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gastrointestinal

human ether a go-go-related gene
hypoxanthine-guanine phosphoribosyltransferase
High Level Term (MedDRA Classification)
ideal body weight

international normalization ratio (for anticoagulation monitoring)
intent to treat

liver function test

last observation carried forward

Medical Dictionary for Regulatory Activities
monosodium urate

not applicable

not available

New Drug Application

treatment/dose not evaluated

not elsewhere classified

National Health and Nutrition Examination Surveys
nonsteroidal anti-inflammatory drug
orotidine-monophosphate decarboxylase

orotate phosphoribosyltransferase

potentially clinically important
pharmacodynamics

pharmacokinetics

purine nucleoside phosphorylase

Preventive Cardiology Information System Database Cohort Study
phosphoribosyle pyrophosphate

Preferred Term (MedDRA Classification)
patient-years of exposure

once daily

Fridericia-corrected QT interval

randomized controlled trial

serious adverse event

systolic blood pressure

serum urate

trilodothyronine

levothyroxine
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TEN toxic epidermal necrolysis

tmax time to maximum drug concentration

TMX-67 drug code used prior to attributing generic name, febuxostat
TSH thyroid-stimulating hormone

UGT uridine diphosphate glucuronosyltransferase

ULN upper limit of normal

ULT urate-lowering therapy

URATI urate-anion transporter

URTI upper respiratory tract infection

USA United States of America

V/F apparent volume of distribution at steady state

XO xanthine oxidase
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1 Executive Summary

1.1  Overview

This document has been prepared for the Arthritis Advisory Committee (AAC) of the Food and
Drug Administration (FDA) for the meeting scheduled on 24 November 2008. During this
meeting the committee will discuss febuxostat, a nonpurine selective inhibitor of xanthine

oxidase (XO), for the following indication: treatment of hyperuricemia in patients with gout.

1.2 Disease Background

Gout affects 3 to 5 million individuals in the United States (USA) and is increasing in incidence
and prevalenceGout is a serious health condition characterized by flares of acute arthritis,
chronic gouty arthropathy, tophi, and uric acid urolithiasis, and is associated with a broad range
of comorbidities, including cardiovascular disease, chronic kidney disease, and metabolic
syndromeThe underlying metabolic aberration in gout is hyperuricemia, which is defined as
an elevation in serum urate (SUA) level >6.8 mg/dL. Hyperuricemia develops into gout when
urate crystals are formed from supersaturated body fluids and deposited in joints, tophi, and

parenchymal organs.

1.3 Treatment and Unmet Medical Need

Urate-lowering therapy (ULT) is used to treat hyperuricemia in patients with gout. The goal of
therapy is to reduce sUA to 6.0 mg/dL or less, below the concentration at which monosodium
urate saturates extracellular ﬂuid sing ULT to reduce and maintain sUA levels <6.0 mg/dL
ultimately improves the clinical symptoms of gout by reducing the frequency of gout flares,
decreasing size and number of tophi, and improving quality of life Due to the potential for
paradoxical flares caused by urate crystal mobilization, anti-inflammatory agents and/or

colchicine are given as prophylaxis with ULT during the first months of treatment.

Currently available ULTs work in 2 ways. Uricosuric agents increase renal uric acid excretion,
and XO inhibitors decrease uric acid production. The most commonly prescribed ULT in the
USA is allopurinol, a purine analogue and nonselective XO inhibitor. Oxypurinol, the active

metabolite of allopurinol is renally excreted, and allopurinol requires dose reduction in patients
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with renal impairment. Although approved in 1966 for use at doses ranging from 100 mg to

800 mg daily, allopurinol is commonly dosed at 100 mg to 300 mg daily, with 95% of
prescriptions being written for 300 mg or lessRecent studies, however, show that less than
50% of gout patients achieve sUA levels <6.0 mg/dL with the 300 mg dose Higher doses of
allopurinol (>300 mg/day) have not been widely used out of concern for adverse drug reactions,
especially rashes (in approximately 2-5% of patients) and, in particular, a rare, but frequently

fatal, allopurinol hypersensitivity syndrome

Due to the limitation of the available ULT options, clinicians need a more potent and tolerable
agent that is efficacious in treating all patients with gout, but especially patients with renal
impairment, with higher sUA levels, and with tophi whose needs are poorly met by existing

medications.

1.4 Mechanism of Action

Febuxostat is a potent, nonpurine, selective inhibitor of XO that exhibits antihyperuricemic
activity by reducing the formation of uric acid. Uric acid is the end product of purine metabolism
and 1s generated in the cascade of hypoxanthine —xanthine —uric acid. Both steps in this
transformation are catalyzed by XO. Febuxostat has been shown to potently inhibit both the
oxidized and reduced forms of XOUnlike febuxostat, administration of allopurinol does not
provide persistent enzyme inhibition and has weaker hypouricemic activity. More importantly,
because allopurinol and its metabolites are purine analogs, they also inhibit other enzymes

involved in purine and pyrimidine metabolism. In contrast, febuxostat is a selective inhibitor of

xol[*]

1.5 Nonclinical Pharmacology and Toxicology

A comprehensive pharmacological and toxicological evaluation of febuxostat was conducted to
either meet or exceed the nonclinical safety requirement as per regulatory guidelines for chronic
use of human drugs. In addition, pharmacology studies demonstrated no mechanisms associated
with febuxostat that would lead to unwanted cardiovascular (CV) effects at therapeutic doses. In
animal models specific for CV disorders, febuxostat had no detrimental CV effect, but rather

appeared to have beneficial CV effects.
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1.6 Clinical Pharmacology
The clinical pharmacology of febuxostat has been characterized in 25 Phase 1 studies in healthy
subjects and confirmed in subjects with gout by population pharmacokinetic data from two

Phase 2 and 3 clinical studies. Key findings include the following:

o Febuxostat is rapidly (tmax 1.0-1.8 h) and extensively absorbed (>80%) following oral
administration, and no appreciable accumulation of febuxostat was found following

multiple once-daily (QD) dosing.

o Febuxostat is almost entirely eliminated by liver metabolism, with <4% of orally
administered febuxostat being eliminated in the urine as unchanged drug. Therefore, renal
impairment does not have a major impact on the elimination of febuxostat from the
plasma. This is in contrast to oxypurinol, which is eliminated almost entirely by the

kidneys.

J Febuxostat effectively decreases sUA in both healthy subjects and in subjects with
hyperuricemia and gout. The maximum pharmacodynamic effect (decrease in sSUA) is

reached within one week of daily dosing.

J No clinically relevant gender or age differences were observed in the pharmacokinetics or
pharmacodynamics of febuxostat. Similarly, the percent decrease in sUA between normal
subjects and subjects with mild or moderate hepatic or renal impairment did not differ.

No dose adjustment of febuxostat is needed in these patient groups.

J Febuxostat in doses up to 300 mg QD, at steady state, did not cause prolongation of the
QTec interval in healthy subjects in a QTc safety study.

1.7  Clinical Development Program

Febuxostat has been studied for the treatment of hyperuricemia in subjects with gout. A New
Drug Application (NDA) for febuxostat was first submitted for the recommended febuxostat
doses of 80 mg and 120 mg. That recommendation was based on data from one Phase 2

placebo-controlled, dose-ranging study, two active-controlled Phase 3 studies, and interim data
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from two open-label, long-term extension studies. Following the initial application, the FDA
requested that the safety profile be examined further due to an imbalance in the number of
cardiovascular/thrombotic adverse events reported for febuxostat compared to allopurinol or
placebo. TAP Pharmaceutical Products, Inc (now part of Takeda Pharmaceuticals of North
America, Inc [Takeda]) submitted results of an independent adjudication of the CV events
reported in the Phase 2 and 3 and long-term studies, along with interim results from the ongoing

long-term studies.

The FDA subsequently requested additional clinical data to more clearly characterize the
potential CV risks of febuxostat 80 mg and to evaluate a lower dose of febuxostat. Based on
discussions with FDA, a new, large (N=2269) Phase 3 controlled study (CONFIRMS) was
conducted comparing febuxostat 40 mg and 80 mg with allopurinol. This study included a
prospective adjudication of CV adverse events by an independent committee, based on the

Anti-Platelet Trialists’ Collaborations (APTC) criteri modified by White, et al.@l

Results from the CONFIRMS Study supported the efficacy observed with febuxostat 40 mg in
the Phase 2 dose-ranging study and the safety of febuxostat 80 mg. Based on the demonstrated
efficacy of the 40 mg and 80 mg doses, Takeda is no longer pursuing the 120 mg dose for
approval. Approval is requested for marketing the febuxostat 40 mg and 80 mg doses for the

treatment of hyperuricemia in patients with gout.

1.8 Clinical Efficacy

The efficacy of febuxostat was evaluated in one placebo-controlled dose-ranging study
(Dose-Ranging Study), one Phase 3, placebo- and active-controlled study (28-week APEX
Study), and two Phase 3, active-controlled studies (52-week FACT Study and 6-month
CONFIRMS Study). Long-term (up to 5 years) efficacy was evaluated in two open-label
extension studies (FOCUS and EXCEL). The study designs are described in

Total enrollment in these Phase 2 and 3 studies included 4254 subjects with hyperuricemia and
gout. Inclusion criteria were similar for all four studies and required that subjects have baseline

sUA >8.0 mg/dL and a diagnosis of gout. Exclusion criteria were similar across the controlled
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studies and included secondary hyperuricemia, severe renal impairment, active liver disease, or

clinical instability due to a significant medical condition.

All studies demonstrate the efficacy of febuxostat based on the protocol-specified primary
endpoint. The primary endpoint differed slightly across studies (SUA levels at last

3 measurements in the APEX and FACT Studies; sUA levels at the Final Visit in the
Dose-Ranging and CONFIRMS Studies). For comparison of efficacy across studies, the response

rates based on sUA at the Final Visit are shown in Table 1.

Table 1 Proportion of Subjects With sUA Levels <6.0 mg/dL at the Final Visit
Febuxostat Febuxostat
Study Placebo 40 mg 80 mg Allopurinol
Phase 2 Dose-Ranging 0% 56%° 76%° NE
(0/35) (19/34) (28/37)
APEX* 1% NE 72%"¢ 39%F
(1/127) (183/253) (102/263)
FACT® NE NE 74%° 36%
(185/249) (88/242)
CONFIRMS NE 45%"° 67%"¢ 42%
(342/757) (507/756) (318/755)

NE = treatment/dose not evaluated.

a  Primary endpoint was sUA level at last 3 measurements; sUA at Final Visit was a secondary

endpoint. The results of treatment comparisons for the endpoint of the Final Visit were consistent

with those obtained for the endpoint of the last 3 sUA levels.

Indicates statistical significance versus allopurinol at p<0.001.

Indicates statistical significance versus febuxostat 40 mg at p<0.001.

d  Noninferior to allopurinol using the lower bound of the 95% confidence interval of the difference
(-1.9%) being greater than the critical value of -10%.

e Indicates statistical significance versus placebo at p<0.001.

o o

Febuxostat 40 mg is more efficacious than placebo and similar to allopurinol in the ability to
lower and maintain sUA <6.0 mg/dL. Febuxostat 80 mg is superior to allopurinol and febuxostat

40 mg in the ability to lower and maintain sUA <6.0 mg/dL.

Febuxostat was effective in a range of subgroups of subjects based on data from the large
CONFIRMS Study . Febuxostat 80 mg is superior to allopurinol and febuxostat 40 mg
in subjects with baseline tophi or sUA levels >10.0 mg/dL, while both febuxostat 40 mg and

80 mg have enhanced efficacy compared to allopurinol in subjects with mild or moderate renal

impairment.
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Table 2 Proportion of Subjects With sUA <6.0 mg/dL by Subgroups
(CONFIRMS)
Febuxostat Febuxostat
40 mg 80 mg Allopurinol

Baseline Status N % N % N %

sUA >10 mg/mL 249 27 254 49° 230 31

Tophi 166 35 163 57" 148 32
Mild/Moderate Renal Impairment® 479 50° 503 72° 501 42

a  Mild and moderate renal impairment was defined using estimated creatinine clearance (CrCl) at baseline,

calculated using the Cockcroft-Gault formula corrected for ideal body weight. Mild impairment:

CrCl=60-89 mL/min; moderate impairment: CrCl = 30-59 mL/min.

Febuxostat 80 mg was superior (p<0.001) to both febuxostat 40 mg and allopurinol.
¢ Statistically significant difference (p<0.05) between febuxostat 40 mg dose and allopurinol.
Long-term use of febuxostat was shown to effectively maintain sUA levels <6.0 mg/dL, leading
to fewer gout flares and resolution of tophi. In the FOCUS Study, the percentages of subjects
who experienced gout flares dropped from 39% during the first 6 months to <10% after
approximately 24 months, <4% after approximately 48 months, and to almost zero at the end of
the study. The EXCEL Study included subjects with up to 40 months of exposure, and similar to
the FOCUS Study, gout flares dropped from 30% during the first 6 months to <10% after
approximately 24 months, and to almost zero at the end of the study. Resolution of the primary

palpable tophus occurred in 69% of subjects with tophi in the FOCUS Study and 42% in the
EXCEL Study.

1.9 Clinical Safety

Febuxostat was well-tolerated in the clinical studies, which enrolled subjects representative of
the hyperuricemic gout population. The development program for febuxostat included

4072 subjects who received at least one dose of febuxostat, with doses ranging from 10 mg to
300 mg. Of those, 2757 subjects received febuxostat 40 mg or 80 mg in Phase 2 and Phase 3

studies.
Febuxostat has a well-characterized safety profile, which is based on the following data:

o The incidence of treatment-emergent adverse events (AEs) in the Phase 3 controlled
studies (APEX, FACT, and CONFIRMS) were comparable in the febuxostat 40 mg
(57%), febuxostat 80 mg (62%), and allopurinol (66%) groups. The most frequent AEs
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across treatment groups were upper respiratory tract infections (URTI), musculoskeletal

and connective tissue signs and symptoms, and diarrhea.

o Febuxostat was well-tolerated during long-term treatment (up to 5 years). The incidence
of AEs did not increase over time, and no new type of AE emerged with long-term use.

The most frequently reported AE in all treatment groups was URTI.

o Deaths occurred at similar rates in febuxostat- and allopurinol-treated subjects in the
Phase 3 controlled studies (0.22% and 0.23%). Ten deaths occurred during the
open-label, long-term studies for a rate of 0.38 deaths/100 patient-years of exposure (PY),
which was similar to the rate of 0.45 deaths/100 PY for febuxostat during the Phase 3
controlled studies. There was no discernible pattern with respect to treatment duration or

time of death.

J The rates of CV events were low across treatment groups. There were no clinically
significant differences in the CV AEs in febuxostat- compared to allopurinol-treated
subjects. CV events and deaths were adjudicated using the predefined endpoints specified
by the APTCEvents were adjudicated as APTC events (CV deaths, nonfatal
myocardial infarctions, and nonfatal strokes) and non-APTC CV events (included angina,
coronary revascularization, transient ischemic attack, cerebral revascularization, arterial

vascular thrombotic events, nonfatal congestive heart failure, and arrhythmia).

- In the CONFIRMS study, which was designed to prospectively evaluate CV
events, no APTC events were observed in the 40 mg group. The febuxostat 80 mg

and allopurinol groups had the same rate (0.4%) of APTC events.

- In the combined Phase 3 controlled studies, adjudicated APTC events were
experienced by a small number of subjects across treatment groups. The rate of
APTC events was 0%, 0.55%, and 0.31% in the febuxostat 40 mg, febuxostat
80 mg, and allopurinol groups. For all febuxostat-treated subjects combined, the

incidence rate of APTC events was 0.37%.
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- Non-APTC CV events in the combined Phase 3 controlled studies occurred in
similar rates across the febuxostat 40 mg, febuxostat 80 mg, and allopurinol

groups.

- In the long-term extension studies, the rates of adjudicated APTC and non-APTC

CV events were low and did not increase over time.

o Hepatic transaminase elevations with febuxostat were generally mild and both the
incidence and severity were similar to those observed with allopurinol. No Hy’s Law or

serious drug-induced liver injury occurred during the studies.

o A Phase | study demonstrated that a dose adjustment is not necessary for patients with
mild or moderate renal impairment. The controlled studies did not have dose adjustments
with febuxostat for subjects with renal impairment and in those subjects febuxostat was

well tolerated.

o The majority of dermatologic events were mild to moderate in severity and not
considered related to study drug. Febuxostat-treated subjects did not experience any
life-threatening, serious cutaneous adverse reaction, such as Stevens-Johnson Syndrome
or toxic epidermal necrolysis (TEN). One allopurinol-treated subject experienced a

serious episode identified as allopurinol hypersensitivity syndrome (AHS).

1.10 Dose Recommendations

Based on the optimal risk-benefit balance, febuxostat 40 mg and 80 mg doses are both
recommended for approval to allow clinicians individualized dosing options. The 80 mg dose is
more effective in subjects with more severe disease as defined by the presence of tophi or higher
sUA levels. The efficacy of both doses in reducing sUA levels to <6.0 mg/dL has been shown to

be reproducible in randomized, controlled studies.

1.11 Postmarketing Commitments
Once febuxostat is approved for marketing, Takeda has committed to continue investigating the
association between reduction of sUA levels and reduction in gout flares over time. A Phase 4,

randomized study has been designed to compare febuxostat to allopurinol for the reduction of
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gout flares. In addition, XO inhibitors have been reported to increase concentrations of
theophylline, so Takeda has agreed to conduct a postmarketing Phase 1 drug-drug interaction

study of the effect of multiple doses of febuxostat on the pharmacokinetics of theophylline.

1.12 Benefit and Risks of Febuxostat

1.12.1  Unmet Medical Need

Gout is a progressive and debilitating disease associated with multiple comorbid conditions.
Gout is caused by deposition of urate crystals in joints and parenchymal organs and the clinical
manifestations, such as flares and tophi, are a direct result from these crystals. Management of

gout and prevention of flares and tophi resolution are accomplished by maintaining

sUA <6.0 mg/dL.

Current treatment options are limited. The most commonly prescribed therapy is allopurinol,
which is a purine XO inhibitor that lacks enzyme specificity. Allopurinol is typically used at
300 mg QD, with a lower dose recommended for patients with renal impairment. Recent studies
have shown that less than half of gout patients treated with allopurinol (typically 300 mg)
achieve the level of sUA needed for effective management of the disease. Other limitations (drug
interactions) or safety concerns (hypersensitivity reactions) also limit the utility of allopurinol.
Allopurinol has a long history of use, but had not been studied rigorously in adequate and
well-controlled studies. In addition, there are limited data from controlled clinical studies
available to support higher dosing for allopurinol. When weighing the benefits and risks of
therapeutic options, it is important to consider all relevant information. This required careful
consideration not only of the product under review, but also of the potential alternative

treatments.

The febuxostat clinical program thoroughly studied more than 4000 subjects and demonstrates
that febuxostat provides clear benefits for patients with hyperuricemia and gout. The
development program included subjects representative of the general gout population who have a
wide range of comorbid conditions (eg, multiple CV risk factors, renal impairment, obesity,

diabetes, and hyperlipidemia).
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1.12.2 Benefits of Febuxostat
Reduction of sUA

Febuxostat has been proven effective in lowering and maintaining SUA <6.0 mg/dL. Achieving
and maintaining a sUA level of <6.0 mg/dL is accompanied by reduction in gout flares and
resolution of tophi, the clinical manifestations of gout. Febuxostat 40 mg has similar

effectiveness in reduction of sUA as allopurinol.

Febuxostat 80 mg had statistically significantly greater proportions of subjects with

sUA<6.0 mg/dL at the final study visit than the allopurinol group in all Phase 3 randomized
controlled studies. This difference in the absolute rate ranging from 25%-38% for febuxostat

80 mg over allopurinol clearly establishes the added benefit of febuxostat 80 mg compared to
allopurinol. Febuxostat 80 mg also demonstrates a therapeutic advantage over febuxostat 40 mg
(20%-22% absolute difference in response rates). In addition, febuxostat 80 mg was effective in

subjects with more severe disease, such as higher sUA levels or the presence of tophi.

Treatment Option for Patients with Comorbid Conditions

A high percentage of gout patients have some degree of renal impairment. Febuxostat 40 mg and
80 mg were effective in subjects with mild-to-moderate renal impairment. The safety profile
among subjects with moderate renal impairment was similar to those for subjects with normal or
mildly impaired renal function. As a result, there is no dose adjustment required with febuxostat.
This is in contrast to allopurinol, which requires dose reduction to decrease potential adverse

events in patients with renal impairment.

Patients with gout have multiple comorbidities requiring a range of medications raising concerns
related to drug-drug interactions. Febuxostat has shown no significant drug interactions with

commonly used drugs and can safely be administered concurrently with a wide variety of drugs.

Lack of Severe Skin Reactions

No serious skin reactions occurred in febuxostat-treated subjects. There was no hypersensitivity

reaction associated with febuxostat. Allopurinol is known to have very serious skin reactions
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(AHS) with potentially fatal outcomes. One case of AHS in a subject on allopurinol was reported

in the febuxostat clinical program.

1.12.3 Potential Risks of Febuxostat

Cardiovascular Safety

A thorough evaluation of a potential CV risk was undertaken. These steps included a detailed
review of CV (APTC) endpoints in the APEX and FACT Studies. In these two initial Phase 3
studies, APTC events were numerically low, but there was an imbalance in the rate of events for
febuxostat 80 mg and 120 mg compared to allopurinol or placebo. For both studies, the APTC
evaluation process was done as part of a safety review after the studies were completed. To
address this issue more fully, a new randomized, controlled study (CONFIRMS) was developed

in which CV endpoint determination was defined prospectively.

The numerical imbalance was not seen in this larger Phase 3 study. In the CONFIRMS Study,
there was no evidence of CV risk for febuxostat 40 mg; the incidence rates of adjudicated APTC
events were low and similar for febuxostat 80 mg and allopurinol. No mechanism that would
associate febuxostat with detrimental CV effects in humans was observed in nonclinical studies.

In addition, febuxostat showed no untoward effect on blood pressure in our clinical studies.

Hepatic Effects

Hepatic effects were generally mild and the percentage of subjects with transaminase elevations
>3 xULN was low and similar for febuxostat- and allopurinol-treated subjects. No dose response
was seen across febuxostat treat