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Abstract

Background: Whether uric acid (UA)-lowering therapy (ULT) is effective in reducing the progression of renal dysfunc-
tion in patients with chronic kidney disease (CKD) remains controversial. Since several advances have been made in
therapies for hyperuricemia, including novel xanthine oxidoreductase (XOR) inhibitors, we conducted a systematic
review to clarify the effectiveness of ULT in preserving renal function among CKD patients.

Methods: In this systematic review, the MEDLINE database was searched up to June 2019. We included complete
randomized controlled trials comparing renal events between adult non-dialyzed CKD patients, defined as estimated
glomerular filtration rate (€GFR) <60 mL/min/1.73 m?, with and without ULTs. Changes in eGFR were expressed as the
mean difference (MD). The incidence of dichotomous outcomes was expressed as a risk ratio. This review was per-
formed using the predefined protocol published in PROSPERO (CRD 42019140346).

Results: Eleven studies with 4277 CKD patients were included. Drugs used in the intervention groups of all studies
were XOR inhibitors (allopurinol, febuxostat or topiroxostat). Although patients with ULT tended to show superior
preservation of eGFR as compared to those without ULT, no significant differences were identified (MD, 2.52; 95%
confidence interval, — 0.15 to 5.18). In subgroup analysis, the use of allopurinol was associated with superior preserva-
tion of eGFR, whereas the newer XOR inhibitors, febuxostat and topiroxostat, showed no significant effects on eGFR
changes. Neither incidence of end-stage kidney disease nor treatment-emergent adverse events differed significantly
between groups.

Conclusions: The present systematic review and meta-analysis suggested that CKD patients with ULT tend to show
superior eGFR preservation as compared to patients without ULT, but further studies are needed to verify the renopro-
tective effects of ULT.
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Introduction

Asymptomatic hyperuricemia is frequently associated
with a higher mortality rate and a wide variety of risk
factors for hypertension, metabolic syndrome, coronary
artery disease, cardiovascular disease (CVD), vascular
dementia, preeclampsia and kidney disease [1]. In par-
ticular, serum concentrations of uric acid (UA) are com-
monly elevated in patients with chronic kidney disease
(CKD), as a result of decreased renal function. Feig et al.
[2] summarized the results of 12 observational stud-
ies and found that 7 studies suggested an association
between higher serum UA and the prevalence and pro-
gression of CKD, whereas four did not. Among these,
Hsu et al. [3] reported that patients in the highest quartile
of serum UA had a hazard ratio of 2.14 for the develop-
ment of end-stage kidney disease (ESKD), after adjusting
for other risk factors. They used the US Renal Data Sys-
tem database of 177,570 patients, followed over 25 years.
Because of the number of confounders in assessments
of the effects of serum UA on patient outcome, whether
hyperuricemia is a cause or a result of CKD (in other
words, whether serum UA independently increases the
risk of CKD) remains unclear.

Several randomized controlled trials (RCTs) and sys-
tematic (SRs) reviews have evaluated the efficacy of UA
reductions on progression of CKD. Sampson et al. [4]
conducted a SR of 12 RCTs and 1,187 participants, and
found that estimated glomerular filtration rate (eGFR)
was probably increased with UA-lowering therapy
(ULT) at six months and one year, but probably makes
little or no difference at two or five years. On the other
hand, Bose et al. [5] failed to identify any renoprotective
effects of allopurinol in a SR of eight RCTs including 476
participants. Several SRs have targeted CKD patients,
showing improvements in eGFR among ULT users [6,
7]. It is noteworthy that CKD was defined according to
the guidelines or by study authors in these SRs, and the
presence of diabetes, proteinuria and serum creatinine in
addition to eGFR were taken into account for diagnosis.
Therefore, they included patients with eGER both higher
and lower than 60 mL/min/1.73 m? However, eGFR is
thought to be most important factors in the management
of CKD because it is well known that both strongly influ-
ence on patient outcome. Additionally, a dose adjustment
for allopurinol, most commonly used ULT, is needed
based on eGFR. In addition to allopurinol, febuxostat
and topiroxostat became available in Japan in 2011 and
2013, respectively. These newer xanthine oxidoreductase
(XOR) inhibitors have a non-purine structure and are
mainly metabolized in the liver, then excreted in both the
urine and feces. Accordingly, their impacts on the kidney
are minimal, and dose adjustment depending on renal
function is not necessarily required, unlike allopurinol.
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These drugs are thus expected to be fully administra-
ble to compromised CKD patients and thus to be more
effective than allopurinol in this population. Lin et al. [8]
conducted a SR revealing a rise in eGFR in febuxostat
users as compared to controls among CKD stage 3 and
4 patients. However, this SR also included RCT of dia-
lyzed patients or patients with eGFR higher than 60 mL/
min/1.73 m”,

Since more data have been accumulated regarding the
clinical utility of newer XOR inhibitors, including febux-
ostat and topiroxostat, we conducted a SR of studies
published up to 2019, to clarify the effectiveness of ULT
among patients with CKD, defined as patients with eGFR
<60 mL/min/1.73 m>.

Materials and methods

SRs and meta-analyses were undertaken according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [9] (Additional
file 1). This review was performed using the predefined
protocol published in PROSPERO (CRD42019140346).
No ethics approval was required, as this study did not
include confidential personal data and did not involve
patient interventions.

The MEDLINE database was searched for relevant arti-
cles up to June 2019, with no restrictions on language,
time or methodology, through focused and highly sen-
sitive search strategies (Additional file 2). After exclud-
ing duplicates, we imported citations, then title and
abstract were screened independently by four researchers
(Y.M., TK,, N.S. and S.Y.). After the first screening, rel-
evant studies were retrieved independently by the same
researchers in full text to check for eligibility and whether
specific inclusion/exclusion criteria were met. All disa-
greements were resolved as consensus decisions of all
four researchers.

We included complete RCTs comparing renal events
between adult non-dialyzed CKD patients on ULT
and those without ULT. CKD was defined as an eGFR
<60 mL/min/1.73 m?. In studies including patients with
eGFR both higher and lower than 60 mL/min/1.73 m?,
we extracted the data of only patients with lower eGFR.
In studies where required data were not available, the
corresponding authors were contacted by email. Exclu-
sion criteria were studies including patients with normal
renal function, patients <18 years old, different out-
comes, comparisons between different ULTs, reviews and
study protocols. Outcomes of interest were the changes
in renal function as assessed by eGFR, incidence of ESKD
and adverse events. ESKD was defined as the initiation of
renal replacement therapy. Adverse events were assessed
as treatment-emergent adverse events (TEAEs) leading
to study drug discontinuation. If the necessary data were
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Fig. 1 PRISMA flow diagram showing selection of studies. Abbreviations: PRISMA, the preferred reporting items for systematic reviews and
meta-analyses; ULT, uric acid-lowering therapy

not reported, we contacted the corresponding author to
obtain this information.

Quality assessment

The same four researchers (Y.M., T.K., N.S. and S.Y.)
independently assessed the risk of bias for each study
using the risk of bias assessment tool from the Cochrane
Handbook for Systematic Reviews of Intervention. We
assessed random sequence generation, allocation con-
cealment, blinding, incomplete outcome data, selective
reporting and others. Risks in each domain were assessed
in the following three categories: high risk, low risk and
unclear. All disagreements were resolved as the consen-
sus decision of all four researchers.

Statistical analysis

The results were analyzed using Review Manager (Rev-
Man) version 5.3 software (The Cochrane Collaboration,
Oxford, UK). For dichotomous outcomes, results are
expressed as risk ratio (RR) with 95% confidence interval
(CI). Changes in eGEFR are expressed as the mean differ-
ence (MD). Values of eGFR and the standard deviation
were calculated according to the Cochrane Handbook for
Systemic Review and the method described by Follmann
et al. [10], if those data were not provided in the publica-
tion. Heterogeneity across included studies was assessed
statistically by calculating the overall I? values, with I
values of <25%, 25% to <75% and >75% corresponding
to low, moderate and high levels of heterogeneity, respec-
tively [11]. We performed subgroup analyses according
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Table 2 Risk of bias summary
Study Random Allocation Blinding of Blinding of Incomplete  Selective reporting Other bias
sequence concealment participants and outcome outcome
generation personnel assessment data
Siu 2006 Low Unclear High Unclear Low Unclear Low
Goicoechea 2010 Low Unclear High Low Low Unclear Low
Sircar 2015 Low Low Low Unclear High Low Low
Saag 2016 Unclear Unclear Low Unclear High Unclear Low
Schumacher 2008 Unclear Unclear Unclear Unclear High Unclear Low
Hosoya 2014 Low Unclear Unclear Unclear Low Low Low
Golmohammadi 2017 Unclear Unclear Unclear Unclear Unclear Unclear Low
Gunawardhana 2018 Low Unclear Low Unclear High Unclear Low
Saag 2019 Low Unclear Low Unclear High Low Low
Mukri 2018 Low Unclear High Unclear Low Unclear Low
Kimura 2018 Low Unclear Unclear Unclear Low Low Low

to the possible sources of heterogeneity including type of
ULT, follow-up period and baseline eGFR. A funnel plot
was used to assess potential publication bias. Data were
pooled using random-effects modeling.

Results

Study selection

Figure 1 summarizes the search strategy used. The ini-
tial search yielded 167 articles, of which 137 articles were
excluded by reviewing the title and abstract alone. A total
of 30 articles underwent full-length review, of which 11
studies were included in the qualitative analysis [12-22].

Study characteristics

Details of the 11 studies, including a total of 4,277 CKD
patients, are summarized in Table 1 [12-22]. Drugs
used in the intervention groups of all studies were XOR
inhibitors (allopurinol, febuxostat or topiroxostat). Six
studies were from Asia [12, 14, 17, 18, 21, 22], 4 from
North America [15, 16, 19, 20] and 1 from Europe [13].
Intervention groups received febuxostat in 7 studies
[14-16, 19-22], allopurinol in 3 studies [12, 13, 18] and
topiroxostat in 1 study [17]. Control groups received
placebo in 8 studies [14—20, 22], usual therapy in 2
studies [12, 13] and no treatment in 1 study [21]. Fol-
low-up periods were <1 year in 6 studies [14, 16, 17,

19-21] and >1 year in 5 studies [12, 13, 15, 18, 22].
Percentage of male participants, mean age and percent-
age of diabetic patients varied from 24% [12] to 100%
[21], from 48 [12] to 67 years [15, 21] and from 24%
[12] to 100% [21], respectively. In addition, serum UA
at baseline varied from 7.3 [13] to 10.8 mg/dL [15]. The
quality of studies is shown in Table 2. Several studies
showed a high risk of bias due to inadequate blinding
of participants and personnel and incomplete outcome
data. Other components of risk of bias were not severe.

Changes in eGFR

Results from the five studies were in favor of ULT, but
no significant differences were identified (MD, 2.52;
95%CI, —0.15 to 5.18; Fig. 2a) [13, 14, 17, 21, 22]. In
this comparison, a high level of heterogeneity was
detected (7> =8.04, y>*=83.71, I’ =95%). We performed
subgroup analyses according to the possible sources
of heterogeneity. One study used allopurinol as treat-
ment for the intervention group and the result was in
favor of ULT treatment (MD, 4.60; 95%CI, 4.11-5.09;
Fig. 2b). Four studies used non-purine structure agents,
including febuxostat and topiroxostat, as treatment for
the intervention group and showed no significant dif-
ference in eGFR changes (MD, 1.46; 95%CI, —0.40 to

(See figure on next page.)

Fig. 2 Forest plot comparing changes in estimated glomerular filtration rate (eGFR) between uric acid-lowering therapy (ULT) users and nonusers:
a all studies; and subgroup analysis of b study used allopurinol; ¢ studies used non-purine structure agents, including febuxostat and topiroxostat;
d studies with follow-up period of longer than or equal to 1 year; e studies with follow-up period of less than 1 year; f studies including patients
with eGFR of greater than or equal to 40 mL/min/1.73 m? and g studies including patients with eGFR of less than 40 mL/min/1.73 m?; h forest
plot comparing incidence of end-stage kidney disease (ESKD) between ULT users and nonusers; and i forest plot comparing incidence of
treatment-emergent adverse events (TEAES) leading to study drug discontinuation between ULT users and nonusers. Abbreviations: ULT, uric

acid-lowering therapy
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A With ULT Without ULT Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Goicoechea 2010 13 13 61 -33 12 47 229% 4.60(4.11,5.09 -
Hosoya 2014 0.64 5.22 56 -0.53 484 55 20.7% 1.17 [0.70,3.04]
Kimura 2018 023 4488 178 0286 5001 175 223% -0.06(1.050.94]
Murki 2018 -0.87 457 44 19 459 46 207% 1.03[-0.86,2.92]
Sircar 2015 3.2 1455905 45  -44 707424 48 134%  7.60(2.90,12.30] —
Total (95% CI) 374 371 100.0% 2.52[-0.15,5.18]

Heterogeneity: Tau*= 8.04; Chi*= 83.71,df= 4
Test for overall effect: Z=1.85 (P = 0.06)

B With ULT
Study or Subgroup

Goicoechea 2010 13 13 51

Total (95% CI) 51
Heterogeneity: Not applicable

Mean SD Total Mean

(P <0.00001); F=95%

Without ULT
SD Total Weig

Test for overall effect: Z=18.22 (P < 0.00001)

C With ULT
Study or Subgroup _ Mean SD_Total Mean
Hosoya 2014 064 522 56
Kimura 2018 023 4.488

Murki 2018 -087 457 44
Sircar 2015 32 14 45
Total (95% CI) 323

Heterogeneity: Tau*= 2.41, Chi*=

Test for overall effect: Z=1.53 (P=0.12)

D With ULT
Study or Subgroup _ Mean SD_Total
Goicoechea 2010 13 13 &
Kimura 2018 023 4488 178

Total (95% CI) 229

Heterogeneity: Tau®*= 10.68; Chi*= 67.78, df= 1 (P < 0.00001); F= 99%

-33 12 47 100.0
47 100.0%
Without ULT

-053 484 55 27.3%
178 0286 5001 175 34.0%
-19 459 46 27.1%

-4.4 707424 48 1

324 100.0%
11.31,df=3 (P=0.01), F=73%

Without ULT

Mean Difference
ht IV, Random, 95% CI
% 4.60[4.11,5.09

4.60 [4.11,5.09]

-10 0 10
Favours [Without ULT] Favours [With ULT]

20

Mean Difference
IV, Random, 95% CI

20

Mean Difference

SD_Total Weight IV, Random, 95% CI

10 20

-10 0
Favours [Without ULT] Favours [With ULT]

Mean Difference
IV. Random, 95% CI

1.17-0.70, 3.04]
-0.06 [-1.05, 0.94]
1.03-0.86, 2.92)
16%  7.60(3.05,12.15)

1.46 [-0.40, 3.33]

20 -10 0 10 20

Favours

Mean Difference

Mean SD_Total Weight IV, Random, 95% CI

-33 12 47 504%
0286 5001 175 49.6%

222 100.0%

[Without ULT] Favours [With ULT]

Mean Difference
IV, Random, 95% CI

4.60(4.11,5.09
-0.06 [-1.05,0.94]

2.29[-2.27,6.86]

L

o - - -1 10 20
Test for overall effect: Z= 0.98 (P = 0.32) Favours [Without ULT] Favours [With ULT]
E With ULT Without ULT Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hosoya 2014 064 522 56 -053 484 55 403% 1.17 [-0.70, 3.04]
Murki 2018 -0.87 457 44 19 459 46 40.2% 1.03[-0.86, 2.92]
Sircar 2015 32 1455005 45 -44 707424 48 195%  7.60(2.90,12.30) —_—
Total (95% CI) 145 149 100.0% 2.37[-0.28,5.02)
Heterogeneity: Tau®= 3.63; Chi*= 6.81, df= 2 (P = 0.03); F= 71% b o 3 " 7
Test for overall effect: Z=1.75 (P = 0.08) Favours [Without ULT] Favours [With ULT]
F With ULT Without ULT Mean Difference Mean Difference
Study or Subgroup _Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Goicoechea 2010 13 13 51 -33 12 47 348% 4.60(4.11,5.09] L
Hosoya 2014 064 522 56 -053 484 55 316% 1.17[-0.70,3.04]
Kimura 2018 023 4488 178 0286 5001 175 338% -0.06(-1.05,0.94]
Total (95% CI) 285 277 100.0% 1.94 [-1.54,5.42]
Heterogeneity: Tau®= 9.04; Chi*= 74.27, df= 2 (P < 0.00001); F= 7% 5_20 _150 3 150 znﬁ
Test for overall effect: Z=1.09 (P = 0.27) Favours Without ULT] Favours [With ULT]
G With ULT Wuthout ULTControl Mean Difference Mean Difference
Study or Subgroup _ Mean SD_Total Mean SD__ Total Weight IV, Random, 95% CI IV, Random, 95% CI
Murki 2018 -0.87 457 44 -1.9 4.59 46 556% 1.03-0.86,2.92)
Sircar 2015 3.2 1455905 45 -4.4 707424 48 444%  7.60(2.90,12.30] ——
Total (95% Cl) 89 94 100.0%  3.95[-2.45,10.35]
Heterogeneity: Tau®= 18.24; Chi*= 6.46, df=1 (P = 0.01), F= 85% 0 T ) T T
Testfor overall effect: Z=1.21 (P=0.23) Favours [Without ULT] Favours [With ULT]
H With ULT Without ULT Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Goicoechea 2010 1 57 1 56 33.2% 0.98(0.06,15.32) ——*
Hosoya 2014 0 62 0 61 Not estimable
Kimura 2018 1 219 1 222 328% 1.01[0.06,16.10] ————
Siu 2006 1 25 1 26 34.0% 1.04[0.07,15.74) -
Total (95% CI) 363 365 100.0% 1.01[0.21,4.93]
Total events 3 3
Heterogeneity: Tau?= 0.00; Chi*= 0.00, df= 2 (P = 1.00); = 0% =0 0 0=1 1 150 100’
Testfor overall effect: Z= 0.01 (P = 0.99) Favours [With ULT] Favours [Without ULT]
I With ULT Without ULT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Gunawardhana 2018 2 151 2 38 6.8% 0.25(0.04,1.73) —
Hosoya 2014 3 62 1 60  52% 290(0.31,27.14] —
Kimura 2018 8 219 13 222 224% 0.62(0.26,1.48) —
Saag 2016 8 64 9 32 227% 0.44[0.19,1.04) —
Saag 2019 17 472 4 1M1 171% 1.00(0.34,2.91) i S—
Schumacher 2008 71 938 7134 259% 1.45(0.68,3.08) T
Total (95% CI) 1906 597 100.0% 0.79 [0.46, 1.36]
Total events 109
Heterogeneity: Tau®= 0.14; Chi*= 7.46, df= 5 (P = 0.19); F= 33% 40 0 + + 100’

Test for overall effect: Z= 0.85 (P = 0.40)

Fig. 2 (See legend on previous page.)
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Fig. 3 Funnel plot of studies evaluating potential publication bias
3.33; Fig. 2c). The effect of ULT on changes in eGFR  Discussion

was similar between two groups according to follow-up
period (MD 2.29; 95%CI, —2.27 to 6.86 and MD 2.37;
95%CI, — 0.28 to 5.02 for studies with follow-up period
of longer than or equal to 1 year and less than 1 year;
Fig. 2d and e) and baseline eGFR (MD 1.94; 95%ClI,
—1.54 to 0.94 and MD 3.95; 95%CI, —2.45 to 10.35 for
studies including patients with eGFR of greater than
or equal to 40 mL/min/1.73 m? and less than 40 mL/
min/1.73 m? Fig. 2f and g). A funnel plot for eGFR
showed no publication bias (Fig. 3).

Incidence of ESKD

The incidence of ESKD, assessed in four studies, was
extremely low and similar between ULT users and nonus-
ers (RR, 1.01; 95%CI, 0.21-4.93; Fig. 2h). Heterogeneity
was not detected in this comparison (7>=0.00, y*>=0.00,
P=0%).

Adverse events

No significant difference in the incidence of TEAEs lead-
ing to study drug discontinuation was apparent between
ULT users and nonusers (RR, 0.79; 95%CI, 0.46—1.36;
Fig. 2i). A moderate level of heterogeneity was detected
in this comparison (r*=0.14, x> =7.46, I’ =33%).

This SR and meta-analysis of 11 studies with 4,277 CKD
patients was conducted to clarify the effectiveness of ULT
[12-22]. Although patients with ULT tended to show
superior preservation of eGFR as compared to those
without ULT, no significant difference was identified. As
expected, no significant differences in the incidences of
ESKD or TEAEs leading to drug discontinuation were
noted between ULT users and nonusers, probably due to
the extremely lower incidences of these outcomes. These
data support the findings of previous SRs [4, 5]. Although
there have been several studies including CKD patients,
its definition varied according to the studies, and the
presence of diabetes, proteinuria and serum creatinine in
addition to eGFR were taken into account for diagnosis.
In caring for CKD patients with hyperuricemia, eGFR is
the most important factor because it directly affects drug
administration and dose in a clinical setting. Additionally,
eGFR is independent determinant of risk of death and
the development of CVD in CKD patients. To the best
of our knowledge, this was the first SR only among CKD
patients whose eGFR was less than 60 mL/min/1.73 m?,
Whether lowering UA concentrations or inhibiting XOR
offers the best improvements in patient outcomes (includ-
ing mortality rate, incidence of CVD and preservation of
renal function) remains contentious. UA is well known to
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induce endothelial dysfunction, mediated by local activa-
tion of oxidative stress and the renin-angiotensin system
[1, 23]. In addition, hyperuricemia provokes arteriolopa-
thy of the glomerular vessels, impairing the autoregulatory
response of afferent arterioles and resulting in glomeru-
lar hypertension [24]. ULT would thus be predicted to
prevent the incidence of CVD through the suppression
of arteriosclerosis. On the other hand, XOR activity was
increased in patients with coronary disease and could
enhance the atherosclerotic process through promot-
ing endothelial dysfunction [25]. A randomized, placebo-
controlled trial by George et al. [26] found that allopurinol
significantly increased endothelial function as assessed by
forearm blood flow response to acetylcholine, whereas the
uricosuric agent probenecid had no effect, despite simi-
lar UA-lowering effects. To date, inhibition of XOR has
been assumed to reduce oxidative stress through reduc-
tions in the production of reactive oxygen species [27, 28].
Kato et al. [29] recently reported that ATP enhancement
through enhanced purine salvage is the more likely mecha-
nism of the beneficial effects of XOR inhibitors. In addi-
tion, these mechanisms are thought to be associated with
renoprotective effect of XOR inhibitors.

We found only one study comparing changes in eGFR
between patients with and without allopurinol [13]. Goi-
coechea et al. [13] conducted a prospective, randomized
trial of 113 CKD patients, and found that eGFR was
increased in the allopurinol group, but decreased in the
control group after 24 months. However, some baseline
characteristics differed between groups in that study. In
particular, baseline UA levels were higher in the inter-
vention group than in the control group. Since treatment
with allopurinol is associated with a risk of hypersensitiv-
ity syndrome [30] and Stevens—Johnson syndrome [31],
particularly among patients with renal impairment, clini-
cians often hesitate to use this agent for CKD patients.
Two recent, large-scale, double-blinded, multicenter, ran-
domized, placebo-controlled clinical trials have tested the
renoprotective effects of allopurinol among renal patients
[32, 33]. Doria et al. [32] conducted the Preventing Early
Renal Loss in Diabetes (PERL) trial of 530 patients with
type 1 diabetes who had stage 1-3 CKD. Badve et al. [33]
conducted the Controlled Trial of Slowing of Kidney Dis-
ease Progression from the Inhibition of Xanthine Oxi-
dase (CKD-FIX), including 369 patients with stage 3 or
4 CKD showing rapid declines in eGER or clinically sig-
nificant proteinuria. Both RCTs failed to show that treat-
ment with allopurinol resulted in slower declines in eGFR
compared to placebo. Recent SR also demonstrated that
ULT did not produce benefits on the clinical outcomes,
including major adverse cardiovascular events, all-cause
mortality and kidney failure. Nevertheless, ULT attenu-
ated the decline in the slope of eGFR. However, this study
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included not only CKD but also non-CKD patients. In
contrast, we included only CKD patients defined as eGFR
<60 mL/min/1.73 m? [34].

We could not confirm any eGFR-preserving effects of
treatment with the newer XOR inhibitors, febuxostat
and topiroxostat. Kimura et al. [22] reported that the
slope of eGFR did not differ significantly between CKD
patients with and without febuxostat in a multicenter,
randomized, double-blinded, placebo-controlled trial of
467 patients with stage 3 CKD and asymptomatic hyper-
uricemia. In addition, Hosoya et al. [17] reported that
changes in eGFR did not differ significantly between
CKD patients with and without topiroxostat in a 22-week
randomized, multicenter, double-blinded study. How-
ever, the change in urinary albumin-to-creatinine ratio
was decreased in the topiroxostat group as compared to
the placebo group. Several reports have indicated that
XOR inhibitors decrease the exacerbation of albuminuria
or proteinuria, which would risk progression of renal dis-
ease, among patients with normal renal function [35, 36]
and CKD patients [17, 37-39].

The present study had several limitations. There was
marked heterogeneity in this meta-analysis because of
several differences in background of each study. Espe-
cially, follow-up periods varied widely from 3 months
to 2 years and the changes in renal function were thus
difficult to interpret. Additionally, studies with a longer
observational period are needed to clarify the effect
of ULT on the changes in eGFR. Several retrospec-
tive cohort studies assessed long-term changes in eGFR
among CKD patients with ULT, and SR including these
observational studies revealed that use of febuxostat was
associated with higher eGFR and reduced risk for renal
disease progression [40]. Unfortunately, the possible
causes of heterogeneity were not clarified despite several
subgroup analyses. On the other hand, the strength of
the present study was the first SR including only patients
with eGFR, most important factor in the CKD manage-
ment, lower than 60 mL/min/1.73 m?2

Conclusions

In the present SR of 11 RCTs with 4277 CKD patients,
patients with ULT tended to show superior effects in
preservation of eGFR as compared to those without ULT,
but no significant differences were evident. No significant
differences in the incidence of ESKD or TEAEs leading
to study drug discontinuation were found between ULT
users and nonusers. XOR inhibitors could be effective for
improving outcomes in CKD patients. Further studies in
hyperuricemic CKD patients should be undertaken to
verify the renoprotective effects of ULT, especially newer
XOR inhibitors such as febuxostat and topiroxostat.
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