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URIC ACID

A FACTOR IN THE CAUSATION OF DISEASE.

PATHOLOGY OF HIGH ARTERIAL TENSION,
HEADACHE, EPILEPSY, MENTAL DEPRESSION, GOUT,

RHEUMATISM, DIABETES, BRIGHT'S DISEASE,

IND OTHER DISORDERS

\LEXANDER HAIG, M.A., M.D.Oxox., FRC.FP

Halg A: Unc Acid as a Factor in the Causation of Disease: A
Contribution to the Pathology of High Arenal Tension,
Headache, Epilepsy, Mental Depression, Gout, Rheumatsm,
Diabetes, Bnght's Disease, and Other Disorders, edn 1. London:
] & A Churchill; 1892

Frederick Akbar Mohamed

hypothesized that uric acid

might be integral in the
development of essential

hypertension (1879)
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The Hyperuricemia Cascade

Tissue
Dietary Nucleic acids Endogenous
purines x Purine synthesis
T Urate —

OVErprodUCtion m— l 4 Underexcretion

Hyperuricemia

Silent Gout Renal Associated

tissue manifestations || CV events and
deposition mortality




Complex Interaction of Uric Acid, Components of
Metabolic Syndrome and CVD

CARDIOVASCULAR
DISEASE

VISCERAL
ADIPOSITY

INSULIN
RESISTANCE
AND
DIABETES

ENDOTHELIAL
DYSFUNCTION

~ SERUMIE | OXIDATIVE
URIC ACID STRESS

1 INFLAMMATION

Mehmet Kanbay et al Eur J Intern Med 2016



Proposed Mechanisms Leading
from SUAto HTN & CVD

T Purine-rich foods or
fructose

T Nucleotide Turnover
T Protein Degradation

| Uric acid excretion T Intracellular UA

1 Xanthine oxidase derived ROS
1 NADPH derived ROS

T Oxidative stress
Mitochondrial alterations T RAS activation
| NO bioavailability 1 Endothelin Ins-Res

HTN
CV diseases

Johnson R J et al. Hypertension 2013;61:948-951 (mod)



Effect of intra-cellular UA on NO synthesis
within vascular endothelium

l

WNO synthase

wFMD vasoconsriction A Insulin resistanc




VNa Excretion
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Pathogenesis of acute gouty inflammation

Pathogenesis of acute gouty arthritis

Monocyte

TNFa, IL-1, IL-6, IL-8

Tissue injury

Complement
and
activation Proteases

\ inflammation
N
/4‘»';"".; Chemotaxis (
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Lysosomal enzymes,
LTB4, free radicals,
prostaglandins

-
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Neutrophil
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Ao0Bevng 58 eTwv PMETPIOC KATTVIOTAG, METPIOG TTOTNG.
Ymrépraon (Al 162/100mmHg), Z@uUgeig 75/min.

Ala Bwpaka kal HKI™ xwpig TraBoAoyIkd eupApaTa.
F’Aukodn: 120mg/dl, KpeaTivivn: 1.25 mg/dl,

K*/Na*: 3.6/138mEqg/L, TC: 220mg/dl,

LDL: 135mg/dl, HDL: 35mg/dl, TRG: 260mg/dl,
Oupiko6 0¢U: 10.4 mg/dl, 10TOPIKO OUPIKNAS apOpiTIdAC
2B: 96Kg, BMI: 31Kg/m?

AT1evoAOANn (50mgQ)

OApecaptavn+HCTZ (40+25mQ)

21uBaocTarivn 20mg Kai

AoTipivn 100 mg



NMwg Ba xeIp1cBoUue CUVOAIKA QUTOV TOV
aoc0gvn Kal TI 00 KAVOUME YIO T AUENMUEVO

ETTITTEON TOU OUPIKOU 0EEOG?




2018 ESC-ESH Guidelines for the Management of Arterial HTN

European

EESpCSt Factors influencing CV risk in pts with HTN @s«ietvof

of Cardiolog Hypertension

Demographic characteristics and laboratory parameters

Sex (men > women)

Age

Smoking - current or past history
Total cholesterol and HDL-C

Uric acid

Diabetes

Overweight or

Family history o mature CVD (men:< 55 years and women: < 65 years)

Family or parental history of early onset hypertension

Early onset menopause

Sedentary lifestyle

Psychosocial and socioeconomic factors

Haartr rata (rackina vahincae S Q0D bantfec nar min)



ESH/ESC HTN Guidelines

T SCr (> 1.4-1.5 mg/dl)
J eCrCl / GFR

MA

EKG

Hb, Ht
*Glucose
TC,HDL, LDL, TG

Uric Acid

*SCr, GFR, K, Na

['eviK oUpWV (AEUKWHO)
‘EKG

*LVH (EKG/Echo)
Concentric LVH

LA enlargement

*CA thickening / plaques
*Ankle/Brachial ratio
*Arterial stiffening (PWV)*

Recommended

*Echocardiogram

«Carotid U/S

*Ankle/Brachial ratio

*Arterial stiffening (PWV)*

*Holter ECG

*U/S Abdomen, Peripheral arteries
*HbAlc (Gluc > 102mg/dl or DM)
Urine protein, K, Na, K/Na
‘ABPM, HBPM

Fundoscopy



Drugs that raise serum urate concentrations - Drygs that lower serum urate concentrations

» Diuretics » Ascorbic acid
. ?clrollml{s » Benzbromarone
» Ciclosporin o
P » Calcitonin
+ Ethambutol :
« (itrate

» Pyrazinamide

+  Cytotoxic chemotherapy »  QOestrogens

+ Fenofibrate

» Ethanol

« Salicylates (low dose) + Losartan

+ Levodopa +  Probenecid

+  Ribavirin and interferon +  Salicylates (high dose)
+ Teriparatide + Sulfinpyrazone

° - Amlodipine

* SGLT2-i
Lancet 2010



Diuretic use, TUA and risk of gout in a
population-based study of adults with HTN

~ Cumulative incidence of gout by diuretic use in ARIC
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Mara A. McAdams DeMarco et al Arthritis & Rheumatism 2011


http://onlinelibrary.wiley.com/doi/10.1002/art.33315/full#fig1

Managing Hypertensive Patients With
Gout Who Take Thiazide

B After HCTZ f losartan

Joel Handler The Journal of Clinical Hypertension 2010






Ao0Oevng 58 eTwv PETPIOG KATTVIOTAG, METPIOGH TTOTNG.
Ymrépraon (Al 162/100mmHg), Z@uUgeig 75/min.

Ala Bwpaka kal HKI™ xwpig TraBoAoyikad eupApaTa.
FAukoln: 120mg/dl, KpeaTtivivn: 1.25 mg/dl,

K*/Na*: 3.6/138mEqg/L, TC: 220mg/dl,

LDL: 135mg/dl, HDL: 35mg/dl, TRG: 260mg/dl,
Oupiko6 0¢U: 10.4 mg/dl, 10TOPIKO OUPIKNS apOpiTIdAC
2B: 96Kg, BMI: 31Kg/m?, MepipeTrpog péong: 104cm.
ATevOAOAN (50mQ) Kal OTNn CUVEXEIO TTPOOCTEONKE
OApecaptravn+HCTZ (40+25mgQ)

21uBaocTarivn 20mg Kai

AoTipivn 100 mg



A2OENHZ ME YNEPTAzH

EKTipnon BAABNg opydvou — CTOXOU:
a/a Owpaka (-), HKT (-)
ECHO LVMI: 129 mg/m2

Neppiki AeiToupyia eGFR: 69ml/min (<60ml/min)
MoooTIKN EKTIMNON TTPWTEIVOUPIAG: AEUKWHO OUpWYV
24h: 180 & 201 mg/d

U/S KapwTtidwv: 1 IMT, ABnpwHATIKEG TTAAKEG

PWV: 13 m/sec

YMNEPTAZIKOZ ME BAABEZ OPITANQN 2TOXQN



Cessation of hyperuricemic drugs

Thiazide and loop diuretics increase uricemia by an
average of 0.65 and 0.96 mg/dL respectively.
Beta-blockers, non-Losartan ARBs and ACE inhibitors
Increase risk of gout and increased uricemia.

CCBs and Losartan should be privileged.

In cardiac failure, Spironolactone-Eplerenone which have
no effect on uric acid can be advised when possible.
Cardio-protective Aspirin modestly increases uricemia

and replacement by Clopidogrel can be considered.



AtevoAOAn 50mg/d: Alakotry (avgnon TG, Gluc) kai
oTn OUVEXEIa avTiKaTtaoTaon ME NepuTTIBOAGAN 5 mg
OApecaptavn+HCTZ 40+25mg — 40+12.5mg
(Meiwon dioupnTikoU yia Oupiko o¢u & KaAio)

(2€ etriteuEn otoxou All okEéwn yia AocapTtdavn )
NMpooBRkn ApAodiTrivng 5mg, Adyw oupikoloupnTIKNG
Opaong 1o BPAdU yia |OIONUATWY (X& OEUTEPO XPOVO
og otafepoTtroinon SPC TpITTAGG CUVOUOAOHOG?).
Emimpoo0eTn xopynon EmTAepevovng o€ avBeKTIKA
UTTEPTOON | EVOAAOKTIKEA aVTIKATAOTOOT O10UPNTIKOU.
EmimpooBeTn xopnynon Mogovidivng o€ avOeKTIKN
UTTEPTAON.



21uBaoTativn 20mg: Aiakorrp —PoocouBaocTaTivi 20mg.
Aiaito—aoknon-|aAKoOA yia TG - UA kai rifavi
mpoonkn Pevoiutrparng 145 mg ((UA) R Q3.

2& ouveXI{opevn diatapaxr METARBOAICHOU YAUKOCNG
(tHbA1c) mBavi xopnynon SGLT2-I (Dapagliflozine)
AlakoTtr) AoTTIpivng MEXP! TOUAGXIoTOV pUOMIoN All Kai
gTTavagioAoynon tng £vOeiEng xoprnynong Tne.



NMwg Ba xeip1cOoupue autov Tov aocBevn
VIO TO QUENMEVA ETTITTEON TOU OUPIKOU
0¢€0G?

‘EoTw OTI HETA TNV TTAPEUPOOT

UA: 8.9mg/d|



EULAR recommendation for the management

of flares In patients with gout

Education about the disease

Lifestyle advice
Screening for comorbidities and current medications | _.

Therapeutic options

depending on severity,
Avoid colchicine and NSAIDs I number of affected Avoid colchicine I

/ _-_—

| Colchicine NSAIDS Combination therapies
| (1 mg followed by 0.5 (classic or coxibs + PPl if

(for instance colchicine
‘ mg after 1 hour) appropriate)

+ NSAIDs or
| |
g (

(prednisolone 30-35 mg
for 5 days)

In]ectlons of
corticosteroids

Oral corticosteroids |

corticosteroids)

T —

Contraindications to colchicine,
NSAIDs and cortloostemld (oral or

l Resolution of fiare Educate to self-medicate
Consider IL-1 blocker l—) : Consider initiation of ULT




YIapxouv Kal TPOPES
TTOU HEIWVOUV TO OUPIKO 0SU OTTWC
Nepo, mpaoivo Toai, Ta light yaAakrepa
TA KEPAOIA, PTavava, @paouAeg, blueberries,
MnAo, axAadi, pmpokoAo, oEAEPI, ayyoupl,
VEPO KAPUOUG, PPECKIA VTOUATA

Kai n Birapivn C.



Mn @appakeuTikn Oepameia

Ox1 oivorveupaTwdn mMOTA KAl KUPiWG Pmmipd.
Oyx1 kpeaTika ka1 aAacoiva
Oyx1 mayvoapkia
Ox1 cakyapwdn mord
Edv Ta Kavere 0Aa aurd Oa PEIWOETE
TO OUPIKO 0¢U TOU aiparoc aag To MoAU Katd 10-15%.

Apa n poévn Auon yia Tn Bepartreia
TNG UTTEPOUPIXAIMIAC Eival Ta gappakalll

Sundy JS. Curr Opin Rheumatol 2010;188-93.



Ratios stratified by age

..... bl UA Therapy and the risk
el Oof Stroke in older adults

Adjusted Multivariable Hazard
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Singh JA et al Arthritis Res Ther. 2016
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stratified by age

Adjusted Multivariable Hazard Ratios g
© © 0 0 B B B R B[
N b DO N
© © @ 0 e ©

65-74

Age Categories

o

By gender
1.40 —’

1.20 -

2
o
=}

(=]

@

Q
y

T
<
-
g
B
-
o«
=
g

@ aan s
-
© ©

o
Y
Q

3
=]
=
é
s
s
-]
=
-
b}
2
=

o
°©
=]

Male

0

By race/ethnicity
2.50

2.00

[
U
=]

[
Q
(=

|
)
|

stratified by Race

o

Adjusted Multivariable Hazard Ratlos
w0
Q

o
o
=3

75-84

>=85

s 1-180 days

s 181 days to 2 years
greater than 2 years

=+=-=0day

s 1-180 days
s 181 days to 2 years
greater than 2 years

s 1-180 days

s 181 days to 2 years
greater than 2 years

- - 0 day

Multivariable-adjusted HRs

of MI by duration

of UA Therapy

by
a Age group,
b Gender

c Race
In the elderly

Singh JA et al
Arthritis Res Ther. 2016
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Urate lowering drugs: Indications EULAR

Severe gout or

« When associated with UA lithiasis as traditionally,

* In pts with Cardio-Vascular or Renal comorbidities,

« or with high (>8 mg/dL) uricemia

* Or young age (<40 years),

As these are likely to have frequent attacks(>2/year).

In patients with a definite diagnosis of gout, the EULAR
advises to discuss with the patient the indication of ULD
as soon as after the first flare.

Richette P, et al. Ann Rheum Dis 2016;0:1-14



FULAR Recommendations for
Treating to Target

SUA Targets

<0.30 mmol/L (<5
mg/dL)

<0.36 mmol/L (<6
mg/dL)

: : : in patients with
in all patients with gout

severe gout

ULT

Second Line: Febuxostat and/or
Uricosuric

First Line: Allopurinol

* First-line therapy for patients

L [ M * If SUA target cannot be achieved

with allopurinol, substitute with:
* Adjust dosage in patients with

impaired renal function

— Febuxostat or a uricosuric

— XO inhibitor and a uricosuric

Richette P, et al. Ann Rheum Dis. 2017;76:29-42.



EULAR recommendation for the management

of flares In patients with gout

Education about the disease
[an——— Lifestyle advice
 Screening for comorbidities and current medications | srecence orsrone
Renal failure CYP3AA4 or p-
amafolowediyos || G rimulonio3imel) | (e
mg after 1 hour) l + NSAIDS o
= corticosteroids)
(1 mg(;z:::ohiwc:l‘l’ebv 0.5 Nwos p::Lf; lA (for instance colchicine
mg after 1 hour) M ClAassic or coxibs + PPI N forsd s + NSAIDs or

corticosteroids)

_ Contralndlcations to colchidne
NSAIDs and corﬂoostemld (oral or

| Resolution of flare Educate to self-medicate
Consider IL-1 blocker i ‘ Consider initiation of ULT
l

) 'W”" 1 corticosteroids




EULAR recommendation for the management
of hyperuricemia in patients with gout

Determine SUA

Education about the
If appropriate disease
Stop diuretics Lifestyle advice } Start prophylactic
Use losartan Screening for treatment

Use fenofibrate |

»
Y
Start allopurinol 100 mg / day Initiate ULT
Adapt dosage to renal function =
Slow titrate up to the maximum
Switch to Febuxostat or a allowed dose W Allergy to allopurinol
uricosuric
Start Febuxostat or a
s -

uricosuric

No uricosuric)

; Target not achieved ‘,
Continue | Start pegloticase l > | Continue I

l Consider combined therapy (XOI +
Yes




2020 American College of Rheumatology
Guideline for the Management of Gout

Pts with 1 or more subcutaneous tophi, we strongly recommend High
initiating ULT over no ULT, Moderate
Pts with radiographic damage (any modality) attributable to gout,
we strongly recommend initiating ULT over no ULT.

Pts with frequent gout flares (>2/year), we strongly recommend
initiating ULT over no ULT,

Pts experienced >1 flare but infrequent flares <2/year, conditionally High
recommend initiating ULT over no ULT. Moderate

Pts experiencing first flare, we conditionally recommend against | Moderate
initiating ULT over no ULT, with the following exceptions.

For patients experiencing their first flare and CKD stage >3, SU >9 Very Low
mg/dl, or urolithiasis, we conditionally recommend initiating ULT

Patients with asymptomatic hyperuricemia (SU >6.8 mg/dl with no High
prior gout flares or subcutaneous

tophi), we conditionally recommend against initiating any
pharmacologic ULT (allopurinol, febuxostat,

probenecid) over initiation of pharmacologic ULT.
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Cardiovascular Safety of Febuxostat or

Allopurinol in Patients with Gout

William B. White, M.D. et al.

CARES Study

NEJM March 12, 2018



Table 2. Major Safety End Points (Modified Intention-to-Treat Analysis).*

Hazard Ratio
(95% Cl|

Febuxostat
(N=3098)

Allopurinol

End Point (N=3092) P Valuej

no. of patients (%)

Primary end point: composite of cardiovascular
death, nonfatal myocardial infarction, non-

335(108)  321(104) 103 (0.87-L23)F 0.6

(0.002)
fatal stroke, or urgent revascularization
due to unstable angina

Secondary end points

13443 10032 134 (103-173)
Nonfatal myocardial infarction 111 (3.6) 118 (3.8) 0.93 (0.72-1.21) 0.61
Nonfatal stroke 71 (23) 023  101(073-141) 094
Urgent revascularization for unstable angina 49 (1.6) 56 (1.8) 0.86 (0.59-1.26) 0.44
Composite of cardiovascular death, nonfatal 296 (9.6) 271 (8.8) 1.09 (0.92-1.28) 0.33

myocardial infarction, or nonfatal stroke
243 (1.8) 199 (64) 1.2 (1.01-147) @




A Primary End Point

100-
Febuxostat

- -
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et
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Month

No. at Risk
Febuxostat 3098 2784 2493 2111 1854 1589 1369 1165 955 778 573 441 264

Allopurinol 3092 2764 2465 2080 1815 1560 1361 1132 933 767 589 437 258




GRADE

Evaluation

CARES



Cardiovascular Safety of Febuxostat or Allopurinol in Patients with Gout

William B. White, M.D., Kenneth G. Saag, M.D., Michael A. Becker, M.D., Jeffrey S. Borer, M.D., Philip B. Gorelick, M.D., Andrew Whelton, M.D., Barbara Hunt, M.S., Majin
Castillo, M.D., and Lhanoo Gunawardhana, M.D., Ph.D. for the CARES Investigarors*

Article  Figures/Media Metrics ~ March 29, 2018
N Engl | Med 2018; 378:1200-1210

B DOI: 10.1056/NE]Moal710895
22 References 192 Citing Articles  Letters

@) U.S. National Library of Medicine

ClinicalTrials.gov

Find Studies « About Studies ~ Submit Studies « Resources ~ About Site ~

Home >  Search Results >  Study Record Detail [ Save this study

Cardiovascular Safety of Febuxostat and Allopurinol in Participants With Gout and Cardiovascular Comorbidities (CARES) (CARES)

ClinicalTrials gov Ildentifier: NCT01101035

The safety and scientific validity of this study is the responsibility of the study sponsor and investigators. Listing a study

does not mean it has been evaluated by the U.S. Federal Government. Read our disclaimer for details. iy s ) Gy

April 9, 2010
R sted @ - June 14, 2018
Last Update Posted @ June 14, 2018

Sponsor:
Takeda

Information provided by (Responsible Party):
Takeda

Study Details Tabular View Study Results Disclaimer How to Read a Study Record

Study Type  Interventional
Study Design  Allocation: Randomized; Intervention Model: Parallel Assignment; Masking: Quadruple (Participant, Care Provider, Investigator, Ouicomes Assessor), Primary Purpose: Treatment
Condition  Cardiovascular Disease

Interventions  Drug: Febuxostat
Drug: Allopurinol

Enrollment §108



Participant Flow @

Goto v

Recruitment Details Participants took part in the study at 320 investigative sites in Canada, Mexico and United States from 23 April 2010 to 18 July 2017.

Pre-assignment Details  Participants with a diagnosis of gout and significant cardiovascular comorbidities were enrolled in a 1:1 ratio to receive either febuxostat or allopurinol.

Am/Group Title Febuxostat

¥ Am/Group Description  Febuxostat 40 mg (or 80 mg beginning on week 4 if serum uric acid
level was 26.0 mg/dL), tablets, orally, once daily for up to

approximately 82 months.
Period Title: Qverall Study
Started 3101
Completed 1704
Not Complated 1397
Reason Not Completed
Adverse Event

Major Protocol Deviation
Lost to Follow-up
Voluntary Withdrawal

Reason not Specified

191
52
226
595
333

Allopurinol

Allopurinol 300 mg to 600 mg (increased in 100 mg increments each
month until serum uric acid was <6.0 mg/dL), tablets, orally, once daily
for up to approximately 83 months to participants with mildly impaired
renal function or normal renal function (estimated creatining clearance
[eCLer] 260 mL/min) or allopurinol 200 mg to 400 mg (increased in 100
mg increments each month until serum uric acid was <6.0 mg/dL),
tablets, orally, once daily for up to approximately 83 months to
participants with moderately impaired renal function (eCLer 230 but
<60 mL/min).

3097
1706
1391

172
46
223
587
363
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GRADE TOOL REFINED

RISK OF BIAS Yes/No Grading
A. Randomized YES o
B. Double blind YES o
C. Dropouts/Withdrawals YES -1
D. Loss of follow-up YES -1
E. Discussion of effect studies YES [®)
F. Early termination YES -1
G. Failure to report outcomes N O o
OVERALL RISK OF BIAS SCORE -3
INCONSISTENCY
Population Heterogeneity NO o
Intervention Heterogeneity YES -1
Outcome heterogeneity N O o
OVERALLINCONSISTENCY SCORE -1
INDIRECTNESS
INndirect comparison (ie. comparison to placebo) NO
o
Study population differs from target population N O o
Comparator differs among studies N O o
Study outcomes differ from outcomes of interest N O o
OVERALL INDIRECTNESS SCORE NO INDIRECTNESS o
IMPRECISION
Optimal information size requirement N O 1
NMean difference 9526CI includes O N O (@)
NMean 9526CI ranges overlap N O o
RR 9526CI includes 1 YES -1
OVERALL IMPRECISION SCORE -2
PUBLICATION BIAS
Failure to report studies espec those showing no effect N O o
Evidence arises from small trials funded by the drug company N O o
Author affiliations on the study include the drug company YES -1
OVERALL PUBLICATION BIAS SCORE -4
TOTAL SCORE -7

G RADE EVALUATION

VERY LOW




GRADE TOOL REFINED
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FUTURE STUDIES

i University of Lonnscicul

ARE VERY LIKELY TO '

B | kalr.|; Universicy of Clicage M

CHANGE
THE ESTIMATE

Percentage of Participants With Primary MACE Composite
10,8% for Febux vs. 10,4% for Allop, (0.87-1.23, 579%C1)

Inference for Means; Comparing Two Independent Samples
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4, Sacondary Outcome

Tilo- Porcantage of Participants Wih Cardiovaseular (CV) Daath
¥ Descrplon Events were adjudicatad by an independen! cardiovascular endpoinl
commilied as CV dealh,
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Post-CARES EMA REQUIREMENTS

Dear Doctor Letter

* In the CARES study Febuxostat increased risk

of CV death and all-cause mortality.

Updated CV warning in the SPC: (July 2019)

 Treatment with Febuxostat in pts with pre-
existing major CVD (e.g. MI, stroke or unstable
angina) should be avoided, unless no other

therapy options are appropriate



Febuxostat and CV Events: Review and Meta-Analysis

Febuxostat  Control

Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% Cl

Becker 2003 11507 6 253
Becker 2009 3799 0
Becker 2010 11 1513 756
Dalbeth 2017 4 157 157
Gunawardhana 2017 16l 60

30
3

402
3092

Nakagomi 2015 23l
Saag 2016 i b4
Schumacher 2008 11670
White 2018 294 3098 27

3
8
3
0
Huang 2014 0 34 1 11
3
2
2
g

Total (95% CI) 7439 5046
Total events 369 302
Heterogeneity: Chi’ = 5.4, df = 9 (P = 0.79); I* = 0%
Test for overall effect: Z = 0.81 (P = 0.42)

2.6%
1.8%
3.4%
1.0%
0.2%
0.6%
1.0%
0.9%
0.8%
§7.9%

100.0%

0.91(0.34, 2.45]
0.99(0.31, 3.16]
0.69(0.28, 1.70]
1.33(0.30, 5.86]
2.950.12, 71.03|

—_—

0.17[0.01, 4.08] ¢
0.65[0.12, 3.59]
0.75[0.13,4.27]
3.30(0.74, 14.81]
1071092, 1.25)

1.06[0.92, 1.23]

Y 20
Higher with Control Higher with Febuxostat

International Journal of Rheumatology Feb 2019,



Febuxostat for Cerebral and CaRdiorenovascular
Events PrEvEntion StuDy (FREED)

— Febuxostat group (n=537)
— Non-febuxostat group (n=533)
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Hazard ratio=0.750
(95% C1, 0.592-0.950, p=0.017)
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No. at risk
Febuxostat 537

Eur Heart J, Volume 40, Issue 22, 7 June 2019, Pages 1778-1786,



N=500
(uric acid >7.0 mg/dL)
carotid IMT 21.1 mm—

PRIZE study
Effects of febuxostat on atherosclerosis

asymptomatic hyperuricemia

Control group

24 (months)

(Not receiving UA-lowering agents)
Assessment
of cligibility
[ "
Informed (1:1)
CONUONS: | - 7T el RS S e AR S A
Registration i 60 mg (If possible)
and -
\location 40 mg (maintenance dosage)
20 mg Febuxostat group
*| 10mg
1 1 1 1 1 1
1 1 | 1 | 1
Within 0 2 3 6 12
<2 months

End of study

Modification of lifestyle for hyperuricemia H

PLoS Med April 2020
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PRIZE study

~8-Febuxostat

Control

T

Absolute change from baseline, mg/dL

mFebuxostat

@ Control

12
Months of follow-up

PLoS Med April 2020

6

12
Months of follow-up




ebuxostat

(N=239) Group difference in percentage change

in mean CCA-IMT P value for]

no. of patients
Subgroup P with febuxostat vs. control interaction

Lo S e nas i e Ly
baseline)
All patients 207 (1.18%) 193 (1.419%) . . .87%)
Age, yr
(O.77%) (0.699%) - - - 20%)
(1.84%9%) (2.239%) . . .029%)

Female (1.82%%6) (1.562%6) . . L96°%4)

Male (1.41%) (1.80%) . -2. .97%)

Previous hypertension
No .36%) (0.37%) . (-2. .37 %)

Yes .249%) (1.90%%) . (-2. .60%%)

Previous diabetes
No .A439%) (1.88%) . (-2. .999%)

Yes B629%) (1.56%) B (-3. .93%)

Previous ASCVD
No .02%) (1.25%) . (-3. .71%%)

Yes 419%) (2.75%) . (-1. .20%)

Previous gout arthritis
No B63%) .90%) -0.27% (-2.39% to 1.85%)

Yes .80%) .0O7%) B3 27% (-6.81% to 13.35%)

BMI, kg/m=
=25 .32%) A46%) . (-2.28% .71%)
=25 T2%) .36%) . (-3.80% .50%)
eGFR, mL/min/1.73m?=2
=60 .05%) .079%) - (-1. 7TA4%)
=60 7T5%) .05%) R (-5. .97%%)
Uric acid, mg/dL
=8.0 .54%) A2%) R (-1. .75%)
=8.0 209%) .369%) - (-6. .91%%)
Max CCA-IMT, mm
=1.3 469%) . T2%) . .52%)
=1.3 .94°%) A40%) . .08%)
Previous use of statin
No B65%) . 149%) R . 27 %)
Yes B33%) A40%) - 129%)

Previous use of antiplatelet
87%) .88%)
.35%) .95%)

PLoS Med April 2020




PRIZE study

Adjudicated clnical event Febuxostat (n = 241) Contzol (1 =247)
Total, number (%)

Cardiovascular death

Nonfatal myocardial infarction
Nonfatal sroke

Composie renal events

Non-cardiovascular death

All-cause death

PLoS Med April 2020



Comparison of UA reduction and renal outcomes of
febuxostat vs allopurinol in patients with CKD

Kaplan-Meier curve of risk of eGFR decline >=30%

5628 CKD Pts

Logrank p=0.9778

f

=
-

Allopurinol Febuxostat

1.5 2.0

Follow-up, year

Scientific Reports July 2020




iSaYI EMA required a safety clinical trial
100-900mg* were randomized

3063
Fabunostat Arm

3001 started treatment
> 973 discontinued
tréatment

3065 3063
Included in the efficacy analysis Included in the efficacy analysis

all follow up all fallow up
=4 ouT

2633 2652
completed the trial completed the trial LANCET

263 died 222 died Nov 2020

189 withdrew consent for

169 withdrew consent for




FAST - ENDPOINTS

Primary endpoint:
Hospitalisation for non-fatal Mi/biomarker positive ACS
Non-fatal stroke
Death due to a CV event
Secondary endpoints:
Hospitalization for non-fatal Ml/biomarker positive ACS
Non-fatal stroke
CV death
All cause mortality

Hospitalization: CHF, Angina, PCI, CABG, Cardiac arrest,
Cerebral revascularisation, TIA, thrombotic event, arrhythmia.
Exploratory efficacy endpoint:

Proportion of pts whose UA is 26.0 mg/dL, <6.0 mg/dL and
<5.0 mg/dL after each year of treatment



FAST- INCLUSION CRITERIA

Male/Female gouty pts 260yrs with at least one CV risk factor
Age 270 years (male) or 275 years (female)

Smoking (current or within the last 2 years)

Diabetes mellitus or Impaired glucose tolerance

HTN (BP >140/90 mmHg) or receiving treatment to lower BP
Dyslipidaemia (investigator assessment)

CKD Microalbuminuria or proteinuria

Family history of CAD or stroke in first degree relative at age <55 yrs
Inflammatory arthritis (Investigator assessment)

Chronic NSAID therapy (investigator assessment)

Previous CV event (MI, CVA or TIA)

PVD (investigator/clinical assessment)

Body mass index >30 kg/m2

COPD

Pts who have received 260 days treatment with Allopurinol or 22
Allopurinol prescriptions, within the previous 6 months.
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Mean SBP/DBP | MeanBMI || Total cholesterol and LDL Pre-existing
138/75 mmhHg 3 kg/ny &.55 and 2.85 mmol L respectively CV disease 33.4%

Mean age of symptoms || Median duration of Allopurinol | | Any episode of acute
of gout appearance treatment at inclusion gout in past 12 months
56,1 years old 6 years 26%

Diabetes Mellitus 23,5% in Allopurinol am and 26% in Febusostat arm




FAST- PRIMARY ENDPOINT RESULT oo

NON-INFERIORITY - ON TREATMENT POPULATION

Allopurinol [N=3065 Febuxostat (N=3063
n (%] n (%) HR (95% Cl)

241 (7-86%) 72 (562 | 1723 | 0-85(0-70, 1:03)

n (%) n (%) HR (35%C]]

285 (9-30%) 756 (8-36%] 0-89 (0:75, 1:06}




FAST- PRIMARY ENDPOINT RESULT

MR ® ORE (98% CI 070, 1103) HR = 0-&8 (85% CI: 075, 1-06)

FProgortion with Ewant
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L
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=
=
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=
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Allopurimal ! Allpuringl
Fabuxostat Fabudnstat

LANCET
Nov 2020




A ONDAR DPOINT R
Allopurinal (N=3065) | Febusastat (N=3063)
nf%] | Rate | nf¥ | Rate | HR[3RCH P,
I Secondary Endpoints
?::::ﬂl::atinnfmnun-hnlmwmdialiniaminn,’ biomarker positive acute coronary oy o 705w o lmpmiz) |00l
Non-atal stroke S0(261%| (0670 | SB(12%%) (0574 |047(02,121) |0.009
Cardiovasclar death R0 (067 |00y (050 |01ose 1) 0018
All-cause mortalty I4568%) (1438 \10B(3%3%] |LOB2 {07509, 0:95) |<0.001
Hospitaation forheartfire B0 (075 | (% (065 |os8(oss12) 0008
Haspitalisation for unstable new or worsening angina 2003%) (009 | 4(0i% (003 |039(013,122) {0019




FAST- SECONDARY ENDPOINT RESULT

ON TREATMENT

Allopourinol | Febouxostat

All-cause 174 148 108 1062 0-75 <0.001

mortality (5-68%) (3-53%) (0-59, 0-95)

LANCET
Nov 2020



FAST- SECONDARY ENDPOINT RESULT

INTENTION TO TREAT

LANCET
Nov 2020

Allopurinal (N=3085)

Febuyostat (= 3083)

HR 35C)

Hospitalisation for non-fatal myocardialinfarction biomarker positive acute coronary syndrome

110 (353

102 3334)

033 071, 121

Non-fatal stroke

8 44%)

10 {261%)

092 (048, 1.5

127 (3984

117 [34%)

0% 074, 1.3

Hospitalisation for heart ailure

263 (3588

1033

211 (115

B84 (071, 141)

030 (048, 149

Hospitalisation for unstable new or warsening angina

1203

W1 {144,146




FAST- SECONDARY ENDPOINT RESULT

INTENTION TO TREAT

Allopourinol Febouxostat

i I S

All-cause 92/3 2045 299 |k 0-84 <0.001

mortality (s-58%) (7-25%) (0-71, 1-01)

LANCET
Nov 2020



FAST- SECONDARY ENDPOINT RESULT

ON TREATMENT J INTENTION TO TREAT

HR = 0-78 (85% CI: 0-88, 0-65) HR = 0-84 (38% CI: 071, 1:01)

- [=
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v g
1 (1]
£ z
E =
; 5
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Allopuringl ,-“' Allapurinel
Fabuxostat Febuxostat

: LANCET
All-cause mortality Nov 2020



FAST EXPLORATORY EFFICACY ENDPOINT

BTN

SUA at 12 months  -82.919umel/L  <0.0001

<0.001
<0.001
<0.001
<0.001
<0.001

<0.001

0.001

. <0.001

635 (91.37%) 0.001

_ 676 (97.27% 0,001

229 (56.40% 317(9135%) 0,001

1 0 less than 6 mg/dL 360 ( 88.67%) 335 ( 96.54%) <0.001
Year 7 less than 5 mg/dL 55 (64.71%) 75(90.36%) <0.001
Year 7 less than 6 mg/dL 76(89.41%) 81(97.59%) 0.041

SUA at 24 months

SUA at 60 month

SUA at 72 months

SUAat 84 months  -74%e®Mol/L  <0.0001




FAST- SUBSET ANALYSIS

* Following arequest by EMA, it was performed
an analysis on a subset of FAST patients similar

to the ones recruited in CARES.



FAST

Subset analysis

\[o] =] ¢]\Y2
no increased

risk of adverse
cardiovascular
events was found in
the FAST subgroup
of patients with
previous myocardial
Infarction, stroke,

or acute coronary
syndrome

/




Patients

All Established CV event

33% CV event at baseline

SUA Treatment

Newly treated and

uncontrolled gouty patient

Already established therapy

with Allopurinol

Allopurinol dose

200-600 mg/ die

100-900 mg/ die

Febuxostat dose

40-80 mg/ die

80-120 mg/ die

Therapy discontinuation

26%

16,5% Allopurinol
32 4% Febuxostat

Lost follow-up

45%

2.8%

Primary end point (Type of the analysis)

ITT

OT




FAST- SAFETY ANALYSIS

Allopurinol l Febuxostat

Serious adverse events (SAE) 1812 (59,4%) 1720 (57.3%)

SAE related to the study drugs

SAE gastro-intestinal related to the study
drugs

Gout flares in post randomization period 1044 1017




FAST - CONCLUSION

Febuxostat 80-120mg, in term of CV safety, Is not
Inferior to Allopurinol 100-900mg.

In Febuxostat arm all-cause of death and CV-
death rates were lower than in Allopurinol one

FAST confirmed the superiority of Febuxostat vs
Allopurinol in reaching the SUA target

No increased risk of CV outcome has been
shown in patients with Ml, stroke or ACS (subset
of patients more similar to the one included in the
CARES).



PeptrouooTdTn 80mg
3 MAVEG META

UA: 5.8 mg/dl
KpeaTivivn: 1.12 mg/dl
All: 136/86 mmHg

ATTWAE10 4 KIAWV



T1 yvwpiouue?

 To UA &xel onpavTiko poAo otnv aAAnAovuyia tng KAN

MeExpl onpepa Exouple O&i 0TI peiwvovTag To UA!

« 1) MeaiwveTal n All
— 2€& ePNBouUg Kal EVAAIKEG

« 2) Meiwvetal n LVMass

e 3) MeiwveTal n €€EAIEN IMT

* 4) BEATIWVETAI N AEITOUPYIKOTNTA TWV HIKPWYV AYYEIWV
OTOV EYKEPAAO

* 5) MeiwveTal TO JETAPOPTIO

* 6) BeATiwveTal n evooOnAiakn AsiToupyia



Hypertension

CV Disease
Asymptomatic
Hyperuricemia Stroke
>7mg/dl (M)
>6mg/dl (F) Renal Disease

Metabolic
Syndrome




YTTapXEl TTPAYMATIKO KAIVIKO OQEAOG va
BePATTEUOUNE TO OUPIKO OCU OTOV
KapOIayyEIOKO aocBevn??

ATravtnon

* DaiveTal TTOAAA UTTOOXOMEVO
» "Exoupe KaTteuOBuvTnpieg evOEigelc BepaTtreiag

 To av Ba yivouue TTEPICCOTEPO ETTIOETIKOI
oTnV BepaTtreia, NEAETEG O€ €CEAICN |



Therapeutic Target in HTN & UA




Therapeutic Target in HTN & UA
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