plasma exposures in subjects with hyperuricemia were generally similar or slightly lower
than those observed in healthy subjects. The key PK variables of lesinurad in subjects
with hyperuricemia compared with normal healthy subjects are presented in Table 10.

Table 10: Summary (Geometric Mean, 95% CI) of Lesinurad Pharmacokinetic Parameters
Following Once Daily Multiple Oral Doses of Lesinurad Immediate-Release Capsules in Subjects
With Hyperuricemia or Normal Healthy Subjects
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Population Study Dose N Geometric Mean (95% CI)
(Phase) a . o
(mg) Tmax (-max AUC 0-24 l1!2
(hr) (ng/mL) (ng-hr/mL) (hr)
Hyperuricemic 110 400 10 3.00 8.40 437 3.90
(Phase 1b) (1.50-6.00) (6.48-10.9) (33.0-57.9) (3.49-4.35)
600 10 4.00 18.0 90.2 449
(2.50-4.00) (14.0-23.1) (71.4-114) (4.00-5.05)
203 200 4 4.00 410 242 3.75
(Phase 2b) (2.50-6.00) | (1.73-9.70) (13.8-42.2) (3.11-4.53)
400 17" 2.50 3.94 233 5.18
(0.00-4.00) (1.60-9.69) (9.62-56.3) (3.64-7.37)
400 13°¢ 2.50 10.0 57.2 3.65
(1.50-4.00) (8.54-11.7) (51.0-64.1) (3.36-3.97)
Normal 105 200 12 3.00 6.85 27.4 4.49
Healthy (Phase 1) (2.00-4.00) | (6.24-7.52) (24.0-31.4) (4.12-4.89)
400 12 2.00 15.0 59.7 4.88
(1.50-5.00) (13.0-17.2) (50.6-70.5) (4.39-5.43)

Abbreviations: AUC) 4, area under the concentration-time curve from time 0 to 24 hours postdose; CI, confidence
interval; Cpy. maximum observed concentration; ty,, apparent terminal half-life; T, time of occurrence of
maximum observed concentration.

* Presented as median (range).

®The 400 mg dose group included 4 subjects who showed unusually low Cuy (below 0.3 pg/mL) and AUC (below
3 pg-ho/ml).

© An additional calculation was performed for the 400 mg dose group to exclude 4 subjects who showed unusually
1oW Cone (below 0.3 ng/mL) and AUC (below 3 nug-hr/mL).

(source: Table 5, summary of clin pharm)

In population PK analysis, the clearance of lesinurad (posthoc CL/F median of 6.48L/h)
was lower in gout patients than in healthy subjects (posthoc CL/F median of 8.31L/h),
possibly due to an elderly age group for gout patients and inter-study variability (Figure
13). Inter-individual variability of PK parameters was generally higher in patients than in
healthy volunteers (Eg. IIV for CL/F is 29.8% in healthy subjects, and 63.4% in all
patients), likely due to the more heterogeneous population, e.g. in terms of covariate
distribution, co-medication, and potential disease dependent changes in physiology.
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ETA_CL ETA_V ETA_KA

Study Phase
N subjects
EB Phase 1 subjects

g=120
5 hase 3 subjects
N=989

Individual Random Effects

Figure 13. Relationship between Post-Hoc ETA_CL, ETA_V and ETA_KA of Lesinurad and Study
Phase — Structural Population PK model Based on Phase 1 and 3 Data in healthy and gout
populations

(Source: Figure 5.4-1, popPK-lesinurad-analysis)

2.5.3 What is the inter- and intra-subject variability of the PK parameters in
healthy volunteers and patients with the target disease?

Based on population PK analysis of lesinurad in gout patients, the IIV for CL/F expressed
as coefficient of variation was 63.4%, IIV in Vc/F was 12.2%, IIV in V2/F was 20.5%,
IV in KA was 121.7%, and IOV for Vc/F was 13.6%. See pharmacometrics review in
appendix 4.1 for details.

2.5.4 What are the characteristics of drug absorption?

Lesinurad has an absolute bioavailability of approximately 100%, indicating complete
absorption and a lack of gut wall and hepatic first pass metabolism. In-vitro studies
demonstrated that lesinurad is not a P-gp substrate, and is a minor substrate of BCRP (see
sections 2.7.3 and 2.7.4). Lesinurad was readily absorbed following a single dose of free
acid (FA) tablets with a median Tmax of 1-4 hours under fed conditions. Administration
with a high-fat meal decreases lesinurad Cmax by up to 18% but does not alter AUC as
compared with fasted state. In clinical trials, ZURAMPIC was administered with food.
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2.5.5 What are the characteristics of drug distribution?

Following a single IV dose of 100 pug [14C]lesinurad, the volume of distribution at steady
state was 20.3 L (Study 131). Following oral administration of 400 mg [14C] lesinurad,
mean plasma-to-blood ratios of lesinurad AUC and Cmax ranged between 1.80 and 1.84,
indicating that radioactivity was largely contained in the plasma space and did not
penetrate or partition extensively into red blood cells.

In vitro studies determined high plasma protein binding for lesinurad with the bound
fraction (fg) in humans to be greater than 97.7% at concentrations from 1 to 50 uM and
was primarily bound to albumin.

2.5.6 Does the mass balance study suggest renal or hepatic as the major route of
elimination?
According to data from mass balance study, both renal and hepatic routes contribute to
the elimination of lesinurad, with most of the lesinurad dose excreted in urine. In the
human AME study (Study 112), a mean of 63.4% of the lesinurad dose was recovered in
urine and 32.3% was recovered in feces through the last collection interval. Urinary
recovery was essentially complete by 24 hours postdose (mean of 61.1% of the dose
recovered).

Overall, ~64.2% of lesinurad dose was eliminated as metabolites in both urine and feces,
and ~31% of lesinurad was excreted in urine as unchanged drug (Table 11). Lesinurad
and 2 oxidation metabolites, M3 and M4, were major components in human urine,
accounting for 31.3%, 12.0%, and 15.7% of the dose, respectively. In human feces, the
dominant component was debrominated metabolites, M2, M5, and M5b, indicating the
involvement of intestinal microflora in lesinurad metabolism.

Table 11: Metabolic Balance of Urine and Faeces Samples Following a Single Dose of 600 mg

[14C]lesinurad
Time Dose %
Matrix (hr) M1 M2 M3 M3b M4 M5 M5b Mi16 Others Lesinurad Total
Urine 0-144 15 03 120 1.0 157 ND ND 0.5 1.2 31.3 63.4
Faeces 0-144 ND 48 03 1.9 50 36 7.8 1.1 7.5 1.5 33.5

(Source: Table 11-8, CSR 112)

2.5.7 What is the percentage of total radioactivity in plasma identified as parent
drug and metabolites?

In plasma, the major component was unchanged lesinurad. Mean plasma lesinurad to

plasma radioactivity ratios of AUC0-24 and AUCo were 0.618 and 0.463, respectively,

indicating that the majority of circulating radioactivity in plasma in the first 24 hours

postdose was attributed to lesinurad but after 24 hours was mainly due to metabolites.

Lesinurad contributesto approximately 93% of radioactivity in plasma at 3 hours
postdose(Table 12). The predominant metabolites detected in humans were M3 and M4,
with no human metabolite measuring >5% of unchanged lesinurad in plasma for both
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Cmax and AUC. The results were consistent with other studies following long term qd
administration of lesinurad up to 44 weeks in gout patients (study 202).

Table 12: Metabolic Profiles of Pooled Human Plasma, Urine, and Faeces Samples Following a Single
Dose of 600 mg [14Cl]lesinurad

Time Radioactivity %
Matrix (hr) M1 M2 M3 M3b M4 M5 M5b MI16 Others Lesinurad Total
Plasma 3 ND ND 22 ND 20 ND ND ND ND 93.1 97.3
Urine 0-24 24 04 189 15 248 ND ND 038 1.9 49.3 100
Faeces 24-48 ND 157 09 79 172 92 257 5l 11.4 6.9 100
Faeces 48-72 ND 145 07 49 149 122 235 25 233 3.5 100

(Source — Table 11-5, CSR112)

2.5.8 What are the characteristics of drug metabolism?

The proposed metabolic pathway for lesinurad is shown in Figure 14. In human in vitro
evaluation, biotransformation of lesinurad was primarily mediated through cytochrome
P450 (CYP) 2C9 with minimal contribution from CYP1A1, CYP2C19, and CYP3A.
CYP2C9 is responsible for M3 formation and is also responsible for the metabolism of
lesinurad to an epoxide intermediate (not detected in microsomal or hepatocyte
incubation), which is rapidly hydrolyzed to M4 by microsomal epoxide hydrolase (mEH).
M4 is mainly detected in urine likely due to its low protein binding (approximately 25%)
and high renal clearance (CLR). It is considered to be a disproportionate human
metabolite because a higher level (> 10% of dosing) was detected in human urine than in
rat and monkey urine (< 0.5% of dosing). In human feces, the dominant components were
debrominated metabolites, M2, M5, and M5b, indicating the role of intestinal microflora
in lesinurad metabolism.
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Figure 14: Proposed Metabolic Profile for lesinurad in Human Plasma
(Source — Figure 11-3, study report 112)

2.5.9 Is there evidence for excretion of parent drug and/or metabolites into bile?
Yes, some drug related material may be excreted via the bile.

In vitro studies determined that lesinurad is a minor substrate of BCRP, but not a
substrate for P-gp or MRP2. In the mass balance study, feces sample were collected 0 -
144 h after oral dosing, and comprised 33.5% of the administered dose. Most of the
radioactivity in feces was detected between 24-96 hour, with most of the total dose
excreted as metabolites (see section 2.5.6). This indicated that some drug related material
was excreted via the bile.

The glucuronide of lesinurad, M1, was detected in rat and monkey bile at much higher
levels than in urine. However, M1 was not detected in feces in human, where only trace
levels of M1 were detected in urine.

2.5.10 Is there evidence for enterohepatic recirculation for parent and/or
metabolites?

For doses up to 1600 mg, there were no secondary peaks observed in plasma
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concentration — time profiles of lesinurad (Figure 15). There is no evidence of
enterohepatic recirculation at the proposed therapeutic dose of 200 mg qd.
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Figure 15: Median Plasma Concentration Profiles Following a Single Dose of Lesinurad
800, 1200, or 1600 mg to Healthy Male Subjects
(Source — Figure 11-1, study report 117)

2.5.11 What are the characteristics of drug excretion in urine?

In the human AME study (Study 112), a mean of 63.4% of the lesinurad dose was
recovered in urine. Urinary recovery was essentially complete by 24 hours postdose
(mean of 61.1% of the dose recovered). In urine, lesinurad was the major component
excreted, accounting for 31.3% of the dose. The 2 most abundant metabolites, M3 and
M4, accounted for 12.0% and 15.7% of the dose, respectively. A few other minor
metabolites were also detected at lower than 3% of radioactivity. Among these minor
metabolites, M1 (glucuronide conjugate of lesinurad) accounted for 2.4% of the 0-to-24-
hour urine radioactivity, which is less than 2% of the dose.

2.5.12 Based on PK parameters, what is the degree of the proportionality of the
dose-concentration relationship?

The dose proportionality of lesinurad under the fasted and fed conditions was assessed
separately in pooled PK parameters from healthy volunteers receiving lesinurad alone.
Proportionality analysis was performed using the power model (Peng 2004). Scatter plots
of pooled Cmax and AUCce (100 mg to 1200 mg doses) under fed conditions are shown
in Figure 16. Data were pooled from studies involving lesinurad @@ IR capsules,
and FA tablets for the dose-proportionality assessment.

Lesinurad exposure (AUC) increased more than dose proportionally for doses more than
1200 mg (Figure 17).
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Figure 16. Dose Proportionality: Lesinurad Cmax and AUC Versus Dose Under Fed Conditions (100

mg to 1200 mg)
(Source: Figure 5, summary of clinical pharmacology)
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Figure 17. Dose Linearity Assessment Plot of AUC for Lesinurad in Males and Females
(Source: Figure 11-4, study report 117)

2.5.13 How do the PK parameters change with time following chronic dosing?

AUCo- for lesinurad after single dose is compared with AUCt,ss (0-24n) at steady state.
CL/F(ss) of lesinurad did not change after multiple dosing compared to single dose
administration. The linearity index, derived as dose normalized AUCr,ss/AUCo-» was
0.95-1.07 (Table 13). The pharmacokinetics of lesinurad can therefore be considered
time-independent. PK information was collected in Phase 2 and Phase 3 studies in gout
patients. Trough (pre-dose) concentrations are similar over a 12-month period, indicating
no time-dependency in PK of lesinurad after the concentration reached steady state.

Table 13: Exposure of lesinurad after single or multiple doses

Study Subjects | Treatment | lesinurad
AUC*
(pg.h/mL)
101 Healthy 400 mg sd, | 56.9
fed
102 Healthy | 400 mg ) | 53.9
qd, fed
200mg IR | 30.3
Qd, fed

N: Total subjects; SD: single dose; qd: once daily dose

* AUCo--» for SD; AUCx,ss for qd
(Source —Table 11-1, study report 101, Table 11-1, 11-2, study report 102)

2.5.14 Is there evidence for a circadian rhythm of the PK?

Lesinurad is recommended to be taken in the morning, and has not been dosed in the
evening during development. Urine volume is substantially reduced at night (approx. 1/5
of morning). Therefore, the evening dosing may result in the highest concentrations of
urinary uric acid, which would increase the potential for crystallization.
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The PD effect of lesinurad during 24 hours postdose was evaluated in several studies. In
general, the sUA lowering effect was more significant during the first few hours
postdose, and sUA levels were higher when lesinurad concentrations were low (Figure
18). The protocol for phase 3 studies did not specify the SUA sampling timepoint relative
to dose. The reviewer analysis shows that most serum uric acid samples were collected
between 1-5 hour postdose at month 6 in phase 3 studies. The sampling time is similar
among different arms in each study, and the sampling time distribution is similar in
responders and non-responders (See pharmacometrics review).

\/ —e— 400 mg lesinurad
—a— 400 mg lesinurad+300 mg allopurinol

Median urate change from baseline,%
4
(=]
|

-80 r
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Figure 18. Median Plasma Uric Acid Change from Baseline Following Multiple QD Dosing of 400 mg
Lesinurad on Steady State Day 7 (Study 110)
(Source: section 2.7.3, summary of clinical pharmacology, Figure 17)

2.6 Intrinsic Factors

2.6.1 What are the major intrinsic factors responsible for the inter-subject
variability in exposure (AUC, Cmax, Cmin) in patients with the target
disease and how much of the variability is explained by the identified
covariates?

Based on sponsor’s population PK analysis of gout patients and healthy subjects
(N=1109), Creatine clearance, body weight, and disease status were identified as
covariates influencing the PK of lesinurad. As shown in Figure 19, typical CL/F value in
subjects in gout patients (Phase 3 studies) was approximately 18% lower than that
observed in healthy subjects in (Phase 1 studies). Based on these decreases in CL/F, the
estimated increases in lesinurad exposure would be approximately 12%, 31% and 65% in
patients with mild, moderate, and severe renal impairment, respectively, compared with
patients with normal renal function.

The most important covariate describing the variability was the effect of weight on Vc/F
of lesinurad. Based on the body weight range in subjects in the Phase 3 studies (range:
46.7 to 239 kg), the Vc/F is expected to range from 19.6 to 45.1 L, but in a more typical
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weight range (i.e., 60 to 120 kg), the Vc/F would range from 22.3 to 31.7 L.

Age, sex, and race/ethnicity were not found to be statistically significant covariates
affecting PK parameters of lesinurad.

-Elf:l% -25?% +2{6% +5§]%

Sewvere Ranal Function
15 - 20 mLfmin

Moderate Renal Function
30 - 860 mLfmin

Mild Renal Function
G0 - 80 mLfmin

Hormal Renal Function
a0 - 200 mLYmin

CRCL Effect
17.1 - 191.2 mLfmin

Fhase 1 vs Phase 3

Raference CL

Relative CL/F

Figure 19. Effects of Renal Function and Disease Status (Phase 1-healthy; Phase 3-gout) on Apparent
Clearance of Lesinurad
(Source: Figure 5.4-4, popPK lesinurad analysis)

2.6.2 Based upon what is known about E-R relationships in the target population
and their variability, what dosage regimen adjustments are recommended
for each group?

Lesinurad exposure is 50-74% higher in patients with moderate renal impairment, and
may lead to potential safety concern. However, dose adjustment based on PK is not
applicable here, due to changed PK/PD relationship in renal impairment patients.
Considering the overall risk-benefit profile, we recommend approval of 200 mg in
patients with e€CRCL>45 mL/min, and do not recommend lesinurad in patients with
eCRCL <45 mL/min. See section 2.6.2.6 for further details.

2.6.2.1 Severity of Disease State

Plasma exposures in subjects with hyperuricemia were generally similar to those
previously observed in healthy subjects.

2.6.2.2 Body Weight
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Body weight was evaluated as a covariate in the population PK model (see
Pharmacometrics Review, appendix 4.1), and was found to be a significant covariate on
V/F.

2.6.2.3 Age

Age was evaluated as a covariate in the population PK model (see Pharmacometrics
Review, appendix 4.1), and was found not to be a significant covariate. However, as CrCl
was found to be a significant covariate and glomerular filtration rate (GFR) decreases
with increasing age, there may be GFR-related changes in exposure with increased age.

2.6.2.4 Sex
After adjust for weight, gender does not have additional impact on lesinurad exposure

(Table 14).
Table 14. Geometric Mean Ratios of Lesinurad Pharmacokinetics Between Female and Male
Subjects (Study 117)
Dose | Parameter N Geometric Mean Ratio % Body Weight Normalized
(mg) (Female/Male) (90% CT) Geometric Mean Ratio %
(90% CI)
Female/Male Female/Male
400 Clax 25/28 115% (99.4-134%) 98.4% (85.3-113%)
AUC,, 25/28 113% (99.8-127%) 95.9% (85.8-107%)
1600 Cax 26/28 116% (104-129%) 99.0% (88.8-110%)
AUC,, 26/28 116% (102-132%) 99 5% (88.1-112%)

(Source: Table 6, summary of clin pharm)
2.6.2.4 Pediatric Patients

Since gout is a disease of adults and has no pediatric correlate, sponsor is granted a full
waiver (07 October 2014) from the requirement to conduct pediatric research with
lesinurad for gout and hyperuricemia.

2.6.2.5 Race/Ethnicity

Race and ethnicity were evaluated as a covariate in the population PK model (see
Pharmacometrics Review, appendix 4.1), and were found not to be significant covariates.
Assessment of race included White, Black or African American, Asian, American Indian
or Alaska Native, Native Hawaiian or other Pacific Islander, Maori, and Other; ethnicity
included Hispanic or Latino/non-Hispanic or non-Latino.

A Phase 1 study has been conducted in US with healthy male Japanese volunteers (Study
125) to study potential effects of lesinurad dosing on race. Based on cross-study
comparisons of lesinurad PK in the fasted or fed condition after a 200 mg or 400 mg
single dose of the FA tablet formulation in Japanese subjects, and in Western subjects
who were drawn from the US population (Study 109 and Study 121), the time-course of
lesinurad in plasma was similar across races. The geometric mean plasma Cmax and
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AUC values were approximately 7% to 40% higher in Japanese subjects, but there was
considerable overlap in 95% Cls around the exposure values in Japanese and Western
subjects (Table 15).

Table 15. Comparison of Lesinurad Plasma Pharmacokinetic Parameters Following Single Doses
(Fed) in Healthy Adult Male Japanese Subjects Versus Healthy Adult Male Western Subjects

Dose Parameter Western Subjects Japanese Subjects %o Difference (Japanese
(mg) (Study 109) (Study 125) Versus Western)
(N=8) (N=6)
200 Body weight (kg) Mean 78.5 78.4 NA
SD 104 7.65
Range 62.2-97.0 69.0-90.1
AUC,. (ng-hr/mL) Geomean 28.5 304 6.7%
95% CT (20.9-38.7) (26.6-34.7)
Crnax (pg/mL) Geomean 6.11 8.17 34%
95% CI (4.83-7.73) (6.19-10.8)
400 Body weight (kg) Mean 78.5 714 NA
SD 104 9.95
Range 62.2-97.0 60.2-85.1
AUC,, (ng-hr/mL) Geomean 61.6 86.2 40%
95% CI (48.1-78.9) (66.8-111)
Coax (g/mL) Geomean 154 20.0 30%
95% CI (13.3-17.9) (13.1-30.7)
Dose Parameter Western Subjects Japanese Subjects % Difference (Japanese
(mg) (Study 121) (Study 125) Versus Western)
(N=15) (N=6)
400 Body weight (kg) Mean 81.0 714 NA
SD 12.7 9.95
Range 56.2-105 60.2-85.1
AUC, (ng-hr/mL) Geomean 63.1 86.2 37%
95% CI (52.7-75.4) (66.8-111)
Cnax (ng/mLl) Geomean 16.3 20.0 23%
95% CT (12.9-20.4) (13.1-30.7)

(Source: Table 7, clin pharm summary)

2.6.2.6 Renal Impairment

Two studies in renal impaired subjects were conducted. Study 104 evaluated a single
dose of lesinurad 200 mg in adult volunteers with mild (eCLcr 60 to less than 90
mL/min) or moderate renal impairment (eCLcr 30 to less than 60 mL/min). Study 120
evaluated a single dose of lesinurad 400 mg in adult volunteers with moderate or severe
renal impairment (eCLcr less than 30 mL/min). Lesinurad exposure (AUC) increased by
31%, 50-74% and 113% respectively in subjects with mild, moderate and severe renal
impairment (Table 16).

Table 16. Summary of lesinurad Pharmacokinetic Parameters, by renal impairment status

| Study \ PK | Renal \ N \ Mean (SD) \ Ratio (vs
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parameter impairment Normal)
status
104 AUCinf Normal 6 33.4(10.7) | NA
(ug.h/mL) Mild 8 43.6 (9.7) 130.5%
Moderate 10 58.0(27.2) | 173.5%
Cmax (ug/mL) | Normal 6 8.5(2.7) NA
Mild 8 11.6 (1.7) 135.6%
Moderate 10 10.2 (3.9) 119.7%
120 AUCinf Normal 6 57 (17.6) NA
(ng.h/mL) Moderate 6 85.6 (16.3) | 150.2%
Severe 6 121.3 (51.3) | 212.9%
Cmax (pg/mL) | Normal 6 15.9 (1.7) NA
Moderate 6 16.5 (7.7) 104.1%
Severe 6 18.1 (2.7) 113.8%

(Source —Reviewer summary)

Creatinine clearance was found to be a significant covariate for lesinurad exposure in the
Phase II/III PopPK analysis and in several supportive data sets (Figure 19, see
Pharmacometrics Review, appendix 4.1) Data on severe renal impairment was too sparse
to draw conclusions. There is apparent trend for lower creatinine clearance or estimated
GFR to be associated with higher exposure to lesinurad in univariate analyses, and this
does not inform on cause-effect relationship. The population PK analysis of the Phase 3
studies, which did not enroll subjects with severe renal impairment, yielded model-based
estimates of lesinurad exposure increases of approximately 12%, 31%, and 65% in
subjects with mild, moderate, and severe renal impairment, respectively, compared with
subjects with normal renal function. Post hoc Cave of Lesinurad in subjects enrolled in
Phase 3 studies are presented in Table 17 with stratification by renal function.

Table 17. Effects of Baseline Renal Function on Average Concentrations of Lesinurad Under Steady-
State in Phase 3 Subjects (study 301, 302, and 304, dose of 200 mg QD, posthoc analysis)

Cave (ng/mL), mean(sd) in patients with various baseline renal functions (CRCL)

Study | >290mL/min | N 60-<90 N 45-<60 N | 30-<45 N | <30 N
mL/min mL/min mL/min mL/min

301 1666(1222) | 87 | 1806(1403) | 56 | 2371(1809) | 26 | 2655(2460) 1518

8
302 | 1536(1240) | 85 | 1450(837) | 77 | 1910(1121) | 17 | 2652(2953) | 4 | 2068
304 | 1401(590) |37 | 1742(858) | 36 | 1970 (745) | 16 | 2327 (625) | 5

1

N |O|(—|—

Total | 1566(1144) | 209 | 1630(1069) | 169 | 2130(1396) | 59 | 2558(2099) | 17 | 1793(389)

(Source: Reviewer analysis, see pharmacometrics review)

The efficacy and safety of ZURAMPIC were evaluated in studies that included gout
patients with mild and moderate renal impairment (see review by medical officer Dr.
Rosemarie Neuner and statistic reviewer Dr. Yu Wang). The patients with
CRCL<45mL/min had less overall efficacy. The patients with CRCL30-60mL/min had
lower renal function reserve, and had a higher occurrence of renal related adverse
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reactions compared to patients with mild renal impairment or normal renal function. As
another uricosuric drug probenecid was not recommended in patients with eCRCL<50
mL/min by ACR guideline, and the data were sparse for patients with eCRCL between
45-50 mL/min in the lesinurad program, our analysis also supports similar
recommendations for treatment with lesinurad(see section 2.4 for details).

2.6.2.7 Hepatic Impairment

As lesinurad undergoes hepatic metabolism, the effect of hepatic impairment on the
metabolism of lesinurad was explored in Childs-Pugh Class A (mild impairment) and B
(moderate impairment) subjects as compared with healthy volunteers following a 400 mg
dose of lesinurad. In subjects with mild hepatic impairment, lesinurad Cmax and AUC
were comparable to those from subjects with normal hepatic function (Table 18).
Subjects with moderate hepatic impairment showed comparable Cmax values, while
AUC was 33% greater when compared with subjects with normal hepatic function (Table
18). Plasma protein binding of lesinurad was unchanged in subjects with mild hepatic
impairment (99.0% bound) and slightly lower in subjects with moderate hepatic
impairment (98.8% bound) compared with subjects with normal hepatic function (99.0%
bound), as shown in Table 19. The relative plasma exposure of M4, a major metabolite of
lesinurad, was less than 8% in subjects with normal hepatic function and with mild to
moderate hepatic impairment.

Overall, Sponsor’s proposal for no dose adjustment of lesinurad in mild and moderate
hepatic impaired patients is acceptable. Effect of severe hepatic impairment on lesinurad
PK was not studied and hence sponsor is not recommending use of lesinurad in this
population.

Table 18. Geometric Least Squares Means and Geometric Mean Ratios (90% Confidence Interval) of
Total Lesinurad Pharmacokinetic Parameters between Hepatic Function Groups
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GeoLLSM Geomean Ratio (90% CI)

Hepatic Function N Parameter Mild Normal (Impairment/Normal
Impairment Function Function)
([.13?.\?]_} 20.4 18.4 111% (90.2%-136%)
(L:;If;lc,:i:}_} 66.2 61.9 107% (83.4%-137%)
vel‘si.fl}?oﬁ:};?ﬁlﬁgttion (Ll;ﬁl‘gﬂxll} 66.3 62.0 107% (83.7%-137%)
(CLIT}]T) 6.02 6.45 93.3% (72.8%-120%)
CLawo72 4.3 491 100% (74.6%-135%)
(mL/min)
(J_EI,’:]’]’L) 19.9 18.4 108% (77.9%-149%)
(L:;If;lc,:i:}_} 32.4 61.9 133% (93.8%-189%)
xchi?seﬁéiﬁi}:});ﬁﬁﬁﬁl1 8 (u;h‘ggm} 826 62.0 133% (94.0%-189%)
(CLITIJ]];} 4.84 6.45 75.0% (52.9%-106%0)
(Sim;i;) 3.74 491 76.3% (53.2%-110%)

(Source —Table 11-2, Study 118 report)

Plasma Protein Binding:

Analysis of protein binding in plasma from subjects with normal hepatic function, and
mild and moderate hepatic impairment showed that lesinurad is highly bound (>98%) in
all 3 groups (Table 19).

Table 19. Mean (Standard Deviation) Plasma Protein Binding (Percent) of Lesinurad

Normal Hepatic Function Mild Hepatic Impairment Moderate Hepatic Impairment
N=8) (N=8) N=8%)
99.0% (0.143) 99.0% (0.129)* 98.8% (0.217)

N = number of subjects.
Mean combining 1. 10, and 50 pM concentrations of lesinurad is presented.
*N = 7. plasma sample for protein binding assay was not available for Subject 001-010.

(Source —Table 11-5, Study 118 report)

2.6.3  Does genetic variation impact exposure and/or response?

Yes, CYP2C9 poor metabolizers (i.e., CYP2C9 *2/*2, *2/*3 or *3/*3) receiving 400 mg
lesinurad had ~1.8-fold increase in lesinurad exposure relative to CYP2C9 extensive
metabolizers (i.e., *1/*1). This is consistent with data from the drug interaction trial with
a moderate CYP2C9 inhibitor (i.e., fluconazole) that showed similar exposure changes.
Given that (1) higher lesinurad exposure has been associated with increased risk for
adverse events (see exposure/response analysis, Section 2.4.3), and (2) increased
exposure has been observed with concomitant use of moderate CYP2C9 inhibitors and in
CYP2C9 poor metabolizers, usage recommendations should be consistent for CYP2C9
poor metabolizers and CYP2C9 inhibitors.

To evaluate the impact on CYP2C9 genotype on the PK of lesinurad, the applicant
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assessed pharmacogenetic (CYP2C9 *1, *2, and *3 alleles) and pharmacokinetic data
from five trials conducted in healthy subjects (RDEA594-109), or in patients with gout
(RDEA594-110, RDEA594-111, RDEA594-202, and RDEA594-203) to perform a cross-
study analysis. Genetic sampling rates in these trials were variable, and in combination
with PK data, information was available from 67/435 (~15%) subjects. The reviewer
classified the subjects’ phenotype according to Clinical Pharmacogenetics
Implementation Consortium (CPIC) guidelines to the following phenotype groups: (1)
extensive metabolizers (genotype CYP2C9 *1/*1; EMs), (2) intermediate metabolizers
(genotype CYP2C9 *1/*2, *1/*3; IMs), and (3) poor metabolizers (genotype CYP 2C9
*2/%2, ¥3/*3, *2/*3; PMs). Follow-up studies to further explore the potential impact of
CYP2C9 genotype on lesinurad PK are not warranted at this time (See Appendix 4.2:
Genomics Group review by Anuradha Ramamoorthy, Ph.D.).

2.7 Extrinsic Factors

2.7.1 Is there an in vitro basis to suspect in vivo drug-drug interactions?

Yes, lesinurad was primarily metabolized by CYP2C9. Lesinurad exhibited induction
potential toward CYP3A, CYP2CS, and CYP2C9 in vitro. Lesinurad exhibited inhibitory
potential toward CYP2C8 and CYP2C9.

Lesinurad is a substrate of OAT1 and OAT3 but not P-glycoprotein (P-gp). Among liver
and kidney transporters evaluated in vitro, lesinurad potentially can inhibit OATPI1BI,
OCTI, OATI, and OATS3.

2.7.2 1Is the drug a substrate of CYP enzymes?

Biotransformation of lesinurad was primarily mediated through CYP2C9 with minimal
contribution from CYP1A1, CYP2C19, and CYP3A.

CYP2C9 is responsible for M3 formation and also for the metabolism of lesinurad to an
epoxide intermediate, which is rapidly hydrolyzed to M4 by mEH. Formation of M5 is
mediated through the combination of CYP2C9 and gastrointestinal microflora. Formation
of metabolite M6, the S-dealkylation metabolite, was catalyzed by CYP3A4 in the in
vitro evaluation. Elimination of lesinurad in humans through this pathway is negligible in
vivo.

2.7.3 Is the drug an inhibitor and/or an inducer of enzymes?

Lesinurad exhibited induction potential toward CYP3A, CYP2CS8, and CYP2C9 in vitro.
Lesinurad exhibited inhibitory potential toward CYP2C8 and CYP2C9.

2.7.4 Is the drug a substrate, an inhibitor and/or an inducer of transporter
processes?

Lesinurad is a substrate of OAT1 and OAT3 but not P-glycoprotein (P-gp). Among liver
and kidney transporters evaluated in vitro, lesinurad potentially can inhibit OATP1BI,
OCT]1, OATI1, and OAT3 (Table 20).

Table 20. Interaction of Lesinurad With Major Intestinal and Liver Transporters
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Transporter As a Substrate ICs0 (M) Coas! ICs0"

0.02
P-gp No 1000

1.98 (I ICs0)

BCRP Minor > 3000 < 0.006
OATPIBI Yes 9.3 1.8
OATPIB3 Minor 43.1 0.4
OCT1 Yes 13.7 1.2

Abbreviations: BCRP, breast cancer resistance protein; Cpgy, maximum observed concentration; Ly, estimated
gastrointestinal concentration of lesinurad based on 400 mg dosing; ICs,, half maximal inhibitory concentration;
OAT. organic anion transporter; OCT, organic cation transporter; P-gp. P-glycoprotein.

* From 200 mg dosing, Cyy is approximately 17.1 uM and I, is 1.98 mM.

Transporter As a Substrate IC5p (uM) Cnax, free! ICso”

OAT! Yes 43 0.06

OAT3 Yes 3.5 0.08

OCT2 No > 300 <0.001

Abbreviations: ICso, half maximal inhibitory concentration; OAT, organic anion transporter; OCT, organic cation
transporter.

* From 200 mg dosing, Cy is approximately 17.1 pM, using 98.4% as protein bound fraction for the calculation of
free concentration.
(Source: Table 17, Table 18, section 2.6.4, pharmacokinetics written summary)

2.7.5 Are there other metabolic/transporter pathways that may be important?

No other metabolic enzyme or transported pathway is known to be important for
disposition of lesinurad in addition to those already discussed in sections 2.7.2 and 2.7.4.

2.7.6 What extrinsic factors influence exposure and/or response, and what is the
impact of any differences in exposure on effectiveness or safety responses?

The effect of extrinsic factors on lesinurad exposure was summarized in Table 21.

2.7.7 What are the drug-drug interactions?

-Effect of other drugs on Lesinurad
Effect of co-administration of CYP2C9 inducer and inhibitor, antacid, and NSAIDS on
lesinurad exposure (AUC) and C,,,x Was evaluated (Table 21).

Table 21. Extrinsic Factors

Lesinurad
Co-administered drug Rationale AUCmf Cmu Dosing recommendation
Inhibitor of Caution with moderate
CYP2C9 inhibitor of CYP2C9
Fluconazole 1 56% 1 38%
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Inducer of No dose adjustment based on

CYP2C9 limited impact on sUA
Rifampicin 137.6% 123.9% | lowering
NSAIDS
Common 1 14.5% 127.1% )
e Naproxen Concomitant Not dose adjustment
e Indomethacin medicine T10% T 18%
Antacids
e Calcium N
carbonate 110.9% 110.1%
* Aluminum- Not dose adjustment
magnesium Concomitant | 4 9:4% L 15.1%
hydroxide medicine

e Ranitidine 9% 120%

(Source: Reviewer summary)

Lesinurad is a substrate of CYP2C9. Coadministration of a single dose of lesinurad 400
mg and fluconazole (400 mg loading dose followed by 200 mg qd) increased lesinurad
AUC by 56% and Cmax by 38%. Coadministration of a single dose of lesinurad 400 mg
and rifampin (600 mg qd) decreased lesinurad AUC by 38% and Cmax by 24% (Table
21).

Lesinurad is planned to be routinely used with other gout therapies including NSAIDs for
the treatment of pain and gout flares. Lesinurad AUC was comparable with or without
coadministration of indomethacin or naproxen (Table 21). As renal toxicity is a major
safety concern with lesinurad, and NSAIDs are also associated with development of
kidney injury, coadministration of the two may pose additional risk. See medical officer
Dr. Rosemarie Neuner’s review for further details.

(b) (4

Co-administration with histamine H2 antagonists or other antacids did not influence the

exposure of lesinurad (Table 21).

1. Coadministration with fluconazole significantly increased AUC and C,,, of lesinurad
by ~56% and 38%, respectively. Therefore, patients should be monitored closely for
lesinurad related adverse events.

2. Coadministration with rifampicin significantly reduced AUC of lesinurad by ~50%
38%. A reduced uric acid lowering activity (30% vs 39%) was also observed in the
dedicated DDI study. The data suggest that coadministration with rifampicin may
decrease the efficacy of lesinurad.

3. No significant change in lesinurad exposure was observed following co-
administration with antacids. Therefore, no dose adjustments are recommended.

-Effect of Lesinurad on other drugs
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A summary of studies conducted to examine the effect of lesinurad on other drugs for the
treatment of gout is provided in Table 22.

Table 22. Effect of Lesinurad on Systemic Exposures of Coadministered Gout Drugs

Co- Dose of Co- Dose of Analyte Geometric Mean Ratio
Administered | Administered Lesinurad (90% CI)*
Drug Drug AUC Co
Febuxostat 40mgqdx 7d 200 mgqdx 7d Febuxostat 112 (109-115) 108 (94.9-122)
(Study 103) I e qdx 7d 400mg qdx7d | Febuxostat 131 (124-139) | 127 (104-155)
Febuxostat 40mgqdx 7d 400 mgqdx 7d Febuxostat 108 (98.9-117) 109 (83.2-143)
(Study 1L e qd x 7d 600 mg qdx 7d | Febuxostat 120 (109-132) | 129 (109-154)
80mg qdx 7d 400 mg qd x 7d Febuxostat 119 (112-126) 113 (104-123)
80mgqdx 7d 600 mg qdx 7d Febuxostat 121 (107-137) 118(93.4-148)
Allopurinol 300 mg qd x 7d 400 mg qd x 7d Allopurinol 90.5(82.6-99.2) | 78.8(61.0-102)
(Study 110) Oxypurinol 74.2 (65.1-84.7) | 79.4 (69.8-90.3)
300 mg qdx 7d 600 mgqdx 7d Allopurinol 93.7 (83.8-103) 87.3 (62.9-121)
Oxypurinol 64.7 (61.3-68.3) | 71.7 (67.8-75.7)

Colchicine
(Study 110)

0.6mgqdx7d

400 mgqd x 7d

Colchicine

74.8 (67.4-83.0)

82.3(73.0-92.7)

0.6mg qdx 7d

600 mgqdx 7d

Colchicine

67.0 (57.5-78.1)

75.6 (63.9-89.5)

Colchicine
(Study 111)

0.6mgqdx7d

400 mg qd x 7d°

Colchicine

78.3(71.1-86.3)

88.6 (78.2-100)

0.6mgqdx 7d

600 mg qd x 7d°

Colchicine

64.5 (58.8-70.7)

80.4 (69.5-93.0)

0.6mgqdx7d

400 mg qd x 7d°

Colchicine

86.2(74.9-99.2)

91.3 (78.0-107)

0.6mg qdx 7d

600 mg qd x 7d°

Colchicine

73.0 (58.7-90.7)

84.5 (67.3-106)

Naproxen 250 mg bid x 6d 400 mg Naproxen 108 (107-109) 104 (99.4-109)
(Study 126) | 50 mgbidx 13d | 400mgqdx8d | Naproxen 101 (98.5-104) | 102 (98.5-105)
Indomethacin | 25 mg bid x 6d 400 mg Indomethacin 135 (127-144) 118 (97.7-142)
(Study 126) - 5 o bidx 13d | 400 mg qd x 8d | Indomethacin | 131 (122-141) | 120 (103-140)

(Source: Table 10, summary of clin pharm studies)

A summary of studies conducted to examine the effect of lesinurad on other drugs with
potential for DDI is provided in Table 23.

Table 23. Effect of Lesinurad on Systemic Exposures of Coadministered Drugs
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(Study 113)

dose

total atorva®

107 (98.0-117)

Co- Dose of Co- Dose of Lesinurad Analyte Geometric Mean Ratio” (90% CT)

Administered Administered P

Drug Drug AUC Ca

CYP3A

Sildenafil 50 mg single 200 mg gd x 9d° Sildenafil 66.4 (55.9-78.8) 66.1 (45.3-96.5)

(Study 108) dose 400 mg qd x 9d° Sildenafil 49.6 (34.2-72.0) 65.5(39.7-108)
400 mg qd x 10d° Sildenafil 38.6 (30.8-48.3) 422 (31.0-57.3)
600 mg qd x 10d° Sildenafil 27.4(21.2-35.5) 35.7(26.2-48.7)

Atorvastatin 40 mg single 200 mg single dose Atorvastatin 96.2 (89.8-103) 91.9 (80.3-105)

101 (87.9-116)

200mgqdx 11d Atorvastatin 84.2 (74.2-95.6) 114 (92.0-141)
total atorva® 92.2 (82.9-103) 115 (91.7-144)
400 mg single dose Atorvastatin 101 (91.3-111) 117 (94.0-146)
total atorva® 108 (100-118) 126 (105-150)

400mgqdx 11d

Atorvastatin
total atorva®

72.7 (64.9-81.5)
86.1 (77.3-95.8)

99.5 (80.4-123)
117 (98.0-139)

(Study 128)

dose

Amlodipine Smgqdx28d | 400 mgqdx 14d Amlodipine 57.5(52.5-63.1) 60.4 (55.3-66.0)
(Study 114)
CYP2C9
Tolbutamide 500 mg single | 400 mg single dose Tolbutamide 111 (107-113) 107 (104-110)
(Study 115) dose OH-tolbutamide 114 (111-118) 140 (129-151)
400 mg qd x 13d Tolbutamide 106 (102-111) 102 (95.8-108)
OH-tolbutamide 111 (106-116) 124 (115-134)
Warfarin 25 mg single 400 mg qd x 21d S-warfarin 104 (99.6-109) 102 (97.0-108)
(Study 123) dose R-warfarin® 81.2 (77.3-85.3) 99.6 (94.5-105)
CYP2C8
Repaglinide 0.5 mg single 400 mg single dose Repaglinide 131 (124-139) 127 (108-148)
(Study 116) dose —
400 mg qd x 12d Repaglinide 111 (103-120) 101 (91.4-111)
OCT1
Metformin 850 mg single | 400 mg single dose Metformin 103 (91.1-115) 106 (100-113)
(Study 128) dose
OATIL/3
Furosemide 40 mg single 400 mg single dose | Furosemide 69.3 (56.7-84.7) 48.9 (38.7-61.8)

(Soﬁrce: Table 11, summary of clin pharm) -

Reviewer’s comments

1. In interaction studies conducted in healthy subjects with lesinurad and CYP3A
substrates, lesinurad reduced the plasma concentrations of sildenafil and amlodipine.
When coadministered with sensitive CYP3A substrates, lesinurad may reduced

efficacy of these drugs.

2. Based on in vitro studies, lesinurad is a substrate of OATI and OAT3 and a weak
inhibitor of OATPIBI1, OCTI, OATI, and OAT3. However, in vivo drug interaction
studies suggested that lesinurad does not affect the renal clearance of furosemide
(substrate of OATI/3), or exposure of metformin (substrate of OCTI). In addition,
consistent with the in vitro finding of being a URAT inhibitor, lesinurad reduces the
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exposure of oxypurinol, a URATI substrate, by 25%.

2.7.8 Does the label specify coadministration of another drug?

Yes, lesinurad should be used with XOI, and should not be used as monotherapy.
There was no meaningful PK interaction of lesinurad with allopurinol, or lesinurad with

febuxostat (Table 24 and Table 25).

Table 24. Effects of Coadministered XOI on Systemic Exposure of Lesinurad

Coadministered Drug

Dose of
Coadministered
Drug”

Dose of
Lesinurad®

Geometric Mean Ratio (90% CI)"

AUC

C max

Gout treatments

Febuxostat
(Study 105)

40mgqdx7d

200mgqdx7d
400 mgqdx7d

98.3 (95.6-101)°
105 (99.2-111)°

95.9 (88.1-104)
102 (90.6-115)

Allopurinol
(Study 110)

300mgqdx7d

400 mgqdx7d
600 mgqdx7d

107 (95.9-119)°
106 (98.2-115)°

117 (105-131)
104 (89.9-120)

(Source: Table 9, summary of clin pharm)

Table 25. Effect of Lesinurad on Systemic Exposures of Coadministered XOIs

Co- Dose of Co- Dose of Analyte Geometric Mean Ratio
Administered | Administered Lesinurad (90% CI)*
Drug Drug AUC Conis
Febuxostat 40mgqdx7d 200mgqdx 7d Febuxostat 112 (109-115) 108 (94.9-122)
(Study 105) e qd x 7d 400mgqdx 7d | Febuxostat 131 (124-139) | 127 (104-155)
Febuxostat 40mgqdx 7d 400 mg qdx 7d Febuxostat 108 (98.9-117) 109 (83.2-143)
(Study 1L e qdx 7d 600mgqdx7d | Febuxostat 120 (109-132) | 129 (109-154)
80 mg qd x 7d 400 mg qdx 7d Febuxostat 119 (112-126) 113 (104-123)
80mgqdx 7d 600 mg qd x 7d Febuxostat 121 (107-137) 118 (93.4-148)
Allopurinol 300 mg qdx 7d 400 mg qd x 7d Allopurinol 90.5(82.6-99.2) | 78.8(61.0-102)
(Study 110) Oxypurinol 74.2 (65.1-84.7) | 79.4 (69.8-90.3)
300 mgqdx 7d 600 mg qdx 7d Allopurinol 03.7 (83.8-105) | 87.3(62.9-121)
Oxypurinol 64.7 (61.3-68.3) | 71.7 (67.8-75.7)

(Source: Table 9,

summary of clin pharm)

As there is no DDI between lesinurad and allopurinol/febuxostat, the additional uric acid
lowering activity observed in the combination therapy is due to synergestic PD effect of
XOI and lesinurad, and not increased exposure to XOlIs.

2.7.9 What other co-medications are likely to be administered to the target
population?

Besides allopurinol, gout patients are likely to take lesinurad in background of other
drugs to prevent flare such as NSAID, colchicine; other uric acid lowering agent such as
pegloticase. As probenecid and lesinurad worked on similar mechanisms, co-

administration of probenecid and lesinurad is not recommended.

Gout is more likely to occur in old age patients; therefore, there is a potential for other
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drugs such as anti-hypertensives, anti-diabetic, anti-hyperlipidemic etc, to be
administered with lesinurad.

2.7.10 Is there a known mechanistic basis for pharmacodynamic drug-drug
interactions?

Salicylates at doses higher than 325 mg per day may decrease the serum uric acid
lowering activity of ZURAMPIC in combination with allopurinol. Low doses of aspirin
have been shown to increase URAT]1 transport of uric acid. Subgroup analysis in study
301 and 302 suggested that low dose aspirin did not affect the efficacy of lesinurad.

Thiazide diuretics at Baseline: Thiazide diuretics increase sUA, likely through
activation of OAT4 in the proximal tubule of the kidney, and as a result can make
it more difficult to achieve sUA targets. Subgroup analysis in study 301 and 302
suggested that thiazide diuretics did not affect the efficacy of lesinurad.

Probenecid has similar mechanism of action as lesinurad. Therefore, lesinurad should not
be used with probenecid.

2.8 General Biopharmaceutics

2.8.1 Based on the biopharmaceutic classification system principles, in what class
is this drug and formulation? What solubility, permeability and dissolution
data support this classification?

Sponsor proposed that lesinurad can be considered a BCS class 2 drug because of low
aqueous solubility at lower pH.

Lesinurad is classified as a drug substance with low solubility according to BCS
(Biopharmaceutical Classification System). The BCS solubility class boundary for
lesinurad is not less than 0.8 mg/mL over the physiologically relevant pH range of 1 to
7.5. Lesinurad does not meet this criterion below approximately pH 5.3 (Figure 20).
Lesinurad is highly permeable in the in vitro Caco-2 cell permeability assessment. The
high permeability classification is further supported by results from an absolute
bioavailability study, which show complete absorption of lesinurad and a bioavailability
of approximately 100%. Thus, lesinurad can be classified as a BCS class 2 drug
substance (low solubility — high permeability).
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Figure 20. pH-dependent solubility profile lesinurad in aqueous media at 37°C
(Source: Figure 2, section 3.2.S.1.3)

2.8.2 How is the proposed to-be-marketed formulation linked to the clinical service
formulation?

During its clinical development, lesinurad was formulated as an o9 1R
capsules, ®@ tablets, IR tablets, and an ®® Three forms of the drug substance

have been evaluated: o8

Whereas initial clinical trials were performed with the @@ TR capsules, and
assessed @@ tablets, subsequent clinical trials were carried out with free acid tablet
(Table 26). The relative bioavailability was assessed across different formulations. Please
refer to review by Office of New Drug Quality Assessment (ONDQA) for further details
regarding formulation changes.

Table 26. Lesinurad Formulations Used in Clinical Safety and Efficacy Studies
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Strength Doses (mng) Drug Product Clinical Study No.
(Formulation Administered
Number)®

Phase 2b Studies

100 mg (FNO7) 200. 400. 600 Sodium Salt Capsule | 202 (Main and Open Label Extension),
203 (Main and Double-blind Extension)

200 mg (FN14 and | 200. 400. 600 | Free Acid Tablet 203 (Open-label Extension)

FN21)

Phase 3 Studies

200 mg (FN21) 200. 400 Free Acid Tablet 301 (CLEAR 1). 302 (CLEAR 2),
400 mg (FN22 304 (CRYSTAL)

400 mg (FN22 400 Free Acid Tablet 303 (LIGHT)

(Source: Table 1, summary of biopharm)

2.8.3 What is the effect of food on the bioavailability of the drug when
administered as @@ or as drug product?

In the Phase 2 and Phase 3 studies, lesinurad was administered in the fed state.
The effect of food on the PK and PD of lesinurad has been examined in 5 studies using
various lesinurad formulations (Table 29).

In Study 121, the pivotal study of food effects (Phase 3 formulation), administration with
a high-fat meal decreases lesinurad Cmax by 18% but does not alter AUC as compared
with fasted state (Table 27).

Table 27. Geometric Least Squares Means and Geometric Mean Ratios (90% Confidence Interval) of
Lesinurad Plasma Pharmacokinetic Parameters under the Fed versus Fasting Condition

Parameter N GeolLSM Geomean Ratio (90% CI) p-value
- Fed  Fasting (Fed/Fasting) Treatment” Period Sequence
Cﬂ‘m" 15° 16.2 19.9 81.6% (66.6%-99.8%) 0.0976 0.7728 0.3763
(ug/mL)
AUC ¢ b . , ) )
; 15 62.7 68.0 92.2% (83.6%-102%) 0.1607 0.3278 0.4928
(ug-hr/mL)
AUC,, b . , ) - )
) 15 62.9 68.3 92.1% (83.6%-102%) 0.1589 0.3089 0.4905
(ug-hr/mL)

(Source: Table 11.2, CSR121)

The sUA lowering effect of lesinurad was enhanced in the fed state (43% maximum
reduction from baseline and 31% reduction at 24 hours postdose) as compared with the
fasted state (36% maximum reduction from baseline and 26% reduction at 24 hours
postdose, Table 28). The effect of food on sUA following treatment was also observed
with various other formulations of lesinurad examined in Studies 101, 102, and 109 as
shown in Table 29.

Table 28: Statistical Analysis of the Percentage Change from Baseline in Serum Urate
Concentrations Following a Single 400 mg Oral Dose of Lesinurad to Healthy Adult Male Subjects
Under Fed Versus Fasting Conditions
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Lesinurad Parameter Condition | LS Mean | N | Difference of LS Means | P-value
Dose (95% CI)*
(mg)
400 Fed -43.05 | 15° ‘
Enax. cB o) -7.07 (-10.00, -4.15) <0.001°
Fasted -35.98 16
Fed 31,10 | 15° ‘
Eoqne. ca (%) -5.56 (-8.93. -2.18) 0.001¢
Fasted -25.54 16

Abbreviations: CI, confidence interval; Esq ¢p. 24 hour postdose percent change from baseline: Ey.y ¢s. Iaximum
observed percentage change from baseline in serum urate concentrations: LS, least squares; N, number of subjects

? Fed minus fasted.

° Subject 103 discontinued prior to Day 6 and was excluded from the statistical analysis.

¢ Statistically significant at 5% level.

(Source — Table 14.2.2.1, Study 121 CSR.)

Table 29: Effects of Food on Lesinurad AUC, Cmax, and Pharmacodynamics Observed Using Other
Formulations of Lesinurad

Study Dose/ Formulation AUC,. Crax Epas, cB Epax, cB

Regimen Geometric Mean Geometric Ar. Mean Ar. Mean
Ratio (90% CI) Mean Ratio (CV) (CV)

(90% CTI) Fed Fasted

101 100 mg/ @ 92.3% 58.3% -22.3% -24.1%
single dose (74.7-114%)° (47.7-71.2¢° (-15.0%) (-37.3%)

102 200 mg/ IR capsule 91.3% 55.5% -40.5% -31.3%
repeated dose (73.5-113%)" (45.1-68.3%)° (-21.0%) (-17.6%)

109 400 mg/ FA tablet 92.8% 76.3% -41.4% -34.1%
single dose (85.1-101%) (65.2-89.3%) (-12.9%) (-11.2%)

400 mg/ IR capsule 82.1% 65.8% -45.6% -39.9%

single dose (74.9-90.1%) (53.9-80.5%) (-10.0%) (-9.0%)

600 mg/ FA tablet 68.6% 54.6% -44.3% -35.1%

siugle dose (54.7-86.10‘0) (40.6-73.490) (-12.200) (-20.200)

Abbreviations: Ar, arithmetic: AUC.., area under the concentration-time curve from time 0 to infinity: AUCT, area under the
concentration-time curve over the dosing interval: CL confidence interval; C,,,,,. maximum observed concentration: CV,
coefficient of variation; E,,.. cs. maximum observed percentage change from baseline in serum urate concentrations: FA, free

acid; IR. immediate release.
Geometric mean ratio for AUC fed relative to AUC fasted or C,, fed relative to C,, fasted after normalizing for dose.
Geometric mean ratio determined using AUCT fed relative to AUC t fasted on Day 10. In Study 102. AUCT is equivalent to
AUC; 4.

Geometric mean ratio for C,, fed relative to C,, fasted on the last dosing day.

»

c

(Source — Table 20, Study 121 CSR.)

2.8.4 Was the bioequivalence of the different strengths of the to be marketed

formulation tested? If so were they bioequivalent or not?

Phase 3 studies assessed two strengths: 200 and 400 mg tablets. Lesinurad tablets used in
the Phase 3 studies were manufactured at
. Another manufacturing site for lesinurad tablets, AstraZeneca AB

(Sodertalje, Sweden), is the proposed commercial manufacturing site. Associated with

the AstraZeneca AB site were minor changes from
. There were no changes to quantita

composition of the formulation,

NDA207988
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A bioequivalent (BE) study (study 129) demonstrated BE of the
mg strength lesinurad tablet (manufactured at AstraZeneca AB) to Phase 3 tablets

(manufactured at

30.

® @ 400

®®) A summary of results from Study 129 is presented in Table

Table 30. Summary of Results from Relative Bioavailability Study 129 —-Manufacturing Site
Comparison for Lesinurad 400 mg Tablets

Cohort Manufacturing Site (Lot Number) Comparison:
(Food, N) Ratio of Geometric Least Squares Means
(90% CI)

A['(‘x -'\lv(‘lait (‘max
Cohort 3 Test: AstraZeneca AB (ELAD) 99.7% 99.8% 100%
(Fasted. Reference:.  ®@®(12A015) (89.9-111%) | (90.0-111%) | (85.0-118%)
N=17)
Cohort 4 Test: AstraZeneca AB (ELAD) 95.3% 95.3% 101%
(Fed.N=18) | Reference:  ®%®(124015) (89.9-101%) | (89.9-101%) | (86.1-119%)

(Source: Table 5, summary of biopharm)

The strength of the to-be-marketed formulation is 200 mg tablet. A biowaiver is sought
for the 200 mg strength lesinurad tablet.

®@

Please refer to review by Office of New Drug Quality Assessment
(ONDQA) reviewer for further details

2.9 Analytical Section

® @

2.9.1 How are parent drug and relevant metabolites identified and what are the
analytical methods used to measure them in plasma and other matrices?

The concentrations of lesinurad and its metabolites were quantified in human EDTA
plasma and urine samples. Nine bioanalytical reports/methods have been submitted to
measure the parent drug, metabolites, and other analytes in different matrices (Table 31).

In plasma, the best lower limit of quantification (LLOQ) is 5 ng/mL for lesinurad,
Ing/mL for M1 and M6, and 2ng/mL for M4. At a single clinical dose of lesinurad (200
mg or 400 mg), plasma concentrations of lesinurad can be measure up to 24 h post dose.

In this review, we summarized the analytical method for the parent drug in plasma.
SR09-041 was validated over the concentration range of 5 to 2000 ng/mL lesinurad,
using a sample volume of 25 pL. The assay was developed and validated, and samples
were analyzed in Ardea Biosciences (San Diego, CA).

The method involves

®@
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(b) (4)

Table 31: Summary of analytical methods for analysis of lesinurad and other analytes

Analytical Analyte Matrix Method Remark

Method
SRO7-105 M1, M6 Plasma LC/MS/MS | 1-1000 ng/mL
SRO7-106 M6 Urine LC/MS/MS | 1-1000 ng/mL

SR09-017 Febuxostat | Plasma LC/MS/MS | 2-1000 ng/mL
SR09-041 RDEA594 | Plasma LC/MS/MS | 5-2000 ng/mL

(lesinurad)
SR10-031 RDEA594 | Urine LC/MS/MS | 50-10000 ng/mL
(lesinurad)
SR10-034 M6 Plasma LC/MS/MS | 5-2000 ng/mL
SR10-057 Uric acid | Plasma LC/MS/MS | 1-25 mg/dL
SR13-024 M4 Urine LC/MS/MS | 10-4000 ng/mL
SR13-025 M4 Plasma LC/MS/MS | 2-1000 ng/mL

(Source — Reviewer summary)

2.9.2 Which metabolites have been selected for analysis and why?

M1, M4 and M6 for lesinurad were selected for analysis because these were the
predominant metabolites formed in humans (see section 2.5.8).

2.9.3 For all moieties measured, is free, bound, or total measured?
Total (bound + unbound) concentrations were measured in plasma PK samples.

2.9.4 What bioanalytical methods are used to assess concentrations of the measured
moieties?
Table 31 presents a summary of analytical methods used for quantification of lesinurad
and lists out the respective validation report numbers.

2.9.5 What is the range of the standard curve? How does it relate to the requirements
for clinical studies? What curve fitting techniques were used?

Analytical method for lesinurad in plasma: report # SR09-041

The standard curves were validated over the concentration range of 5 to 2000 ng/mL for
lesinurad. Calibration curves were constructed using the linear regression fit with a 1/x
weighting from which concentrations of QC samples were interpolated.

2.9.5.1 What are the lower and upper limits of quantitation?
Analvtical method for lesinurad in plasma: report # SR09-041

LLOQ and ULOQ for lesinurad were 5 and 2000 ng/mL, respectively, using sample
volumes of 25 puLL human plasma. Over-the-curve dilution was validated by diluting a 50
png/mL RDEA594 plasma over the- curve dilution QC sample (DilQC) by a factor of 50.
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2.9.5.2 What are the accuracy, precision, and selectivity at these limits?
The accuracy and precision of analytical method SR09-041 is listed in Table 32.

Table 32: Accuracy and Precision of Lesinurad Analytical LC/MS/MS Assay in human plasma
(Validation Report # SR09-041)

Parameter RDEAS94

Intra-batch accuracy (% of nomunal) | 95.3 - 105
Intra-batch precision (% CV) 2.46-9.23
Inter-batch accuracy (% of nominal) | 92.7 - 98.7

Inter-batch precision (% CV) 5.99 -6.82

(Source — Table under 3.6, analytical report SR09-041)

The selectivity of all the methods was evaluated by extracting and analyzing blank
human plasma from 6 individual sources. All lots were free from significant interfering
peaks in the drug and internal standard regions. The co-administered drug interference
from febuxostat, allopurinol, oxypurinol and colchicine was evaluated. The results show
that there is no interference of any of these drugs at the RDEA594 and [D6]RDEA594
retention times.

2.9.5.3 What is the sample stability under conditions used in the study?

In human plasma, lesinurad was found to be stable for at least 24.5 hours at room
temperature, for at least 10 days stored at nominal -70 °C and through seven freeze-thaw
cycles.

Human plasma sample extracts in injection solvent containing lesinurad were stable at
nominal 10 °C for up to 97 hours. Stock solution stability was also assessed for 22 hours
at room temperature and 60 days at -20°C.
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3. DETAILED LABELING RECOMMENDATIONS

The revised labeling language based on the preliminary review is as below. Based on the
clinical pharmacology review, most revisions were on drug-drug interactions and
recommendations for renal impairment patients. In addition, we have the following
comment to the sponsor:

“a. Update your clinical pharmacology section based on the draft guidance “Clinical
Pharmacology Labeling for Human Prescription Drug and Biological Products—
Considerations, Content and Format.”
(http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guid
ances/UCM109739.pdf)

b. You stated that ® @

. Validate number and provide mean (CV%).
Under the annotated label, provide the source study/data to support the claim in the label
(not just general “see summary of clinical pharmacology™).

HIGHLIGHTS OF PRESCRIBING INFORMATION
DOSAGE AND ADMINISTRATION
. ®@
Access renal function before initiating ZURAMPIC. Do not initiate
ZURAMPIC if eCLcr is below 45 mI./min (2.2)
e  Discontinue ZURAMPIC if eCLcr falls below 45 mIL/min. (2.2)

USE IN SPECIFIC POPULATIONS

e  Renal impairment: ®® Not
recommended for patients with eCLer<45 mI/min. (2.2, 5.1. 8.6)

e  Hepatic impairment: Not recommended with severe hepatic impairment. (8.7

2 DOSAGE AND ADMINISTRATION

2.2 Patients with Renal Impairment

No dose adjustment is needed in patients with eCLecr of 45 mI./min or greater.
ZURAMPIC should not be initiated in patients with an eCLcr less than 45 mI/min.

Assessment of renal function is recommended prior to initiation of ZURAMPIC therapy
and periodically thereafter. ZURAMPIC should be discontinued when eCLer is

persistently less than 45 mI./min [see Warnings and Precautions (5.1) and Use in Specific
Populations (8.6)].

4 CONTRAINDICATIONS
The use of ZURAMPIC is contraindicated in the following conditions:

e Tumor lysis syndrome or Lesch-Nyhan syndrome [see Use in Specific Populations (8.8)].

e Severe renal impairment (eCLcr less than 30 mI./min). end stage renal disease or patients on

dialysis ®® Use in Specific Populations (8.6)].
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7 DRUG INTERACTIONS

7.1 CYP2C9 Inhibitors and inducers

Lesinurad exposure is increased when ZURAMPIC is co-administered with inhibitors of
CYP2C9. ZURAMPIC should be used with caution in patients taking moderate inhibitors of
CYP2C9 (eg, fluconazole, amiodarone). Lesinurad exposure is decreased when ZURAMPIC is

co-administered with inducers of CYP2C9 (eg. rifampin). which may decrease the

therapeutic effect of ZURAMPIC [see Clinical Pharmacology (12.3)]. .

®@
7.5

Aspirin

Aspirin at doses higher than 325 mg per day may decrease the
efficacy of ZURAMPIC in combination with allopurinol. Aspirin at doses lower

than 325 mg per day does not decrease the efficacy of ZURAMPIC. ne

-Aspirin of 325 mg or less per day (ie, for cardiovascular protection) can be

coadministered with ZURAMPIC.

® @ ® @

8 USE IN SPECIFIC POPULATIONS

8.6 Renal Impairment

The PK of ZURAMPIC was evaluated in studies that included patients with mild(eCLcr 60 to

less than 90 mI./min). moderate (eCLcr 30 to less than 60 mI./min). and severe renal impairment
(eCLcr less than 30 mI/min). Lesinurad exposure (AUC) increased by 3 (l;%. 50-7(‘;% and 113%
respectively in subjects with mild. moderate and severe renal impairmen ¢ [see Clh‘l‘ical
Pharmacology (12.3)].

The efficacy and safety of ZURAMPIC were evaluated in studies that included gout patients with

mild and moderate renal impairment [see Clinical Studies (14)]. The patients with moderate renal

impairment ®® had a higher occurrence of renal related adverse

reactions compared to patients with mild renal impairment or normal renal function [see .  ®®

Adverse Reactions
(6.1)].The efficacy and safety of ZURAMPIC have not been evaluated in gout patients with

severe renal impairment (eCLcr less than 30 mL/min). with ESRD. or receiving dialysis.

ZURAMPIC is not expected to be effective in these patient populations [see Contraindications(4)

and Clinical Pharmacology (12.3)].

®@

8.7 Hepatic Impairment
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No dose adjustment is necessary in patients with mild or moderate hepatic impairment (Child-
Pugh classes A and B) [see Clinical Pharmacology (12.3)]. Lesinurad has not been studied in
patients with severe hepatic impairment and is therefore not recommended .

12 CLINICAL PHARMACOLOGY
12.2 Pharmacodynamics
Effects on Serum Uric Acid and Urinary Excretion of Uric Acid

In gout patients, ZURAMPIC lowered sUA levels and increased renal clearance and fractional
excretion of uric acid. Following single and multiple oral doses of ZURAMPIC to gout patients.
dose-dependent decreases in SUA levels and increases in urinary uric acid excretion were
observed. B

12.3 Pharmacokinetics

Metabolism

Lesinurad undergoes oxidative metabolism mainly via the polymorphic cytochrome P450
CYP2C9 enzyme. Plasma exposure of metabolites is minimal (<10% of unchanged
lesinurad). Metabolites are not known to contribute to the uric acid lowering effects of
ZURAMPIC. A transient oxide metabolite is rapidly eliminated by microsomal epoxide
hydrolase in the liver and not detected in plasma.

Patients who are CYP2C9 poor metabolizers are deficient in CYP2C9 enzyme activity. A

cross-study pharmacogenomic analysis assessed the association between CYP2C9

polymorphism and lenisurad exposure in patients receiving single or multiple doses of
lesinurad at 200 mg. 400 mg or 600 mg. At the 400 mg dose, lesinurad exposure was
approximately 1.8-fold higher in CYP2C9 poor metabolizers (i.e., subjects with CYP2C9
% /%) *3/%3 [ OB o0notype) compared to CYP2C9 extensive metabolizers (i.e..
CYP2C9 *1/*1 genotype). Use with caution in CYP2C9 poor metabolizers. and in

atients taking moderate inhibitors of CYP2C9 [see Drug Interactions (7.1

Specific Populations

Renal Impairment

Two dedicated studies were performed to assess PK in renal impairment (classified using the

Cockcroft-Gault formula) subjects. In both studies. Cmax was comparable in renal impairment
subjects compared to healthy subjects.

Study 1 was a single-dose. open-label study evaluating the pharmacokinetics of ZURAMPIC 200
mg in subjects with mild (eCrCL 60 to less than 90 mI./min) and moderate renal impairment

(eCrCL 30 to less than 60 mI./min) compared to healthy subjects. Compared to healthy subjects

(N=6: eCrCL greater than or equal to 90 mI/min). plasma AUC of lesinurad was increased by
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approximately 3'%; and 7'%) in subjects with mild (N=8) and moderate (N=10) renal impairment,
respectively.

Study 2 was a single-dose, open-label study evaluating the pharmacokinetics of ZURAMPIC 400
mg in subjects with moderate and severe renal impairment (eCrCL less than 30 mL/min)
compared to healthy subjects. Compared to healthy subjects (N=6), plasma AUC of lesinurad was
increased by approximately 50% and 113% in subjects with moderate (N=6) and severe (N=6)

renal impairment, respectively.
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4. APPENDIX
4.1 PHARMACOMETRIC REVIEW

OFFICE OF CLINICAL PHARMACOLOGY:
PHARMACOMETRIC REVIEW

Application Number NDA 207988

Submission Date Dec 29, 2014

Compound Lesinurad

Dosing regimen (route of 200 mg QD (oral administration)
administration)

Indication Gout

Clinical Division DPARP

Primary PM Reviewer Jianmeng Chen, Ph.D.
Secondary PM Reviewer Yaning Wang, Ph.D.

Note: Any text in the review with a light background should be inferred as copied from
the sponsor’s document.
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1 SUMMARY OF FINDINGS

1.1 Key Review Questions
The purpose of this review is to address the following key questions.

1.1.1.1 Is there a dose/exposure-response relationship for effectiveness?

There is dose response relationship for change from baseline in sUA in Phase 2 study 203
(200 mg, 400 mg, and 600 mg) and in Phase 3 studies (200 mg and 400 mg, Figure 21A).
A trend for increase in efficacy with respect to change from baseline in sUA is observed
with increasing dose.

An Emax model built to describe the change in serum uric acid identified lesinurad
exposure and renal function as predictors of response. The sUA lowering effect with
lesinurad 200 mg qd lies on the steep portion of the exposure-response curve and doses
below 200 mg qd would be expected to have a clinically important decrement in efficacy.

Consistent with the dose-response, increased efficacy with respect to proportion of
patients achieving target sUA is observed in the highest exposure (steady state Cave)
quartile compared to lower quartiles (Figure 21B). The highest quartile corresponds to
the exposures that are likely to be achieved with the 400 mg QD dose.

A. Time course of serum uric acid

203 | 304

301 202 * =L 200 mg + Allopuringl
—|L 400 mg + Allcpurinal
* =|L 200 mg + Febuxostat
— L 400 mg + Febuxostat
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B. sUA responder analysis
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Figure 21: The Dose/exposure response for efficacy: A) Dose response for change in serum uric acid;
B) serum uric acid responder analysis with steady state Cave. The black symbols represent the mean
and 95% CI in each exposure quartile.

1.1.1.2 Is there impact of renal impairment on the efficacy of lesinurad?

Yes, renal function was identified as the only covariate that impacts the lesinurad
efficacy. The final Emax model suggested that for a patient with CRCL of 30ml/min,
55% of the efficacy will be preserved at similar lesinurad exposure; For a patient with
CRCL of 60ml/min, 80% of the efficacy will be preserved at similar lesinurad exposure.
This is consistent with the observed efficacy data in Phase 3 studies. The evaluation of
impact of renal function on lesinurad efficacy in study 301 and 302 demonstrate that:

e Consistent with the known mechanism of action of lesinurad, there appears to be a
lower reduction in serum uric acid levels with increasing degree of renal
impairment in subjects with gout. The reduction in sUA from baseline in subjects
with creatinine clearance< 45mL/min was of lower magnitude (approximately
half) when compared to the magnitude observed in the subjects with normal
renal function or with mild renal impairment(Table 33).

e The responder analysis of pooled studies 301 and 302 also suggest that the
efficacy in patients with creatinine clearance less than 45mL/min is minimal
(Figure 22).

This impact of renal impairment on lesinurad efficacy is consistent with its mechanism of
action. Lesinurad acts as an inhibitor of several transporters in kidney and inhibits the
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reabsorption of uric acid. Its activity is dependent on the adequate glomerular filtration
of uric acid.

Table 33. Effects of Baseline Renal Function on sUA decline compared to placebo (study 301and 302,
dose of 200 mg QD, posthoc analysis)

Difference of Least Square Mean, sUA (mg/dL), study 301+302

Baseline Renal LESU200 + ALLO
Function v. ALLO LL UL N
<45 -0.288 -1.37 0.795 46
45 to <60 -0.807 -1.32 -.294 105
>= 60 -1.13 -1.40 -.861 637

(Source: Reviewer analysis, see statistical review by Dr. Yu Wang)

Diff LCL UCL M p-value

-Baseline Renal Function- 0.580
=45 —— 0900 -.123 0323 48
4510 =60 —l 0.260 0118 0422 108
== HH 0.302 0.242 0362 655
Favors Placeho Favors LESU
-1.0 05 0.0 0A 1.0

Figure 22. Pooled studies301 and 302 subgroup analysis of lesinurad 200 over placebo estimated sUA
responder rate difference and 95% confidence interval. None responder imputation-ITT
(Source: Reviewer analysis by Dr. Yu Wang, Study 301 and 302)

1.1.1.2 Is there a dose/exposure-response relationship for safety?

Yes, there is a dose-response relationship for renal toxicity. Dose-safety analysis
revealed that:

e Lesinurad decreased eCRCL from baseline in a dose-dependent manner. This
decrease in eCRCL was observed in all categories of renal impairment patients (Figure
23). On average, the decline in eCRCL appeared to stabilize after month 1. However, at
individual level, more patients have serum creatinine elevations with longer lesinurad
treatment durations (Figure 24).

e A dose dependent eCRCL decline was observed in all categories of renal
impairment patients and patients with normal renal function. However, the decline
of renal function led to more severe consequence in patients with worse baseline
renal function. In 5% (5/101) of patients with moderate renal impairment at
baseline, the eCRCL declined to <30mL after 6 to 12 months treatment of
lesinurad 200mg-+allopurinol, compared to 1% (1/101)in the placebo+allopurinol
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group (Table 34). Some of these patients end up requiring dialysis as the renal
function declined in the Phase 3 studies.

See Dr. Rosemarie Neuner’s clinical review for detailed information on safety analysis.
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(Source: Reviewer analysis, Study 301 and 302)

Figure 23. Mean change in eCRCL (mL/min) and relative change in Ecrcl(%)from baseline over time
in patients with different baseline CRCLs. Blue: Placebo+Allo, Pink: Lesinurad 200mg+Allo, Green:
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Figure 24: Cumulative Incidence of Serum Creatinine Elevations>2.0 x Baseline in the Pivotal Phase
3 Studies (12-Month Studies 301, 302, and 304)
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| (source: Figure 5, lesinurad renal safety report)

Table 34. Shift From Baseline to Last Post-Baseline Estimated Creatinine Clearance Category
During Core Study (Studies 301, 302, and 304)

Placebo (n=516)
Last eCrCl {mL/min)
>=90 >=60-<90 >=30-<60 <30 Missing Total
Baseline eCrCl {(mL/min) n (%) n (%) n (%) n (%) n (%) n (%)
>=90 154 ( 30.0) 19( 3.7) 1( 02) 0 6( 1.2) 180 ( 35.0)
>=60-<90 45( 8.8) 171(33.3) 8( 1.6) 0 5( 1.0) 229 ( 44.6)
>=30-<60 0 29( 5.6) 68 (13.2) 1( 0.2) 3( 08) 101 ( 19.6)
<30 0 0 4( 08) 0 0 4( 08)
Total 199 (38.7) 219 (42.6) 81(15.8) 1( 0.2) 14 2.7) 514 (100)
Lesinurad 200mg+XOI (n=511)
Last eCrCl (mL/min)
==90 >=60-<90 >=30-<60 <30 Missing Total
Baseline eCrCl {mL/min) n (%) n (%) n (%) n (%) n (%) n (%)
>=90 167 (32.7) 29( 5.7) 0 0 4( 08) 200 (39.2)
>=60-<90 31( 6.1) 153 (30.0) 15( 2.9) 0 9( 1.8) 208 ( 40.8)
>=30-<60 0 21( 4.1) 75 (14.7) 5( 1.0} 0 101 ( 19.8)
<30 0 0 0 1( 02) 0 1( 0.2)
Total 198 ( 38.8) 203 ( 39.8) 90 (17.6) 6( 1.2) 13( 2.5) 510 (100)
Lesinurad 400mg+XOI (n=510)
Last eCrCl (mL/min)
>=90 >=60-<90 >=30-<60 <30 Missing Total
Baseline eCrCl {mL/min) n (%) n (%) n (%) n (%) n (%) n (%)
>=90 152 ( 29.9) 45( 8.9) 1( 02) 0 5( 1.0) 203 (40.0)
>=60-<90 24( 47) 162 ( 31.9) 24( 47 2( 04) 1( 0.2) 213 (41.9)
>=30-<60 1( 02) 17( 33) 70(13.8) 3( 0.6) 1( 0.2) 92 (18.1)
<30 0 0 0 0 0 0
Total 177 ( 34.8) 224 (44.7) 95 (18.7) 5( 1.0) T( 14) 508 (100)

(Source: Table 9.5.4.1, ias-16)

1.1.1.3 Does the dose-response relationship for effectiveness and safety support the
proposed doses of 200 mg QD in gout patients with normal renal function, mild
renal impairment, or moderate renal impairment?

OCP recommends the following regulatory and labeling actions. An Advisory Committee
meeting will be held on Oct 23, 2015 to discuss the review team’s recommendations.

I Dosing in gout patients with normal renal function (eCRCL > 90mL/min) and mild
renal impairment (eCRCL = 60-<90 mL/min):

The sponsor proposes lesinurad 200 mg be administered with food and water. OCP
review team recommends approval in this population.

1I Dosing in moderate renal impaired patients with an estimated creatinine clearance
of 30-<60 mL/min:

Lesinurad acts as an inhibitor of several transporters in kidney, and inhibits the
reabsorption of uric acid. Activity of lesinurad is dependent on the renal function of
patients. There appears to be an attenuated uric acid lowering activity in patients with
eCRCL less than 45mL/min based on the integrated PK/PD analysis, which is supported
by the subgroup analysis (see section 1.1.1.1 and 2.2.2).
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The renal safety evaluation also suggested that the decline of renal function led to more
severe consequence in patients with worse baseline renal function (see section 1.1.1.2).

Given the lower response of lesinurad in eCRCL<45 mL/min group and the increased
risk of decline in renal function (¢CRCL) from baseline, we consider benefit-risk of
lesinurad not favorable in eCRCL<45 mL/min group. As another uricosuric drug
probenecid was not recommended in patients with eCRCL<50mL/min by ACR guideline,
and the data were sparse for patients with eCRCL between 45-50 mL/min in the lesinurad
program, our analysis also supports similar recommendations for treatment with
lesinurad. This risk benefit analysis has been communicated to clinical team.

Overall, we recommends:
In patients with eCRCL >45 mL/min
e Recommend for approval.
e Labeling explicitly cautioning language for adverse events, and renal function
monitoring.
In patients with eCRCL<45 mL/min
e Do not use lesinurad because of unfavorable benefit-to-risk ratio.

1.1.1.4 Are the effects of intrinsic factors on exposure significant from either efficacy
or safety perspective?

Based on sponsor’s population PK analysis of gout patients and healthy subjects
(N=1109), Creatine clearance, body weight, and disease status were identified as
covariates influencing the PK of lesinurad. As shown in Figure 25, typical CL/F value in
subjects in gout patients (Phase 3 studies) was approximately 18% lower than that
observed in healthy subjects in (Phase 1 studies). Based on these decreases in CL/F, the
estimated increases in lesinurad exposure would be approximately 12%, 31% and 65% in
patients with mild, moderate, and severe renal impairment, respectively, compared with
patients with normal renal function.

The most important covariate describing the variability was the effect of weight on Vc/F
of lesinurad. Based on the body weight range in subjects in the Phase 3 studies (range:
46.7 to 239 kg), the Vc/F is expected to range from 19.6 to 45.1 L, but in a more typical
weight range (i.e., 60 to 120 kg), the Vc¢/F would range from 22.3 to 31.7 L.

Age, sex, and race/ethnicity were not found to be statistically significant covariates
affecting PK parameters of lesinurad.
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Figure 25. Effects of Renal Function and Disease Status (Phase 1-healthy; Phase 3-gout) on Apparent
Clearance of Lesinurad
(Source: Figure 5.4-4, popPK lesinurad analysis)

1.2 Recommendations

Considering the overall risk-benefit profile, we recommend approval of 200 mg in
patients with eCRCL>=45mL/min, and do not recommend lesinurad in patients with
eCRCL <45mlL/min. See section 1.1.1.3 for further details.

1.3 Label Statements

The following are the labeling recommendations relevant to clinical pharmacology for
NDA 207988. The red-strceoutfont 1s used to show the proposed text to be deleted and
underline blue font to show text to be included or comments communicated to the
SPONSOL.

12 CLINICAL PHARMACOLOGY

12.3 Pharmacokinetics

Special Populations
Renal Impairment

® @
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Hepatic Impairment

Following administration of a single dose of ZURAMPIC at 400 mg in patients with mild (Child-
Pugh class A) or moderate (Child-Pugh class B) hepatic impairment, lesinurad C,,x was
comparable and lesinurad AUC was 7% and 33% higher, respectively, compared to individuals
with normal hepatic function. There is no clinical experience in patients with severe (Child-Pugh
class C) hepatic impairment.

Effect of Age, Gender, Race/Ethnicity and Body Weight on Pharmacokinetics

Based on the population pharmacokinetic analysis, age, gender, race and ethnicity do not have a
clinically meaningful effect on the pharmacokinetics of lesinurad [see Use in Specific Populations

(8.5)].

Reviewer’s Comments:

The sponsor did two dedicated renal impairment study. The PK data in renal impairment
patients from population PK study is complicated by sparse sampling time and model
assumptions.

2 RESULTS OF SPONSOR’S ANALYSIS

2.1 Population PK Analysis

Primary objective of sponsor’s population PK analysis were:

1. To describe the PK of lesinurad in Phase 1(healthy) and Phase 3 (gout patients)
studies.

2. To describe variability in PK parameters of lesinurad and identify clinically relevant
covariates.

2.1.1 Methods

Data

A dataset consisting of available plasma concentration-time data of lesinurad in 1136
subjects enrolled in Phase 1 (Protocols RDEA594-118, RDEA594-120, RDEAS594-121,
RDEA594-122, RDEA594-126 and RDEA594-127) and Phase 3 studies (RDEA594-301,
RDEAS594-302, RDEA594-303, RDEA594-304) was constructed. The PK analysis
dataset included 989 gout patients and 120 healthy subjects. One to 60 plasma samples
collected after lesinurad administration were available for each subject, resulting in a
total of 9936 plasma samples that were included for the population PK analysis.

Phase 1 subjects were generally younger (mean age value of 41 years old) than Phase 3
subjects (mean age value of 52 years old). The body weight of Phase 1 subjects was
similarly distributed across the Phase 1 studies with mean value of 85 kg. Subjects in
Phase 3 were slightly obese with mean body weight of 106 kg and BMI of approximately
34 kg/m2. Creatinine clearance at baseline was lower in subjects in Phase 3 studies (86.6
mL/min) compared to subjects in Phase 1 studies (100 mL/min) except those in the renal
impairment study RDEAS594-120 (53 mL/min). Of the 1109 subjects, 95.4% were male
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and 4.6% were female. A majority of subjects were White (77.4%) and were not
Hispanic/Latino (90.6%).

The Phase 1 studies had rich sampling. Most PK samples for the Phase 3 studies were
collected within 5 hour postdose.

Model Development

The population PK model of lesinurad was first developed based on data collected in
Phase 1 studies (RDEAS594-118, RDEA594-120, RDEAS594-121, RDEAS594-122,
RDEAS594-126 and RDEAS594-127) in which subjects received the same formulation as
in Phase 3 studies. In order to identify the base model in Phase 1 studies, various
compartmental model with linear elimination (2- and 3-compartment) and absorption
models (first-, zero- and mixed-order), structures of omega of CL/F, Vc/F and Ka
(diagonal and block) were tested. Overall, a 2-compartment model with first-order
absorption (run014) with a shared eta between CL/F and Vc/F (i.e., correlation of 1) was
retained with an additive and proportional error model selected.

Age, sex, weight, creatinine clearance as well as markers of liver function (AST and
ALT) and baseline sUA were selected for the formal covariate analysis. Based on the
stepwise covariate testing, only time-varying CrCl on CL/F and body weight on V/F
remained in the Phase I population PK model of lesinurad.

The population PK model developed based on Phase 1 data was used for a population PK
analysis of PK data collected in Phase 1 and 3 studies (RDEA594-301, RDEA594-302,
RDEAS594-303 and RDEA594-304). An inter-occasion variability (IOV) term was
implemented for Vc/F. Since lower values of posthoc CL/F were observed in subjects in
Phase 3 (i.e., CL/F median of 6.48 L/h in subjects in Phase 3 versus 8.31 L/h in subjects
from Phase 1 — refer to Figure 25), effect of disease status on CL/F was included in the
population PK model, in addition to body weight on V/F and CRCL on CL/F. Finally,
model parameters were re-estimated on the full combined data set of Phase 1 and Phase

3 data.

2.1.2 Results

The plasma concentration-time profiles for lesinurad were adequately described by a a 2-
compartment model with first-order absorption rate and lag time for absorption. Inter-
individual variability (II'V) terms could be implemented for the apparent volume of
distribution (V2/F), relative bioavailability (F1) and absorption rate constant (KA). An
inter-occasion variability (IOV) term was implemented for Vc/F. The parameter
estimates from the final model are shown in Table 36. The goodness of fit plots for the
model is shown in Figure 26.

Effect of covariates on the exposure of lesinurad are discussed in section 1.1.1.4.

Table 35: Population PK Parameters of Lesinurad - Final Population PK Model Based on Phase 1
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Data Only

Populatii;;; f":l[:l:::cokineﬁc Typieal Values 12:;:::::], 3:?{;;? Shrinkage (%)
Clearance and Volume Parameters
7.02 1.26%
CL/F (L'h) “(CRCL/87)"2% 29.8%
VeF (L) ; (\Kés;i,)n 43 13.3% Shared ETA
CL2'F (L'h) 6.65 0 Fix NA
V2/E(L) 0.453 19.9% 27.0%
Absorption Parameters
Ka (i) 122 67.6% 8.55%
Tlag (h) 0.165 Fix 85.1% 41.1%
Error Model
Proportional (%) 46.2 NA
Additive Error (ng'mL) 4.650 NA

Note: ALT was removed since the positive effect of ALT on CLF was deemed not phystologically plausible, based on the results of Study 118 (Liver

impairment study)

ALT = alanine aminotransferase: CL/F = apparent clearance: CL2/F = clearance of second compartment: Ka = first-order rate of absorption; CRCL = creatinine

clearance: NA= not applicable: PK = ph

compartment. WT = weight.

(Source: Table 4.3 from population PK lesinurad analysis report, appendix 2.)

kinetic: TLag = lag time: Vo/F = apparent central volume of distnbution; V2/F = volume of second

Table 36: Population PK Parameters of Lesinurad - Final Population PK Model Based on Phase 1

and 3 Studies

APPEARS THIS WAY ON ORIGINAL

NDA207988
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Population .
- ) s Between Subject
Pharmacokinetic Typical Values 10V
Variability (%
Parameters ty (%)
6.99 x(CrCIT/87)"%
CL/F (L/h) 63.4% NA
x 0.82 in Phase 3 subjects
Ve/F (L) 24.1 x(WT/70)"! 12.2% 13.6%
CL2/F (L/h) 0.448 0 Fix NA
V2/F (L) 8.30 20.5% NA
Ka (11'1) 0.690 121.7% NA
Tlag (h) 0.233 38.9% NA
Error Model
Proportional (%) 46.5
NA NA
Additive Error (ng/mL) 6.98

Abbreviations: CL/F. apparent clearance: CL2/F, clearance of second compartment; CrCIT, time-varying creatinine clearance:
IOV. inter-occasion variability: Ka. first-order rate of absorption: NA. not applicable: PK. pharmacokinetic: Tlag. lag time of

absorption: Ve/F. apparent central volume of distribution: V2/F, volume of second compartment.

(Source: Table 5.4-1 from population PK lesinurad analysis report.)
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Figure 26: Goodness of Fit of Lesinurad for Phase 3 Data- Final Population PK Model
Derived with Phase 1 and 3 Studies
(Source: Figure 5.4-3 from population PK lesinurad analysis report.)

Reviewer’s comments:

e Sponsor’s population PK model adequately characterized the observed
concentrations of lesinurad 0-24-hr post dose and slightly underestimated the
lesinurad concentrations beyond 24 hour postdose. This could be potentially
attributed to the analytical method limitations (LLOQ is 5 ng/mL), as all BOL
data were excluded from the analysis.

o The reviewer agrees with sponsor’s assessment that no dose adjustment based on
body weight, age or gender is warranted.

2.2 Exposure Response Analysis (efficacy): PK-PD modeling for serum uric acid

The objectives of the exposure-response analyses for efficacy were
e To develop a population pharmacokinetic-pharmacodynamic (PK-PD) model
suitable for describing the time course of sSUA as a function of lesinurad exposure
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and background medication used for the treatment of gout (i.e., allopurinol,
febuxostat);

e To explore the sources of variability in PD parameters and identify clinically
relevant covariates.

2.2.1 Methods

Data

Data collected from studies RDEA594-301, RDEA594-302, RDEAS594-303 and
RDEA594-304 were used in the exposure-response analysis. All measureable sUA
concentrations were included in the population PK-PD analysis. A total of 13763 samples
from a total of 1638 subjects with measurable concentrations of uric acid in serum (>1.00
mg/dL) were included in the population PK-PD analysis. Cave was imputed from

the population PK individual prediction at each occasion where sSUA measurement was
made. In 15.5% of the cases, no measurable lesinurad concentration matched the sUA
concentration. For the latter case, when posthoc parameter estimates were not available
due to lack of PK information, last observation carried forward (LOCF) was performed.
Values of Cave in subjects treated with placebo were imputed to 0.

Model Development

The PK-PD model included an Emax-type effect model to characterize the changes in
sUA driven by the extent exposure and/or time of exposure of lesinurad. This model

can be described by
F;'j = placebo (’1}0) + f DrugEffect (xi > rij > 9) + gij
With

t,
[ iaceso (5, €) = Intercept + Slope * [ 252) 5 ]

And

max.7 A i

fDrugEﬂecl (xi > fij > H) - E ’
Lo T

PD parameters of lesinurad and key covariates were explored for a preliminary

assessment of sources of variability. Age, sex, race, ethnicity, weight, baseline creatinine

clearance (based on C-G formula) as well as time-varying creatinine clearance were
selected for the covariate analysis.

2.2.2 Results

Exploratory Data Analysis of Lesinurad
In a first step, an exploratory analysis of the mean effect of lesinurad on sUA level was
evaluated using graphical tools. The mean sUA were plotted over time by study and
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treatment group in Figure 27. Based on study RDEA594-301 and RDEA594-302, a 200
mg dose of lesinurad in combination with allopurinol resulted in significant decrease in
sUA vs. allopurinol alone. Moreover, a dose-response of lesinurad was observed,
whereby the 400 mg dose of lesinurad resulted in a more pronounced decrease in sUA
than 200 mg. The combination of allopurinol and lesinurad (200 or 400 mg) resulted in a
maximum effect at approximately 30 days (i.e., 1 month) after the start of treatment.

203 | 204

~
1

** Plscsbo

** Allopurinol

* * Febuxostat

201 I 202 * =L 200 mg + Allcpurinal
— L 400 mg + Allepurinel

* =L 200 mg + Febuxostat
== L 400 mg + Febuxostat
—|L 400 mg

Mean Serum Urate (mgfdL)

o
1

v
9 12 0 3
Time From First Dose (Months)

Figure 27. Time Profiles of Serum Urate by Study and Treatment
(Source: Figure 5.2-1, popPKPD sUA report)

Exposure response model of Lesinurad
Exposure of lesinurad (Cave) and serum uric acid data from Phase 3 studies were fit in an

Emax model. A PK-PD model was constructed by including a baseline component (E0)
specific to each study to take into account the differences in background treatments at
baseline. The effect of lesinurad was modeled using a maximum effect model (Emax)
with effective concentrations associated with 50% of the maximum effect (EC50). The
effect of time-varying creatinine clearance on Emax was included in the final PK-PD
model. Additive contribution of placebo and allopurinol or febuxostat treatment was
modeled as linear function of time (Table 37).

ave

[ CrCl ‘]“‘” .
time }+ s 87
2500 ) Eo+C.

F=E, 31302 T S/opep )

Table 37. Population PK-PD Parameters of Lesinurad and sUA
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PopulatimIl) :l:?:;ler::::odynamic Typical Value (RSE%) Between Sulg{egtE ?)Z,)riabi]ity (%)
Eo 301300 (mg/dL) 77(0.5)
13.9(5.2)
E( 303 (mg/dL) 8.82 (1.1)
Eg 504 (mg/dL) 5.12(1.5) 25.6(9.3)
Es (ng/mL) 974 (9.6) 0 Fix (NA)
Epux (mg/dL) -2.55(3.2) 34.6 (12.5)
Slopep (mg/dL/2500 h)* -0.137 (6.0) 237 (70.9)
Slopey (mg/dL/2500 h) 0.0284 (6.0) 1146 (71.2)
Slopeg (ng/dL/2500 ) -0.00305 (19.7) 10675 (202.2)
Effect of CrCl on E 0.564 (4.7) NA
Error Model
Proportional Error (%) 13.1 NA
Additive Error (mg/dL) 0.498 NA

Abbreviations: CrCl creatinine clearance: Ey,,. parameter that contributes to the maximum effect of the E gy, model
for lesinuard: Eg 301300, SUA level at baseline (studies 301 and 302): Eq 30;. SUA level at baseline (study 303 only): Eq
304, SUA level at baseline (study 304 only): Eso. parameter that contributes to the 50% of maximum effect of the E,
model for lesinurad: NA. not applicable: PK-PD, pharmacokinetic/pharmacodynamic: RSE. relative standard error:
Slopea. slope for allopurinol treatment group: Sloper. slope for febuxostat treatment group: Slopep. slope for placebo
trearment group. )
#Slope (mg/dL/h) =-0.137/2500 = 5.48*107. Same applies for the other slopes.

(Source: Table 5.6-1, popPK-PD sUA report)

Table 38. Descriptive Statistics of posthoc Lesinurad Cave Derived from the Final population PK

Model
C,ve (ng/mL)
Geometric Mean (Geometric CV%)
. Median
Study [Minimum, Maximum]
Lesinurad 200 mg Lesinurad 400 mg
1523.1 (68.5) 3106.5 (75.8)
RDEAS594-301 14189 3030.3
[198.4-11636.9] [271.4-23473.5]
1302.8 (71.5) 2816.7 (68.9)
RDEAS594-302 12642 2816.7
[78.9-9289.9] [122.1-18679.6]
3400.8 (69.4)
RDEAS594-303 - 3346.6
[226.9-22174.8]
1576.1 (45.1) 3366.3 (66.2)
RDEA594-304 15412 3104.7
[418.4-4870.1] [736.6-24146.1]

(Source: Table 5.2-1, popPK-PD sUA report)

The sUA lowering effect with lesinurad 200 mg qd lies on the steep portion of the
exposure-response curve and doses below 200 mg qd would be expected to have a
clinically important decrement in efficacy. Typical Cave values associated with the 200
and 400 mg dose levels (refer to Table 38) were markedly higher than the EC50 (974
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ng/mL). For example, typical Cave values associated with the 200 and 400 mg dose
levels (Table 38) would correspond to 62% and 78% of the maximum effect of lesinurad.

5
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Figure 28: Goodness of Fit of SUA - Final Population PK-PD Model
(Source: Figure 5.4-3 from population PK lesinurad analysis report.)

Reviewer’s comments:

o Sponsor’s Emax model adequately describe and exposure-response relationship
between lesinurad and serum uric acid (Figure 28).

o Sponsor’s ER analysis suggested that lesinurad 200 mg qd lies on the steep
portion of the exposure-response curve, and this is consistent with the dose
response observed in Phase 2 and Phase 3 studies.

e Renal function was identified as the only covariate that impact the lesinurad
efficacy. The final model suggested that for a patient with CRCL of 30ml/min,
55% of the efficacy will be preserved at similar lesinurad exposure; For a patient
with CRCL of 60ml/min, 80% of the efficacy will be preserved at similar lesinurad
exposure. This is consistent with the observed efficacy data in Phase 3 studies.

2.3 Exposure Response Analysis for safety (serum creatinine elevation)

The objectives of the exposure-response analyses for safety was to explore the
relationship between lesinurad plasma concentrations and the sCr concentrations within
the core Phase 3 studies (RDEAS594-301, RDEA594-302, RDEA594-303, and
RDEA594-304).
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2.3.1 Methods

Data

Dataset used for the exploratory PK-sCr analysis were based on datasets for the
population PK analysis of plasma lesinurad, with the addition of information on sCr in
placebo subjects. A dataset consisting of available plasma concentration-time data of
lesinurad collected for up to 12 months in 1614 subjects (989 treated with lesinurad and
625 treated placebo) (Studies RDEA594-301, RDEA594-302, RDEA594-303 and
RDEA594-304) was constructed. A total of 14378 values of sCr were available for the
analysis (9039 in lesinurad and 5339 in placebo treatment group). Baseline sCr value is
defined as the highest value within the 14 days prior to the first dose of lesinurad.

Exploratory analysis

Exploratory analysis of PK-sCr relationship was performed. The graphical assessment
was considered using three different definitions of the sCr endpoint:

1. sCr at any time point within individual; or maximum sCr across all observations within
the same individual

2. change from Baseline for sCr at any time point or maximum value within the same
individual;

3. binary endpoint for all observations or maximum within the same individual: sCr < 1.5
x Baseline value and sCr > 1.5 x Baseline value.

2.3.2 Results

Exploratory Data Analysis of Lesinurad PK-Serum creatinine in Phase 3 studies
The exploratory population exposure-sCr analysis revealed higher median lesinurad

exposure with sCr values > 1.5 x Baseline than with sCr values < 1.5 x Baseline, and
1s consistently seen across all Phase 3 studies(Figure 29).
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Figure 29. Average plasma concentration of lesinurad in patients with different sCr elevations
relative to baseline sCr
(Source: Figure 5.2-1, popPKPD sUA report)

There was a weak trend for increased sCr with increased Cave in pooled allopurinol
combination Studies RDEA594-301 and RDEA594-302 (Figure 30) and study 303 and
304 (data not shown). Although there were weak relationships noted between Cave and
sCr, this analysis does not inform on cause and effect (ie, whether higher Cave was a
cause or a result of higher sCr).

Maximum sCr (mg/dL)

' v T
18t 2nd 3d ath
[0.000;1100) (1102;2010) (2017;3075) (3083;22863] Placebo
Quartile of Average Plasma Concentration (ng/mL)

Figure 30. Box Plot of Maximum sCr Binned by Cave Quartile (Studies 301 and 302). Dashed gray
lines correspond to normal limits of sCr values (0.5-1.1 mg/dL)
(Source: Appendix 7.12. popPKPD sCR report)

3 RESULTS OF REVIEWER’S ANALYSIS

3.1 Dose/Exposure Response Analysis for efficacy

The primary objective of reviewer’s dose/exposure response analysis was to ascertain
that the sponsor’s proposed dose of 200 mg QD and dose modification scheme
(temporarily interrupt or reduce to 100 mg BID if patient experiences AEs) is
appropriate.

3.1.1 Methods

Data sets used are summarized in Table 39. Exploratory analysis of PK-responder
(primary endpoint for phase 3 studies 301 and 302) relationship was performed. The
graphical assessment was done in overall population and patients with various degrees of
renal impairment.

The analysis was conducted in S-PLUS.
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Table 39: Analysis Data Sets

Name Link to EDR

pkdatp13.xpt | \\cdsesub1\evsprod\nda207988\0000\m5\datasets\fin
al-poppk-lesinurad-
anlaysis\analysis\adam\datasets\pkdatp13.xpt

pksua.xpt \\cdsesubl\evsprod\nda207988\0000\m5\datasets\po
ppk-pd-sua\analysis\adam\datasets\pksua.xpt

pkscr.xpt \\cdsesub1\evsprod\nda207988\0000\m5\datasets\scr
correlations\analysis\adam\datasets\pkscr.xpt

3.1.2 Results

See section 1.1.1.1 for dose/exposure response results for efficacy.

There was increased efficacy with respect to the rate of responders for the 400 mg QD
compared to a dose of 200 mg QD or lower in Phase 2 studies, and in Phase 3 studies

(Figure 27).

Consistent with the dose-response, increased efficacy with respect to rate of SUA
responders is observed in the highest exposure (steady state Cave) quartile (67%)
compared to lower quartiles (59, 61, and 65%, Figure 31). The highest quartile
corresponds to the exposures that are likely to be achieved with the 400 mg QD dose.

NDA207988
Reference ID: 3815674

Page 78 of 176



— 100

oh

E

% 804

=1

> 471220

@ 134/p19 i

T 60 142/220

= 29145

=

T

E 40

= ED#:EEH

S 20-

=

L]

=

P

o 0
I I I I I I
0 1000 2000 3000 4000 5000

Cave (ngfmL)

Figure 31. The relationship of proportion of patients who achieved sUA<6 mg/dL with steady state
average concentration. The black symbols represent the mean and 95% CI in each exposure quartile.
The blue and green horizontal lines represent the exposure range achieved upon administration of
200 mg QD and 400 mg QD doses

(Source: Reviewer analysis, study 301 and 302)

3.2  Effect of creatinine clearance on efficacy

A post-hoc analysis was also conducted for study 301 and 302, evaluating efficacy in
subgroups with an eCRCL cut-off of 45 mL/min (predefined by sponsor). Table 40
describes the mean change in SUA from baseline to 6 months across treatment groups
(placebo+Allo, and lesinurad 200 mg+Allo) and baseline renal function subcategories.
Overall, in moderate renal impairment subjects with creatinine clearance 45-60mL/min,
the sUA lowering effect size is similar to the effect in patients with normal renal function
or mild renal impairment (~1-1.2 mg/dL). However, magnitude of change in sUA from
baseline in subjects with e€CRCL< 45 mL/min is much smaller (~0.6-0.7 mg/dL). The
responder analysis of pooled studies 301 and 302 also suggest that the efficacy in patients
with creatinine clearance less than 45mL/min is minimal (Figure 32).

Table 40. Effects of Baseline Renal Function on Baseline sUA and efficacy (study 301and 302, dose of
200 mg QD, posthoc analysis)

Placebo+Allo (n=407) Lesinurad 200 mg+Allo (n=405)
Stud | Renal N Baseline | Mon 6 Respond | N Baseline | Mon 6 Responder
y function sUA sUA er (%) sUA sUA (%)
(mg/dL) (mg/dL) (mg/dL) (mg/dL)

301 | 260mL/m | 160 | 6.94 6.66 26.9% 155 | 6.95 5.70 (1.77) | 55.5%

in (1.22) (1.99) (43/160) (1.33) (86/155)

45-<60 |20 | 7.26 6.48 35% 33 | 7.00 5.82(1.14) | 57.6%
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mL/min (1.39) (L.14) [ (7120) (1.04) (19/33)
<45 20 |7.15 6.84 30% 12 | 785 713 (1.95) | 25%
mL/min (1.44) (1.64) | (6°20) (1.68) (3/12)

302 | >60mL/m | 165 | 6.98 6.99 23% 175 | 6.85 5.82 (1.95) | 54.9%
in (1.30) (1.50) | (38/165) (1.14) (96/175)
45-<60 |30 |6.65 6.52 30% 23 | 6.78 5.58 (1.04) | 60.9%
mL/min (0.96) (123) | (9/30) (1.00) (14/23)
<45 10 | 8.07 7.89 10% 6 | 687 6.22 (1.05) | 50%
mL/min (1.02) (1.70) | (1/10) (0.57) (3/6)

(Source: Reviewer analysis, see statistical review by Dr. Yu Wang)

Diff LCL UCL M p-value

-Baseline Renal Function- 0.580
=45 —— 0900 -.123 0323 48
4510 =60 —l 0.260 0118 0422 108
== HH 0.302 0.242 0362 655
Favors Placeho Favors LESU
-1.0 05 0.0 0A 1.0

Figure 32. Pooled studies301 and 302 subgroup analysis of lesinurad 200 over placebo estimated sUA
responder rate difference and 95% confidence interval. None responder imputation-ITT
(Source: Reviewer analysis by Dr. Yu Wang, study 301 and 302)

3.3 Dose/Exposure Response Analysis-safety

Data sets used are summarized in Table 39. Effect of lesinurad on renal function was
evaluated based on longitudinal change from baseline in e€CRCL, and by evaluating the
reduction in eCRCL as a function of baseline renal function. The exploratory graphical
assessment was done in overall population and patients with various degrees of renal
impairment.

See section 1.1.1.2 for safety results.

3.4 Daily variation of serum uric acid level relative to lesinurad dose

The PD effect of lesinurad during 24 hours postdose was evaluated in several studies. In
general, the sUA lowering effect was more significant during the first few hours
postdose, and sUA levels were higher when lesinurad concentrations were low (Figure
33). The protocol for Phase 3 studies did not specify the sUA sampling timepoint relative
to dose, and there is a concern that the daily variation of serum uric acid may add to the
variability of endpoints.

The sUA sampling time relative to the last dose was documented in the dataset pksua.
Xpt (Table 39). The sUA sampling information was summarized by individual studies, and
responder/non responders in Figure 34. The analysis shows that most serum uric acid
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samples were collected between 1-5 hour postdose. The sampling time is similar among
different arms in each study, and the sampling time distribution is similar in responders
and non-responders. Therefore, the sampling time should not affect the study outcomes in
the Phase 3 studies.

0—

—&— 400 mg lesinurad
—&— 400 mg lesinurad+300 mgq allopurinol
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Figure 33. Median Plasma Uric Acid Change from Baseline Following Multiple QD Dosing of 400 mg
Lesinurad on Steady State Day 7 (Study 110)
(Source: section 2.7.3, summary of clinical pharmacology, Figure 17)
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Figure 34. Distribution of serum uric acid sampling time relative to last dose
(Source: Reviewer analysis, study 301 and 302)
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4.2 GENOMICS GROUP REVIEW

OFFICE OF CLINICAL PHARMACOLOGY
GENOMICS GROUP REVIEW

NDA Number 207988

Submission Date 12/29/2014

Applicant Name Ardea Biosciences

Generic Name Lesinurad

Proposed Indication Treatment of hyperuricemia associated with gout
Primary Reviewer Anuradha Ramamoorthy, Ph.D.

Secondary Reviewer Christian Grimstein, Ph.D.

1. Background

The proposed indication for lesinurad is treatment of hyperuricemia associated with gout
in combination with a xanthine oxidase (XO) inhibitor. According to the applicant,
lesinurad is a selective uric acid reabsorption inhibitor that inhibits urate transporter 1
(URATT), and thereby regulates reabsorption and urinary excretion of uric acid.
Lesinurad also inhibits the uric acid transporter, organic anion transporter 4 (OAT4),
which is associated with diuretic-induced hyperuricemia. The applicant further states that
combining lesinurad with a XO inhibitor leads to increased excretion, as well as,
decreased production of uric acid.

Approximately half of the oral dose of lesinurad is expected to be cleared via CYP2C9
metabolism. Therefore CYP2C9 genotype/phenotype may impact the pharmacokinetics
(PK) of lesinurad. In drug interaction trials, fluconazole (a moderate CYP2C9 inhibitor)
increased the AUC of lesinurad by 56%. Rifampin (a moderate CYP2C9 inducer)
decreased the AUC of lesinurad by 38%, and also decreased the maximal lowering of
serum uric acid (SUA) from 39% to 30%. Similarly, polymorphisms in the CYP2C9 gene
may affect CYP2C9 enzyme activity, and consequently affect lesinurad exposure.

The purpose of this review is to evaluate the potential impact of CYP2C9 genetic
variations on lesinurad exposure, and whether labeling changes, or additional
pharmacogenetic studies are indicated on the basis of these results.

2. Submission Contents Related to Genomics

The applicant collected genotype data in five Phase 1 and Phase 2 trials, and PK data in
four of those trials (Table 1). To evaluate the effect of CYP2C9 polymorphism on the
PK of lesinurad, the applicant combined cross-study pharmacogenetic data, and
submitted a dedicated pharmacogenetic summary report (SR13-015). CYP2C9 genotype
information was collected in 118 subjects, including healthy subjects (from RDEA594-
109), and patients with gout (from RDEA594-110, RDEA594-111, RDEA594-202 and
RDEA594-203). Genotyping for CYP2C9 was performed by ®@ The
applicant did not submit information on the assay used for CYP2C9 genotype analysis.
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Table 1: Trials included in the evaluation of associations between CYP2C9 genotype and
lesinurad PK.
DNA Genotype
Trial Design Dose/ Regimen Objective | sampling and PK
N (%) N (%)
RDEAS94- :}zfievel: ,BOIAIJ, Single dose of lesinurad — PK. BA 8/23 8/23
109 CO. trial in HV 200, 400, and 600 mg (~35%) (~35%)
Multiple doses of
Phase 1b, OL, | lesinurad - 400 and 600
RDEA594- | P and PD mg qd; 20/21 20/21
drug Multiple doses of PK, DDI
110 ) . . o (~95%) (~95%)
interaction trial | allopurinol;
in gout patients | Multiple doses of
colchicine
Multiple doses of
Phase 1b, PK lesinurad - 400 and 600
RDEA594- | 2nd PD drug j mg qd; 19/21 19/21
111 interaction Multiple doses of PK, DDI (~90%) (~90%)
trial in gout febuxostat;
patients Multiple doses of
colchicine
Phase 2, DB,
placebo Multiple doses of
controlled, lesinurad — 200, 400, and
RDEAS94- | dose response | 600 mg qd; Response 7/143 0/143
202 trial to evaluate | Placebo; (~5%) (0%)
safety and Multiple doses of
efficacy in gout | colchicine
patients
Multiple doses of
Phase 2 trial to | lesinurad — 200, 400, and
evaluate safety, | 600 mg qd;
RDEA594- | efficacy and Placebo; Response 64/227 20/227
203 potential PK Multiple doses of P (~28%) (~9%)
interaction in allopurinol;
gout patients Multiple doses of
colchicine
Total 118/435 67/435
(~27%) (~15%)

Note: BA — bioavailability, CO — cross-over, DB — double-blind, HV — healthy
volunteers, OL — open-label, PD — pharmacodynamics, PK — pharmacokinetics.

Reviewer comments:

1. Genotyping data was available for 118 subjects from five trials; this represents only
27% of the participants in these trials (Table 1). Both CYP2C9 genotype
information and PK data was available for only 15% (n=67) of the subjects (Table 1).

2. CYP2C9 was genotyped for only *2 and *3 alleles, though other alleles can alter the
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enzyme activity as well.

3. The frequency of CYP2C9 genotypes reported by the applicant for Caucasians
(n=93), and Blacks (n=17) is roughly consistent with that reported for the respective
racial groups in the 1000 Genomes population [PMID: 25099164], with some
exceptions (e.g., under-representation of *3/*3 in Caucasians). Other racial groups
were represented in the data set, but in small numbers (i.e., Asians (n=5), Native
Hawaiians or other Pacific Islanders (n=2), and American Indians or Alaska Natives
(n=1)).

4. The pharmacogenetics summary report does not include data from two additional
trials that have potentially relevant CYP2C9 genotype/phenotype information: (1)
Trial RDEA594-115 assessed drug interaction with a CYP2C9 substrate
(tolbutamide) and performed CYP2C9 genotyping analysis; only CYP2C9 wildtype
(*1/*1; extensive metabolizer) subjects were eligible to participate in the trial, and
(2) Trial RDEA594-122 assessed the effect of co-administering a CYP2C9 inducer
(rifampin), or a CYP2C9 inhibitor (fluconazole); no CYP2C9 genotyping analysis
was performed.

3. Key Questions and Summary of Findings

3.1. Does genetic polymorphisms in CYP2C9 affect the PK of lesinurad?

Applicant’s analysis.

The applicant genotyped for CYP2C9*2 and *3 alleles, and categorized subjects into the
following CYP2C9 phenotype groups based on their genotype: extensive (EMs; *1/*1),
slow extensive (*1/*2 or *2/*2), intermediate (IMs; *1/*3 or *2/*3), and poor (PMs;
*3/*3) metabolizers. Genotype data was available in 118 subjects, 72.9% of whom are
extensive, 12.7% are slow extensive (10.2% for CYP2C9 *1/*2 and 2.5% for CYP2C9
*2/%2), 12.7% are intermediate (10.2% for CYP2C9 *1/*3 and 2.5% of CYP2C9 *2/*3),
and 1.7% are poor (PMs; CYP2C9 *3/*3) metabolizers. Only 67 out of 118 subjects had
both genotype and PK data.

Based on the applicant’s analysis (Table 2), at the 400 mg dose, when compared to the
extensive metabolizers (*1/*1), the *1/*2 slow extensive metabolizers (n=6; 4% higher
AUC24and 10% lower Cyax) showed no meaningful differences in drug exposure.
However, one subject with *2/*2 who is also classified as a slow extensive metabolizer
by the applicant had inconsistent changes in AUCy.24 and Cpax, with 81% higher AUC .24
and 25% lower Cy.x. Lesinurad exposure showed no meaningful difference in
intermediate metabolizers (*1/*3 (n=7); 22% higher AUC_»4 and 3% higher Cyax)-
Lesinurad exposure was increased in a poor metabolizer (*3/*3 (N=1); 111% higher
AUC.24, and 75% higher Cyax), though it was within the range observed in the extensive
metabolizer group (*1/*1).
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Table 2: (A) Geometric mean of lesinurad PK, and (B) percent differences (%) in
geometric mean of lesinurad PK at various dose levels (pooled across studies).

(A)
Lesinurad dose n; CYP2C9 Genotype; Geomean of PK Parameter
(mg) PK parameter *1/*1 =1/%2 *2/%2 *1/%3 *3/*3
n 12 0 0 1 0
AUCq 54 ( ngrhr/mL) 254 NA NA 42.9 NA
200 Crax (ng/mL) 4.88 NA NA 4.33 NA
Aegzq (mg) 46.5 NA NA 85.1 NA
n 55 6 1 7 1
AUCq24 ( pgrhr/mL) 47.9 49.6 86.8 58.5 101
400 Crax (tg/mL) 10.1 9.09 7.63 10.4 17.7
Aegos (mg) 66.0 70.1 20.6 109 245
n 39 3 3 0 1
AUCq.24 ( pgrhr/mlL) 88.2 852 93.3 NA 158
600 Coaxe (g/mlL) 19.0 154 12.7 NA 32.3
Aegos (Ing) 149 104 87.7 NA 334
(B)
CYP2C9 Genotype; Difference in PK Parameter Compared to *1/*1
Lesinurad dose ns Metabolizers (%)
(me) PIK parameter =1/*1 =1/*2 =2/*2 =1/%3 =3/+3
n 12 0 0 1 0
AUC,24 NA NA NA 68.91 NA
200 Crnax NA NA NA 11.3 ] NA
Aegoa NA NA NA 83.0 1 NA
n 55 6 1 7 1
AUCo.24 NA 3551 81.2 1 2211 111 1
400 Crnax NA 10.0 | 24.5 | 2.97 1 752 1
Aegos NA 6.21 1 68.8 | 65.2 1 271 1
n 39 3 3 0 1
AUC 24 NA 3.40 | 5.78 1 NA 79.1 1
600 Crnax NA 189 | 332 ) NA 70.0 1
Aegosa NA 302 ) 41.1 | NA 124 1

(Source: Applicant’s table 3 and 4 from SR13-015 study report.)

The applicant concluded that: (1) no meaningful association between CYP2C9*2 allele
and lesinurad PK was observed, and (2) the association between CYP2C9 gene
polymorphism and lesinurad exposure appears to be confined to CYP2C9*3. The
applicant notes that because of the small sample size in some of the genotypes, the result
should be cautiously interpreted.

Reviewer comments:

1. In clinical practice, multiple approaches may be used to determine CYP2C9
phenotype based on the genotype information. In contrast to the CYP2C9 phenotype
classification performed by the applicant, the Clinical Pharmacogenetics
Implementation Consortium (CPIC) guidelines defines intermediate metabolizers as
*1/*3 or *1/*2, and poor metabolizers as *2/*2 or *3/*3 or *2/*3) [PMID:
25099164].
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2. To assess the effect of CYP2C9 phenotype on lesinurad exposure (AUCy.4 and
Cmax), the reviewer’s analysis pooled subject-level data from the 4 trials (RDEA594-
109, RDEA594-110, RDEA594-111, and RDEA594-203) and used the CPIC
CYP2C9 genotype-to-phenotype classification: extensive (*1/*1), intermediate
(*1/*2, *1/*3), and poor (*2/*2, *3/*3, *2/*3) metabolizers.

3. The reviewer’s evaluation identified a graded effect of CYP2C9 genotype on
lesinurad PK (Figure 1). In general, poor metabolizers had higher exposure to
lesinurad. This analysis is limited by the small sample size in some of the
metabolizer groups.

4. These results are consistent with the results from the drug interaction trial using the
CYP2C9 inhibitor fluconazole (RDEA594-122). Higher lesinurad exposure (~1.5
fold increase) was reported with concomitant use of CYP2C9 inhibitor fluconazole.

5. Some differences in the exposure were observed between healthy subjects and gout
patients (Figure 1). However, the numbers are small, and the results should be
interpreted with caution.

Figure 1: Effect of CYP2C9 metabolizer status on the pharmacokinetics of
lesinurad.
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Source: Reviewer analysis using data submitted in the pharmacogenomic study report (SR13-
015). Note: All healthy subjects were extensive metabolizers; this includes data from both single
and multiple dose studies; EM: Extensive Metabolizer (*1/*1); IM: Intermediate Metabolizer
(*1/*2, *1/*3); PM: Poor Metabolizer (*2/*2, *3/*3, *2/*3).

4 Summary and Conclusions

Poor metabolizers (i.e., CYP2C9 *2/*2, *3/*3, *2/*3; CPIC classification) who received
lesinurad 400 mg in single or multiple dose studies had ~1.8-fold increase in lesinurad
exposure relative to CYP2C9 extensive metabolizers. This is consistent with data from
the drug interaction trial with a moderate CYP2C9 inhibitor (i.e., fluconazole) that
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showed similar exposure changes.

Given that (1) higher lesinurad exposure has been associated with increased risk for
adverse events (for a review of the exposure/response analysis, refer to the Clinical
Pharmacology review by Dr. Jianmeng Chen), and (2) increased exposure has been
observed with concomitant use of moderate CYP2C9 inhibitors and in CYP2C9 poor
metabolizers, labelling should adequately reflect this information, and recommendations
should be consistent for CYP2C9 poor metabolizers and CYP2C9 inhibitors.

Since no recommendation for CYP2C9 poor metabolizers has been proposed by the
applicant in the labeling, the reviewer recommends modifications to the labelling to
include information on CYP2C9 poor metabolizers (See section 5.2).

5 Recommendations

The submission is acceptable from a Genomics and Targeted Therapy Group perspective.
The labelling should be modified to accommodate dosing modification based on
CYP2C9 genotype.

5.1 Post-marketing studies
No postmarketing commitments or requirements are recommended at this time.

5.2 Label Recommendations
Recommended label additions are noted in underlined red text, deletions are noted in blue

strikethrough text.

DRUG INTERACTIONS
Moderate Cytochrome P450 2C9 (CYP2C9) Inhibitors_ B
Use with caution. (7.1)

FULL PRESCRIBING INFORMATION: CONTENTS*

7 DRUG INTERACTIONS

7.1 CYP2C9 Inhibitors and CYP2C9 Poor Metabolizers

Lesinurad exposure is increased when ZURAMPIC is co-administered with inhibitors of
CYP2C9 and in CYP2C9 poor metabolizers. ZURAMPIC should be used with caution in
patients taking moderate inhibitors of CYP2C9 (eg, fluconazole, amiodarone) and in
CYP2C9 poor metabolizers [see Clinical Pharmacology (12.3)].

12 Clinical Pharmacology

12.3 Pharmacokinetics

Metabolism

Lesinurad undergoes oxidative metabolism mainly via the polymorphic cytochrome P450
CYP2C9 enzyme. Plasma exposure of metabolites is minimal (<10% of unchanged
lesinurad). Metabolites are not known to contribute to the uric acid lowering effects of
ZURAMPIC. A transient oxide metabolite is rapidly eliminated by microsomal epoxide
hydrolase in the liver and not detected in plasma.
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Patients who are CYP2C9 poor metabolizers are deficient in CYP2C9 enzyme activity. A
cross-study pharmacogenomic analysis assessed the association between CYP2C9
polymorphism and lenisurad exposure in patients receiving single or multiple doses of
lesinurad at 200 mg, 400 mg or 600 mg. At the 400 mg dose, lesinurad exposure was
approximately 1.8-fold higher in CYP2C9 poor metabolizers (i.€., subjects with CYP2C9
#2/%)_ *3/%3 [ ®®@ oenotype) compared to CYP2CY extensive metabolizers (i.e.,
CYP2C9 *1/*1 genotype). Use with caution in CYP2C9 poor metabolizers, and in
patients taking moderate inhibitors of CYP2C9 [see Drug Interactions (7.1)].
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Note —

4.3 INDIVIDUAL STUDY REVIEW

In this review, early development names RDEAS594 is also used to
refer to lesinurad. All clinical pharmacology studies listed in Table 2
were reviewed in this section, except for study 103, 106 and 107
(early formulation studies).

IN VITRO STUDIES

The brief summary of in vitro studies was listed in Table 41.

Table 41. Lesinurad (RDEAS94) and Its Major Metabolites M4 and M6 In Vitro Studies Using
Human Biomaterials

ADME Conclusions Study/Report
Absorption | High permeability, actively transported across Caco-2 monolayers, | SARDEP3R1
not a substrate for P-gp SR09-066
Distribution | Mean plasma protein binding of lesinurad was equal to or greater SR08-045, SR12-
than 97.7% at concentrations < 50 uM in all species tested except | 039
mice, where the binding was at least 94.0%. In human plasma, the
binding was primarily due to interaction with
albumin with minimal contribution from a-1-acid glycoprotein.
Metabolism | Lesinurad was stable with at least 92% of parent remaining SR08-056
following incubation with human liver microsomes (1h)or
hepatocytes (4h). Major metabolites were M3 and M4.
In human, the major circulating component was unchanged RDEA594-112-
lesinurad. MET, RDEA594-
Lesinurad and 2 oxidation metabolites, M3 and M4, were major 105-MET-M4
components in human urine.
In human feces, the dominant component was debrominated
metabolites, M2, M5, and M5b.
In humans, CYP2C9 played a major role in the formation SR08-038
of oxidative metabolites (M+16) and to a lesser extent by other SR11-031
enzymes including CYP1A1, CYP2C19, and CYP3A.
Formation of M4 is believed to occur through an epoxide
intermediate that was quickly converted to the dihydrodiol
metabolite M4 by mEH. As such, the epoxide intermediate was
detected only in incubation with CYP2C9 recombinant enzyme,
but not in either microsomal or hepatocyte incubations.
Glutathione conjugates were detected for RDEA594 SR12-027
Glucuronidation of lesinurad in human liver appeared to be SR10-002
catalyzed by UGT1A1, UGT2B7, and to a lesser extent by
UGTIA3.
There is epoxide intermediate (M3c) in the metabolism of SR12-026
RDEAS59%4 to M4
DDI Lesinurad inhibited CYP2C8 and CYP2C9 with half maximal SR08-048, SR12-
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potential inhibitory concentration (IC50) values of 16.2 and 40.7 puM, 043
respectively. The IC50 values for CYP1A2, CYP2B6, CYP2C19, SR10-001
CYP2D6, and CYP3A4 were all greater than 100 uM
The in vitro results predicted in vivo induction potential according | SR08-026, SR10-
to the following rank order: 063
CYP3A > CYP2C8 > CYP2C9 > CYP2C19 > CYP2B6.

For valproic acid and progabide, the conversion of M3c to M4 was | SR12-044
not affected. However, valpromide inhibited approximately 20%
of the M3c to M4 conversion.

Transporter | RDEAS594 appeared to be a substrate of OATP1BI1, and perhaps SR11-044
OATP1B3 and BCRP. RDEAS594 is not a substrate of P-gp.

RDEAS594 appeared to be an inhibitor of OATP1B1 (IC50= SR11-045
9.29uM) and OATP1B3 (IC50=43.1uM). RDEAS594 is not an

inhibitor for P-gp and BCRP.

RDEA594 is not an inhibitor for BCRP. SR11-053
RDEAS594 demonstrated concentration dependent inhibition of SR11-054, SR11-
OCT1(IC50 =13.7 uM). RDEA594 is not an inhibitor for OCT2 028
RDEAS594 is a substrate for OCT1. RDEAS594 is not a substrate SR11-055, SR11-
for OCT2. 029
Lesinurad stimulated human MRP2 (ABCC2) mediated transport | SR11-099
and inhibit the human MRP4 (ABCC4) efflux

RDEAS594 was a substrate of hOAT1 and hOAT3. RDEA594 is an | SR08-018
inhibitor for OAT1 (39%-46% inhibition at 5 uM, 82%-92% at 50

uM) and OAT3 (64%-80% inhibition at 5 uM, 95% at 50 uM).

RDEAS594 was transported by OAT1 and OAT3 with Km SR10-006
values 0.85 and 1.96 uM, respectively, but not by URAT].

RDEAS594 inhibited uptakes of uric acid by URATI, para-
aminohippurate (PAH) by OAT1 and esutrone-3-sulfate

(E13S) by OAT3 with IC50 values of 52.5, 4.34 and 3.54

uM, respectively.

lesinurad-M4 is not an inhibitor of human OCT2, MATEI or SR14-007
MATE2-K

Lesinurad has some inhibition (62% inhibition at 100 uM) against | SR11-020
BCRP and some inhibition (76% at 100 uM) against NPT1 and

negligible effects on MATEI and MATE2K activity.

Lesinurad-M6 is not a substrate of human MRP2 and MRP4, SR13-006
Lesinurad-M6 is not an inhibitor of human MRP2. Lesinurad-M6

inhibits MRP4 with IC50 of 29 uM.

(Source — reviewer summary)

PHARMACOKINETICS

1. Mass Balance Study

Study # 112
Title: An AME (Absorption, Metabolism and Excretion) Study of [14C]RDEA594
Orally Administered to Healthy Adult Male Volunteers

e Objective:

NDA207988
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To determine the characteristics of absorption, metabolic profile, and
excretion of a single oral 600 mg dose of [14C]lesinurad in humans.
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e To evaluate the pharmacokinetic profile of [14C]lesinurad in healthy adult
male volunteers.

e Study design: This was a single-center, open-label, single-dose study.

e Test drug and sample size: 600 mg lesinurad containing 500 pCi of [14C]-
lesinurad administered @@ in 6 healthy adult male volunteers.

e Samples:

e Blood: sampling for PK pre-dose, 0.5, 1, 1.5, 2, 3,4, 6, 8, 10, 12, 16, 24, 36,
48, 60, 72,96, 120 144, 168, 192, 216, 240, 264, 288, and 312 hours post-dose
or until Discharge Criteria were met; blood sampling for metabolic profiling
pre-dose, 1, 3, 6, 10, 12, 24 and 48 hours after study drug administration.

e Urine sampling intervals: pre-dose (single void collected at approximately 0
Hour); and 0 to 6, 6 to 12, 12 to 24, 24 to 48, 48 to 72, 72 to 96, 96 to 120,
120 to 144, 144 to 168, 168 to 192, 192 to 216, 216 to 240, 240 to 264, 264 to
288, and 288 to 312 hours post-dose or until Discharge Criteria were met.

e Feces sampling intervals: pre-dose and 0 to 6, 6 to 12, 12 to 24, 24 to 48, 48 to
72,72 t0 96, 96 to 120, 120 to 144, 144 to 168, 168 to 192, 192 to 216, 216 to
240, 240 to 264, 264 to 288, and 288 to 312 hours post-dose or until
Discharge Criteria were met.

e Results

The overall recovery of the administered dose was approximately 95.6% by day 6
(144 hr). Cumulative total, urine, and fecal recovery of [14C] radioactivity following
oral administration is shown in Figure 35.

Absorption:
Following a single oral dose of 600 mg [14C]lesinurad to healthy male volunteers,

radioactivity was readily absorbed with median Tmax occurring at 0.5 hours post-
dose in both whole blood and plasma.

Distribution.

Mean volume of distribution at steady state (Vss/F) was 27.9 L. Plasma-to-blood
radioactivity ratios over the observed course indicated that radioactivity was largely
contained in the plasma space and did not penetrate or partition extensively into red
blood cells.

Metabolism:

Mean plasma lesinurad to plasma radioactivity ratios of AUC0-24 and AUCe were
0.618 and 0.463, respectively, indicating that the majority of circulating radioactivity
in plasma in the first 24 hours postdose was attributed to lesinurad but after 24 hours
was mainly due to metabolites.

Two oxidative metabolites, M3 and M4, were low in amount relative to unchanged

lesinurad (less than 3% of [14C]lesinurad-derived radioactivity at 3 hours postdose).
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Some additional minor metabolites were observed in 3-hour plasma samples, with
detectable levels of M2 and M3b only by mass spectrum analysis.

Elimination:

A mean of 63.4% of the dose was recovered in urine and 32.3% was recovered in
faeces. Most of the administered radioactivity was recovered in the first 72 hours
post-dose (mean of 87.3%) and urinary recovery was essentially complete by 24
hours post-dose (Figure 35).

In urine, lesinurad was the major component excreted, accounting for 31.3% of the
dose. The 2 most abundant metabolites, M3 and M4, accounted for 12.0% and 15.7%
of the dose, respectively. A few other minor metabolites were also detected at lower
than 3% of radioactivity. Among these minor metabolites, M1 (glucuronide conjugate
of lesinurad) accounted for 2.4% of the 0-to-24- hour urine radioactivity, which is
less than 2% of the dose.

The majority of radioactivity in feces was attributed to minor metabolites, namely

debrominated products (M2, M5, and M5b) and oxidative products (M3, M3b, M4,
and M16). M6 was not detectable in samples from this study.

100

80 1
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40

Percent of Dose Administered

20 +
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—m— Total

I e e S e e S [ A e e e e e S p e e S LI m
0 24 48 72 96 120 144

Time (Hours)
Figure 35: Mean cumulative excretion of total radioactivity in percent of dose in urine, feces and

total recovery after single oral administration of 600 mg lesinurad ® @
(Source: Figure 11-1, CSR 112)
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Table 42: Metabolic Balance of Urine and Faeces Samples Following a Single Dose of 600 mg

[14C]lesinurad
Time Dose %
Matrix (hr) M1 M2 M3 M3b M4 M5 M5b Mi16 Others Lesinurad Total
Urine 0-144 15 03 120 1.0 157 ND ND 0.5 1.2 31.3 63.4
Faeces 0-144 ND 48 03 1.9 50 36 7.8 1.1 7.5 1.5 33.5

(Source: Table 11-8, CSR 112)

Table 43: Concentration of [14C]lesinurad Derived Radioactivity, Free Lesinurad, Tightly
Bound Lesinurad or Covalently Bound Metabolites (Non-extractable by Acetonitrile)

Fraction AUC.»4 (pg.hr/mL) Fraction of AUC_,4 (%)
Total **C 197
Total 177° 89.8
ACN extract Lesinurad 123% 62.4
M2, M3, M3b, M4 54 274
FA extract 10 (187)*¢ 5.1
KOH extract 1 (188)" 0.5

(Source — Table 11-7, CSR112)

Table 44: Metabolic Profiles of Pooled Human Plasma, Urine, and Faeces Samples Following a

Single Dose of 600 mg [14C]lesinurad

Radioactivity %o

Time
Matrix (hr) M1 M2 M3 M3 M4 M5 DMSb MI16 Others Lesinurad Total
Plasma 3 ND ND 22 ND 20 ND ND ND ND 93.1 973
Urine 0-24 24 04 189 1.5 248 ND ND 0.8 1.9 49.3 100
Faeces 24-48 ND 157 09 79 172 92 257 51 11.4 6.9 100
Faeces 48-72 ND 145 0.7 49 149 122 235 25 233 35 100
(Source — Table 11-5, CSR112)
Conclusion
Renal excretion is an important route of elimination for lesinurad. Lesinurad was the
predominant compound in plasma and urine, and did not penetrate or partition
extensively into red blood cells. The majority of radioactivity in feces was attributed
to minor metabolites. Metabolite M4 was only a minor fraction of circulating
components.
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2. Single Rising Dose (101, 117)
Trial # 101

Title: A Phase 1, Randomised, Double-Blind, Placebo-Controlled, Single Rising Dose
Study of RDEAS594, a Novel Uricosuric Agent, in Healthy Adult Male Volunteers

e Objective: To evaluate
e The single-dose pharmacokinetics of RDEAS594 after oral administration

ofa O@ formulation;
e The single-dose uricosuric effects of RDEA594 after oral administration
ofa O@ formulation;

e The effect of food on the pharmacokinetic profile of RDEA594.

e Study design: A double-blind, placebo-controlled, randomised, ascending single oral
dose, sequential group study. It was planned to study a total of 35 subjects, in 7
groups, with 5 subjects per group. In Groups 1, 2, 3 and 4, RDEA594 was
administered in the fasted state at dose levels of 5, 25, 100 and 200 mg, respectively.

e In Groups F, 5 and 6, RDEA594 was administered in the fed state at
approximately 30 minutes after starting to consume a standard breakfast
at dose levels of 100, 400 and 600 mg, respectively.

e Test product: All doses were administered as N

e Sampling Schedule
PK Sampling Schedule
e Plasma samples were collected at the following time-points in relation to
dosing on Day 1: pre-dose (within 30 minutes before dosing) and at 0.25, 0.5,
0.75,1,1.5,2,2.5,3,4,5,6, 8, 10, 12, 24, 30, 36, 48, 54, 60, and 72 hours
postdose.
o Urine (total catch) were collected over the following intervals in relation
to dosing on Day 1: -24 to -18, -18 to -12,-12t0 0, 0 to 6, 6 to 12, 12 to 24, 24
to 30, 30 to 36, 36 to 48, 48 to 54, 54 to 60, and 60 to 72 hours post-dose.

PD Sampling Schedule

Blood and urine samples for the analysis of serum and urinary concentrations of urate
and creatinine. Serum samples for uric acid and creatinine measurement were
collected at screening and at the following time-points in relation to dosing on Day 1:
-24, -18, and -12 hours (pre-treatment), 0 hours (within 30 minutes before Day 1
dosing), and at 6, 12, 24, 30, 36, 48, 54, 60, and 72 hours after Day 1 dosing. Urine
samples from each of the pharmacokinetic collections were assayed for uric acid and
creatinine.

Results:

Pharmacokinetic results

The mean plasma concentration-time profile is shown in Figure 36. Following oral
administration, lesinurad was readily absorbed with a median Tmax ranging between
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0.5 to 0.75 hours in the fasted state (5 mg to 200 mg) and 0.25 to 1.5 hours in the fed
state (100 mg to 600 mg). Lesinurad appears to follow bi-exponential disposition
kinetics in healthy male volunteers (Figure 36). The terminal half-life after single
dose was 2.73 to 34.6 hours across the different dose groups (Table 45). However, the
large majority of lesinurad was eliminated within the first 24 hours postdose. The
mean residence time of lesinurad in plasma after oral dosing was approximately 2.91
to 5.94 hours. PK parameters after single dose of lesinurad under fasting and fed
conditions are summarized in Table 45.

100
) ,
E 10 ==~ 5 mg, Fasted
)]
= -4- 25 mg, Fasted
% 1 '-' -5~ 100 mg, Fasted
2 ] =6~ 200 mg, Fasted
% 0.1 - 100 mg, Fed
GEJ ] =¥ 400 mg, Fed
g 0.01 E -=- 600 mg, Fed
= ]
= I
@ 0.001 3
~ ]
0.0001 : | | | | | : : | | | |
0 6 12 18 24 30 36 42 48 54 60 66 72
Time (hr)
Figure 36: Median Plasma Concentration Profiles of Lesinurad Following Single Oral Doses of
Lesinurad ®® Under Fasted and Fed Conditions

(Source — Figure 1, summary of clin pharm)
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Table 45: Summary of the Pharmacokinetic Parameters for RDEAS594 Following Single Oral

Doses
Dose of RDEA594
5mg 25 mg 100 mg 200 mg 100 mg 400 mg 600 mg

(fasted) (fasted) (fasted) (fasted) (fed) (fed) (fed)
Parameter (N=4) (N=4) (N=4) (N=4) (N=4) (N=4) (N=4)
AUC 24 1) 0.787 3.12 17.5 31.9 10.9 56.4 106
(ng-h/mL) 0.407.1.52 245,398 10.7,28.8 21.0.485 833,142 349,91.2  53.8,209
AUC g 0.779 3.15 17.9 322 11.2 56.9 108
(ng.vmlL) 0.396.1.53 246,403 10.8.296 21.2.49.1 8.65. 145 352,921 54.1.216
Cinax 0.303 1.54 7.68 11.8 321 17.7 22.0
(ng/mL) 0.134,0.685 1.17.2.04 446,132 9.16.152 1.62.633 135,232 16.1.30.1
Tonex 0.75 0.50 0.50 0.50 1.50 0.25 0.875
(h) 0.50-1.00 0.50-0.50  0.50-1.00  0.25-0.50  0.25-250  0.25-1.00  0.50-5.00
AUC o) 10.2 10.6 12.4 12.5 8.89 11.7 15.7
(norm) 6.44,16.2 8.22,13.6 6.07,255 839,185 647.122 794172 7.67,323
Cax 3.97 5.18 5.34 4.56 2.54 3.64 3.21
(norm) 2.26.6.97 459,585 239,119 289 718 152,426 292,454 204,506
tys 2.73 3.99 12.7 5.97 34.6 5.19 8.04
(h) 1.46.5.09 3.40.4.68 4.64.346 4.63,7.70 17.3.693 503,535 2.61.2438
MRT 293 291 3.76 3.09 5.74 3.70 4.82
(h) 2.33.3.70 221.3.82 251.5.64 240.3.99 486.6.78 296,463 3.08.7.56
CL/F 107 132 93.1 103 149 117 92.5
(mL/min) 544,210 103, 169 56.3, 154 67.9, 157 115,193 724,190 463,185
V./F 253 457 102 53.4 445 52.6 64.4
L) 20.1.31.8 31.6.66.1 244,427  27.7.103 232,854 334,828 172,242

(Source — 11-1, Study 101 report)

Pharmacodynamic results

A dose-dependent decrease in sUA concentrations resulted from the oral
administration of lesinurad over the 100 mg (fed/fasted) to 600 mg (fed) dose range,
with maximum suppression of sSUA occurring at the first sampling timepoint of 6
hours postdose (Figure 37). The duration of the suppression of sUA concentrations in
serum increased with increasing lesinurad dose, from approximately 12 hours at 100
mg (fed/fasted) to beyond 24 hours postdose at the highest dose level (600 mg [fed]).

Excretion of uUA appeared to increase with increasing dose with the majority of
statistically significant differences to placebo found across the 0 to 6 hour interval for
the amount of uric acid recovered in urine (Aeur, 600 mg), renal clearance of uric
acid (CLur; 100 mg, 400 mg, and 600 mg [fed]) and fractional excretion of uric acid
(FEUA, 100 mg [fasted] and 100 mg to 600 mg [fed]).

The administration of RDEAS594 did not appear to affect creatinine clearance (CLCr),
urine flow rate or mean daily fluid consumption.
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Figure 37. Median Percent Time-Matched Changes from Baseline (Day -1) in Serum Urate

Concentrations Following Single Ascending Oral Doses of Lesinurad in Healthy Volunteers

(Study 101)

(Source: Figure 11, summary of clin pharm)

M (fed]

Conclusions:
Overall lesinurad exposure was dose proportional up to 600 mg. Food effect of
lesinurad is minimal. A dose-dependent decrease in sUA concentrations over the
100 mg (fed/fasted) to 600 mg (fed) dose range was observed, as an increase in
excretion of uUA in urine. The creatinine clearance was not affected by single dose
of lesinurad, indicating that the transporter inhibition in kidney did not directly
change the clearance of creatinine.

Trial # 117

Title: A Double-Blind Randomized Crossover Trial to Define the ECG Effects of
Lesinurad Using the Highest Therapeutic and a Supratherapeutic Dose of Lesinurad
Compared to Placebo and Moxifloxacin (a Positive Control) in Healthy Men and
Women: a Thorough QT Study

e Objective:

e To assess the single-dose pharmacokinetics (PK) and pharmacodynamics
(PD) of lesinurad in healthy adult male and female subjects following single
doses of lesinurad up to 1600 mg.

e To investigate the effects of lesinurad on the heart rate corrected QT interval

(QTcF).

QT data were not reviewed here. For QT results, please refer to QT-IRT review by
Dr. Janice Brodsky (DARRTS date 10/23/2012, IND102128).
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e Study design: This was a 2-segment study designed to assess the safety, tolerability,
and PK of supratherapeutic doses of lesinurad.Segment A assessed lesinurad at 800,
1200, and 1600 mg to allow selection of the supratherapeutic dose for the thorough
QT portion of the study (Segment B, 400 mg and 1600 mg). 89 subjects entered the
study, with 35 subjects entering Segment A and 54 subjects entering Segment B.

e Test product: All doses were administered as lesinurad 400 mg tablets

e Sampling Schedule
PK Sampling Schedule

In Segment A, plasma samples were collected at the following time points in
relation to dosing on Day 1: predose and at 0.5, 1, 1.5, 2, 3,4, 5, 6, 8, 10, 12,
16, 24, 30, 36, 48, 60, 72, 84, and 96 hours postdose. In Segment B, plasma
samples were collected at the following time points in relation to dosing on
Day 1 of each treatment period: predose and at 1, 2, 3,4, 5, 6, 8, 10, 12, 16,
and 23 hours postdose.

In Segment A, urine (total catch) was collected over the following intervals in
relation to dosing on Day 1: -24 to -18, -18 to -12,-12t0 0,0 to 6, 6 to 12, 12
to 24, 24 to 48, 48 to 72, and 72 to 96 hours postdose. In Segment B, urine
(total catch): subjects voided within approximately 30 minutes prior to
lesinurad dosing, and subsequent total catch urine was collected on Day 1
over the 0 to 6 and 6 to 12 hour postdose intervals).

PD Sampling Schedule
Urate and creatinine concentrations were measured at Screening and at the
following time points in relation to dosing on Day 1: -24, -18, -12, and -8
hours (pre-treatment), 0 hours (within 30 minutes before Day 1 dosing), and at
6, 12, 16, 24, 30, 36, 48, 60, 72, 84, and 96 hours after Day 1 dosing. Urine
samples from each of the pharmacokinetic collections were assayed for uric
acid and creatinine.

Genotyping
Whole blood was collected for CYP2C9 genotyping.

Results:

Pharmacokinetic results

In Segment A, median Tmax (4-5 hours) was similar following single dosing of
lesinurad in both genders, with mean half-life generally between 15 and 31 hours.
Plasma AUC exposure of lesinurad increased linearly with dose up to 1200 mg in
both male and female subjects. At 1600 mg, more than proportional increases were
observed for AUC but not Cmax in all subjects (Table 46).

Assessment of geometric mean ratios of female to male Cmax and AUC values
demonstrated that in both Segments A and B, plasma Cmax and AUC exposures were

NDA207988 Page 99 of 176
Reference ID: 3815674



slightly higher in female subjects than male subjects at all dose levels. However,
these differences diminished after body weight normalization, suggesting that gender
difference in lesinurad plasma exposures was mainly due to the difference in subject
body weights(Table 47 and Table 48).

Following single supratherapeutic doses ranging from 800 to 1600 mg in Segment A,
approximately 30% to 40% of lesinurad was excreted in urine. The majority of
excretion occurring at 0 to 24 hours postdose and there was no apparent gender
difference across doses. Slightly lower renal clearance of lesinurad was

observed at 1600 mg in male and female subjects. In Segment B, urine excretion and
renal clearance of lesinurad within 12 hours postdose at 400 and 1600 mg were
consistent with the values reported in previous studies.

The evaluation of the plasma PK profiles of the M4 and M6 metabolites in Segment
A showed a median Tmax for M4 of 5 to 6 hours postdose for all groups, and the
median Tmax of M6 was at 8 to 10 hours postdose in all groups. M4 and M6 were
minor components of systemic circulation of lesinurad (<1% for M6 and <3% for
M4). In urine, M4 was efficiently removed through high renal clearance
(approximately 200-370 mL/min). Excretion of M4 in urine was approximately 10%
to 15% of dose.

100.000 ¥

Lesinurad Median Plasma Conc. (ug/ml)

- 800
8- 1200
-9~ 1600
0 12 24 36 48 60 72 84 96
Nominal Time (hr)

Figure 38: Median Plasma Concentration Profiles Following a Single Dose of Lesinurad

800, 1200, or 1600 mg to Healthy Male Subjects in Segment A

(Source — Figure 11-1, CSR117)
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Table 46: Plasma Pharmacokinetics of Lesinurad Following a Single Dose of Lesinurad 800,
1200, or 1600 mg to Healthy Male and Female Subjects

Dose
(mg)

Gender

Median (range) ‘

Geometric Mean (95% CI)

Tonas” (1)

AUCq.2
C ooz (ng/mL) (1g'h/mL)

AUC .95
(ug-h/mL)

AUC.
(ng-h/mL) CL/F (L/h)

ty: (h)

800

Male
Female

All Subjects

5.00 (3.00-5.00)
4.00 (1.50-5.00)
5.00 (1.50-5.00)

30.6 (20.0-46.8) 120 (89.0-162)
40.9(30.2-55.3) 147 (79.3-273)

348 (27.4-44.1 132 (103-167)

122 (90.3-165)
149 (80.0-278)
133 (105-170)

122(90.5-166) 6.54 (4.83-8.84)
150(80.2-279) 5.35(2.87-9.98)
134 (105-170) 598 (4.70-7.61)

34.4(23.2-51.1)°
24.7 (19.0-32.0)

20.7 (23.5-37.5)°

1200

Male
Female

All Subjects

5.00 (2.00-5.00)
5.00 (2.00-6.00)
5.00 (2.00-6.00)

50.3(36.5-69.3) 212 (151-297)
268 (235-306)

238 (202-281)

59.9(49.0-73.2
54.9 (46.8-64.3

216 (153-304)
272(239-310)
242 (205-286)

216 (154-305)  5.55 (3.94-7.82)
273(239-310)  4.40 (3.87-5.02)
243 (206-286)  4.94 (4.19-5.83)

27.7(15.3-50.3)
14.9 (7.33-30.2)
203 (13.3-31.1)

1600

Male
Female

All Subjects

10

5.00 (2.00-6.00)
4.00 (2.00-5.00)
5.00 (2.00-6.00)

)
)
)
)
)
)

p)
70.2 (51.6-05.3) 386 (275-543)
§4.0 (59.4-119) 536 (362-794)
76.8 (63.5-02.8) 455 (360-576)

394 (280-555)
545 (367-809)
463 (366-586)

395 (280-557)  4.05 (2.87-5.71)
558 (356-876)  2.87 (1.83-4.50)
470 (365-605)  3.41 (2.64-4.39)

33.2(20.5-53.9)°
83.8 (14.8-473)°
52.8 (24.3-114)°

(Source — 11-1, Study 117 report)

Table 47: Assessment of Dose Proportionality of Lesinurad at 800, 1200, and 1600 mg

Gender Parameter a® b* 959 CI around b
Male Comax 0.0101 1.20 (0.661-1.74)
AUC, 0.00166 1.67 (1.16-2.19)
Female Cmax 0.0395 1.04 (0.594-1.48)
AUC, 0.000460 1.89 (1.25-2.54)

(Source — Table 11-2, Study 117 report)

Table 48. Geometric Mean Ratios of Lesinurad Pharmacokinetics Between Female and Male

Subjects (Study 117)
Dose | Parameter N Geometric Mean Ratio % Body Weight Normalized
(mg) (Female/Male) (90% CI) Geometric Mean Ratio %
(90% CT)
Female/Male Female/Male

400 Conax 25/28 115% (99.4-134%) 98.4% (85.3-113%)
AUC,, 25/28 113% (99.8-127%) 95.9% (85.8-107%)

1600 Coax 26/28 116% (104-129%) 99.0% (88.8-110%)
AUC, 26/28 116% (102-132%) 99.5% (88.1-112%)

(Source: Table 6, summary of clin pharm)

Pharmacodynamic results

In Segment A, decreases in mean sUA concentrations were greater and the time to
maximum decrease was longer as the dose of lesinurad was increased up to 1200 mg.
Thereafter, no further meaningful increases in SUA levels were observed. Also, the
urinary clearance of uric acid and FEUA has plateaued beyond lesinurad 1200 mg
(Figure 40).
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Figure 39. Mean Percent Changes from Baseline (Time-matched Day -1) in Serum
Concentrations of Urate Following Single Oral Doses of Lesinurad or Placebo (Segment A)
(Source: Figure 11-15, CSR117)
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Figure 40. Mean Percent Changes from Baseline (Time-matched Day -1) in Uric Acid Renal
Clearance on Day 1 Following Single Oral Doses of Lesinurad or Placebo (Segment A)
(Source: Figure 11-18, CSR117)

Conclusions:
Lesinurad exposure was more than dose proportional beyond 1200 mg. The dose-
dependent decrease in SUA concentrations has plateaued beyond lesinurad 1200
mg.
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3. Multiple Rising Dose (102)

Trial # 102
Title: A Phase 1, Randomized, Double-Blind, Placebo-Controlled, Multiple
Ascending
Dose Study of RDEAS594, a Novel Uricosuric Agent, in Healthy Adult Male
Volunteers
e Objective:
e To To evaluate the safety and tolerability of the developmental drug
candidate RDEA594 when administered as rising multiple oral doses for
7 or 10 days.
e To evaluate the multiple-dose pharmacokinetics of RDEAS594 when orally
administered for 7 or 10 days.
o To evaluate the uricosuric effects of RDEA594 when orally administered
for 7 or 10 days.
e To evaluate the potential induction effect of RDEAS594 on the urinary ratio
of 6-beta-hydroxycortisol to free cortisol (marker for CYP3A activity)
when orally administered for 7 or 10 days.

e Study design: This was a Phase 1, randomized, double-blind, placebo-controlled,
multiple rising oral dose, study of RDEA594 in healthy adult male subjects. The 4
dose groups in Segment I (Groups 1, 2, 3 and 4) were administered RDEA594 qd for

10 days as 100 mg 99 (fed), 200 mg and 400 mg as IR capsules (fasted) and
200 mg as IR capsules (fed). In Segment II, 3 groups (Groups 5, 6 and 7) were
administered RDEA 594 qd for 7 days as ®® capsules e

at 200 mg, 400 mg and 600 mg qd (fed).

Table 49. Treatments and Subject Numbers

Group Treatment Dietary St
100 mg qd ®) @
1 (N=8) RDEAS94/placebo Fed”
Days 1to 10

200 mg qd IR capsules
2 (N=8) RDEAS94/placebo Fasted
Days 1to 10
Segment I
400 mg qd IR capsules

3 (N=8) RDEA594/placebo Fasted
Days 110 10

200 mg qd IR capsules
4 (N=8) RDEAS594/placebo Fed®
Days 110 10

200 mg qd ?"z.‘ﬁllsllk\
S (N=8) RDEASO4/placebo Fed"
Days [ to7

400 mg qd (b)c;qhnlrs
6 (N—8) RDEAS94/placcbo Fed®
N i Days | to 7
hlgtd et
S 600 mg qd (2).‘.'111\1116\
7 (N=8) RDEAS94/placebo Fed®
Days [ to 7

200 mg qd (2)1,11»1“\
S (N=8) RDEAS594/placebo Fed®
Days | to 7

N = Number of subjects studied

* Low fat breakfast (17.9% fat, 618.78% kcal)

® Moderate fat breakfast (36.4% fat, 984.53 keal)

© Low fat breakfast Days 1 to 4. moderate fat breakfast Days § to 7

(Source: Table 9-1, CSR102)
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e Test product: lesinurad was administered as
as shown in Table 49.

capsules

e Sampling Schedule

PK Sampling Schedule

e Serial plasma samples for RDEAS594 assays were collected at the following time-
points in relation to dosing on Days 1, 6, and 10: pre-dose (within 30 minutes
before dosing) and at 0.25,0.5,0.75,1,1.5,2,2.5,3,4,5,6,8, 10, 12, and 24
hours post-dose. Additional samples were collected on Days 11 and 12 at 36
and 48 hours after the final dose.

¢ Urine (total catch) for assays of RDEAS594, uric acid, and creatinine were
collected over the -24 to -12 hour and -12 to 0 hour intervals on Day -1 (24-hour
baseline period prior to first dose of study drug) and over the 0 to 12 and 12 to 24
hour intervals in relation to dosing on Days 1, 6, and 10.

PD Sampling Schedule
Serum sampling for uric acid and creatinine measurement were collected at

the -24 hour and -12 hour time-points on Day -1 (during the 24-hour baseline
period prior to first dose of study drug) and at the 0 hour (within 30 minutes
before dosing) and 12 hour time-points on Days 1, 6, and 10. In addition, 0
hour samples were collected on Days 2, 4, and 7, and samples were also
collected on Day 11 at 24 and 36 hours after the final dose and on Day 12 at
48 hours after the final dose.

Results:

Pharmacokinetic results

Lesinurad PK after multiple doses was consistent with the single dose PK. The
median T, was about 0.75-5 hr and mean apparent terminal t;» ranged from 3.77-
10.6 hrs. Accumulation after multiple doses was minimal. Mean accumulation ratio
for all doses ranged from 0.85 to 1.27, which was as expected based on short half-life
and QD dosing regimen. The steady state was reached after one dose. Mean plasma
PK profiles are shown in Figure 41 and summary PK parameters are listed in Table
50. From other studies, measurement of trough concentrations indicated that steady-
state was achieved within 24-48 hrs after initiating repeat dosing.
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Figure 41: Median Plasma Concentration Profiles of Lesinurad Following Once Daily
Multiple Oral Doses of Lesinurad ®® o Immediate-Release Capsules
(Source — Figure 7. Summary of clin pharm)

Table 50: Summary of the Pharmacokinetic Parameters for RDEAS94 Following Multiple

Oral Doses (Segment I)
Dose of RDEAS94
100 ma 200 mg 400 mg 200 mg
®) (4). fed) (IR capsules, fasted) (IR capsules, fasted) (IR capsules, fed)
Parameter (N-6) (N=6) (N-6) (N=6)
Day 1 Day 10 Day 1 Day 10 Day 1 Day 10 Day 1 Day 10
AUC, 142 12.1 28.7 331 70.5 898 208 303
(ng.vmL) (12.4.10.2) (10.6. 13.7) (24.1.34.1)  (28.1.39.1)  (32.0.958) (07.1.120)  (20.7.43.0) 3.3.39.2)
AUC, 142 N 28.9 . 71.2 . 30.2 .
(png./mL) (12.5.16.2) NA (24.2. 345) NA (52.4.96.8) NA (20.8. 43.9) NA
Caux 4.74 4.02 10.8 11.7 23.1 21.9 554 6.51
(ng/mL) (3.41,6.59) (2.86,5.67) (9.26,125) (927.149) (16.9.316) (183.262) (4.44.691) (546.7.76)
) p— 0.750 0.625 0750 0.750 1.00 2.00 5.00 4.50
(h) (0.25-2.50) (0.50-2.50) (0.75-1.50) (0.50-2.00) (0.75-1.50) (1.00-4.00) (4.00-6.00) (3.00-5.00)
AUC, 10.1 8.56 11.4 13.1 14.2 18.1 1.7 11.8
(norm) (8.90.11.4) (7.33.9.99) (8.23.157) (9.88,17.5) (10.7, 18.8) (13.6, 24.0) (7.76.17.5) (8.75. 16.0)
AUC, 10.1 . 11.5 . 143 . 11.8 .
(norm) (8.95.11.4) NA (8.27.159) NA (10.8. 19.0) NA (7.80.17.9) NA
Coan 3.36 2.86 4.27 4.66 465 441 2.16 2.55
(norm) (2.48.4.56) (2.03,4.01) (3.69. 4.94) (3.35. 6.49) (3.65.5.92) (3.57.5.44) (1.59. 2.95) (2.16. 3.00)
t 423 10.6 472 8.0] 503 7.48 377 8.20
(h) (3.74,4.78) (7.43,15.1) (4.03.5.53) (7.59.10.5) (4.33,5.85) (6.22, 8.99) (3.38.4.20) (5.85.11.5)
MRT 3.19 3.92 3.35 4.26 3.60 4.67 645 7.20
(h) (2.68,3.80) (3.34, 4.60) (2.81.4.00) (390.4.65) (2.97.437) (380.575) (5.08.8.19) (6.44.8.06)
g‘ FF‘" 7.02 8.29 692 6.04 561 4.46 662 6.61
M (6.16.8.00)  (7.27.946)  (5.80.8.25) (5.11.7.13) (4.13.7.63) (333.597) (4.55.9.62) (5.10.8.57)
V.,/F 224 325 232 25.7 20.2 208 42.7 47.6
(L) (17.8.28.2) (254.41.6) (21.3.253)  (21.6.30.6) (15.1.27.1) (17.5.24.7)  (34.0,535) (39.7.57.0)
0.851 1.09 0.949 1.18
Raver NA (0.729, NA (0.765, NA (0.628, NA (0.819,
0.992) 1.56) 1.43) 1.69)
0.849 1.16 1.27 1.01
Reasx NA (0.633. NA (0.968. NA (1.01. NA (0.850.
1.14) 1.38) 1.61) 1.21)
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Dose of RDEAS%4

() 200 mg 400 mg 600 mg 200 mg
(@capsules, fed) 8mpsules. fed) ® (4)'npsults. fed) ®) tablets, fed)
(N-6) (N=6) (N-6) @) (N-6)
Parameter Day 1 Day 7 Day 1 Day 7 Day 1 Day 7 Day 1 Day 7
AUC, 26.1 25.1 51.8 539 73.0 34.9 209 212

(ngh/mL) (204.33.3)  (21.2.29.D) (408.65.7)  (44.6.65.1) (61.3.87.0)  (73.5.98.1) (17.3.25.3) (18.7.24.1)

AUC, 26.3 52.3 737 . 211

(ngh/ml) (206, 33.7) NA (413, 66.3) NA (61.9. 87.7) NA (17.4.25.5) NA
Come 8.18 771 138 157 20.1 208 6.16 557
(egml)  (549.122)  (.91.10.0) (115.167) (139.17.7)  (17.3.233)  (164.264) (4.60.825)  (4.24.7.31)
Tou 3.00 3.50 3.00 2.50 250 3.50 (1.00- 175 4.50
o (100.3.00)  (2.005.00)  (1.50.3.00)  (1L50-4.00)  (1.50.5.00) 5.00) (1.00.5.00)  (2.00-6.00)
AUC, 10.4 998 11.0 114 962 11.2 8.79 §8.92
(nomn) (793.13.6)  (7.99.12.5) (7.94.152) (877.149) (808 11.5) (100.12.5) (8.05.9.61) (7.55.105)
AUC.. 10.5 . 1.1 y 072 y 8.47 §
(nom) (800, 13.7) NA (8.03.15.4) NA (8.17. 11.6) NA (8.10,9.71) Na
Case 3.25 3.07 294 3.33 265 274 2.59 234
(nom) (212.498)  (35.401)  (231.375)  (Q71.410) (2083200 (2.22.339)  (1.96.3.43)  (1.66.3.30)
Lz 4.56 6.98 101 8.40 114 7.80 a1 5.65
(h) (4.24, 4.90) (6.04, 8.06) (2.94.547) (6.80. 10.4) (2.78. 6.17) (5.22.11.9) (3.83.4.41) (5.28. 6.05)
MRT 1.67 5.90 1.94 5.50 471 5.95 4.71 6.67
) (409.533) (521,669 (4.33.564) (480.629) (3.85.577) (5.12.690) (348,637  (5.50.8.07)
glr_' Frf” 7.59 797 7.65 743 814 7.06 9.0 9.44
o (594,970)  (5.74.943)  (6.03.9.69) (615.8.97) (684.9.69) (6.12.816) (785.1L5) (831107
Vo/F 35.5 47.1 37.8 40.8 38.4 42.0 44.7 62.9
@ (260.48.3)  (369.60.0) (281.509) (37.0.45.1) (312.47.2)  (389.45.4)  (30.4.65.8)  (52..761)
0.961 1.04 116 1.01
Ratee NA (0.855. NA (0.861. NA {107, NA (0815,
1.08) 1.26) 1.26) 1.26)
0.943 1.13 1.04 0904
R NA (0.633. NA (0.964. NA 0.877. NA (0.670.
1.41) 1.33) 1.22) 122)

(Source — Table 11-1, 11-2, study report 102)

Pharmacodynamic results
A statistically significant treatment-dependent decrease in sUA concentrations was

found, compared with placebo, following multiple qd oral administration of lesinurad
as IR formulations (100 mg to 400 mg over 10 days, Figure 42) and ®® formulations
(200 mg to 600 mg over 7 days). Similarly, excretion of wUA increased with
increasing doses of lesinurad. Maximum suppression of sSUA occurred at the first
sampling timepoint of 12 hours postdose, which corresponded with maximal wUA
excretion at the earliest time interval of 0 to 12 hours postdose. The effects of SUA
reduction were observed through 24 hours postdose at 100 mg to 600 mg dosing, with
some daily variation relative to lesinurad dose (Figure 42).
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Figure 42. Median Percent Changes from Baseline (Time-Matched, Day -1) in Serum Urate
Concentrations Following Multiple Oral Immediate-Release Doses of Lesinurad (Day 1 to Day
10) in Healthy Volunteers (Study 102)
(source: Figure 12, summary of clin pharm)

e Conclusions

PK results indicate that the and IR capsule had similar bioavailability.
A dose-dependent decrease in sUA concentrations over the 100 mg to 600 mg qd
dose range was observed. The effects of sUA reduction were observed through 24
hours postdose with some daily variation relative to lesinurad dose.

®@

SPECIFIC POPULATION

4. Hepatic Impairment

Trial # 118
Title: A Phase 1, Single-Dose, Pharmacokinetic and Pharmacodynamic Study of
Lesinurad in Male Subjects with Various Degrees of Hepatic Impairment.

Objective:

= To determine the PK of a single dose of lesinurad in subjects with various
degrees of hepatic impairment compared to matched control subjects.

= To determine the safety profile of a single dose of lesinurad in subjects
with various degrees of hepatic impairment compared to matched control
subjects.

= To evaluate the serum uric acid lowering effects of a single dose of
lesinurad in subjects with various degrees of hepatic impairment.

Study design: Open-label, single-dose study
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Patient groups and sample size:
=  (Cohort 1: Child-Pugh A (5 to 6 points; mild impairment, n=8).
= Cohort 2: Child-Pugh B (7 to 9 points; moderate impairment, n==8).
= Cohort 3: Normal hepatic function (control subjects matched to mild and
moderate impairment subjects, n=8).

Cohort 3 (normal hepatic function) was enrolled after the mild and moderate hepatic
impairment subjects, in order to match baseline characteristics of age, body mass
index (BMI), and CYP2C9 genotype.

Treatment: Lesinurad was to be orally administered as a 400 mg tablet.

PK Sampling Schedule

¢ Blood - 5 Plasma PK samples were collected at the following timepoints in
relation to doing of lesinurad on Day 1: predose (within 30 minutes before
dosing) and at 0.25, 0.5, 0.75, 1, 1.5, 2, 3,4, 5, 6, 8, 10, 12, 16, 24, 30, 36, 48,
54, 60, and 72 hours postdose.

e Urine —6 Urine PK samples were to be collected at the following intervals in
relation to dosing of lesinurad on Day 1: -12-0, 0-6, 6-12, 12-24, 24-36, 36-
48, 48-60, and 60-72 hours postdose.

e PD-7 Serum samples for uric acid and creatinine measurement (enzymatic
method) were to be collected at Screening and at the following timepoints in
relation to dosing of lesinurad on Day 1: -24, -18, -12, -8 (pre-treatment), 0
hours (within 30 minutes before Day 1 dosing), and at 6, 12, 16, 24, 36, 48, 60
and 72 hours postdose.

Results:

Pharmacokinetic results

Summary statistics of PK parameters are presented in Table 51. Plasma exposures
(Cmax and AUC), total clearance (CL/F), and non-renal clearance (CLNRO0-72) of
lesinurad in subjects with mild hepatic impairment were comparable to those in
subjects with normal hepatic function. The geometric mean ratios were within the 80-
125% interval generally used to establish bioequivalence and close to 100%,
indicating that mild hepatic impairment had no effect on lesinurad pharmacokinetics.

In subjects with moderate hepatic impairment, Cmax was comparable to those in
subjects with normal hepatic function, while AUC was 33% greater than in subjects
with normal hepatic function (Table 52). Total clearance and non-renal clearance of
lesinurad were reduced by 25% and 24%, respectively (Table 52).
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Table 51. Summary of Plasma Pharmacokinetics of Total Lesinurad Following a Single Oral
Dose of Lesinurad 400 mg to Subjects with Various Degrees of Hepatic Function

) . : Toax" C Thase" AUC, AUC CL/F CLxrom Vo F ty
N max ‘max ast ast = 2 %
Hepatic Function 1 (hr) (ng/mL) (hr) (ug'hr/mL)  (ug-hr/mL) (L/hr) (L/hr) @ (hr)
N . 1.75 184 72.0 61.9 62.0 6.45 4.91 28.8 11.3
Normal Function 8 _ - N _
(1.00-2.00)  (16.0-21.2)  (54.0-72.0)  (54.4-704)  (54.5-70.5) (5.67-7.34)  (4.09-5.89)  (24.9-33.3) (7.57-16.9)
. ) 1.50 204 72.0 66.2 66.5 6.02 4.93 20.6 20.3°
Mild Impairment 8

(1.00-2.00)  (16.1-25.8)  (54.0-72.0)  (48.7-90.0)  (48.9-90.3) (443-8.18) (3.45-7.03) (22.6-38.7)  (11.3-36.3)

1.75 19.9 72.0 82.4 82.6 4.84 374 26.3 15.0

Moderate Impairment  §
(1.50-5.00) (13.2-29.9) (48.0-72.0) (52.5-129) (52.6-130) (3.08-7.60) 2.39-587) (16.5-41.9)  (9.85-22.9)

AUC,,,= area under the plasma concentration-versus-time curve (AUC) from time zero to the last sampling time with quantifiable observation; AUC..= AUC from
time zero to infinity: CL/F = apparent total plasma clearance: CLyp = non-renal clearance: Cy,,= maximum observed plasma concentration: N = number of subjects:
Ty = time of last quantifiable plasma concentration observed: Ty, = time of Cpy,y: i, = apparent plasma terminal half-life; V/F = volume of distribution at steady
state.

* Typax and Ty, are represented by median (range).

b More than half of the subjects have terminal t., calculated from a period of less than two fold of the calculated t., value.

(Source —Table 11-1, Study 118 report)

Table 52. Geometric Least Squares Means and Geometric Mean Ratios (90% Confidence
Interval) of Total Lesinurad Pharmacokinetic Parameters between Hepatic Function Groups

GeoLLSM Geomean Ratio (90% CI)
Hepatic Function N Parameter Mild Normal (Impairment/Normal
Impairment Function Function)
'Cmax 0 ; .
20. . % (90.2%-136%
(ug/mL) 0.4 18.4 111% (90.2%-136%)
AUC‘lnsr a9 I 0. , -0
2 . 7% (83.4%-137%
(ug-hr/mL) 66 61.9 107% (83.4%-137%)
Mild Impairment AUC, - o 1m0
. .5 2. 7% (83.7%-137%
versus Normal Function (ng-hr/mL) 66 620 107% (8 6-137%)
CL/F 5 , .
02 45 93.3% (72.8%-120%
(L/hr) 6.0 6.4 93.3% (72.8%-120%)
CLyrom ) ) % (74.6%-135%
(mL/min) 4.93 4.91 100% (74.6%-135%)
Cnax [V . 04 (77 Q04-14004
(ug/mL) 19.9 18.4 108% (77.9%-149%)
AUC'lnsr 5 I p . .
2. . 33% (93.8%-189%
(ug-hr/mL) 82.4 61.9 133% (93.8%-189%)
Moderate Impairment AUC, 5 5 or (O Mo o
versus Normal Function (ng-hr/mL) 82.6 62.0 133% (94.0%-189%)
CL/F .
4. A5 75.0% (52.9%-106%
(L/hr) 4.84 6.4 0% (52.9%-106%)
CLyrom - e s
- 1. 76.3% (53.2%-110%
(mL/min) 3.74 491 6.3% (53.2%-110%)

(Source —Table 11-2, Study 118 report)

Plasma Protein Binding:

Analysis of protein binding in plasma from subjects with normal hepatic function, and
mild and moderate hepatic impairment showed that lesinurad is highly bound (>98%) in
all 3 groups (Table 53).
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Table 53. Mean (Standard Deviation) Plasma Protein Binding (Percent) of Lesinurad

Normal Hepatic Function Mild Hepatic Impairment Moderate Hepatic Impairment
(N=8) (N=8) (N=8)
99.0% (0.143) 99.0% (0.129)° 98.8% (0.217)

N = number of subjects.
Mean combining 1. 10, and 50 pM concentrations of lesinurad is presented.
*N = 7. plasma sample for protein binding assay was not available for Subject 001-010.

(Source —Table 11-5, Study 118 report)

Pharmacodynamic results

The sUA lowering effect following a lesinurad 400 mg dose was consistent across the 3
cohorts (Figure 43), with no statistically significant differences between hepatic function
groups in maximum observed percentage change from baseline in serum urate, or the
change from baseline in sUA concentrations at any of the timepoints.
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Figure 43. Mean Absolute and Percent Change from Baseline in Serum Concentrations of Urate
Following a Single Oral Dose of Lesinurad 400 mg to Subjects with Various Degrees of Hepatic
Function

(Source: Figure 11-1, study report 118)

Conclusions:

Lesinurad plasma exposures were comparable in subjects with mild hepatic
impairment, and exposure was 33% greater in subjects with moderate hepatic
impairment when compared with subjects with normal hepatic function. Reductions
in sUA were comparable for subjects with normal hepatic function and mild and
moderate hepatic impairment.

Therefore, no dose adjustment is necessary for patients with mild or moderate hepatic
impairment.

5. Renal Impairment (104, 120)

Trial # 104
Title: A Phase 1, Single Dose, Pharmacokinetic and Pharmacodynamic Study of
RDEAS594 in Adult Volunteers with Various Degrees of Renal Insufficiency

Objective:
* To evaluate the PK of an orally administered single dose of RDEA594 in
subjects with various degrees of renal insufficiency.
» To evaluate the safety profile of an orally administered single dose of
RDEAS594 in subjects with various degrees of renal insufficiency.
» To evaluate the uricosuric effects of an orally administered single dose of
RDEAS594 in subjects with various degrees of renal insufficiency.

Study design: multicentre, open-label, single dose study of RDEA594 in subjects
with various degrees of renal insufficiency. Twenty-four subjects entered the study: 8
subjects for each of the 3 cohorts defined in the protocol based upon Cockcroft-Gault
CrCL using actual body weight at Screening:

Cohort 1: CrCL > 50 to 80 mL/min (Mild Renal Impairment, n=8)

Cohort 2: CrCL > 30 to 50 mL/min (Moderate Renal Impairment, n=8)

Cohort 3: CrCL > 80 mL/min (Normal Renal Function, n=8)

In the final study report, the subjects were categorized for renal function based upon
Day -1, 24-hour measured urine CrCL normalized for BSA, 5 subjects were classified
as having normal renal function, and 10, 7, and 2 subjects were classified as having
mild, moderate, and severe renal impairment, respectively.

Reviewer comment:

As recommended in “the guidance for industry, pharmacokinetics in patients with
impaired renal function-study design, data analysis, and impact on dosing and
labeling”, classification of renal function should be based on estimated GFR (MDRD
equation) or estimated creatinine clearance (C-G equation). Also, in phase 3 studies,
the patients were screened based on C-G CrCL. Therefore, this reviewer reassigned
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the patients to different renal impairment groups based on the C-G CrCL at
screening (Table 54).

Cohort 1: CrCL 60 to 89 mL/min (Mild Renal Impairment, n=8)
Cohort 2: CrCL 30 to 59 mL/min (Moderate Renal Impairment, n=10)
Cohort 3: CrCL > 90 mL/min (Normal Renal Function, n=6)

Table 54. List of subjects with baseline renal function

Cmax CrCL

(ug/ml) (mL/min)
Subject AUCinf at Reviewer’s Sponsor’s
ID (ug.hr/ml) screening Group group
100-302 8.69 24.7 149 normal nomal
100-303 431 17 126 normal nomal
200-301 9.94 429 122 normal nomal
200-302 12.4 42.4 106 normal mild
100-301 8.89 32.7 101 normal nomal
200-303 6.99 40.8 92 normal mild
200-305 10.9 454 89 mild nomal
100-105 11.7 41.6 86 mild moderate
200-304 12.8 36 83 mild mild
200-103 12.5 54.2 82 mild mild
100-104 10.3 27.5 74 mild mild
200-104 14.8 39.3 73 mild mild
200-101 10 47.5 61 mild mild
100-101 9.6 57.3 61 mild mild
100-102 13.3 34.5 58 moderate mild
100-204 8.25 87.1 56 moderate moderate
100-202 6.55 36.4 54 moderate mild
200-105 14.9 104 53 moderate moderate
100-203 2.78 31 50 moderate moderate
200-201 11.7 80.3 47 moderate moderate
200-204 11.2 74.7 41 moderate moderate
100-201 9.49 32.5 36 moderate severe
200-203 8.82 36 35 moderate severe
200-202 15.2 63.4 34 moderate moderate

(source: reviewer summary of Table 18.1, study report of study 104; Table 14-1, 14-2, 14-3,
RDEAS594-104 compliance and drug concentration data amend1)

e Test product: The study drug was orally administered as RDEA594 capsules, 200
mg (2 x 100 mg)

e Sampling Schedule

PK Sampling Schedule
Blood samples for the analysis of plasma RDEA594 and metabolite M4
concentrations were collected at the following timepoints in relation to dosing on Day
1: pre-dose (within 30 minutes before dosing) and at 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 5,
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6, 8,10, 12, 16, 24, 30, 36, 48, 54, 60, and 72 hours post-dose. In addition, blood
samples for evaluation of plasma total protein and protein binding of RDEA594.

Urine (total catch) samples for the analysis of RDEA594 were collected over the
following intervals in relation to dosing on Day 1: -24 to -18, -18 to -12,-12t0 0, 0 to
6,610 12, 12 to 24, 24 to 36, 36 to 48, 48 to 60, and 60 to 72 hours post-dose.

PD Sampling Schedule
Blood samples were collected measurement ofr serum urate and creatinine
concentrations on Days -1 to 4 in the morning at the following times in relation to
dosing on Day 1; -24, -18, -12, -8, 0, 6, 12, 16, 24, 36, 48, 60, and 72 hours postdose.
Urine samples from each of the pharmacokinetic collections were assayed for
urate and creatinine.

Genotyping
Whole blood was collected for possible CYP2C9 genotyping.

Results:

Pharmacokinetic results

After a single-dose administration of lesinurad 200 mg following an overnight fast,
lesinurad rapidly reached systemic circulation in all subjects regardless of renal
impairment status. The mean Cmax was comparable among different renal
impairment groups (Table 55). Total plasma exposure (AUCO0-) values were 33.4,
43.6, and 58.0 ug*h/mL for normal, mild, and moderate renal impairment groups,
respectively (Table 55).

Table 55. Summary of lesinurad Pharmacokinetic Parameters, by renal impairment status

PK Renal N Mean (SD) Ratio (vs
parameter impairment Normal)
status
AUCinf Normal 6 33.4 (10.7) NA
(ug.h/mL)
Mild 8 43.6 (9.7) 130.5%
Moderate 10 58.0 (27.2) 173.5%
Cmax Normal 6 8.5(2.7) NA
(ng/mL)
Mild 8 11.6 (1.7) 135.6%
Moderate 10 10.2 (3.9) 119.7%

(Source —Reviewer summary)

Conclusions:

Compared to healthy subjects, plasma AUC of lesinurad was increased by
approximately 31% and 74% in subjects with mild and moderate renal impairment,
respectively.
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Trial # 120
Title: A Phase 1, Single-Dose, Pharmacokinetic Study of Lesinurad in Male Subjects
with Moderate and Severe Renal Impairment

Objective:
= To assess the pharmacokinetics of a single-dose of lesinurad in subjects
with moderate and severe renal impairment compared to matched control
subjects with normal renal function.
= To assess the safety profile of a single-dose of lesinurad in subjects with
moderate and severe renal impairment compared to matched control
subjects with normal renal function.

Study design: Multicenter, open-label, single dose study in adult male subjects with
moderate and severe renal impairment and subjects with normal renal function.
Eighteen subjects entered the study: 6 subjects for each of the 3 cohorts defined in the
protocol based upon Cockcroft-Gault using ideal body weight (CrCl = [(140-age) x
ideal body weight (kg)]/[72 x sCr (mg/dL)]; ideal body weight = 50 kg + 2.3 kg for
each inch of height greater than 60 inches):

* Cohort 1: Moderate renal impairment (30 to < 60 mL/min, n=6).

* Cohort 2: Severe renal impairment (15 to < 30 mL/min, n=6).

* Cohort 3: Matched control subjects with normal renal function (> 90 mL/min, n=6).

In the final study report, the subjects were categorized for renal function based upon
Day -1, 24-hour measured urine CrCL normalized for BSA, 6 subjects were classified
as having normal renal function, and 2, 5, and 5 subjects were classified as having
mild, moderate, and severe renal impairment, respectively.

Reviewer comment:

As recommended in “the guidance for industry, pharmacokinetics in patients with
impaired renal function-study design, data analysis, and impact on dosing and
labeling”, classification of renal function should be based on estimated GFR (MDRD
equation) or estimated creatinine clearance (C-G equation). Also, in phase 3 studies,
the patients were screened based on C-G CrCL. Therefore, this reviewer reassigned
the patients to different renal impairment groups based on the C-G CrCL at
screening (Table 56).

Cohort 1: CrCL 60 to 89 mL/min (Mild Renal Impairment, n=6)
Cohort 2: CrCL 30 to 59 mL/min (Moderate Renal Impairment, n==6)
Cohort 3: CrCL > 90 mL/min (Normal Renal Function, n=6)

Table 56. List of subjects with baseline renal function

Cmax CrCL
(ug/ml) (mL/min)
Subject AUCinf at Reviewer’s Sponsor’s
ID (ug.hr/ml) screening Group group
003-010 16.5 43.8 116.85 normal normal
002-009 18.3 87 106.5 normal normal
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002-007 13.7 59.8 99.5 normal normal
001-013 15.1 45.2 93.6 normal normal
003-013 15.1 65.3 91.5 normal mild
001-008 17.2 40.9 90.8 normal normal
001-003 9.71 104 52.6 moderate mild
003-005 14.9 75.2 51.8 moderate moderate
001-001 15.6 77.4 47.7 moderate moderate
003-003 21.3 72.1 44.03 moderate normal
002-004 29.2 109 35.4 moderate moderate
002-003 8.41 76.1 30.6 moderate severe
001-005 13.3 89.2 29.2 severe moderate
003-009 18.6 54 25.7 severe moderate
003-004 17.6 84.8 22.97 severe severe
001-014 19.1 169 22.2 severe severe
003-008 18.2 173 21.64 severe severe
001-006 21.6 158 15.1 severe severe

(Source: reviewer summary of Table 10.1, study report of study 120; Table 12, 13, 14, 15 RDEA594-
120 compliance and drug concentration data)

e Test product: The study drug was orally administered as a 400 mg tablet

e Sampling Schedule

PK Sampling Schedule
Blood samples for the analysis of plasma RDEA594 and metabolite M4
concentrations were collected at the following timepoints in relation to dosing on Day
1: pre-dose (within 30 minutes before dosing) and at 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 5,
6, 8,10, 12, 16, 24, 30, 36, 48, 54, 60, and 72 hours post-dose. In addition, blood
samples for evaluation of plasma total protein and protein binding of RDEA594.

Urine (total catch) samples for the analysis of RDEA594 were collected over the
following intervals in relation to dosing on Day 1: -24 to -18, -18 to -12,-12 t0 0, 0 to
6,6to 12, 12 to 24, 24 to 36, 36 to 48, 48 to 60, and 60 to 72 hours post-dose.

PD Sampling Schedule
Serum samples for urate and creatinine measurement (enzymatic method) were to be
collected at Screening and at the following timepoints in relation to dosing of
lesinurad: -24, -18, -12, -8 (pre-treatment), 0 hours (within 30 minutes before Day 1
dosing), and at 6, 12, 16, 36, and 60 hours post-dose.Urine samples from each of the
pharmacokinetic collections were assayed for
urate and creatinine.

Genotyping
Whole blood was collected for possible CYP2C9 genotyping.

Results:

Pharmacokinetic results

After a single-dose administration of lesinurad 400 mg following an overnight fast,
lesinurad rapidly reached systemic circulation in all subjects regardless of renal
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impairment status. The mean Cmax was comparable among different renal
impairment groups (Table 57). Total plasma exposure (AUCO0-o) values were 57,
85.6, and 121.3 ug*h/mL for normal, mild, and moderate renal impairment groups,
respectively (Table 57).

Table 57. Summary of lesinurad Pharmacokinetic Parameters, by renal impairment status

PK Renal N Mean (SD) Ratio (vs
parameter impairment Normal)
status
AUCinf Normal 6 57 (17.6) NA
(ng.h/mL)
Moderate 6 85.6 (16.3) 150.2%
Severe 6 121.3 212.9%
(51.3)
Cmax Normal 6 15.9 (1.7) NA
(ng/mL)
Moderate 6 16.5(7.7) 104.1%
Severe 6 18.1 (2.7) 113.8%

(Source —Reviewer summary)

Conclusions:

Compared to healthy subjects, plasma AUC of lesinurad was increased by
approximately 50% and 113% in subjects with moderate and severe renal impairment,
respectively.

6. Japanese subjects

Trial # 125

Title: A Phase 1, Randomized, Double-Blind, Placebo-Controlled Study to Evaluate
Safety, Tolerability, Pharmacokinetics, and Pharmacodynamics of Single and
Multiple Doses of Lesinurad in Healthy Male Japanese Subjects

Objective:
e To evaluate the safety and tolerability of lesinurad when administered as
single and multiple doses in Japanese subjects.
e To evaluate the single-dose and multiple-dose PK of lesinurad in Japanese
subjects.
e To evaluate the single-dose and multiple-dose PD of lesinurad in Japanese
subjects.

Study design: This was a randomized, double-blind, placebo-controlled study in
healthy male, Japanese subjects, designed to evaluate single and multiple doses of
lesinurad. It was planned for the study to enroll up to 5 cohorts of 8 subjects per
cohort; 6 subjects were randomized to receive lesinurad and 2 subjects were
randomized to receive placebo in each cohort.
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Study medication was to be administered to subjects as a single dose on Day 1 in the

fasted condition, and as multiple daily doses for 7 days; under the fed condition from
Days 6 to 11; and in the fasted condition on Day 12. The following dose cohorts were
planned:

* Cohort 1: lesinurad 200 mg or placebo.

* Cohort 2: lesinurad 400 mg or placebo.

* Cohort 3: lesinurad 100 mg or placebo.

* Cohort 4 (Optional): lesinurad 600 mg or placebo.

* Cohort 5 (Optional): lesinurad 50 mg or placebo.

e Test Product: Lesinurad was to be orally administered as 50 mg tablets and 200
mg tablets.

e Sampling Schedule
PK Sampling Schedule
e Blood samples for the analysis of plasma RDEAS594 were collected on Day 1
and Day 12: Pre-dose (within 30 mins before dosing), 0.5, 1, 1.5, 2, 3,4, 5, 6,
8,10, 12, 24, 30, 36, 48, and 72 hours post dose; on Day 6: Pre-dose (within
30 mins before dosing), 0.5, 1, 1.5, 2, 3,4, 5, 6, 8, 10, 12, 24 hours post dose;
on Day 7-11: Pre-dose (within 30 mins before dosing).

e Urine (total catch) samples for the analysis of RDEA594 were collected at
Day -1: -24 to -18, -18 to -12, -12 to 0 hours. Day 1: 0 to 6, 6 to 12, 12 to 24,
24 to 30, 30 to 36, 36 to 48, 48 to 60 and 60 to 72 hours post dose. Day 6: 0 to
6, 6 to 12, 12 to 24 hours post dose. Day 12: 0 to 6, 6 to 12, 12 to 24, 24 to 30,
30 to 36, 36 to 48, 48 to 60 and 60 to 72 hours post dose.

PD Sampling Schedule

Blood samples for serum urate and creatinine measurements were collected at
Screening, on Day 1 and Day 12: Pre-dose (within 30 mins before dosing), 6, 12, 24,
30, 36, 48, and 72 hours post dose. Day 6: Pre-dose (within 30 mins before dosing), 6,
12, and 24 hours post dose. Day 7-11: Pre-dose (within 30 mins before dosing). Urine
samples from each of the pharmacokinetic collections were assayed for urate.

Results:

Pharmacokinetic results

Following administration of single oral doses of lesinurad ranging from 50 mg to 600 mg
under the fasted condition to healthy male Japanese subjects, lesinurad was readily
absorbed with a median Tmax ranging from 1.50 to 2.0 hours after which plasma
concentrations of lesinurad declined with average half-life values ranging between 3 to
14 hours. Following qd multiple oral doses of lesinurad ranging from 50 mg to 400 mg,
there was no accumulation of

lesinurad observed across all dose groups, and the exposure of lesinurad increased
approximately dose proportional.

Food effect was evaluated between the fasted state on Day 1 and fed state on Day 6
following single oral dosing at 50 mg to 400 mg. Under the fed condition, absorption was
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slightly delayed with median Tmax ranging from 1.75 to 3.0 hours, but the difference
was considered non-significant. Food reduced approximately 18% to 52% of lesinurad
plasma Cmax and approximately 11% to 26% of lesinurad plasma AUC.

Table 58. Summary of Plasma Pharmacokinetics of Lesinurad Following Administration of
Various Lesinurad Dose Levels to Healthy Japanese Male Subjects (Geometric Mean [95%

Confidence Intervals])

Lesinurad

Dose Food/ Dav Tonas" Conas AUC AUC, tin CcLF’ V./F
(mg) N h (hr) (ng/mL) (ug'hr/mL) (ng'hr/mL) (hr) (L/hr) @¥)
50 Fasted 1 2.00 1.90 7.47 7.51 3.05 6.66 30.0
N=6 (1.00-4.00) (1.09-3.29) (5.46-10.2) (5.48-10.3) (2.11-4.42) (4.85-9.13) (19.1-47.0)
Fed 6 2.00 1.53 6.66 6.76 3.87% 7.40 39.7
N=6 (1.00-5.00) (1.08-2.16) (5.71-7.77) (5.83-7.84) (2.79-5.36) (6.38-8.58) (25.4-61.8)
Fasted 12 2.00 1.85 7.18 NA 4.66 6.97 324
N=6° (1.50-4.00) (1.46-2.35) (5.86-8.79) (4.22-5.15) (5.69-8.53) (22.2-47.3)
100 Fasted 1 1.75 6.41 21.3 215 4.39 4.65 19.6
N=6 (1.50-4.00) (5.22-7.86) (17.5-26.0) (17.7-26.2) (4.16-4.63) (3.82-5.66) (15.1-25.5)
Fed 6 2.25 3.07 15.8 15.9 3.50° 6.29
N=6 (1.00-5.00) (2.19-4.29) (13.3-18.7) (13.4-18.9) (3.10-4.16) (5.29-7.47)
Fasted 12 2.00 5.85 17.0 NA 17.9 5.88
N=6 (1.00-3.00) (4.79-7.15) (13.1-22.1) (5.68-56.6) (4.53-7.63) (21.3-36.1)
200 Fasted 1 2.00 12.6 33.7 34.0 5.25 5.87 24.0
N=6 (0.500-4.00) (11.6-13.7) (28.7-39.5) (28.9-40.1) (3.67-7.52) (4.99-6.92) (19.6-29.4)
Fed 6 3.00 8.17 30.0 304 4307 354
N=6 (1.00-4.00) (6.19-10.8) (26.6-33.8) (26.6-34.7) (3.81-4.86) (28.2-44.3)
Fasted 12 1.00 12.3 32.6 NA 24.8° 26.8
N=6 (0.500-2.00) (9.26-16.2) (28.3-37.6) (12.0-51.4) (22.3-322)
400 Fasted 1 1.50 24.6 102 103 14.1 3.87 2
N=6 (1.00-5.00) (18.7-32.3) (82.1-126) (83.2-129) (6.96-28.7) (3.11-4.81) (17.3-23.4)
Fed 6 1.75 20.0 85.2 86.2 3.57° 4.64 26.2
N=6 (1.00-5.00) (13.1-30.7) (66.4-109) (66.8-111) (3.03-4.22) (3.60-5.99) (18.4-37.2)
Fasted 12 3.00 19.5 79.5 NA 32.9° 5.03 28.9
N=6 (1.00-4.00) (15.3-24.7) (56.3-112) (21.4-50.5) (3.57-7.10) 20.7-40.3)
600 Fasted 1 2.00 322 154 157 12.1 3.83 209
N=6 (0.500-3.00) (26.7-38.9) (123-191) (126-196) (10.1-14.4) (3.06-4.78) (18.0-24.3)

(Source —Table 11-1, Study 125 report)

Table 59. Geometric Mean Ratio (90% Confidence Interval) of Lesinurad Plasma
Pharmacokinetic Parameters under the Fed versus Fasted Condition

Geomean Ratio (90% CT)

Treatment N Parameter (Fed Fasted)
Corux TH.E% (51.8%-114%)
50 mg lesinurad. fed (Day 6) versus - - -
o " : . u 8219 A%-94.3%)
50 mg lesinwrad, fasted (Day 1) © AUCo. 1% (71.4%-94.3%
AUC, 82.7% (72.1%-94.8%)
Crux 47.9% (37.7%-60.7%)
100 mg lesinurad. fed (Day 6) versus - T4 O
/ M 3.8%-55.0%)
100 mg lesimirad, fasted (Day 1) 6 AUCox 4.0% (63.8% *
AUC, T4.0% {63.7%-85.9%)
Crue 64.9% (53.4%-75.58%)
200 mg lesinurad. fed (Day &) versus . - -
H 5 . " 88.8% (50, 7%-07.9%)
200 mg lesinurad, fasted (Day 1) 6 AlCex 8.5% (80.7%-97.9%
AUC, 80.2% (80.5%-98.5%)
Crux B1.5% (62.6%-106%)
400 g lesinurad. fed (Day 6) versus . 2z S
H [ AUC 3 83.8% (70.3%6-99.9%)
400 mg lesimirad. fasted (Day 1) o ° ” i
AUC, 83.3% (69.6%-99.7%)

(Source —Table 11-3, Study 125 report)

Pharmacodynamic results

Upon administration of single doses of lesinurad from 50 mg to 600 mg and multiple

doses of lesinurad from 50 mg to 400 mg, dose-dependent decreases in SUA were
observed, with maximal sUA reductions being consistently greater with increased

lesinurad doses.
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As observed in the fasted states, maximum sUA reductions under the fed state were
consistently greater with increased lesinurad doses. The observed sUA lowering

effect was enhanced in the fed state compared with the fasting state for all lesinurad
dose groups.

Over the first 24 hours postdose, urinary excretion of uric acid (Aeur and FEUA) and
renal clearance of uric acid (CLur) were increased for all lesinurad treatments
compared to placebo (Figure 44).
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Day 1 Day & Day 12
0 to 24

Study Day and Interval (hr)

Pooled Placebo LN RDEAS94 50 mg A RDEA594 100 mg
RDEAS@4 200 mg 7 RDEASS4 400 mg a4 RDEA594 600 mg

Figure 44. Mean 24 Hour Absolute Fractional Excretion of Uric Acid Following Administration of
Various Lesinurad Dose Levels to Healthy Japanese Male Subjects
(Source —Figure 11.1, Study 125 report)

Conclusions:

Following single doses of lesinurad at 200 and 400 mg under the fed state, plasma
exposures of lesinurad were slightly higher in Japanese subjects than in Western
subjects, possibly due to smaller body mass.

Dose-responsiveness was observed in reductions of sUA (Emax, CB) and renal
handling of uric acid (FEUA). The observed sUA lowering effect was enhanced in the
fed state compared with the fasting state.

DRUG-DRUG INTERACTIONS

7. DDI with Febuxostat (105, 111)
Trial # 105

Title: A Phase 1 Study to Evaluate the Potential Pharmacokinetic and

Pharmacodynamic Interaction Between RDEA594 and Febuxostat in Healthy Adult
Volunteers

e Objective:
The primary objectives were to compare the multiple-dose pharmacokinetics (PK) of
febuxostat in the absence versus presence of RDEA594 co-administration and to
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compare the multiple-dose PK of RDEA594 in the absence versus presence of
febuxostat co-administration.

The secondary objectives were to measure the effects of RDEA594 and febuxostat,
both alone and in combination, on serum urate (SUA) concentrations and amounts of
urate excreted into urine and to evaluate the safety and tolerability of multiple-doses
of RDEA594 and febuxostat, both alone, or in combination.

e Study design and treatment schedule:

This was a single-centre, double-blind, placebo-controlled, randomised, cross-over
PK and pharmacodynamics (PD) drug interaction study in healthy adult subjects. 36
subjects were sequentially enrolled into 2 panels, starting with Panel 1 (200 mg once-
daily [qd] dose of RDEA594 or placebo), followed by Panel 2 (400 mg qd dose of
RDEAS594 or placebo). Subjects in each panel were randomly assigned to one of two
treatment sequences (Sequence A or B), as shown in Table 60.

Table 60: Treatment Sequences

Sequence Study Days Treatment
ltwo?7 Febuxostat, 40 mg (qd)
A Sto 14 RDEA394 or placebo in combination with febuxostat (qd)
151021 RDEAS594 or placebo (qd)
lto7 .RDE_-\F?J-l- or placebo (qd)
B Sto 14 RDEA594 or placebo in combination with febuxostar (qd)
151021 Febuxostat, 40 mg (qd)

(Source: Table 9-1, CSR 105)

e Test product: The study drug, RDEA594, was administered as orally as capsules
containing 100 mg RDEA594

e Sampling Schedule
PK Sampling Schedule
e Blood samples for the analysis of plasma RDEA594 and/or febuxostat were
collected on Days 7, 14, and 21 at pre-dose, 0.5, 1, 1.5, 2, 3,4, 5,6, 8, 10, 12,
16 and 24 hours postdose. In addition, 0-hour samples were collected on Days
1to 6,9 to 13, and 16 to 20.
e Urine (total catch) samples for the analysis of RDEA594 were collected at
pre-treatment over the following intervals on Day -1 at -24 to -18, -18 to -12, -
12 to 0 hours (time of first dose); and on Days 7, 14, and 21 at 0 to 6, 6 to 12
and 12 to 24 hours postdose.

PD Sampling Schedule

Blood samples for serum urate and creatinine measurements were collected at
Screening, on Day -1 at -24, -18, -12, -8, and 0 hours; and on Days 7, 14, and 21 at 0,
6, 12, 16 and 24 hours postdose. In addition, 0-hour samples were collected on Days
210 6,9 to 13, and 16 to 20. Urine samples from each of the pharmacokinetic
collections were assayed for urate and creatinine.

¢ Results and Conclusions:
PK results
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The pharmacokinetics of RDEA594 were similar following multiple oral doses of
RDEAS594 administered alone and in combination with febuxostat. Mean AUC0-24
and Cmax were similar following 200 mg RDEAS594 alone or in combination with
febuxostat, and were similar following 400 mg RDEA594 alone or in combination
with febuxostat. The 90% CIs of geometric mean ratios for Cmax and AUCO0-24 at
both doses were between 80 and 125%, indicating bioequivalence at 200 mg and 400
mg.

The pharmacokinetics of febuxostat were similar following multiple oral doses of
febuxostat when administered alone, and in combination with 200 mg RDEA594.
Geometric mean ratios for Cmax and AUCO0-24 were 108% and 112%, respectively,
suggesting an approximately 10% increase in plasma exposure following
febuxostat with 200 mg RDEAS594, however 90% CI fell within 80 to 125%,
indicating bioequivalence.

Mean AUCO0-24 and Cmax were higher following 40 mg febuxostat administered in
combination with 400 mg RDEA594 compared to when administered alone; mean
ratios were 127% (90% CI 104 to 155%) and 131% (90% CI 124 to 139%)),
respectively, suggesting mild drug-drug interaction between febuxostat and
RDEAS594. There was approximately a 25 to 30% increase in plasma exposure of
febuxostat when administered in combination with 400 mg RDEA594.

7 - Analyte=RDEA594, Panel=1

—&— Combination
—+=— RDEA594 alone

Median plasma conc (ug/mL)

£ i f i ﬂ
0O 2 4 6 8 10 12 14 16 18 20 22 24
Time (hr)
Figure 45: Median Plasma Concentrations of RDEA594 Following Once Daily Oral
Administration of RDEA594 (200 mg) Alone or in Combination with Febuxostat (40 mg) (Linear

Scale)
(Source: Figure 11- 1 CSR105)
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Table 61: Summary of the Pharmacokinetic Parameters for Febuxostat Following Multiple Oral
Doses, with or without lesinurad

Panel 1 Panel 2
RDEA594 RDEA3594
200 mg + 400 mg +
Febuxostat Febuxostat Febuxostat Febuxostat
40 mg 40 mg 40 mg 40 mg
Parameter (N=12) (N=12) (N=12) (N=11)
AUC 54 3.17 3.55 3.62 4.85
(hr-pg/mL) (19.1) (19.1) (24.8) (32.7)
Clruax 0.740 0.796 0.794 1.03
(ug/mL) (26.8) (28.0) (26.7) (29.5)
Tnax 2.29 2.54 1.77 2.14
(hr) (35.4) 44.7) (4.44) (63.7)
ty, 6.02 6.34 5.68 5.56
(hr) 417 (51.1) (38.5) (46.4)
CLF 13.0 11.6 11.7 8.98
(L/hr) (18.0) (18.4) (24.06) (28.9)
V/F 87.8 79.7 77.4 559
L) (23.7) (29.7) (28.6) (30.8)
MRT 6.73 6.78 6.61 6.33
(hr) (16.0) (17.8) (10.1) (18.0)

(Source: Table 11-3, CSR 105)

PD results

Median serum urate concentrations decreased on all assessment days following
multiple qd dosing of 200 mg or 400 mg RDEA594 administered alone or in
combination with 40 mg febuxostat. Mean maximum % changes from baseline (time-
matched Day -1) in serum urate levels (Emax,CB) were most pronounced for the
combination treatments of 400 mg RDEA594 plus febuxostat (81%) and 200 mg
RDEAS594 plus febuxostat

(72%). The decreases in median serum urate concentrations were less pronounced
(compared to combination dosing) following single agent qd dosing of 200 and 400
mg RDEA594 (46% and 59%, respectively) and qd dosing of 40 mg febuxostat with
or without placebo (48% and 51%, respectively).
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Figure 46: (A) Mediaﬁ Serum Concentrations of Urate and (B) Median % Changes from
Baseline sUA Following Multiple Oral Doses of RDEAS594 and Febuxostat (0 to 24 hours)
(Source: Figure 11- 5, Figure 11-7 CSR105)

e Conclusions:

There was no PK interaction between RDEA594 200 mg and febuxostat 40 mg. The
additional uric acid lowering activity observed in the combination therapy is due to
synergestic PD effect of febuxostat and lesinurad, and not increased exposure to
febuxostat.

Trial # 111

Title: A Phase 1b Study to Evaluate the Potential Pharmacokinetic and
Pharmacodynamic Interaction Between RDEA594 and Febuxostat in Gout Patients
with Hyperuricemia

e Objective:
The primary objectives were
0 To compare the multiple-dose pharmacokinetics (PK) of febuxostat in
the absence versus presence of RDEA594 co-administration.
0 To compare the multiple-dose PK of RDEA594 in the absence versus
presence of febuxostat co-administration.
0 To evaluate the multiple-dose plasma PK of colchicine alone and in
combination with febuxostat or both febuxostat and RDEA594.

The secondary objectives were to measure the effects of RDEA594 and febuxostat,
both alone and in combination, on serum urate (SUA) concentrations and amounts of
urate excreted into urine and to evaluate the safety and tolerability of multiple-doses
of RDEA594 and febuxostat, both alone, or in combination.

e Study design and treatment schedule:
This was a Phase 1b, multi-centre, open-label, multiple-dose, PK and PD drug
interaction study of RDEA594 in gout patients with hyperuricemia. Twenty-one
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subjects entered the study, with 12 subjects entering Panel 1 and 9 subjects entering
Panel 2. A schematic of the study design is presented in Figure 47.

Screening 4— Treatment Period —» Follow-up
. — .
Period Period
Washou
4_Period_t’

febuxostat febuxostat febuxostat and

once daily and higher dose of
RDEA594 RDEA594 once
once daily daily
+— Colchicine 0.6 ing dailv prophviaxis
Day -14 Day 7 Day 14
Day 1 Day 21 Day28

Day-21

Figure 47: Study Schematic
(Source: Figure 9-1, CSR 111)

e Test product: The study drug, RDEA594, was administered as orally as capsules
containing 100 mg RDEA594

e Sampling Schedule
PK Sampling Schedule
e Blood samples for the analyses of plasma RDEA594, febuxostat, and
colchicine concentrations were collected at the following timepoints
on Days -1, 7, 14, and 21 relative to RDEA594 dosing: pre-dose and at
0.5,1,1.5,2,2.5,3,4, 6, 8, 12 and 24 hours.
e Urine (total catch) samples for the analysis of RDEA594 were
collected over the 0 to 6, 6 to 12 and 12 to 24 hour intervals on Days -
1,7, 14, and 21.
PD Sampling Schedule
Serial PD serum samples for the analyses of urate and creatinine were collected at the
following time-points on Days -1, 7, 14, and 21 relative to RDEA594 dosing: pre-
dose, 6, 12 and 24 hours post-dose. Urine (total catch) samples for the analyses of
xanthine and hypoxanthine were collected over the 0 to 6, 6 to 12 and 12 to 24 hour
intervals on Days -1, 7, 14, and 21.

e Results:
PK results
Cross-panel comparisons showed that RDEA594 plasma exposures were not
meaningfully altered by coadministration with febuxostat at either 40 or 80 mg. As
expected, plasma RDEA594 exposures were increased when the dose of RDEA594
within a panel was increased from 400 to 600 mg.

NDA207988 Page 124 of 176
Reference ID: 3815674



Table 62: Geometric Mean (95% CI) Plasma Pharmacokinetics of RDEA594 at 400 and 600 mg
in Combination with Febuxostat in Panels 1 and 2

Panel RDEA594 N Toax Cax AUC 54 ti:
Dose (mg) ] (hr) (ng/mL) (ug'hr/mL) (hr)
1 400 11 4.00 10.5 54.5 4.49
FBX 40 mg (2.50-6.00) (7.58-14.6) (39.8-74.7) (4.11-4.90)
600 11 3.00 17.9 89.6 4.43
(0.500-6.00)  (13.6-23.6) (68.0-118) (4.03-4.88)
2 400 9 3.00 10.9 55.1 3.84
FBX 80 mg (0.500-6.00)  (8.42-14.1) (42.8-71.0) (3.45-4.28)
600 9 4.00 16.4 78.2 3.87

(1.00-4.00)  (11.8-22.6) (57.0-107) (3.50-4.27)

(Source: Table 11-1, CSR 111)

Plasma febuxostat exposures were higher in Panel 2 than in Panel 1. The within-panel
comparisons showed that febuxostat plasma AUCO0-24 was increased approximately
8% to 21% by concomitant RDEA594 treatment. The extent of increase in febuxostat
exposure did not appear dependent on the dose of febuxostat (40 or 80 mg) or
RDEAS594 (400 or 600 mg). The t1/2 of febuxostat in plasma appeared to be
unaffected by RDEA594 co-administration.

Table 63: Geometric Mean Ratios (90% CI) of Febuxostat in the Absence or Presence of
Escalated Doses of RDEA594

Combination/Alone

- a2
FBX dose RDEAS94 dose Parameters 90% CI 20% CI

] (mg) i __Ratio (%)" (Lower) ] (Upper)
40 mg 400 Coax 109 83.2 143
600 129 109 154
400 AUC 04 108 98.9 117
600 120 109 132
80 mg 400 C 113 104 123
600 ] ] 118 ) 934 ] 148
400 AUC 04 119 112 126
GO0 121 107 137

(Source: Table 11-4, CSR 111)

The within-panel comparisons showed that colchicine plasma AUCO0-24 was
unaffected by febuxostat, but was mildly decreased by RDEA594 treatment. The
effect of RDEA594 on colchicine exposure was dependent on RDEA594 dose level,
with less change in colchicine exposure at the lower 400 mg dose (colchicine AUCO-
24 decreased by ~20%) than at the higher 600 mg dose (colchicine AUCO0-24
decreased by ~30%). The effect of RDEA594 on colchicine is consistent with
CYP3A4 induction by RDEA594.
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Table 64: Geometric Mean Ratios (90% CI) of Colchicine in Combination with Febuxostat Plus
RDEAS94 Relative to Colchicine Alone in Panels 1 and 2

FBX dose RDEA594 dose Combination/alone

Parameters ; 920% C1 90% CI
PR YAY]
(mg) (mg) Ratio (%) (Lower) (Upper)
40 400 C rax 88.6 78.2 100
600 80.4 69.5 93.0
400 AUC 54 78.3 71.1 86.3
600 64.5 58.8 70.7
80 400 Cax 91.3 78 107
600 84.5 67.3 106
400 AUC .04 86.2 74.9 99.2
600 73.0 58.7 90.7

(Source: Table 11-7, CSR 111)

PD results

Once-daily administration of RDEA594 400 or 600 mg with febuxostat resulted in a
further decrease of the mean and % change from baseline in serum concentrations of
urate beyond that achieved with 40 or 80 mg febuxostat alone in gout patients with
high baseline sUA levels of > 8 mg/dL.

Febuxostat alone and in combination with RDEA594 reduced mean sUA across all
timepoints (trough [predose], and 6, 12 and 24 hours post-dose) at Day 7, Day 14 and
Day 21 compared with baseline. Greater reductions were seen with combination
treatment compared with febuxostat alone at each timepoint regardless of dose.

Baseline FEX FBX+RDEAS24 400mg FEX+RDEAS94 800mg

1
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Figure 48: Mean and Mean Percent Change from Baseline (Time-Matched Day -1) in Serum
Concentrations of Urate Following Multiple Oral Doses of Febuxostat Alone and

in Combination with RDEAS94 (Day -1 to Day 21)

(Source: Figure 11- 1, CSR111)
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Fractional excretion values and urate renal clearance were increased by RDEA594
administered in combination with febuxostat and decreased with febuxostat alone.

(Time—malched, Day —1)
Urate FEUACB (%)

Mean (SE) Percent Change from Baseline

Bassine FBX aomg  FBX 40mg  FBX 40mg Baseine FEX 8Omg  FEX 80mg  FBX 80mg
+RDEASO4  +HDEAZDY + ROEASCY + RDEASG4
w0cmg £00mg 400mg 500mg

Figure 49: Mean Percent Changes from Baseline (Time-Matched Day -1) in Fractional
Excretion of Urate in Urine Following Multiple Oral Doses of Febuxostat as a

Single Agent and in Combination with RDEA594

(Source: Figure 11-3, CSR111)

e Conclusions:

There was no significant PK interaction between RDEA594 and febuxostat. The
additional uric acid lowering activity observed in the combination therapy is due to
synergestic PD effect of febuxostat and lesinurad, and not increased exposure to
febuxostat.

8. DDI with Allopurinol

Trial # 110

Title: A Phase 1b Study to Evaluate the Potential Pharmacokinetic and
Pharmacodynamic Interaction Between RDEA594 and Allopurinol in Gout Patients
with Hyperuricemia

e Objective:

Primary:
0 To evaluate the multiple-dose plasma PK and urinary excretion of
allopurinol and oxypurinol alone and in combination with RDEA594.
0 To evaluate the multiple-dose plasma PK and urinary excretion of
RDEAS594 alone or in combination with allopurinol.
0 To evaluate the multiple-dose plasma PK of colchicine alone and in
combination with RDEA594, allopurinol or both allopurinol and
RDEA594.
Secondary:
0 To measure the effect of RDEA594, alone and in combination with
allopurinol, on sUA concentrations and urinary urate excretion.
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e Study design — This was a multi-centre open-label, multiple-dose, PK and PD drug
interaction study of RDEA594 in gout patients with hyperuricemia. It was planned
to evaluate 2 panels (Panels 1 and 2), with up to 12 subjects in each panel.
Allopurinol, RDEA594, or the combination of allopurinol and RDEA594 were
administered each morning on Days 1 to 21. Colchicine (0.6 mg qd) was given as a
prophylactic treatment (

e Figure 50).

Screening 44— Treatment Period -9 Follow-up
Period Period
]
Wa
| | ashouy
H Period
: Aliopurinol __: _ Allopurinol _ .R’DE-S.\'_OE‘_
] oncedatly i and once datly
. RDEA594
i once daily
’ — Colchicine 0.0 mg daily prophyiaxis ——
I Day -10 Day 7 Day 14
Approx. Day 1 Day 21 Day28
Day-14

* Coleryvs® (colchicine) prophylaxis begins at Day -7 in patieats not on ULT

Figure 50. Study schematic
(Source: Figure 9.1, CSR110)

e Test product: The study drug, RDEA594, was administered as orally as capsules
containing 100 mg RDEA594.

e Sampling Schedule
PK Sampling Schedule
e Blood samples for the analysis of plasma RDEA594, allopurinol, oxypurinol
and colchicine were collected on Days -1, 7, 14, and 21 at 0, 0.5, 1, 1.5, 2, 2.5,
3,4, 6,8, 12, and 24 hour time-points.

e Urine (total catch) samples for the analysis of RDEA594, allopurinol and
oxypurinol were collected over the -24 to -18, -18 to -12, and -12 to 0 hour
intervals on Day -1 and over the 0 to 6, 6 to 12, and 12 to 24 hour intervals on
Days 7, 14, and 21.

PD Sampling Schedule

Blood and urine samples were collected for the measurement of serum and urinary
concentrations of urate and creatinine. Blood samples for were collected on Days -1,
14, and 21 at 0, 6, 12, and 24 hour time-points. Urine samples obtained for
pharmacokinetic analysis were also analysed for concentrations of xanthine and
hypoxanthine to evaluate the impact of RDEA594 on the activity of
allopurinol/oxypurinol.

¢ Results and Conclusions:
PK results
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The RDEAS594 plasma PK profile was unaffected when co-administered with
allopurinol 300 mg qd (Table 65). As expected, plasma RDEAS594 exposures were

dose related, with higher plasma exposures at the 600 mg dose level (Panel 2) than at
the 400 mg dose level (Panel 1).

The allopurinol within-panel comparisons showed that plasma exposures were not
meaningfully altered by RDEAS594 co-administration, with geometric mean ratios and
90% CI values within bioequivalence limits of 80% to 125% for AUCO0-24 values.
The oxypurinol within-panel comparisons showed that plasma exposures were mildly
decreased by approximately 25% to 35% during co-administration of RDEA594 400
mg and 600 mg, respectively(Table 66).

The within-panel comparisons showed that colchicine plasma AUC0-24 was
unaffected by allopurinol treatment and was minimally to mildly decreased by
RDEA594 treatment (Table 67).

Table 65: Geometric Mean (95% CI) Plasma Pharmacokinetics of RDEAS594 Alone or in
Combination with Allopurinol in Panels 1 and 2

Panel RDEA5S94 Allopurinol N Tmas Casx AUCy 24
Dose (mg) (mg) ) (hr) (ng/mL) (ng-hr/mL)
1 400 300 10 2.25 9.84 46.6
(1.00-4.00) (8.16-11.8) (35.6-61.1)
0 10 3.00 8.40 43.7
(1.50-6.00) (6.48-10.9) (33-57.9)
2 600 300 10 3.00 18.2 92.8
(1.50-4.00) (13.7-24.3) (72.9-118)
0 9P 4.00 18.0 90.2
(2.50-4.00) (14-23.1) (71.4-114)

(Source: Table 11-1, CSR 110)

Table 66: Geometric Mean (95% CI) Plasma Pharmacokinetics of allopurinol and oxypurinol,
Alone or in Combination with RDEAS594 in Panels 1 and 2

Analvte RDEA594 dose PK (RDEAS94+allopurinol/allopurinol)
) . (mg) Parameters Ratio (%) 90% CI Lower 90% CI Upper
Allopurinol 400 Coax 78.8 61.0 102
Panel 1 AUCq.04 90.5 82.6 99.2
600 Conax 87.3 62.9 121
Panel 2 AUC)4 93.7 83.8 105
Oxypurinol 400 Crax 79.4 69.8 90.3
Panel | AUC 4 74.2 65.1 84.7
600 Cnax 71.7 67.8 75.7
Panel 2 AUC 04 64.7 61.3 68.3

(Source: Tablel1-4, 11-6, CSR 110)
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Table 67: Geometric Mean Ratios (90% CI) of Colchicine Plus Allopurinol or/and RDEA594
Relative to Colchicine Alone in Panels 1 and 2

Panel Colchicine (colchicine+allopurinol/colchicine)
PK Ratio (%) 90% CI Lower 90% CI Upper
1 Crax 111 91.0 135
AUC .24 102 93.1 112
2 Cinax 104 94.9 115
AUCq24 107 100 114
Panel Colchicine (colchicine+RDEA594/colchicine)
PK Ratio (%) 90% CT Lower 90% CT Upper
1 Conax 823 73.0 92.7
AUC 04 74.8 67.4 83.0
2 Cinax 75.6 63.9 89.5
AUCq 4 67.0 57.5 78.1

(Source: Table11-8, 11-9, CSR 110)

PD results

RDEAS594 400 or 600 mg in combination with allopurinol 300 mg resulted in a
further decrease of the mean and % change from baseline in serum concentrations of
urate beyond that achieved with allopurinol or RDEA594 alone (Figure 51).
Allopurinol or RDEA594 alone and in combination reduced mean sUA across all
timepoints (trough [pre-dose], and 6, 12, and 24 hours post-dose) at Day 7, Day 14,
and Day 21 compared with baseline. Greater reductions were seen with combination
treatment compared with allopurinol and RDEAS594 alone at each timepoint
regardless of dose (Table 68).
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Figure 51: Mean and Percent Change from Baseline (Time-Matched Day -1) in Serum
Concentrations of Urate Following Multiple Oral Doses of Allopurinol and RDEA594,
Administered Alone and in Combination (Day -1 to Day 21)

(Source: Figure 11- 1, CSR110)
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Table 68: Statistical Analysis of Mean Percent Changes from Baseline (Time-Matched Day -1) in
Serum Urate Concentrations Following Multiple Oral Doses of Allopurinol and RDEA594 as Single
Agents and in Combination

Difference of LS mean (95% CI) Test vs. Comparator

Test Comparator Day Pre-dose 6 hour 12 hour 24 hour
300 mg allo 300 mg allo Day 14/ -15.43 -23.66° 222.64" -15.61°
+400mg RDEA  (Panel 1)  Day7  (-22.40,-846) (-29.14.-18.17) (22856, -16.73) (-21.56.-9.67)
300 mg allo 300 mg allo Day 14/ 26.75 3510 -32.68" 225317
+600 mg RDEA  (Panel2) Day7 (-33.72,-19.78) (-40.58,-29.61) (-38.39,-26.76) (-31.25, -19.36)
300 mg allo 400 mg Day 14/ -17.40 -1837 218147 -17.547
+400mg RDEA  RDEA  Day2l (-24.38,-10.43) (-23.85.-12.89) (-24.06, -12.23) (-23.48.-11.59)
300 mg allo 600 mg  Day 14/ -18.40" -18.42° -15.43" -17.07"

+ 600 mg RDEA RDEA Day 2l (-25.57,-11.23) (-24.09,-12.75) (-21.51,-9.33) (-23.18,-10.93)
(Source: Table 11-14, CSR 110)

Dosing with RDEA594 400 mg or 600 mg alone or in combination with allopurinol
increased fractional excretion of urate, whereas treatment with allopurinol alone showed
no notable effects.
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Figure 52: Mean Percent Changes from Baseline (Time-Matched Day -1) in Fractional
Excretion of Urate in Urine Following Multiple Oral Doses of Allopurinol and
RDEAS594 as Single Agents and in Combination

(Source: Figure 11-3, CSR110)

e Conclusions:

Additional uric acid lowering activity was observed in the combination therapy of
allopurinol and lesinurad, compared to lesinurad or allopurinol alone. There is sUA
variation during 24 hour postdose, relative to lesinurad dosing. As expected given the
mechanism of action of lesinurad, FEUA was increased at all lesinurad doses
administered.

There was no significant PK interaction between lesinurad up to 600 mg and
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allopurinol. The most notable aspect of the PK interaction between RDEA594 and
allopurinol/oxypurinol in this study was the mild decrease in oxypurinol plasma
exposures. The additional uric acid lowering activity observed in the combination
therapy is due to synergestic PD effect of allopurinol and lesinurad, and not
increased exposure to allopurinol or oxypurinol.

The effect of RDEA594 on colchicine was minimal (<25% decrease) at the lower

400 mg daily dose of RDEA594.

9. DDI with Sildenafil

Trial # 108
Title: A Phase 1 Study to Evaluate the Potential Pharmacokinetic Interaction
Between Lesinurad and Sildenafil in Healthy Adult Male Volunteers

e Objective:
0 To evaluate the effect of lesinurad multiple doses on the single dose
PK of sildenafil and the pharmacologically active N-desmethyl

metabolite of sildenafil.
0 To evaluate the effect of multiple doses of lesinurad in combination

with allopurinol on the single dose PK of sildenafil and the

pharmacologically active N-desmethyl metabolite of sildenafil.

PANEL 1 (12 subjects):

Sequence AB (6 subjects)

Period 1
Treatment A: Single dose of
sildenafil on Dav 1 (in the
afternoon)

Minimmum 14-day washout
between sildenafil dosmg

Sequence BA (6 subjects)

Period 1
Treatment B: Single dose of

sildenafil on Day 1 with 400 mg

lesmurad on Days -8 — Day 2

v

PANEL 2 (12 subjects):

Sequence CD (6 subjects)

Period 1
Treatment C: Smgle dose of
sildenafil on Day 1 (i the
afternoon)

Sequence DC (6 subjects)

NDA207988

Reference ID: 3815674

Minimmum [ 4-day washout
between sildenafil dosing

v

¥

Study design — This was an open-label, two-way crossover PK study to evaluate
the drug-drug interaction. 12 subjects entered each of Panels 1 to 4.

Period 2
Treatment B: Smgle dose of
sildenafil on Day 1 with 400 mg
lesinurad on Davs -8 — Day 2

Period 2
Treatment A: Single dose of
sildenafil on Day 1 (in the
aftermoon)

Period 2
Treatment D: Smgle dose of
sildenafil on Day 1 with 600 mg
lesinurad on Days -8 — Day 2
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Period 1 Period 2

Treatment D: Single dose of Treatment C: Single dose of
sildenafil on Day 1 with 600 mg . | sildenafil on Day 1 (mn the
lesmurad on Days -8 — Day 2 © | afternoon)
PANEL 3 (12 subjects):
Minimum 14-day washout

Sequence ET (6 subjects) between sildenafil dosing

Period 1 Period 2
Treatment E: Single dose of Treatment F:  Single dose of
sildenafil on Day 1 (in the sildenafil on Day 1 with 400 mg
morning) » | lesinurad and 300 mg allopurinol

| on Days -8 — Day |

Sequence FE (6 subjects)

Period 1 [ Period 2
Treatment F: Single dose of Treatment E: Single dose of
sildenafil on Day 1 with 400 mg sildenafil on Day | (in the
lesmurad and 300 mg allopurmol » | mormng)
on Days -8 — Day 1
PANEL 4 (12 subjects):

Minimum 14-day washout

Sequence GH (6 subjects) between sildenafil dosing

Period 1 - Period 2
Treatment G: Smgle dose of Treatment H: Smgle dose of
sildenafil on Day 1 (m the sildenafil on Day 1 with 200 mg
morning) » | lesinurad and 300 mg allopurinol

on Days -8 — Day 1

Sequence HG (6 subjects)

Period 1 . Period 2
Treatment H: Single dose of Treatment G: Single dose of
sildenafil on Day 1 with 200 mg sildenafil on Day 1 (m the
lesmurad and 300 mg allopurmol 5 | mormng)
on Days -8 — Day |

Figure 1. Study design scheme
(Source: Figure 1. CSR 108)

e PK Sampling Schedule

Plasma samples for Panels 1 and 2 were collected at the following time-points in
relation to sildenafil dosing on Day 1: pre-dose (within 30 minutes before dosing) and
at 0.25,0.5,1,1.5,2,3,4, 5,6, 8, 16, 20, and 24 hours post-dose.

Plasma samples for Panels 3 and 4 were to be collected at the following time-points
in relation to sildenafil dosing on Day 1: pre-dose (within 30 minutes before dosing)
and at 0.25, 0.5, 1, 1.5, 2, 3,4, 5, 6, 8, 12, 20, and 24 hours post-dose.

e Results

In Panel 4, a 50 mg sildenafil dose was taken alone or coadministered with a 200 mg
lesinurad dose and a 300 mg allopurinol dose in the morning in the fed state. During
coadministration, sildenafil Cmax and AUCoo both decreased by approximately 34%
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(Table 69). Sildenafil exposure was more affected by 400 mg lesinurad (Panel 3) than
200 mg lesinurad (Panel 4) with allopurinol combination in both panels. Cmax
decrease remained constant between Panels 3 and 4. In Panels 3 (400 mg lesinurad)
and 4 (200 mg lesinurad), sildenafil AUCoo decreased approximately 50% and 34%,
respectively, suggesting that the lower dose of lesinurad in Panel 4 had less impact on
sildenafil exposure.

Comparison of Panel 1 versus 2, and Panel 3 versus 4, indicate that sildenafil
exposure was decreased at higher lesinurad dose levels. This observation is likely due
to increased induction of CYP3A.

Table 69: Statistical Assessment of Pharmacokinetics of Sildenafil Dosed Alone versus
Coadministration with Lesinurad in Panel 4

Geometric Mean Ratio

(Combo/Alone) P value
Ratio  90% CI ~ 90% CI
Variable Treatment’ GeoLSM (%0) (lower) (upper) Treatment Sequence Period
Crux 50 mg Sildenafil 0.116
(ug/mL) 50 mg Sildenafil + 200 mg Lesinurad + 300 mg Allopurinol 0.0765 66.1 453 96.5 0.0734 0.6931 0.8832
AUC o 50 mg Sildenafil 0.459
(ug.hr/mL) 50 mg Sildenafil + 200 mg Lesinurad + 300 mg Allopurinol 0.303 66.2 55.6 78.8 0.0020 0.5306 0.4329
AUC, 50 mg Sildenafil 0.464
(pg.hr/mL) 50 mg Sildenafil + 200 mg Lesinurad + 300 mg Allopurinol 0.308 G66.4 559 78.8 0.0020 0.5400 0.4139
CLF 50 mg Sildenafil 108
(L/hr) 50 mg Sildenafil + 200 mg Lesinurad + 300 mg Allopurinol 162 151 127 179 0.0020 0.5400 0.4139
Median Min Max Wilcoxon test P

Tomax 50 mg Sildenafil 1.25 0.250 5.00
(hr) 50 mg Sildenafil + 200 mg Lesinurad + 300 mg Allopurinol 2.00 0.500 5.00 0.0469

(Source: Table 11-5, CSR108)

e Conclusions:

Lesinurad was a weak to moderate inducer of CYP3A. Treatment with sidenafil and
lesinurad may result in lower plasma exposures of sildenafil, potentially decreasing
sildenafil’s therapeutic effect in some individuals. The lesinurad induction effect was
slightly reduced when lesinurad was coadministered with sildenafil than when
lesinurad was administered at a different time of day than sildenafil.

10.DDI with Atorvastatin

Trial # 113

Title: A Phase 1 Study to Evaluate the Potential Pharmacokinetic Interaction
Between Lesinurad and the CYP3A4 Substrate Atorvastatin in Healthy Adult Male
Volunteers

e Objective:

0 To evaluate the potential inhibitory effect of lesinurad treatment on
single dose PK of atorvastatin upon initiation of lesinurad qd dosing in
healthy adult male subjects.

0 To evaluate the potential induction effect of lesinurad multiple dose
treatment for 11 to 13 days on the single dose PK of atorvastatin in
healthy adult male subjects.
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e Study design — This was an open-label study in healthy male subjects. It was
planned to evaluate 2 cohorts (Cohort 1: lesinurad 200 mg + atorvastatin 40 mg;
Cohort 2: lesinurad 400 mg + atorvastatin 40 mg), with up to 14 subjects in each
cohort. Subjects were to receive a single dose of atorvastatin 40 mg on Day 1,
Day 4 and Day 14. In addition, subjects were to receive multiple qd doses of
lesinurad from Days 4 to 16, inclusive. Plasma PK samples were to be collected
from 30 minutes pre-dose to 72 hours post-dose on Days 1, 4, and 14.Subjects
were to receive study medication in the morning in the fed state.

e PK Sampling Schedule
0 For atorvastatin - Plasma —day 1, day 4 and day 14 : pre-dose (within 30
minutes before dosing) and at 0.25, 0.5, 1, 1.5,2,3,4, 5,6, 8, 12 16, 24, 30,
36, 48, 60 and 72 hour post-dose.

e Results

Coadministration of a single dose of lesinurad (200 or 400 mg) did not significantly
alter the single dose PK (AUC and Cmax) of atorvastatin and total atorvastatin (the
sum of atorvastatin and its 2-OH and 4-OH metabolites), although a small increase
(34%) in maximal levels of 2-OH-atorvastatin was observed when given with
lesinurad 400 mg (Table 70).

Total systemic exposure of atorvastatin (as assessed by AUC) was decreased by
approximately 27% during multiple dosing with lesinurad 400 mg (Table 71), and
was associated with a corresponding minimal increase in maximal levels of 2-OH-
atorvastatin, consistent with mild CYP3A4 induction.

Table 70: Geometric Mean Ratios (90% Confidence Interval) of Pharmacokinetics of
Atorvastatin, Total Atorvastatin, 2-OH-atorvastatin, and 4-OH-atorvastatin in the Presence
versus Absence of a Single Dose of Lesinurad

Lesinurad Single Geometric Mean Ratio (90% CI)

Dose Analyte Parameter (Day 4)
Cohort 1: 200 mg Atorvastatin Crax 91.9 (80.3-105)
(N=14) AUC, 96.2 (89.8-103)
Total atorvastatin Cruax 101 (87.9-116)
AUC, 107 (98.0-117)
2-OH-atorvastatin Cax 116 (99.1-136)
AUC,, 120 (108-134)
4-OH-atorvastatin C o 115 (85.1-155)
AUCp.04 155 (105-230)
Cohort 2: 400 mg Atorvastatin Cmax 117 (94.0-146)
(N=14) AUC, 101 (91.3-111)
Total atorvastatin Crax 126 (105-150)
AUC, 108 (100-118)
2-OH-atorvastatin Cmnax 134 (115-155)
AUC, 117 (107-127)
4-OH-atorvastatin Cmnax 160 (147-175)
AUCj.04 280 (160-490)
(Source: Table 11-5, CSR113)
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Table 71: Geometric Mean Ratios (90% Confidence Interval) of Pharmacokinetics of
Atorvastatin, Total Atorvastatin, 2-OH-atorvastatin, and 4-OH-atorvastatin in the Presence
versus Absence of Multiple Doses of Lesinurad

Lesinurad .Multiple Analvte Parameter Geometric Mean Ratio (90% CI)
Dose . (Day 14)

Cohort 1: 200 mg qd Atorvastatin Conax 114 (92.0-141)
(N=13)* AUC, 84.2 (74.2-95.6)

Total Atorvastatin C max 115 (91.7-144)

AUC, 92.2 (82.9-103)

2-OH-atorvastatin Cpax 120 (93.4-154)

AUC, 101 (90.8-112)

4-OH-atorvastatin Cmax 102 (65.8-158)

AUC;04 90.2 (58.3-140)

Cohort 2: 400 mg qd Atorvastatin Cmax 99.5 (80.4-123)
(N=13)° AUC, 72.7 (64.9-81.5)

Total Atorvastatin Cmax 117 (98.0-139)
AUC, 86.1 (77.3-95.8)

2-OH-atorvastatin Cnax 134 (113-159)

AUC, 101 (90.4-112)

4-OH-atorvastatin Coax 138 (115-167)

AUC; 04 157 (115-215)

(Source: Table 11. 2, CSR113)

e Conclusions:

Exposure of total atorvastatin was unaffected by multiple doses of lesinurad 200 mg
or 400 mg, suggesting no clinically relevant pharmacological effect. In vivo activity
of OATPI1B1 was not affected by lesinurad.

11.DDI with Amlodipine

Trial # 114

Title: A Phase 1 Open Label Study to Evaluate the Potential Pharmacokinetic
Interaction Between Lesinurad and the CYP3A4 Substrate Amlodipine in Healthy
Adult Male Volunteers

e Objective:
0 To evaluate the potential CYP3A4 induction effect of lesinurad
multiple-dose treatment on the steady-state PK of amlodipine in
healthy adult male subjects.

e Study design — This was an open-label study in healthy male subjects. Subjects
were to receive amlodipine 5 mg qd from Day 1 to Day 28, inclusive. In addition,
subjects were to receive multiple qd doses of lesinurad 400 mg in conjunction
with amlodipine 5 mg from Day 15 to Day 28, inclusive. The steady-state PK of
amlodipine was to be assessed on study Day 14 (pre-lesinurad) and Day 28 (with
lesinurad). Subjects were to receive study medication in the morning in the fed
state
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e PK Sampling Schedule
0 For amlodipine - Plasma —day 14 and day 28 : pre-dose (within 30
minutes before dosing) and at 1, 2, 3, 4, 5, 6, 8, 10, 12, 16, and 24 hours
post-dose

e Results

The steady-state PK parameters of amlodipine 5 mg before (Day 14) and after (Day
28) initiating lesinurad 400 mg qd in healthy adult male subjects under the fed state
are presented in Table 72. The decrease (approximately 40%, Table 73) in amlodipine
exposure at steady state with once daily doses of lesinurad 400 mg in this study was
consistent with weak induction of CYP3A4, and also was consistent with results from
other clinical studies, which indicated that lesinurad was a weak to moderate inducer
of CYP3A.

Table 72: Steady-State Plasma Pharmacokinetics of Amlodipine Following Once Daily Doses of
Amlodipine 5 mg in the Absence or Presence of Lesinurad 400 mg (Geometric Mean with 95%
Confidence Interval)

T s’ Coon AUC, CL./F t.,
Day Treatment N (hr) (ng/mL) (ngehr/mL) (L/hr) (hr)
o . ; 450 9.93 186 26.9 33.0°
14 Amlodipine alone 4 300-800) (821-12.0) (153-225) (22.3-326) (289-37.7)
5.00 6.07 108 46.4 25.1°

J . . . . b
28 Amlodipine + lesinurad 13 (4.00-10.0) (5.12-7.19) (91.8-126) (39.6-54.5) (21.8-28.7)

(Source: Table 11. 1, CSR114)

Table 73: Amlodipine Pharmacokinetic Parameters Following Amlodipine Dosing in the
Presence versus Absence of Multiple Doses of Lesinurad (Geometric Mean Ratios with 90%
Confidence Interval)

Geometric Mean

Amlodipine Geometric Least Ratio (90% CI)
Treatment Parameter Day N Squares Mean Day 28/Day 14
Amlodipie alone (Day 14) Crnax 14 14 10.0 60.4 (55.3-66.0)
Versus (ng/mL) 28 13? 6.07
Amlodipine + lesinurad (Day 28) AUC, 14 14 187 57.5(52.5-63.1)
(ng-hr/ml) 28 13° 108

(Source: Table 11. 2, CSR114)

e Conclusions:

Lesinurad was a weak to moderate inducer of CYP3A. Treatment with amlodipine
and lesinurad may result in lower plasma exposures of amlodipine, potentially
decreasing amlodipine’s therapeutic effect in some individuals.

12.DDI with Tolbutamide

Trial # 115
Title: A Phase 1 Study to Evaluate the Potential Pharmacokinetic Interaction
Between Lesinurad and the CYP2C9 Probe Substrate, Tolbutamide, in Healthy
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Volunteers

e Objective:

0 To evaluate the potential inhibitory effect of lesinurad treatment on single-
dose PK of tolbutamide upon initiation of lesinurad qd dosing in healthy
subjects.

0 To evaluate the potential induction effect of lesinurad multiple-dose
treatment for 11 to 13 days on the single-dose PK of tolbutamide in healthy
subjects.

e Study design — This was an open-label study in healthy subjects. Single doses of
tolbutamide 500 mg were to be administered in the morning of Day 1, Day 4, and
Day 14. Lesinurad 400 mg qd was to be administered in the morning from Day 4
to Day 16. After informed consent was obtained, blood cells were to be collected
from subjects at Screening to determine the subject’s CYP2C9 genotype. Only
subjects who were homozygous wild-type (*1/*1) CYP2C9 were eligible to
participate in this study.

e PK Sampling Schedule
0 For Tolbutamide - Plasma —day 1, day 4 and day 14 : pre-dose (within 30
minutes before dosing) and at 0.5, 1, 1.5, 2, 3,4, 6, 8, 12, 16, 24, 36, 48, 60,
and 72 hours post-dose

e Results

Results from in vitro studies suggest that lesinurad may affect activity of the drug
metabolizing enzyme CYP2C9 by weak inhibition and/or by weak induction. These
effects may result in altered plasma exposures and altered safety and efficacy for
concomitant medications that are predominantly cleared by CYP2C9. The present
study evaluated the effect of lesinurad on the PK of the oral blood glucose-lowering
agent tolbutamide, which is predominantly metabolized by CYP2C9. The study was
designed to assess the potential for acute inhibition of CYP2C9 (at the time of the
first dose of lesinurad) as well as for the potential effect of CYP2C9 induction on
tolbutamide PK.

No significant change in tolbutamide exposure was observed (i.e., ~11%, Table 74)
with administration of a single dose of lesinurad, which indicates no inhibition of
CYP2C9 activity following a single dose of lesinurad. After 14 days of lesinurad 400
mg dosing, no changes were observed in plasma AUC for tolbutamide (~6%, Table
74) and for hydroxytolbutamide (11%), establishing that lesinurad is not an inducer of
CYP2Co.
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Table 74: Plasma Pharmacokinetics of Tolbutamide Following a Single Dose of Tolbutamide S00
mg in the Absence or Presence of Lesinurad (Geometric Mean with 95% Confidence Interval)

Tas Chax Thast AUC AUC, CL/F tyn
Day Treatment N (hr) (ng/mL) (hr) (ngehr/mL) (ugehr/mL) (L/hr) (hr)
Tolbutamide 4.00 48.5 60.0 684 688 0.727 7.46
l alone 14 (3.00- (44 .4- (60.0- (596- (598- (0.632-  (6.57-
12.0) 53.0) 72.0) 785) 792) 0.837) 8.48)
Tolbutanude + 4.00 51.2 72.0 757 763 0.655 8.46
4 single dose 13 (2.00- (46.5- (60.0- (636- (638- (0.548-  (7.40-
lesinurad 8.00) 56.4) 72.0) 902) 913) 0.784) 9.66)
Tolbutanude + 6.00 48.7 72.0 727 731 0.684 8.19
14 nultiple doses  13°  (3.00- (44.0- (60.0- (637- (638- (0.597-  (7.34-
lesinurad 12.0) 53.9) 72.0) 830) 837) 0.784) 9.14)

(Source: Table 11. 1, CSR115)

e Conclusions:
This study demonstrated that lesinurad did not inhibit CYP2C9 following a single
dose or induce CYP2C9 following multiple doses.

13.DDI with Repaglinide

Trial # 116

Title: A Phase 1 Study to Evaluate the Potential Pharmacokinetic Interaction
Between Lesinurad and the CYP2C8 Probe Substrate, Repaglinide, in Healthy
Volunteers

e Objective:

0 To evaluate the potential inhibitory effect of lesinurad treatment on
single-dose PK of repaglinide upon initiation of lesinurad qd dosing in
healthy subjects.

0 To evaluate the potential induction effect of lesinurad multiple-dose
treatment for 12 days on the single-dose PK of repaglinide in healthy
subjects.

e Study design — This was an open-label study in healthy subjects. Single doses of
repaglinide 0.5 mg were to be administered in the morning of Day 1, Day 4, and
Day 14 in the morning in the fed state. Lesinurad 400 mg qd was to be
administered in the morning from Day 4 to Day 16. After informed consent was
obtained, blood cells were to be collected from subjects at Screening for possible
analysis of the subject’s CYP2C8 genotype.

e PK Sampling Schedule
0 For repaglinide - Plasma — day 1, day 4, and day 14 : pre-dose (within 30
minutes before dosing) and at 20, 40, 60, 80, and 100 minutes, and at, 2, 2.5,
3,4,5,6,8, 12, 16, 24, and 30 hours postdose.

e Results
Results from in vitro studies suggest that lesinurad may affect activity of the drug

NDA207988 Page 140 of 176
Reference ID: 3815674



metabolizing enzyme CYP2CS8 by weak inhibition and/or by weak induction. These
effects may result in altered plasma exposures and altered safety and efficacy for
concomitant medications that are predominantly cleared by CYP2CS. The present
study evaluated the effect of lesinurad on the PK of the oral hypoglycemic agent
repaglinide, which is predominantly metabolized by CYP2CS. The study was
designed to assess the potential for acute inhibition of CYP2CS (at the time of the
first dose of lesinurad) as well as for the potential effect of CYP2CS8 induction on
repaglinide PK.

A small increase (10-31%) in repaglinide plasma AUC exposure was observed with
administration of a single dose and multiple doses of lesinurad, which may indicate
weak inhibition of CYP2CS8. Repaglinide exposure after multiple daily doses of
lesinurad was essentially unchanged as compared with repaglinide administered
without concomitant lesinurad, indicating there was no clinically significant
interaction of lesinurad with the CYP2CS substrate repaglinide (Table 75).

Table 75: Plasma Pharmacokinetics of Repaglinide Following a Single Dose of Repaglinide 0.5
mg in the Absence or Presence of Lesinurad (Geometric Mean with 95% Confidence Interval)

Day  Treatment N Tmas' Cnas Tist' AUCns AUC, CL/F tin
i ng*hr/ (ng+hy/ i
@)  @gmL) @n L) ( wp) @ )
Repaglinide 1.33 3.49 5.00 8.09 8.49 58.9 0.856
1 lone 14 (0.333- (3.00-  (3.00- (6.61- (6.98-  (48.4- (0.767-
3.00) 3.94) 6.00) 9.00)  10.3) 71.6) 0.954)
Repaglinide + 1.33 442 6.00 10.6 11.1 45.0 1.13
4 single dose 14 (0.417- (3.46-  (5.00- (8.65- (9.15- (37.0- (0.968-
lesinurad 3.00) 5.64) 8.00) 12.9) 13.5) 54.7) 1.31)
Repaglinide + 1.33 3.45 6.00 8.66 9.30 53.8 1.25
14 multiple doses 13" (0.333- (2.83-  (3.00- (6.99- (7.54-  (43.6- (0.927-
lesinurad 2.50) 4.20) 8.00) 10.7)  11.5) 66.3) 1.70)

(Source: Table 11. 1, CSR116)

e Conclusions:

No dose adjustment is necessary for CYP2CS substrate when coadministered with

lesinurad.

14.DDI with Fluconazole and Rifampin

Trial # 122

Title: A Phase 1 Drug-Drug Interaction Study to Evaluate the Potential Effect of

CYP2C9 Inhibition and Induction on the Pharmacokinetics of Lesinurad in Healthy

Adult Male Subjects

e Objective:

0 To evaluate the potential effect of fluconazole, a CYP2C9 inhibitor, on
the PK of lesinurad, in healthy adult male subjects.
0 To evaluate the potential effect of rifampin, a CYP2C9 inducer, on the
PK of lesinurad in healthy adult male subjects.
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0 To measure the PD effects of lesinurad on sUA and fractional
excretion of uric acid with and without concurrent administration of
fluconazole or rifampin in healthy adult male subjects.

e Study design — This was a Phase 1, open-label, single-center, sequential DDI
study in healthy adult male subjects. 12 subjects were assigned to each of the
following cohorts:

* Cohort 1: Lesinurad and fluconazole.

* Cohort 2: Lesinurad and rifampin.

As demonstrated in Figure 53, subjects in Cohort 1 were to receive single doses of
lesinurad 400 mg on Days 1 and 5, a loading dose of fluconazole 400 mg on Day 4,
and fluconazole 200 mg on each of Days 5 and 6; subjects in Cohort 2 were to receive
single doses of lesinurad 400 mg on Days 1 and 15, and qd doses of rifampin 600 mg
from Days 4 to 17, inclusive.

Reviewer’s comment:

Rifampicin dosing at 600 mg QD for seven days is considered adequate for CYP
induction and is preferred over use of lower doses. Inducers may take several days to
exert their effects on CYP and dosing for several days ascertains that CYP induction
is achieved before evaluating its effect on PK of lesinurad.

[ Cohort 1: lesinurad and fl I |
Screening Treatment and Follow-Up
Period Observation Period Period
ﬂ ﬂ u fluconazole
i _l_ lesinurad 1 lesinurad I
e | —
<21 days -1 1 2 3 4 5 6 7 8 1542
before D1 - -
Admission Discharge

to site Study Days from site

Cohort 2: lesinurad and rifampin l

Screening Treatment and Follow-Up
Period Observation Period Period

el 1300000000000
| e § o

foeeeenee-- T 1 =
<21 days -1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1718 2542
before D1 - -
Admission Discharge
to site Study Days from site

Figure 53. Study Design Diagram for Cohort 1 and 2
(Source: Figure 9-1, CSR122)

NDA207988 Page 142 of 176

Reference ID: 3815674



e Test product: Lesinurad was administered as a 400 mg tablet.

e Sampling Schedule

PK Sampling Schedule
Blood samples were to be collected on Day 1 and Day 5 (Cohort 1) or Day 1 and Day
15 (Cohort 2): Predose (within 30 minutes before dosing), 0.25, 0.5, 0.75, 1, 1.5, 2,
2.5,3,4,5,6,8,10, 12, 16, 24, 30, 36, 48, 54, 60, and 72 hours postdose.

Urine (total catch) samples were to be collected at the following timepoints:
* Day -1: -12 to 0 hours before Day 1 lesinurad dose.
* Day 1 and Day 5 (Cohort 1) or Day 1 and Day 15 (Cohort 2): 0 to 6, 6 to 12, 12
to 24, 24 to 36, 36 to 48, 48 to 60, and 60 to 72 hours postdose.

PD Sampling Schedule
Blood samples were to be collected for the analysis of serum urate (sUA) at
Screening and at the following timepoints in relation to dosing of lesinurad: -24, -18,
-12, -8, 0 hours predose (within 30 minutes before dosing), and at 6, 12, 16, 24, 36,
48, 60, and 72 hours postdose. Urine samples from each of the pharmacokinetic
collections were assayed for uric acid and creatinine.

Genotyping
Whole blood was collected for possible CYP2C9 genotyping.

e Results
PK results:
Plasma PK parameters of lesinurad following a single dose of 400 mg lesinurad in the
absence and presence of fluconazole and rifampin are presented in Table 76.

Fluconazole: Following a single oral dose of 400 mg lesinurad alone in Cohort 1 (Day
1), lesinurad was absorbed at a median Tmax of 3 hours postdose. In the presence of
fluconazole, lesinurad appeared to be more rapidly absorbed, with median Tmax
occurring at 1.5 hours postdose. In the presence of fluconazole, lesinurad plasma
exposures Cmax and AUC increased by 38% and 56%, respectively, when compared
to dosing lesinurad alone (Table 77). In the presence of fluconazole, RDEA594-M4
plasma Cmax and AUC decreased by 40% and 28%, respectively.

Rifampin: Following a single oral dose of 400 mg lesinurad alone in Cohort 2,
lesinurad was readily absorbed at a median Tmax of 2 hours postdose. A similar
median Tmax (1.75 hours) was observed in the presence of rifampin, indicating that
rifampin does not significantly alter the absorption rate of lesinurad. In the presence
of rifampin, lesinurad plasma exposures Cmax and AUC decreased by approximately
24% and 38%, respectively, when compared to dosing lesinurad alone (Table 77). In
the presence of rifampin, RDEA594-M4 Cmax increased by 12% while AUC showed
no change.

Table 76: Summary of Plasma Pharmacokinetics of Lesinurad Following Administration of a
Single Oral Dose of 400 mg Lesinurad in the Absence or Presence of Fluconazole or Rifampin to
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Healthy Subjects (Geometric Mean [95% Confidence Interval])

Treatment bav  n Toas' Cona T AUCL, ATC, e CLF V./F

N (hr) (ng/mL) (hr) (ng-hr/mL) (ng-hr/mL) (hr) (L/hr) @)

3.00 16.6 72.0 61.6 62.0 24.8° 6.45 40.4
400 mg lesinurad alone 1 13 (34.3-
(1.00-5.00) (13.4-20.6)  (72.0-72.0) (52.2-72.7) (52.6-73.2) (16.1-382)  (5.47-7.61) _1_, ';)

L.50 222 72.0 4.8 95.4 17.6° 4.19 27.3

400 mg lesinurad + .

> o flue 5 1z (22.8-
200 mg fluconazole (0.750-2.50)  (19.4-253)  (72.0-72.0) (77.9-115) (78.4-116) (12.0-25.7)  (3.45-5.10) ;;'S)
2.00 16.6 72.0 56.4 56.6 19.3 7.06 34.0
400 mg lesinurad alone 1 14 (28.6-
(1.00-5.00) (14.4-19.2) (36.0-72.0) (47.6-66.8) (47.8-67.1) (13.7-27.2) (5.96-8.37) 4'0 '3)

L.75 12.6 60.0 351 353 16.3 11.3 35.6

400 mg lesinurad + <
600 mg rifampin - 14 =5 - > 5 (44.1-
= P (0.750-5.00) (10.4-15.3)  (30.0-72.0) (29.8-41.3) (30.0-41.6) (10.2-26.0)  (9.61-13.4)

70.1)
(Source: Table 11. 1, CSR122)

Table 77: Geometric Least Squares Mean and Geometric Mean Ratio (90% Confidence Interval)
of Lesinurad Plasma Pharmacokinetic Parameters in the Presence versus Absence of
Fluconazole or Rifampin

Treatment n Parameter Geometric LS Geomean Ratio
Mean (90% CT)
c 222
e 138% (120% - 158%
(ng/mL) 16.0 ¢ )
y + ic 94.8
400 mg lesimuad + fluconazole 4a AUC, 156% (141% - 173%)
versus 400 mg lesinurad alone - (ughr/mL) 60.6 o e
i 95.4
AU o 156% (141% - 173%)
(ng'hr/mL) 61.1
Conas 120 76.1% (69.6% - 83.3%)
(ug/mL) 16.6 Y : o
400 mg lesinurad + rifampin AUClst 35.1 3 20k (27 T0h - @7 10s
versus 400 mg lesinurad alone 14 (ughr/mL) 56.4 62.2% (57.7% - 67.1%)
AUC, 333 3 404 (57 R0% - 67 204
(ueehr/mL) so6 62.4% (57.8% - 67.2%)

(Source: Table 11. 1, CSR122)

PD results:

Changes in sUA concentrations, following a single dose of 400 mg lesinurad in the
absence and presence of fluconazole and rifampin, were evaluated in healthy adult
male subjects. Mean absolute and mean percentage change from baseline (Time-
matched, Day -1) in sUA concentrations are presented in Figure 54 and Figure 55,
respectively. The Emax, CB and the percentage change from baseline (Time-
matched, Day -1) in sUA at 24 hours postdose are presented in Table 78.

The observed sUA lowering effect was similar following administration of 400 mg
lesinurad in the presence and absence of fluconazole, with a maximum reduction in
sUA of 43%, and a reduction in sUA at 24 hours postdose of 29% (Table 78).

The maximum reduction in sSUA was slightly lower in the presence of rifampin (30%)
compared to when lesinurad was administered alone (39%). The reduction in sUA at
24 hours postdose was similar following administration of lesinurad alone (22%) and
in the presence of rifampin (20%) (Table 78).
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Figure 54. Mean Absolute and Mean Percentage Change from Baseline (Time-matched,

Day -1) in Serum Urate Concentrations Following Administration of a Single Oral Dose of 400 mg
Lesinurad in the Absence or Presence of Fluconazole to Healthy Subjects

(Source: Figure 11.1, CSR122)
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Figure 55. Mean Absolute and Mean Percentage Change from Baseline (Time-matched, Day -1) in
Serum Urate Concentrations Following Administration of a Single Oral Dose of 400 mg Lesinurad in
the Absence or Presence of Rifampin to Healthy Subjects

(Source: Figure 11.2, CSR122)
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Table 78: Statistical Analysis of the Percentage Change From Baseline (Time-matched, Day -1)
in Serum Urate Concentrations Following Administration of a Single Oral Dose of 400 mg
Lesinurad in the Absence or Presence of Fluconazole or Rifampin to Healthy Subjects

Maximum Observed Percentage Change From Baseline (Time-matched, Day -1) in Serum Urate
Concentrations (Ep,. ¢s)

Difference of LS
Test LS Comparator Means (95% CI)

Test Comparator Mean (n) LS Mean (n) Test versus p-value
Comparator
400 mg lesinurad +
200 mg 400 mg lesinurad ~ -42.72 (13)*  -42.56(13) -0.16 (-6.49. 6.17) 0.9574
fluconazole
400mglesinurad + o o joGinurad 2086 (14)  -38.88(14)  9.02(5.87,12.18)  <0.0001°

600 mg rifampin

Percentage Change from Baseline (Time-matched, Day -1) in Serum Urate Concentrations at 24 hours

Difference of LS
Test LS Comparator Means (95% CI)

Test Comparator Mean (n) LS Mean (n) Test versus p-value
Comparator
400 mg lesinurad +
200 mg 400 mg lesinnrad ~ -28.98 (13)*  -28.61 (13) -0.37 (-9.12. 8.37) 0.9306
fluconazole
400mg lesinurad + 06 o jognuad 2038 (14)  -22.05 (14) 1.67(-3.14.648) 04803

600 mg rifampin

(Source: Table 11.10, CSR122)

e Conclusions:

Lesinurad exposure is increased when lesinurad is co-administered with inhibitors of
CYP2C9. ZURAMPIC should be used with caution in patients taking moderate
inhibitors of CYP2C9. Treatment with rifampin and lesinurad may result in lower
plasma exposures of lesinurad, potentially decreasing lesinurad’s uric acid lowering
effect in some individuals.

Reviewer’s comment:

e Based on the PK and PD result, we recommend “Lesinurad exposure is
decreased when ZURAMPIC is co-administered with inducers of CYP2C9 (eg,
rifampin), which may decrease the therapeutic effect of ZURAMPIC [see Clinical
Pharmacology (12.3)]. ’in the section 7 of the label.

15.DDI with Warfarin

Trial # 123

Title: A Phase 1, Open-Label, Drug-Drug Interaction Study to Evaluate the Potential
Effect of Lesinurad on the Pharmacokinetics of Warfarin in Healthy Adult Male
Subjects

e Objective:
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0 To evaluate the potential effect of lesinurad on the pharmacokinetics
of warfarin (R-warfarin and S-warfarin enantiomers) in healthy adult

male subjects.

0 To measure the potential effect of lesinurad on the pharmacodynamics
of warfarin in healthy adult male subjects.

o Study design — This was a Phase 1, open-label, single-center, DDI study in
healthy adult male subjects. All subjects were to be dosed with lesinurad 400 mg
qd on Day 8 to Day 28, and 2 single doses of warfarin 25 mg on Day 1 and Day
22. After informed consent was obtained, a whole blood sample was to be
collected from subjects at Screening to determine the subject’s CYP2C9 and
vitamin K epoxide reductase complex 1 (VKORC1) genotype.

e Test product: Lesinurad was administered as 400 mg tablets.

e Sampling Schedule
PK Sampling Schedule

Plasma samples were to be collected at the following timepoints in relation to

dosing of warfarin on Days 1 and 22: predose (within 0.75 hours of dosing) and

0.5,1,2,4,8,12, 24, 36, 48, 72, 96, 120, 144, and 168 hours postdose.

PD Sampling Schedule

Plasma PD samples were to be collected at Screening, Day -1, Days 1 to 8, Days 21
to 29, and at Follow-up. PT, INR, aPTT, and Factor VII clotting activity (%) were to
be included in PD and safety analyses.

e Results
PK results:

Plasma PK parameters of S-warfarin and R-Warfarin following a single dose of 25
mg warfarin in the absence and presence of multiple doses of lesinurad are presented
in Table 79. The Cmax and AUC of S-warfarin or R-warfarin were comparable with

or without lesinurad coadministration.

Table 79: Plasma Pharmacokinetics of Warfarin Following a Single Oral Dose of 25 mg

Warfarin in the Absence (Day 1) or Presence (Day 22) of 400 mg Lesinurad (Geometric Mean

[95% Confidence Interval])

N ! Tonas” Cimas Thast' AUCpy AUC, CLF V. /F t
Enantiomer  Day (hr) (ng/mL) (hr) (ng-hr/mL) (ng-hr/mL) (L/hr) (L) (hr)
1" 1.00 1130 168 41100 42700 0.586 255 347
(1.00-8.00) (1050-1220)  (168-168)  (36100-46800)  (36900-49300)  (0.507-0.677)  (23.8-274)  (31.0-38.8)
S-Warfarin
o s 1.00 1160 168 42800 44400 0.563 254 36.1
B (4.00-8.00) (1080-1240)  (168-168)  (38800-47100)  (40000-49400)  (0.507-0.625)  (23.9-27.1)  (32.8-39.7)
. . Tonas” Conas Thaet' AUCy AUC., CLF VuF t
Enantiomer  Day N () (ng/mL) () (bg-hr/mL) (ughr/mL) (L) @ )
P 4.00 1180 168 67200 72900 0.343 220 141
) 2.00-12.0) (1100-1280)  (168-168)  (60000-75300)  (64000-83000)  (0.301-0.391)  (20.4-23.7)  (39.9-45.8)
R-Warfarin
e 4.00 1180 168 56200 59200 0422 224 372
- (4.00-8.00) (1100-1260)  (168-168)  (50100-63100)  (52000-67400)  (0.371-0.481)  (21.0-240)  (33.6-41.3)

(Source: Table 11. 1 and 11.4, CSR123)
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PD results
There was no significant impact of lesinurad on INR or Factor VIImax (% inhibition).

e Conclusions:
Lesinurad had no effect on CYP2C9 activity. No dose adjustment is necessary for
Warfarin when coadministered with lesinurad.

16.DDI with NSAIDS

Trial # 126

Title: A Phase 1 Study to Evaluate the Potential Two-Way Pharmacokinetic
Interaction Between Lesinurad and Naproxen and Between Lesinurad and
Indomethacin in Healthy Adult Male Subjects

e Objective:

0 To evaluate the effect of multiple doses of naproxen on the single-dose
pharmacokinetics of lesinurad in healthy adult male subjects.

0 To evaluate the effect of multiple doses of indomethacin on the single-
dose pharmacokinetics of lesinurad in healthy adult male subjects.

0 To evaluate the effect of multiple doses of lesinurad on the multiple-dose
pharmacokinetics of naproxen in healthy adult male subjects.

0 To evaluate the effect of multiple doses of lesinurad on the multiple-dose
pharmacokinetics of indomethacin in healthy adult male subjects.

o Study design — This was a Phase 1, open-label, sequential, drug-drug interaction
(DDI) study in healthy adult male subjects. A total of 20 subjects were enrolled in the
study; 10 subjects in Cohort 1 (Lesinurad and naproxen) and 10 subjects in Cohort 2
(Lesinurad and indomethacin).

Cohort 1: Lesinurad 400 mg qd and Naproxen 250 mg bid.
Cohort 2: Lesinurad 400 mg qd and Indomethacin 25 mg bid.

Screening Period Treatment and Observation Period Follow-Up Period
(CRU) (outpatient)
A A
| 1]
MNaproxen or Indomethacin bid Days 2-142 N
Lesinurad gd Day 1 Lesinurad gd Days 7-14

<21 days 211 2 3 4 5 8" 7° 8 9 10 11 12 13 1415 2141
before D1 - -~
Admission Discharge
to CRU Study Days from site

Abbreviations: qd = once daily; bid = twice daily; CRU = Clinical Research Unit.
* On Day 14, naproxen or indomethacin was to only be administered in the morning, rather than bid.
® PK sample collection day.

Figure 56. Study Design Diagram for Cohort 1 and 2
(Source: Figure 9-1, CSR126)
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e Test product: Lesinurad was administered as 400 mg tablets.

e Sampling Schedule
PK Sampling Schedule
Plasma samples were to be collected on Day 1, Days 6 to 7, and Day 14 at the
following timepoints: predose (within 30 minutes before dosing) and 0.5, 1, 1.5,
2,3,4,5,6, 8,10, 12, and 24 hours postdose.
PD Sampling Schedule
Not collected.

e Results

PK results
In the presence of multiple doses of naproxen, plasma exposures of a single dose of
lesinurad (Day 7) decreased by approximately 27% and 15% for Cmax and AUC,
respectively, as compared to lesinurad dosed alone (Day 1, Table 80). Multiple-dose
plasma Cmax and AUC exposures of lesinurad on Day 14 appeared to show no
discernible difference compared to Day 7 following continued dosing in combination
with naproxen, suggesting naproxen showed similar impact on single or multiple
doses of lesinurad. In the presence of a single or multiple doses of lesinurad,
naproxen plasma Cmax and AUC exposures were unchanged.

In the presence of multiple doses of indomethacin, plasma lesinurad exposures of a
single dose of lesinurad showed an increase by approximately 18% for Cmax and no
change for AUC. Multiple-dose plasma Cmax and AUC exposures of lesinurad on
Day 14 appeared to show no difference compared to Day 7 following continued
dosing in combination with indomethacin, suggesting indomethacin showed similar
impact on multiple doses of lesinurad as it had on single dosing. In the presence of a
single dose of lesinurad (Day 7), plasma indomethacin Cmax and AUC increased to
18% and 35%, respectively, when compared to indomethacin dosing alone. A similar
increase in plasma Cmax (20%) and AUC (31%) was observed following multiple
doses of lesinurad with indomethacin (Day 14).

Table 80: Geometric Mean Ratio (90% Confidence Interval) of Lesinurad Pharmacokinetic
Parameters Following a Single Dose of 400 mg Lesinurad in the Absence (Day 1) or Presence of
Multiple Dose of 250 mg Naproxen bid or 25 mg Indomethacin bid (Day 7)

Treatment n Parameter Geomean Ratio (90% CI)

c 72.9%
. . ) s (57.6%-92.2%)
Multiple-dose naproxen + single-dose lesinurad

(Day 7) vs. single-dose lesinurad alone (Day 1) 10

. 85.5%
AUCox (79.7%-9 10. 8%)

C 118%
Multiple-dose indomethacin + single-dose - (103%6-136%)

lesinurad (Day 7) vs. single-dose lesinurad alone 11

(Day 1) R 110%

AUCo (103%-119%)
(Source: Table 11. 2, CSR126)
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e Conclusions:
Lesinurad AUC was comparable with or without coadministration of indomethacin or
naproxen.

NSAIDs may lower the GFR, thus may affect the uric acid lowering effect of
lesinurad. This potential PD interaction was not assessed in this study. In phase 3, less
than 10% patients used NSAIDs during the studies, and the data is too limited to draw
any conclusion on NSAIDs’ impact on lesinurad efficacy.

As renal toxicity is a major safety concern with lesinurad, and NSAIDs are also
associated with the development of kidney injury, coadministration of the two may
pose additional risk. See medical officer Dr. Rosemarie Neuner’s review for further
details.

17.DDI with Ranitidine

Trial # 127

Title: A Phase 1, Open-Label, Drug-Drug Interaction Study to Evaluate the Potential
Effects of Ranitidine on the Pharmacokinetics of Lesinurad in Healthy Adult Male
Subjects.

e Objective:
0 To evaluate the potential effect of ranitidine on the single-dose
pharmacokinetics of lesinurad in healthy adult male subjects under the
fasted state.

e Study design — This was a Phase 1, randomized, open-label, crossover, drug-drug
interaction (DDI) study in healthy adult male subjects. A total of 16 subjects were
randomized and entered the Cohort 1 (8 in Sequence 1 and 8 in Sequence 2, Figure
57). Cohort 2 was not studied.
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Cohort 1 (Fasted) and Optional Cohort 2 (Fed) Treatment Sequences

Sequence 1 Follow-Up Period

Screening Period Treatment and Observation Period (CRU) (outpatient)

1 L 1
I u LU 1

Ranitidine 150 mg bid
Days 5 to E
Lesinurad Lesinurad
400 mg Day 1 400 mg Day 6
| ] ] |
I <21 days before I I I
Day1 i -1 1 2 3 4 5 e 7 g 9 141
Admission Study Days Discharge
to CRU fromsite
Sequence 2 Follow-Up Period
Screening Period Treatment and Observation Period (CRU) (outpatient)
L L 1
I W ¥ 1
Ranitidine 150 mg bid
Eavs 1 log
Lesinurad Lesinurad
400 mg Day 2 400 mg Day 7
I | l l R
521 days before l I
Day 1 % -1 i 22 3 4 5 6 7 8 9 10 151
Admission s“'d'l" Days Dlsttarse
to CRU fromsite

Abbreviations: bid, twice daily; CRU, clinical research unit
* Pharmacokinetic sample collection day

Figure 57. Study Design Diagram for Cohort 1 and 2
(Source: Figure 9-1, CSR127)

e Test product: Lesinurad was administered as a 400 mg tablet.

e Sampling Schedule

PK Sampling Schedule
Blood samples were to be collected for the analysis of plasma concentrations of
lesinurad at the following timepoints in relation to dosing of lesinurad: predose
(within 30 minutes before dosing) and at 30 minutes and 1, 1.5, 2, 3, 4, 6, 8, 12, 24,
36, 48, 60, and 72 hours postdose.

PD Sampling Schedule
Blood samples were to be collected for the analysis of serum urate (SUA) at
Screening and at the following timepoints in relation to dosing of lesinurad: -24, -18,
-12, 0 hours predose (within 30 minutes before dosing), and at 6, 12, 24, 36, 48, 60,
and 72 hours postdose.

e Results

PK results
In the presence of ranitidine, lesinurad plasma AUC exposure was unchanged as the
geometric mean ratio was ~110% and the corresponding 90% confidence intervals
(103% to 116%, Table 82) were wholly contained within the 80% to 125% interval.
Plasma Cmax was increased by approximately 20% when compared to dosing
lesinurad alone (90% confidence interval 101% to 143%, Table 82).
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Table 81: Summary of Plasma Pharmacokinetics of Lesinurad Following a Single 400 mg Oral
Dose of Lesinurad in the Absence or Presence of Ranitidine in Healthy Adult Male Subjects
(Geometric Mean [95% Confidence Intervals])

. . Tonas™ Cinax Tiast” AUCy AUC), AUC,, CLF Vi/F 2
Treatment N (hr) (ng/mL) (hr) (ug'hr/mL)  (ug'hr/mL)  (pg-hr/mL) (L/hr) (L) (hr)
. 2.00 14.0 60.0 43.8 44.5 44.6 8.97 383 9.92
lesinurad 400 mg 16 . .
- (1.00-6.00)  (12.1-16.2) (36.0-72.0) (39.2-48.9) (39.8-49.7) (39.9-49.9) (8.02-10.0)  (33.7-43.5)  (6.96-14.2)
lesinurad 400 mg + 16 1.50 16.8 60.0 48.0 48.7 48.8 8.20 332 11.5
ranitidine (1.00-3.00) (14.5-19.5) (36.0-72.0) (41.5-55.5) (42.1-56.3) (42.2-56.4) (7.09-9.48) (28.3-39.0)  (8.17-16.3)

(Source: Table 11. 1, CSR127)

Table 82: Geometric Least Squares Mean and Geometric Mean Ratio (CI190%) of Lesinurad
Plasma Pharmacokinetic Parameters in the Presence versus Absence of Ranitidine

. Geometric LS Geomean Ratio
Treatment N Parameter Mean (90% CI)

. 16.8 20107 04 - 143%
Conax 140 120% (101% - 143%)

. e . 48.0 o o -
lesinurad 400 mg + ranitidine AUCq24 138 110% (103% - 116%)

versus 16 ——

lesinurad 400 mg AUChy ji ! 109% (103% - 116%)
48.8 o , o

: o % 3% - LY
AUC, 116 109% (103% - 116%)

(Source: Table 11. 2, CSR127)

PD results
The observed sUA lowering effect was similar following administration of lesinurad
400 mg in the absence and presence of ranitidine, with maximum reductions in sUA
of approximately 34% and 33%, and reductions in sUA at 24 hours postdose of
approximately 16% and 19%, respectively.

e Conclusions:
No dose adjustment is necessary when lesinurad is coadministered with ranitidine.

18.DDI with Metformin, Forosemide

Trial # 128

Title: A Phase 1, Randomized, Open-Label, Single-Dose Study to Evaluate the
Potential Pharmacokinetic Interaction Between Lesinurad and Metformin and
Between Lesinurad and Furosemide in Healthy Adult Male Subjects

e Objective:
0 To evaluate the effect of a single dose of lesinurad on the single-dose
pharmacokinetics of metformin in healthy adult male subjects.
0 To evaluate the effect of a single dose of lesinurad on the single-dose
pharmacokinetics of furosemide in healthy adult male subjects.

e Study design — This was a Phase 1, randomized, open-label, crossover, drug-drug
interaction (DDI) study in healthy adult male subjects. A total of 24 subjects were
randomized and entered the study; 12 subjects in Cohort 1 (6 in Sequence A and 6
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in Sequence B) and 12 subjects in Cohort 2 (6 in Sequence C and 6 in Sequence D).
In Cohort 1 subject received lesinurad +£ metformin 850 mg and in Cohort 2 subjects
received lesinurad + furosemide 40 mg.
0 Cohort 1 (lesinurad + metformin)
= Sequence A (6 subjects):
e Day 1: Metformin 850 mg
e Day 5: Lesinurad 400 mg + metformin 850 mg
= Sequence B (6 subjects):
e Day I: Lesinurad 400 mg + metformin 850 mg
e Day 5: Metformin 850 mg
0 Cohort 2 (lesinurad + furosemide)
= Sequence C (6 subjects):
e Day 1: Furosemide 40 mg
e Day 5: Lesinurad 400 mg + furosemide 40 mg
= Sequence D (6 subjects):
e Day 1: Lesinurad 400 mg + furosemide 40 mg
e Day 5: Furosemide 40 mg

e Test product: Lesinurad was administered as a 400 mg tablet.

e Sampling Schedule
e Plasma Day 1 and Day 5: predose (within 30 min before dosing) and at
0.5,1,1.5,2,25,3,4,5,6,8, 10, 12, 14, and 24 hours postdose.

e Results

PK results
In the presence of lesinurad, metformin plasma AUC exposure and Cmax were
unchanged (< 6% difference), as the 90% Cls around the geometric least squares
mean ratios for both AUC and Cmax were wholly contained within the 80% to 125%
interval.
In the presence of lesinurad, furosemide plasma AUC exposure and Cmax were
decreased by approximately 31% and 51%, respectively (Table §3).

Table 83: Summary of Plasma Pharmacokinetics of Furosemide Following a Single 40 mg Oral
Dose of Furosemide in the Absence or Presence of Lesinurad 400 mg in Healthy Adult Male
Subjects (Geometric Mean [95% Confidence Interval])

Treatment Tonax" Crmax Thast” AUCy AUC, CL/F V./F e

(hr) (ng/mL) (hr) (ng-hr/mL) (png-hr/mL) (L/hr) @L) (hr)

1.00 0.938 14.0 241 2.56 15.6 69.8 4.81

furosemide 40 mg

(0.500-5.00) (0.654-1.35) (14.0-24.0) (1.89-3.09) (1.99-3.29) (12.1-20.1) (39.5-124) (2.66-8.67)

furosemide 40 me - 2.00 0.463 24.0 1.69 177 226 129 5.62

i = 11

400 mg lesinurad (0.500-4.00)  (0.338-0.634)  (14.0-24.0)  (1.40-2.03) (148-2.12) (18.8-27.0) (96.3-173) (3.66-8.63)

(Source: Table 11. 3, CSR128)

PD results
Urine PD parameters were evaluated following a single dose of furosemide in the
absence and presence 400 mg lesinurad. There was no apparent impact of lesinurad
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on the activity of furosemide based on an assessment of urine volume, urine specific
gravity, and urine sodium.

e Conclusions:
lesinurad has no effect on OCT1, or OAT1 and 3 in vivo. No dose adjustment is
necessary when metformin or furosemide is coadministered with lesinurad.

19.DDI with Antacid

Trial # 130
Title: A Phase 1, Randomized, Open-Label, Drug-Drug Interaction Study to Evaluate
the Potential Pharmacokinetic and Pharmacodynamic Interaction Between Lesinurad

and Calcium Carbonate and Aluminum/Magnesium Hydroxide-Containing Antacids
in Healthy Adult Male Subjects

e Objective:

0 To assess the effect of a calcium carbonate-containing antacid on the
pharmacokinetics and pharmacodynamics of lesinurad in healthy adult
male subjects under fed conditions.

0 To assess the effect of a magnesium hydroxide- and aluminum hydroxide-
containing antacid on the pharmacokinetics and pharmacodynamics of
lesinurad in healthy adult male subjects under fed conditions.

e Study design — This was a Phase 1, randomized, open-label, crossover, drug-drug
interaction (DDI) study in healthy adult male subjects. A total of 24 subjects were
randomized and entered the study; 12 subjects in Cohort 1 (6 in Sequence A and 6
in Sequence B) and 12 subjects in Cohort 2 (6 in Sequence C and 6 in Sequence D).In
Cohort 1 subject received lesinurad + calcium carbonate 1250 mg (Tums®) and in
Cohort 2 subjects received lesinurad + aluminum hydroxide 800 mg/magnesium
hydroxide 800 mg/simethicone 80 mg (MINTOX).
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Cohort 1 (Fed) and Optional Cohort 3 (Fasted) Treatment Sequences

Sequence A (Optional Sequence E) Follow-Up Period
Screening Period Treatment and Observation Period (Site) (outpatient)
1l '] Y
Lesinurad Lesinurad
+ Tums
240 mL Water 240 mL Water
{control) (control) + Tums

| [ | | -

I €21 days before |

Day1 ’z -1 1 b Pt 32 4 5 62 Via iﬁ 1442
Admission Study Days Discharge
to Site fromsite
Seguence B (Optional Sequence F) Follow-Up Period
Screeninlg Period Treatment and Observation Period (Site) (outpatient)
1
I | || 1
Lesinurad Lesinurad
+ Tums
240 mL Water 240 mL Water
(control) + Tums| (control)
o | l l | |
<21 days before | | I
Day1 —i -1 I 29 3% & 5 2 g B 1442
Admission Study Days Discharge
to Site fromsite

# Pharmacokinetic/pharmacodynamic sample collection day.

Cohort 2 (Fed) and Optional Cohort 4 (Fasted) Treatment Sequences

Sequence C (Optional Sequence G) Follow-Up Period
Screening Period Treatment and Observation Period (Site)  (outpatient)
| |
{ ! ) Lesinurad ! !
Lesinurad + MINTOX
240 mL Water|
240 mL Water (control)
{control) + MINTOX
g [ l l L |
<21 days before r I ]
Day 1 } 9, 4% 22 @3 4 5§ g2 Jo Eﬁ 1442
Admission Study Days Discharge
toSite fromsite
Sequence D (Optional Sequence H) Follow-Up Period
Screeninlg Period Treatment and Observation Period (Site)  (outpatient)
1 |
J ¥ Lesinurad . !
+ MINTOX Lesinurad
240 mL Water
(control) 240 mL Water
+ MINTOX (control)

I B | I

€21 days before I ]
1 3 L 12 ¥ 45 6 ToE 14
Admission Study Dy Discharge
to Site fromsite

2 Pharmacokinetic/pharmacodynamic sample collection day.
Figure S8. Study Design Diagram for Cohort 1 and 2
(Source: Figure 9-1, 9-2, CSR130)
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e Test product: Lesinurad was administered as a 400 mg tablet

e Sampling Schedule
e Plasma Day 2 and Day 7: Predose (within 30 minutes before dosing) and
at 30 minutes and 1, 1.5, 2, 3, 4, 6, 8, 10, 12, and 24 hours postdose.

e Results

PK results
In the presence of Tums (Cohort 1), lesinurad plasma AUC0-24, AUCoo, and Cmax
geometric mean ratios (90% Cls) were 89.0% (83.8% to 94.5%), 89.1% (83.9% to
94.7%), and 89.9% (77.6% to 104%), respectively.
In the presence of MINTOX (Cohort 2), lesinurad plasma AUC0-24, AUCo, and
Cmax geometric mean ratios (90% Cls) were 90.4% (81.4% to 100%), 90.6% (81.8%
to 100%), and 84.9% (68.0% to 106%), respectively.

PD results
Differences in sUA levels were less than 2% following administration of control
alone and control with Tums or MINTOX.

e Conclusions:
Coadministration with antacid does not alter the PK or PD of lesinurad. No dose
adjustment is necessary when lesinurad is coadministered with antacid.

BIOPHARMACEUTICS

20.Absolute Bioavailability

Trial # 131

Title: A Phase 1, Open-Label Study to Assess the Absolute Bioavailablility of a
Single Oral Dose of Lesinurad with Respect to an Intravenous Micro Tracer Dose of
[14C]Lesinurad in Healthy Adult Male Subjects

e Objective:
0 To assess the absolute bioavailability of a single oral dose of lesinurad.
0 To evaluate the pharmacokinetic parameters of lesinurad and
[14C]lesinurad in healthy adult male subjects.

e Study design and treatment schedule:
This was a Phase 1, open-label study performed in 10 healthy, adult male
subjects. A single oral dose of lesinurad (400 mg tablet) and a single IV micro
tracer dose of [14C]lesinurad were administered to subjects on Day 1 of this
study. A single, 15 minute, IV infusion of [14C]lesinurad (100 pg; 810 nCi)
was given such that the infusion ended 2 hours after the oral dose was
administered.

e PK Sampling Schedule
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= Plasma: Day 1: Predose (within 30 minutes before oral dosing), 30, 60, 90,
105, 110, 115, 120, 125, 130, 135, 140, 145, and 150 minutes, and 3, 3.5, 6, 9,
12, 18, 24, 30, 36, 48, 72, and 96 hours post oral lesinurad dose.

= Urine: 0to 6, 6to 12, 12 to 24, 24 to 36, 36 to 48, 48 to 60, 60 to 72, and 72 to
96 hours post oral dose.

e Results

Plasma PK parameters of lesinurad, [14C]lesinurad, and total radioactivity were
evaluated following a single oral dose of lesinurad 400 mg and 15-minute 100 pg IV
infusion of [ 14C]lesinurad under the fasted condition. Median overlaid dose-
normalized plasma concentrations profiles of lesinurad and [14C]lesinurad are
presented in Figure 59. The summary of absolute bioavailability of lesinurad is
presented in Table 84.

Absolute bioavailability for each subject was determined based on the dose
normalized AUCinf for lesinurad, comparing oral administration with iv
administration. The mean actual IV dose administered was 108.45 ng, and oral dose
was 400 mg. The absolute bioavailability was estimated to be 101% (Table 84).

Table 84: Summary Absolute Bioavailability of Lesinurad Following a Single Oral Dose of 400
mg Lesinurad and Intravenous Infusion of 100 pg [14C]Lesinurad (Geometric Mean [90%
Confidence Interval])

AUC,. (IV) AUC,, (oral) Absolute bioavailability
(ng-hr/mL) (ng-hr/mL) (%0)
N 10 10 10
Geomean 18.1 67.3 101
CI 90% lower 15.0 55.5 954
CI 90% upper 22.0 81.7 106

(Source — Table 11-4, Study 131 report)
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Figure 59. Median Dose-Normalized Concentration (ng/mL/mg) Profiles of Lesinurad and
[14C]Lesinurad in Plasma Following a Single Oral Dose of Lesinurad 400 mg with 100 pg
Intravenous Infusion of [14C]Lesinurad
(Source: Figure 11-1 , study report 131)

The median overlaid plasma concentrations profiles of [ 14C]lesinurad and total
radioactivity are presented in Figure 60. The geometric mean plasma lesinurad-to-
total radioactivity ratio for AUCoo was 0.571, indicating that the majority of

circulating material was lesinurad.
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Figure 60. Median Concentration Profiles of [14C]Lesinurad (ng/mL) and Total Radioactivity
(ng-eq./mL) in Plasma Following 100 pg Intravenous Infusion of [14C]Lesinurad (0 to 24 Hours
Postdose)

(Source: Figure 11-2, study report 131)

e Conclusions

The absolute oral bioavailability for lesinurad was determined to be approximately
101% (90% CI: 95.4% to 106%), indicating that lesinurad is completely absorbed
into the system with a lack of gut wall and hepatic first pass metabolism.

21.Relative Bioavailability (129, 132, 109)

Trial # 129

Title: A Phase 1, Randomized, Open-Label, Crossover Study in Healthy Adult Male
Subjects to Assess the Relative Bioavailability of Lesinurad Tablets Manufactured at
Two Different Sites

e Objectives
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= To assess the relative bioavailability of lesinurad tablets, manufactured at 2
different sites, in fed and fasted states based on the PK evaluation in adult
male subjects.

e Study design and treatment schedule:

A Phase 1, randomized, open-label, 2-treatment, 2-sequence, 2-period, balanced
single-dose, crossover, PK study in 72 healthy, adult male subjects (18 subjects per
cohort) designed to assess the relative bioavailability of lesinurad tablets,
manufactured at 2 different sites.

e PK Sampling Schedule

Day 1 and Day 5: Predose (< 30 minutes prior to breakfast [or before lesinurad dose
n fasting cohorts]), 20, 40, 60, 80, 100, 120, 140, 160, 180, 200, and 220 minutes,
and4,4.5,5,5.5,6, 8,10, 12, 14, 24, 36, 48, 60, and 72 hours postdose.

e Results and Conclusions

Lesinurad Lot B manufactured at Site 2 (AstraZeneca AB) demonstrated comparable
bioavailability with the Site 1 lot under both fasted and fed conditions (Table 85). The
geometric mean ratios for Cmax and AUC of Lot B relative to the Site 1 lot were both
approximately 100% under the fasted condition. Under the fed condition, the
geometric mean ratios for Cmax and AUC were approximately 101% and 95%,
respectively. The 90% CIs for the geometric mean ratios for both Cmax and AUC
were wholly contained within the 80% to 125% bioequivalence limits under both
fasted and fed conditions.

Table 85. Summary of Results from Relative Bioavailability Study 129 — Manufacturing Site
Comparison for Lesinurad 400 mg Tablets

Cohort Manufacturing Site (Lot Number) Comparison:
(Food, N) Ratio of Geometric Least Squares Means
(90% CI)

A[V(Tx -“Xl'(‘l:m Cmax
Cohort 3 Test: AstraZeneca AB (ELAD) 99.7% 99.8% 100%
(Fasted, Reference:.  ®®(12A015) (89.9-111%) | (90.0-111%) | (85.0-118%)
N=17)
Cohort 4 Test: AstraZeneca AB (ELAD) 95.3% 95.3% 101%
(Fed. N=18) | Reference:  ®®(124015) (89.9-101%) | (89.9-101%) | (86.1-119%)

(Source: Table 5, summary of biopharm)

e Conclusions

Evaluation of results from Cohorts 3 and 4 indicate that the drug product produced at
both manufacturing sites, when manufactured within the proposed manufacturing
process parameters, were bioequivalent.

Trial # 132
Title: A Phase 1, Randomized, Open-Label, Crossover Study to Assess the
Bioequivalence of Lesinurad Tablets from Two Manufacturing Sites in Healthy Adult
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Male Subjects

e Objectives
To assess the bioequivalence of lesinurad tablets, manufactured at 2 different
sites, in the fasted state based on the pharmacokinetic evaluation in healthy
adult male subjects.

e Study design and treatment schedule:
a Phase 1, randomized, open-label, 2-treatment, 2-sequence, 2-period, balanced
single-dose, crossover, PK study in healthy adult male subjects designed to assess the
bioequivalence of lesinurad tablets, manufactured at 2 different sites. Subjects were
randomized to 1 of 2 treatment sequences as follows:
Sequence A (n = 27):
Day 1: Lesinurad 400 mg (manufactured at Site 1)
Day 5: Lesinurad 400 mg (manufactured at Site 2)
Sequence B (n =27):
Day 1: Lesinurad 400 mg (manufactured at Site 2)
Day 5: Lesinurad 400 mg (manufactured at Site 1)
All doses of study medication were administered in the fasted state orally with 240 mL
water.

e Test product: Subjects received lesinurad 400 mg tablets manufactured at Site 1
( ®@. reference product) and lesinurad 400 mg tablets manufactured at Site 2

(AstraZeneca AB; test product) according to the treatment sequences.

e Sampling Schedule

PK Sampling Schedule
Blood samples were collected at the following timepoints in relation to dosing of
oral lesinurad on Days 1 and 5: Predose (< 30 minutes prior to dosing), 20, 40, 60,
80, 100, 120, 140, 160, 180, 200, and 220 minutes, and 4, 4.5, 5, 5.5, 6, 8, 10, 12,
14, 24, 36, 48, 60, and 72 hours postdose.

Genotyping:
For those subjects who gave informed consent to optional genetic testing, a whole
blood sample was collected for possible single gene and whole genome genetic
sequencing and single nucleotide polymorphism analysis.

¢ Results and Conclusions

Due to a significant Group-by-Treatment interaction for Cmax (p = 0.0263),
bioequivalence was assessed for each dosing group. In Group 1, the 90% Cls around
the geometric mean ratios for both Cmax and AUCeo were wholly contained within
the bioequivalence limits (80% to 125%, Table 86). In Group 2, the 90% Cls around
the geometric mean ratios for AUC were wholly contained within the 80% to 125%
bioequivalence limits, but not for Cmax as the lower limit was 79.95%. The results
from the subgroup analyses were generally consistent with results of the full analysis
of all subjects, and are supportive of conclusions based on the full analysis.
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Table 86. Geometric Least Squares Mean and Geometric Mean Ratio (90% Confidence Interval) of
Key Lesinurad Plasma Pharmacokinetic Parameters for Lesinurad Manufactured at Site 2 Relative
to Site 1 Following Administration of Lesinurad 400 mg in Healthy Adult Male Subjects

Geometric LS

Group n Site (Lot) Parameter Mean Geomean Ratio (90% CI)
; ) ‘ 2
Site 2 (ELAD) Cona 218 96.79% (90.42% - 103.61%)
All 53 relative to (ng/ml) 225
: > Site 1 AUC,, 73.7 1% (94 8% - 104 079
(123015P1)  (nahrml) . 99.34% (94.82% - 104.07%)
) _ ) 2
Site 2 (ELAD) Comax 23.2 106.13% (97.37% - 115.68%)
Group1 26 relative to (pg/mL) 21.8
Site 1 AUC, 722 100, co0, o
(12A015-P1)  (ug'hr/mL) 69.3 104.18% (97.58% - 111.22%)
Site 2 (ELAD) Cnax 203 88.61% (79.95% - 98.20%)
Group?2 27 relative to (pg/ml) 23.1
- Site 1 AUC,, 75.2 1 oo, or 1011 <40,
(12A015-P1)  (ughr/mL) 79.2 94.90% (88.69% - 101.34%)

Abbreviations: AUC,, = AUC from time zero to infinity; CI = confidence interval; C,,, = maximum observed
concentration: LS = least squares; n = number of subjects with data.
(Source: Table 1, study 132 synopsis)

e Conclusions
The drug product produced at both manufacturing sites were bioequivalent.

Trial # 109, capsule vs crystalline free acid tablet

Title: A Phase 1, Open-Label, Single Dose, Relative Bioavailability Cross-Over
Study to Assess the Free Acid and the Immediate Release Dose Formulations of
Lesinurad in Healthy Adult Male Volunteers

e Objectives
0 To investigate the single-dose pharmacokinetic (PK) profile and relative
bioavailability of the free acid (FA) dose formulation of lesinurad
(RDEA594) and immediate release (IR) formulation in healthy adult male
volunteers.
0 To evaluate the effect of a low-fat meal on the PK profile of lesinurad
formulations.

e Study design and treatment schedule:

A single-center, open-label, cross-over study in healthy adult male volunteers. The
study was to include 3 segments (Segments A, B, and C) with 4 treatment periods per
segment. 8 subjects were randomized to each segment.

e Test product: In each study segment, an FA tablet formulation was evaluated relative
to the sodium salt IR capsule formulation. FA tablet formulation used in Segment C
was later used in the Phase 3 clinical trials. Therefore, PK result in Segment C was
reviewed here.
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e Sampling Schedule

PK Sampling Schedule

Blood samples were collected for the analysis of plasma concentrations of lesinurad at
the following timepoints on Day 1: predose, 0.5, 1, 1.5,2, 3,4, 5, 6, 8, 10, 12, 16, 24, 30,
36, and 48 hours post dose.

Urine samples were collected for the analysis of urinary concentrations of lesinurad at the
following timepoints on Day 1: 0 to 6, 6 to 12, 12 to 24, 24 to 30, 30 to 36, and 36 to 48
hours postdose.

Pharmacodynamics:
Blood samples were collected for the analysis of serum urate and creatinine at the
following timepoints on Day 1: predose, 6, 12, 16, 24, 30, 36, and 48 hours post dose.
Urine samples were collected for the analysis of uric acid and creatinine at the
following timepoints on Day 1: 0 to 6, 6 to 12, 12 to 24, 24 to 30, 30 to 36,
and 36 to 48 hours postdose.

e Results
PK results

In Segment C, Cmax for lesinurad 400 mg in the fed state was 15.4 and 15.2 pg/mL
for the FA tablet and sodium salt IR capsule formulations, respectively. In Segment
C, AUCO0- for lesinurad 400 mg in the fed state was 61.6 and 63.0 pug-hr/mL for
the FA tablet and sodium salt IR capsule formulations, respectively (Table 87).

Table 87. Plasma Pharmacokinetics of Lesinurad Following Single Doses of Lesinurad Administered
in Segments C

Dose, Median (range) | Geometric Mean (95% CI)
Segment/ Formulation,
Period Meal Status Tas' (hr) Cnax (Ng/mL) AUCj24 (ng-hr/mL) AUC, (ng-hr/mkL) ty2 (hr)
C/1l 200mg FA, fed 4.00 (1.50-6.00) 6.11(4.83-7.73) 28.1(20.8-37.9) 28.5(20.9-38.7) 4.94 (3.93-6.21)
Cc/2 400 mg FA, fed 3.00 (1.50-4.00) 15.4(13.3-17.9) 60.7 (47.7-77.3) 61.6(48.1-78.9) 6.91 (4.88-9.79)
C/3 400 mg IR, fed 2.00 (1.50-3.00) 15.2(11.9-19.5) 61.9 (45.0-85.2) 63.0 (45.6-86.9) .48 (6.39-14. 1)
C/4 600 mg FA, fed 4.00 (2.00-5.00) 21.9(17.6-27.3) 95.6 (74.1-123) 97.7 (75.1-127) 8.36" (6.19-11.3)

(Source: Tablel1-1, study 109 CSR)

PD results
Lowering of sUA following administration of the FA tablet was similar to that of the
sodium salt IR capsule in both the fed and fasted states, respectively. Dosing in the
fed state modestly increased the SUA lowering effect of all lesinurad formulations
tested.

e Conclusions
Systemic exposure of lesinurad was similar following oral administration of the
sodium salt IR capsule and the phase 3 FA tablet formulation.

22.Food Effect with phase 3 formulation

Trial # 121
Title: A Phase 1, Open Label Study Assessing the Effect of Food and Antacids on
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the Pharmacokinetics and Pharmacodynamics of Lesinurad in Healthy Adult
Male Subjects

e Objective
= To assess the effect of a high fat/high calorie meal on the PK of lesinurad in
healthy, adult male subjects.
= To assess the effect of a high fat/high calorie meal on the PD of lesinurad in
healthy, adult male subjects.

= Study design — This was a randomized, open-label single-dose study in healthy adult
male subjects with a required Food Effect Phase and Antacid Effect Phase, and an
Optional Exploratory Phase. Sixteen subjects were randomized and entered the study;
15 subjects completed the Food and Antacid Effect Phases and 13 subjects completed
the Optional Exploratory Phase.

The Food Effect Phase was a 2-period, 2-treatment, 2-sequence balanced, single-dose,
crossover design. Only results related to food effect are reviewed here. The antacid
effect was evaluated under fast state in this study. See study 130 for review of DDI
with antacid under fed condition.

Subjects received single doses of lesinurad in the morning on Days 1 and 6 for food
Effect assessment.

e Test product: Lesinurad was administered as a 400 mg tablet

e Sampling Schedule
PK Sampling Schedule
e Plasma samples were to be collected at the following timepoints in relation to
dosing of lesinurad: predose (within 30 minutes before dosing) and at 0.5, 1, 1.5,
2,3,4,6,8,12,24, 36, 48, 60, and 72 hours postdose.

e Urine samples (total catch) were to be collected over the following timed intervals
in relation to dosing of lesinurad: -12-0 hours predose and 0-6, 6-12, 12-24, 24-
36, 36-48, 48-60, and 60-72 hours postdose.

PD Sampling Schedule

Blood tests to measure concentrations of creatinine and uric acid were to be collected at
the following timepoints in relation to dosing of lesinurad: -12 hours predose, 0, 6, 12,
24, 36, 48, 60, and 72 hours postdose. Urine (total catch) for evaluating concentrations of
creatinine, uric acid and possibly other measurements were to be collected over the
following timed intervals in relation to dosing of lesinurad: -12-0 hours predose and 0-6,
6-12, 12-24, 24-36, 36-48, 48-60, and 60-72 hours postdose.

Genotyping
Blood samples were collected for possible analysis of cytochrome P450 2C9 genotype.
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e Results and Conclusions
PK results
Administration with a high-fat meal decreases lesinurad Cmax by 18% but does not alter
AUC as compared with fasted state (Table 88). Under the fed condition, median Tmax
occurred at 2 hours, approximately 0.5 hours slower compared to the fasting condition
(Figure 61).

Table 88. Geometric Least Squares Means and Geometric Mean Ratios (90% Confidence Interval) of
Lesinurad Plasma Pharmacokinetic Parameters under the Fed versus Fasting Condition

Parameter N GeolLSM Geomean Ratio (90% CI) p-value
- Fed Fasting (Fed/Fasting) Treatment” Period Sequence
(;Erfl’lﬁfL) 15° 16.2 19.9 81.6% (66.6%-99.8%) 0.0976 0.7728 0.3763
AUC,IM 15° 62.7 68.0 92.2% (83.6%-102%) 0.1607 0.3278 0.4928
(ng-hr/ml)
AU(; z 15° 62.9 68.3 92.1% (83.6%-102%) 0.1589 0.3089 0.4905
(ug-hr/mL)

(Source: Table 11.2, CSR121)
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Figure 61. Median Plasma Concentration Profiles of Lesinurad (ng/mL) Following a Single 400 mg
Oral Dose of Lesinurad to Healthy Male Subjects under Fed or Fasting Condition from 0 to 24 Hours
Postdose

(Source: Figure 1, Compliance and drug concentration data, study 121)

PD results

The sUA lowering effect of lesinurad was enhanced in the fed state (43% maximum
reduction from baseline and 31% reduction at 24 hours postdose) as compared with the
fasted state (36% maximum reduction from baseline and 26% reduction at 24 hours
postdose, Table 89). The effect of food on sUA following treatment was also observed
with various other formulations of lesinurad was examined in Studies 101, 102, and 109.
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Table 89: Statistical Analysis of the Percentage Change from Baseline in Serum Urate
Concentrations Following a Single 400 mg Oral Dose of Lesinurad to Healthy Adult Male Subjects
Under Fed Versus Fasting Conditions

Lesinurad Parameter Condition | LS Mean | N | Difference of LS Means | P-value
Dose (950/0 CI)'1
(mg)
400 Fed 43.05 | 15°
Emax. CB (%) —707 (—1000, —415) < OOOLC
Fasted -35.98 16
Fed -31.10 | 15°
Eoe, c8 (%) -5.56 (-8.93. -2.18) 0.001°
Fasted -25.54 16

Abbreviations: CI. confidence mterval; Eosp ¢, 24 hour postdose percent change from baseline; E e cg. maximum
observed percentage change from baseline in serum urate concentrations; LS, least squares; N, number of subjects

* Fed minus fasted.

b Subject 103 discontinued prior to Day 6 and was excluded from the statistical analysis.

© Statistically significant at 5% level.

(Source — Table 14.2.2.1, Study 121 CSR)
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Figure 62. Mean Serum Urate Concentration % Change from Baseline
(Source: Figure 14.2.2, CSR121)

The renal handling of UA following lesinurad administration was shown in Table 90.
The FEUA and CLur appear to slightly higher under fed states compared to fast states
during 6-12 h post dose. Consistent with the time course of lesinurad upon sUA
values, both the FEUA and CLUR were maximally increased over the 0 to 6 hour
period following lesinurad administration with significant pharmacologic effects still
observed 6 to 12 hours following dosing before declining to baseline levels at 12 to
24 hours following dosing.
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Table 90: Summary of Fractional Excretion of Uric Acid in Urine and Renal Clearance of
Uric Acid Following a Single 400 mg Oral Dose of Lesinurad to Healthy Adult
Male Subjects under the Fed versus Fasting Condition

Fractional Excretion of Uric Acid (FEUA, %)

Treatment -12to0h Oto6h 6tol2h 12to 24 h
Lesinurad, 400 mg fasted _ .
5.08 (4.57.5.59) 26.3(234.29.3) 14.1(11.6.16.6) 5.51(4.87.6.15)
(N=16)
Lesinurad. 400 mg fed _ _ o
a 526(4.70.5.82) 256(214.20.8) 16.6(12.7.20.6) 6.03(4.77.7.28)
(N=157)
Uric Acid Renal Clearance (CLyr, mL/min)
Treatment -12to0 h Oto6h 6tol12h 12to 24 h

Lesinurad, 400 mg fasted
(N=16)
Lesinurad. 400 mg fed
(N=15%

(Source — Table 11.10, Study 121 CSR.)

5.74 (4.81.6.67) 32.7(28.2.37.3) 16.4(14.7.18.2) 6.41(5.41.7.40)

6.26(5.50.7.01) 37.7(314.44.0) 22.0(16.2.27.9) 7.31(5.67.8.95)

e Conclusions

The sUA lowering effect of lesinurad was enhanced in the fed state as compared with
the fasted state. Therefore, lesinurad was administered in the fed state in all Phase 2
and Phase 3 studies.

PHARMACODYNAMICS

23.Monotherapy

Study # 201

Title: Randomized, Double-Blind, Multicenter, Placebo-Controlled, Dose Titration,
Safety and Pharmacodynamics Pilot Study of RDEA594 Versus Placebo and Open-
Label Allopurinol in Hyperuricemic Subjects with Symptomatic Gout

e Objective:

0 To compare the proportion of subjects whose sUA level is <6.0 mg/dL
following 2 weeks of continuous treatment with RDEA594 compared to
allopurinol and placebo for Cohort 1.

0 To evaluate the percent reduction from baseline in sUA levels following 2
weeks of continuous treatment with RDEA594 in combination with
allopurinol for Cohort 2.

0 To evaluate the pharmacokinetics, safety and tolerability of RDEA594 in
combination with allopurinol in subjects with gout for Cohort 2 only.

=  Study design — This was a randomized, double-blind, multicenter, placebo-
controlled, dose titration, safety and pharmacodynamics pilot study of RDEA594
versus placebo and open-label allopurinol (Cohort 1) and RDEA594 in
combination with allopurinol versus continued allopurinol alone (Cohort 2) in
hyperuricemic subjects with symptomatic gout. A total number of 26 subjects
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were planned to be enrolled and randomized to receive treatment in one of
following cohorts:
e Cohort 1: 21 subjects were randomized to receive RDEA594 200 mg,
placebo, or allopurinol 300 mg in a 2:1:1 ratio for 2 weeks
e Cohort 2: 5 subjects were randomized to receive RDEA594 200 mg x 1
week followed by RDEA594 400 mg + allopurinol 300mg x 1 week, or
placebo + allopurinol x 2 weeks in a 5:1 ratio

e Test product: Lesinurad was provided as 50 mg capsules for cohort 1 and 100 mg
capsules for cohort 2.

e Sampling Schedule
PK Sampling Schedule
e Blood samples for the analysis of RDEA594, allopurinol, or oxypurinol at
Baseline (Day 1: 1 hour and 8 hours postdose), Day 8 (trough, 1 hour and 8 hours
postdose), Day 9 (24 hours after the Day 8 dose), Day 14 (trough and 8 hours
postdose), and Day 15 (24 hours after the Day 14 dose).

e Twenty-four hour urine collections began on Day -1, Day 8, and Day 14.

PD Sampling Schedule

Serum urate levels were obtained at Screening, Day -7 (for Cohort 2 subjects prior to
the first dose of allopurinol), Days 1 and 8 (predose and 1 and 8 hours postdose),

Day 9 (24 hours after the Day 8 dose), Day 14 (predose and 8 hours postdose),

Day 15 (24 hours after the Day 14 dose), and at follow-up 1 week postdose or upon
early discontinuation from the study. The 24-hour urine samples were used to measure
urine urate excretion and were collected on Day -1 (ending on Day 1), Day 8 (ending on
Day 9), and Day 14 (ending on Day 15).

e Results and Conclusions:

PK results

Median RDEAS594 plasma concentrations increased with increased dose, as
concentrations at the 400 mg dose level were higher than observed at corresponding
sample collection time points at the 200 mg dose level.

Median trough plasma concentration of allopurinol was below detectable levels across all
sampling days in both single-agent treatments as well as when combined with RDEA594.
Median trough plasma concentrations of oxypurinol decreased by approximately 30%
and 40% at Day 8 and 14, respectively, when RDEA594 was added to allopurinol
treatment (Table 91).
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Table 91: Summary of Plasma Allopurinol and Oxypurinol Concentrations (ug/mL) in Cohort 2

Day 1* Day &' Day 14°
0 hours 1 hour & hours 0 hours 1 hour & hours 24 hours 0 hours 8 hours 24 hours
Analyte= allopunnol, Treatment = RDEAS94+allopunnol, Cohort 2
N B 5 1 5 5 3 5 5 5 s
Median BLOQ 0893 00812 BLG 0737 00542 BLOQ BLOQ 00502 BLOQ
{rumge) (BLQ, BLQ) (0112, 1.97) (00595, 0.0903) (BLQ, BLOY) (0.178, 1.97) (BLQ, 0.126) (BLO, 0.151) (BLOQ, BLOY) (BLG, 1.151) (BLQ, BLOQ)
Analyte= all 1, T allopurinol, Cohort 2
N 1 1 1 1 1 1 1 o a ]
value BLO 0928 BLO BLO 129 BLO BLO NA NA NA
Analyte = oxypurinol, Treatment = RDEA594+allopunnol, Cohort 2
M 5 5 4 5 5 4 5 5 5 5
Median 908 11.2 109 616 795 903 6.04 515 7.75 497
{rumge) {6.70,12.6) (8.04, 14.49) (3.69,15.4) (4.70,13.1) (6.39, 14.7) (6.83,13.7) {4.87,9.57) (4.54, 5.09) (7.02,12.4) (4.02, 3.99)
Analyte = éx\pu.ru.ml. Treatment = nllopun.nb]. Cohort 2
N 1 1 1 1 1 1 1 0 ] 0
value 922 102 138 124 14.0 157 10.6 NA NA NA

mg dose: and Day 14, final RDEAS94 400 mg dose.

(Source: Table 11:2, CSR 201)'

PD results

RDEAS594 dosing for the combination treatment (RDEAS94 + allopurinol) was as follows: Day 1. initial RDEAS94 200 mg dose: Day 2. initial escalated RDEAS94 400

In cohort 1, Lesinurad 200 mg QD monotherapy and allopurinol 300 mg QD were
compared with placebo over 14 days of treatment. The SUA levels were decreased by
34% and 45% after 2 weeks of treatment with RDEA594 and allopurinol, respectively,
while treatment with placebo resulted in only a minor change in sUA levels (4%). Also,
46% and 100% of subjects receiving RDEA594 and allopurinol, respectively, achieved
serum urate levels < 6.0 mg/dL after 2 weeks of treatment; no subjects (0%) receiving
placebo achieved serum urate levels < 6.0 mg/dL.

In Cohort 2, 5 (100%) subjects in the RDEA594 + allopurinol treatment group had
sUA levels < 6.0 mg/dL at Day 14; the one subject in the placebo + allopurinol
treatment group did not achieve sUA levels < 6.0 mg/dL at study endpoint (Table 92).

Table 92: Proportion of Subjects With Serum Urate < 6.0 mg/dL, < 5.0 mg/dL, and < 4.0 mg/dL at

Day 14 (Predose)

Cohort 1 Cohort 2
Placebo + RDEAS94 +
Placebo RDEAS94 Allopurinol | Allopurinol | Allopurinol
n (%) N=5§ N=11 N=5 N=1 N=6
Serum urate < 6.0 mg/dL 0 5 (45.5) 5(100)* 0 5 (100)*
Serum urate < 5.0 mg/dL 0 1(9.1) 2 (40.0) 0 3 (60.0)°
Serum urate < 4.0 mg/dL 0 1(9.1) 1(20.0) 0 0

(Source: Table 11:5, CSR 201)
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Table 93: Baseline Values and Percent Change From Baseline in Serum Urate at Day 14 (Predose)

Cohort 1 Cohort 2
Placebo + | RDEAS94 +
Placebo RDEAS%4 Allopurinol Allopurinel | Allopurinol
N=5§ N=11 N=5§ N=1 N=6
Baseline
Mean (SD) actual 9.16 (1.18) 0.15(1.22) 8.94 (1.11) 11.80 (NA) | 10.72(0.82)
value (mg/dL)
Day 14
Mean % change (SD) |3.54 (8.31) -34.13 (6.71) -44.77 (10.54) -47.46 (NA) |-53.88(7.31)
Least square mean Diff - -37.69 (-48.2; -27.2)* | -48.63 (-60.9; -36.3)* - -
(95% CT)

(Source: Table 11:6, CSR 201)

The summary of mean % changes from baseline in fractional excretion of urate in urine
on Days 9 and 15 is presented in Table 94. Mean % changes from baseline in FEUA
(over the 0 to 24 hour interval) were increased following 8 days (102.3%) and

14 days (88.8%) of qd dosing with RDEA594 as a single agent. The addition of
allopurinol did not appreciably alter the effects of RDEA594 on FEUA after § days
(161.4%) or 14 days (90.6%). Mean % changes from baseline in FEUA were similar
for subjects who received placebo or allopurinol, ranging from approximately 7-9%
and 6-8%, respectively, across both time points.

Table 94: Summary of the Mean Percent Changes from Baseline in Fractional Excretion of Urate in
Urine

Mean FEUA% from Baseline
Cohort | Treatment Day n 0-24 hour 95%CI
1 Placebo 9 5 9.0 -15.3.33.4
15 4 7.0 -38.0. 51.9
RDEAS594 9 11 102.3 57.8,146.9
15 8 88.8 47.1. 1304
Allopurinol 9 4 6.4 -41.554.3
15 3 8.2 -110.9, 127.2
2 Placebo + Allopurinol 9 1 -11.2 NA
15 0 NA NA
RDEAS594 + Allopurinol 9 4 161.4 -31.1, 353.9
15 5 90.6 54.6, 126.6

(Source: Table 11:9, CSR201)

e Conclusions:

Based on limited data of this study, lesinurad 200mg qd monotherapy has moderate uric
acid lowering effect, but not as good as allopurinol 300 mg qd. Additional uric acid
lowering activity was observed in the combination therapy of allopurinol and lesinurad,
compared to lesinurad or allopurinol alone.

There was no significant PK interaction between lesinurad and allopurinol.

24.Combination therapy
Study # 203
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Title: Randomized, Double-Blind, Multicenter, Placebo-Controlled, Combination Study
to Evaluate the Safety, Efficacy and Potential Pharmacokinetic Interaction of RDEA594
and Allopurinol in Gout Patients with an Inadequate Hypouricemic Response with

Standard Doses of Allopurinol (RDEAS594-203)

e Objective:

e To assess the percent reduction from Baseline in serum uric acid (sUA) levels
following 4 weeks of continuous treatment with lesinurad (RDEA594) in
combination with allopurinol compared to allopurinol alone (the placebo group)
in gout patients with documented inadequate hypouricemic response with

standard doses of allopurinol.

e To compare the multiple-dose pharmacokinetics (PK) of allopurinol and
oxypurinol in the absence versus presence of lesinurad co-administration.

Only results related to PK/PD are reviewed here. For efficacy and safety results, please

refer to clinical review by Dr. Rosemarie Neuner.

= Study design — This was a randomized, double-blind, multicenter, placebo-controlled
combination study with core study for 4 weeks. 136 subjects were treated with
lesinurad (46, 42, and 48 in the 200 mg, 400 mg, and 600 mg qd groups, respectively)
+allopurinol, and 72 subjects were treated with placebo+placebo. The PK substudy
included 54 subjects: 10, 9, and 14 in the 200 mg, 400 mg, and 600 mg groups,

respectively, and 21 in the placebo group.

Screening Double-blind
+—
Period Treatment Period
Run-in
Period
<4  Lesinurad Dose Group —
4= Lesinurad Placebo Group ->

Follow-up
Period

Study-supplied allopurinol 200-600 mg once daily.

v

«—Investigator-prescribed colchicine 0.5 or 0.6 mg daily prophylaxis —————p

| Randomization’ | | | ‘

Day-14>  Day-9° Day 7 Day 14 Day 21
Approx. Baseline Day 28
Day -21 (Day 0)

Figure 63. Study Design Diagram for Core Study
(Source: Figure 1, CSR203)

e Test product: Lesinurad was provided as 100 mg capsules.

e Sampling Schedule

NDA207988
Reference ID: 3815674

Day 35 End
of Study*
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PK Sampling Schedule
¢ Blood samples for the analysis of plasma RDEAS594, allopurinol, oxypurinol and
colchicine were collected on Days -1, 7, 14, and 21 at 0, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6,
8, 12, and 24 hour time-points.

e Urine (total catch) samples for the analysis of RDEA594, allopurinol and
oxypurinol were collected over the -24 to -18, -18 to -12, and -12 to 0 hour
intervals on Day -1 and over the 0 to 6, 6 to 12, and 12 to 24 hour intervals on
Days 7, 14, and 21.

PD Sampling Schedule

Blood and urine samples were collected for the measurement of serum and urinary
concentrations of urate and creatinine. Blood samples for were collected on Days -1, 14,
and 21 at 0, 6, 12, and 24 hour time-points. Urine samples obtained for pharmacokinetic
analysis were also analysed for concentrations of xanthine and hypoxanthine to evaluate
the impact of RDEA594 on the activity of allopurinol/oxypurinol.

e Results and Conclusions:
PK results
Following 4-week multiple qd doses of lesinurad, median trough plasma concentration of
lesinurad in subjects receiving the final dose at 200 mg, 400 mg, or 600 mg on Day 28
showed variable lesinurad exposures that appeared to be roughly proportional to dose.
The median lesinurad M6 metabolite to lesinurad molar ratios for Cmax and AUC0-24
were less than 0.5%, indicating that conversion of lesinurad to M6 is not a favored
pathway for elimination of lesinurad in humans.

Based on comparison of the Day 13 and Day -1 results, lesinurad treatment (200 or 400
mg qd) did not appear to affect plasma PK or urinary excretion of allopurinol. Lesinurad
treatment increased renal clearance of oxypurinol and reduced oxypurinol plasma
exposure by approximately one-third (Table 95).

An effect of lesinurad on colchicine plasma exposure was not discernible in this study.

Table 95: Geometric Mean Ratios of Pharmacokinetics of Oxypurinol following Administration of
300 mg Allopurinol in the Absence or Presence of lesinurad (200 mg treatment group)

Geometric mean ratio
. RDEA594 ‘  Geometric (Day 13/Day-1)
Allo Treatment Group dose Day N Parameters LSM Ratio 90% C1
(%) Lower  Upper

300 0Omg -1 14 Coax 11.3

mg 13 14 (ng/mL) 134 118 89.9 156

= Placeb

acebo 0mg 1 14 AUCox 220

13 14 (pghr/ml) 255 116 90.5 148
0mg -1 9 Coax 14.0

o 200 mg 13 8 (ng/mL) 10.7 76.2 55.6 104
200 mg 0 mg 1 9 AUCe.s 289

200 mg 13 7  (pghr/ml) 196 67.8 46.7 98.3

(Source: Table 12, CSR 203)
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PD results

Three doses of lesinurad (200 mg QD, 400 mg QD, and 600 mg QD) were compared with
placebo over 28 days of treatment. The percent change from baseline in sUA following 4
weeks of treatment (primary efficacy endpoint) was statistically significant for lesinurad
plus allopurinol compared with placebo plus allopurinol (Figure 64, -22.09%, -26.53%,
and -32.90% in the 200 mg, 400 mg, and 600 mg dose groups, respectively, compared
with -2.51% 1n the placebo group; p < 0.0001 for all comparisons).

In the non-responder imputation analysis, 63.0%, 73.8%, and 79.2% of subjects in the
200 mg, 400 mg, and 600 mg groups, respectively, and 25.0% in the placebo group had
sUA < 6.0 mg/dL at Day 27 (p < 0.0001 for all comparisons), suggesting that the 600 mg
dose did not provide much added benefit compared with 400 mg in attaining target sUA
values. Therefore, two doses of lesinurad (200 mg QD, 400 mg QD) were included in the

Phase 3 program.
A.
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:ES 30 - :-»/d
&
40,
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Baseline 7 14 2 28 3 42
Study Day
oo Pooled Placebo <<+ RDLA594 200 mg & RDCA594 400mg -« RDLCA594 600 mg
B.
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2
&
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z
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/// /
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* /
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// /////%
-35%
O Placebo(N=57) @ RDEAS594 200 mg (N=28)

@ RDEA 594 400 mg (N=32) Z RDEA 594 600 mg (N=40)
Figure 64. Mean Percent Change from Baseline in SUA Concentration (A) by Study Visit and (B) at
day 27.
(Source: CSR rdea594-203, Fig 4, Fig5)
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Results for the other 24-hour urine assessments of renal handling of uric acid are
summarized as the mean percent change from Baseline to Day 28 in the ITT population
in Table 96 below and are described briefly as follows.

Table 96: Summary of Selected 24-Hour Urine Collection Parameters as Mean Percent Change from
Baseline to Day 28 (ITT Population)

Lesinurad

200 mg
Parameter (units as (Cohorts 400 mg 600 mg
measured) 1A/1B/4) (Cohort 2) (Cohort 3) Pooled Placebo
Urine urate (ig/24 hr) 22.3% (n=40) 33.5%' (1=38) 38.3% (n=41) 6.7% (n=63)
Urate clearance (mL/min) | 43.72%7 (n=38) 84.88%" (n=35) | 118.82%"* (n=40) 7.95% (n=61)
Fractional excretion of 50.73% (=38) | 110.77% (n=35) | 128.97%"* (n=40) 5.28% (n=61)
urate (%)3

(Source: Table 7, CSR203)

e Conclusions:

Reductions in sUA and response rates increased with increasing dose. There is sUA
variation during 24 hour postdose, relative to lesinurad dosing. As expected given the
mechanism of action of lesinurad, FEUA was increased at all doses administered.

There was no significant PK interaction between lesinurad up to 600 mg and allopurinol.
The additional uric acid lowering activity observed in the combination therapy is due to
synergestic PD effect of allopurinol and lesinurad, and not increased exposure to
allopurinol or oxypurinol.
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4.3 FILING MEMO

L L4
Office of Clinical Pharmacology
New Drug Application Filing and Review Form
General Information about the Submission
Information Information
NDA/BLA Number 207988 Brand Name ZURAMPIC
OCP Division (I, 11, IT1, IV, V) 11 Generic Name lesinurad
Medical Division Pulmonary, Allergy, and Drug Class URAT1 inhibitor
Rheumatology Products
OCP Reviewer Jianmeng Chen Indication(s) Gout
OCP Team Leader Satjit Brar Dosage Form Tablet (200 mg)
Pharmacometrics Reviewer Jianmeng Chen Dosing Regimen 200 mg QD
Pharmacometrics Team Leader Liang Zhao
Date of Submission 12/29/2014 Route of Administration Oral
Estimated Due Date of OCP Review 9/3/2015 Sponsor Ardea Biosciences
12/29/2015 Priority Classification N
PDUFA Due Date
Clin. Pharm. and Biopharm. Information
“X” ifincluded | Number of Number of Critical Comments If any
at filing studies studies
submitted reviewed
STUDY TYPE
Table of Contents present and sufficient to X
locate reports, tables, data, etc.
Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and Analytical X
Methods
I. Clinical Pharmacology
Mass balance: X Study 112
Isozyme characterization: X
Blood/plasma ratio:
Plasma protein binding: X
Transporter specificity: X
Pharmacokinetics (e.g., Phase I) -
Healthy Volunteers-
single dose: X Study 101
multiple dose: X Study 102
Patients-
single dose:
multiple dose: X Study 202, 203, 204
Dose proportionality -
fasting / non-fasting single dose: X Study 101
fasting / non-fasting multiple dose: X Study 102, Study 117
Drug-drug interaction studies -
In-vivo effects on primary drug: X Study 105 (febuxostat),
115(Tolbutamide), 121 (Antacid), 122
(fluconazole), 127(ranitidine), 130
(Antacid), 110 (allopurinol,
colchicine), 111 (febuxostat)
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In-vivo effects of primary drug: X 10 Study 105 (febuxostat), 108
(sildenafil), 113 (Atorvastatin), 114
(Amlodipine), 116(Repaglinide), 123
(Warfarin), 126 (naproxen,
indomethacin), 128 (metformin,
furosemide), 110 (allopurinol,
colchicine), 111 (febuxostat)
In-vitro: X 18
Subpopulation studies -
ethnicity: X 1 Study 125 (Japanese subjects)
gender:
pediatrics: X
geriatrics:
renal impairment: X 2+1 Study 104, 120, 204
hepatic impairment: X 1 Study 118
PD -
Phase 2: X 3 Study 202, 203, 204
Phase 3: X 3 Study 301, 302, 304
PK/PD -
Phase 1 and/or 2, proof of concept: X
Phase 3 clinical trial: X
Population Analyses -
Data rich:
Data sparse: X 3
I1. Biopharmaceutics
Absolute bioavailability X 1 Study 131
Relative bioavailability -
solution as reference:
alternate formulation as reference: X 3+2 Study 106 ( sz formulation), 107
(sodium salt IR tablets vs capsule),
109(sodium salt IR vs FA IR tablet),
129 (AstraZeneca site vs | ®) @site),
132 (AstraZeneca site vs (0@ site)
Bioequivalence studies -
traditional design; single / multi dose:
replicate design; single / multi dose:
Food-drug interaction studies X 3 Study 101, 102, and 109
Bio-waiver request based on BCS
BCS class X BCS Class II weak acid
Dissolution study to evaluate alcohol induced
dose-dumping
III. Other CPB Studies
Genotype/phenotype studies X Polymorphism in CYP2C9 assessed
QT studies X 1 Study 117
Chronopharmacokinetics
Pediatric development plan NA
Literature References
Total Number of Studies 35 35 clinical studies (Including 30 clin

pharm studies, 3 phase I1I studies,
number of studies in black, and 2
studies assessing different formulation
that will not be reviewed, number of
studies in gray), and also in vitro
studies and analytical report (number
of studies in blue); duplicated study
numbers shown in red
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Office of Clinical Pharmacology

New Drug Application Filing and Review Form

General Information about the Submission

Information Information
NDA/BLA Number 207988 Brand Name ZURAMPIC
OCP Division (I, 11, 111, IV, V) 11 Generic Name lesinurad
Medical Division Pulmonary, Allergy, and Drug Class URAT1 inhibitor
Rheumatology Products
OCP Reviewer Jianmeng Chen Indication(s) Gout
OCP Team Leader Satjit Brar Dosage Form Tablet (200 mg)
Pharmacometrics Reviewer Jianmeng Chen Dosing Regimen 200 mg QD
Pharmacometrics Team Leader Liang Zhao
Date of Submission 12/29/2014 Route of Administration Oral
Estimated Due Date of OCP Review 9/3/2015 Sponsor Ardea Biosciences
12/29/2015 Priority Classification N
PDUFA Due Date
Clin. Pharm. and Biopharm. Information
“X” if included | Number of Number of Critical Comments If any
at filing studies studies
submitted reviewed
STUDY TYPE
Table of Contents present and sufficient to X
locate reports, tables, data, etc.
Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and Analytical X 9
Methods
1. Clinical Pharmacology
Mass balance: X 1 Study 112
Isozyme characterization: X
Blood/plasma ratio:
Plasma protein binding: X
Transporter specificity: X
Pharmacokinetics (e.g., Phase I) -
Healthy Volunteers-
single dose: X 1 Study 101
multiple dose: X 1 Study 102
Patients-
single dose:
multiple dose: X 3 Study 202, 203, 204
Dose proportionality -
fasting / non-fasting single dose: X 1 Study 101
fasting / non-fasting multiple dose: X 2 Study 102, Study 117
Drug-drug interaction studies -
In-vivo effects on primary drug: X 3+5 Study 105 (febuxostat),
115(Tolbutamide), 121 (Antacid), 122
(fluconazole), 127(ranitidine), 130
(Antacid), 110 (allopurinol,
colchicine), 111 (febuxostat)
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In-vivo effects of primary drug: X 10 Study 105 (febuxostat), 108
(sildenafil), 113 (Atorvastatin), 114
(Amlodipine), 116(Repaglinide), 123
(Warfarin), 126 (naproxen,
indomethacin), 128 (metformin,
furosemide), 110 (allopurinol,
colchicine), 111 (febuxostat)
In-vitro: X 18
Subpopulation studies -
ethnicity: X 1 Study 125 (Japanese subjects)
gender:
pediatrics: X
geriatrics:
renal impairment: X 2+1 Study 104, 120, 204
hepatic impairment: X 1 Study 118
PD -
Phase 2: X 3 Study 202, 203, 204
Phase 3: X 3 Study 301, 302, 304
PK/PD -
Phase 1 and/or 2, proof of concept: X
Phase 3 clinical trial: X
Population Analyses -
Data rich:
Data sparse: X 3
11. Biopharmaceutics
Absolute bioavailability X 1 Study 131
Relative bioavailability -
solution as reference:
alternate formulation as reference: X 3+2 Study 106 ( 93 formulation), 107
(sodium salt IR tablets vs capsule),
109(sodium salt IR vs FA IR tablet),
129 (AstraZeneca site vs| (0 @site),
132 (AstraZeneca site vs 0@ site)
Bioequivalence studies -
traditional design; single / multi dose:
replicate design; single / multi dose:
Food-drug interaction studies X 3 Study 101, 102, and 109
Bio-waiver request based on BCS
BCS class X BCS Class Il weak acid
Dissolution study to evaluate alcohol induced
dose-dumping
111. Other CPB Studies
Genotype/phenotype studies X Polymorphism in CYP2C9 assessed
QT studies X 1 Study 117
Chronopharmacokinetics
Pediatric development plan NA
Literature References
Total Number of Studies 35 35 clinical studies (Including 30 clin

pharm studies, 3 phase III studies,
number of studies in black, and 2
studies assessing different formulation
that will not be reviewed, number of
studies in gray), and also in vitro
studies and analytical report (number
of studies in blue); duplicated study
numbers shown in red
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On initial review of the NDA/BLA application for filing:

| Content Parameter | Yes | No | N/A | Comment
Criteria for Refusal to File (RTF)
1 | Has the applicant submitted bioequivalence data comparing to-be- X
marketed product(s) and those used in the pivotal clinical trials?
2 | Has the applicant provided metabolism and drug-drug interaction X
information?
3 | Has the sponsor submitted bioavailability data satisfying the CFR X
requirements?
4 | Did the sponsor submit data to allow the evaluation of the validity of X
the analytical assay?
5 | Has a rationale for dose selection been submitted? X
6 | Is the clinical pharmacology and biopharmaceutics section of the NDA | X
organized, indexed and paginated in a manner to allow substantive
review to begin?
7 | Is the clinical pharmacology and biopharmaceutics section of the NDA | X
legible so that a substantive review can begin?
8 | Is the electronic submission searchable, does it have appropriate X
hyperlinks and do the hyperlinks work?

Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality)

Data

9 | Are the data sets, as requested during pre-submission discussions, X
submitted in the appropriate format (e.g., CDISC)?

10 | If applicable, are the pharmacogenomic data sets submitted in the X

appropriate format?

Studies and Analyses

11 | Is the appropriate pharmacokinetic information submitted?

x| <

12 | Has the applicant made an appropriate attempt to determine reasonable
dose individualization strategies for this product (i.e., appropriately
designed and analyzed dose-ranging or pivotal studies)?

13 | Are the appropriate exposure-response (for desired and undesired X
effects) analyses conducted and submitted as described in the
Exposure-Response guidance?

14 | Is there an adequate attempt by the applicant to use exposure-response | X
relationships in order to assess the need for dose adjustments for
intrinsic/extrinsic factors that might affect the pharmacokinetic or
pharmacodynamics?

15 | Are the pediatric exclusivity studies adequately designed to X
demonstrate effectiveness, if the drug is indeed effective?

16 | Did the applicant submit all the pediatric exclusivity data, as described X
in the WR?

17 | Is there adequate information on the pharmacokinetics and exposure- X
response in the clinical pharmacology section of the label?

General

18 | Are the clinical pharmacology and biopharmaceutics studies of X
appropriate design and breadth of investigation to meet basic
requirements for approvability of this product?

19 | Was the translation (of study reports or other study information) from X
another language needed and provided in this submission?
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IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE?
Yes

If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and provide
comments to be sent to the Applicant.

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day letter.

- None

Submission in brief:

Indication and mechanism of action

Ardea Biosciences has submitted the NDA 207988 seeking the marketing approval for lesinurad,
to be used as “the treatment of hyperuricemia associated with gout in combination with a
xanthine oxidase inhibitor.”

Lesinurad is a small molecule URAT1 inhibitor. Recommended dose is 200mg QD taken in the
morning with food and water.

There have been several interactions between Agency and Sponsor to discuss clinical pharm

program for the proposed product as listed in Table 1.
Table 1. Summary of Regulatory history relevant to clinical pharmacology

PNDA Agreed on general clinical pharm studies adequate to support NDA filing
(Sep 2014)
Communication Agree on the DDI plan, no need for DDI studies with CYP2B6 and CYP2C19
(Nov 2013)
EOP2 e Agreed that sufficient information on characterization of elimination
e Recommend subgroup analysis in phase 3 studies to assess risk benefit in renal
(Aug 2011) impairment patients

Summary of information submitted

NDA 207988 consists of 22 in vitro studies with human materials, 30 Phase 1 studies (including
15 drug-drug interaction trials), 2 Phase 2b, and 3 Phase 3 studies (301, 302, and 304) in gout
patients, and 3 meta-analysis and PopPK/PD reports. The clinical pharmacology information for
lesinurad is mainly derived from Phase 1 studies as well as in vitro studies evaluating
permeability, plasma protein binding, role of transporters, and potential for CYP 450 metabolic
enzymes inhibition and induction. Population based modeling analyses including population
pharmacokinetics analysis were performed to assess the effect of covariates and to understand
the PK in special populations such as renal impairment patients. In addition, 9 bioanalytical
reports have been submitted to measure the levels of parent compound and main metabolites.
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Rational for 200 mg QD dose selection

-Dose frequency

The once daily dosing regimen is based on the PD effect of lesinurad. The PK half-life of
lesinurad is 5 hours. The normal urate half-life (in absence of URAT1 inhibitor) ranges from
approximately 20 hours to 56 hours. when lesinurad was administered alone, approximately 70%
of the maximum effect was maintained at 24 hours. Maximal lowering of plasma uric acid (pUA)
during steady state administration occurs at approximately 8 hours post-dose with a sustained

urate lowering effect for 24 hours after dosing (Figure 1).
0—

=20 —

\‘/ —e— 400 mg lesinurad

0= —a— 400 mg lesinurad+300 mq allopurinol
y

=650 —

Median urate change from baseline,%

-80 .

Time (hr)
Figure 1. Median Plasma Uric Acid Change from Baseline Following Multiple QD Dosing of 400 mg

Lesinurad on Steady State Day 7 (Study 110)
(Source: section 2.7.3, summary of clinical pharmacology, Figure 17)

-Dose

The doses for the phase III trials (200 mg QD, 400 mg QD) was selected based on the results
from the phase II dose-finding studies 202 (monotherapy) and 203 (in combination with
allopurinol). Phase 1 and 2 studies of lesinurad showed a direct relationship between lesinurad
dose and sUA lowering, with doses of 100 mg qd and lower being relatively inactive and doses
of 200 mg, 400 mg, and 600 mg qd showing dose-related effects on sUA and uUA. In study 203,
3 doses of lesinurad (200 mg QD, 400 mg QD, and 600 mg QD) were compared with placebo
over 28 days of treatment.

The percent change from baseline in sUA following 4 weeks of treatment (primary efficacy
endpoint) was statistically significant for lesinurad plus allopurinol compared with placebo plus
allopurinol (-16.12%, -22.07%, and -30.35% in the 200 mg, 400 mg, and 600 mg dose groups,
respectively, compared with +2.63% in the placebo group; p < 0.0001 for all comparisons,
Figure 2). In the non-responder imputation analysis, 63.0%, 73.8%, and 79.2% of subjects in the
200 mg, 400 mg, and 600 mg groups, respectively, and 25.0% in the placebo group had sUA <
6.0 mg/dL at Day 27 (p < 0.0001 for all comparisons), suggesting that the 600 mg dose did not
provide much added benefit compared with 400 mg in attaining target sUA values. Therefore
two doses of lesinurad (200 mg QD, 400 mg QD) were included in the phase III program.
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Figure 2. Mean Percent Change from Baseline in sUA Concentration by Study Visit
(Source: CSR rdea594-203, Fig 4)

Phase III studies indicated that lesinurad 400 mg qd was associated with acute uric acid
nephropathy as evidenced by an increased incidence of sCr elevations and AEs of acute renal
failure. Thus, it is concluded that lesinurad 200 mg is the most appropriate strength for which to
seek approval.

Efficacy in Phase 3 trials

There are three Phase 3 studies supporting the efficacy and safety of lesinurad in gout patients
(study 301, 302, and 304). All studies are randomized, double-blind, placebo controlled studies
with primary endpoints at months 6. Study 301 and 302 assessed lesinurad in combination with
allopurinol, and study 304 assessed lesinurad in combination with febuxostat. The submission of
phase 3 efficacy and safety results is summarized in the medical (Dr. Rosemarie Neuner) and
biostatistics (Dr. Yu Wang) reviews.

Effect of intrinsic/extrinsic factors

As per sponsor’s proposal, lesinurad is recommended to be administered in the morning with
food. No dose adjustments have been proposed based on studied intrinsic factors (Figure 3).
Based on the population pharmacokinetic analysis, age, gender, race and ethnicity do not have a
clinically meaningful effect on the pharmacokinetics of lesinurad. For hepatic impairment, no
dose adjustment of is recommended. For renal impairment, sponsor recommended no dose
adjustments for mild or moderate cases, and patients with severe renal impairment were not
included in the phase 3 studies. As the risk/benefit is different in the renal impairment patients.

the recommendation of lesinurad use in this population will be a major issue in the clinical
pharmacology NDA review.
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Renal Impairment Est. (Lower CL Upper CD)

Lesinurad 200 mg Mild H—— 1.30 (0.97, 1.75)
e 133 (1.00, 1.76)
Lesinurad 200 mg Moderate — 1.19 (0.69, 2.04)
TS 2.09 (1.34, 327)
Lesinurad 400 mg Moderate e 1.04 (0.80, 1.35)
—— 1.41 (1.03, 1.94)
Lesinurad 400 mg Severe > _ 0.96 (0.71, 1.30)
* 1 223 (1.51, 329)
Hepatic Impairment
. A 1.1 (0.90, 1.36)
L d400 Mild o ’
esinura mg — 107 (084, 137)
— A -
Lesinurad 400 mg Moderate e 1.08 (0.78, 1.49)
[ L 133(094, 189)
0 1 2 3 4

Ratio of Geometric least squares mean versus nomal function

A Cox @AUC — 90% CI
Figure 3. Effect of Renal and Hepatic Impairment on Lesinurad Pharmacokinetics: Point Estimates and 90%
Confidence Intervals for Lesinurad Cmax and AUC

Summary of drug-interaction studies

-Effect of other drugs on Lesinurad

Lesinurad is a substrate of OAT1, OAT3, and CYP2C9. Figure 4 shows the effect of co-
administered drugs on the pharmacokinetics of lesinurad.

Coadministered drugs PK Ratio and CI90% Recommendation
CYP2C9 Inhibitor
Fluconazole 200 mg qd AUC . Caution with moderate
Cmax [ S inhibitors of CYP2C9
CYP2C9 Inducer
Rifampin 600 mg qd AUC - No dose adjustment based on
Cmax et limited impact on sUA lowering
NSAIDS
Naproxen 250 mg bid AUC o No dose adjustment
Cmax ke
Indomethacin 25 mg bid AUC o No dose adjustment
Cmax et
Antacids
Calcium carbonate 1250 mg AUC > No dose adjustment
Cmax ke
Aluminum-magnesium AUC -0 No dose adjustment
hydroxide 800 mg —r——t
Cmax
Ranitidine 160 mg bid AUC - No dose adjustment
Cmax —k—

0 026 05 075 1 1.‘25 16 176 2

® AUC; ACmsx; vertical dashed grey lines fall in 0.8-1.25 range, suggesting no effects
Figure 4: Effect of Co-Administered Drugs on the Pharmacokinetics of Lesinurad

-Effect of Lesinurad on other drugs
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Lesinurad is an inducer of CYP3A and has no relevant effect on any other CYP enzyme for
induction (CYP1A2, CYP2C8, CYP2C9, CYP2B6, or CYP2C19) or inhibition (CYP1A2,
CYP2B6, CYP2D6, CYP2CS8, CYP2C9, CYP2C19, or CYP3A4).

Lesinurad has no relevant effect on major drug transporters such as P-glycoprotein and
organic anionic or cationic transporters (OATI1, OAT 3, OCTI, OCT2, OATPIBI,
OATP1B3) and BCRP (breast cancer resistance protein).

Figure 5 shows the effect of lesinurad on co-administered drugs.

Coadministered drugs Lesinurad dose PK Ratio and CI90% Recommendation
CYP3A substrate
Sildenafil 200 mg AUC - Monitor for potential reduction in
Cmax —k— efficacy
Amlodipine 400 mg AuC - Monitor for potential reduction in
Cmax et efficacy
Atorvastatin * 200 mg AucC o Ho dose adjustment
Cmax i ——
Colchicine 400 mg AuC 2l No dose adjustment
Cmax = =
CYP2C9 substrafe
Tol i 4 Al .
olbutamide 00 mg uc - No dose adjustment
Cmax EY
£ i 4 Al .
S-warferin 00 mg uc No dose adjustment
Cmax o
CYP2C8 substrate
Repaglinide 400 mg AUC E 2 No dose adjustment
Cmax ke
OCT1 substrate
Metformin 400 mg AUC — No dose adjustment
Cmax ke
Other
Furosemide 400 mg Auc - No dose adjustment based on lack of
Cmax ket impact on diuretic effects
N 400 AuC .
aproxen mg » No dose adjustment
Cmax -
Indomethacin 400 mg AuC [ 2l "
Cmax No dose adjustment

0 02505 075 1 ‘I.iS 15175 2

® AUC; 4Cmex; vertical dashed grey lines fall in 0.8-1.25 range, suggesting no effects; *otal atorvastatin
(atorvastatin and its active metabolites) were measured.

Figure 5: Effect of Lesinurad on the Pharmacokinetics of Co-Administered Drugs

Effect on QT interval

As per QT-IRT review (by Dr. Janice Brodsky, DARRT date 10/23/2012, IND102128), a
thorough QT study (study 117) demonstrated the lack of effect of either a therapeutic or
supratherapeutic dose of 400 mg and 1600 mg, respectively, in healthy subjects. The

largest upper bounds of the 2-sided 90% CI for the mean difference between lesinurad

and placebo were below 10 ms (Table 1), the threshold for regulatory concern as described in

ICH E14 guidelines.
Table 1: The Point Estimates and the 90% CIs Corresponding to the Largest Upper Bounds for Lesinurad
and the Largest Lower Bound for Moxifloxacin (FDA Analysis)

Treatment Time (h) AAQTI (ms) 90% CT (ms)
Lesinurad 400 mg 2 29 (1.0, 4.8)
Lesinurad 1600 mg 6 3.5 (1.4,5.7)
Moxifloxacin 400 mg 3 9.8 (7.9, 11.6)

* Multiple endpoint adjustment was not applied. The largest lower bound after Bonferroni adjustment for 4
timepoints is 7.9 ms.
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Pediatrics development plan

Since gout is a disease of adults and has no pediatric correlate, sponsor is granted a full waiver
(07 October 2014) from the requirement to conduct pediatric research with lesinurad for gout and
hyperuricemia.

Summary of Lesinurad PK

Per sponsor, Lesinurad was readily absorbed following a single dose of free acid (FA) tablets
with a median Tmax at 1.5 hours under fasted conditions and 2.0 hours under fed conditions. The
absolute bioavailability of lesinurad is approximately 100%, and plasma exposure of lesinurad is
similar in subjects with gout and healthy subjects.

Lesinurad is highly protein bound (approximately 98%, mainly to albumin) with limited
extravascular distribution (volume of distribution of 20.3 L), and [14C]lesinurad-derived
radioactivity was largely contained in the plasma space and did not partition extensively into red
blood cells.

Lesinurad undergoes oxidative metabolism mainly via cytochrome P450 CYP2C9. Plasma
exposure of metabolites is minimal (< 10% of unchanged lesinurad). Metabolites are not known
to contribute to the uric acid lowering effects of lesinurad.

Approximately 63.4% of administered dose gets excreted in urine and of which almost half was
unchanged lesinurad, confirming that renal excretion is an important route of elimination. and
32% of administered radioactive dose was recovered in faeces. Metabolites accounted for the
majority (64.1%) of the total radioactivity in the excreta, and approximately half of the oral dose
is cleared via cytochrome P450 (CYP) 2C9 metabolism. The elimination half-life (t!2) of
lesinurad was approximately 5 hours following a single 200 mg dose. Lesinurad exhibited dose
proportionality (Cmax and AUC) up to a dose of 1200 mg. Following once daily (qd) dosing,
there is no evidence for accumulation.

Summary of Exposure Response Analysis

Sponsor conducted exposure response analysis for efficacy (UA) and for safety endpoints

(CrCL). Sponsor reported findings from these analyses in three pop PK/PD reports.

— UA: Based on the Emax model with realtime concentration, 200 mg qd is on the steep
portion of the E-R curve; baseline CrCL has no significant impact on efficacy.

— CrCL: higher exposure is related to higher elevation of sCr, but this does not inform on
cause-effect.

Mid-Cycle Deliverables

Following are the Mid-Cycle Deliverables;

e Any approvability issues

e Dose Selection

e Exposure-Response Evaluation for Efficacy and Safety
e Drug-drug Interaction and Extrinsic/Intrinsic Factors

e Labeling
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