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1 FREED

Background -1-

® Urate-lowering therapy with anti-hyperuricemic drugs can prevent the
recurrence of urate deposition—related diseases.
(Perez-Ruiz F et al. Arthritis Rheum 2002)

® Hyperuricemia may contribute to the development and progression of
cerebrocardiovascular diseases and mortality.
(Kojima S, et al. Am J Cardiol 2005)
(Li M, et al. Sci Rep
2016)
@ Febuxostat approved in 2011 in Japan has a more potent serum uric acid—
lowering effect compared with that of allopurinol.
(Kamatani N, et al. J Clin Rheumatol 2011)

ESC Congress
Munich 2018

@



Production and Metabolism of Uric Acid

Ad '
erlosme Human Vascular Smooth Muscle Cells

| ebuxosta —= o= = > e e e St e >

l - — S
Hypoxanthine Iil Allopurinol

Oy e——t +

Xantm
O, <—¢A/

Oxypurinol
Uric acid (UA

Urate
oxidase

Excretion Allantoin

Xanthine
oxidoreductase

Renal (2/3 Nature 2002:417:447-452
Benzbromaron ; ; 107 )
[Gastromtestlnal (1 /3J enzbromarone ) Circulation 2003:107:1951-1953

probenecid Am Soc Nephrol 2006;17:1791-1795



1 FREED

Background -2-

@ The Cardiovascular Safety of Febuxostat and Allopurinol in Patients with
Gout and Cardiovascular Morbidities (CARES) trial revealed that all-cause
mortality and cardiovascular mortality were higher with febuxostat
treatment than with allopurinol treatment in gout patients with
cardiovascular disease.

(White WB, et al. N Engl J Med 2018)

@ It remains to be elucidated whether the mortality results of the CARES trial
are due to beneficial effects of allopurinol or deleterious effects of
febuxostat.

(Choi H, et al. Arthritis Rheumatol 2018)
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1 FREED

Al

® The Febuxostat for Cerebral and CaRdiorenovascular Events
PrEvEntion StuDy (FREED) was conducted to compare the
occurrence of cerebral, cardiovascular, and renal events in
elderly patients with hyperuricemia at risk for cerebral or
cardiorenovascular disease treated with febuxostat and those
treated with conventional therapy.
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1 FREED

Study Design -1-

¢ Design

* Multicenter, prospective, randomized open-label, blinded end point
(PROBE), two-arm parallel treatment groups study

¢ Subjects

* Elderly patients aged 65 years or older with hyperuricemia (serum uric
acid level >7.0 to 9.0 mg/dL) who had one or more risks for cerebral,
cardiovascular, or renal disease

a. History of active hypertension
b. History of active type 2 diabetes mellitus

c. Renal disorder (eGFR 230 to <60 mL/min/1.73 m?) within 3 months
prior to enrollment

d. History of cerebrocardiovascular disease occurring >3 months prior to
ESC Congress
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1 FREED

Study Design -2-

Non-febuxostat group
Consider use of allopurinol 100 mg if serum uric acid is elevated

Screening Study treatment continued up to Month 36
Enrollment
Randomization

Informed
consent

‘40 M9 Febuxostat group
|20 mg Administer febuxostat
10 mg
| | | | | |
| | | | | |
WO W4 W8 w12 M6 (Investigation every 6 months) M36

ESC Congress . h Lifestyle modification for management of hyperuricemia in all patients —}
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1 FREED

End Point -1-

¢ Primary composite end point

(1) Death due to cerebral or cardiorenal vascular disease

(2) New or recurring cerebrovascular disease (stroke [cerebral
hemorrhage, cerebral infarction, subarachnoid hemorrhage, stroke
of unknown type], transient ischemic attack)

(3) New or recurring non-fatal coronary artery disease (myocardial
infarction, unstable angina)

(4) Cardiac failure requiring hospitalization

(5) Arteriosclerotic disease requiring treatment (aortic aneurysm, aortic

dissection, and arteriosclerosis obliterans
ESC Congress ’ )
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1 FREED

End Point -2-

¢ Primary composite end point (continued)

(6) Renal impairment (development of microalbuminuria®/mild
proteinuria®, progression to overt albuminuria®/severe proteinuria®
or worsening of overt albuminuria, doubling of serum creatinine (Cr)
level, progression to end-stage renal disease)

(7) New atrial fibrillation (including paroxysmal atrial fibrillation)

(8) Death due to other cause

“microalbuminuria (<30 to <300 mg/gCr)  #mild proteinuria (<0.15 to <0.50 g/gCr)

overt albuminuria (<300 mg/gCr) &severe proteinuria (<0.50 g/gCr)
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1 FREED

End Point -3-

# Secondary end point

(1) Each component of cerebral, cardiovascular, and renal vascular

events

(2) Hard end point (composite of death due to any cause,

cerebrovascular disease, or non-fatal coronary artery disease)

(3) Primary composite events according to achieved serum uric acid

level

ESC Congress ®
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Patient Distribution TTREED

1184 patients were screened

» 100 declined to participate

A 4

1084 patients were randomized

14 excluded
7 consent withdrawal
» 5Sineligible for the criteria
1 lost before study start
1 investigator's discretion

\ 4

1070 patients were included in the intention-to-treat population

v L]
537 assigned to the febuxostat group 533 assigned to the non-febuxostat group
v v
537 analyzed for primary composite outcome 533 analyzed for primary composite outcome
ESC Congress 322 (60.0%) completed study 288 (54.0%) completed study
Munich 2018 ® 362 (67.4%) febuxostat 40 mg 145 (27.2%) allopurinol 100 mg




Baseline Characteristics -1-

1 FREED

Febuxostat group

Non-febuxostat group

P value
(febuxostat vs.

(n=537) (n=533) non-febuxostat)
Male 371 (69.1) 368 (69.0) 1.000
Age (year) 75.4+6.7 76.0+6.5 0.137
Body mass index (kg/m?) 24.74+3.71 24.61+3.65 0.325
Hemoglobin (g/dL) 13.55+1.60 13.46+1.65 0.424
Total protein (g/dL) 7.20+0.45 7.19+0.46 0.928
Total bilirubin (mg/dL) 0.62+0.30 0.59+0.28 0.299
Hypertension 506 (94.2) 501 (94.0) 0.897
Systolic blood pressure (mmHg) 132.9+14.8 132.3+14.0 0.426
Diastolic blood pressure (mmHg) 73.5+10.2 73.6+£10.2 0.716
Type 2 diabetes 197 (36.7) 199 (37.3) 0.849
Hemoglobin Alc (%) 5.87+0.63 5.87+0.60 0.815
Hyperlipidemia 317 (59.0) 305 (57.2) 0.577
LDL cholesterol (mg/dL) 108.3+31.2 106.3+28.1 0.421
HDL cholesterol (mg/dL) 54.2+14.9 54.4+15.0 0.812
Triglyceride (mg/dL) 135.0 [96.0-193.5] 138.0[94.0-189.0] 0.757

ESC Congress . Values are presented as n (%), mean+standard deviation, or median (25th-75th percentile ranges) o
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Baseline Characteristics -2-

1 FREED

Febuxostat group

Non-febuxostat group

P value
(febuxostat vs.

(n=537) (n=533) non-febuxostat)
Renal disease” 357 (66.5) 350 (65.7) 0.796
eGFR (mL/min/1.73 m?) 54.62+14.11 55.35+15.16 0.608
Alcohol habitat 239 (44.5) 238 (44.7) 1.000
Active smoking 222 (41.3) 239 (44.8) 0.267
Coronary artery disease 45 (8.4) 45 (8.4) 1.000
Chronic heart failure 41 (7.6) 33 (6.2) 0.393
Stroke 39 (7.3) 47 (8.8) 0.370
Vascular disease 9 (1.7) 16 (3.0) 0.162
Malignant tumor 15 (2.8) 17 (3.2) 0.724
hs-CRP (mg/dL) 0.082 [0.040-0.172] 0.078 [0.039-0.167] 0.520
NT-proBNP (pg/mL) 114.0 [58.0-268.0] 124.0 [62.0-263.0] 0.328
Serum uric acid (mg/dL) 7.54+1.06 7.50+1.03 0.324
Urinary albumin (mg/g-Cr) 17.4 [7.5-54.8] 19.5 [8.3-67.45] 0.278
Urinary protein (g/g-Cr) 0.082 [0.043-0.163] 0.086 [0.044-0.170] 0.558
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® *Renal disease defined as eGFR <60 mL/min/1.73 m?



. . . =1 FREED
Changes in serum uric acid level
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O Febuxostat group

107 ® Non-febuxostat group
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1 FREED

Proportion of patients with serum uric acid level <6.0 mg/dL

Visit Febuxostat group Non-febuxostat group
(n=537) (n=533)
8 weeks 394/503 (78.3) 65/482 (13.5)
12 weeks 430/499 (86.2) 76/487 (15.6)
6 months 426/489 (87.1) 88/491 (17.9)
12 months 412/471 (87.5) 81/455 (17.8)
18 months 351/392 (89.5) 87/362 (24.0)
24 months 344/381 (90.3) 65/341 (19.1)
30 months 292/317 (92.1) 68/294 (23.1)
36 months 290/322 (90.1) 82/293 (28.0)

Values are presented as n (%)

ESC Congress .
Munich 2018 »



Primary End Point =1FREED

(Composite of death due to any cause, cerebrovascular disease, non-fatal coronary artery disease, heart failure requiring
hospitalization, arteriosclerotic disease requiring treatment, renal impairment, atrial fibrillation)

o
5

— Febuxostat group (n=537)
— Non-febuxostat group (n=533)

o
e

28.7%
23.3%

Hazard ratio=0.750
(95% Cl, 0.592-0.950, P=0.017)

o
o

Cumulative rate of the primary endpoint
o
N

0' T T T T T T T T T T T 1
No. at risk 0 3 6 9 12 15 Mo1nSths 21 24 27 30 33 36
ESC Congress _ ropyxostat 537 515 473 429 399 372 209 o
Munich 2018

Non-febuxostat 533 501 451 391 370 341 188



Secondary End Point TPRERD

Febuxostat group  Non-febuxostat Hazard ratio (95% P

(n=537) group (n=533) confidence interval) value
Death .due to cerebral, cardiovascular and 6 (1.1) 6 (1.1) 0.958 (0.314-2.926) 0.940
renal disease
Cerebrovascular disease 9 (1.7) 7 (1.3) 1.271(0.479-3.371) 0.630
Non-fatal coronary artery disease 4 (0.7) 7 (1.3) 0.559 (0.167-1.869) 0.345
Heart failure requiring hospitalization 9 (1.7) 12 (2.3) 0.699 (0.290-1.689) 0.427
Arteriosclerotic disease requiring treatment 2 (0.4) 3 (0.6) 0.644 (0.107-3.873) 0.631
Renal impairment 87 (16.2) 109 (20.5) 0.745 (0.562-0.987) 0.041
Atrial fibrillation 4 (0.7) 3 (0.6) 1.320 (0.292-5.968) 0.719
Death due to other cause 4 (0.7) 6 (1.2) 0.635(0.179-2.253) 0.482
Hard end point (composite of death due to
any cause, cerebrovascular disease, or non- 23 (4.3) 26 (4.9) 0.861 (0.492-1.506) 0.600

fatal coronary artery disease)

ESC Congress
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Primary Composite Event according to ' "REED

Achieved Serum Uric Acid Level at 12 weeks
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Serum uric acid level
at 12 weeks after the study (mg/dL)
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=1 FREED
Summary

¢ The present FREED study demonstrated that febuxostat significantly decreased
serum uric acid levels, and its effect was associated with reduction of cerebral,
cardiovascular, and renal events as the primary composite end point in patients

aged 65 years or older with hyperuricemia compared with conventional therapy
with lifestyle modification.

¢ Ina primary composite end point, a renal event was clearly reduced by febuxostat
treatment.

¢ Febuxostat treatment could not decrease hard end point events during the study
period.

¢ More than 7 mg/dL in serum uric acid level at 12 weeks after treatment was a
stronger risk factor for the primary composite endpoint compared to 5< to <6
mg/dL in serum uric acid level. Patients whose serum uric acid levels were 6< to <7
mg/dL, 4< to <5 mg/dL, <4 mg/dL showed a higher hazard ratio than that in those

with 5< to <6 mg/dL in serum uric acid level.
ESC Congress
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. =1 FREED
Conclusion

¢ Uric acid level lowering by febuxostat provides clinical benefit
for prevention of cerebral, cardiovascular, and renal events in

elderly patients with hyperuricemia.

¢ Febuxostat may be expected to prevent the development and

progression of chronic kidney disease.

4 However, excessive lowering treatment by febuxostat may be

avoided.
ESC Congress
Munich 2018 °



Full List of the FREED Study Investigators ' "RFP

Hokkaido: Itaru Maeda (Miyanomori Memorial Hospital), Hiroki Matsui (Matsui Naika Clinic),
Toshiya Okamoto (Okamoto Naika Clinic), Hideaki Omiya (Omiya Clinic), Fumihiko Takeda
(RiverSide Clinic), Hiroki Takeda (Keiyukai Yoshida Hospital), Akita: Yasushi Suzuki (Honjo Daiichi
Hospital), Yamagata: Tomoji Shimasaki (Shimasaki Clinic), Fukushima: Chikako Kaneko (Southern
Tohoku Research Institute For Neuroscience Southern Tohoku Medical Clinic), Ibaraki: Mario
Yamaki (Yamaki Medical Clinic), Gunma: Fumio Naganuma (Tsurugaya Hospital), Masayuki Nakano
(Nakano Clinic), Takeshi Maki (Iryouhoujinn Makikai Makibyouinn), Saitama: Nobuyuki Enomoto
(Enomoto Clinic), Toshibumi Hogi (Iryohojin Hogi Sinryojyo), Kouichi Kanouzawa (Saitama Medical
Center), Yasushi Okuaki (Okuaki Clinic), Tomoyuki Shibuya (Medical Corporation Shibuya Clinic),
Eiichi Tokutake (Tokutake lin), Chiba: Masatoshi Yanagisawa (Iriyouhoujin Siyadan Yanagisawakai
Yanagisawaiin), Tokyo: Tetsuichi Asano (Nishimura Memorial Hospital), Masaki Akahata (Hosoda-
Clinic), Takao Baba (Baba lin), Yoshiaki Harada (Harada Clinic), Atsuhiro Ichihara (Tokyo Women's
Medical University Hospital), Yukinobu Kobayashi (Kobayashi Clinic), Hitoshi Kurumatani
(Kurumatani Clinic), Masaki Miyahara (Miyahara Clinic), Shigeki Moritani (Moritani Clinic),
Kunihiko Ohno (Oono lin), Takeshi Okuda (Okuda Clinic), Yoshiaki Osamura (Yamada Clinic),
Masayuki Otaki (Tenjinmae Clinic), Masahiro Sugawara (Sugawara Clinic), Hideaki Sudo (Johoku
Clinic), Kazumi Taguchi (Taguchi Clinic), Shukuko Tominaga (Tominaga Clinic), Himasatotoshi
Watanabe (Daiba Shinryojo), Kirino Yuuya (Kirino Clinic), Kanagawa: Keiichi Chin (Hakuai lin),
Hirokuni Etsuda (Shimokurata Heart Clinic), Nobuo Hatori (Kobayashi Hospital), Kumio Iroden
(Iroden Clinic), Yoshitaka Kamegaya (Kamegaya Clinic), Hideki Kikuchi (Kikuchi Clinic), Kazuo
Kimura (Yokohama City University Medical Center), Hisao Mori (Yokohama Sotetsu Bldg Clinic of
Internal Medicine), Takao Nagasu (Nagasu Clinic), Riichirou Nakayama (International Goodwill
Hospital),Masato Nishimura (Tsurumi Chuo Clinic), Masahisa Ori (Ori Clinic), Kenji Tani (Tani Clinic
Internal Medicine, Allergology & Rheumatology), Hareaki Yamamoto (Yamamoto Clinic), Jun
Yamagami (Yamagami Naika), Shohei Yuasa (Shohei Clinic), Niigata: Kazuaki Uchiyama (Uchiyama
Clinic), Kazuo Maeda (Maeda Medical Clinic), Ishikawa: Hiroyuki Hayakawa (Dr Hayakawa’s Family
Clinic), Hirokazu Kakuda (Kakuda lin), Shigeru Nakano (Shika Clinic), Toshiki Tatsumura (Okyozuka
Clinic), Yutaka Wakasa (Wakasa Medical Clinic), Masayuki Yanagi (Yanagi Medical Clinic),
Yamanashi: Masahiko Kuroda (Kuroda lin), Gifu: Yasuhiko Kawade (Iryohojin Shadan Seijinkai
Kawade lin), Naoki Kawai (Kawai Naika Clinic), Toshihide Kumazaki (Sunomata Clinic), Yoshiyuki
Miwa (Miwa Clinic:Gastroenterology Hepatology),Yoshiki Noda (Noda Clinic), Masachika Sagoh

ESC Congress
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(Sagou Clinic), Minoru Sasaki (Sasaki Clinic), Kuniyuki Takai (Takai Clinic), Tomoo Takeda (Takeda
Clinic), Rieko Totani (Totani Medical Clinic), Reiki Yoshida (Yoshida Naika), Shizuoka: Masaki
Harada (Harada Medical Clinic), Masako Waki (Shizuoka City Shizuoka Hospital), Riichiro Waki
(Waki Riichiro Clinic), Aichi: Tomoharu Arakawa (Shakaiiryohojin Kojunkai Daido Hospital), Shinya
Hiramitsu (Hiramitsu Heart Clinic), Takuo Ogawa (Ogawa-naika Clinic), Mie: Shinya Okamoto
(lwasaki Hospital), Kyoto: Tsugio Isoda (Isoda Internal Medical Clinic), Izuru Masuda (Koseikai
Clinic), Ken Takenaka (Takenaka Clinic), Osaka: Kaname Akioka (Akioka Clinic), Takahiro Hayashi
(Hayashi Medical Clinic), Kazuo lkeda (lkeda Clinic),Hidetaka Kanazawa (Kanazawa Clinic), Toru
Kinugawa (Kinugawa Cardiology Clinic), Shoichi Kitano (Nanko Clinic), Yoshiko Kubota (Kubota
Clinic), Yojiro Kurihara (Kondo Clinic), Miyuki Matsuo (Matsuo Clinic), Masayuki Matsushita
(Matsushita Medical Clinic), Hiroshi Nishimura (Nishimura Clinic), Toshihiko Seo (Seo Heart Clinic),
Masahiro Watanabe (Watanabe lin), Hyogo: Jun Arao (Harima Clinic), Tomohiro Katsuya (Katsuya
lin), Naotaka Kusunose (Kusunose Surgery Clinic), Yuji Nakatani (Nakatani Hospital), Akira Nozaki
(Kousei Hospital), Nara: Nobushige Ote (Ote Clinic of Internal), Kenichi Samejima (Nara Medical
University Hospital), Hiroshima: Kazuya Shigenobu (Shigenobu Clinic), Yamaguchi: Hideo Ayame
(Ayame Medical Clinic), Shoshi Matsuda (Matuda Clinic), Tokushima: Takashi Fujimoto
(Sekishinkan Hospital), Soichi Honda (Minami-cho National Health Insurance Minami Hospita),
Nobuaki Oka (Itsumo-smile Clinic), Akira Ota (Ota Clinic), Osame Tanaka (Tanaka Clinic), Kagawa:
Nobuo Matsuoka (Matsuoka Clinic), Ehime: Kengo Matsumoto (Ishite Matsumoto Naika Junkanki
Clinic), Toshifumi Matsuno (Matsuno Medical Clinic), Katsumi Yoshida (Ehime Medical CO-OP
Izumigawa Clinic), Kochi: Hidetomo Maruyoshi (Shimamoto Hospital), Fukuoka: Seiichi Goto
(Medical Cooperation Toseikai Goto Clinic), Youichi Hanaoka (Hanaoka IC Clinic), Takatoshi Otonari
(Otonari Clinic), Koji Takaki (Saku Hospital), Masahiro Tohaya (Tohaya lin), Tetsuro Yoshida (Onga
Nakama Medical Association Onga Hospital), Kumamoto: Koji Honjo (Honjo Internal Medicine
Hospital), Hideaki Jinnouchi (Jinnouchi Clinic Diabetes Care Center), Hirofumi Kan (Kan Kaimeido
Clinic), Shinobu Kojima (Terao Hospital), Akira Maki (Maki Cardiovascular Clinic), Toshiro
Matsunaga (Suizenji Touya Hospital), Shuichi Matsuo (Matsuo Clinic), Hiroo Miyagi (Miyagi Clinic
Cardiovascular Medicine), Kunihiro Omori (Omori lin), Eiji Otsuka (Otsuka Hospital), Masamitsu
Toihata (Toihata Naika), Kenichi Tsujita (Kumamoto University Hospital), Miyazaki: Takuma Eto
(Eto Clinic), Shuichi Kawano (Kawano Clinic), Jyunichi Miyata (Miyata Naika lin), Naoto Yokota
(Yokota Naika), Okinawa: Yusuke Oya (Hospital, University Of The Ryukyus)

(Listed in prefectural and alphabetical order)



Hard End Point T FREED

(composite of death due to any cause, cerebrovascular disease, or non-fatal coronary artery disease)

0.4
— Febuxostat group (n=537)
— Non-febuxostat group (n=533)
0.31
Hazard ratio=0.861
(95% Cl, 0.492-1.506, P=0.600)
0.2

4.3%
O-M

N .. 0 3 6 9 12 15 18 21 24 27 30 33 36
0. at risk Months

Febuxostat 537 515 473 429 399 372 209 g
Non-febuxostat 533 501 451 391 370 341 188

Cumulative rate of hard end point
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