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Case

* Mr J, 52 Male, referred in June 2015

DM type 2 (4 years), HTN, diabetic retinopathy, diabetic neuropathy,
PVD, BMI 38, OSA, no gout.

* Rx: ACEi, nondihydropyridine CCB, thiazide, statin+ezetimibe,
sulfonylurea+metformin

eGFR (mL/min/1.73 m?)
Urine ACR (mg/mmol) 37 114 393 556 590
HbA1c (%) 5.8 5.7 5.6 - 6.6
Urate (mmol/L) - 0.55 0.56 ok k ok k



Question 1

* Has hyperuricaemia played a causative role in the progression of CKD
in this patient?

* Answer:

1. Certainly yes.
2. Possibly yes.

3. No.

4. |don’t know.



Question 2

* Will you prescribe a uric-acid lowering medication to this patient to
slow the progression of CKD?

e Answer:

1. | always prescribe a uric-acid lowering medication for asymptomatic
nyperuricaemia.

sometimes prescribe if other measures are not effective.

am not convinced and need more data.

Never.



Question 3

* What is the highest daily dose of allopurinol that you prescribe in
patients with eGFR <30 mL/min/1.73 m??

* Answer:

1. 100 mg.

2. 200 mg.

3. 300 mg.

4. | am comfortable with doses >300 mg/day.



Hyperuricaemia in humans
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= Drugs that reduce
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Nature Reviews Rheumatology 2014;10:271-83



Evolutionary advantages of the loss of uricase

1. Uric acid is one of the most potent antioxidant

2. Greater longevity- antioxidant action

3. To maintain blood pressure during low salt ingestion
4

5

Intelligence
Neuroprotection

Nature 2002;417:393-5 Rheumatology (Oxford). 2010;49:2010-5 Adv Chronic Kidney Dis 2012;19: 358-71



Hyperuricemia: consequences

General Renal
e Gout * Acute uric acid nephropathy: uric acid
_ . precipitation within the tubules
* Asymptomatic mon,O_SOd'um * Chronic uric acid nephropathy:
urate crystal deposition deposition of sodium urate crystals in

the medullary interstitium

* Non-crystal deposition * Uric acid nephrolithiasis: increased
disorders: hypertension, obesity, arinary e acid excretion

dyslipidemia, hypertension, * Uromodulin kidney disease (familial

insulin resistance, endothelial juvenile nephropathy): hyperuricemia,
dysfunction, possibly gout and by progressive renal

cardiovascular diseases Impairment



Observational study: #1

e 3,499 apparently healthy adults (aged 35-54 years) from Thailand

* Follow-up for 12 years

e Qutcome: incident CKD (GFR <60 ml/min/1.73 m?)
Odds Ratio (95% CI)

Input Variable

Unadjusted Adjusted
Serum uric acid (mg/dl) mmol/L
first quartile (1.50 to 4.49) 0.09-0.27 1 1
second quartile (4.50 to 5.39) 0.28-0.32 0.99 (0.59 to 1.67) 0.89 (0.52 to 1.53)
third quartile (540 to 6.29)  0.33-0.36 1.24 (0.76 to 2.04) 1.10 (0.65 to 1.84)
fourth quartile (6.30 to 14.50) 9-37~0-86 2.31 (1.45 to 3.66)" 1.82 (1.12 to 2.98)°

J Am Soc Nephrol 2005,16:791-99



Observational study: #2

e 177,570 individuals from Northern California (1964-1973)
* Initiation of ESRD treatment: through December 31, 2000.
* Qutcome: incident ESKD= 842 cases

214’ . . mmol/L
+ Quartile 4 (vs quartile 1) 6.00-149 >0.36
18 Quartile 3 (vs quartile 1) 3 Uricacid  9.10-5.99  0.30-0.35
g 1':}? : Quartile 2 (vs quartile 1) 418-5.09 0.25-0.29
4 ns 010-417[ g 24

Adjusted Hazard Ratio (95% Confidence Interval) for End-Stage Renal Disease

Arch Int Med 2009,169:342-50



Observational study: #3

* 13,338 patients from the Atherosclerosis Risk in Communities and
Cardiovascular Health Studies, follow-up: 8.5 years

e Qutcome: incident CKD (GFR <60 ml/min/1.73 m?)

Table 2. Sequentially built logistic regression models for the primary study outcome of incident kidney disease®

Model 2 Model 3 Model 4 Model 5 Model 6
Model 1 (Model 1 + (Model 2 + (Model 3 + (Model 5 +
Parameter . ) . . . (Model 4 + SBP
(Uric Acid Only) Kidney Demographic History d Hvoertensi BMI and
Function) Data) and Labs) and Hypertension) Diuretic Use)
eGFR 1.16 (1.11 10 1.22) 1.09 (1.04 to 1.15) 1.12 (1.06 to 1.19) 1.12 (1.05 to 1.18) 1.07 (1.01 to 1.14) 1.07 (1.01 to 1.15)

Creatinine 1.29 (1.20 t0 1.39) 1.13(1.04 to 1.22) 1.15(1.06 t0 1.25) 1.15(1.06 to 1.25)

1.11(1.02 t0 1.27) 1.11(1.01 to 1.22)

20OR and 95% Cl are those associated with each 1-mg/dl rise in baseline serum uric acid in each model.

Table 3. Multivariable model for incident kidney disease® -~
Parameter Creatinine Based eGFR Based
(OR [95% CI)) (OR [95% CI))
Serum uric acid (per 1-mg/dl increase) 1.11 (1.02 10 1.21) \_ 1.07 (1.01 to 1.14)

1 mg/dL = 0.059 mmol/L

J Am Soc Nephrol 2008,19:1204-11



Observational study: #4

* 5,899 healthy individuals from Japan, 68% women, Follow-up 5 years
e Qutcome: incident CKD (GFR <60 ml/min/1.73 m?); HTN (= 140 or >90)

Crude Model 1* Model 2t Model 3%
OR 95% Cl PValue = OR 95% Cl PValue = OR 95% Cl PValue  OR 95%Cl | PValue

Total (n=5899)
Hypertension Hyperuricemia | 2.708 | 2.023-3.625 | <0.001 | 2.049 | 1.508-2.785 | <0.001 | 2.112 | 1.548-2.882 | <0.001 | 1.915 | 1.399-2.620 | <0.001
(1=396,6.7%) | or SUA1 mg/dL | 1.481 | 1.370-1601 | <0.001 | 1.409 | 1271-1.562 | <0.001 | 1.450 | 1.303-1.613 | <0.001 | 1.388 | 1.246-1.546 | <0.001
—__,  CKD (n=664, Hyperuricemia | 1.969 | 1.519-2.553 | <0.001 | 1.801 | 1.363-2.379 qu.{mﬂ (0.828 | 0589-1.163 | 0.276 | 0.817 | 0.581-1.150 D.E-ﬁ'\]
11.3%) per SUA 1 mg/dL| 1.260 | 1.183-1.343 | <0.001 | 1.296 | 1.189-1.412 {u.{md 0.864 | 0.779-0.958 | 0.006 | 0.858 | 0.774-0.953 n.uu4J

*Model 1: Data adjusted for Elge, sex, and smoking and drinking habits.
TModel 2: Data adjusted for age, sex, body mass index, smoking and drinking habits, and baseline estimated GFR.
FModel 3: Data adjusted for age, sex, body mass index, smoking and drinking habits, baseline estimated GFR, and body mass index.

Hyperuricemia: >7.0 mg/dL (0.42 mmol/L) of SUA in men

and 6.0 mg/dL (0.36 mmol/L) in women Hypertension 2017;69:1036-1044



Observational study: #5

e 13,070 individuals from Japan, Follow-up 5 years

e OQutcome: the highest quartile of change in eGFR (>20.56 ml/min/1.73
m? over 5 years)

Serum uric acid, mg/dL Number OR 95% CI p value
Total mmol/L
1st quartile —4. <0.25 1,630 Reference
2nd quartile 43-51 0.26-0.30 1,617 1.060 0.857-1.311 0.592
3rd quartile 52-6.2 0.31-0.37 1,502 1.182 0.923-1.513 0.186
4th quartile 6.3- >0.38 1,540 2.238 1.656-3.023 <0.001
Serum uric acid change Per 1 increase 3.711 3.298-4.178 <0.001

1 mg/dL = 0.059 mmol/L

Am J Nephrol 2017;45:330-337



Observational study:

6 (post-hoc MDRD)

» 838 CKD patients, baseline GFR 33%*=12 ml/min/1.73 m?, follow-up:
10 years, outcome: dialysis or transplantation

Kidney failure
Unadjusted
Model 1*
Model 21
Model 3%
Model 4§

0.10-0.41 mmol/L

Tertile 1
(1.7-6.9 mg/dL)
(n = 276)

1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)

0.42-0.49 mmol/L

Tertile 2
(7.0-8.3 mg/dL)
(n = 288)

1.23 (0.99-1.51)
1.21 (0.98-1.49)
1.18 (0.96-1.46)
1.11 (0.90-1.37)
1.18 (0.94-1.47)

0.50-0.93 mmol/L

Tertile 3
(8.4-15.6 mg/dL)
(n = 274)

1.16 (0.94-1.43)
1.08 (0.87-1.33)
1.10 (0.89-1.36)
1,12 (0.90-1.39)
1.20 (0.95-1.51)

Am J Kidney Dis 2009,53:796-803



Observational study: #6 (post-hoc MDRD)

For each 1 mg/dL increase in serum uric acid:

Outcome | Adjusted HR

All-cause mortality 1.17 (95% Cl 1.07 — 1.30)
Cardiovascular mortality 1.16 (95% Cl 1.01 — 1.33)
Kidney failure 1.02 (95% Cl1 0.97 — 1.07)

1 mg/dL = 0.059 mmol/L

Am J Kidney Dis 2009,53:796-803



Meta-analysis: #1 Outcome: CKD

%o

study RR (95% CI) Weight
Domrongkitc(2005) |—-— 119(1.03,1.38) 519 o
Chanchol{2007) T 1.00(0.88,1.13) 601 RR for the association
Obermayr(2008) -~ 1.30(1.26,1.34) 958
Yen(2009) _-.|.-_ 1.00(0.85,1.18) 4.62 between SUA (fOI"
Chien(2010) — 1.18(1.07,131) 692 each 1 mg/dL
Bellomo(2010) 1 + 1.61(1.00,260) 0.91 )
wang[M](2011) —-..— 119(1.01,140) 475 mcrease) and the
Wang[W](2011) ———— 116 (0.95,142) 3.56 ..
Sonoda(2011) e 1.15(1.06,1.25) 7.71 incidence of CKD
Kawashima[M](2011) —— 143(1.28,159) 662
Yamada[M](2011) —— 142(1.28,158) 675 1 mg/dL = (0.059 mmo|/|_
Yamada[w](2011) —_—— 1.32(1.12,156) 457
Ben-dov[M)(2011) R 1.20(0.87,148) 349
Ben-dav[w](2011) — 151(1.03,221) 137
Mok[M)(2012) — 1.24(1.13,136) 7.22
MoK[W](2012) — 113(1.01,127) 633
Zhang(2012) —_— 1.24(1.08,143) 540
Sedaghat(2013) —--—~ 1.12(0.98,1.28) 564
Ryoo[M)(2013) : 139(1.12,172) 335
Overall (l-squared = 65.9%, p = 0.000) O 1.22(1.16,1.28) 100.00

T ‘ T T T

5 1 15 2 25

RR per 1mg/dl higher in SUA levels

PLOS ONE 9(6): e100801



Meta-analysis:

Highest vs lowest SUA level

2 Outcome: Mortality in CKD

For each 1 mg/dL increase in SUA

Study HR {95%Cl) Paticipants Quality
Oiji (2008) —_— 1.84(1.23,2.74) 788 6
Madero (2008) —— 157 (1.07,2.32) 838 38
MNavaneethan (2008) —— 1.28 (0.79, 2.089) 461 T
Kowalczyk (2010) -~ 1.38(1.23,1.53) 503 5
Filppatas (2011) - 0.96(0.70,1.31) 382 8
Liu (2012) ' m 1.85(1.40,2.44) 3303 8
Chung (2013) —— 1.86(1.14,3.04) 1103 7
Yin (2013) —_— 1.99(1.21,323) 1132 7
Wu, CKD 1-3a (2013) — 2.45(0.52,11.55) 242 6
Wu, CKD 3b-5 (2013) R m 1.99(1.37,202) 915 6
Sestigiani (2013) I B 1.09(0.85,1.40) 1943 f
Jeon, DM (2014) e 2.59(1.45,468) 193 5
Jeon, NDM (2014) 1.18(0.47,205) 126 5
Miyaoka (2014) — 1.21(0.35,4.21) 551 8
Dang (2014) — 1.21(085,1.73) 2193 B
Xia, DM (2016) e 1.46(092,232) 328 8
Xia, NDM (2018) ——— 2.261(1.36,3.75) 850 8
Overall (12 = 47.9%, P=0.015) {b 1.52(1.33.1.73)

1 T ' | 1
03 05 1 2 4 8 12

Metabolism 2016; 65:1326-41

Study HR (95%C1)  Paticipants  Quality
Hsu (2004) — 1.22 (0.05, 1.56) 148 5
Suliman (2006) —— 1.08 (0.97, 1.20) 294 8
Giji (2008) —— 116 (1.08, 1.25) 788 &
Madero (2008) —— 1.17 (1.05, 1.30) B3B8 34
Les (2008) —_—. 0.78 (0.63,0.96) 168 5
Kowalczyk (2010) -~ 1.08 (1.06, 1.13) 503 5
Latif {2011) L 0.95(0.90, 1.00) 4837 5
Liu (2012) —— 112 (1.07,1.1T) 3303 8
Chung {2013) ——— 1.19(1.09, 1.31) 1103 T
Feng {2013) :——o— 1.27 (1.05, 1.55) 156 T
¥in (2013) e 1.10 (1.04, 1.17) 1132 7
Sestigiani (2013) - 1.02 (0.98, 1.06) 1943 T
Chua (2014) —— 1.02 (0.97, 1.08) 943 5
Jeon (2014) — 1.05(0.97, 1.14) 319 5
Miiyaoka (2014) }a-_ 1.06({0.70, 1.61) 551 a
Dong (2014) ——— 1.05 (0.96, 1.14) 2193 5]
Beberashvili (2015) " i 0.5% (0.41,0.85) 261 7
Lazzeri (2015) -:—t— 1.23 (1.04, 1.46) 329 6
Hsieh (2015) __'..._ 1.11(0.91, 1.45) 2408 5
Gondouin (2015) - : 0.95 (0.98, 1.01) 104 5
Mia, DM Men (2016) —— 1.08(0.91, 1.32) 189 8
Xia, DM Women (2018) —*— 1.06 (0.83, 1.35) 139 8
Hia, NOM Men (2016) B 1.38(1.14, 1.83) 583 8
¥ia, NDM Women (2018) —_— 1.0 (0.80, 1.4T) 387 a8
Overall (= 82.1 %, P < 0.001) o 1.08 (1.04, 1.11)

T T T I T
0.4 06 0.8 1 1.8

1 mg/dL = 0.059 mmol/L



Interim summary

* Epidemiological studies: asymptomatic hyperuricaemia may be
associated with CKD and progression of CKD.



Pre-clinical studies
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Interim summary

* Pre-clinical studies: uric acid may play a causative role.



Mendelian randomisation

Renal proximal tubule epithelial cell

Basolateral Vo Apical (brush
membrane Organic anions T) border) membrane
(e.g. lactate, nicotinate) Organic anions
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& 422&@ Monocarboxylates Monocarboxylates

Urate
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anion = anion /
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Confounding factors

Urat (e.g., pro-inflammatory state)
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Genetic variation in SLC2A9 Serum urate Clinical outcome

i and/or other loci directly = concentration —>» (e.g., cardiovascular,
'steel':tsl::)t:ﬂ; ) / ) Tubule lumen influencing serum urate L (risk factor) metabolic disease)
anion = \_ anion : ~ \_ anion
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Urate anion - - -
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Nature Reviews Rheumatology 2010;6: 30-8 Kidney International 2010;78: 446-52



Mendelian randomisation 1

o 7979 pat|e ntS Of the :}::I:cllenzr;‘odci::jon between uric acid transporter genetic
Atherosclerosis Risk in e
Communities and Framingham anic

. Overall 114.81 0.0215
Heart studies. Men 6305 00256
Women 99.25 0.0335

* Instrumental variable: uric acid s . o
transporter genetic risk score, 5 Women Ve 00593
S N PS Combined

Overall 190.74 0.0231
. Men 90.6 0.0242
* Risk factor: serum urate Women 185.14 00409

Abbreviations: ARIC, Atherosclerosis Risk in Communities; FHS, Framingham Heart
Study; SU, serum urate.

o O . I I d Single-nuclectide polymorphisms rs11942223, rs2231142, rs1183201, rs2078267, and

Utco m es * Se ru m Creatl n I n e a n rs3825018 were used for both ARIC and FHS for SLC2A9, ABCG2, SLCI17A1,
SLC22A11, and SLC22A12, respectively.

eG F R *F-statistic represents the strength, and R? the percent variance in SU explained, of

the association between the genetic risk score and 5U.

Kidney International 2014; 85:344-51



Mendelian randomisation 1

Table 2| Mendelian randomization analysis of SU against
eGFR/5Cr using uric acid transporter genetic risk score as
instrumental variable

* There was evidence for a causal role for Ordinary least square  Two-stage least

. e . . regression square
SU in determining SCr and eGFR in males. = 7§ = 7 ons
* Each unit increase in SU attributable to .
the genetic risk score was associated with o e S AT T e o
45.06 ummol/L decrease in SCr (P=0.02) s
and 39.26 ml/min/1.73m? increase in Adisted 3342 308 73335 _4506 1942 0020 <0000
eGFR (P=0.045). Fomales
. . . . . Crl._lde 3231 244 222E-39 —304 1237 081 0.0029
° USIng a uric aCId transporter genetlc rlsk Adjusted 3714 274 631E—-4 1.05 12.50 0.93 0.0025
score as an instrumental variable, there ot
was evidence that increased SU caused by e hE e wmmmez oo
genetic variation in uric acid transporters s
1 1 1 ud — 304 ! 03E - . . X X
improved renal function in males. Adisted _3504 316 38928 3926 19.54 0045 <00001
Females
Crude — 3461 317 256E-27 —0.84 16.04 056 0.11

Adjusted —3673 345 433E—-26 — 634 1565 0.69 0.11

Kidney International 2014; 85:344-51




Mendelian randomisation 2

* rs734553 single-nucleotide
polymorphism (SNP) of the GLUT9
urate transporter gene

755 CKD patients, baseline GFR
3613 ml/min/1.73 m?

Follow-up: 23 months

Renal outcome: composite of >30%
decrease in the GFR, dialysis or
transplantation

Homozygotes (TT) and heterozygotes
(GT) for the T allele [vs. patients
without such an allele (GG)] was
associated with 2.35 times higher risk
of CKD progression.

Cumulative
events free .
survival

4

Renal events

P=0.008

GG

0

400

800

1200

1600 Time (days)

n® of patients i

57

ar

at risk GT+TT

588

486

20

HR 2.35; 95% Cl, 1.25-4.42

Clin J Am Soc Nephrol 2014;9:1059-65



100 x GRS

4

3

Mendelian randomisation 3

* 2720 patients with type 1 diabetes mellitus from the FinnDiane Study

- - = L
g 8 g o}
T | | |
Normal AER miA maA ESRD

100 x GRS

4

3

o
e B
| T
i ! : ! -
| . ! l : .
: | : ' - Genetic risk score based on
! | : : i No causal effect of serum uric
1 I 1 \ .
: ' : — : acid on the renal outcomes
L = i
s —
] 8 ° o
[o]
o
©
| I I | |
1 2 3 4 5
CKD class
CKD stage

Kidney International 2017; 91:1178-85



Interim summary

* Mendelian randomisation studies: conflicting results on causative role
of uric acid and renal outcomes.



Hyperuricaemia: a ubiquitous finding in CKD
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Nephrol Dial Transplant. 2014;30:613-21.
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Effects of uric acid-lowering therapy on renal outcomes: a

systematic review and meta-analysis

Bhadran Bose™, Sunil V. Badve"**, Swapnil S. Hiremath?®, Neil Boudville**, Fiona G. Brown>>, Alan Cass*®,
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]. Walker™", Giles Walters>'* and David W. Johnson"?

NDT 2014;29:406-13
Review updated in 2016- not yet published.



Urate-lowering therapy and renal outcomes

* Trials with follow-up >3 months ¢ Allopurinol- 9 trials; febuxostat-
were included. 2 trials; 1 trial- allopurinol vs

e 12 trials involving 870 febuxostat

participants (median sample size * Allopurinol dose: 100-300 mg
63; median follow-up 8 months) daily

* 9 trials in 592 CKD patients; 3 * Febuxostat dose: 10-60 mg daily
trials in 278 patients with
normal or mildly decreased
kidney function

* Only 3 trials were placebo-
controlled studies.



Risk of bias assessment

Random sequence generation
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M Low risk

"H”'I

Unclear risk

Blinding of outcome assessors m High risk

Incomplete data addressed

Free of selective outcome reporting

Free of other bias
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Effect of uric acid-lowering therapy on change
in GFR (mML/min/1.73 m?) from baseline

Study %
ID Year Intervention Control WMD (95% CI) Weight
Shi 2012 Allopurinol No drug i -1.60 (-29.42, 26.22) 0.80
Gibson 1982 Allopurinol+Colchicine Colchicine ; 9.00 (-7.33, 25.33) 2.33
Kanbay 2011 Allopurinol No drug ——50— 3.20 (-7.98, 14.38) 4.97
Tanaka 2015 Febuxostat No drug —'—é— -0.90 (-10.50,8.70) 6.75
Sircar 2015 Febuxostat Placebo —i—o— 7.60 (-0.74, 15.94) 8.94
Liu 2014 Allopurinol No drug ——§°— 4.10 (-4.10, 12.30) 9.25
Goicoechea 2015 Allopurinol No drug —;—0— 6.80 (-0.50, 14.10) 11.68
Kao 2011 Allopurinol Placebo —°-§- 0.00 (-3.35, 3.35) 55.27
Overall (I-squared = 0.0%, p = 0.520) @ 2.15 (-0.34, 4.64) 100.00
NOTE: Weights are from random effects analysis i

-2I9.4 0 29I.4

Control better

Intervention better



Effect of uric acid-lowering therapy on change
in serum creatinine (mg/dL) from baseline

Study %
ID Year Intervention Control WMD (95% ClI) Weight
Siu 2006  Allopurinol No drug i -0.67 (-1.30, -0.04) 2.33
Sarris 2007  Allopurinol No drug i -0.61 (-1.18, -0.04) 2.84
Momeni 2010  Allopurinol Placebo —*i-— -0.10 (-0.57, 0.37) 3.95
Gibson 1982  Allopurinol+Colchicine Colchicine —Er'— 0.01 (-0.14, 0.16) 21.21
Tanaka 2015 Febuxostat No drug 'E-'- 0.04 (-0.05, 0.13) 31.88
Liu 2014  Allopurinol No drug -; -0.04 (-0.10, 0.02) 37.79
Overall (I-squared = 53.1%, p = 0.059) Q -0.04 (-0.14, 0.06) 100.00
NOTE: Weights are from random effects analysis i

' T

o

T
1.3 1.3

Intervention better Control better



Effect of uric acid-lowering therapy on change
in proteinuria from baseline

Study

Gibson
Tanaka
Momeni
Shi

Siu

Kao

Liu

Year

1982

2015

2010

2012

2006

201

2014

Intervention

Allopurinol+Colchicine
Febuxostat

Allopurinol

Allopurinol

Allopurinol

Allopurinol

Allopurinol

Overall (l-squared = 0.0%, p = 0.478)

NOTE: Weights are from random effects analysis

Control

Colchicine

No drug

Placebo

No drug
No drug
Placebo

No drug

SMD (95% Cl)

-0.28 (-1.22, 0.65)
-0.79 (-1.43, -0.14)
-0.52 (-1.15, 0.11)
-0.12 (-0.74, 0.50)
0.10 (-0.45, 0.65)

-0.24 (-0.78, 0.30)
-0.42 (-0.74, -0.10)

-0.33 (-0.53, -0.13)

%

Weight

4.58

9.60

10.05
10.36
13.25
13.69
38.46

100.00

I
-1.43
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Summary estimates of other outcomes #1

Number of MD, 95% CI; P
trials

SBP (mm Hg) 7 -3.11, (-5.79, -0.42); 0.023

DBP (mm Hg) 7 -2.42 (-4.41, -0.44); 0.017
Uric acid (mg/dL) 11 -2.38 (-2.86, -1.91); 0.001



Summary estimates of other outcomes #2

Number of RR (95% Cl); P
trials
Progression to ESKD 2 0.56 (0.25, 1.25); 0.159
Death 1 0.88 (0.51, 1.51); 0.640
Medication S 0.91 (0.61, 1.36); 0.648

discontinuation

Any adverse event 8 2.73 (1.25, 5.97); 0.012



Systematic review: Conclusion

* The available RCT evidence evaluating the safety and
efficacy of uric-acid lowering therapy as a renoprotective
agent in patients with CKD is limited to a small humber of
single-centre studies with suboptimal methodology.

* There is insufficient evidence to currently recommend
widespread use of uric acid-lowering therapy to slow the
progression of CKD.

* Adequately powered randomised trials are required to
evaluate the benefits and risks of uric acid-lowering
therapy in CKD.

NDT 2014,29:406-13



Trial 1: The CKD-FIX Study

* Controlled trial of slowing of
Kidney Disease progression
From the Inhibition of Xanthine
oxidase

* Investigator-initiated,
international, multicentre,
prospective, randomised,
double-blind, 1:1 placebo-
controlled, parallel group

The

CKD-FIX superiority trial

AKTN 10.02 trial

Australian New Zealand Clinical Trials Registry ANZCTRN12611000791932



Study participants (n=620)
1. Adult (age = 18 years),
2. CKD stage 3 or 4 (eGFR 15 to 60 mL/min/1.73 m3),
3. Random urine albumin to creatinine ratio = 30mg/mmol
OR
Decrease in eGFR = 3.0 mL/min/1.73 m? in the preceding <12 months
(calculated as the difference between the first and last tests, based on
minimum of 3 blood tests with each test done at least 4 weeks apart).

v

Randomisation (1:1)
Stratified by centre, albuminuria (<60 vs. 2 60 mg/
mmol), CKD stage (3 vs. 4) and diabetes

v \

Allopurinol (n=310) Placebo (n=310)
1 to 3 tablets daily of 100 mg 1 to 3 tablets daily as
as tolerated tolerated

v v

Follow-up 2 years (104 weeks)

v

Primary endpoint

Change in eGFR

Secondary endpoints
(a) reduction in GFR >30% from baseline, (b) progression to ESKD requiring
dialysis or kidney transplantation, (c) change in cystatin C-based eGFR, (d) all-
cause death, (e) composite of reduction in GFR >30% from baseline, ESKD, and
death from any cause, (f) blood pressure, (g) proteinuria, (h) cardiovascular
events, (i) all-cause hospitalisation, (j) serum uric acid concentration, (k)
adverse events (), quality of life summary scores, and (m) cost-effectiveness
and economic analyses.

Exploratory endpoints
(a) markers of oxidative stress, and inflammation, (b) pharmacokinetics of
allopurinol, (c) pharmacogenetics of allopurinol, (d) genetic influence of uric
acid transporters and xanthine oxidase on SCr response to allopurinol, and (e)
development of incident gout.

Current status

Funding: NHMRC project grant
APP1043203 and NZ HRC grant
Recruitment: March 2014 to
December 2016

Patients screened: 10,485
Total randomised: 368 (only
3.5% of screened)!

Planned follow-up: December
2018.

Results expected in 2019.



Trial 2: The PERL Consortium

e Pilot international (USA, Canada, Denmark), placebo-controlled RCT

(NIH sponsored)

 Study population (n=400): age 18-70 years, type 1 DM =8 years,
micro- or macroalbuminuria, eGFR 45-100 mL/min/1.73 m?, SUA >4.5
mg/dL

* Comparators: Allopurinol vs. placebo 100-400 mg/d — target SUA
2.5-4.5 mg/dL, with reduction 230% from baseline

* Duration: 3 years

* Primary outcome: Measured GFR (plasma clearance of non-labelled
iohexol)

Curr Diab Rep 2013;13:550-9



Trial 3: The FEATHER Study

 Japanese placebo-controlled RCT (Teijin Pharma)

 Study population (n=400): age >20 years, SUA 7.1-10 mg/dL, eGFR 30-
59 mL/min/1.73 m?

e Comparators: Febuxostat vs. placebo 10 mg/d 1-4 weeks — 20 mg/d
5-8 weeks — 40 mg/d

* SUA checked in central lab, SUA 212 mg/dL — discontinue study
* Duration: 108 weeks

* Primary outcome: Annual rate of eGFR decline (eGFR slope)

Trials 2014;15:26



