The

n e w e ng l a n d j o u r na l

of

m e dic i n e

Original Article

Effects of Allopurinol on the Progression
of Chronic Kidney Disease
Sunil V. Badve, Ph.D., Elaine M. Pascoe, M.Biostat., Anushree Tiku, M.B., B.S.,
Neil Boudville, D.Med., Fiona G. Brown, Ph.D., Alan Cass, Ph.D.,
Philip Clarke, Ph.D., Nicola Dalbeth, M.D., Richard O. Day, M.D.,
Janak R. de Zoysa, M.B., Ch.B., Bettina Douglas, M.N., Randall Faull, Ph.D.,
David C. Harris, M.D., Carmel M. Hawley, M.Med.Sci.,
Graham R.D. Jones, D.Phil., John Kanellis, Ph.D., Suetonia C. Palmer, Ph.D.,
Vlado Perkovic, Ph.D., Gopala K. Rangan, Ph.D., Donna Reidlinger, M.P.H.,
Laura Robison, B.Sc., Robert J. Walker, M.D., Giles Walters, M.D.,
and David W. Johnson, Ph.D., for the CKD-FIX Study Investigators*

A BS T R AC T
BACKGROUND
The authors' affiliations are listed in the
Appendix. Address reprint requests to
Dr. Badve at the Renal and Metabolic
Division, the George Institute for Global
Health, Level 5, 1 King St., Newtown,
NSW 2042, Australia, or at 
sbadve@
georgeinstitute.org.au.
*A complete list of the CKD-FIX Study
Investigators is provided in the Supplementary Appendix, available at NEJM
.org.
N Engl J Med 2020;382:2504-13.
DOI: 10.1056/NEJMoa1915833
Copyright © 2020 Massachusetts Medical Society.

Elevated serum urate levels are associated with progression of chronic kidney disease. Whether urate-lowering treatment with allopurinol can attenuate the decline
of the estimated glomerular filtration rate (eGFR) in patients with chronic kidney
disease who are at risk for progression is not known.
METHODS

In this randomized, controlled trial, we randomly assigned adults with stage 3 or 4
chronic kidney disease and no history of gout who had a urinary albumin:creatinine
ratio of 265 or higher (with albumin measured in milligrams and creatinine in grams)
or an eGFR decrease of at least 3.0 ml per minute per 1.73 m2 of body-surface area in
the preceding year to receive allopurinol (100 to 300 mg daily) or placebo. The primary outcome was the change in eGFR from randomization to week 104, calculated
with the Chronic Kidney Disease Epidemiology Collaboration creatinine equation.
RESULTS

Enrollment was stopped because of slow recruitment after 369 of 620 intended
patients were randomly assigned to receive allopurinol (185 patients) or placebo
(184 patients). Three patients per group withdrew immediately after randomization.
The remaining 363 patients (mean eGFR, 31.7 ml per minute per 1.73 m2; median
urine albumin:creatinine ratio, 716.9; mean serum urate level, 8.2 mg per deciliter)
were included in the assessment of the primary outcome. The change in eGFR did
not differ significantly between the allopurinol group and the placebo group (−3.33 ml
per minute per 1.73 m2 per year [95% confidence interval {CI}, −4.11 to −2.55] and
−3.23 ml per minute per 1.73 m2 per year [95% CI, −3.98 to −2.47], respectively;
mean difference, −0.10 ml per minute per 1.73 m2 per year [95% CI, −1.18 to 0.97];
P = 0.85). Serious adverse events were reported in 84 of 182 patients (46%) in the
allopurinol group and in 79 of 181 patients (44%) in the placebo group.
CONCLUSIONS

In patients with chronic kidney disease and a high risk of progression, uratelowering treatment with allopurinol did not slow the decline in eGFR as compared
with placebo. (Funded by the National Health and Medical Research Council of
Australia and the Health Research Council of New Zealand; CKD-FIX Australian
New Zealand Clinical Trials Registry number, ACTRN12611000791932.)
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levated serum urate levels are associated with increased risks of onset and
progression of chronic kidney disease and
end-stage kidney disease.1,2 Observational studies
have shown a linear association between serum
urate levels and various outcomes, including albuminuria,3 onset of chronic kidney disease,4,5
progression to end-stage kidney disease,6 cardiovascular events, and death.7 The serum urate
level increases linearly with decreasing glomerular filtration rate as a result of reduced excretion.8 Thus, it is unclear whether elevated serum
urate levels play a causative role in the progression of kidney disease, are an indirect marker of
decreased kidney function, or both.
Single-center trials have shown that uratelowering treatment with allopurinol or febuxostat could slow the progression of chronic kidney disease over a short follow-up period of 6 to
12 months.9-11 Our systematic review and metaanalysis evaluating the effect of allopurinol on
kidney outcomes included eight randomized,
controlled trials (involving 476 participants).12
Allopurinol was compared with placebo in two
trials, and there was no study medication in the
control group of the remaining six trials. The
mean difference in the change in glomerular
filtration rate from baseline to trial completion
between the allopurinol groups and the control
groups was 3.1 ml per minute per 1.73 m2 of bodysurface area (95% confidence interval [CI], −0.9 to
7.0). However, that review was limited by its small
size (eight trials, with a median of 57 participants per trial) and a median follow-up period
of 11 months; in addition, only two of the trials
were placebo-controlled. A scientific workshop
organized by the National Kidney Foundation of
the United States in September 2016 reviewed
and reported the contemporary evidence and suggested that further trials of allopurinol or febuxostat both in the general population and in patients with chronic kidney disease were indicated.13
The present trial, the Controlled Trial of Slowing of Kidney Disease Progression from the Inhibition of Xanthine Oxidase (CKD-FIX), was designed to test the hypothesis that urate-lowering
therapy with allopurinol would attenuate the
decline in the estimated glomerular filtration
rate (eGFR) over a period of 104 weeks in patients with chronic kidney disease.
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Me thods
Trial Design and Oversight

We conducted this investigator-initiated, randomized, double-blind, placebo-controlled trial at 31
centers in Australia and New Zealand. The trial
protocol was approved by ethics committees at
all participating sites in Australia and by the
Northern Region A Health and Disability Ethics
Committee for sites in New Zealand and is available with the full text of this article at NEJM.org.
The funders of the trial — the National Health
and Medical Research Council of Australia and
the Health Research Council of New Zealand
— had no role in trial design, data collection,
data analysis, data interpretation, or the writing
of the manuscript that was submitted. The Australasian Kidney Trials Network (University of
Queensland) coordinated the trial and conducted all statistical analyses. The authors (who
made up the trial steering committee) designed
and supervised the trial. Site investigators and
trial coordinators collected data on patients at
each site. The authors vouch for the completeness and accuracy of the data and for the fidelity of the trial to the protocol.
Patients

Adults with stage 3 or 4 chronic kidney disease
(eGFR, 15 to 59 ml per minute per 1.73 m2)
who were deemed to be at increased risk for
progression of chronic kidney disease were eligible. An increased risk of progression of
chronic kidney disease was defined as a urinary
albumin:creatinine ratio of 265 or higher (with
albumin measured in milligrams and creatinine
in grams) (≥30 with albumin measured in milligrams and creatinine in millimoles) or a decrease
in eGFR of at least 3.0 ml per minute per 1.73 m2
in the preceding 12 months (calculated as the
difference between the first and last of at least
three measurements of eGFR, with each test
performed at least 4 weeks apart). Key exclusion
criteria were a history of gout, allopurinol hypersensitivity, clinical indication for allopurinol,
and unresolved acute kidney injury in the previous 3 months. (Table S1 in the Supplementary
Appendix, available at NEJM.org). All the patients
provided written informed consent before participation in the trial.
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Trial Procedures

Eligible patients were randomly assigned to receive allopurinol or placebo in a 1:1 ratio with an
adaptive allocation algorithm designed to minimize imbalance between the treatment groups
in the following variables: trial center, stage of
chronic kidney disease (stage 3 or stage 4), albuminuria (urinary albumin:creatinine ratio, ≥530
or <530 with albumin measured in milligrams
and creatinine in grams [≥60 or <60 with albumin measured in milligrams and creatinine in
millimoles]), and diabetes mellitus status (present or absent). Randomization was performed
with a Web-based system through a passwordprotected encrypted website interface.
Allopurinol 100-mg tablets (Zyloprim, Aspen
Pharma) and placebo tablets were purchased
from Aspen Pharma. The total trial follow-up
period of 104 weeks (2 years) included the initial
dose-escalation phase of 12 weeks and the subsequent 92-week follow-up phase. During the doseescalation phase, the starting dose of allopurinol (100 mg) or placebo was one tablet by mouth
daily and could be increased every 4 weeks to a
maximum of three tablets daily if all the criteria
for dose adjustment were met (Table S2). Dose
adjustment on the basis of serum urate level was
not permitted at any time during the trial. During the follow-up phase, patients underwent assessment in the clinic every 16 weeks. Patients
were withdrawn from the trial earlier than 104
weeks if they received dialysis for more than 30
days or underwent kidney transplantation.
Outcomes

The primary outcome was the change in the
eGFR from baseline (i.e., randomization) to 104
weeks, determined with the Chronic Kidney Disease Epidemiology (CKD-EPI) creatinine equation.14 Sensitivity analyses were conducted with
the use of the CKD-EPI equation, based on cystatin
C alone and in combination with creatinine, and
the Modification of Diet in Renal Disease equation.
The secondary outcomes were a composite of
a 40% reduction from baseline in eGFR (confirmed by a second measurement at the next
scheduled study visit, with the exception of the
last study visit), end-stage kidney disease (dialysis for ≥30 days or kidney transplantation), or
death from any cause; a composite of a 30% reduction from baseline in eGFR, end-stage kidney
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disease, or death from any cause; individual
components of the composite kidney outcomes;
blood pressure, albuminuria, and serum urate
level; cardiovascular events; hospitalization for
any cause; and quality-of-life summary scores on
the 36-Item Short-Form Health Survey. Safety
outcomes included all serious adverse events and
drug reactions. Specific safety outcomes of interest were erythema multiforme, the Stevens–
Johnson syndrome, toxic epidermal necrolysis,
minor rash, hypersensitivity syndrome, aplastic
anemia, and thrombocytopenia.
Statistical Analysis

Under the assumption of an annual decline in
eGFR of 3 ml per minute per 1.73 m2,15 loss to
follow-up of 5%, and drop-in and drop-out rates
of 5%, enrollment of 620 patients (310 in each
group) would provide 90% power to detect a 20%
attenuation in the decline in eGFR after 2 years
of follow-up. This difference (0.6 ml per minute
per 1.73 m2 per year) is at the lower end of the
range of a reduction in the eGFR slope by 0.5 to
1.0 ml per minute per 1.73 m2 per year over a
period of 2 to 3 years, which was associated with
a hazard ratio of approximately 0.7 for the clinical outcome of end-stage kidney disease during
subsequent years in cohort studies and randomized trials.16-18
The primary outcome was analyzed jointly
with the time to trial discontinuation to accommodate data on informative discontinuations
(missing not at random) resulting from death or
end-stage kidney disease before completion of the
104-week follow-up visit. Measurements of eGFR
over time were analyzed with a linear mixed
model with fixed effects for treatment, continuous time, the interaction of treatment with continuous time, and centered baseline eGFR and
random intercepts and random slopes. The estimate of treatment effect was the difference between the allopurinol group and the placebo group
in the annual change in eGFR. This estimate
included the time to discontinuation for informative reasons (death or end-stage kidney disease), analyzed with a Weibull parametric survival model with random effects. Prespecified
subgroup analyses were performed by including
as a fixed effect in the linear mixed model the
interaction of treatment, time as a continuous
variable, and subgroup.
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Analyses of secondary outcomes were not
adjusted for multiplicity. Repeatedly measured
continuous secondary outcomes were analyzed
with the use of the same joint modeling approach. Binary secondary outcomes were analyzed with log binomial regression models to
obtain estimates of risk ratios and 95% confidence intervals. Participants who could not be
assessed for categorical secondary outcomes for
missing-not-at-random reasons were not included in the analysis for that outcome. We also
conducted post hoc analyses of binary secondary
outcomes by using Cox regression models to
obtain estimates of hazard ratios and 95% confidence intervals. The relationship of serious
adverse events and adverse drug reactions to allo
purinol or placebo was analyzed with chi-square
tests. Statistical analyses were performed with
SAS software, version 9.4 (SAS Institute), with
joint models implemented with the use of the
%JM macro.19

R e sult s
Patient Enrollment and Baseline
Characteristics

Primary Outcome

From March 2014 through December 2016, a
total of 369 patients (60% of the target number)
were randomly assigned to the allopurinol group
(185 patients) or the placebo group (184 patients)
(Fig. S1). A decision was made by the trial steering committee to stop further recruitment because of a slower-than-anticipated recruitment
rate that rendered the number of participants
unlikely to reach the projected target within a
reasonable time frame. This was a pragmatic
decision based on trial logistics and funding; no
interim efficacy or futility analyses were conducted before this decision was made. Six patients
(3 in each group) withdrew consent immediately
after randomization. The remaining 363 patients
received at least one dose of the randomly assigned treatment and were included in the assessment of the primary outcome.
At the end of the 12-week dose-escalation
phase, 126 (69%), 17 (9%), and 9 (5%) of the 182
patients in the allopurinol group were taking
three tablets, two tablets, and one tablet of allopurinol once daily, respectively; the corresponding numbers in the placebo group were 126
(70%), 27 (15%), and 10 (6%) of 181 patients.
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During the 104-week follow-up period, 54 patients (30%) in the allopurinol group and 45
patients (25%) in the placebo group discontinued the assigned regimen (Table S3). In total,
132 patients (73%) in the allopurinol group and
144 patients (80%) in the placebo group completed the 104-week follow-up period. The patients who had been assigned to the allopurinol
group took allopurinol for a mean of 75.8 weeks
(83% of 91.5 weeks of follow-up), and the patients who had been assigned to the placebo
group took placebo for a mean of 83.0 weeks
(88% of 94.2 weeks of follow-up).
The patients’ baseline characteristics, with the
exception of the primary cause of kidney disease,
were balanced between the assigned treatment
groups (Table 1 and Table S4). The mean (±SD)
eGFR was 31.7±12.0 ml per minute per 1.73 m2,
and the median urinary albumin:creatinine ratio
was 716.9 (interquartile range, 244.3 to 1857) (with
albumin measured in milligrams and creatinine
in grams). The mean serum urate level was
8.2±1.8 mg per deciliter (490±110 μmol per liter).
The change in the eGFR did not differ significantly between the allopurinol group and the
placebo group (−3.33 ml per minute per 1.73 m2
per year [95% CI, −4.11 to −2.55] and −3.23 ml per
minute per 1.73 m2 per year [95% CI, −3.98 to
−2.47], respectively; mean difference, −0.10 ml
per minute per 1.73 m2 per year [95% CI, −1.18
to 0.97]; P = 0.85) (Fig. 1). Additional analyses
and sensitivity analyses showed similar results
(Table S5). The results for the primary outcome
were consistent across a wide range of prespecified subgroups (Fig. S2). A post hoc futility
analysis revealed that had the target enrollment
of 620 patients been met, the conditional power
to detect the prespecified clinically meaningful
difference of 0.6 ml per minute per 1.73 m2 per
year would have been only 1 in 1000. A post hoc
power calculation showed that the sample required to accommodate the discontinuation rate
of 30% was 1006 patients. The conditional
power for the sample size of 1006 patients was
17% (futility index, 83%).
Secondary Outcomes

The secondary composite outcome of a 40% decrease in eGFR, end-stage kidney disease, or death
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*
Characteristic

Allopurinol
(N = 182)

Placebo
(N = 181)

Total
(N = 363)

Age — yr

62.3±12.6

62.6±12.9

62.4±12.7

70 (38)

65 (36)

135 (37)

143 (79)

129 (71)

272 (75)

Female sex — no. (%)
Race or ethnic group — no. (%)†
White
Australian Aboriginal or Torres Strait Islander
New Zealand Maori

2 (1)

2 (1)

4 (1)

13 (7)

15 (8)

28 (8)

Asian

8 (4)

11 (6)

19 (5)

Other

16 (9)

24 (13)

40 (11)

30 (26–36)

31 (27–35)

30 (26–36)

Systolic

138.4±18.2

140.2±20.0

139.3±19.1

Diastolic

76.8±11.1

76.5±12.2

76.7±11.6

Median body-mass index (IQR)‡
Blood pressure — mm Hg§

Primary cause of kidney disease — no. (%)
Diabetic kidney disease

75 (41)

90 (50)

165 (45)

107 (59)

91 (50)

198 (55)

Diabetes mellitus — no. (%)

104 (57)

106 (59)

210 (58)

Hypertension — no. (%)

171 (94)

173 (96)

344 (95)

Nondiabetic kidney disease

Cardiovascular disease — no. (%)

58 (32)

64 (35)

122 (34)

68.8±18.7

68.2±18.8

68.5±18.8

Receiving ACE inhibitor — no. (%)

71 (39)

75 (41)

146 (40)

Receiving ARB — no. (%)

63 (35)

67 (37)

130 (36)

m2

31.6±11.7

31.9±12.4

31.7±12.0

Median urinary albumin:creatinine ratio (IQR)‖

716.9
(237.2–1947)

716.9
(246.0–1857)

716.9
(244.3–1857)

8.2±1.8

8.2±1.7

8.2±1.8

SF-36 quality-of-life summary score¶

eGFR — ml/min/1.73

Serum urate — mg/dl**

*	Plus–minus values are means ±SD. Percentages may not total 100 because of rounding. To convert the values for serum urate to micromoles per liter, multiply by 59.48. ACE denotes angiotensin-converting enzyme, ARB angiotensinreceptor blocker, eGFR estimated glomerular filtration rate, and IQR interquartile range.
†	Race and ethnic group were reported by the patients.
‡	The body-mass index is the weight in kilograms divided by the square of the height in meters. Data were missing for
1 patient in the allopurinol group and 4 patients in the placebo group.
§	Data were missing for 1 patient in the placebo group.
¶	Scores on the 36-Item Short-Form Health Survey (SF-36) quality-of-life summary score range from 0 to 100, with
higher scores indicating better quality of life. Data were missing for 1 patient in the allopurinol group.
‖	Albumin was measured in milligrams, and creatinine in grams. Data were missing for 3 patients in the allopurinol
group and 2 patients in the placebo group.
**	Data were missing for 9 patients in the allopurinol group and 2 patients in the placebo group.

from any cause occurred in 63 patients (35%)
in the allopurinol group and 51 patients (28%) in
the placebo group (risk ratio, 1.23; 95% CI, 0.90
to 1.67; hazard ratio, 1.34; 95% CI, 0.92 to 1.93)
(Table 2). Similar results were observed for the
composite outcome of a 30% decrease in the
eGFR, end-stage kidney disease, or death from
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any cause (risk ratio, 1.13; 95% CI, 0.89 to 1.44;
hazard ratio, 1.23; 95% CI, 0.90 to 1.69).
The mean serum urate level in the allopurinol
group decreased to 5.1 mg per deciliter (95% CI,
4.8 to 5.3) (300 μmol per liter [95% CI, 290 to
320]) at 12 weeks and remained at 5.3 mg per
deciliter (95% CI, 5.1 to 5.6) (320 μmol per liter
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Table 2. Effects of Allopurinol on Secondary Outcomes.
Outcome*

Allopurinol

Placebo

Risk Ratio (95% CI)†

Hazard Ratio (95% CI)‡

no./total no. (%)
40% decrease in eGFR, end-stage kidney
disease, or death

63/182 (35)

51/181 (28)

1.23 (0.90–1.67)

1.34 (0.92–1.93)

30% decrease in eGFR, end-stage kidney
disease, or death

82/182 (45)

72/181 (40)

1.13 (0.89–1.44)

1.23 (0.90–1.69)

40% decrease in eGFR

47/166 (28)

37/167 (22)

1.28 (0.88–1.86)

1.39 (0.90–2.13)

30% decrease in eGFR

70/170 (41)

63/172 (37)

1.12 (0.86–1.47)

1.21 (0.86–1.70)

End-stage kidney disease

25/171 (15)

19/175 (11)

1.35 (0.77–2.35)

1.38 (0.76–2.50)

Death from any cause

11/157 (7)

6/162 (4)

1.89 (0.72–4.99)

1.89 (0.70–5.11)

Fatal or nonfatal cardiovascular event

22/152 (14)

30/163 (18)

0.79 (0.48–1.30)

0.74 (0.43–1.29)

Hospitalization for any cause

83/171 (49)

77/172 (45)

1.08 (0.86–1.36)

1.17 (0.86–1.60)

*	End-stage kidney disease was defined as receipt of dialysis for at least 30 days or kidney transplantation.
†	Results were estimated from a prespecified analysis of log binomial regression models. Confidence intervals have not been adjusted for
multiplicity, and inferences drawn from the intervals may not be reproducible.
‡	Results were estimated from a post hoc analysis of Cox regression models. Confidence intervals have not been adjusted for multiplicity, and
inferences drawn from the intervals may not be reproducible.

35
34

Mean eGFR (ml/min/1.73 m2)

33
32
31
30
29

Placebo

28
27

Allopurinol

26
25
24
23
0

0

16

24

40

56

72

88

104

149
144

148
133

Weeks since Randomization
No. of Patients
Placebo
Allopurinol

181
182

174
172

168
170

164
165

156
164

157
152

Figure 1. Effect of Allopurinol on Estimated Glomerular Filtration Rate (eGFR).
The effects of allopurinol and placebo on the eGFR are shown. I bars indicate 95% confidence intervals.

[95% CI, 300 to 330]) up to 104 weeks. The
mean serum urate level in the placebo group at
12 weeks was 8.2 mg per deciliter (95% CI, 7.9
to 8.5) (490 μmol per liter [95% CI, 470 to 510])
and remained at 8.2 mg per deciliter (95% CI, 7.9
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to 8.4) (490 μmol per liter [95% CI, 470 to 500])
for the duration of follow-up.
Overall, the mean difference in the serum
urate level, with adjustment for baseline values,
was −2.7 mg per deciliter (95% CI, −3.0 to −2.5)
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Mean Serum Urate (mg/dl)
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Placebo
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5
Allopurinol
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2
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Weeks since Randomization
No. of Patients
Placebo
Allopurinol
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B Urinary Albumin:Creatinine Ratio

Geometric Mean Albumin:Creatinine Ratio
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800
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Allopurinol
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142
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Weeks since Randomization
No. of Patients
Placebo
Allopurinol

178
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147
159

149
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138
148

Figure 2. Effect of Allopurinol on Serum Urate and Albuminuria.
The effects of allopurinol and placebo on serum urate levels (Panel A) and the urinary albumin:creatinine ratio (Panel B) are shown. Albumin was measured in milligrams, and creatinine in grams. To convert the values for serum
urate to micromoles per liter, multiply by 59.48. I bars indicate 95% confidence intervals.
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Table 3. Serious Adverse Events.*
Event

Allopurinol
(N = 182)

Placebo
(N = 181)

Total
(N = 363)

84 (46)

79 (44)

163 (45)

Serious adverse events
No. of patients (%)†
Total no. of events

170

167

337

No. of events per patient

0.93

0.92

0.93

33/170 (19)

44/167 (26)

77/337 (23)

Serious adverse events according to body system
— no. of events/total no. (%)
Cardiovascular event
Respiratory event

15/170 (9)

18/167 (11)

33/337 (10)

Gastrointestinal event

19/170 (11)

21/167 (13)

40/337 (12)

Renal event

39/170 (23)

30/167 (18)

69/337 (20)

Neurologic event

11/170 (6)

6/167 (4)

17/337 (5)

Musculoskeletal event

11/170 (6)

17/167 (10)

28/337 (8)

6/170 (4)

3/167 (2)

9/337 (3)

Endocrine event
Cancer or neoplasm

6/170 (4)

7/167 (4)

13/337 (4)

Hematologic event

4/170 (2)

2/167 (1)

6/337 (2)

Skin-related event

10/170 (6)

10/167 (6)

20/337 (6)

Other event

16/170 (9)

9/167 (5)

25/337 (7)

*	Percentages may not total 100 because of rounding. Detailed data on serious adverse events according to body system
are provided in Table S6.
†	The difference between the groups was not significant (P = 0.63 by chi-square test).

(−160 μmol per liter; 95% CI, −180 to −150)
(Fig. 2A). There were no significant between-group
differences in the urinary albumin:creatinine
ratio (geometric mean difference, −9%; 95% CI,
−24 to 10) (Fig. 2B), systolic blood pressure
(mean difference, −1.79 mm Hg; 95% CI, −4.69
to 1.11) or diastolic blood pressure (mean difference, −3.21 mm Hg; 95% CI, −6.82 to 3.40)
(Figs. S3 and S4), or health-related quality of life
(mean difference in 36-Item Short-Form Health
Survey quality-of-life summary score, −4.4; 95%
CI, −10.5 to 1.6).
Adverse Events

Serious adverse events occurred at similar frequencies in the two groups (170 events among
84 participants [46%] in the allopurinol group
and 167 events among 79 participants [44%] in
the placebo group) (Table 3 and Table S6). Eleven
participants (6%) in the allopurinol group and 6
(3%) in the placebo group died. There were no
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significant differences in the risks of nonserious
adverse drug reactions, including rash (Table S7).

Discussion
In patients with stage 3 or 4 chronic kidney disease and an elevated risk of disease progression,
we did not observe that treatment with allopurinol resulted in slower eGFR decline than did
placebo over the 104-week follow-up period,
despite a sustained mean reduction of 35% in
serum urate levels in the allopurinol group. Furthermore, we did not observe a greater decrease
in proteinuria, blood pressure, or the risk of the
composite kidney outcome of a decline in the
eGFR (when either a 40% or a 30% decline from
baseline was used), end-stage kidney disease, or
death in association with allopurinol.
Our results are consistent with those of the
FEATHER (Febuxostat versus Placebo Randomized Controlled Trial Regarding Reduced Kidney
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Function in Patients with Hyperuricemia Complicated by Chronic Kidney Disease Stage 3) and
PERL (Preventing Early Renal Loss in Diabetes)
trials20,21 and those in adequately powered mendelian randomization studies.22,23 Our results do
not appear to support the view that circulating
urate levels play a causal role in the progression
of chronic kidney disease. Evidence from observational studies shows only an association between
urate levels and progression of chronic kidney
disease, not a cause-and-effect relationship.
The lack of effect of allopurinol treatment on
the progression of chronic kidney disease in the
present trial has a few possible alternative explanations. First, the enrollment of patients with at
least moderately advanced chronic kidney disease could have limited the ability of allopurinol
to prevent further decline in the eGFR. The
epidemiologic association between serum urate
levels and the onset of chronic kidney disease
or progression to end-stage kidney disease has
been described in cohort studies involving participants who did not have chronic kidney disease at baseline.1,2 Second, the trial did not have
a serum urate level–based inclusion criterion, and
therefore some participants had normal serum
urate levels and others had elevated serum urate
levels at enrollment. However, our trial population had a markedly elevated mean baseline serum urate level of 8.2 mg per deciliter. Third, we
did not adjust doses against serum urate levels,
in order to avoid inadvertent unmasking of the
randomly assigned intervention. However, a sustained mean reduction of 35% in serum urate
levels was attained with allopurinol. Fourth, 76%
of the patients in the trial were taking a renin–
angiotensin system inhibitor at baseline, which
could have attenuated the potential effects of
allopurinol on the activity of the renin–angiotensin system in this trial population. However, this
seems unlikely, since available trial-based evidence shows that urate lowering with allopurinol
or probenecid has no effect on kidney-specific or
systemic activity of the renin–angiotensin system.24 Fifth, a higher-than-anticipated percentage of patients (30%) discontinued allopurinol.
Despite this, only 17% of person-years of treatment time was lost, and the difference in serum
urate levels between the allopurinol and placebo
groups was maintained throughout follow-up. A
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second post hoc futility analysis showed that
had we enrolled the 1006 patients needed to
maintain sufficient power to accommodate this
percentage of patients having discontinued allopurinol, we still would have had a relatively low
probability of finding a significant effect of
the drug.
The lack of benefit of allopurinol in slowing
the progression of chronic kidney disease in our
trial is noteworthy because we specifically enrolled patients who had an elevated risk of progression in order to maximize the potential to
show an effect of allopurinol on the decline in
eGFR. Other strengths of the present trial included the markedly elevated baseline serum
urate levels, a large sustained reduction in serum urate levels, and an analysis involving the
shared-parameter joint modeling approach, which
makes the most conservative assumption that
data are missing not at random.
Our trial also had some major limitations,
including insufficient power as a result of incomplete enrollment, a high percentage of patients who discontinued the trial regimen, the
use of a serum creatinine–based equation for the
calculation of eGFR,25 and the use of a surrogate
outcome. The fact that we did not use a measurement of glomerular filtration rate with
plasma clearance of an exogenous glomerular
filtration marker, such as iohexol, was also a
limitation.
In the present trial, which was stopped early,
we did not find that allopurinol was more effective than placebo in slowing the decline in eGFR
over a period of 104 weeks in patients with stage
3 or 4 chronic kidney disease and an elevated risk
of disease progression.
Supported by grants from the National Health and Medical
Research Council of Australia (APP1043203) and the Health
Research Council of New Zealand (14/117).
Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
A data sharing statement provided by the authors is available
with the full text of this article at NEJM.org.
We thank all the investigators, research staff at participating sites, and patients for their participation in the trial; Tom
Greene, Ph.D., of the University of Utah, Salt Lake City, for providing scientific guidance in preparing the statistical analysis
plan; Hiddo Lambers Heerspink, Ph.D., of the University of
Groningen, Groningen, the Netherlands, for critically reviewing
an earlier version of the manuscript; and the laboratory staff
at SydPath, St. Vincent’s Hospital, Sydney, for analyzing serum
specimens for creatinine and cystatin C.

nejm.org

June 25, 2020

Effects of Allopurinol on Chronic Kidney Disease

Appendix
The authors’ affiliations are as follows: the Department of Renal Medicine, St. George Hospital (S.V.B., A.T.), the Renal and Metabolic
Division, George Institute for Global Health (S.V.B., A.T., V.P.), and St. Vincent’s Clinical School (R.O.D., G.R.D.J.), University of New
South Wales Medicine, the Departments of Clinical Pharmacology and Toxicology (R.O.D.) and Chemical Pathology, SydPath (G.R.D.J.),
St. Vincent’s Hospital, the Centre for Transplant and Renal Research, Westmead Institute for Medical Research, University of Sydney
(D.C.H., G.K.R.), the Department of Renal Medicine, Westmead Hospital, Western Sydney Local Health District (D.C.H., G.K.R.), and
the Department of Nephrology, the Royal North Shore Hospital (V.P.), Sydney, the Australasian Kidney Trials Network, University of
Queensland (S.V.B., E.M.P., N.B., C.M.H., D.R., L.R., D.W.J.), the Department of Nephrology, Princess Alexandra Hospital, (B.D.,
C.M.H., D.W.J.), and the Translational Research Institute (D.W.J.), Brisbane, QLD, the Medical School, University of Western Australia,
Perth (N.B.), the Department of Nephrology, Monash University at Monash Medical Centre, Melbourne, VIC (F.G.B., J.K.), Menzies
School of Health Research, Charles Darwin University, Darwin, NT (A.C.), the University of Adelaide and Central Northern Adelaide
Renal and Transplantation Services, Adelaide, SA (R.F.), and the Australian National University Medical School and the Department of
Nephrology, Canberra Hospital, Canberra, ACT (G.W.) — all in Australia; the Health Economics Research Centre, Nuffield Department
of Population Health, University of Oxford, Oxford, United Kingdom (P.C.); and the Department of Medicine, University of Auckland
(N.D., J.R.Z.), and the Renal Service, Waitemata District Health Board (J.R.Z.), Auckland, the Department of Medicine, University of
Otago Christchurch, Christchurch (S.C.P.), and Dunedin School of Medicine, University of Otago, Dunedin (R.J.W.) — all in New
Zealand.

References
1. Badve SV, Brown F, Hawley CM, et al.
Challenges of conducting a trial of uricacid-lowering therapy in CKD. Nat Rev
Nephrol 2011;7:295-300.
2. Jalal DI, Chonchol M, Chen W, Targher
G. Uric acid as a target of therapy in CKD.
Am J Kidney Dis 2013;61:134-46.
3. Jalal DI, Rivard CJ, Johnson RJ, et al.
Serum uric acid levels predict the development of albuminuria over 6 years in patients with type 1 diabetes: findings from
the Coronary Artery Calcification in Type 1
Diabetes study. Nephrol Dial Transplant
2010;25:1865-9.
4. Weiner DE, Tighiouart H, Elsayed EF,
Griffith JL, Salem DN, Levey AS. Uric acid
and incident kidney disease in the community. J Am Soc Nephrol 2008;19:120411.
5. Obermayr RP, Temml C, Gutjahr G,
Knechtelsdorfer M, Oberbauer R, KlauserBraun R. Elevated uric acid increases the
risk for kidney disease. J Am Soc Nephrol
2008;19:2407-13.
6. Hsu C, Iribarren C, McCulloch CE,
Darbinian J, Go AS. Risk factors for endstage renal disease: 25-year follow-up.
Arch Intern Med 2009;169:342-50.
7. Madero M, Sarnak MJ, Wang X, et al.
Uric acid and long-term outcomes in CKD.
Am J Kidney Dis 2009;53:796-803.
8. Jing J, Kielstein JT, Schultheiss UT, et al.
Prevalence and correlates of gout in a
large cohort of patients with chronic kidney disease: the German Chronic Kidney
Disease (GCKD) study. Nephrol Dial Transplant 2015;30:613-21.
9. Siu Y-P, Leung K-T, Tong MK-H, Kwan
T-H. Use of allopurinol in slowing the
progression of renal disease through its
ability to lower serum uric acid level. Am
J Kidney Dis 2006;47:51-9.
10. Goicoechea M, de Vinuesa SG, Verdalles U, et al. Effect of allopurinol in chronic kidney disease progression and car-

diovascular risk. Clin J Am Soc Nephrol
2010;5:1388-93.
11. Sircar D, Chatterjee S, Waikhom R,
et al. Efficacy of febuxostat for slowing
the GFR decline in patients with CKD and
asymptomatic hyperuricemia: a 6-month,
double-blind, randomized, placebo-controlled trial. Am J Kidney Dis 2015;66:
945-50.
12. Bose B, Badve SV, Hiremath SS, et al.
Effects of uric acid-lowering therapy on
renal outcomes: a systematic review and
meta-analysis. Nephrol Dial Transplant
2014;29:406-13.
13. Johnson RJ, Bakris GL, Borghi C, et al.
Hyperuricemia, acute and chronic kidney
disease, hypertension, and cardiovascular
disease: report of a scientific workshop
organized by the National Kidney Foundation. Am J Kidney Dis 2018;
71:
85165.
14. Levey AS, Stevens LA, Schmid CH, et al.
A new equation to estimate glomerular
filtration rate. Ann Intern Med 2009;150:
604-12.
15. Klahr S, Levey AS, Beck GJ, et al. The
effects of dietary protein restriction and
blood-pressure control on the progression
of chronic renal disease. N Engl J Med
1994;330:877-84.
16. Inker LA, Heerspink HJL, Tighiouart H,
et al. GFR slope as a surrogate end point
for kidney disease progression in clinical
trials: a meta-analysis of treatment effects
of randomized controlled trials. J Am Soc
Nephrol 2019;30:1735-45.
17. Grams ME, Sang Y, Ballew SH, et al.
Evaluating glomerular filtration rate slope
as a surrogate end point for ESKD in clinical trials: an individual participant metaanalysis of observational data. J Am Soc
Nephrol 2019;30:1746-55.
18. Levey AS, Gansevoort RT, Coresh J,
et al. Change in albuminuria and GFR as
end points for clinical trials in early stag-

n engl j med 382;26

nejm.org

es of CKD: a scientific workshop sponsored by the National Kidney Foundation
in collaboration with the US Food and
Drug Administration and European Medicines Agency. Am J Kidney Dis 2020;75:
84-104.
19. Garcia-Hernandez A, Rizopoulos D.
%JM: a SAS macro to fit jointly generalized mixed models for longitudinal data
and time-to-event responses. J Stat Software 2018;84:1-29.
20. Kimura K, Hosoya T, Uchida S, et al.
Febuxostat therapy for patients with stage
3 CKD and asymptomatic hyperuricemia:
a randomized trial. Am J Kidney Dis 2018;
72:798-810.
21. Doria A, Galecki AT, Spino C, et al.
Serum urate lowering with allopurinol
and kidney function in type 1 diabetes.
N Engl J Med 2020;382:2493-503.
22. Ahola AJ, Sandholm N, Forsblom C,
Harjutsalo V, Dahlström E, Groop P-H.
The serum uric acid concentration is not
causally linked to diabetic nephropathy in
type 1 diabetes. Kidney Int 2017;91:117885.
23. Hughes K, Flynn T, de Zoysa J, Dalbeth N, Merriman TR. Mendelian randomization analysis associates increased
serum urate, due to genetic variation in
uric acid transporters, with improved renal function. Kidney Int 2014;85:344-51.
24. McMullan CJ, Borgi L, Fisher N,
Curhan G, Forman J. Effect of uric acid
lowering on renin-angiotensin-system
activation and ambulatory BP: a randomized controlled trial. Clin J Am Soc
Nephrol 2017;12:807-16.
25. Badve SV, Palmer SC, Hawley CM,
Pascoe EM, Strippoli GFM, Johnson DW.
Glomerular filtration rate decline as a
surrogate end point in kidney disease progression trials. Nephrol Dial Transplant
2016;31:1425-36.
Copyright © 2020 Massachusetts Medical Society.

June 25, 2020

2513

