Clinical Review

Tatiana Oussova, MD, MPH

NDA 21-856/S-01

Uloric/Febuxostat tablets 80 mg and 120 mg

Reviewer’s comments.

e The incidence of combined SAEs in randomized controlled portions of the
phase 3 studies appears higher in febuxostat group compared to allopurinol
group

o The incidence of combined SAEs in long-term extension studies appears
higher in allopurinol group compared to febuxostat allopurinol group.

e Interpretation of such inconsistency in results between randomized
controlled trials and their extension phase is difficult. Combined category of
SAE is a broad group of different events and does not provide the
information about the incidence of individual groups of SAE, and CV SAE in
particular. Further analysis is provided below.

Table 5 (Sponsor’s Table 3.4.b). Treatment-Emergent Serious Adverse Events by Patient-
Years of Exposure (>0.1 Event Per 100 PY and >2 Events in at Least 1 Group) in Long-
Term Extension Studies

APPEARS THIS WAY
ON ORIGINAL
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Subjects who had SAEs that occurred since the 4-Month Safety Update and previously reported
subjects for whom new clinically significant information became available are summarized in
Table 3.4.d. (see Appendix 1).

Reviewer’s comments:

In the long-term extension studies:

e The incidence of individual SAEs is comparable between febuxostat and

allopurinol treatment groups

o The incidence of SAE of interest-MedDRA High Level Term of Ischemic
Coronary Artery Disorder- is slightly higher in febuxostat group (1.0)
compared to allopurinol group (0.8). More detailed analysis of this portion
of data is provided below under Cardiovascular SAE

e No dose response was observed for febuxostat

o There was no obvious change in the pattern of specific adverse events

e The data update came from ongoing open-label studies which makes these
data less reliable and harder to interpret

7.1.2.1 Cardiovascular SAEs

To address the concern of the FDA regarding the potential risk of cardiovascular/thrombotic
adverse events, the Sponsor performed several new analyses within the cardiovascular organ
system. This submission includes analyses based on the widely used endpoint of the Antiplatelet
Trialists’ Collaboration study (APTC) (nonfatal myocardial infarction, nonfatal stroke, and
cardiovascular death). This post hoc analysis was performed by a cardiologist Dr. White who
adjudicated cardiovascular adverse events. The adjudicator was blinded to treatment group and
type of study. Primary APTC events were defined as follows: cardiovascular death, non-fatal
myocardial infarction, non-fatal stroke, and non-fatal cardiac arrest. Secondary APTC events
included angina, coronary revascularization, transient ischemic attack (T1A), venous or arterial
vascular thrombotic events, and congestive heart failure. Of note, non-fatal cardiac arrest and
non-fatal congestive heart failure (CHF) were not part of the APTC terms described in the
literature, but were added by the Sponsor and are included in the APTC event analyses in this
document as suggested by Dr White.

APTC events were analyzed based on investigator-reported events. For this analysis, MedDRA

preferred terms for all adverse events in the Sponsor’s database that corresponded to the primary
and secondary APTC events were identified by the Sponsor.
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Table 6 (Sponsor’s Table 3.6.b). APTC Criteria and Corresponding MedDRA Preferred
Terms in the TAP Database for the Investigator-Reported Analyses
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Reviewer’s comments:

o The following adverse events combined into a group of secondary APTC
events are thrombotic in nature: angina, TIA, venous and arterial
thrombotic events. The coronary revascularization is a procedure, not
necessarily an adverse event, and is performed in patients with underlying
coronary artery disease. This reviewer disagrees with inclusion of this
procedure in a group of thrombotic events.
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o This reviewer disagrees with inclusion of CHF into the group of thrombotic
events (secondary APTC) since CHF is not necessarily viewed as thrombotic
in nature and could be a result of a previous thrombotic event such as
myocardial infarction.

o Since both coronary revascularization and CHF are quite common events in
the general population and in a gout population in particular, including
them in a group of thrombotic events might dilute the results and therefore
obscure the possible risk of true thrombotic events.

The adjudicator’s review of the clinical data resulted in a listing of 113 events (Table 7).

Table 7. Event Summary by category

APPEARS THIS way
ON ORIGINAL
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2. non-APTC

1. APTC 3.CHF or |4. Arrhythmia, | 5. Non-CV
events Cardiovascular | valvular non-ischemic event
thrombotic disease
N=34 N=6 N=12 N=25
N=136
310 2002 2131 1021 1042
4516 2119 2865 1092 2024
K007-22 2158 4175 1100 2315
28-054 2316 4633 1122 2376
1152 2578 4753 2610 2609
2004 2606 5000 2817 26358
2019 2685 4308 2789
2055 4821 4458 4092
2270 N/A (DCS) 4478 4095
2334 2499 4632 4172
2403 2062 4744 4240
2433 2063 4830 4518
2487 2068 4551
2565 2223 1639
2695 2244 4764
2779 2382 2199
2823 2559 2201
4064 2673 2356
4186 2686 2480
4245 2790 2584
4263 4029 2761
4303 4056 4087
4329 4302 4313
4409 4371 464
4470 4508 2377
4479 4670
4756 4674
4811 4730
4893 4775
4916 4776
4959 4813
6007 4887
6017 4907
83690 4950
4963
4112
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The majority of cases adjudicated by Dr. White, required no reclassification (cases did not
require change in classification, n=77). There were 6 events re-classified from non-APTC to
APTC events (subjects ID 310, 2019, 2403, 2487, 4186, and 4959) and there were 5 events re-
classified from APTC to non-APTC events (subjects ID 2223, 2790, 4730, 4963, and 5000).
Additionally, there were 25 events re-classified from cardiovascular or potentially cardiovascular
to a non-cardiovascular diagnosis.

Reviewer’s comments:

o Jt appears, that the following subjects included in Table 7 were submitted with the
original NDA: 4186, 2865, 2610, 4308, 4172, 2686, 2199, 2004, 4775, 2024, 1152

e A total of 65 subjects had new treatment-emergent CV SAEs since the 4-Month
Safety Update: 4 in allopurinol group and 61 in febuxostat groups.

e According to Dr. White’s adjudication, 14 out of 61 in the febuxostat group were
adjudicated as APTC events (subjects 2609, 4959, 4756, 4329, 2823, 6017, 4916, 4893,
4409, 4303, 4245, 4112, 4064, 2055) and 11 events were adjudicated as non-APTC-
cardiovascular (subjects 4776, 4887, 4302, 2578, 4821, 4730, 2790, 2673, 2316, 2119,
2062)

e In allopurinol group, 1 out of 4 events was an APTC event (subject 4811)

The cardiovascular adverse events are summarized both by percentage of subjects with an event
without adjustment for exposure, and by adjusting for patient-years of exposure for all study
groupings. For the Phase 3 and Phase 2/3 randomized controlled studies groupings, the primary
focus is on the analyses of the percentage of subjects with an event. For the long-term extension
studies grouping, the primary focus is on the exposure-adjusted analysis due to substantial
differences in duration of exposure among treatment groups. The much smaller number of
patient-years of exposure on allopurinol compared to febuxostat in the long-term extension
studies limited the value of observed incidence rates for infrequent events such as APTC events.

The percentages of subjects with investigator-reported, treatment-emergent primary APTC
events in the Phase 3 randomized controlled studies are presented in Table 8.
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Table 8 (Modified Sponsor’s Table 3.6.¢). Incidence Rates and Confidence Intervals for
Subjects with Investigator-Reported Treatment-Emergent Primary APTC Events in the
Phase 3 Randomized Controlled Studies
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Reviewer’s comments:

o The Sponsor appears to miscalculate the total number of events. The correct
total number of events in the febuxostat group including deaths is 10 (0.85)
(6 events in 120-mg febuxostat group instead of 5 as calculated by the
Sponsor). This is more than four times higher in febuxostat group compared
to allopurinol or placebo group |

o There are seven (5+1+1=7) non-fatal primary APTC events (non-fatal MI
stroke and cardiac arrest) with the incidence rate of 0.6 and that is still
three times higher compared to the incidence of such events in allopurinol
(0.2) or placebo group(0)

e The numbers appear to be small, however APTC events are considered to be
rare events, and the difference between two groups is very concerning
suggesting that febuxostat poses an increased risk of cardio-vascular
adverse events

The percentages of subj ects with treatment-emergent adjudicated APTC events in the Phase 3
randomized controlled studies are presented in Table 9.
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Table 9 (Sponsor’s Table 3.6.n). Percentages of Subjects with Treatment-Emergent
Adjudicated APTC Events in the Phase 3 Randomized Controlled Studies
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Reviewer’s comments:

e Compared to non-adjudicated events (Table 8), three events in febuxostat:

group were adjudicated by the Sponsor as non-APTC: one non-fatal stroke,

one non-fatal myocardial infarction and one non-fatal cardiac arrest. Those

events were retained in a category of APTC events in a consult by the
cardio-renal Division (Appendix 2)

e The overall and individual events incidence rate of Sponsor-adjudicated

primary APTC events is only slightly lower than that of non-adjudicated
events (Table 8), and when compared to allopurinol group, it is two times
higher for non-fatal MI (0.34 vs. 0.19) and three times higher for combined

fatal +non-fatal APTC events (0.59 vs. 0.19).

The percentages of subjects with investigator-reported treatment-emergent primary AND

secondary APTC events in the Phase 3 randomized controlled studies are presented in
Table 10.

25




Clinical Review

Tatiana Oussova, MD, MPH

NDA 21-856/8-01

Uloric/Febuxostat tablets 80 mg and 120 mg

Table 10. (Modified Sponsor’s Table 3.6.f). Incidence Rates and Confidence Intervals for
Subjects with Treatment-Emergent Primary and Secondary Investigator-Reported APTC
Events in the Phase 3 Randomized Controlled Studies
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Reviewer’s comments:

o The overall incidence and the incidence of individual investigator-reported

APTC and other thrombotic events (other than revascularization) are

consistently higher in febuxostat group compared to allopurinol and placebo
groups in phase 3 controlled studies.
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o The Sponsor appears to miscalculate the total number of events in this table.

The correct total number of events in febuxostat group is 29 (2.46) and is

two times higher compared to allopurinol group ( 8 events or a rate of 1.3)

e Since revascularization and CHF are not thrombotic events, after excluding
those events from a calculation, it appears that the overall rate of
thrombotic events in febuxostat group is 1.7 (20 events) vs 0.5 (3 events) in
allopurinol group that is more than 3 time higher in febuxostat compared to

allopurinol

The overall incidence of investigator-reported, primary APTC events per 100 patient-years of
exposure in the long-term extension studies are presented in Table 11.

Table 11 (Updated Sponsor’s Table 3.6.g). Incidence of Investigator-Reported Treatment-
Emergent Primary APTC Events per 100 Patient-Years of Exposure in the Long-Term

Extension Studies

Treatment group

Febuxostat Allopurinol

Total 40mg QD |80 mg QD 120 mg QD | 300/100 mg
Primary APTC N=1143 N=12. N=910 N=522 QD
Events PY=1933.7 PY=33.0 PY=1265.4 PY=635.3 N=178

PY=133.3
Overall 29 (1.50) 1(3.0) 18 (1.4) 10 (1.57) 10.75)
95% CI (0.96-2.09) (0.077- (0.84-2.25) (0.65-2.69) | (0.019-4.18)
16.89)

CV death 5(0.26) 0 1 (<0.1) 4 (0.63) 0
95% CI (0-11.2) (0.002-0.44) (0-2.77)
Non-fatal myocardial | 15 (0.8) 0 12 (0.9) 3(0.5) 1(0.8)
infarction
95% CI (0.43-1.28) (0-11.2) (0.490-1.66) | (0.097-1.38) | (0.19-4.18)
Non-fatal stroke 9(0.5) 1(3.0) 5(0.4) 3(0.5) 0
95% CI (0.21-0.884) | (0.077-16.9) | (0.128-0.922) | (0.097-1.38) | (0-2.77)

N=number of subjects dosed; PY-patient year
Studies included: C02-021 and TMX-01-005
Cross-reference: Statistical Table 3.16.1.2 and 3.17.1.2

Reviewer’s comments:
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o Table was amended by this reviewer: one death was added to the Table in
Jfebuxostat 120 mg group and the total number of events/incidence were
recalculated (in bolds)

e The overall incidence of primary APTC events in long-term open-label
extension studies is two times higher in febuxostat group (1.50) compared to

allopurinol group (0.75), when adjusted for the differences in exposure
between treatment groups.
e The Sponsor did not include additional two deaths in febuxostat group,

therefore the rates are miscalculated

The incidence of treatment-emergent adjudicated APTC events per 100 patient-years in the

long-term extension studies are presented in Table 12.

Table 12 (Sponsor’s Table 3.6.1') Incidence of Treatment-Emergent Adjudicated APTC
Events Per 100 Patient-Years of Exposure in the Long-Term Extension Studies
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Reviewer’s comments:

o Overall rate of primary adjudicated APTC events in long-term extension
studies is higher in Febuxostat group compared to allopurinol group.

e 2 additional deaths in febuxostat group are not included in the calculation.
As mentioned earlier in this review, these data came from ongoing open-
label trials. Since febuxostat exposure is greater than allopurinol exposure
during the open-label portion of the trials, it makes these data difficult to
interpret. However, it seems that a trend toward increased cardiovascular
adverse events in the febuxostat group compared to allopurinol remains
after differences in exposure are taken into account

Reviewer’s comments on cardiovascular adverse events analyses:

e Review of the Sponsor’s adjudicated cardiovascular adverse events that
occurred during phase 3 controlled studies does not change the conclusion
reached by this reviewer in original NDA review. The rate of APTC
cardiovascular adverse events, both non-adjudicated and adjudicated, is
three to four times higher in patients exposed to febuxostat compared to
those exposed to allopurinol.

o The incidence rates of different individual non-adjudicated primary APTC
events in phase 3 controlled studies is three to four times higher in
Sfebuxostat group compared to allopurinol group

o The incidence rates of different individual adjudicated primary APTC events
in phase 3 controlled studies is two to three times higher in febuxostat group
compared to allopurinol group

o The incidence rates of different individual non-adjudicated primary and
- secondary APTC events (more inclusive) in phase 3 controlled studies is
three times higher in febuxostat group compared to allopurinol group

e The incidence rates of different individual non-adjudicated primary APTC
events in long-term extension studies is two times higher in febuxostat group
compared to allopurinol group when adjusted for the difference in exposure
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o The incidence rates of different individual adjudicated primary APTC events
in long-term extension studies is 1.5 to two times higher in febuxostat group
compared to allopurinol group when adjusted for the difference in exposure

o Since randomized controlled trials are viewed as the gold standard for
evaluating efficacy and safety, the reanalysis of these trials database
provides the most reliable information. These results are supported by
similar trends observed in the open-label extension portions of the trials.

e These re-analyses confirmed the unfavorable risk/benefit profile of
febuxostat in regard to cardiovascular adverse events compared to
allopurinol in a population that had no apparent differences in baseline
characteristics.

Additional data from Japan development program

In brief, the Japanese development program examined doses of febuxostat that are not intended
for an approval under this application (up to 40 mg).

During the Phase 2 and Phase 3 studies, approximately 400 subjects received febuxostat forup to
8 weeks. Approximately 340 additional subjects received febuxostat for up to either 28 or 52
weeks. There were no new SAEs reported since the 4-Month Safety Update for the Japanese
clinical studies.

Overall, 2 cardiovascular SAEs have been reported in the Japanese studies. A previously
reported serious cardiovascular event included a Putamen Haemorrhage (Subject 28-054;
Study TMX-67-11; febuxostat 10 mg to 20 mg QD; Appendix 13.3.4 of the original ISS). In
addition, a subject who was assigned to febuxostat (Study TMX-67-11; Subject K007-22;
febuxostat 10 mg) developed an aortic aneurysm rupture and subsequently died; however,
available data indicated that no study drug was taken.

7.1.3.2 Adverse events associated with dropouts
Since the 4-Month Safety Update, 19 subjects prematurely discontinued the long-term extension

studies due to adverse events. Below is the list of subjects who discontinued from the study since
the 4-month Safety Update.
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Table 13 (Sponsor’s Table 3.5.d). Subjects Who Prematurely Discontinued Study Drug Due
to Adverse Events in the Long-Term Extension Studies since the 4-Month Safety Update

APPEARS THIS WAY
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL
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Treatment-emergent and treatment-related adverse events that led to premature discontinuation
by PY for the long-term extension studies and for the Phase 3 randomized controlled studies, are

summarized in Table 14.

Table 14 (Sponsor’s Table 3.5.a). Incidence of Adverse Events that Led to Discontinuation
by Patient-Years of Exposure in Long-Term Extension Studies and Phase 3 Randomized
Controlled Studies

Momber of Adverss Events that Ted to Fremators BEconlinnaton Per 160 PY

Febmoostat Allopurinad
Lomz-Term - Toéal S0 mp Dy | B0 me 0 omg OD - 3007100 g OB
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Phase 3 1&@ 113 - A 10.8 3i3 1.3

PY = patigst-years of mposare
Long-term ewtension shpdies inchuded: TROT-01-205 md C02-021
Phnze 3 rapdomized contooliad shedies indhedad: O02-008 and COO-G10

Lross-reforences: Sratistoad Tabdez 318, 3.1

Compared to the Phase 3 randomized controlled studies, the overall incidence of treatment-

£ 528, ad329

emergent adverse events by PY that led to discontinuation in the long-term extension studies was
lower in every treatment group. Per 100 PY in the febuxostat total group, 4.4 events in the long-

term extension studies and 20.7 events in the Phase 3 randomized controlled studies led to

premature discontinuation.

In the allopurinol 300/100-mg QD group in the long-term extension studies and Phase 3

randomized controlled studies, 3.0 and 12.3 adverse events per 100 PY, respectively, led to

premature discontinuation.

A summary of treatment-emergent adverse events causing withdrawal by PY is presented in
Table 15; to be included in this table, at least 2 MedDRA events and >0.1 event per 100 PY in

any treatment group, excluding the febuxostat total group, must have led to withdrawal. In

addition, the following MedDRA HLTs had 1 event each in the febuxostat 80-mg and 120-mg

QD groups, resulting in 2 HLT events leading to withdrawal in the febuxostat total group:

Ischaemic Coronary Artery Disorders, Prostatic Neoplasms Malignant, Central Nervous System
Haemorrhages and Cerebrovascular Accidents, and Headaches NEC. MedDRA HLTs with an
incidence >0.2 events per 100 PY that led to premature discontinuation in the febuxostat total
group were Liver Function Analyses (0.6 events per 100 PY), Renal Function Analyses
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(0.3 events), Diarrhoea (Excl Infective) (0.2 events), and Urticarias (0.2 events).

Table 16 (Sponsor’s Table 3.5.b). Treatment-Emergent Adverse Events by Patient-Years of
Exposure (>0.1 Event Per 100 PY and >2 Events in at Least 1 Group) for Which
Subjects Discontinued Study Drug in -Long-Term Extension Studies
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BY =pattest-years of exposurs; MEC = mat elseadars classifed

Sdies inchuded: THEE-H1-005 md D620
Lrozs-zeforence: Sintsiical Table 3.1 8

Per 100 PY in the febuxostat 80-mg QD, 120-mg QD, and total febuxostat groups, 0.7 events,
0.3 events, and 0.6 events, respectively, of Liver Function Analyses led to premature
discontinuation; 2.3 events per 100 PY of Liver Function Analyses led to premature

discontinuation in the allopurinol 300/100-mg QD group.
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Reviewer’s comments:

o This is an analysis of a partial dataset derived from ongoing open-label
studies. Since this is not an analysis of a complete dataset, it can only be
used for descriptive purposes. However, the following observations have
been made based on presented analysis:

o The incidence of adverse events leading to premature discontinuation by PY
was higher in the febuxostat total group (4.4 per 100 PY) than in the
allopurinol group (3.0 per 100 PY). No dose response for premature
discontinuation was observed between febuxostat groups.

e MedDRA High Level term (HLT) Liver Function Analyses was the most
frequent adverse event that led to premature discontinuation and was more
[frequent in the allopurinol group(2.3) than in the febuxostat groups (0.6).
Separate analysis of liver function tests is presented in Laboratory findings
section (7.1.5) of this review.

e Compared to the Phase 3 randomized controlled studies, the incidence of
treatment-emergent adverse events that led to premature discontinuation by
PY was lower in the long-term extension studies.

e [n addition, no change in the specific patterns of adverse events that led to
premature discontinuation was noted

7.1.3.3 Other significant adverse events

There were two deaths in phase 3 randomized controlled studies that occurred due to
retroperitoneal hemorrhage in patients on concomitant warfarin and febuxostat.

The approvable letter requested that the Sponsor addresses the potential for febuxostat to cause
hemorrhagic events with and without co-administration of anti-coagulant.

In order to evaluate the effect of febuxostat administered with warfarin on
coagulation laboratory variables, data from 2 sources are used:

» Data were captured'in the clinical database through study CRFs for all Phase 3
randomized controlled and both long-term extension studies and included warfarin doses

as reported by the subject and prothrombin time (PT) values measured at 3-month
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intervals. Furthermore, additional available data (such as warfarin doses or PT) entered
into the clinical database after the data cutoff date, are also included for completeness.

Additional PT and international normalized ratio (INR) values drawn at outside

laboratories during routine patient care, as well as additional warfarin dosing information,
were obtained by TAP following the 05 December 2005 FDA meeting for subjects
receiving warfarin.

The analysis is based on data from the Phase 2 and 3 clinical studies and the Phase 1 warfarin
interaction study (C03-057).

Analysis of warfarin interaction study C03-057 is presented in review by Dr. Lei Zhang.

The percentage of subjects with treatment-emergent bleeding adverse events in the Phase 3
randomized controlled studies are presented for all subjects, for subjects while taking
anticoagulants or antithrombotic agents, for subjects while taking warfarin, and for subjects

while taking heparin in

Table 17.

Table 17 (Sponsor’s Table 3.6.qq). Number (%) of Subjects with Bleeding Adverse Events
in the Phase 3 Randomized Controlled Studies
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Reviewer’s comment:

e Overall rates of bleeding events appear to be slightly higher in febuxostat
(4.7) group compared to allopurinol (4.0) and placebo (3.0) treatment

groups.

e [t appears that the rate of bleedzng events in patients taking an anti-
coagulant is higher in allopurinol group (9.3) compared to febuxostat (4.0)
and placebo (5.0) groups, however as described in Table 18 below, most of
those events were minor.

Bleeding adverse events (HLTs and PTs) for all subjects reported by more than 1 subject in any
treatment group during the Phase 3 randomized controlled studies are summarized in Table

18.

Table 18 (Sponsor’s Table 3.6.rr) Bleeding Adverse Events Reported by >1 Subject in Any
Treatment Group in Phase 3 Randomized Controlled Studies
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Cross-reference; Statistical Table 3.13.10.1
Five subjects experienced a serious or severe bleeding adverse event (2 on febuxostat 80 mg QD,

1 on febuxostat 120 mg QD, 1 on allopurinol 300 mg QD, and 1 on placebo). Four of the

5 events occurred in subjects not taking an anticoagulant or antithrombotic agent, including
Subject 2745 (C02-010, febuxostat 80 mg) with an SAE of haemothorax attributed to a motor
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vehicle accident that led to premature discontinuation, Subject 2426 (C02-010, febuxostat

120 mg QD) with an SAE of rectal hemorrhage attributed to hemorrhoids that was moderate in
severity, Subject 2762 (C02-010, allopurinol 300 mg) with a rectal haemorrhage attributed to
hemorrhoids, and Subject 4154 (C02-009, placebo) with a contusion attributed to injury. One
SAE of retroperitoneal hemorrhage occurred in a subject taking febuxostat and warfarin (Subject
2019).

In the Phase 3 randomized controlled studies, warfarin was used by 7 (5%) subjects in the
placebo group, 15 (3%) subjects each in the febuxostat 80-mg and 120-mg QD groups, 2 (2%)
subjects in the febuxostat 240-mg QD group, and 12 (2%) subjects in the allopurinol 300/100-mg
QD group.

While on warfarin, a bleeding adverse event was reported for 1 (6.7%) subject in the febuxostat
80-mg QD group (MedDRA PT: retroperitoneal hemorrhage) and 1 (8.3%) subject in the
allopurinol group (MedDRA PT: _epistaxis)

Table 19 (Sponsor’s Table 3.6.tt). Overall Incidence Rates of Bleeding Adverse Events per
100 Patient-Years of Exposure in Long-Term Extension Studies

APPEARS THIS WAY
ON ORIGINAL
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Cross-referemces: Statistical Tables 3.9 3005, 3.9.10.6, 300307, 39108, 3.10.10.5, 310104, 3. 100307 and

3I0.10.8

Reviewer’s comment:

o As in Phase 3 randomized controlled studies, in long-term extension studies
the overall rate of bleeding events is slightly higher in febuxostat group(3.6)
compared to allopurinol group (2.3).

o When anti-coagulant is co-administered, the rate of bleeding events is
higher in allopurinol group (5.8) compared to febuxostat group (3.9). As
presented in Table 20 below, most of the bleeding events were minor.

Bleeding adverse events with an incidence >0.1 per 100 PY in the febuxostat total group in the
long-term extension studies are summarized in Table 20.
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Table 20 (Sponsor’s Table 3.6.uu). Bleeding Adverse Events (>0.1 Per 100 PY in
Febuxostat Total Group) in Long-Term Extension Studies
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Total AmerD | Bwmg O | 120lwmeOD | 3H00 meg O
BiedDREA High evel Term =1143) =13 =D {I=5323) =178
¥edDER A Prefared Teom (PY=1033.7) | {(FY=33.0) | (PYy=12854) | (P¥=353 | PTY=133.3}
Number of Subjects with Bleeding Events Per 10 PY
Totel Sabjects with =1 syant 3.8 B 18 is 23
Thrombocytopenisx 0.2 B 0.2 8 0
Idiopathic Thrombocyiopenic
Purpurs, Thromshocyiopenia
Oionlar Bleeding and Vascolar
izorders NEC 3.2 o 0.2 B2 1
Eye Hasmorrhage
niestingl Haemorrhages 03 2 0.3 23 o8
Non-Site Specific
Castroinfestinal Hyemorrlinges 02z B =1 g3 a
Hasnwtemmasis, Hacastochezia .
Sldn Injuriss NEC 1.} 4] 13 oE 1.3
Coemsicn
Lrinalysis NEC 3.2 1] a2 a 4]
Biogd Urize Preseny
Lyrimary Abpormnlifies 0.8 L {5 14 o
asal Bisopders NEC G4 ] 0.5 2 B
Epistads
Furpara and Belated Conditions 3.2 B {42 B2 o
Eochyvmosiz, Perechize, Purpura
Haemorrhages NEC e (i) 02 X [
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Lross-reference; Statistcal Table 3.9.1035

Four subjects had serious adverse events, all of which were severe. Two of the subjects were not
taking anticoagulants: Subject 2823 (C02-021, febuxostat 120 mg), a 50-year-old male with
cerebral hemorrhage in the left basal ganglia attributed to hypertension, and Subject 4598 (C02-
021, febuxostat 80 mg), a 49-year-old male with idiopathic thrombocytopenic purpura and
associated epistaxis and purpura.

Serious adverse events in subjects taking an anticoagulant or antithrombotic agent were reported
in 2 subjects: Subject 4756 (C02-021, febuxostat 120 mg), a 51-year-old male who had a history
of cerebrovascular accident and was taking aspirin and clopidogrel, experienced lacunar
infarction and remains ongoing in the study. Subject 4186 (death due to retroperitoneal
hemorrhage), who was taking febuxostat concomitantly with warfarin and Lovenox.

In addition, 2 subjects experienced non-serious bleeding adverse events that led to premature
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discontinuation. Subject 4709 (C02-021, febuxostat 120 mg) had haematochezia and haematuria
attributed to Vioxx and was not taking an anticoagulant or antithrombotic. Subject 1180
(TMX-01-005, febuxostat 120 mg) had rectal haemorrhage attributed to colon polyps and was
taking aspirin. ‘

Reviewer’s comments:

e Since the number of patients in each group taking concomitant anti-
coagulants is very small, no definitive conclusions can be drawn.

e [t does appear that the incidence of bleeding events increases slightly in all
groups when concomitant anticoagulant is added. No evidence of a dose
response was noted.

e Two serious adverse bleeding events in patients taking concomitant anti-
coagulant occurred_in febuxostat group. Two patients died from
retroperitoneal hemorrhage while on concomitant febuxostat and
warfarin. In addition, one non-serious AE of rectal hemorrhage in a
patient on concomitant febuxostat and warfarin/aspirin led to a study

discontinuation.
e The interaction between febuxostat and anti-coagulants cannot be
excluded, - - —_
J—
e \
- _
bty

e By doing the re-analysis, the Sponsor has addressed the issue in the
approvable letter

7.1.4 Common Adverse Events

Long-term extension studies

In the febuxostat total group, the 10 most common treatment-emergent adverse events included
the following MedDRA preferred terms: upper respiratory tract infection, nasopharyngitis,
arthralgia, headache, back pain, diarrhoea, sinusitis, hypertension, pain in extremity, and
influenza. These adverse events have been previously reported in the original ISS and 4-Month
Safety Update as common adverse events and are similar to events reported for allopurinol. The
incidence of these events was generally similar between the febuxostat 80-mg and 120-mg QD
treatment groups.

Table 21 (Sponsor’s Table 3.2.a). Most Frequently Reported (>5 HLT Events per 100 PY)
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Treatment-Emergent Adverse Events by Patient-Years of Exposure in Long-Term
Extension Studies

ﬁ@%&ﬂ& THIS way
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Compared to the Phase 3 randomized controlled trials, the overall incidence of treatment-

emergent adverse events, as well as the incidence of frequently reported adverse events, was
lower in the long-term extension studies.
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Reviewer’s comments:

In the long-term extension studies:

e Common treatment-emergent adverse events were similar to those
previously reported for febuxostat and similar to events reported for
allopurinol in the original ISS and 4-Month Safety Update.

o Compared to the Phase 3 randomized controlled studies, the overall
incidence of treatment-emergent adverse events, as well as the incidence of
[frequently reported adverse events, was lower in the long-term extension
studies.

7.1.5 Laboratory Findings

In the long-term extension studies, small mean changes from baseline to each visit were
observed for various chemistry parameters. These changes were similar across treatment groups
and none were considered to be clinically relevant.

The proportions of subjects with shifts to low or high for chemistry parameters were generally
comparable in the febuxostat 80 mg QD, febuxostat 120 mg QD, and allopurinol 300/100-mg
QD groups.

Statistically significant differences between the allopurinol 300/100-mg QD and the febuxostat
80-mg QD and/or 120-mg QD groups were observed for shifts to high in sodium, chloride, BUN,
albumin, and magnesium; and shifts to low and high in bicarbonate. These statistically
significant differences may have been due to the greater exposure and therefore greater number
of visits during which laboratory evaluations were performed in the febuxostat groups than in the
allopurinol group.

Of note, creatine phosphokinase (CPK) was only assessed in TMX-01-005, which did not
include an allopurinol control group.

Potentially concerning chemistry laboratory values are summarized in Table 22.

Table 22 (Sponsor’s Table 4.2.b). Potentially Concerning Chemistry Laboratory Values in
Long-Term Extension Studies
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Reviewer’s comment:

e [Increase in BUN, total bilirubin , AST and ALT occurs at slightly higher
rates in febuxostat groups compared to allopurinol group
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o This is consistent with previous observations from phase 3 randomized

studies

Analyses of shifts in hepatic parameters in the long-term extension studies are summarized in

Table 23.

Table 23 (Table 3.6.jj). Shifts in Hepatic Parameters Relatlve to Normal Range in Long-

Term Extension Studies
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In order to provide better comparison between groups, the Sponsor performed analysis of shifts
in hepatic laboratory variables by time interval. In this analysis, during the 12 months to <18
months interval, a statistically significantly higher proportion of subjects in the febuxostat 120-
mg QD group than in the allopurinol 300/100-mg OD group shifted to high AST (24% [35/148]
vs. 8% [3/40], p=0.026) and to high ALT (34% [47/137] vs. 9% [3/32]; p=0.005).

The proportions of subjects with shifts appeared to decrease over time.

Table 24 (Table 3.6.kk). Proportions of Subjects with Elevated Liver Function Test Values
in the Long-Term Extension Studies
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Coss-referemor: Siatistical Table 4.8
No new subjects since the 4-Month Safety Update had an ALT >5-ULN, an ALT or AST
>2-ULN concurrent with a total bilirubin value >2.0 mg/dL, or an ALT or AST >2-ULN
concurrent with alkaline phosphatase >2-ULN. One new subject in the febuxostat 120-mg QD
group (Subject 4485) had an AST >5-ULN. This subject experienced an increase in AST from
56 t0 391 U/L and in ALT from 44 to 151 U/L on a single occasion. Two weeks later, AST and
ALT were 75 and 44 U/L, respectively. No adverse event was reported, and the subject
continued in the study without reoccurrence.

Reviewer’s comments:

In long-term extension studies:

e The incidence of increased total bilirubin is 6% in each of febuxostat groups
and 3% in allopurinol group. In the original ISS and 4-Month Safety
Update, an increased incidence of LFT elevations was observed with
treatment with febuxostat 80 mg QD or febuxostat 120 mg QD when
compared to placebo or allopurinol. The concern was raised during initial
review cycle about febuxostat potential for hepatotoxicity. Additional
analysis provided by the Sponsor supports the previously raised concern.
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® No dose response was noted, and no case of severe liver injury was observed
in the febuxostat program.

7.2 Adequacy of Patient Exposure and Safety Assessments

See original NDA review

7.3 Summary of Selected Drug-Related Adverse Events, Important Limitations of
Data, and Conclusions '

The clinical development program for febuxostat in the United States includes a total of 2531
subjects 'who have received at least one dose of febuxostat across the Phase 1,2 and 3 trials.
Except for 2 ongoing, long-term extension studies (TMX-01-005 and C02-021), all studies were
completed and previously reported in the NDA. This safety update includes an additional 12
months of safety data since the 4-Month Safety Update. As of 16 November 2005, approximately
900 subjects were ongoing in the long-term extension studies.

Due to study design, the majority of subjects in Studies TMX-01-005 and C02-021 were treated
with febuxostat 80 mg QD or febuxostat 120 mg QD, the doses proposed for registration.
Therefore, exposure is greater in the febuxostat 80-mg QD and febuxostat 120-mg QD dose
groups as compared to the allopurinol 300/100-mg QD group for this safety update. The mean
cumulative exposure during the long-term extension studies was 618 days for subjects treated
with febuxostat and 274 days for subjects treated with allopurinol. Of note, there has been no
additional exposure to placebo and to febuxostat 240 mg QD.

In order to adjust for differences in duration of exposure among treatment groups in the
long-term extension studies, adverse events were summarized by patient-years of exposure (PY)
in this safety update. As the Phase 3 randomized studies were fully reported in the original NDA,
the only new analyses presented for these studies are those conducted to address cardiovascular
safety and the potential for hemorrhagic events when febuxostat is administered with
anticoagulants. Cardiovascular events and bleeding events in the long-term extension studies are
also summarized by percentage of subjects with an event without adjustment for exposure.

No clinically relevant differences were noted between groups for demographic variables in the
long-term extension studies, and the demographic characteristics of the subjects were
comparable to those of the Phase 3 randomized controlled studies.

All-Cause Mortality and Cardiovascular Mortality

There were 12 deaths in febuxostat arms compared to zero in allopurinol. 10 out of 12 deaths
were adjudicated by the Sponsor as APTC events. The all-cause mortality rate in febuxostat
group was highest in Phase 3 controlled studies (0.60) and somewhat less in long-term studies
(0.43). Of note, the same trend was noticed for other adverse events. One plausible explanation

49



Clinical Review

Tatiana Oussova, MD, MPH

NDA 21-856/S-01

Uloric/Febuxostat tablets 80 mg and 120 mg

for this is that a subgroup of the most vulnerable patients dropped out of the study during the
blinded phase due to either death or adverse event.

Cardiovascular deaths occurred at a rate of 0.45 per 100 PY in phase 3 controlled studies and at
0.36 per 100 PY in long-term extension studies. The incidence of cardiovascular deaths in the
allopurinol group is 0.

Cardiovascular Adverse Events

Multiple analyses were done for Phase 3 randomized controlled studies, Phase 2/3 randomized
controlled studies, and long-term extension studies, to assess potential cardiovascular toxicity
with febuxostat treatment.

Long-term treatment with febuxostat appears to have an untoward effect on the cardiovascular
system and increases the frequency of cardiovascular adverse events when compared to
allopurinol. '

Criteria established by the Anti-Platelet Trialists’ Collaboration (APTC) were applied in an
analysis of investigator-reported events by identifying MedDRA Preferred Terms corresponding
to the APTC criteria. This analysis included primary APTC events (CV death and non-fatal
myocardial infarction, stroke, and cardiac arrest) and secondary APTC events (angina,
revascularization, TIA, venous and peripheral arterial vascular thrombotic events and non-fatal
CHF). Additional cardiovascular analyses were performed after adjudication by a consulting
cardiologist hired by the Sponsor blinded to treatment and study. However, there are a number of
limitations to such an analysis.
> First of all, it was done post hoc after the data were already analyzed. In addition, no
_attempts to collect incomplete data could be made making the adjudication of a number
of adverse events difficult.
> It was done by a single Sponsor-hired cardiologist versus a group of independent
adjudicators.

As a part of the analysis, the Sponsor included certain events such as CHF and revascularization
into a group of thrombotic events. Those events in most cases are not thrombotic in nature, but
inclusion of those events in the group of true thromboembolic events could potentially dilute the
true risk of thrombotic events.

The percentages of subjects with investigator-reported, treatment-emergent primary APTC
events and primary and secondary APTC events in the Phase 3 randomized controlled studies
and long-term extension studies were consistently higher in the febuxostat 80-mg and 120-mg
QD groups than the allopurinol group. There was no apparent evidence of a dose response
between febuxostat groups. The incidence rates of different individual non-adjudicated primary
APTC events in phase 3 controlled studies is three to four times higher in febuxostat group
compared to allopurinol group; the incidence rates of different individual non-adjudicated .
primary and secondary APTC events (more inclusive) in phase 3 controlled studies is three times
higher in febuxostat group compared to allopurinol group.
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For the adjudicated analysis of APTC events in the Phase 3 controlled study and Phase 2/3
controlled study grouping, the combined incidence of CV death, non-fatal myocardial infarction,
and stroke as well as the incidence of individual events was higher in the febuxostat treatment
groups when compared to placebo and allopurinol. No dose response was observed. The
incidence rates of different individual adjudicated primary APTC events in phase 3 controlled
studies is two to three times higher in febuxostat group compared to allopurinol group.

The number of subjects reporting treatment-emergent cardiovascular adverse events per 100 PY
was lower during the long-term extension studies compared to the Phase 3 randomized
controlled studies but this could be due to depletion of susceptible sub-population.

In the long-term extension studies analyzed by exposure, the combined incidence of CV death,
non-fatal myocardial infarction, and stroke as well the incidence of individual events was higher
in the febuxostat treatment groups compared to allopurinol.

The incidence rates of different individual non-adjudicated primary APTC events (myocardial
infarction and stroke) in long-term extension studies is two times higher in febuxostat group
compared to allopurinol group when adjusted for the difference in exposure.

The incidence rates of different individual adjudicated primary APTC events in long-term
extension studies is 1.5 to two times higher in febuxostat group compared to allopurinol group
when adjusted for the difference in exposure.

Even though cardio-vascular adverse events are expected in the general population, and more so
in a population of patients with gout due to multiple CV risk factors, one cannot assume those
events are due to underlying disease or intercurrent illness, and not the drug. Thus, a comparison
with a control group is very important. In this case, the comparator drug is allopurinol with the
mechanism of action similar to that of febuxostat. There were no differences in background
characteristics between the two groups. Therefore, any difference in efficacy results or safety
profile that is seen between the two drugs can be attributed to the drug itself. Comparison
between febuxostat and allopurinol suggests that there is an excess risk of all-cause mortality and
cardiovascular mortality among patients who took febuxostat. This difference in risk persists
after differences in exposure are taken into account. No dose-related increases in cardio-vascular
events were observed on febuxostat.

The findings in these analyses are consistent with previous finding in original NDA.

Review of the Sponsor’s adjudicated cardiovascular adverse events that occurred during phase 3
controlled studies does not change the conclusion reached by this reviewer in original NDA
review.
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These reanalyses confirmed the unfavorable risk/benefit profile of febuxostat in regard to
cardiovascular adverse events compared to allopurinol in a population that had no apparent
differences in baseline characteristics.

Bleeding Events/Interactions with Anticoagulants

Since the number of patients in each group taking concomitant anti-coagulants is very small, no
definitive conclusions can be drawn.

It does appear that the incidence of bleeding events increases slightly in all groups when
concomitant anticoagulant is added. No evidence of a dose response was noted.

Though most of the bleeding events were minor and non-serious in patients taking concomitant
febuxostat and warfarin, two serious adverse bleeding events occurred. Two patients died from
retroperitoneal hemorrhage while on concomitant febuxostat and warfarin. In addition one non-
serious AE of rectal hemorrhage in a patient on concomitant febuxostat and warfarin/aspirin led
to a study discontinuation.

The interaction between febuxostat and anti-coagulants cannot be excluded, ™ —— h@%

———

_————— e

Of note, in long-term extension studies the incidence of increased total bilirubin is 6% in each of
febuxostat groups and 3% in allopurinol group. No dose response was noted, and no case of
severe liver injury was observed in the febuxostat program. In the original ISS and 4-Month
Safety Update, an increased incidence of LFT elevations was observed with treatment with
febuxostat 80 mg QD or febuxostat 120 mg QD when compared to placebo or allopurinol. The
concern was raised during initial review cycle about febuxostat potential risk for liver toxicity.
Additional analysis provided by the Sponsor does not eliminate the previously raised concern.

Conclusions

Alternative analyses provided by the Sponsor in this submission did not suggest a substantially
different conclusion. This reviewer concludes that these new analyses did not eliminate the
concern that there is a strong trend toward increased risk of cardio-vascular events in patients
treated with febuxostat.

As was mentioned earlier in this review, randomized controlled studies are viewed as the gold-
standard for evidence-based decisions. Since the studies conducted by the Sponsor were not
designed as safety studies and therefore were relatively small and short in duration, the number
of serious adverse events causing concerns is expected to be small. The open label studies are
able to strengthen or confirm suspected risks raised by controlled studies but usually are not
sufficient to eliminate it completely. Much larger outcome safety studies would be needed to
provide a more robust assessment of the safety of this product.
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In this submission, additional data included into analyses came from open-label studies and did
support a conclusion reached in original reviews, even when discrepancy in exposure between
treatment groups is factored into an analyses.
The increased risk of cardiovascular events persists in patients treated with febuxostat compared
to placebo or active comparator allopurinol. Since the treatment groups were balanced in terms
of background characteristics including pre-existing medical conditions, such an increase in risks
cannot be explained by the fact that the population has multiple pre-existing cardio-vascular
illnesses predisposing them to new cardio-vascular events.

The drug has been shown to be efficacious in reducing the level of uric acid in hyperuricemic
patients with gout however this is only a surrogate endpoint recommended by the Advisory
Committee. In addition to showing efficacy in uric acid reduction, the clinical benefits should be

evident as well.

7.4 General Methodology

7.4.1 Explorations for time dependency for adverse findings

Analysis of APTC by Onset Date

Time of Onset analysis for Primary APTC Events in the Phase 3 Randomized Controlled Studies
is presented in Table 25.

Table 25 (Sponsor’s Table 3.6.i). Percentage of Subjects with Investigator Reported

Primary APTC Events by Onset Date in the Phase 3 Randomized Controlled Studies
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Reviewer’s comments:
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o Time-of-onset analyses for investigator-reported primary APTC events in
the Phase 3 randomized controlled studies suggests that there might be an
increase in event over time (9-12 months of exposure) in febuxostat group.
However, interpretation of this analysis is very difficult due to small number

of events in each group.

Time of Onset for Primary and Secondary APTC in the Phase 3 Randomized Controlled

Studies

Analyses of investigator-reported treatment-emergent primary and secondary APTC events by

onset date in the Phase 3 randomized controlled studies are summarized in Table 26.

Table 26 (sponsor’s Table 3.6.j). Percentage of Subjects with Investigator Reported

Primary and Secondary APTC Events by Onset Date in the Phase 3 Randomized

Controlled Studies

Trestment L-roup, 0% ()
Placebo Febuxostat Aspurinel
Bl mg QD 120 ez JE 249 mg B 300100 me D

Interval (=134 =323} =520 (=134 (M=3213
{i o <23 Dfonths 133407} 87523 {1.1% &5l Vi34 007} 1521 {0
3 to <o Miomihe OEL11 {0.0% 54 {12 1825 {02y D98 80.5) 145203
£ 1o <8 hdomihs 0¢131 £0.0% 3372 0.8y 2376405} BT Dy 3430(0.7)
9o <12 Months - 1A7R (0.8 3ASE(1.9 - 183 {3
12 t2 <15 Months - IR (0.8 Q14 (0.0 - YLRY {0

Shudiss fichedad: C02-000 and COZ-0I0
Cross—rafersnce; Stafisfical Table3.54.2

Reviewer’s comments:

e Time-of-onset analyses for investigator-reported primary and secondary
APTC events in the Phase 3 randomized controlled studies suggests that
there might be an increase in event over time (9-12 months of exposure) in

febuxostat group.
e ]t seems that there is no increase in event over time in allopurinol group.
However, interpretation of this analysis is very difficult due to small number

of events in each group.

Time of Onset for Primary APTC Events for the Long-Term Extension Studies
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Analyses of investigator-reported treatment-emergent primary APTC events by onset date in the
long-term extension studies are summarized in Table 27.

Table 27 (Sponsor’s Table 3.6.k). Percentage of Subjects with Investigator-Reported
Primary APTC Events by Onset Date in Long-Term Extension Studies

Treatment Group, i {%4)
Febuzosiat Allopuringl
40 mg QD 80 me Qb 120wz G0 | 3007100 mz QD

Interval =1 a1 (BI=522% N=17E)
0o =3 Mdpnths W2 00y 2010 §0LT) 2E22 {04 oL TR (0.0
3 w0 <6 Mpeths QL0 (0 37004 04232 [y 11 (0.0
6 to <0 Mdpwths QED 00 283005 25388 (0.5} Q83 (LD}
810 <12 Mpunths 078 (0.0 2593 {03 2337 {0.8) 1451 (1.6
12 $o <15 Moaths O/ (205 JETT LS 2317 {08} QF58 [0y
15 50 <18 Mewsths D48 (0033 4548 (T D287 {0 0653 (0L
18 o =21 Bonths 1/8 {125} 4517 §0.8) 17264 (044 LT LR
21 to <34 Monihs R (0.3 1413 {0.3) 1189 0.6 Q33 {00y
2 to <3 Years 078 000 07246 1003 W0 Gy 2 (00
3t <4 Vears 07 0000 B 0 T oDy -
410" Vears 7 0.0 4T (0 WL (0 -

Smadies mchaded: THE-01-005 and CO2-0X1

For evenus that ooomred afer the dose'drag swiichss, the et date was the dafe relative to

tles start of doseddmar switches

Crosssaference: Stadssical Table 3.34.1
Subjects with the same adverse event in more than 1 time interval are counted in each of these
time intervals. The percentage of subjects with a primary APTC event in any particular 3-month
interval did not increase over time. Also, events were not clustered in the initial tréatment
interval in the long-term extension studies.

Reviewer’s comments:

o Though the number of events in each group is small, and the analysis of
these data is difficult to interpret, it appears that the number of events in
Sfebuxostat group might increase over time with exposure between 12-24
months. Studies are ongoing and the data are being collected and therefore
the analysis of completed dataset would be needed.
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8 OVERALL ASSESSMENT

8.1 Conclusions

The efficacy of 80 mg and 120 mg doses of febuxostat was established during the initial review
cycle and was based on a surrogate end-point. However, this reviewer concludes that the new
analyses provided with this resubmission did not eliminate the concern raised during initial
review cycle that the apparent signal of increased risk of cardiovascular thromboembolic adverse
events among patients treated with febuxostat is not predictive of clinically important
differences.

Based on a review of reanalyses of data provided with this resubmission, febuxostat doses 80 mg
and 120 mg should not be approved.

9.2 Recommendation on Regulatory Action

Non-approvable action is recommended by the reviewer for febuxostat 80 mg and 120 mg tablets
for the treatment of hyperuricemia associated with gout.

9.4 Labeling Review

Was not completed due to non-approvable action

9.5 Comments to Applicant

The Sponsor should be advised on the following options:

» To evaluate lower doses of febuxostat. An additional trial of febuxostat 40 mg dose
coupled with Japanese data might provide a sufficient database to evaluate an efficacy
and a safety. :

> Additionally, studying febuxostat in a subgroup of patients intolerant to allopurinol might
prove to be beneficial to this population.

> Should the Sponsor insist on continuing evaluating the safety profile of febuxostat 80 mg
and 120 mg, a cardio-vascular outcome study evaluating febuxostat safety with
allopurinol as a comparator should be required.

> It was noted that the number of events in febuxostat group might increase over time with
exposure between 12-24 months. An analysis of the completed dataset would be needed
to assess this observation further.

» A long term clinical study should also be performed to verify whether the reduction in the
uric acid level is associated with important clinical benefits such as reduction in a number
of gout flares.
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10 APPENDICES

APPENDIX 1

Table 3.4.d Subjects With Other Newly Reported or Updated Serious Adverse Events Since
the 4-Month Safety Update
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APPENDIX 2

The cardio-renal consult is reproduced below.

Date: May 12, 2006

From: Thomas A. Marciniak, M.D.

Medical Team Leader

Division of Cardiovascular and Renal Products (HFD-110) .

Subject: Cardiovascular events with febuxostat, NDA 21-856

Through: Norman Stockbridge, M.D., Ph.D.

Division Director

To: Matthew Sullivan

Division of Anesthesia, Analgesia and Rheumatology Products (HFD-170)

This memo responds to your consult to us dated April 10, 2006, requesting that we perform a
blinded adjudication of cardiovascular events in thirteen cases from the febuxostat development
program. We have provided a brief summary of the adjudication criteria and a table with our
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adjudications, followed by some comments on the adjudication.

Case Adjudication

The material you provided claims that the assessments performed by the sponsor’s consultant
were based on the Antiplatelet Trialists’ Collaboration (APTC) endpoints excluding GI
hemorrhage (Antiplatelet Trialists' Collaboration 1994). The endpoints adjudicated were the
following: (1) cardiac events — arrhythmias, acute coronary syndromes, angina pectoris, cardiac
arrest, coronary revascularization including percutaneous transluminal angioplasty or coronary
artery bypass graft surgery, congestive heart failure (HF), and acute myocardial infarction (MI);
(2) deaths, including sudden/unexplained death or other cardiac death; and (3) cerebrovascular
events — carotid stenosis or carotid revascularization, ischemic or hemorrhagic stroke, syncope,
and transient ischemic attack. The following definitions were used for certain events: Acute
myocardial infarction was defined as the presence of two of the following criteria: (1) chest pain
or equivalent of a cardiac nature; (2) any abnormal value of creatine phosphokinase MB or
troponin; (3) myocardial injury pattern or development of Q waves in two contiguous
electrocardiographic leads. Stroke was defined as an acute, focal neurologic event lasting > 24
hours, with imaging studies used if available. Cardiovascular death was defined as sudden or
explained death or those due to myocardial infarction, stroke, or pulmonary embolus. If the
clinical data supported a different diagnosis from that of the original reporter, the event was
reclassified. If the data available were insufficient to make a definitive diagnosis, then the
original reporter’s diagnosis was accepted. When two events that were clinically linked occurred
within 1-2 weeks of each other, only the more severe event was included—e.g., a stroke
followed by death from stroke was analyzed only as a cardiovascular death.

We show our adjudications in the table below.

APPEARS THIS WAY
G ORIGINAL
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Table: Adjudication of Events for 13 Patients in the Febuxostat Development Progra

# Stud}l Event Adequate Comment
day info®
310 3 CV death Yes Sudden death
2019 49 Worsening HF Yes
161 | Warsening HF No Per investigator
287 | Non-C¥ death Yes Retroperitoneal bleed
2223 313 | M No Per investigator
314 | Coronary revasc® No Angioplasty
2403 169 | Carolid revasc Yes
170 | CV death Yes Cardiac arrest post-op
2487 81 Worsening HF No in setting of respiratory & renal failure
2790 628 | Stroke No MR diagnosed
4186 406 | Atrial arrhythmia Yes New onset atrial fib
417 | Atrial arrhythmia® Yes Tachybrady syndrome
432 | Non-CV death Yes Refroperitoneal bleed
4479 12 LV desath No Sudden death, inadequate info on Ml
4665 21 {None) No Hypoglycemic seizure; tropohin leak
4730 552 | Mi No Per investigator
552 | Coronary revasc® No Stent placement
4959 13 Worsening HF Yes With pneumonia, inadequate info for
HF
4963 &4 M No Per investigator
84 Coronary revasc® No Coronary stent
5000 185 | M Yes

CV = rardiovascular, HF = heart failure; Ml = myocardial infarction; revasc = revascularization

'Study day of current study; patients may have been treated in earlier studies

wWhether information provided was adequate to apply criteria or otherwise confirm event

®Less serious or second of related events
Comments
The material provided did not provide complete definitions or diagnostic criteria for most events.
In particular, congestive heart failure (HF) is a chronic disease, not an event. We interpreted this
term to mean new onset of HF or acute exacerbation of existing HF. Also, arrhythmias are
mentioned without any definition or discussion of the types of arrhythmias. We have qualified
arrhythmias that we adjudicated as atrial arrhythmias—there were no documented ventricular
arrhythmias reported in these cases (although, of course, the cardiac arrests probably represent
ventricular arrhythmias.)
We found these adjudications to be largely an exercise in futility: Between lacking criteria for
most events and lacking clinical information for most criteria, we do not consider these
2
adjudications to be very helpful. For example, of the five possible MI events (six counting the
sudden death attributed to an MI), for only one did the case report form provide sufficient
information on all three MI criteria categories to adjudicate the event—and even that case
remains arguable. For most cases we followed the adjudication rule that, if there was insufficient
information to change the diagnosis, we accepted the investigator’s diagnosis.
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While reliable adjudication of these cases is not possible with the case report forms provided, we
think that precise adjudication is not needed. The case report forms provide reasonable
documentation that these events were serious and, for all but one (case 4665), that they were
cardio/cerebrovascular in nature. We believe that you should count them as we have classified
them in the table above for any initial evaluations of the cardiovascular safety of febuxostat.

We have one additional set of comments: While the sponsor refers to their criteria as “APTC”
criteria, we find little in common with the original APTC definitions. The APTC definitions
used for the original APTC meta-analysis were terms for thromboembolic and bleeding events
used to provide some commonality among the many endpoints used in the studies included in the
meta-analysis. The APTC group was unable to specify optimal, detailed criteria (because the
supporting data were not collected prospectively), to collect more information on the cases, or
even to re-adjudicate them—the APTC group was forced by practicality to accept the diagnoses
used in the original studies. The sponsor has extended the APTC endpoints into many other
domains (e.g., arrhythmias, revascularization, and heart failure) and provided more detailed and
updated criteria for some events, e.g., MI. These extensions (and more!) are appropriate and are
needed to make the adjudication useful for an analytic situation in which one can examine the
individual patient case reports. The criteria as provided remain too ambiguous for adjudication
of most of the events, and we would not attach any credibility to them because the sponsor has
labeled them as “APTC”. While the criteria are weak, the larger problem remains the lack of
detail in the case report forms.

Recommendations
Please see the Table above for our recommendations on classifying the 13 cases.

Reference

Antiplatelet Trialists' Collaboration (1994). "Collaborative overview of randomised trials of
antiplatelet therapy Prevention of death, myocardial infarction, and stroke by prolonged
antiplatelet therapy in various categories of patients." BMJ 308(6921): 81-106.
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301.796.2280

CLINICAL REVIEW

From: Joel Schiffenbauer, MD, Team Leader/DAARP
To: NDA 21-856

RE: Febuxostat/complete response

Date: July 3, 2006

Summary:

The sponsor has not satisfactorily addressed the cardiovascular issues associated with the
use of febuxostat. However, the sponsor has addressed the issue of co-use of febuxostat
with warfarin and the potential for bleeding. Therefore, this NDA should remain
approvable.

Background:

Prevalence of self reported gout in the US in 1986 was 13.6 per 1000 men and 6.4 per
1000 women but is increasing in the population and now may exceed 1%. Prevalence
among African Americans may be higher than among Caucasian men. It is estimated that
in 2004 there were 3-5 million patients with gout in the US and that upwards of 1.6
million are treated with allopurinol (see slides from the June 2, 2004 Arthritis Advisory
Committee meeting), and these numbers are also increasing. Therefore, exposure to a
new drug such as febuxostat with potentially superior efficacy (at least in regards to
lowering serum uric acid), will be considerable.
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This document reviews the sponsor’s complete response to the approvable letter for
NDA 21-856.

NDA review

The following comments are summarized from the original NDA review and provide an
overview of the safety concerns raised by review of data presented at the time of the
original NDA submission:

There are a number of safety concerns with the use of febuxostat raised by the data
presented in this NDA (phase II and III studies). These concerns will be summarized
here. For a more complete discussion of safety related issues, the reader is referred to Dr.
T. Oussova’s safety review.

First, across the entire NDA data base there were eight deaths (please see Table of deaths
in Dr. Oussova’s review; also sponsor’s Table 3.3a in the safety update report[SUR]). All
occurred in the febuxostat treatment arm. There were no deaths in the allopurinol
comparator arm. There were 2 Mls and 2 cases of respiratory failure with febuxostat.
There were also 2 cases of retroperitoneal hemorrhage, both in the febuxostat treatment
group (in addition to these 2 deaths due to retroperitoneal hemorrhage there was one
SAE, and one increased INR reported as an SAE with febuxostat and none with
allopurinol).

Second, across the entire NDA data base there were more cardiovascular thromboembolic
events in the febuxostat treatment group compared to either placebo or allopurinol (please
see Tables 3.6a, 3.8.2, and 3.12.2.1.3 in the sponsor’s safety update report and
comparable tables in Dr. Oussova’s review including table 11). For example, there were 7
CVA’s (based on Dr. Oussova’s adjudication of events; the sponsor reported 3 CVA’s), 2
TIA’s, and 12 MI’s in the febuxostat group vs zero CVA/TIA and one MI in the
allopurinol group in the randomized controlled studies (009, 010, and 004). In addition,
there were 3 DVT/PE’s in the febuxostat group vs zero in the allopurinol group. In the (4
month) safety update report the numbers are 21 febuxostat vs 1 allopurinol for the
combination endpoint of MI, stroke, TIA, and cardiac arrest.

Furthermore, there are a number of additional concerns. There were 8 cases of CHF in
febuxostat vs one in allopurinol (again, in the controlled trials). There were 8 cases of
SVT/a-fib in the febuxostat group vs 0 in allopurinol. There were 7 cases of pneumonia
with febuxostat vs 0 with allopurinol; there were 4 cases of renal failure with febuxostat
vs 0 with allopurinol. Even taking into account the differences in numbers exposed
(randomization was usually in a 2:1 ratio between febuxostat and allopurinol and patient-
years of exposure approaches 4 fold for febuxostat vs allopurinol), the rates of events in
the febuxostat group appear to be greater than in the allopurinol treatment group.

The numbers of discontinuations for skin related events is higher in the febuxostat group:
17 with 2 considered to be severe in intensity with febuxostat vs 2 events, both
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considered moderate in intensity, with allopurinol (see Table 3.5d in the original
integrated summary of safety [ISS]). However, there were no cases of Stevens-Johnson,
toxic epidermal necrolysis, or bullous rash reported in any group.

For liver related discontinuations, there were 28 with 2 severe (9 mild changes) in the
febuxostat group vs 5 with zero severe (2 mild and 3 moderate changes) in the allopurinol
group (see Table 3.60 in the original ISS; in the SUR there were 4 more cases on
febuxostat). Two subjects in the febuxostat group developed ALT greater than or equal to
10X with concurrent total bilirubin greater than or equal to 2 mg/dL as compared to none
in the allopurinol group. One of these subjects temporarily discontinued the drug but later
resumed dosing and completed the study. There was one case of acute hepatitis (serious
adverse event) in the febuxostat group vs 0 in the allopurinol group (there were a total of
4 liver related SAEs on febuxostat vs 1 on allopurinol; see Table 3.6n in the ISS).

In summary, the totality of the safety profile for febuxostat is of concern. The overall
mortality rate for febuxostat is higher than for allopurinol, even though there is no single
cause of death that appears to stand out. Two cases of retroperitoneal hemorrhage in a
data base of this size, is also disturbing (most likely related to changes in INR in patients
on warfarin). Furthermore, in the context of the higher rate of CV related SAEs in the
febuxostat group, the 2 deaths related to Mls are of greater concern. In addition to CV
thromboembolic issues, there is an increase in SVT, and a higher rate of discontinuations
due to skin and liver related events, some of which were labeled as severe, in the
febuxostat group.

Therefore, based on the above assessments, the risk/benefit analysis is not favorable for
this drug at this time. However, it is recommended that an approvable action be taken
based on the demonstrated efficacy and because of the need for additional safety
information.

Approvable letter

* The following are comments excerpted from the Approvable letter for which the sponsor
has now provided a complete response:

We have completed our review of this application, as amended, and it is approvable.
Before the application may be approved, however, it will be necessary for you to:

1. Further evaluate the safety profile of Uloric, especially in regard to its potential to
result in cardiovascular adverse events. Our review of the safety database submitted in
your application raises concerns regarding the potential for Uloric to cause clinically
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significant cardiovascular/thrombotic adverse events in excess to that seen with
allopurinol or placebo, even when exposure-over-time is factored into the analysis. This
safety signal may be addressed by providing further comparative controlled clinical
safety data or, possibly, through reanalyses of the current database (augmented by any
recently completed or on-going studies) that demonstrate the apparent signal of increased
risk is not predictive of clinically important differences. Should a differential signal of
thromboembolic CV events remain upon the analysis of any new data and/or reanalyses
of existing data, we would strongly encourage you to consider proposing the use of lower
doses of Uloric, rather than those proposed.

2. Evaluate the potential for concomitant administration of warfarin and Uloric to result
in hemorrhagic adverse events, and further address the potential for Uloric to cause
hemorrhagic events without co-administration of an anticoagulant . A significant concern
exists due to the finding that two subjects died as a result of retroperitoneal hemorrhages
while being treated with Uloric, both of whom were receiving warfarin as well. '
Additional hemorrhagic events were also noted in the safety database. We do not agree
with your conclusion that there were no drug-drug interaction with warfarin in the
clinical pharmacology study, due to our conclusion that the drug-drug interaction study
with warfarin was inadequate to allow for definitive conclusions. The removal of subjects
with an increased INR from the final analysis in the warfarin drug-drug interaction trial
was problematic. In addition, there were reports of increased INR values in the clinical
database in subjects receiving concomitant treatment with Uloric and warfarin.

Data Analysis

The remainder of this review will first focus on the sponsor’s response to the
cardiovascular issues and then on the clinical aspects of the potential for warfarin
interaction with febuxostat. The reader is referred to the OCPB review for comments
regarding the warfarin interaction study.

A. Cardiovascular analysis

The sponsor disputes the finding of a CV signal. In order to address this issue, the
sponsor had the original data adjudicated by a blinded cardiologist and presents these
analyses, as well as updated safety data collected since the previous submission in
support of their interpretation.

The data will first be presented for APTC events corresponding to investigator reported
events for the controlled clinical trials (as originally presented in the NDA), followed by
the results from the open label extension portion of these trials. Subsequently, the data
will be presented for APTC events corresponding to the adjudicated analyses for the
same controlled trials and open label extensions.
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Table 1 below, describes the Medra terms used to generate the subsequent tables. Primary

APTC events focus on CV deaths, and non-fatal MIs and strokes.

Table 1: APTC Criteria and Corresponding MedDRA Preferred Terms in the
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Table 2: Incidence Rates and Confidence Intervals for Subjects with
Investigator-Reported Treatment-Emergent Primary APTC Events in the
Phase 3 Randomized Controlled Studies

: Treatment Group, n (RPY)
Placebo : Febuxostat Allopuarinol
Primary APTC Tetal 86 mg D 120mg QD | 240 mg QD | 30100 mg QD
N=134 | N=1171 N=5323 N=320 N=134 N=521
Events PY=529 PY=6711 PY=312¢6 PY=3043 PY=340 PY=3337
Qverall ‘ o 9{1.34) 4(128) 5(1.64) ] 103
95% LT {0.00-6.16) 0.61-2.55) |. {035-3.28} (0.53-3.83) | {0.00-6.83) {0.008-1.67)
CV death Q 3{0.45) 2{0.64) 1{033) 0 0
95% CI' {0.00-6.16) 0.09-131) 0.08-231) [ (B008-183) | (DD0683) {6.00-1.11}
Noan-fatal myocardial 0 5{8.75) 2{0.68) 3{0.99) 0 103)
infarction
95% T {0.00-6.16) 024-1.79) {0.08-2.31) {0.20-288) | {0.00-6.83) {0.008-1.57)
Non-fatal stroke 0 1{0.15) 9 1(0.33) ] ]
95% CT' {0.00-6.16) | (0.004-083) | (0.00-1.18) | (G008-1.8%) | (0:00-6.83) {0.00-L.11)
Non-fatal cardiac b 1{0.15) 0 1{6.33) 0 g
arrest
95% CT {0.06-6.16) | {6.00408%) | (0.00-1.18y | {(6.008-1.83) | (0.00-6.83) {0.00-1.11)

Studies inchuded: C02-002 and C02-010

RPY = rate per 100 patient-years of exposure

Adverse events summarized were reporied after the first dose of study drug and within 30 days of the last dose of study dmg.
a  Clcalcplated bazed on Poisson distribution

Cross-reference: Statistical Table 3.17.2 2 {Safety Update, February 2006)

(Of note, numbers of “overall” indicate number of patients while numbers under each
event indicate the number of actual events; therefore one patient may have more than one
event and numbers may not add up in each column. For example, under the “Total”
column, for “Overall” there are 9 while the number of events such as CV death, non-
fatal Ml etc, add up to 10)

As can be seen from this table, the percent of patients with a primary APTC event in the
febuxostat group is 0.8 vs 0.2 in the allopurinol group (4 fold excess), and all of the
deaths (albeit only 3) are in the febuxostat group. The rates per 100 patient years of
exposure for overall events are 1.34 for febuxostat vs 0.3 for allopurinol (again a 4 plus
fold excess).
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- Table 3: Incidence Rates and Confidence Intervals for Subjects with
Treatment-Emergent Primary and Secondary Investigator-Reported
APTC Events in the Phase 3 Randomized Controlled Studies

Treatment Group, n (39)
Primary and Placebo Febusostat Alopurinol
Secondary APTC Total B mg QD 120 mg QD 20 mg QD | 360/166 mg QD
Events N=138) MN=1179 (N=323) (N=53D) N=134) AN=20
Owverall 109 20 1329 1120 10T 7{1.3};
23% (P (0.019-4.09) | 138313 | {13342 {1.06-3.75) 0019469 {0.54-2.75)
CV death L] 303 2{0.%) 1(03) 0 ]
Non-fatal mayocardial 0 504 2{04) 3106 0 18
infarction
Non-fatal stroke 0 {<0.1) D 102 Ei] it
Non-fatal cardiac 0 <01} ] 103 0 ]
arrest
Anping [ §{0.3) 4{0.8) 102 107 204
Revascularization 107 §{0.5) £(0.8) 2(04) o 1008
Trangient Ischemic 0 2{0.2) 204 ¢ 0 []
Attack
Venous and 0 202 0 2.4} ] [}
peripheral arterial .
wascular
thrombotic events
Non-fatal congestive [t 3{0.3} 204048 1{0.2) ] 102
heart frilure

Studies included: C02-009 and C02-010
a2 CIcalculated based on binomial distribution
Cross-reference; Statistical Table 3.16.4.1 and 3.17.2.3

For primary and secondary APTC events, the excess of events in the febuxostat group is
reduced (2.1 vs 1.3%) although it is still trending against febuxostat. Concerns with the
use of secondary APTC events are that: 1) the severity of events such as angina is less
than an MI or stroke, and 2) the diagnosis is likely to be more suspect than the “hard”
endpoints of MI or stroke. By way of comparison, for the analyses of CV events with the
Cox-2 inhibitors, the analyses of primary APTC events appeared to be much more
consistent between the various Cox-2 inhibitors, and was therefore the preferred
analysis.

Appears This Way
On Original
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Table 4: Incidence of Investigator-Reported Treatment-Emergent Primary APTC
Events per 100 Patient-Years of Exposure in the Long-Term Extension

Studies

Treatment Group
Febuxostat Allopurinol
Total 40 mg QD $0mzQD | 12dmg Qb |360/100 mg QD
N=1143 N=12 N=91D N=322 N=178
PY=19337 PY=330 PY=12654 PY=535.3 PY=1333
Primary APTC Events n (RPY) n (RPY) n {(RPY} n {RPY) 2 {RPY})
Overafl 28(14) 1(3.0) 18(1d) 9414y 1{0.3)
95% CI {0.96-2.00) | {0.077-1689) | {0:34-2.3%) | (0.548-2.69) | (0.518-4.18)
CV death 4{0.2) L 1¢<0.1) 3{0.5) ]
95% CI° {0.036-0.53) (0-11.2) (0.002-0.44) | (0.007-1.38) 0-2.77)
Non-fatal myocardial infarcion 1508 0 120.9) 3{0.5) 1 {08}
95% C1 {0.43-1.28) {0-11.2) {0.490-1.66) | (0.097-138) | (0.019-4.18)
Non-fatal stroke 9{0.5) 1{3.0) 5¢04) 3{0.5) g
95% CI° {0.21-0.884) | (0.077-169) [(0.128-0.922) | {8.097-1.38) 0-2.77

N = pumber of subjects dosed; PY = Patient year, RPY = rate per 100 patient-vears of exposure
Stadies inclnded: C02-021 and TMX-01-005
Adverze events summanzed were reported after the first dose of stody dmg and within 30 days of the last dose
of study drug. Death events after 30 days of the last dose of study drug were also included. Subjects with one or
more adverse events within a category are counted only once 1n that category.
a  93% CI were calculated based oo Poisson disfribufion
Cross-reference: Statistical Table 3.16.12 and 3.17.12

The extension studies again show a trend against febuxostat (1.4 vs 0.8) for overall
events. A problem with the extension studies is the potential for depletion of

susceptibles, that is patients with a high risk for either MI/stroke or death have dropped
out and so are no longer available to have an event. An additional difficulty with
analyzing the long term extension data is the imbalance between exposure to allopurinol

vs febuxostat. There is considerably more exposure data for the febuxostat group than the

allopurinol group.

Adding all cases from phase 3 trials and extension studies and estimating the patient
years of exposure for the entire population and dosing period, the following is

determined:

In total, there are approximately 2605 patient years of exposure for febuxostat vs 467

patient years of exposure for allopurinol. There are a total of 37 cases of APTC events for
febuxostat vs 2 cases for allopurinol (derived by adding the cases in tables 2and 4). Even
taking into account the 5.5 fold excess exposure for febuxostat (multiplying 2 allopurinol
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cases by 5.5 gives a corrected estimate of 11 cases in the allopurinol group) there are
approximately 3.3 fold the number of cases in the febuxostat treatment group vs
allopurinol (37 vs 11).

A Kaplan-Meier analysis (not shown) reveals that events are occurring through out the
exposure period and are not occurring particularly early or late during this period.

Table 5: Incidence of Investigator-Reported Primary and Secondary APTC Events
per 100 Patient-Years of Exposure in the Long-Term Extension Studies

Treatment Group
Febuzoestat Allopurino}
Total 40 mg QD 880 mg QD | 120 mg QD [300/100 mg QD
N=1143 N=12 N=91§ N=322 N=178
Primary and Secondary PY=1933.7 PY=3340 PY=12654 | PY=6333 PY=133.3
APTC Events a (RPY) 1 {RPY} n {RPY) n {(RPY) a (RFY)
Overall 38(3.0) 1{(3.0) 3729 21(3.3) 4303
95% CI°* {(2.28-388) | 00771689 | (2.06403) [ (205-505) {08177 68)
CV death 4 (0.2} 4] 1{<0.1) 3405 1]
Non-fatal mypcardial infarciion|  15(0.8} k] 12{0.9) 3{0.5) 1{0.8)
Non-fatal stroke 9 (0.3} 1{3.00 304 3¢0.5) 0
Angina 16¢0.3) 0 7 (0.6) 4{0.6) [
Revascujarization 12{0.6) 0 (0.7) 3(6.5) 1(0.8)
Transient Ischemic Attack 2{0.1) 0 0 2{0.3) 1]
‘Venous and peripberal arterial 6(0.3) [i] 6{0.5) 0 1(6.8)
vascular thrombotic events
MNon-fatal congestive heart 9(0.3) 4] S{0.4y 4406y 1¢0.8)
failure

N = sumber of subjects dosed; PY = Patient year; RPY = sate per 180 patient-years of exposure

Studies incladed: C02-021 and TMX-01-005

Adverse evenis summarized were reporied after the first dose of study drug and within 30 days of the last dose
of study dreg. Death events after 30 days of the last dose of study drug were alse included. Subjects with one or
more adverse events within a category are conated only once in that category.

a  93% (I were calenlated based on Poisson distribution

Lross-reference: Statistical Table 3.16.22 and 3.17.14

Primary and secondary events in the long term extension trials reveals little difference
between the treatment groups.

Adjudicated events

In response to the approvable letter, the sponsor submitted a blinded re-adjudication of
the cases. Although the adjudication was performed by a third party in a blinded fashion,
it was a post-hoc analysis with the potential for introduction of bias in the sponsors favor.
Knowing that almost all of the cases of CV events occurred in the febuxostat treatment
group, it is possible to conclude that any re-adjudication of APTC events to non-APTC
events, might eventually favor the sponsor by reducing the rate of events in the
febuxostat group and thereby reducing the ratio of events compared to allopurinol.
Although the following section presents these analyses, this reviewer believes that the
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original investigator reported events should remain as the primary analysis. Furthermore,
our cardio-renal group also performed a blinded adjudication of events. In their consult
they comment that in cases where adjudication is not possible, investigator reported
events should the preferred analysis (see section below, Cardio-renal re-adjudication of
events). Future trials should establish definitions and rules for which events will be -
adjudicated, and establish an independent adjudication committee to review each case.

There are approximately 8 cases (see cardiologists listing of cases with comments) with
either “insufficient information” or “no other data”, which makes a specific diagnosis
difficult. If even a subset of these events were adjudicated as APTC events, this would
add additional cases to the number of events for febuxostat. In any future trial, every
effort to collect all the appropriate and necessary data will be crucial, to reduce the
number of these types of cases.

Table 6: Percentages of Subjects with Treatment-Emergent Adjudicated APTC
Events in the Phase 3 Randomized Controlled Studies

Treatment Group
Placebo Febuzosiat Allopurinel
Total St mz QD ROmgQD | Himg QD | 00160 mg QD
@=134) N=1177) 24=523) N=520) =134) N=321)
APTC Events
Number of Subjects g 7 4 3 ¢ 1
Rate (%) ] 0359 276 (.38 G 019
95% CT* 000271y [ (0.239-1223 | (0.209-195) | {0.119-168) | (000271 {0.605-1.07)
LV Beath
Number of Subjects & 3 2 i 0 &
Rate (%) L 0.25 0.38 0.1% 0 o
5% C 000271 | {0053-0.743) | (0.046-137) | (0003100 | {0.00-2.71) {0.60-0.706)
Non-fatal MI
Number of Subjects 5 4 2 2 0 1
Rate (%) 0 0.34 038 038 0 0.19
95% CF 000271y | (GO03-0B68) | (0046137 | $047-138 | (000271 {0.005-1.07

Studies included: $062-009 and CO2-010
2 The confidence intervals are calculated based on binomial distribution
Cross-reference: Statistical Table 3.15.2.1

Even taking into account the re-adjudication of cases and taking into account differences
in exposure, there is still a 3 fold excess of CV events in the febuxostat treatment group
compared to allopurinol. Note also that compared to table 1 there is a decrease in 2 cases
in the febuxostat group after adjudication.

10
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Table 7: Incidences of Treatment-Emergent Adjudicated APTC Events Per
100 Patient-Years of Exposure in the Long-Term Extension Studies
Treatment Gronp
Febuxostat Alopurinol
Total 40 mg QD 80megQD | 120mg QD | 306/168 mg QD
N=1143) =12 =010) =522 N=178)
PY=1933.7) | (PY=330) | PY=12654 | FY=635.3) (PY=133.3}
APTC Eventis
Number of Subjects 21 1 12 8 i
Rate per 100 PY 1.09 3.03 0.95 126 0.75
95% CF (0.672-1.66) | (0.077-16.9) | (0496-1.6%) | (6.5442.48) | (0.0194.18)
C¥ Death
Number of Subjects 4 0 1 3 [
Rate per 100 PY 0.21 0 0.08 0.47 0
95% CI* (0.056-0.530) {0-11.2) (0.002-0.440) | (D.097-1.38) €237
Non-fatal M3
Number of Subjects 9 0 7 2 -1
Rate per 100 PY 047 0 0.55 0.31 0.75
95% CT* {0.213-0.884) (6-11.73 (0.222-1.14) | (0.038-1.14) | (0.019-4.18)
Non-fatal Streke
Number of Subjects 8 1 4 E: G
Rate per 100 PY 041 3.03 0.32 0.47 5
95% CP° {0.179-0.815) | (0.077-169) | (5.086-0.809) | (0.097-1.38) (02.77)

Stoedies included: TMX-01-005 and C02-021
a  The confidence titervals are calculated based on Poisson distiibution

Cross-reference: Statistical Table 3.19.1.2

In the extension studies, the rate of CV events is more similar between the treatment
groups although there is still a slight excess of events in the febuxostat group (1.09 vs
0.75). Of note, with re-adjudication the number of events in the febuxostat group has
again decreased (by 7 events; compare to table 4). In the context of a small number of
events, this re-adjudication process has led to an alteration in the ratio of events.

Combining the adjudicated cases from the phase 3 trials and extension studies provides
the following numbers: 28 cases in febuxostat vs 2 cases in allopurinol. Multiplying the 2
cases by 5.5 (to compensate for the differences in exposure) gives us 11 cases in
allopurinol, and compared to 28 cases seen with febuxostat, still gives a 2.8 fold excess of
cases in the febuxostat treatment group.

11
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O oRBImAL

Table 8: Treatment-Emergent Cardiovascular Deaths in Combined Phase 3
Randomized Controlled and Long-Term Extension Studies

Treatment
Placebo Febuxostat Alopurinol
Total 40 mg 80 mg 124 mg 240 mg 389100
N=134} {N=1692} N=12 N=1221) Q=009 {N=134) =642y
Nuonber of OV | (PY=30.9) | PY=2604.8) =330 | (PR=1538) | (PY=9388) =3.0) | PY=467.1)
Deaths 8 7 0 3 4 g g
Per 160 PY 0 027 [ 219 0.43 0 g
95%CL 0616 |10.1080.554) [ 0112 [ (0.039-0556) | (0.116-1.0%) | (06383 0-0.7%
Studies inchuded: TMX-01-003, C02-009, C02-010, and C02-021 )

Croze-reference; Statistical Table 3.13.3

- A safety update including new data up to February 2006 reveals 2 additional cases of
APTC events (deaths) attributed to febuxostat. Therefore the total number of APTC
events (deaths) is 9 febuxostat vs 0 allopurinol. It is important to emphasize that all of
the CV related mortality occurred in the febuxostat treatment group. During the
controlled trials which lasted a maximum of one year, there were a total of 3 deaths (in
1692 patients) for a rate of one death per 564 treated patients per year. In total there were
nine deaths out of 1692 total febuxostat treated patients giving us an estimate of one
death per 188 treated patients over the entire length of the study.

Cardio-renal re-adjudication of events

Thirteen cases of interest were sent blinded to the cardio-renal division to obtain
independent adjudication of events. These cases were ones that the sponsor’s cardiologist
had re-adjudicated and which led to a change in the diagnosis based on his expert
opinion. Therefore, the following consult was sent to the Cardio-renal Division:

We have received an analysis of cardiovascular events in the febuxostat development
program (treatment of hyperuricemia). Please adjudicate the following 13 cases that are
being sent to you blinded and hard copy (case numbers: 4730; 2790; 2019; 2403; 2587,
4479; 2223; 4959; 4186; 310; 4963; 5000; 4665), as to whether they meet the definition
of primary (or secondary) APTC events. We request that this be a blinded analysis (the
drug name has been blacked out). These cases have been reviewed by the sponsor’s
outside cardiologist and we wish to evaluate the appropriateness of the diagnoses.

12
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The following response was received:

The cardio-renal consultant felt that 7 cases had insufficient information to apply criteria
or otherwise confirm the event. Therefore, they concluded that adjudication was largely
an exercise in futility and in such a case the investigators diagnosis was accepted. For
example, for case #2223 the sponsor consultant re-adjudicated the case from an APTC
event to a non-APTC event. The cardio-renal group did not agree. This was also true for
case #2790 (re-adjudicated from APTC to non-APTC event).

We can conclude that without pre-defined endpoints and rigorous collection of data, post
hoc adjudication is problematic.

B. Warfarin interaction

The clinical consequences of the use of warfarin in patients on febuxostat is difficult to
interpret from the data presented. The initial NDA presented data on 2 patients who died
with retroperitoneal hemorrhage. The first patient had a CT report that did not support a
diagnosis of retroperitoneal hemorrhage, but did not rule out blood in the abdomen. The
second patient likely did have a retroperitoneal hemorrhagebut it is not clear if she was
actually receiving febuxostat during her hospitalization. In the phase 3 trials one patient
on febuxostat developed retroperitoneal hemorrhage (previously mentioned) and one
patient on allopurinol developed epistaxis. During the long term extension studies 2
patients on 80 mg febuxostat, one patient on febuxostat 120 mg and no patients on
allopurinol developed at least one bleeding adverse event while on warfarin. For patients
on warfarin before entering a trial, 3 patients had an increased PT on febuxostat 120 mg
(25%) and one on febuxostat 80 mg (9%) had an increased PT. vs one on allopurinol
(11%). There are too few events to make any firm conclusions from the clinical data.

The following tables summarize these data.

APPEARS THIS WAY
ON ORIGINAL

13
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Table 9: Number (%) of Subjects with Bleeding Adverse Events in the Phase 3
Randomized Controlled Studies

All Subjects in Phase 3 Randomized Controlled Studies, n (%)
Febuxostat Allopurinol
Bleeding Adverse Placebo Total 80mg QD | 120mg QD | 240 mg QD |306/160 mg QD
Events (N=134) | (N=1177) {(N=523) =520) (N=134) N=521)
All Events 4(3.0) S5{4.7) 26 (5.0} B4 6(4.5) 21 (4.0}
Treatment-related Events | 1(0.7) 5(0.9) 3(0.6) 1{0.3) 1(0.7) 3 (0.6}
‘While Subjects were Taking Anticoagulants or Antithrembetic Agents, n {%)
Bleeding Adverse Placebo Total 80mg QD | 126 mg QD | 240 mg QD |308/160 mg QD
Events” (N=40) (N=298) (N=130) {(¥=125) {(¥=43) (N=107)
All Events 2{3.0) 12 (4.0) 7{(5.4) 324 34D 10 (9.3}
Treatment-related Events 0 2{0.7) 1(0.8) 1{0.8) 0 2{19)
While Subjects were Taking Warfarin, n (%6)
Bleeding Adverse Placebo Total 80mg QD | R28mg QD | 240 mg QD {306/166 mz QD
Events® =7 (N=32) (N=15) {N=15) N=2)- N=12)
All Events i) 1(3.1) 1{6.7) ¢ g 1(8.3)
Treatment-related Events i 0 0 0 [ 1{8.3)
‘While Subjects were Taking Heparin, n (%)
Bleeding Adverse Placebo Total 80mg QD | 120mz QD | 240 mg QD | 306/160 mg QD
Events (=0} N=12) =6) @=6) N=0) =)
All Events -- 0 0 [i] - 1 (50)
Treatment-related Events - 9 0 [ - 0

Studies mncluded: C02-009 and C02-010

2 Includes events that occurred within 7 days after takig warfarm, 2 days afler taking hepanin_ and 1 day after
taking other anticoagniants or antithrombotic agents.

b  Includes events that occurred within 7 days after taking warfarin.

¢ Includes events that occurred within 2 days after taking heparin.

Cross-references: Statistical Tables 3.11.10.1,3.11.10.2, 3.11.10.3,3.11.104,3.12.10.1, 3.12.10.2, 3.12.10.3.and

3.12.104

Specifically, there is no excess of events comparing allopurinol and febuxostat, in
patients on warfarin. If anything, there is a slight increase in events in patients on
allopurinol with warfarin. In the warfarin label, allopurinol is noted to potentially lead to
an increased INR.

APPEARS THIS WAY
OH ORIGINAL

14
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Table 10: Bleeding Adverse Events Reported by >1 Subject in Any Treatment
Group in Phase 3 Randomized Controlled Studies

Febuxostat Alfoparinol
Placebo | Total | 80 mg QD |120 mg QD] 240 mg QD |300/160 mg QD

MedDRA High Level Term N=134) | (N=1177) | N=523) | (N=520) | (N=134) =521)
MedDRA Preferred Term n{%) n {96} n (%} n (%) 1 (%) 1 (%)

Total Subjects with >1 event 4(3.0) | 554D 26 (5.0) 23 (44 6 (4.5) 21(3.0)

Intestinal Hnemorrhages 1] 61{0.5) 1402) 3(0.6) 2{1.5) 3{0.6)
Rectal Haemorrhage

Non-Site Specific

Gastrointestinal Haemorrhages 1(0.7) 5{04) 4{0.8) 0 1{0.7) 3{086)
Gastromtestinal Haemorrhage,
Haematemesis, Haematochezia

Chiest and Lung Injuries NEC [} [=01) | 102 0 0 0
Haemothorax

Skin Injuries NEC 107 | 14412) | 4€03) 3(1.5) 2(1.5) 7(1.3)
Contusion

Tirinary Abnormalities 1{0.7) 11 (0.9 6{1.1) 4{0.8) 1(0.7) 1{02)
Haematusia

Nasal Disorders NEC [4] 4{0.3) 2{0.4) 2{04) [ 5{1.0)
Epistaxis

Purpura and Related Conditions 0 6{0.5} 2{0.4) 3(0.6) 1{0.7) 1{0.2)
Ecchymosis, Increased
Tendency to Bruise, Petechiae

Haemorrhages NEC 0 3{0.3) 2{0.4) 1(0.2) 0 0
Haematoma

NEC = not elsewhere classified
Cross-reference: Statistical Table 3.11.10.1

It is not clear why there should be a greater incidence of hematuria on febuxostat than on
allopurinol. The rate of purpura etc is similar between febuxostat and allopurinol and
higher than placebo, but the number of events is small. Other events are similar in
occurrence between allopurinol and febuxostat.

15
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Table 11: Overall Incidence Rates of Bleeding Adverse Events per 100 Patient-Years
of Exposure in Long-Term Extension Studies

All Subjects in Long-Term Exteusion Studies
Febuxosiat Allopurinol

Total 43 mg QD 39 mg QD 120 mg QD |300/166 mg QD
Bleeding Adverse N=1143) {N=12) (N=910) N=522) {N=178)
Events PY=1933.7) {PY=33.0) (PY=126514) {PY=635.3) (PY=133.3)
All Events 3.6 0 36 39 2.3
Treatment-related Events 0.5 0 0.2 0.9 0

‘While Subjects were Taking Andicoagulants or Antithrombotic Agents

Total 48 mg QD 39 mg QD 120 meg QD [ 3007180 mg QD
Bleeding Adverse {(N=314) Q=1 {N=251) (N=119) (N=43)
Events" {PY=568.7} {PY=4.2) {PY=407.8) (FY¥=150.6) (PY=34.6)
All Events 3.9 0 42 33 53
Treatment-related Events 0.5 ] 0 2.0 4]

While Subjects were Taking Warfarin

Total 48 mg QD 86 mg QD 120 mg QD (300160 mg QD
Bleeding Adverse {(N=41) {N=0) (N=27) {N=19) N=8)
Events® {PY=76.7) — {(PY=47.6) (PY=28.2) {PY=6.9)
All Events 39 — 42 36 0
Treatment-related Events 13" - ) 3.6° 0

‘While Subjects were Taking Heparin

Total 440 mg QD 80 mg QD 120 mg QD |306/166 mg QD
Bleeding Adverse (N=30) N=0) {N=20) N=11) (N=3)
Events® {PY=48.1) — {PY=31.6) (PY=14.7) PY=3.7)
All Events 21° — 0 638° 0
Treatment-relfated Events 2.1° - 0 65 6

Studies inchuded: TMX-01-005 and C02-021

a Includes events that occurred within 7 days after taking warfarin, 2 days after taking heparin, and 1 day after
faking other anticoagnlants or antithrombotic agents.
b This represents 1 subject {Subject 4756) who started warfarin and heparin for treatment of lacunar infarction

the day of the event.

¢ Includes events that occurred within 7 days after taking warfann.
d Includes events that ocenered within 2 days after taking hepatin.
Cross-references: Statistical Tables 3.9.10.5,3.9.10.6,3.92.10.7,39.10.8, 3.10.103,3.10.10.6, 3.10.10.7.and

3.10.108

In long term studies, there are no cases of bleeding events while subjects were taking
warfain and allopurinol, although there are events on febuxostat. However, due to the
greater number of patients on febuxostat, firm conclusions cannot be drawn.

16
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Table 12: Effects on PT and Warfarin Dosing After Starting Study Drug During
Phase 3 Randomized Controlled Clinical Trials

Febuxostat | Febuxostai | Febuxostat | Allopurinol
PT and Warfarin Pattern after Placebo 80 mg 1206 mg 240 mg | 360/160 mg
Starting Study Drug {N=5) N=11) {N=12) N=1) N=9)
Stable warfarin dose and stable PT” 5 5 8 0 6
Stable warfarin dose and increased PT [ 1 3 0 1
Stable warfann dose and decreased PT 8 1 0 0 1
No informative PT° i) 3 g 0 1
Change i warfario dose® 0 1increased | 1mcreased | 1 decreased i)

dose dose dose

a  Stable was defined as no change in warfarin dose and first freatment PT within 3 seconds of range of
closest 2 PT values prior to study drug start.

b No informative PT: when there was no change i warfanin dose but no PT measurement predose, or duning
treatment, or within 2 weeks of ead of treatment.

¢ Change in warfanin dose before the fisst treatment PT measurement.

d One subject had elevated INR rather than PT

Cross-reference: Appendix 13.4

Three cases of elevated PT occurred on febuoxstat at 120 mg (25% [3/12]) vs one case on
allopurinol (11% [1/11]). There may be a dose response (9% at 80 mg vs 25 % at 120

mg).

In addition, there were 6 cases of increased INR on febuxostat discussed in the
submission. In 2 of those cases (subject 2368; subject 4551), patients were previously on
doses of warfarin and febuxostat was added. Therefore, the increased INR may be related
to the addition of febuxostat. One subject had a GI bleed, but in the other subject there
‘was no clinical event. The other cases were either confounded by multiple medications
and/or multiple medical problems, or warfarin was started after febuxostat and the
interaction if any between the 2 drugs is not clear.

The limited clinical data suggests there may be some interaction between warfarin and
febuxostat, although there are too few clinical events to make firm conclusions. Although
there was some concern raised during the initial review cycle in regards to the
interpretability of the warfarin interaction study (see OCPB review), the data presented
does not indicate that an interaction is likely.

17
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Discussion:

Based on a re-analysis of the submitted CV data, a CV signal with the use of febuxostat
appears to be present. Various analyses including investigator reported as well as
adjudicated CV events demonstrate a signal for CV thrombotic events, including fatal
and non-fatal MI, stroke, and sudden death. For investigator reported events there
appears to be a 4 fold excess of events in the febuxostat treatment group compared to
allopurinol, while for adjudicated events there is at least a 3 fold excess of events.
However, post hoc adjudication of events is fraught with difficulties as confirmed by the
cardio-renal evaluation of a selected set of events. Never the less, in each analysis, this
excess is present, even taking into account the imbalance of exposure to each drug. Just
examining the 2 phase 3 controlled trial data, there is still a 3-4 fold excess of events
(albeit the number of events is smaller than when the extension studies are included)
comparing febuxostat to allopurinol. Unfortunately because of the imbalanced
randomization, there is not enough exposure to placebo treatment to allow meaningful
comparisons to this treatment group.

To put this data into some perspective, for the VIGOR trial comparing rofecoxib to
naproxen, there was a 5 fold excess of CV events in the rofecoxib treatment group. In
comparison, for celecoxib in the APC trial (adenoma prevention) the hazard ratio was
3.4 and 2.3 for CV events comparing celecoxib 400 mg and 200 mg respectively, to
placebo. In the APPROVE trial (adenoma prevention trial) the hazard ratio was 4.6 for
rofecoxib compared to placebo. In observational studies an increased risk of CV events
for rofecoxib 50 mg of approximately 2-3 fold was observed, most often compared to
non-selective NSAID.

o . bl
There are a number of additional considerations. If there are ~———  allopurinol users
with gout in the US, and if we consider that eventually most of these individuals (worst
case scenario) will be shifted to febuxostat (or new cases will be started on febuxostat;
this is anticipated because of the potential superior efficacy of febuxostat, at least in
terms of lowering of serum uric acid), there could potentially be 7000 additional
cardiovascular deaths in a year from febuxostat use compared to allopurinol use (derived
by dividing —— - the number of patients on allopurinol in the general population who
may eventually take febuxostat, by 2.25x 102 the number of deaths per patient years of
exposure in the controlled studies). This number does not include Mls and strokes. To put
these numbers into further perspective, the Tysabri data (for the treatment of multiple
sclerosis) identified the development of one case of PML in 1000 patients.

Although not part of the complete response, a further comment about the efficacy of the
drug is in order here. The 2 phase 3 trials demonstrate that febuxostat is superior to
allopuinrol in reducing the level of serum uric acid (but these trials were unable to
convincingly demonstrate a reduction in gout flares or size of tophi). Based on this, it is
likely that once approved, febuxostat would rapidly replace allopurinol as the preferred
treatment for gout and hyperuricemia. However, it remains possible that if allopurinol
was used at doses higher than the 300 mg dose used in these trials, the difference
between allopurinol and febuxostat efficacy would not be as great. Indeed, it appears
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from PK/PD analyses that doses of febuxostat such as 40 mg would provide the same
efficacy as 300 mg allopurinol Therefore, although the 2 studies support the efficacy of
febuxostat and its superiority to allopurinol, the sponsor has apparently chosen doses of
febuxostat in order to demonstrate this greater efficacy. The Division recommended that
the sponsor consider studying doses less than the 80 and 120 mg doses proposed for
marketing. However, to date, the sponsor has not followed this recommendation. It
seems possible that lower doses would lead to an overall improved safety profile more
similar to allopurinol, but the sponsor would lose the advantage of superior efficacy,
which is what they appear to be intent on showing.

The above discussion of CV events must also be considered in the context of additional
safety concerns that were presented in the original safety review. There was also an
excess of cases of CHF, SVT/atrial fibrillation, pneumonia, as well as more
discontinuations for skin and liver related events in the febuxostat group. In and of
themselves, these issues would not preclude approval, but in the context of the CV issue,
take on greater importance in the sense that the totality of the safety profile is not
favorable for febuxostat.

It might also be possible that if the sponsor continues to pursue the higher doses, that the
drug

1 v o x - o a

In the original approvable letter, there were 2 additional areas of concern, the first
relating to analyses of PK interactions of febuxostat with theophylline, azathioprine or
mercaptopurine, and the second relating to the potential for hemorrhagic events with
concomitant warfarin administration. To address the first issue, the sponsor has agreed to
a labeling contraindication for co-administration of theopylline or
azathioprine/mercaptopurine with febuxostat.

For the second issue, the sponsor contends that: 1) based on clinical observations in over
40 patients taking concomitant warfarin in the phase 3 studies, febuxostat does not
produce a clinically significant interaction with warfarin; 2) the phase 1 interaction study
was conducted and analyzed correctly and multiple oral doses of febuxostat had no effect
on the PK or PD of warfarin.

The clinical consequences of the use of warfarin in patients on febuxostat is difficult to
interpret from the data presented. The initial NDA presented data on 2 patients who died
with retroperitoneal hemorrhage. The first patient had a CT report that did not support a

~ diagnosis of retroperitoneal hemorrhage, but did not rule out blood in the abdomen. The
second patient likely did have a retroperitoneal hemorrhage but it is not clear if she was
receiving febuxostat during her hospitalization. In the phase 3 trials one patient on
allopurinol developed epistaxis. During the long term extension studies 2 patients on 80
mg febuxostat, one patient on febuxostat 120 mg and no patients on allopurinol
developed at least one bleeding adverse event while on warfarin. For patients on warfarin
before entering a trial, 3 patients had an increased PT on febuxostat 120 mg (25%) and
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one on febuxostat 80 mg (9%) had an increased PT. vs one on allopurinol (11%). There
are too few events to make any firm conclusions from the clinical data.

At this juncture, the issue of the potential for febuxostat to interact with warfarin appears

to hinge on the adequacy of the warfarin interaction study. If the study as was performed

previously is considered to be acceptable, then the sponsor can be asked to follow up with

collection of phase 4 data to further evaluate this issue (discussions with OCPB indicates

that the original study is acceptable and they will not require a repeat interaction study;

final consult is pending at this time). If the warfarin interaction study is not acceptable,

the sponsor should be required to perform another study to definitively address the issue

of warfarin interaction with febuxostat. However, this may be done as a phase 4 &(4}
commitment, — - '

One last point in regards to the warfarin issue. If we examine the warfarin label, there is a
section that lists a number of drugs with the potential to interact with warfarin and lead to
an increased INR or PT. Allopurinol is one such drug.  «— — '

—  b4)

Conclusions:
This NDA remains approvable.

In conclusion, there appears to be a potentially clinically significant increased incidence

of CV events in the febuxostat treatment arm that warrants further study before this drug :

is approved. If another study is undertaken, the sponsor should incorporate both a DMC h ‘ 4)
as well as a CV adjudication committee whose job is to independently review and

adjudicate all cases. Every effort should be made to collect all safety related data and to

followup all cases until the end of the trial. Furthermore, the use of febuxostat with

theophylline or azathioprine should be contraindicated, and finally, ———————
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PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH
DIVISION OF CARDIOVASCULAR AND RENAL PRODUCTS

Date: May 12, 2006

From: Thomas A. Marciniak, M.D.
Medical Team Leader
Division of Cardiovascular and Renal Products (HFD-110)

Subject: Cardiovascular events with febuxostat, NDA 21-856

Through: Norman Stockbridge, M.D., Ph.D.
Division Director

To: Matthew Sullivan
Division of Anesthesia, Analgesia and Rheumatology Products (HFD-170)

This memo responds to your consult to us dated April 10, 2006, requesting that we perform a
blinded adjudication of cardiovascular events in thirteen cases from the febuxostat development
program. We have provided a brief summary of the adjudication criteria and a table with our
adjudications, followed by some comments on the adjudication.

Case Adjudication

The material you provided claims that the assessments performed by the sponsor’s consultant
were based on the Antiplatelet Trialists’ Collaboration (APTC) endpoints excluding GI
hemorrhage (Antiplatelet Trialists' Collaboration 1994). The endpoints adjudicated were the
following: (1) cardiac events — arrhythmias, acute coronary syndromes, angina pectoris, cardiac
arrest, coronary revascularization including percutaneous transluminal angioplasty or coronary
artery bypass graft surgery, congestive heart failure (HF), and acute myocardial infarction (MI);
(2) deaths, including sudden/unexplained death or other cardiac death; and (3) cerebrovascular
events - carotid stenosis or carotid revascularization, ischemic or hemorrhagic stroke, syncope,
and transient ischemic attack. The following definitions were used for certain events: Acute
myocardial infarction was defined as the presence of two of the following criteria: (1) chest pain
or equivalent of a cardiac nature; (2) any abnormal value of creatine phosphokinase MB or
troponin; (3) myocardial injury pattern or development of Q waves in two contiguous
electrocardiographic leads. Stroke was defined as an acute, focal neurologic event lasting > 24
hours, with imaging studies used if available. Cardiovascular death was defined as sudden or
explained death or those due to myocardial infarction, stroke, or pulmonary embolus. If the
clinical data supported a different diagnosis from that of the original reporter, the event was
reclassified. If the data available were insufficient to make a definitive diagnosis, then the



original reporter’s diagnosis was accepted. When two events that were clinically linked occurred
within 1-2 weeks of each other, only the more severe event was included—e.g., a stroke
followed by death from stroke was analyzed only as a cardiovascular death.

We show our adjudications in the table below.

Table: Adjudication of Events for 13 Patients in the Febuxostat Development Program

# Stud{y Event Adequate Comment
day info?
310 3 CV death Yes Sudden death
2018 49 Worsening HF Yes
161 | Worsening HF No Per investigator
287 | Non-CV death Yes Retroperitoneal bleed
2223 313 | Ml No Per investigator
314 | Coronary revasc’ No Angioplasty
2403 169 | Carotid revasc Yes
170 | CV death Yes Cardiac arrest post-op
2487 81 Worsening HF No In setting of respiratory & renal failure
2790 628 | Stroke No MRI diagnosed
4186 406 | Atrial arrhythmia Yes New onset atrial fib
417 | Atrial arrhythmia® Yes Tachybrady syndrome
432 | Non-CV death Yes Retroperitoneal bleed
4479 12 CV death No Sudden death, inadequate info on Mi
4665 21 (None) No Hypoglycemic seizure; troponin leak
4730 552 | Mi No Per investigator
552 | Coronary revasc® No Stent placement
4959 13 Worsening HF Yes With pneumonia, inadequate info for
HF
4963 84 MI No Per investigator
84 Coronary revasc’ No Coronary stent
5000 185 | Ml Yes

CV = cardiovascular; HF = heart failure; Ml = myocardial infarction; revasc = revascularization
'Study day of current study; patients may have been treated in earlier studies

AWhether information provided was adequate to apply criteria or otherwise confirm event

% _ess serious or second of related events

Comments

The material provided did not provide complete definitions or diagnostic criteria for most events.
In particular, congestive heart failure (HF) is a chronic disease, not an event. We interpreted this
term to mean new onset of HF or acute exacerbation of existing HF. Also, arrhythmias are
mentioned without any definition or discussion of the types of arrhythmias. We have qualified
arrhythmias that we adjudicated as atrial arrhythmias—there were no documented ventricular
arrhythmias reported in these cases (although, of course, the cardiac arrests probably represent
ventricular arrhythmias.)

We found these adjudications to be largely an exercise in futility: Between lacking criteria for
most events and lacking clinical information for most criteria, we do not consider these



adjudications to be very helpful. For example, of the five possible MI events (six counting the
sudden death attributed to an MI), for only one did the case report form provide sufficient
information on all three MI criteria categories to adjudicate the event—and even that case
remains arguable. For most cases we followed the adjudication rule that, if there was insufficient
information to change the diagnosis, we accepted the investigator’s diagnosis. .

While reliable adjudication of these cases is not possible with the case report forms provided, we
think that precise adjudication is not needed. The case report forms provide reasonable
documentation that these events were serious and, for all but one (case 4665), that they were
cardio/cerebrovascular in nature. We believe that you should count them as we have classified
them in the table above for any initial evaluations of the cardiovascular safety of febuxostat.

We have one additional set of comments: While the sponsor refers to their criteria as “APTC”

* criteria, we find little in common with the original APTC definitions. The APTC definitions
used for the original APTC meta-analysis were terms for thromboembolic and bleeding events
used to provide some commonality among the many endpoints used in the studies included in the
meta-analysis. The APTC group was unable to specify optimal, detailed criteria (because the
supporting data were not collected prospectively), to collect more information on the cases, or
even to re-adjudicate them—the APTC group was forced by practicality to accept the diagnoses
used in the original studies. The sponsor has extended the APTC endpoints into many other
domains (e.g., arrhythmias, revascularization, and heart failure) and provided more detailed and
updated criteria for some events, e.g., MI. These extensions (and more!) are appropriate and are
needed to make the adjudication useful for an analytic situation in which one can examine the
individual patient case reports. The criteria as provided remain too ambiguous for adjudication
of most of the events, and we would not attach any credibility to them because the sponsor has
labeled them as “APTC”. While the criteria are weak, the larger problem remains the lack of
detail in the case report forms. ’

Recommendations :
Please see the Table above for our recommendations on classifying the 13 cases.

Reference

Antiplatelet Trialists' Collaboration (1994). "Collaborative overview of randomised trials of
antiplatelet therapy Prevention of death, myocardial infarction, and stroke by prolonged
antiplatelet therapy in various categories of patients.” BMJ 308(6921): 81-106.
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FDA CENTER FOR DRUG EVALUATION AND RESEARCH
DIVISION OF ANESTHESIA, ANALGESIA AND RHEUMATOLOGY PRODUCTS
10903 New Hamphire Avenue, Silver Spring, MD 20993 Tel:(301) 796-2280

DIVISION DIRECTOR SUMMARY REVIEW AND BASIS FOR APPROVABLE

ACTION
DATE: October 114, 2005
DRUG: Uloric (febuxostat, 80-mg and 120-mg tablets)
NDA: 21-856
NDA Code: | Type 1S NDA
SPONSOR: TAP Pharmaceutical Products, Inc.
INDICATION: For the management of hyperuricemia in patients with gout

TAP Pharmaceutical Products submitted NDA 21-856 in support of marketing approval
for Uloric, (febuxostat, 80-mg and 120-mg tablets), on December 15, 2004.

Review of the CMC portion of this application was completed by Sue-Ching Lin, Ph.D.
Review of the pharmacology and toxicology data presented in this application was
completed by Asoke Mukherjee, Ph.D. Review of the clinical pharmacology and
biopharmaceutics data in the application was completed by Lei Zhang, Ph.D, E. Dennis
Bashaw, Pharm.D, (Drug Interaction Studies) and V. Atul Bhattaram, Ph.D.
(Pharmacometrics). A statistical review and evaluation was completed by Mohammad
Atiar Rahman, Ph.D. The clinical safety review was completed by Tatiana Oussova, M.D.
and review of the efficacy data, in addition to a secondary review of the safety data. was
completed by Joel Schiffenbauer, M.D. A supervisory summary review of the clinical data
was submitted by Sharon Hertz, M.D. Consultation on this application was also obtained
from the Division of Drug Marketing, Advertising and Communications (DDMAC) and
the Office of Drug Safety (ODS).



Uloric is a non-purine selective inhibitor of xanthine oxidase (XO) that inhibits the
formation of uric acid from xanthine. Uloric is a more specific inhibitor of XO than
allopurinol, the only approved XO inhibitor, having minimal effect on the other enzymes
involved in purine and pyramidine metabolism. The sponsor has demonstrated the efficacy
of Uloric in two adequate and well-controlled trials, as reviewed by Drs. Schiffenbauer
and Rahman. Therefore, I will only briefly summarize the trials in this memo. In their
reviews of the safety data, Drs. Oussova, Schiffenbauer and Hertz each noted concern
regarding the safety profile of Uloric, and they have recommended that the product not be
approved until a more complete assessment of safety has been performed, and a more
reasonable risk to benefit ratio has been established.

Efficacy:
Study 009:

This was a randomized, double-blind, multicenter, active and placebo-controlled, parallel-
group trial which compared single doses of Uloric 80mg, 120 mg or 240 mg to allopurinol
(100 mg or 300 mg) and placebo in adult subjects with gout. Subjects with serum urate
levels greater than or equal to 8.0 mg/dL were randomized to the above noted arms and,
after a washout/run-in period, treated for 28 weeks with study medication. The subjects
randomized to the allopurinol treatment received either 100 mg or 300 mg based on their
creatinine clearance rates. The randomization ratio was 1.2.2.1.2 for the placebo subjects,
Uloric 80-mg, 120-mg, and 240-mg subjects, and allopurinol 300 mg and 100 mg subjects,
respectively.

The primary efficacy variable was the proportion of subjects whose last three serum urate
levels were less than 6.0 mg/dL. Subjects who discontinued from the study prior to
having had three serum urate levels documented were considered non-responders. A
sequential statistical analysis series was performed on the data collected for this endpoint.

Steps:

1. Each Uloric arm was compared to placebo. If each of the comparisons showed a
statistically significant treatment effect, the procedure proceeded to Step 2.

2. Binomial 97.5% confidence intervals were calculated for the differences in
response rates between each of the Uloric arms and the combined Allopurinol
arms. Non-inferiority to allopurinol was declared if the absolute value of the lower
bound of the confidence interval did not exceed 10%.

3. Each Uloric group that was found to be non-inferior to the allopurinol group in
Step 2 was compared to the allopurinol group to test for superiority.

Secondary efficacy measures included:

e The proportion of subjects whose serum urate levels were less than 6.0 mg/dL

NDA 21-856 Division Director’s Summary Review and Basis for Approvable Action 2
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Dr. Schiffenbauer’s Table 35 (page 85 of his review) summarizes the results for the

The percent reduction in serum urate levels

The percent reduction in primary tophus size, as determined by physical

measurement in the subset of subjects with a primary palpable tophus at screening
The reduction in the total number of tophi in the subset of subjects with palpable

tophi at screening

The proportion of subjects requiring treatment for a gout flare between Weeks 8

and 28

primary outcome analysis and has been reproduced below:

Table 35 : Proportion of Subjects Whose Last 3 Saum Tirate Lavels weve <6 mgfdl- ITT subjects
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1.3 mgfdl)

Beatistically significsnt differenpe versus ablopurinol 3007100 my QD ot the 205 lovel using
Hochberg's procedure for muliple comparisons )

Statistically sigaificand difference versuy placebo (pel.03) (Hlockbere's procedure iy multiphe
comparisons was used Tor comparizons of The febuxostsl treatment groups versus placebo)
Statisticatly significant diffierene versus altopurionl 3007100 myg QD {pal 05

Stotrstically significncd Hifleremee versus busostat 120 g OD (05,

Statistieally significons differorec versus febuxostat 240 mp DD p0.05).

Cross-refirence: Statistica) Table 14.2.1.1 and Appendix 18.2-6.1.1

These results clearly reveal a statistically significant treatment effect for each dose of
Uloric in comparison to placebo and in comparison to the allopurinol groups.
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The results of the secondary analyses were generally supportive of the primary outcome
assessment. While the effects on tophus size reduction, the number and timing of gouty
flares and quality of life scores were not impressive, there did seem to be a trend towards
a positive clinical effect for Uloric compared to placebo that was time and dose related.

Study 010:

This was a randomized, double-blind, multicenter, active-controlled, parallel-group trial
which compared single doses of Uloric 80mg and 120 mg to allopurinol 300 mg in adult
subjects with gout. Subjects with serum urate levels greater than or equal to 8.0 mg/dL
were randomized to the above noted arms and, after a washout/run-in period, treated for
52 weeks with study medication. The randomization ratio was 1.1.1.

NDA 21-856 Division Director’s Summary Review and Basis for Approvable Action
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The primary efficacy variable was the proportion of subjects whose last three serum urate
levels were less than 6.0 mg/dL. Subjects who discontinued from the study prior to
having had three serum urate levels documented were considered non-responders. A
sequential statistical analysis series was performed on the data collected for this endpoint.

Steps:

1. Binomial 97.5% confidence intervals were calculated for the differences in
response rates between each of the Uloric arms and the allopurinol arm. Non-
inferiority to allopurinol was declared if the absolute value of the lower bound of
the confidence interval did not exceed 10%.

2. Each Uloric group that was found to be non-inferior to the allopurinol group in
Step 2 was compared to the allopurinol group to test for superiority.

Secondary efficacy measures included:

e The proportion of subjects whose serum urate levels were less than 6.0 mg/dL

e The percent reduction in serum urate levels

o The percent reduction in primary tophus size, as determined by physical
measurement in the subset of subjects with a primary palpable tophus at screening

e The reduction in the total number of tophi in the subset of subjects with palpable
tophi at screening

e The proportion of subjects requiring treatment for a gout flare between Weeks 8
and 52 '

Dr. Schiffenbauer’s Table 66 (page 132 of his review) summarizes the results for the
primary outcome analysis and has been reproduced below:

Tahle 66 : Froportion of Subjects Whose Last 3 Sernm Urate Levels were <6.0 mg/dL - ITT Subjects

Febuxoskat Fobuxostut Alfopurinol

8D myp GD 120 g QD 360 mg QD
Last 3 Senm Urate Lavels <Gmeidl | /N L)) N (%) N {%)
Yo 136:255 i3y | IS0%0 eol%a | 839051 (A%
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& 97 M ocontidener mterval for the difference i proportions basedd on the noemad approximation for the
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b Povnlues from the Fisbr's exiet test

& Statistical significance versus alfoparino! 300 mg (D at the (.05 lovel besed on Hochberg's procedure
for mubtiple comparisons

Statigtical Table 142.1.1

Best Possible Copy
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As in Study 009, these results clearly reveal a statistically significant treatment effect for
each dose of Uloric in comparison to the allopurinol group, and the results of the
secondary analyses were generally supportive of the primary outcome assessment. Again,
while the effects on tophus size reduction, the number and timing of gouty flares and
quality of life scores were not impressive, there did seem to be a trend towards a positive
clinical effect for Uloric that was time and dose related.

Clinical Safety:

A total 0f 2,531 subjects were exposed to Uloric in the clinical development program. Dr.
Hertz’s Cumulative Extent of Exposure table on page 2 of her review summarizes the
actual data with regard to exposure by dose and duration. Of note, there were nearly
three-fold as many patients exposed to Uloric compared to allopurinol, and ten-fold as
many patients exposed to Uloric compared placebo, in the Phase 2 and 3 studies.

All eight deaths occurred in subjects exposed to Uloric. Two patients, one each on 80 and
120 mg, died after documented retroperitoneal hemorrhages. Both of these patients were
receiving concomitant treatment with warfarin. Two patients had myocardial infarctions
which led to their deaths after extended treatment with Uloric. As Dr. Hertz notes on
page 4 of her review:

The patient population under study, patients with gout, is one that often has risk
factors for cardiovascular disease, the deaths due to MI and respiratory failure all
occurred in patients who were exposed to febuxostat, but given the limited
exposure to comparators and the low overall number of events, it is difficult to
know if these events were more likely to occur and to result in death due to the
exposure to febuxostat.

There were several serious adverse events (SAEs). that occurred with greater frequency in
the Uloric-treated subjects. These included: pneumonia, small intestinal obstruction,
prostate cancer, exacerbation of COPD, acute renal failure, CVA, respiratory failure,
metastatic colon cancer, and deep vein thrombosis. Only diverticulitis and osteoporosis
were more common in the allopurinol-treated subjects. In studies performed in Japan with
lower doses of Uloric (10, 20 and 40 mg) than those used in the U.S. studies, there were
eleven SAEs including: stomach discomfort, respiratory tract inflammation, elevated
LFTs, intracerebral hemorrhage, tendon/ligament ruptures, pain, gout flares, and tonsillitis.
There were two cases of acute renal failure in Uloric-treated subjects and none in
allopurinol or placebo-treated subjects.

Dr. Hertz analyzed the incidence of cardiac SAEs (ischemic events, arrhythmias,
congestive failure, cardiomyopathy and ventricular rupture) in the Phase 2 and 3 studies.
She found a similar incidence of events in the combined Uloric-dose groups and the
allopurinol group. Only one cardiac event occurred in a placebo-treated subject. She also
analyzed the cardiac ischemia SAEs separately and found that there were proportionately
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more events in the Uloric-treated subjects (0.8%) compared to the allopurinol-treated
subjects (0.2%). There was no apparent dose response in the Uloric groups.

Dr. Hertz also found that there were proportionately more CVAs in the Uloric-treated
subjects (0.4%) compared to the allopurinol or placebo-treated subjects (0 events in each).
When she analyzed the incidence of combined MI, CVA and cardiac arrest events, she
found that there was a higher incidence of these events in the Uloric-treated subjects (1.1
% and 0.9% in the 120 mg and 80 mg-treated subjects, respectively) compared to the
allopurinol-treated subjects (0.2%). It is important to note that two of the subjects, one
with MI and one with angina, had received allopurinol prior to treatment with Uloric.

Dr. Hertz also analyzed the incidence of atrial fibrillation listed as SAEs in the database.
The incidences were 0.7% in the Uloric 80 mg-treated subjects, 0.3% in the Uloric 30 mg-
treated subjects, and 0.5% in the allopurinol-treated subjects.

Dr. Hertz found that the overall rate of treatment emergent adverse events leading to
discontinuation ranged from 4% to 9%, with Uloric-treated subjects having the highest
rate. In her review, she notes that the most common adverse event leading to early
discontinuation was elevated LFTs, particularly in the Uloric 240-mg group, but also
occurring somewhat more frequently in the Uloric 80-mg and 120-mg groups. Diarrhea
was also more common in the Uloric 240-mg group. Abnormal renal function leading to
discontinuation occurred with equal frequency in the Uloric and allopurinol groups.

Rash reported as macular or maculo-papular, as an adverse event leading to
discontinuation, occurred in a total of eight (<1%) subjects on any dose of Uloric, three in
subjects who received Uloric 80 mg and five in subjects who received Uloric 120 mg.
There were no reports of macular or maculo-papular rash in allopurinol-treated subjects.
Rash reported as papular and leading to discontinuation occurred in four (<1%) patients
who received any dose of Uloric and no patients who received allopurinol. Rash reported
as erythematous and leading to discontinuation occurred in two (<1%) patients who
received allopurinol and no patients who received Uloric.

There was a single case of idiopathic thrombocytic purpura in a subject who had received
Uloric 80 mg and one case of angioneurotic edema in a subject who had received Uloric
120 mg. There were 19 patients who discontinued due to adverse events in studies
conducted in Japan; the events included elevated liver function tests and rash. The overall
incidence of discontinuations due to adverse events was lower during periods of the
studies that excluded the use of colchicine. Colchicine is known to be associated with
nausea and diarrhea.

Upper respiratory infections, musculoskeletal and connective tissue signs and symptoms,
Joint-related signs and symptoms, diarrhea, and headaches were the most common adverse
event groupings in Uloric-treated subjects and were more common than in allopurinol-
treated subjects. Neurological signs and symptoms (dizziness, dysgeusia, hypogeusia, and
Tinel’s sign), elevated LFTs, nausea and vomiting, and hypertension were more common
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in Uloric-treated subjects. There were no consistent dose responses for these adverse
events across the Uloric treatment groups. LFT elevations appeared to be of greater
magnitude in the Uloric treatment groups, but these were predominantly isolated AST
elevations. The incidence of renal adverse events was comparable across treatment
groups.

Nonclinical Safety:

There were no clinically relevant nonclinical safety findings.

Clinical Pharmacology and Biopharmaceutics:

The current dissolution method and acceptance criterion are not acceptable. Dr. Zhang
has recommended that the sponsor test the dissolution of Uloric using USP Apparatus 2
(paddle) at 75 rpm with 900 mL of 0.05 M potassium phosphate buffer, pH 6.8,
maintained at 37°C, with an acceptance criterion of Q equal to — , at 15 minutes.

Dr. Zhang has also recommended that the sponsor be required to perform in vivo drug-
drug interaction studies with theophylline, mecaptopurine, and azathioprine, (or
contraindicate their co-administration with Uloric), because these drugs are substrates for
XO and, as Uloric is a potent inhibitor of XO and Allopurinol, a much weaker XO
inhibitor, showed a clinically significant in vivo inhibition effect on these drugs, the effect
of co-administration with Uloric cannot be any less and, in fact, may be more pronounced.
Therefore, without an in vivo drug interaction study, it would not be possible to make
dosing recommendations for the safe administration of these drugs together with Uloric.

In Dr. Bashaw’s review of a drug-drug interaction study with Uloric and warfarin, he
found that eight subjects were discontinued from the study due to high INR values and
were given Vitamin K, and an additional subject was administered Vitamin K at the end of
the study due to increased INR values. In his analysis of the data, he found that, although
an equivalent number of subjects were discontinued for high INR values during both the
Uloric and the placebo phases of the study, the highest INR value occurred during the
placebo phase. If this subject was removed from the database, the resulting values for the
placebo arm would be markedly reduced. He concludes that, although it is necessary to
include all of the data in a small study such as this, there is not enough data to say that
these findings are not of concern. The study conduct was inconsistent in the handling of
Vitamin K administration and, while the mean data may seem similar, the actual
individual data does indicate that a deeper look is needed, especially in light of the reports
of retroperitonal and other hemorrhages in the clinical trials database.

Chemistry, Manufacturing and Controls:
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Dr. Lin has concluded that there are no outstanding concerns regarding the chemistry,
manufacturing or controls of Uloric.

Discussion:

The sponsor has provided compelling evidence of the efficacy of Uloric 80 mg and 120
mg, as well as data that supports superior efficacy compared to the only other approved
XO inhibitor, allopurinol. However, the results of the clinical team’s analyses of the safety
data submitted in this application have raised significant concerns regarding the overall
safety profile of Uloric, and the risk to benefit balance of this new drug product.

The most concerning, and unclear safety finding is a higher incidence of cardiovascular
events in Uloric-treated subjects compared to both the allopurinol and placebo-treated
subjects. While the absolute numbers are more alarming than the incidence rates, as Dr.
Hertz has astutely noted in her review the disparity in exposure to the three treatment
arms in the safety database results in an inability to fully assess the risk of cardiovascular
AEs related to exposure to Uloric compared to allopurinol or placebo. Although I agree
with the sponsor that when exposure over time is included in this analysis the data are less
concerning, in light of the limited number of subjects in the active and placebo comparator
groups, accurate interpretation of the results is difficult at best.

The other safety finding of considerable concern found in the Uloric-treated subjects was

the occurrence of hemorrhage. Two cases of retroperitoneal hemorrhage leading to death

occurred in subjects treated with Uloric and warfarin concomitantly. A single patient

suffered an intracerebral hemorrhage in one of the Japanese studies, at a lower dose than

those under consideration for the U.S. market. The data submitted in the drug-drug

interaction study of Uloric and warfarin also raises significant concern, although the less b(@
than adequate conduct of the study makes accurate interpretation difficult. While the

potential for a drug-drug interaction with warfarin
~, better characterization of this interaction,
and the potential for Uloric to result in hemorrhagic AEs in the absence of an interaction
with anticoagulant therapy are necessary, especially considering the likelihood that the
product will at times be used without careful attention to the labeled contraindications and
warnings.

Finally, the clinical pharmacology and biopharmaceutics review team has recommended
that the sponsor perform in vivo drug-drug interaction studies with drugs that are
commonly used in the intended patient population, and that they redo their dissolution
testing with more appropriate methodology and improve their dissolution specifications.
While the drugs to be tested in the in vivo drug-drug interaction studies could be
contraindicated for concomitant use with Uloric, it would seem imprudent to do so given
their common use in the patient population that would be expected to receive treatment
with Uloric.
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Based on these clinically relevant safety concerns, and the unclear balance of risk and
benefit that these concerns warn of, the sponsor should perform further clinical evaluations
to better delineate the cardiovascular safety profile of Uloric, the potential for hemorrhagic
AEs, and the potential for drug-drug interactions with commonly co-administered drug
products. Additionally, the sponsor should adopt the dissolution method and dissolution
specification following the recommendations of the clinical pharmacology and
biopharmaceutics review team.

Finally, Dr. Schiffenbauer has recommended that the sponsor complete further studies to
evaluate clinical endpoints. Although the recommendations of the Arthritis Advisory
Committee and the available literature support the use of serum uric acid levels as a
surrogate endpoint, the Advisory Committee members also recommended that trials to
assess actual clinical outcomes should be undertaken for drugs used to treat gout. As Dr.
Thomas Permutt, Team Leader for the biostatistics team, noted in a personal
communication:

A surrogate that is qualitatively related to clinical outcome may be enough to show that
a drug is effective. Nevertheless, if questions of risk and benefit arise, the magnitude,
not just the existence, of the correlation may become critical.

We might be quite confident that a change in uric acid is associated with some clinical
improvement, without being confident of how much clinical improvement to expect. If
so, we might still require evidence that the clinical benefit was enough to justify the risk.

Therefore, the sponsor should be asked to perform studies that demonstrate a clear clinical
effect. While not required for approval of this application, these studies should be
required as a Phase 4 commitment.

Action:

Approvable

Bob A. Rappaport, M.D.

Director

Division of Anesthesia, Analgesia and Rheumatology Products
Office of Drug Evaluation II, CDER, FDA
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Robert Mevyer
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I am in substantial agreement with Dr. Rappaport’s memo
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record for this action cycle leading to an

approvable action.
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1 EXECUTIVE SUMMARY

Please, see medical officer review by Dr. Schiffenbauer

2 INTRODUCTION AND BACKGROUND

Please, see medical officer review by Dr. Schiffenbauer

3 SIGNIFICANT FINDINGS FROM OTHER REVIEW DISCIPLINES

Please, see medical officer review by Dr. Schiffenbauer

4 DATA SOURCES, REVIEW STRATEGY, AND DATA INTEGRITY

Please, see medical officer review by Dr. Schiffenbauer

5 CLINICAL PHARMACOLOGY

- Please, see medical officer review by Dr. Schiffenbauer and specialty reviews by
Lei Zhang, Ph.D., Dennis Bashaw, Pharm. D., V. Atul Bhattaram, Ph.D.

6 INTEGRATED REVIEW OF EFFICACY

This portion of the submission has been reviewed by Dr. Schiffenbauer

7 INTEGRATED REVIEW OF SAFETY

7.1 Methods and Findings

Safety evaluation was performed by reviewing ISS and safety data from individual trials. This
safety review was updated after receiving 120-days safety update. New data in this update are
from 2 ongoing studies: TMX-01-005 and C02-021. Data collection from these studies is
ongoing. Safety data, collected until 15 September 2003 for an interim analysis of TMX-01-005
and until 30 April 2004 for an interim analysis of C02-021, were included in the original ISS.
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Safety data collected until 29 October 2004 for both Studies TMX-01-005 and C02-021 are
included in this update. SAEs reported from 30 October 2004 to 31 December 2004 are listed in

Section 3.4.1.4, but are not included in the integrated analyses.

The doses of febuxostat being proposed for marketing in this application are 80 mg or 120 mg to
be taken once daily (QD).

The objective of the United States febuxostat clinical development program was to demonstrate
that febuxostat could safely and effectively manage hyperuricemia in patients with gout. The
United States clinical program for febuxostat included 24 Phase 1 trials (including 1 study each
conducted in hepatic and renal impaired subjects), 2 Phase 2 trials (including 1 dose-ranging

- study), and 3 Phase 3 trials in subjects with a history or presence of gout defined by the
preliminary criteria of the American Rheumatism Association (ARA) for the classification of the
acute arthritis of primary gout and a serum urate level >8.0 mg/dL.

Of note, interim safety and efficacy data from one of the Phase 3 controlled studies, an ongoing
24-month, extension trial (C02-021) and from one of the Phase 2 studies, an ongoing intended 5-
year, extension trial (TMX-01-005) are included in this application.

The Japan program for febuxostat included six Phase 1 trials, seven Phase 2 trials, and two Phase
3 trials. However, since the Japan program evaluated lower doses of febuxostat (doses up to 40
mg QD) than those being developed in the United States (80 mg QD and 120 mg QD) and a
different demographic population, these studies are considered supportive for safety. Therefore,
the discussion of safety data from all Japanese studies in this Integrated Summary of Safety (ISS)
is limited to information on setious adverse events and premature discontinuations due to
adverse events.

Throughout the US clinical program, the safety of febuxostat was assessed by adverse
events, physical examinations, laboratory evaluations, vital signs, and electrocardiograms
(ECGs). Rashes were carefully monitored and documented on the case report form as
well as a Rash Adverse Event Worksheet.

The potential effect of febuxostat on cardiac repolarization as assessed by QTc interval
was also evaluated in a Phase 1 study utilizing moxifloxacin as a positive control (Study
C02-023 Part B).

Adverse events of special interest (cardiovascular, hypertension, gastrointestinal, renal, lipid
metabolic, thyroid, rash, hepatic, neurological, and hematological adverse events) were
summarized for the Phase 3 controlled and Phase 2/3 studies. These organ systems were selected
because of the known high prevalence of certain comorbidities in the gout population
(cardiovascular disease, hypertension, renal and lipid disorders) or because of known side effects
(cutaneous rash, hepatotoxicity, bone marrow toxicity) of the only other available XO inhibitor,
allopurinol. Finally, additional organ systems were added because of findings in the febuxostat
preclinical (thyroid effects) or clinical (diarrhea, nausea, and one event of Guillain-Barré
syndrome) program.





