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Gout: Natural history
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Gout: Natural history

Time for intervention
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Treat-to-target or treat-to-symptom?

Isnt't It the same?
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Hyperuricemia

The rationale behind 0 e
. thophysioloqgi
T2T In gOUt EZI c?JFI)pr)i/tSo?‘ =
gout

Neogi and Mickuls, Ann Intern Med 2017

04

Direct evidence
from
prospective
RCTs is lacking



How early Is "early intervention"?

OR

Should we treat asymptomatic hyperuricemia?



What do we expect to earn when we treat asymptomatic
patients with hyperuricemia

Does ULT lower the risk of incident gout in asymptomatic hyperuricemia?

Incidence of gout
Febuxostat: 0,9 % (2/219)
Placebo: 5,9 % (13/222)

NNT for 3 years to prevent a single (incident) gout flare: 24

Kimura, Am J Kidney Dis 2018, FitzGerald, Arthritis Rheumatol 2020



Studyname Statistics for each study Odds ratio and 95% ClI
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What we do know
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What we do knov

Mean difference (WMD)
for eGFR associated
with febuxostat from
pooled studies.

Yang, Ann Med 2024

NOTE: Weights are from random effects analysis

Study

Sezai A et al. 2013[13]

Sircar D et al. 2015[14]

Tanaka K et al. 2015[15]

Tani S et al.2015[16]

Beddhu S et al. 2016[17]

Saag KG et al. 2016[18]-Febuxostat 60mg/d
Saag KG et al. 2016[18]-Febuxostat 40 or 80mg/d
Kimura K et al.2018[20]

Mukri MNA et al.2018[21]

Kojima S et al.2019[22]

Wen H et al.2020[23]

Yang N et al.2022[24]

Kohagura K et al.2023[25]-CKD 3a
Kohagura K et al.2023[25]-CKD 3b

Nana N et al. 2023[26]

Overall (I-squared = 74.8%, p = 0.000)

Test of WMD = 0:z = 3.01, p = 0.003

L 4

L 3

L 4

WMD (95% CI)

0.21 (-0.12, 0.54)
7.60 (2.28, 12.92)
-0.18 (-0.80, 0.44)
6.69 (2.11, 11.27)
5.80 (-2.50, 14.70)
2.38 (-0.97,5.73)
1.79 (-2.18, 4.57)
0.70 (-0.21, 1.62)
0.07 (-0.54, 1.92)
2.38(1.02, 3.74)
0.94(0.72, 1.62)
9.47 (3.43, 14.57)
4.54 (0.40, 8.68)
-0.43 (-3.20, 2.35)
-0.06 (-0.48, 0.37)
0.90 (0.31, 1.48)

|
-14.7

Favors Control

Favors Febuxostat



What we do know

Forest plot for the
effect of ULT versus
controls on the
change in eGFR.

Luo, BMC Nephrol 2024

Study

eGFR245 mL/min/1.73m2
Kimura (2018)
Golmohammadi-2 (2017)
Wen (2019)

Zhou (2009)

Shi (2012) <€

4

Subtotal (l-squared = 68.7%, p = 0.012)

eGFR<45 mL/min/1.73m2

Goicoechea (2010)

Badve (2020)

Yang (2023)

Golmohammadi-1 (2017)

Jalal (2017)

Sircar (2015)

Subtotal (l-squared = 12.7%, p = 0.333)

Heterogeneity between groups: p = 0.376
Overall (I-squared = 48.2%, p = 0.037)

ol

WMD (95% ClI)

0.50 (-1.55, 2.55)
3.57 (-3.80, 10.94)
12.60 (5.61, 19.59)
5.50 (0.05, 10.95)
-1.60 (-21.64, 18.44)
1.99 (0.21, 3.78)

5.20 (0.64, 9.76)
0.44 (-2.79, 3.66)
4.96 (-6.63, 16.55)
4.84 (0.26, 9.42)
2.62 (-0.42, 5.66)
6.60 (1.07, 12.13)
3.11 (1.40, 4.83)

2.58 (1.34, 3.81)

Weight

36.39
2.82
3.14
5.15
0.38
47.89

7.37
14.73
1.14
7.30
16.57
5.01
52.11

100.00

-21.6

216



What we don't know

Who is at excess risk for CVD, renal or other complications?

Does the addition of hypouricemic agents improve prognosis in the whole

population with asymptomatic hyperuricemia, and selected high-risk
populations?

In these patients, does the anticipated benefit outweigh the risk (eg possible
CV risk associated with febuxostat)

What is the UA target level for primary (first event) or secondary (second event)
prevention?



Dose-response effect of
allopurinol in ameliorating

Absolute Forearm Blood Flow (ml/100ml/min) =
[«

CV risk? i ;

Acetylcholine Dose(nmol/min)

—8— Placebo
—O— Allopurinol 300
—w— Allopurinol 600

Allopurinol has a dose-related effect on

Forearm Blood Flow, which is not mediated
by uric acid reduction

Absolute Forearm Blood Flow (ml/100ml/min) 0

0 SNP 12.6 SNP 37.8
Sodium Nitroprusside(nmol/min)

—&— Placebo
—O— Allopurinol 300
—¥— Allopurinol 600

George, Circulation 2006



Dose-response effect of
allopurinol in ameliorating
CV risk?

Effect of 2000 mg of provenecid on forearm
blood flow

George, Circulation 2006
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High dose allopurinol improves exercise time in patients with
stable angina

Noman, Lancet 2010

101 participants assessed
for eligibility
> 36 excluded because did not meet
criteria for excercise tolerance
65 met criteria for excercise
tolerance test and were
randomly assigned
31 allocated to and given allopurinol 34 allocated to and given placebo
28 analysed 32 analysed
3 discontinued for reasons First treatment 2 discontinued for reasons
unrelated to study and excluded pericd unrelated to study and excluded
from analysis (dropped out early from analysis (dropped out early
before any endpoint) before any endpoints)

Crossover >’<

32 allocated to and given allopurinol
32 analysed

Second treatment
period

28 allocated to and given placebo
28 analysed




High dose allopurinol improves exercise time in patients with
stable angina
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Figure 2: Change in total exercise time from baseline
Data are median (IQR).

Noman, Lancet 2010
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Figure 4: Change in time to chest pain symptoms from baseline

Data are median (IQR).
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How early Is "early intervention"?

OR

When is the right time for ULT?



Flare rates after a first gout diagnosis

Rothenbacher, Rheumatology 2011

Fic. 2 Cumulative hazard estimates of first
post-diagnosis flare stratified by sex.
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Flare rates are
assoclated with UA

levels

McCormick, JAMA 2024

No. of Flares

Serum patients  Follow-up, per 1000 Extended

urate, with person- No.of person-  Unadjusted RR Adjusted RR adjusted

mg/dL gout years flares  years (95% Cl) (95% C1)? RR (95% Cl)b

1 Year
<6 1057 1057 10 9.5 1 [Reference] 1 [Reference] 1.0 [Reference]
6.0-6.9 781 780 43 55.2 5.83(2.89-11.75) 5.14(2.54-10.41) 4.69 (2.29-9.62)
7.0-79 872 870 109 125.3 13.24 (6.84-25.62) 11.59(5.96-22.54)  9.79(4.90-19.53)
8.0-8.9 609 609 77 126.4 13.36 (6.80-26.23) 11.86(6.01-23.38) 9.83(4.84-19.96)
9.0-9.9 212 212 41 193.8 20.47 (9.92-42.21) 18.95(9.17-39.19) 16.81(7.85-35.98)
>10 82 82 25 306.7 32.65(14.64-72.82)  29.20(13.07-65.20) 27.09(11.59-63.30)
Per mg/dL 3613 3608 305 84.5 1.67 (1.54-1.82) 1.66 (1.52-1.80) 1.63(1.48-1.80)
Per SD 3613 3608 305 84.5 2.31(2.01-2.65) 2.27(1.98-2.62) 2.22(1.89-2.61)

2 Years
<6 1057 2110 22 10.4 1 [Reference] 1 [Reference] 1.0 [Reference]
6.0-6.9 781 1554 79 50.8 4.87 (3.00-7.93) 4.39(2.69-7.16) 4.09 (2.48-6.74)
7.0-79 872 1735 184 106.0 10.17 (6.44-16.04) 9.13 (5.76-14.46) 8.08 (4.99-13.09)
8.0-89 609 1217 155 127.3 12.21(7.68-19.41) 11.09(6.95-17.70)  9.71(5.93-15.88)
9.0-9.9 212 421 81 192.3 18.42(11.11-30.54) 17.39(10.46-28.91) 15.75(9.20-26.95)
>10 82 162 44 272.4 26.34 (14.71-47.17)  24.05(13.40-43.16) 23.17(12.46-43.07)
Per mg/dL 3613 7200 565 78.5 1.68 (1.58-1.80) 1.67 (1.57-1.79) 1.65(1.53-1.78)
Per SD 3613 7200 565 78.5 2.34(2.10-2.60) 2.31(2.08-2.57) 2.26 (2.00-2.55)

5 Years
<6 1057 5230 58 11.1 1 [Reference] 1 [Reference] 1.0 [Reference]
6.0-6.9 781 3845 170 44.2 3.98(2.89-5.48) 3.57 (2.59-4.92) 3.28(2.36-4.57)
7.0-7.9 872 4299 407 94.7 8.53(6.35-11.47) 7.66 (5.67-10.33) 6.74 (4.91-9.23)
8.0-89 609 3023 369 122.0 11.03(8.16-14.93) 10.00(7.36-13.57) 8.70(6.29-12.03)
9.0-9.9 212 1041 172 165.2 14.88(10.51-21.08)  13.84(9.75-19.64) 12.27(8.47-17.77)
=10 82 397 76 191.4 17.42(11.23-27.01)  15.77(10.16-24.49) 15.05(9.47-23.92)
Per mg/dL 3613 17836 1252 70.2 1.69(1.61-1.78) 1.67 (1.59-1.76) 1.63(1.54-1.73)
Per SD 3613 17836 1252 70.2 2.35(2.17-2.55) 2.30(2.12-2.50) 2.23(2.03-2.44)

10 Years
<6 1057 8833 94 10.6 1 [Reference] 1 [Reference] 1.0 [Reference]
6.0-6.9 781 6458 259 40.1 3.76 (2.90-4.87) 3.37(2.60-4.39) 3.16 (2.41-4.13)
7.0-7.9 872 7260 595 82.0 7.69 (6.05-9.79) 6.93(5.43-8.84) 6.20 (4.79-8.03)
8.0-89 609 5106 517 101.3 9.56 (7.46-12.25) 8.67(6.74-11.14) 7.77 (5.94-10.15)
9.0-99 212 1756 220 125.3 11.68 (8.69-15.70) 10.81(8.02-14.56) 9.80(7.14-13.44)
=10 82 663 88 132.8 12.66 (8.57-18.69) 11.42(7.72-16.90) 11.26(7.47-16.97)
Per mg/dL 3613 30076 1773  59.0 1.64(1.57-1.71) 1.61(1.54-1.68) 1.58 (1.50-1.66)
Per SD 3613 30076 1773  59.0 2.23 (2.08-2.40) 2.18(2.02-2.34) 2.11(1.95-2.28)
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A gout flare is
associated with

Increased

cardiovascular

events

CIPOLLETTA,

JAMA 2022

No. (%) of participants

Less likely : More likely

CasesP Controls® Unadjusted difference, to have : to have
Gout flare exposure window, d@ (N=10475) (N=52099) % (95% Cl) Adjusted OR (95% C1)9  an event an event

Acute myocardial infarction |
0-60 116 (2.0) 743 (1.4) 0.6 (0.1to 1.0) 1.88 (1.42 to 2.49) . S—
61-120 103 (1.8) 628 (1.2) 0.6 (0.1to 1.0) 1.70(1.26 t0 2.28) ; —
121-180 77 (1.3) 662 (1.3) 0.1(-0.3t00.5) 0.92 (0.67 to 1.27) 4—-—
>180d or no flare® 5489 (94.9) 50066 (96.1) -1.2(-1.9t0 -0.5) 1 [Reference] o

Stroke 3
0-60 102 (1.8) 743 (1.4) 0.4(0.1t00.8) 1.80(1.35t0 2.41) —
61-120 88(1.6) 628 (1.2) 0.4(0.1t00.8) 1.67(1.23to0 2.26) 3 —
121-180 81(1.4) 662 (1.3) 0.2 (-0.2t0 0.6) 1.17 (0.86 to 1.60) +
>180d or no flare® 5354(95.2) 50066 (96.1) -0.9(-1.6t0-0.2) 1 [Reference] ‘

Adijusted OR (95% Cl)



Gout flares are
associated with

VEeNous

thromboembolis

m

CIPOLLETTA, ARTHRITIS RHEUMATOL

2024

Number | Total follow-
Time period of up time alRR (95%Cl) P alRR (95%Cl)
events ? |(person-days) _
Induction period © -/- 4,396 0.92 (0.30 to 2.88)
Flare date to day 30| 16 9,376 2.31(1.39to0 3.82)4 DB
Day 31-60 10 9,160  [1.49 (0.79 to 2.81)- |—|—|
Day 61-90 days 11 9,057  |1.67 (0.91to 3.06) p—li—t
Baseline period ¢ 274 390,276 Reference - I
1 I 1 1
02 05 1 2 4
Less likely to Mare likely to
have an event have an event



Who benefits from ULT?



Arthritis & Rheumatology AmMERICAN COLLEGE
Vol. 72, No. 6, June 2020, pp 879-895

DOI 10.1002/art. 41247 ”{' RH.EEMA"I'O“LOGY{
© 2020, American College of Rheumatology i gy

ACR GUIDELINE FOR MANAGEMENT OF GOUT

2020 American College of Rheumatology Guideline for the

When to initiate ULT? Management of Gout

John D. FitzGerald,' @ Nicola Dalbeth,z‘E Ted Miku\sf@ Romina BrignardeIIo-Petersen,‘1 Gordon Guyatt,"
Aryeh M. Abeles,s [ allan C. Gelber,f©® Leslie R. Harrold,” Dinesh Khanna,® @ charles King,® Gerald Levy,"
Caryn Libbey," David Mount,"* Michael H. PiIIingerf@ Ann Rosenthal,”* Jasvinder A. Sin h*®

James Edward Sims,’* Benjamin J. smith,”® & Neil s. Wenger,"” Sangmee Sharon Bae,” 2} Abhijeet Danve,®
Puja P. Khanna," Seoyoung C. Kim, 2 (& Aleksander Lenert? Samuel Poon,?? Anila Qasim,* Shiv T. Sehra,®
Tarun Sudhir Kumar Sharma,” Michael Toprover,” Marat Turgunbaev,” Linan Zeng,* Mary Ann Zhang,2°®
Amy S. Turner,® and Tuhina Neogi"' ®

PICO Certainty of
Recommendation question evidence
1 High
2 Moderate
3 High
For patients who have previously experienced >1 flare but have infrequent flares (<2/year), we conditionally 4 Moderate
recommend initiating ULT over no ULT.
or patients experiencing their first flz 5 Moderate
For patients experiencing their first flare and CKD stage >3, SU >9 mg/dl, or urolithiasis, we conditionally 5 Very low
recommend initiating ULT.
ient 57 Hight

_ Conditionally recommend ESielAAEEInuERE ETETIN

* PICO = population, intervention, comparator, outcomes; CKD = chronic kidney disease; SU = serum urate
T There is randomized clinical trial data to support the benefit that ULT lowers the proportion of patients who develop incident gout. However,

based on the attributable risk, 24 patients would need to be treated for 3 years to prevent a single (incident) gout flare leading to the
recommendation against initiating ULT in this patient group.




Which is the best ULT?



What are the options?

Xantine oxidase inhibitors (allopurinol, febuxostat)
Uricosurics (provenecid)

Pegloticase



Allopurinol: I1s it any good?

Predicted daily doses (D) of allopurinol to produce target plasma concen-

trations of urate (from quuatlon 3*m

Pre-treatment Predicted allopurinol dose Predicted allopurinol dose
plasma urate (mg day') to achieve EULAR (mg day') to achieve BSR

(Up mmol I'') target (Ur = 0.36 mmol ) target (Ur = 0.30 mmol I")

Adequate dosing is key

0.65 405 775
0.6 335 665
0.55 265 554
0.5 195 443
0.45 126 332

*Equation 3: D = IDsp x (Up — Ur(Ur — Ug).

BSR, British Society of Rheumatology; EULAR, European League Against Rheuma-
tism; 1Dsp, dose of allopurinol that has reduced the inhibitable urate (Up — Ug) by
50%; U, apparent resistant plasma concentration of urate; Uy, plasma concen-
tration of urate during treatment with allopurinol.

Optimized values for Us and IDsp (from Table 1) are 0.20 mmol I-" and 226 mg,
respectively.

Graham, Br J Clin Pharmacol 2013



Allopurinol: is it any good?

Adequate dosing is key

Stamp, Arthritis Rheum 2011

Serum urate mmol/L
g 3
1o K

Allopurinol dose (mg above recommended)

Figure 1. Mean = SD serum urate concentrations in patients receiv-
ing the recommended (rec) dose of allopurinol and those receiving
each dose increment above the recommended dose. R+50 = 50 mg
greater than the recommended dose. * = P << 0.0001 versus baseline.



Febuxostat or allopurinol?

A
Febuxostat group  Allopurinol group Risk Ratio Risk Ratio
e 3 e 3 ei Random, 95% Random, 9
Becker 2010 342 757 318 756 39.9% 1.07 [0.96, 1.20)
Kamatani 2011 16 19 1 19 11.7% 1.45 [0.95, 2.24) -
Xu 2015 72 160 55 159 21.3% 1.30 [0.99, 1.71] -
F e b 4 O m g Zhang 2019 81 181 92 184 27.0% 0.90 [0.72, 1.11] b
Meta_ana|ys|s of RCTS Total (95% Cl) 1117 1118 100.0% 1.10 [0.93, 1.31] S -
Total events 511 476
Heterogeneity: Tau? = 0.02; Chi? = 6.50, df = 3 (P = 0.09); I* = 54% = =t
05 07 1 15 2
Febuxostat 40 and 80 mg Test for overall effect: Z = 1.15 (P = 0.25) Febuxostat group  Allopurinol group
Vs B
Febuxostat group  Allopurinol group Risk Ratio Risk Ratio
. i £ V £ om,95%Cl
Allopurinol 200-300 mg Becker 2005 185 249 88 242 158% 2.04 [1.70, 2.45) —
Becker 2009 501 620 64 139 158% 1.76 [1.46, 2.11) -
b Becker 2010 507 756 318 756 19.1% 1.59 [1.45, 1.76) -
Fe 80 m g Schumacher 2008 183 253 102 263 16.4% 1.87 [1.57, 2.21) .
Xu 2015 93 158 55 159 13.0% 1.70 [1.32, 2.19) =
Yu 2016 44 54 7 54 36% 6.29 [3.11, 12.69] —
Zhang 2019 131 188 92 184 16.2% 1.39 [1.17, 1.66] NE 2
Total (95% Cl) 2278 1797 100.0% 1.79 [1.55, 2.08] >
Total events 1644 726

Heterogeneity: Tau? = 0.03; Chi? = 25.68, df = 6 (P = 0.0003); I = 77%

Test for overall effect: Z = 7.76 (P < 0.00001) o P . - *

Febuxostat group  Allopurinol group

Xie, BMC Pharmacol Toxicol 2023



Febuxostat or allopurinol?

RCT

Febuxostat 40 to 120 mg
Vs

Allopurinol 100-800 mg

Up titration & treat-to-
target

O'Dell, NEJM Evidence 2022

Table 2. Study Results.

End Point*

Primary
=1 gout flare in phase 3
Secondary
All study participants
Serum urate in phase 2 < 6.0 mg/dli
Serum urate in phase 2 < 6.8 mg/dli

Allopurinol

36.5 (135/370)

81.1 (318/392)
92.4 (362/392)

Febuxostat

43.5 (165/379)

78.4 (308/393)
91.1 (358/393)

Risk Difference or Risk Ratio (95% CI)7

~7 (—oo to —1.2)

1.04 (0.96 to 1.11)
1.01 (0.97 to 1.06)




What are the costs and risks associated with
allopurinol?



Hypersensitivi
ty to
allopurinol

WHAT?

Stamp and BArclay, Rheumatology 2018




Hypersensitivi
ty to
allopurinol

HOW OFTEN?

Yang, JAMA 2015

Figure. Annual Incidence of Allopurinol Hypersensitivity in Taiwan

Annual Incidence of Allopurinol
Hypersensitivity per 1000 New Users
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Results. During a followup period of 65,625 person-years for allopurinol initiators, 45 were hospitalized with SCARs.
The crude IR was 0.69 (95% confidence interval [95% CI] 0.50-0.92) per 1,000 person-years. All 45 cases occurred within
365 days and 41 (91.1%) occurred within 180 days after initiating treatment with allopurinol. Twelve patients (26.7%)
died during the hospitalization. The crude IR in non-allopurinol users was 0.04 (95% CI 0.02-0.08) per 1,000 person-
years. The risk of SCARs was increased in allopurinol initiators versus nonusers (hazard ratio [HR] 9.68, 95% CI
4.55-20.57). Among allopurinol initiators, the HR for high-dosage (>300 mg/day) versus low-dosage allopurinol was 1.30
(95% CI 0.31-5.36) after adjusting for age, comorbidities, and recent diuretic use.
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Hypersensitivi
ty to
allopurinol

WHO?

Yang, JAMA 2015

Table 3. Multivariable Logistic Regression Analysis of Risk Factors Associated With Allopurinol Hy persensitivity

and Related Mortality
0dds Ratlo (95% CI)
Allopuringl Hypersensitivity-
Varlable Allopurinol Hypersansitivity  Pvalue  Related Mortality Pyalue
SEN
Male 1 [Referance] N 1 [Reference] NA
Female 1.45 (1.35-1.56) =001 1.63 (1.28-2.08) =001
Age, y
0-39 1 [Referance] N 1 [Reference] NA
40-59 1.02 (0.91-1.14) T4 1.03 (0.48-2.19) a5
60-79 1.43(1.27-161) <.001 5.54 (2.84-10.80) <001
=B0 2327 (1.97-2.60) <.001 12.37 (6.24-24.53) <001
Initlal 2llopurinol dosage, mg/d
Low, =100 1 [Referance] NA 1 [Reference] NA
High, =100 1.27 (1.18-1.37) <001 1.07 (0.83-1.38) i3
Antiblotics
Mo 1 [Reference] NA 1 [Refarence] NA
Yes 1.03 (0.77-1.38) 83 0.93 (0.30-2.89) -89
Antiepileptic drugs
No 1 [Referance] N NA NA
Yes 0.48 (0.21-1.06) o7 HA NA
Thiazide diuretics
Na 1 [Reference] NA 1 [Reference] NA
Yes 1.02{0.78-1.32) .50 1.32 (0.67-2.57) Az
Anglotensin-converting
enzyme Inhibltors
Mo 1 [Reference] NA 1 [Reference] NA
Yes 0.88 (0.74-1.06) AT 1.26 (0.80-2.01) 32
with renal diseases
Mo 1 [Reference] NA 1 [Refarence] NA
Yes 1.49 (1.38-161) =001 2.20 (1.69-2_87) =001
With cardiovascular diseases
No 1 [Referance] NA 1 [Reference] NA
Yes 1.13 (1.04-1.22) o003 1.79 (1.39-2.30) =001
with dizbetes mellitus
No 1 [Referance] NA 1 [Reference] NA
Yes 0.92 {0.85-0.99) .03 0.96 (0.74-1.25) a5
With cancer
Mo 1 [Referance] NA 1 [Reference] NA
Yes 0.97 (0.88-1.07) &0 0.69 (0.49-0.97) 03
using allopurinal for
asymptomatic hyperuricemia
Mo 1 [Reference] NA 1 [Refarence] NA
Yes 208 (1.94-224) = 001 232 (1.79-3.01) =001
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Table 3. Multivariable Logistic Regression Analysis of Risk Factors Associated With Allopurinol Hy persensitivity

and Related Mortality
0dds Ratlo (95% CI)
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Anglotensin-converting
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Mo 1 [Reference] NA 1 [Reference] NA
Yes 0.88 (0.74-1.06) AT 1.26 (0.80-2.01) 32
with renal diseases
Mo 1 [Reference] NA 1 [Refarence] NA
Yes 1.49 (1.38-161) =001 2.20 (1.69-2_87) =001
With cardiovascular diseases
No 1 [Referance] NA 1 [Reference] NA
Yes 1.13 (1.04-1.22) o003 1.79 (1.39-2.30) =001
with dizbetes mellitus
No 1 [Referance] NA 1 [Reference] NA
Yes 0.92 {0.85-0.99) .03 0.96 (0.74-1.25) a5
With cancer
Mo 1 [Referance] NA 1 [Reference] NA
Yes 0.97 (0.88-1.07) &0 0.69 (0.49-0.97) 03
using allopurinal for
asymptomatic hyperuricemia
Mo 1 [Reference] NA 1 [Refarence] NA
Yes 208 (1.94-224) = 001 232 (1.79-3.01) =001
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Table 3. Multivariable Logistic Regression Analysis of Risk Factors Associated With Allopurinol Hy persensitivity

and Related Mortality
0dds Ratlo (95% CI)
Allopuringl Hypersensitivity-

Varlable Allopurinol Hypersansitivity  Pvalue  Related Mortality Pyalue
SEN

Male 1 [Referance] N 1 [Reference] NA

Female 1.45 (1.35-1.56) =001 1.63 (1.28-2.08) =001
Age, y

0-39 1 [Referance] N 1 [Reference] NA

40-59 1.02 (0.91-1.14) T4 1.03 (0.48-2.19) a5

60-79 1.43(1.27-161) <.001 5.54 (2.84-10.80) <001

=B0 2327 (1.97-2.60) <.001 12.37 (6.24-24.53) <001
Initlal 2llopurinol dosage, mg/d

Low, =100 1 [Referance] NA 1 [Reference] NA

High, =100 1.27 (1.18-1.37) <001 1.07 (0.83-1.38) i3
Antiblotics

Mo 1 [Referance] NA 1 [Reforence] NA

allopurinol o

0-39

1 [Reference]

NA

1 [Reference]

NA

40-59 1.02 (0.91-1.14) 74 1.03 (0.48-2.19) .95
60-79 1.43(1.27-1.61) <.001 5.54 (2.84-10.80) <.001
>80 2.27 (1.97-2.60) <.001 12.37 (6.24-24.53) <.001
with renal diseases
Mo 1 [Reference] NA 1 [Refarence] NA
Yes 1.49 (1.38-161) =001 2.20 (1.69-2_87) =001
With cardiovascular diseases
No 1 [Referance] NA 1 [Reference] NA
Yes 1.13 (1.04-1.22) o003 1.79 (1.39-2.30) =001
with dizbetes mellitus
W H O ') No 1 [Referance] NA 1 [Reference] NA
* Yes 0.92 (0.85-0.99) 03 0.96 (0.74-1.25) 5
With cancer
Mo 1 [Referance] NA 1 [Reference] NA
Yes 0.97 (0.88-1.07) &0 0.69 (0.49-0.97) 03
using allopurinal for
asymptomatic hyperuricemia
Yang, JAMA 20 15 Mo 1 [Reference] NA 1 [Refarence] NA
Yes 208 (1.94-224) = 001 232 (1.79-3.01) =001
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Table 3. Multivariable Logistic Regression Analysis of Risk Factors Associated With Allopurinol Hy persensitivity

and Related Mortality
0dds Ratlo (95% CI)
Allopuringl Hypersensitivity-
Varlable Allopurinol Hypersansitivity  Pvalue  Related Mortality Pyalue
SEN
Male 1 [Referance] N 1 [Reference] NA
Female 1.45 (1.35-1.56) =001 1.63 (1.28-2.08) =001
Age, y
0-39 1 [Referance] N 1 [Reference] NA
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Yes 0.48 (0.21-1.06) o7 HA NA
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Nos 1073 5070 1 39% On 1 23 /0 7 3 0T A
Initial allopurinol dosage, mg/d
Low, <100 1 [Reference] NA 1 [Reference] NA
High, >100 1.27 (1.18-1.37) <.001 1.07 (0.83-1.38) 61
&5 TFY(I36-1561] TO0T TIOI69-287] 0T
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What options are there for patients intolerable to
allopurinol/febuxostat?



Is febuxostat suitable for patients with hypersensitivity
to allopurinol?

I want you to take
one of these
whenever you feel

9,1-14,9% of patients with cutaneous adverse reactions
(CARs) to allopurinol, also developed CARs to
febuxostat

Quilis, Ann Rheum Dis 2022, Bardin, Joint Bone Spine 2016, Bardin, abstr ACR 2014



Desensitization to allopurinol

Low evidence

Little experience

FitzGerald, Arthritis Rheumatol 2020



Uricosurics: provenecid

Start with a low dose: 500 mg once or twice daily
Up- titrate up to 2 gr daily

Not for patients with moderate-to-severe CKD (> or = st 3)

FitzGerald, Arthritis Rheumatol 2020



Pegloticase

PEGylated uricase
Biweekly infusions
Caution:

Allergic reactions and infusion related AEs common
(25%)

Loss of efficacy due to anti-drug antibodies

Botson, Arthritis Rheumatol 2022



Pegloticase+MTX for uncontrolled gc

Botson, Arthritis Rheumatol 2022

>
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71%0% * Pegloticase+PBO (N=52)
68.0%
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60.0%
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Pegloticase+MTX of uncontrolled gol

Botson, Arthritis Rheumatol 2023

Pegloticase+MTX Pegloticase+PBO

Pegloti + blinded MTX/PBO Treat period (N=96) (N=49)

21 treatment-emergent AE, n (%) B1(844%) | 47(95.8%) ...
Gout flare’ 64 (66.7%) 35 (71.4%)
Musculoskeletal 24 (25.0%) 11 (22.4%)
Infection/infestation®® 18 (18.8%)

covID-19infection | 9 (9.4%)
Nervous system disorders® 15 (15.6%) .
Gastrointestinal disorder® 13 (13.5%) 9 (18.4%)
General disorders/administration site conditions® 12 (12.5%) 6(12.2%)
Skin® 9 (9.4%) 7 (14.3%)

tory/thoracic® 9 (9.4%) 2 (4.1%)

Cardiac disorder® 5 (5.2%) 0

Cardiac event® 1 (1.0%) 0
Infusion reaction® 3(3.1%) 15 (30.6%)

2(2.1%)
Elevated LFTs® 2 (2.1%) 2 (4.1%)°
Anaphylaxis® 1 (1.0%) 0
2lSerious AE N (%) A3(135%) 5(10.2%)
3(3.1%) 1(2.0%)
Cardiacdisorder 2 (2.1%)

Cardiac arrest® 1 (1.0%)

Mitral valve incompetence 1 (1.0%) 0
Infusion reaction®* | 1(10%) | 2(4.1%)
Small intestine obstruction 1 (1.0%) 0

...... Anaphylaxis® 1(1.0%) L
Polymyalgia rheumatica 1 (1.0%) 0
Gunshot wound 1 (1.0%) 0
Rib Fracture 1 (1.0%) 0

................................. 1 (1.0%) S I -
Pneumothorax 1(1.0%) 0
Pulmonary embolism 1(1.0%) 0
Syncope 0 1(2.0%)
Non-cardiac chest pain 1] 1(2.0%)

...... Inappropriate ADH secretion 0 _1(2.0%)
Subdural hematoma 0 1(2.0%)
Subarachnoid hemorrhage 0 1(2.0%)
Facial bone fracture 0 1(2.0%)
Failure to thrive 0 1(2.0%)

0% 55.1%

54.2%

% patients with 21 flare

Treatment period (Month)

—&—Pegloticase + PBO
—8—Pegloticase + MTX




A Pegloticase+MTX Pegloticase+PBO

Pegloti + blinded MTX/PBO Treat period (N=96) (N=49)
21treatment-emergent AE N (%) B1(884%) 47(959%)
Gout flare? 64 (66.7%) 35 (71.4%)
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Is febuxostat OK for a patient with ischemic heart
disease?



The CARES trial: CV safety of
febuxostat vs allopurinol in patients
with gout and CV risk factors

White, N Engl J Med 2018

A Primary End Point

100+ 25
Febuxostat
90+ 20
80+ "
< 15
R 704 Allopurinol
£ 60- 10 "
« 1N e
£ 50 L
< 40
15 0t T T T T T T T T T T T 1
S 30 6 12 18 24 30 36 42 48 54 60 66 72
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
B Cardiovascular Mortality
1004 25
90+ 20
80
< 1
X 704 .
7 Febuxostat
T 60 10
o
2 504 5
k]
= 40
£ 30 %
a B 0
20+
104
c 1 T T T T ;>- —l T T T T 1
0 6 12 18 24 30 36 42 48 54 60 66 72
Month
No. at Risk
Febuxostat 3098 2823 2550 2174 1922 1659 1440 1243 1033 838 627 482 288
Allopurinol 3092 2807 2530 2152 1898 1637 1433 1204 1008 838 646 489 287
C All-Cause Mortality
1004 25
904 20
80+ Febuxostat
& 704
]
® 604
o
2 504
]
-'—é 40
3 304
(o]
204
10+
0 1 T T T T T T T T T T 1
0 6 12 18 24 30 36 42 48 54 60 66 72
Month
No. at Risk
Febuxostat 3098 2828 2552 2179 1928 1666 1447 1251 1038 840 631 487 289
Allopurinol 3092 2812 2540 2161 1906 1648 1444 1215 1015 842 650 489 288




The CARES trial: CV safety of
febuxostat vs allopurinol in patients
with gout and CV risk factors

White, N Engl J Med 2018
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Month

febuxostat vs allopurinol in patients

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

with gout and CV risk factors ———

te (%)

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

0 6 12 18 24 30 36 42 48 54 60 66 72
Month
No. at Risk
Febuxostat 3098 2823 2550 2174 1922 1659 1440 1243 1033 838 627 482 288
Allopurinol 3092 2807 2530 2152 1898 1637 1433 1204 1008 838 646 489 287

High dropout rate (56,6%) r—
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White, N Engl J Med 2018 —— Month
0. at Ris!
Febuxostat 3098 2828 2552 2179 1928 1666 1447 1251 1038 840 631 487 289

Allopurinol 3092 2812 2540 2161 1906 1648 1444 1215 1015 842 650 489 288




The CARES trial: CV safety of

febuxostat vs allopurinol in patients

with gout and CV risk factors

Most events occurred
after treatment
discontinuation

White, N Engl J Med 2018

Table S12. All known deaths according to treatment status*

Febuxostat Allopurinol Hazard Ratio for Febuxostat Group
Analysis (n = 3098) (= 3092) (95% CI
All deaths, N (%) 332 (10.7) 309 (10.0) 1.09
(0.94, 1.28)
Time from randomization to 36 (1.2) 28 (0.9) 1.27
death on treatment (0.77, 2.08)
Time from randomization to 94 (3.0) 74 (2.4) 1.25
death within 30 days after (0.92, 1.70)
treatment
Time from last dose of study 206 (9.6) 281 (9.1) 1.10
medication to death (0.93, 1.29)

* Additional deaths (non-adjudicated) were identified via a search company

Time from randomization to first occurrence of death from all causes were fitted using a COX proportional
hazard model with factors including treatment and baseline renal function.




CV safety of febuxostat in patients with

gout

Meta-analysis of 20 RCTs

Study Febuxostat Control

No. of events/total

Control group (Allopurinol)

RR (95% CI)

]

]
Cicero et al.2019[20] 8/120 20/135 J 0.45 (0.21, 0.98)
White et al.2018[14] 243/3098 199/3092 - 1.22(1.01, 1.47)
Becker et al.2005[10] 4/537 07253 —f———  4.50(0.24,83.26)
Becker et al.2009[12] 10/1288  0/178 —;- 2.92(0.17, 49.55)
Becker et al.2010[13] 0/1513  2/754 : 0.10 (0.00, 2.08)
Nakagomi et al. 2015[26] 0/31 2/30 :_ 0.19 (0.01, 3.88)
Subtotal (I-squared = 55.5%, p =0.047) q} 0.79 (0.35, 1.78)
. ]
Control group (Placebo) i
Saag et al.2016[30] 1462 1132 —._:ﬁ 0.52 (0.03, 7.98)
Delbeth et al.2017[32] 1/157 17157 —_—— 1.00 (0.06, 15.85)
Kimura et al.2018[18] 1/219 1/222 _— 1.10 (0.06, 16.10)
Saag et al. 2018(31] 2/1427  1/356 —.._3— 0.50 (0.04, 5.49)

Kojima et al.2019[21] 10/537 12/533
Subtotal (I-squared = 0.0%, p = 0.988)

Overall (I-squared =20.2%, p = 0.251)

Test of RR = 1:z= 0.66, p = 0.507

—— 0.83 (0.36, 1.90)
b 0.79 (0.39, 1.61)

0.87 (0.57,1.32)

Weight

%

18.73
47.20
1.96
2.08
1.84
1.88
73.68

220
2.17
2.17
2.84
16.93
26.32

100.00

dot

Outcome:

Deng, J Rheumatol 2021
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Febuxostat Control

all-cause mortality

Study Febuxostat Control RR (95% CI) Weight
No. of events/total %
i
Control group (Allopurinol) o
Cicero et al.2019[20] 8/120 20/135 —q»—'l- 0.45 (0.21, 0.98) 23.77
White et al.2018[14] 134/3098 100/3092 J 1.34(1.03, 1.73) 40.89
!
Nakagomi et al.2015[26]  0/31 230 —m—m——— 0.19 (0.01, 3.88) 3.13
Becker et al.2010[13] 0/1513  2/756. ‘ - 0.10 (0.00, 2.08) 3.06
Becker et al.2009[12] 6/1288  0/178 . — 1.80 (0.10, 31.91) 3.35
|
Becker et al.2005[10] 2/507 0/253 _ 2.50(0.12, 51.88) 3.03
Subtotal (I-squared = 55.5%, p = 0.047) <‘:> 0.75 (0.32, 1.73) 77.23
|
4 H
Control group (Placebo) 4
Kojima et al.2019[21] 6/537 6/533 —‘— 0.96 (0.31,2.93) 15.52
Delbeth et al.2017[32] 1157 1/157 —%4 1.00 (0.06, 15.85) 3.60
Saag et al.2016[30] 1/64 1/31 (| 0.50 (0.03, 7.74) 3.65
Subtotal (I-squared = 0.0%, p = 0.908) <:> 0.89 (0.34, 2.35) 22.77
T
: '
Overall (I-squared =31.8%, p = 0.163) <> 0.84 (0.49, 1.45) 100.00
Test of RR = 1:z = 0.63, p = 0.528 )
Jot 512 % Todododo

Febuxostat Control

Outcome: CVD death




OK, ULT. But for how long?



Indefinitely, except...

swsossameia | 13%0 Of
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Risk of gout recurrence | R patients
after discontinuation of N oy U
ULT (patients without =1 R
. | L,
tophi) 04+ -
According to sUA levels after 02 "“Ij_ ”“””"L
treatment cessation, following '11 R i
a 5-year treatment period — T 1 r - r

Figure 1. Survival function plot by serum urate (Sur) levels after
withdrawal of urate-lowering therapy.

Perez-Ruiz, Arthritis Rheum 2011



Colchicine



Who?

During the initial 24 h (12 h?) of an acute gout attack

For 3-6 months of the initiation and up-titration of ULT, as prophylaxis



Colchicine’s Role in
Cardiovascular
Disease Management

Buckley and Libby, Atheroscler, Thromb Vasc Biol 2024
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A Brief History of Colch

1500 BCE: Medicinal use of
Crocus plant for pain and
swelling (Egypt)

300-150 BCE: Description of
poisonous colchicine-like plant
(Greece)

550s CE: First recorded use of
colchicine for gout (Turkey)

10 century CE: Surugen
plant for joint conditions (Iraq)

1600s: Opposition to
colchicine for gout (England)

1780s: First commercial
colchicine preparation
(France)

18t century CE: Colchicine for
dropsy (Germany)

1970s: Familial Mediterranean
Fever (USA)

2010s: Colchicine and
pericarditis (Italy)

2010s-2020s: Colchicine and
ASCVD (Australia, Canada,
The Netherlands)

2023: First FDA-approved
targeted anti-inflammatory
therapy for ASCVD (USA)

Colchicine Lowers the Risk of Major
Adverse Cardiovascular Events

Primary Endpoint
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Hazard Ratio (95% Confidence Interval)

Colchicine, the First FDA-Approved
Targeted Anti-Inflammatory Therapy

Acute coronary syndrome
(within prior 30 days)
v

Percutaneous revascularization
(if applicable)
v

Screen for contraindications and
precautions

Prior acute coronary syndrome
(stable > 6 months)

(eGFR > 50 mL/min per 1.73 m?, severe
DDI, thrombocytopenia, leukopenia, IBD,
chronic diarrhea)

v
Optimize GDMT
(lipid-lowering, blood pressure lowering, metabolic
therapies, etc.)

v
Consider hsCRP testing
(>2 mg/L high risk)
+

Colchicine 0.5 mg once daily
+

Ongoing monitoring
(gastrointestinal tolerability, other adverse effects,
new DDlIs, kidney function, white blood cells)

Oth

er considerations:

Colchicine can be initiated during
hospitalization

Multiple risk factors increase risk of adverse
effects (kidney dysfunction, severe liver
disease, drug-drug interactions, existing
gastrointestinal or muscle disease)

Avoid combined strong CYP3A4 and P-gp, but
can utilize with high-intensity atorvastatin or
rosuvastatin




CENTRAL ILLUSTRATION: Managing Residual Inflammatory Risk and
Residual Cholesterol Risk in Stable Coronary Disease

Relative Risk Reductions for Major Adverse Cardiovascular Events
Following the Addition of Ezetimibe,
PCSK9 Inhibition, or Colchicine 0.5 mg to Statin Therapy

Ezetimibe Evolocumab  Alirocumab Colchicine 0.5* Colchicine 0.5*
IMPROVE-IT FOURIER ODYSSEY coLcot LoDoCo2
NEJM 2015 NEJM2017  NEJM 2018  NEJM 2019 NEJM 2020

FTI

30 -

Relative Risk Reduction (%)

40 -

Nelson K, et al. J Am Coll Cardiol. 2023;82(7):648-660.
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Relative Risk Reductions for Major Adverse Cardiovascular Events
Following the Addition of Ezetimibe,
PCSK9 Inhibition, or Colchicine 0.5 mg to Statin Therapy
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CENTRAL ILLUSTRATION: Managing Residual Inflammatory Risk and
Residual Cholesterol Risk in Stable Coronary Disease

Chronic Stable Atherosclerotic Disease

/

Initiate High-Intensity Statin Therapy and
Assess On-Treatment LDL-C and hsCRP

/ ' /

LDL-C 270 mg/dL  LDL-C 270 mg/dL  LDL-C <70 mg/dL
hsCRP <2 mg/L hsCRP 22 mg/L hsCRP 22 mg/L

Relative Risk Reduction (%)

l 4 l
Ezetimibe Evolocumab Alirocumab Colchicine 0.5* Colchicine 0.5*
IMPROVE-IT FOURIER ODYSSEY COLCOT LoDoCo2
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Nelson K, et al. J Am Coll Cardiol. 2023;82(7):648-660.
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Consensus Statement Regarding the Efficacy and =~ (@) cooes
HOW S afe IS CO I C h I CI N e’) Safety of Long-Term Low-Dose Colchicine in Gout

and Cardiovascular Disease

Philip C. Robinson, MBChB, PhD,"" Robert Terkeltaub, MD," Michael H. Pillinger, MD," Binita Shah, MD, MS,*
Vangelis Karalis, PhD," Eleni Karatza, PhD,” David Liew, MBBS,%" Massimo Imazio, MD, Jan H. Cornel, MD, PhD,’
Peter L. Thompson, MBBS, MD," Mark Nidorf, MBBS, MD'

Robinson, Am J Med 2023



REVIEW
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JOURNAL of
MEDICINE®

Consensus Statement Regarding the Efficacy and =~ (@) e
HOW S afe IS CO I C h I CI N e’) Safety of Long-Term Low-Dose Colchicine in Gout

and Cardiovascular Disease
D," Binita Shah, MD, MS,®

Ph'il'ip c Robin.i—n-ﬁu-nh-l-h--l—-hl—l—n—nn-ﬁ-'—l—hu-‘u'——1 1- j
Vangehs Karali CLINICAL SIG NIFICAN CE MD," Jan H. Cornel, MD, PhD,

Peter L. Thomp.

® Long-term low-dose colchicine s
effective for preventing gout flares and
cardiovascular events in a wide range
of patients.

e The clinical benefits of colchicine
achieved at low dose do not sustain
serum levels above the upper limit of
safety in patients without advanced
renal or liver disease or when used con-
comitantly with most medications.

® Long-term low-dose colchicine does
not increase the risk of cancer, sepsis,
cytopenia, or myotoxicity.

Robinson, Am J Med 2023



How safe Is colchicine?

Steady state serum levels: Colchicine 0.5mg daily
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Robinson, Am J Med 2023



How safe Is colchicine?

Table Safe Doses of Colchicine with Commonly Used Drugs That Affect Clearance of Colchicine

Robinson, Am J Med 2023

CYP3A4 Inhibitors P-glycoprotein inhibitors Safe Colchicine Use

Strong Strong Avoid concomitant use of colchicine at any dose because an
Clarithromycin Clarithromycin overlap of therapy for short periods may be rarely toxic
Telithromycin Itraconazole even in patients with normal renal function.**** #°
Ketoconazole Ketoconazole
Voriconazole Voriconazole
Fluconazole Fluconazole

Moderate Moderate Doses up to 0.5-0.6 mg daily are likely safe in patients with
Cyclosporine HIV medications (Ritonavir) normal renal and liver function."’"*'

Ritonavir In patients with renal or liver failure avoid if possible or
reduce colchicine dose to alternate day.

Mild Mild Doses of 0.5-0.6 mg daily are safe without dose adjustment
Erythromycin Diltiazem required in patients with normal renal or liver function.
Ciprofloxacin Verapamil
Cobicistat Amiodarone
Imatinib Carvedilol
Atorvastatin Quinidine
Grapefruit Ranolazine

Erythromycin
Simvastatin




Is colchicine Immunosuppressive?

Stewart, Arthritis Res Ther 2020

Colchicine Comparator

Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

Placebo

Bessissow 2018 6 48 8 51 10.7%
Davatchi 2009 1 136 1 146 19%
Demidowich 2019 6 2 1 19 14.4%
Leung 2018 17 54 10 55 16.6%
Tardif 2018 51 2366 38 2379 246%
Subtotal (95% Cl) 2626 2650 68.1%
Total events 81 68

Heterogeneity: Tau®= 012 Chi*=7.14, df =4 (P = 0.13); I = 44%
Test for overall effect Z=0.22 (P=0283)

Active comparator
Paulus 1974 " 29 5 23 11.9%
Schlesinger 2011 13 108 58 324 200%
Subtotal (95% CI) 137 47 NM9%
Total events 24 63

Heterogeneity: Tau*= 0.31; Chi*=3.11,df =1 (P=0.08); I’ = 68%
Test for overall effect Z=0.02 (P =0.98)

Total (95% ClI) 2763 2997 100.0%
Total events 105 131

Heterogeneity: Tau?= 0.11; Chi*= 11.08, df = 6 (P = 0.09); I*= 46%
Test for overall effect Z=0.13 (P = 0.80)

Test for subaroup differences: Chi* = 0.01, df = 1 (P =0.94), F=0%

0.78 [0.29. 2.09]
1.07[0.07. 16.99)
049 [0.23,1.07)
173 (0.87, 3.43)
1.35 [0.89, 2.05)
1.05 [0.66, 1.70]

174071, 4.31)
0.67 [0.38. 1.18]
1.01 [0.40, 2.56]

1.03 [0.70, 1.51]
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Supplementary Figure 8. Forest plot showing estimated relative risk of infectious events during

colchicine use compared to placebo and active comparator groups
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