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Abstract

Background Topiroxostat, a selective xanthine oxidase
inhibitor, shows effective reduction in the serum urate level
in hyperuricemic patients with or without gout. The
objective of this study was to evaluate the efficacy and
safety of topiroxostat in hyperuricemic stage 3 chronic
kidney disease patients with or without gout.

Methods The study design was a 22-week, randomized,
multicenter, double-blind study. The enrolled patients were
randomly assigned to treatment with topiroxostat 160 mg/
day (n = 62) or to the placebo (n = 61). The endpoints
were the percent change in the serum urate level, change in
the estimated glomerular filtration rate, the urinary albu-
min-to-creatinine ratio, the proportion of patients with
serum urate levels of 356.88 pmol/L or less, blood pres-
sure, and serum adiponectin.

Results  After 22 weeks, although the changes in the
estimated glomerular filtration rate and blood pressure
were not significant, the percent change in the serum urate
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level (—45.38 vs. —0.08 %, P < 0.0001) and the percent
change in urinary albumin-to-creatinine ratio (—33.0 vs.
—6.0 %, P = 0.0092) were found to have decreased in the
topiroxostat as compared with the placebo. Although the
incidence of ‘alanine aminotransferase increased’ was
higher in the topiroxostat, serious adverse event rates were
similar in the two groups.

Conclusion Topiroxostat 160 mg effectively reduced the
serum urate level in the hyperuricemic stage 3 chronic
kidney disease patients with or without gout.

Keywords Hyperuricemia - Gout - CKD - Topiroxostat -
FYX-051
Introduction

Chronic kidney disease (CKD) is one of the major
comorbidities in patients with gout and hyperuricemia [1].
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The relationship between the onset or progression of CKD
and hyperuricemia has been widely examined in observa-
tional trials, and hyperuricemia has come to be recognized
as a risk factor for renal failure in the general population in
Japan [2-5]. In addition, elevated serum urate has been
reported to be associated with an increase in the risk for
hypertension, cardiovascular diseases, and metabolic dis-
eases [6-8]. However, whether hyperuricemia plays a role
in the pathogenesis of these disease states or is just a
marker of the disease states still remains controversial [9].
Thus, intervention studies for ameliorating hyperuricemia
or gout are expected to play more important roles in elu-
cidating these important clinical issues. Intervention stud-
ies of allopurinol, which decreases serum urate levels by
inhibiting xanthine oxidase, have shown a renoprotective
effect in patients with gout and CKD [10, 11]. These
findings are clinically important, especially in the context
of increasing prevalence of end-stage renal disease in the
general population [12]. However, there are a few reports
that have confirmed the renoprotective effect of allopurinol
in patients with CKD, and it remains unclear whether the
renoprotective effect of the drug might originate from the
reduction of the serum urate level, allopurinol itself, or the
inhibition of xanthine oxidase. Thus, we considered it
clinically important to conduct intervention studies with
other urate-lowering agents.

Topiroxostat (formerly known as FYX-051) is an orally
administered non-purine analog, selective xanthine oxidase
(XO) inhibitor developed for the management of hyper-
uricemia, including in patients with gout, in Japan. Unlike
structure-based XO inhibitors, such as febuxostat, topi-
roxostat not only interacts with amino acid residues of the
solvent channel, but also binds covalently to molybdenum
via oxygen in the hydroxylation reaction intermediate [13,
14]. In addition, the pharmacokinetics of neither unchan-
ged topiroxostat nor of its metabolites is affected by mild-
to-moderate renal impairment (unpublished data).

In the treatment of hyperuricemia and gout, XO inhib-
itors such as allopurinol or febuxostat are considered to be
first-line drugs [15]. However, in a view of safety concern,
the reduction of allopurinol dose is recommended in
patients with renal impairment; furthermore, the urate-
lowering efficacy of allopurinol is inadequate to control
hyperuricemia in patients with gout [16-19]. On the other
side, febuxostat has been shown to exhibit urate-lowering
efficacy in patients with renal impairment [20]. However,
the usage experience of febuxostat in CKD patients is still
insufficient [21].

The objective of this multicenter, double-blind, ran-
domized placebo-controlled study was to evaluate the
effect of topiroxostat in reducing the serum urate level, and
to improve the estimated glomerular filtration rate (eGFR),
urinary albumin-to-creatinine ratio (ACR), blood pressure,

and serum adiponectin levels in hyperuricemic patients
with renal impairment, with or without gout.

Methods

The protocol and informed consent form were reviewed
and approved by the institutional review board at each
study center. This study was conducted in compliance with
the Declaration of Helsinki (1996 version), Good Clinical
Practice guidelines and other applicable regulatory
requirements. Written informed consent was obtained from
all trial subjects before conducting of any study-specific
procedures. The information of this study was registered to
the Japan Pharmaceutical Information Center (JAPIC) on
June 28, 2010 (Registration Number: JapicCTI-101171).

Study design, study population and treatment

This study was a 22-week, multicenter, randomized, dou-
ble-blind, placebo-controlled study carried out in Japan to
assess the efficacy and tolerability of topiroxostat in
hyperuricemic patients with renal impairment, with or
without gout. Eligible patients were men or women aged
20-75 years, with hyperuricemia (defined as serum urate
levels >475.84 umol/L, or serum urate levels
>416.36 umol/L in patients with gout), and eGFR of >30
to <60 mL/min/1.72 m* within the preceding 3 months.
The exclusion criteria were: onset of gouty arthritis within
2 weeks prior to the start of the study (baseline); nephrotic
syndrome; renal function impairment associated with
nephrolithiasis or urolithiasis; change of the serum creati-
nine level by more than 44.2 pmol/L per month within the
8-week run-in period; hyperuricemia possibly secondary to
a malignant tumor or other diseases; HbAlc >8.0 %;
severe hypertension (SBP >180 mmHg or DBP
>110 mmHg); hepatic dysfunction (AST or ALT
>100 IU/L); cancer; pregnancy; breastfeeding; serious
hepatic disease; serious heart disease; any other significant
medical conditions.

In the eligible patients who were enrolled in the study,
the current urate-lowering therapy was withdrawn with
informed consent before at least 2 weeks prior to the ini-
tiation of an 8-week run-in period. At the end of the run-in
period, the patients were assigned (1:1) to either the topi-
roxostat 160 mg/day group or the matching placebo group
at the central registration center.

Topiroxostat (or matching placebo) was administered
orally at an initial dose of 40 mg/day for 2 weeks, followed
in a stepwise manner by increase of the dose to 80 mg/day
for 4 weeks, 120 mg/day for 8 weeks, and 160 mg/day for
8 weeks. All agents which could potentially affect the
serum urate level were discontinued during the study.
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Because of assessment of the incidence of gouty arthritis in
the study, we did not permit colchicine prophylaxis during
the study. When gouty arthritis occurred during the study,
colchicine, NSAIDs, or corticosteroids were used to treat
the gouty arthritis at the investigator’s discretion. Using
antihypertensive agents and antihyperlipidemic agents were
restricted during the study. The dose and type of these drugs
were maintained as far as possible after randomization.

To maintain the double-blind condition, serum urate
levels measured after administration of the study drug in
each patient were concealed from both the investigators
and the patients throughout the study period.

Endpoints

The primary endpoints were the percent change of the
serum urate level from the baseline to the final visit and
change of the eGFR from the baseline to the final visit. The
secondary efficacy endpoints were the percent change of
the ACR from the baseline to the final visit, changes in the
home blood pressure from baseline to the final visit, pro-
portion of patients with serum urate levels <356.88 pmol/
L at the final visit, and change of the serum adiponectin
level from baseline to the final visit. The ACR was cal-
culated from the levels of albumin and creatinine in the
urine sample taken at hospital.

The safety and tolerability of study drug treatment were
assessed by physical examinations, vital signs measure-
ments, laboratory tests, and adverse event (AE) monitoring.
All laboratory tests were performed at a centralized lab.
UA-767PC (A&D Company, Limited, Tokyo, Japan) was
used for measurements of the home blood pressure values.

Statistical methods

We referred to the result of intervention study of allopu-
rinol for information about the sample size of this study
[10]. We calculated that 53 patients per group were needed
to detect an absolute difference in the serum creatinine
level of 26.52 + 41.5 umol/L from the baseline to the final
measurement between the topiroxostat group and placebo
group at a two-sided significance level of 0.05, with at least
90 % power. Taking into consideration possible dropout of
some patients, we set the required number of patients in
each group at 60. Efficacy analyses were performed using
the intent-to-treat population, which included all random-
ized patients who had received at least one dose of the
study medication during the study and in whom at least one
post-baseline efficacy measurement had been made. For
patients who dropped out of the study, the missing data
were complemented by the last observation carry-forward
method. The data were expressed as mean + SD for con-
tinuous normally distributed variables, and as geometric
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means and interquartile ranges for non-normally distrib-
uted variables.

The baseline characteristics are summarized by treat-
ment group using appropriate descriptive statistics. The y>
test or Fisher’s exact test for categorical variables and
Student’s ¢ test for continuous variables were used to test
for homogeneity between the treatment groups at baseline.

As for the efficacy analyses, comparisons of the mean
values were performed using the Student’s ¢ test or paired
t test. To avoid multiplicity of the primary endpoints, a
2-step closed testing procedure was planned. First, com-
parison of the percent change of the serum urate level from
the baseline to the final visit between the groups was car-
ried out. Second, if the result of the first step test was
statistically significant, comparison of the change of the
eGFR from the baseline to the final visit between the
groups was carried out. As the ACR and serum adiponectin
showed a skewed distribution, raw values were log-trans-
formed for calculation and the geometric mean ratios from
the baseline were calculated. For simultaneous assessment
of the effect of treatment on the changes in the eGFR from
the baseline after adjustments for covariates (eGFR, ACR
and HbAlc at baseline), an analysis of covariance models
on the eGFR was used. Similarly, for that after adjustment
for the covariate of baseline ACR, an analysis of covari-
ance models on the log-transformed ACR was used. A
correlation analysis was performed using Pearson’s corre-
lation test.

Safety analyses were performed using the safety popu-
lation, which included all randomized patients who had
received at least one dose of the study drug. The incidences
of adverse events (AEs) are summarized by the primary
organ system involved, the preferred name, severity, and
causal relationship to the study drug. The incidence of
death, other serious AEs, and the AEs leading to study
discontinuation are also summarized.

Analyses were performed using the SAS statistical soft-
ware, version 9.1 (SAS Institute, Cary, NC), with the Win-
dows operating system. Statistical tests for baseline
characteristics were two-sided and P values <0.15 were
considered to denote statistical significance. The other sta-
tistical tests and confidence intervals were 2-sided and P val-
ues <0.05 were considered to be statistically significant.

Results

Patient population

Of the 207 patients who were screened, 123 (topiroxostat
group 62, and placebo group 61) were randomized to the

treatment groups. Among the randomized patients, one
patient from placebo group was not treated with the study
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Assessed for eligibility
n =207

Excluded
n=284
Not meeting criteria: 80

Primary reason

Prlmary reason
Lost to follow up: 1 (1.6%)

Adverse event: 3 (4.8%)
Patient’s request: 2 (3.2%)
Other*: 1 (1.6%)

- Refused to participate: 2
Randomized Other reasons: 4
n=123
|
[ |
Topiroxostat Placebo
n=62 n=61
Treated Treated
62 (100%) 60 (98.4%)
Completed Completed
56 (90.3%) 55 (90.2%)
Dlscontlnued Discontinued
9.7%) 1(1.6%)

Discontinued
5(8.2%)
Primary reason —
Adverse event: 1 (1.6%)
Patient’s request: 4 (6.6%)

Fig. 1 Patient distribution. Asterisk discontinuance criteria (serum
urate <118.96 pmol/L)

drug. Therefore, the safety population included 122
patients (topiroxostat group 62, and placebo group 60).
Eleven patients (topiroxostat group 6 patients, placebo
group 5 patients) were withdrawn from the study, primarily
due to the appearance of AEs or at the patient’s request. 62
patients from the topiroxostat group and 60 patients from
the placebo group were included in the intent-to-treat
population (Fig. 1). Among intent-to-treat population, the

serum urate was not measured in two patients of the topi-
roxostat group at the point of discontinuation of the study.

The baseline characteristics of the two treatment groups
were similar, except for a lower proportion of patients with
complication of diabetes in the topiroxostat group (29.0 vs.
41.7 %; P = 0.1442) (Table 1).

Percent change of the serum urate

The percent change of the serum urate from the baseline to
the final visit was significantly higher in the topiroxostat
group than that in the placebo group (topiroxostat:
—45.38 + 21.80 % (n = 60), placebo: 0.08 &+ 9.92 %
(n = 60), between-group difference: —45.46 %; 95 %
confidence interval (CI) —39.33 to —51.58, P < 0.0001)
(Fig. 2a).

Estimated glomerular filtration rate

The change of the eGFR from the baseline to the final visit
tended to be higher in the topiroxostat group as compared
to that in the placebo group as analyzed by analysis of
covariance (ANCOVA), however, the difference was not
statistically ~ significant  (topiroxostat:  0.64 mL/min/
1.73 m2; 95 % CI —0.55 to 1.84, placebo: —0.46 mL/min/
1.73 m*; 95 % CI —1.68 to 0.75, between-group differ-
ence: 1.10 mL/min/1.73 mz; 95 % CI —-0.61 to 2.82,
P = 0.2038) (Fig. 3a). The changes in the eGFR from the
baseline to each visit are shown in Fig. 4a.

Table 1 Summary of the baseline characteristics of the intent-to-treat population

Variable Topiroxostat (n = 62) Placebo (n = 60) P value
Age (years) 62.5 £ 8.8 64.6 £ 8.1 0.1850°
Sex (male/female) 53/9 56/4 0.1600"
Body mass index (kg/m?) 2575 + 4.45 25.51 + 3.10 0.7203*
Serum urate (pmol/L) 503.80 & 73.76 503.80 £ 76.13 0.9968*
Duration of hyperuricemia (years) 9.65 + 11.23 9.51 £9.24 0.94723
Diabetic nephropathy, n (%) 14 (22.6) 19 31.7) 0.2587!
Chronic glomerulonephritis, n (%) 3 (4.8) 5(8.3) 0.4875%
Nephrosclerosis, n (%) 10 (16.1) 12 (20.0) 0.5782"
Diabetes, n (%) 18 (29.0) 25 (41.7) 0.1442!
eGFR (mL/min/1.73 m?) 49.40 £+ 8.93 48.89 £ 8.51 0.7434°
ACR (mg/g) geometric mean (IQR) 41.71 (12.53-132.70) 29.92 (11.05-48.15) 0.23413
SBP (mmHg) 1352 £ 17.3 134.6 £ 20.0 0.8603*
DBP (mmHg) 84.8 + 11.8 84.1 £ 11.6 0.7476°
Serum Adiponectin (pg/mL) 9.29 £ 5.47 10.30 £ 6.45 0.3559°
RAA blockers, n (%) 38 (61.3) 31 (51.7) 0.2837'

eGFR estimated glomerular filtration rate, ACR urinary albumin-to-creatinine ratio, SBP systolic blood pressure, DBP diastolic blood pressure,
RAA blockers use of angiotensin II receptor blockers, angiotensin-converting enzyme inhibitors, aldosterone blockers, or renin inhibitor

1

12 test, > Fisher’s exact test, > Student’s 7 test
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Fig. 2 Percent change of the serum urate levels and proportion of
patients with serum urate levels <356.88 pmol/L at the final visit
(intent-to-treat population). a Percent change of the serum urate level
from the baseline to the final visit. Results are expressed as
mean = SD. b Proportion of patients with serum urate levels
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Fig. 3 Change of the eGFR and ACR from the baseline to the final
visit (intent-to-treat population). a Changes of the eGFR from the
baseline to the final visit. Results are expressed as point estimates and
its 95 % CIs by ANCOVA. Covariates: baseline eGFR, baseline
ACR, baseline HbAlc. b Percentage of the ACR from the baseline to

Achievement rate of serum urate levels

The proportion of patients with serum urate levels
<356.88 pmol/L at the final visit was higher in the topi-
roxostat group than that in the placebo group (topiroxostat:
90.0 %; 95 % CI 79.5-96.2 % (n = 60), placebo: 0.0 %;
95 % CI 0.0-6.0 %; P < 0.0001) (Fig. 2b).

Urinary albumin-to-creatinine ratio

The percent change of the ACR from the baseline to the final
visit was higher in the topiroxostat group than that in the pla-
cebo group as analyzed by ANCOVA (topiroxostat: —33.0 %;
95 % CI —45.0 to —20.0 %, placebo: —6 %; 95 % CI —22.0
to 14.0 %; P = 0.0092) (Fig. 3b). The trend of the percent
change of the ACR from the baseline is shown in Fig. 4b. The
change in the ACR from the baseline to the final visit was not
correlated with the baseline ACR in either group (Fig. 5).
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<356.88 umol/L at the final visit. Results are expressed as percent-
ages and its 95 % Cls. Two patients of the topiroxostat group were
withdrawn without measurement of the serum urate levels during the
study. Therefore, these patients were excluded from this analysis. SD
standard deviation, CI confidential interval
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the final visit. Results are expressed as point estimates and its 95 %
Cls as calculated by ANCOVA. Covariate: baseline ACR. eGFR
estimated glomerular filtration rate, ACR urinary albumin-to-creati-
nine ratio, SD standard deviation, CI confidential interval, ANCOVA
analysis of covariance

Home blood pressure

There were no significant differences in the degree of
reduction of the systolic blood pressure (SBP) or diastolic
blood pressure (DBP) between the topiroxostat group and
placebo group (change in SBP from baseline to the final visit:
—1.7 £ 183 mmHg (n =62) vs. —0.3 £ 21.1 mmHg
(n = 59); P = 0.6963; change in DBP from baseline to the
final visit: —2.5 £ 10.3 mmHg (n = 62) vs. —2.7 +
12.3 mmHg (n = 59); P = 0.9058) (Table 2).

Serum adiponectin

The percent change of the serum adiponectin level from the
baseline to the final visit tended to be higher in the topi-
roxostat group, although the difference was not statistically
significant (Topiroxostat: 3.9 %; 95 % CI —1.2 to 9.2 %,
Placebo: —0.1 %, 95 % CI, —4.5 to 4.5 %; P = 0.2454).
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eGFR change (mL/min/1.73m?)

2W 6W 10W 14W 18W 22W
-8
Topiroxostat 60 59 59 59 58 56
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Fig. 4 Changes of the eGFR and ACR from the baseline to each visit
(intent-to-treat population). a Changes of the eGFR from the baseline
to each visit. Results are expressed as mean &+ SD. b Percent changes
of the ACR from the baseline to each visit. Results are expressed as
means and its 95 % Cls. eGFR estimated glomerular filtration rate,
ACR urinary albumin-to-creatinine ratio, SD standard deviation, CI
confidential interval

Safety

All AEs were designated and classified as mild to severe in
terms of the severity by individual investigators, and their
causal relationships with the study drug were evaluated.
There were no deaths reported during the study. Serious

AEs were reported in 2 patients (4 cases) from the topi-
roxostat group and 2 patients (2 cases) from the placebo
group. In detail, “Polyarthritis (n = 1)” in the topiroxostat
group, and “Acute hepatitis (n = 1)” in the placebo group
were considered by the investigator to be related to the
study drug, and patients with these AEs were withdrawn
from the study.

The AEs that led to treatment withdrawal were “ALT,
AST increased (n = 1)”, “Eczema (n = 1)”, and “Poly-
arthritis (n = 1)” in the topiroxostat group, and “Acute
hepatitis (n = 1)” in the placebo group. Overall, the rate of
AEs was similar in the two groups and the frequently
reported AEs (=5 %) are listed in Table 3. All of the AEs
were mild to moderate in severity. The incidence of ‘ala-
nine aminotransferase (ALT) increased’ was higher in the
topiroxostat group than that in the placebo group. In detail,
the incidence of concurrent increase of the total bilirubin or
alkaline phosphatase with the ALT was similar in both
groups (Table 4). In addition, the ‘ALT increased’ and
‘AST increased’ in the topiroxostat group were mild in
severity in all cases.

Discussion

To the best of our knowledge, this is the first clinical study
to evaluate the effect of a xanthine oxidase inhibitor on the
renal function under a double-blind condition. In this
22-week study, we set two primary efficacy endpoints,
namely, the percent change of the serum urate from the
baseline to the final visit and the change in eGFR from the
baseline to the final visit. We showed that 22 weeks of
treatment with 160 mg topiroxostat daily effectively
reduced the serum urate level in patients with hyperurice-
mic CKD stage 3 with or without gout. Based on the results
of previous reports, the urate-lowering efficacy of topi-
roxostat has been assumed to be mediated by XO inhibition
[22, 23]. The achievement rate of a serum urate level of
<356.88 pmol/L was 90.0 % in the topiroxostat group, but

ACR at the baseline (Log,)

.g A n=62 B n =60

‘s 2y rp=0.01 1 rp = 0.03

S 8) P =0.9392 P =0.8152
-

E . o5 05

£
>

a g 0 0

<< =

£'e

S 2 05 -0.5

© 5

[ -

S 0 05 1 15 2 25 3 35 0 05 1 15 2 25 3 35

ACR at the baseline (Log,,)

Fig. 5 Correlation between the baseline ACR and the change in the ACR from the baseline to the final visit in each group. a Topiroxostat group
(n = 62). b Placebo (n = 60). ACR Urinary albumin-to-creatinine ratio, rp Pearson’s correlation coefficient
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Table 2 Systolic and diastolic blood pressure levels at the baseline and during follow-up (intent-to-treat population)

SBP (mmHg)

Topiroxostat

Placebo

DBP (mmHg)

Topiroxostat

Placebo

Baseline
Week 2

Week 6

Week 10
Week 14
Week 18
Week 22

1352 £ 17.3 (62)
1342 £ 18.3 (60)
133.3 £ 18.0 (60)
132.1 £ 16.4 (60)
131.9 + 19.5 (59)
131.5 + 18.4 (58)
133.6 & 17.8 (56)

134.6 £ 20.0 (59)
136.3 & 21.0 (59)
132.5 £ 20.8 (60)
134.1 + 22.3 (57)
131.3 + 20.0 (55)
131.6 + 20.3 (54)
133.8 £ 21.2 (55)

84.8 + 11.8 (62)
84.8 + 11.9 (60)
84.3 + 10.7 (60)
82.8 + 11.8 (60)
82.6 & 11.5 (59)
81.6 & 11.1 (58)
81.7 & 11.6 (56)

84.1 £ 11.6 (59)
83.7 £ 11.7 (59)
82.8 + 12.4 (60)
82.2 + 12.9 (57)
80.5 & 10.4 (55)
80.2 & 10.9 (54)
80.9 & 10.4 (55)

Mean £ SD (n)
SBP systolic blood pressure, DBP diastolic blood pressure

Table 3 Summary of adverse events occurring in >5 % of patients in
either treatment group (safety population)

AE Number (%) of patients
Topiroxostat Placebo
(n = 62) (n = 60)
Any AEs 42 (67.7) 41 (68.3)
Nasopharyngitis 13 (21.0) 13 (21.7)
Conjunctivitis allergic 1 (1.6) 4 (6.7)
Rhinitis allergic 1 (1.6) 4(6.7)
Upper respiratory tract 0 (0.0) 4 (6.7)
inflammation
Diarrhea 1 (1.6) 3 (5.0)
Arthralgia 6 (9.7) 1(1.7)
Gouty arthritis 9 (14.5) 5(8.3)
ALT increased 8 (12.9) 0 (0.0)
Urine albumin present 0 (0.0) 3 (5.0
AST increased 6 (9.7) 2 (3.3)

AE adverse event, ALT alanine aminotransferase, AST aspartate
aminotransferase

0.0 % in the placebo group. The result in the placebo group
was similar to that reported from the clinical study on
febuxostat [20].

On the other hand, no statistically significant difference
in the change of the eGFR from the baseline to the final
visit was observed between the topiroxostat group and the
placebo group. At the time of designing of the protocol for
this study, there were no data on the changes of the eGFR
induced by topiroxostat in CKD stage 3 patients. There-
fore, we calculated the sample size for this study from the
results of changes in the serum creatinine concentration in
the allopurinol group and the control group observed at
6 months from baseline [10]. There could be various rea-
sons for these results such as treatment environment. In
retrospect, the different trend of the serum creatinine level
between the control group in the allopurinol study and the
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Table 4 Liver function test results

Number (%) of patients

Topiroxostat Placebo
(n=62) (n = 60)
ALT >1.5 x ULN 11 (17.7) 3 (5.0
AST >1.5 x ULN 5@&.1) 3 (5.0
Concurrent results
ALT >1.5 x ULN and AST 4 (6.5) 2 (3.3)
>1.5 x ULN
ALT >1.5 x ULN and total 0 (0.0) 1(1.7)
bilirubin >34.2 pmol/L
AST >1.5 x ULN and total 0 (0.0) 1(1.7)
bilirubin >34.2 pmol/L
ALT >1.5 x ULN and ALP 1(1.6) 0 (0.0)
>2.0 x ULN
AST >1.5 x ULN and ALP 0 (0.0) 0 (0.0)
>2.0 x ULN

ALT alanine aminotransferase, AST aspartate aminotransferase, ALP
Alkaline phosphatase, ULN upper limit of normal

placebo group in this study was observed. A 2-year study
of allopurinol showed the amelioration of eGFR [11].
Therefore, the treatment period of this study was not suf-
ficient for the evaluation of the change of eGFR. More
adequate clinical study period and adequate sample size
based on the results of the current study are needed, to
evaluate the effect of topiroxostat on eGFR.

We obtained various results from the secondary efficacy
endpoints in this study. We showed that the percent change
of ACR from baseline to the final visit was approximately
30 % with time-dependent manner in topiroxostat group
compared to placebo group. In addition, topiroxostat did
not show the clear effect on either the change of blood
pressure or the change of eGFR. The reported correlation
between allopurinol and reduction of albuminuria is con-
troversial. While one clinical study of allopurinol in
patients with CKD suggested that allopurinol could have a
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potency to decrease albuminuria, another study reported no
effect on albuminuria [10, 11]. On the other side, the
finding of ACR-lowering effect by topiroxostat in this
study is consistent with the findings of experimental studies
of other xanthine oxidase inhibitors [24, 25]. In this study,
we did not prohibit concomitant use of blood-pressure-
lowering agents, including ACE inhibitors, ARBs, aldo-
sterone blockers or renin inhibitors (RAA blockers). Also,
it was not necessary for the patients to take maximal doses
of the RAA blockers. Therefore, these results might have
been affected by the different classes or doses of these
drugs used concomitantly. To verify the robustness of the
ACR-lowering effect of topiroxostat, we confirmed similar
ACR-lowering effect in the other data set (per protocol set)
in which the data of ACR after the time point were
excluded if patients changed the type or dose of their
blood-pressure-lowering agent during the study. Also, we
considered the possible dependence of the degree of ACR
reduction on the initial value. However, no relationship
could be demonstrated between the baseline ACR and the
change in the ACR in either group. In addition, the serum
albumin levels in both groups remained stable during the
study (data not shown).

The incidence of total AE was similar in both groups.
The incidence of ‘ALT increased’ was statistically signifi-
cantly higher in the topiroxostat group as compared with
that in the placebo group. However, the frequency of con-
current increase of the ALT with the total bilirubin or
alkaline phosphatase was similar in both groups. In this
study, we excluded patients with hepatic dysfunction in
exclusion criteria. Therefore, it will be important for phy-
sicians to monitor the liver function in clinical practice. The
incidences of gouty arthritis or arthralgia were not statisti-
cally significantly different between the two groups, but
tended to be higher in the topiroxostat group. In this study,
we did not permit colchicine prophylaxis because of
assessment of the onset of gouty arthritis in the patients.
Also, the doses of topiroxostat were not increased in parallel
with the level of serum urate in each subject. To minimize
the incidence of gouty arthritis, anti-inflammatory prophy-
laxis and stepwise dose titration in accordance with the
level of serum urate in each subject need to be considered.
In addition, it is important to educate the patients is nec-
essary to make them aware of the possible onset of gouty
arthritis during the initiation of urate-lowering therapy [5].

The limitations of this study are as follows, first, the
study period was short to assess the change of eGFR from
baseline to the final visit. Second, ACR was used instead of
measuring the urinary albumin excretion, because 24 h
urine collection would have been difficult in outpatients;
this study was conducted as a multicenter study, and the
ACR has been shown previously to be positively correlated
with the urinary albumin excretion [26]. Also, the ACR

was not calculated by the levels of albumin and creatinine
in the first morning void urine. Third, we did not measure
the true GFR and ambulatory blood pressure monitoring,
because of the difficulty in performing these measurements
in the outpatient setting.

In the next step, we consider that additional clinical
studies are needed to validate the effect on albuminuria of
topiroxostat in patients with high albuminuria levels,
because the percent change of the ACR from the baseline
to the final visit in this study was set as a secondary end-
point and the baseline level of ACR was not sufficiently
higher in the both groups. Also, it is important to clarify the
maximum effect on albuminuria in clinical practice, its
time relationship, and dose-responsiveness.

In conclusion, the results of this study demonstrated that
treatment with topiroxostat effectively reduced the serum
urate levels in Japanese hyperuricemic patients with renal
impairment, with or without gout. In addition, topiroxostat
also exhibited the potential to decrease the albuminuria in
these patients, although further clinical studies are needed
to validate its efficacy.
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