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Abstract

Background Hyperuricemia is a known risk factor for end-stage renal disease. Although xanthine oxidase (XO) inhibitors
are expected to protect the kidney function, evidence to this end is insufficient at present.

Methods This study was a multi-center, open-labeled, randomized study conducted in Mie Prefecture in Japan. Patients
were included if they were between 20 and 80 years old and had a serum uric acid (sUA) level > 7.0 mg/dl with or without
gout, estimated glomerular filtration rate (éGFR) of 15-60 ml/min/1.73 m?, and urinary protein creatinine ratio (uPCR) of
0.15-3.5 g/gCr. Patients were randomly assigned to a Topiroxostat or Febuxostat group, and the treatment target for the SUA
level was < 6.0 mg/dl. The primary outcome was the change in the uPCR after 24 weeks.

Results The change in the median uPCR after 24 weeks was not statistically significant after treatment in the Topiroxostat
or Febuxostat group (0.05 g/gCr and — 0.04 g/gCr, respectively). However, the sUA levels decreased significantly in both
groups (Topiroxostat group: 8.6+ 1.1 at baseline to 6.0 + 1.1 mg/dl at 24 weeks, Febuxostat group: 8.4 + 1.1 mg/dl at baseline
to 5.9+ 1.3 mg/dl at 24 weeks). No significant change in the eGFR after 24 weeks was noted in either the Topiroxostat or
Febuxostat group (— 0.04 +4.59 ml/min/1.73 m? and 0.31 +4.70 ml/min/1.73 m?, respectively).

Conclusions In this study, XO inhibitors did not significantly reduce the uPCR in chronic kidney disease stage 3 and 4
patients with hyperuricemia.

Keywords Chronic kidney disease - Febuxostat - Hyperuricemia - Topiroxostat - Urinary protein - Xanthine oxidase
inhibitor

Introduction However, the current treatments do not show a sufficient

efficacy to prevent these events. In a previous observation
Patients with chronic kidney disease (CKD) have a highrisk  study, hyperuricemia was a risk factor for kidney dysfunc-
of cardiovascular events or end-stage renal disease (ESRD), tion [2-5]. However, whether or not the kidney function can
and the treatment of CKD has become more important [1].
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be protected by reducing the serum uric acid (sUA) levels
remains unclear.

Hyperuricemia evokes xanthine oxidase (XO) activa-
tion, generates reactive oxygen species (ROS), and causes
endothelial dysfunction [6—8]. Topiroxostat and Febuxostat
are new XO inhibitors shown to significantly reduce the
sUA levels in hyperuricemic patients with or without gout.
Indeed, Topiroxostat reduced the sUA levels and urinary
albumin excretion in hyperuricemic stage 3 CKD patients
with or without gout [9]. Furthermore, Febuxostat reduced
the urinary albumin levels more than allopurinol in cardiac
surgery patients [10]. However, while XO inhibitors are
expected to protect the kidney function, evidence to this end
is insufficient at present.

The aim of this study was to investigate the efficacy of XO
inhibitors, such as Topiroxostat and Febuxostat, in reducing
urinary protein levels in CKD patients with hyperuricemia.

Subjects and methods
Study design

This study was a multi-center, open-labeled, randomized
study conducted in Mie Prefecture in Japan. Patients were
enrolled between January 2016 and December 2017, from
8 hospitals in Mie Prefecture. Patients were included if
they were between 20 and 80 years old and had a sUA
level > 7.0 mg/dl with or without gout, estimated glomerular
filtration rate (¢GFR) of 15-60 ml/min/1.73 m?, and urinary
protein—creatinine ratio (uPCR) of 0.15-3.5 g/gCr and pro-
vided their written informed consent.

Patients were excluded from the study if they had had
a gout attack within the past 4 weeks, had been treated for
collagen disease or vasculitis, or were complicated with
severe heart disease, liver dysfunction, hematologic disease,
malignant disease. The prohibited drugs in this study were
anti-hyperuricemic (probenecid, bucolome, benzbromarone,
allopurinol), anti-tuberculosis (pyrazinamide, ethambutol),
immunosuppressive agents (mizoribine, cyclosporine, mer-
captopurine, azathioprine), and theophylline, because of
their potential effects on the sUA levels. In principle, renin-
angiotensin system (RAS) inhibitors or diuretics were con-
tinued without changing the doses during the observation
period.

Patients were randomly assigned to receive Topirox-
ostat or Febuxostat with dynamic randomization, which
was conducted by The Critical Research Support Center
at Mie University Hospital according to the minimiza-
tion method by site (each site), uPCR (< 1.0 or>1.0 g/
gCr), and RAS inhibitors (user or non-user). Topiroxostat
was given at 40 mg daily and Febuxostat at 10 mg daily as
the starting doses. The treatment periods of XO inhibitors
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were 24 weeks, and the treatment target of the sUA level
was < 6.0 mg/dl. Patients were evaluated at baseline and
after 12 and 24 weeks of treatment by a physical examina-
tion, assessments of adverse effects and outcomes, and any
other tests deemed necessary by the attending clinician. As
a historical control group, we retrospectively investigated
the 24-week changes in the eGFR and uPCR values of the
same participants as were included in this study. The values
were obtained from the medical records of the participants
before their enrollment.

The primary outcome was the change in the uPCR in the
2 groups between baseline and 24 weeks. The secondary
outcomes were the changes in the eGFR, sUA levels, systolic
and diastolic blood pressure (SBP and DBP, respectively),
and urinary liver-type fatty acid-binding protein (L-FABP)
between baseline and 24 weeks.

We named this study the Multicenter Investigation of
Xanthine Oxidase Inhibitor Efficacy for CKD patients with
Hyperuricemia (MIE-CKD), a prospective randomized study
in Mie Prefecture in Japan.

Data management

The Critical Research Support Center at Mie University
Hospital (https://www.medic.mie-u.ac.jp/chiken/) performed
data management. Clinical data were obtained according to
the study protocol and registered in the database of the Criti-
cal Research Support Center at Mie University Hospital via
the Internet by each institution.

Statistical analyses

In this study, the dose of XO inhibitor was adjusted, so
that sUA levels were < 6.0 mg/dL. Based on the 58-week
administration study performed during the development of
Topiroxostat [11], the estimated necessary dose of Topirox-
ostat was predicted to be between 80 and 120 mg, with
60% of the patients receiving 80 mg daily and 40% of those
receiving 120 mg daily (data not shown). Using the results
of Phase III trial evaluating the effect of Topiroxostat on
urinary albumin in patients with CKD and hyperuricemia
[9], the change in urinary protein levels in the Topiroxostat
group was able to be predicted, since the change in the uri-
nary protein levels and in the urinary albumin levels showed
high correlation. Based on the change in the urinary albu-
min creatinine ratio (WACR) at the end of administration of
120 mg Topiroxostat [9], the logarithmic transformations
of the mean and the standard deviation of the change in
the uACR were Log10 0.665 = — 0.178 and Log10 1.981
= 0.297, respectively. The target sample size for obtaining
a significant difference in the uPCR change amount after
logarithmic transformation using a paired # test at a signifi-
cance level of 5% (two-sided test) and power of 80% was
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determined to be 25 samples. Based on the change in the
uACR at the end of administration of 80 mg Topiroxostat
[11], the logarithmic transformations of the mean and the
standard deviation of the change in uACR were Log10 0.841
= — 0.075 and Log10 1.636 = 0.214, respectively. The tar-
get sample size for obtaining a significant difference in the
uPCR change amount after logarithmic transformation using
a paired ¢ test at a significance level of 5% (two-sided test)
and power of 80% was determined to be 66 samples. Based
on the weighted average considering the dose distribution at
the end of administration in this study, the target sample size
was set at 50 samples (66 samples X 60% +25 samples X 40%
= 50 samples). Since Febuxostat analyses were assumed to
provide similar results, the target sample size was set at 50
samples for that group as well.

The normal distribution data were summarized as the
mean + standard deviation. To assess differences between the
two groups, a f test was performed for clinical and laboratory
data. Fisher’s exact test was performed for categorical data.
The uPCR, obtained as non-normally distributed data, was
summarized as the median (25-75th percentile), and Wil-
coxon’s rank-sum test was used to compare the two groups.
Comparisons between baseline and 12 and 24 weeks for
normally distributed data were performed by a paired ¢ test,
and uPCR values were compared by Wilcoxon’s signed rank
test. Comprisons among three groups (two treated groups
and historical controls) for normally distributed data were
performed by an analysis of covariance (ANCOVA), and
uPCR values were compared by the Kruskal-Wallis test. A P
value < 0.05 was accepted as significant. Analyses were per-
formed using the SAS software program, version 9.4 (SAS
Institute Inc., Cary, NC, USA).

Results
Patient characteristics

A total of 101 patients were initially enrolled, and 7 were
excluded from the data analysis after enrollment because
5 did not meet inclusion criteria and 2 met the exclusion
criteria (Fig. 1). Therefore, 46 patients were assigned to the
Topiroxostat group and 48 to the Febuxostat group for the
analysis. Eighty-eight patients were included as historical
controls.

The baseline characteristics of the patients are presented
in Table 1. There were significant differences between the
Topiroxostat and Febuxostat groups in the SBP, hemo-
globin, and urinary L-FABP at baseline. The average doses
of Topiroxostat and Febuxostat were 62.2+9.2 mg and
19.8 +2.8 mg daily at 24 weeks.

Primary outcome

The changes in the uPCR are depicted in Fig. 2. The uPCR
variation did not satisfy the lognormal distribution, so a
statistical analysis was performed using a nonparametric
method. In both groups and all periods, the median change
in the uPCR was not statistically significant after treatment.
The median uPCR in the Topiroxostat group was 0.56 g/
gCr at baseline and 0.58 g/gCr at 24 weeks, and that in the
Febuxostat group was 0.69 g/gCr at baseline and 0.50 g/
gCr at 24 weeks. The changes in the median uPCR after
24 weeks in the Topiroxostat and Febuxostat groups were
0.05 g/gCr and — 0.04 g/gCr, respectively (P =0.706 and

All enrollment (n=101) |

| Randomized I

Topiroxostat group

Febuxostat group

(n=50)

Excluded (n=4)
Not meeting inclusion criteria (n=3)
Meeting exclusion criteria (n=1)

(n=51)

Excluded (n=3)
Not meeting inclusion criteria (n=2)
Meeting exclusion criteria (n=1)

| Full analysis set (n=46) |

| Full analysis set (n=48) |

Fig. 1 Participant recruitment flowchart
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Table 1 Baseline characteristics
of patients

Topiroxostat group (N=46) Febuxostat group (N=48) P value
Age, years 61.8+12.8 61.9+12.5 0.99
Male gender, % 73.9 68.8 0.65
Height, cm 162+7.4 163 +8.4 0.31
Body weight, kg 62.8+13.0 64.5+12.7 0.50
Body mass index 24.1+5.1 24.1+3.8 0.98
Systolic blood pressure, mmHg 126+ 14 135+20 0.020*
Diastolic blood pressure, mmHg 71+12 75+13 0.080
Etiology of CKD
Diabetic nephropathy, % 28.3 37.5 0.39
Chronic glomerulopathy, % 39.1 27.1 0.27
Renal sclerosis, % 26.1 18.8 0.46
Others, % 239 18.8 0.62
Complications
Hypertension, % 76.1 77.1 >0.99
Diabetes mellitus, % 39.1 43.8 0.68
Dyslipidemia, % 58.7 39.6 0.10
Medications
ACE inhibitor, % 10.9 8.3 0.74
ARB, % 63 60.4 0.83
Renin direct blocker, % 6.5 4.2 0.67
Potassium-sparing diuretics, % 43.5 52.1 0.55
Other diuretics, % 19.6 20.8 >0.99
Combination drug with ARB, % 13 14.6 >0.99
Hemoglobin, g/dL 124+1.9 0.029%* 132+1.6
Urea nitrogen, mg/dL 27.5+11 28.0+9.3 0.84
Creatinine, mg/dL 1.65+0.58 1.61+0.56 0.69
eGFR, mL/min/1.73m2 36.0+12.2 359+114 0.99
Uric acid, mg/dL 8.4+0.9 85+12 0.46
uPCR, g/gCr, median, IQR 0.56 (0.33-1.39) 0.69 (0.30-1.31) 0.97
AST, IU/L 22.1+7.6 209+6.2 0.41
ALT, IU/L 19.9+9.4 17.9+10.0 0.33
ALP, IU/L 236+99 234+84 0.90
Total bilirubin, mg/dL 0.54+0.25 0.58+0.24 0.46
Total cholesterol, mg/dL 189 +41 193+36 0.63
HDL cholesterol, mg/dL 52+15 54+16 0.51
LDL cholesterol, mg/dL 111+34 111+27 0.93
Triglyceride, mg/dL 158+97 174+ 111 0.47
HbAlc, % 6.2+09 6.3+1.1 0.56
Glucose, mg/dL 104+21 114 +38 0.13
urinary L-FABP, pg/gCr 59+65 11.7+16.2 0.049*

Data are shown as mean + SD, percentages, or median (interquartile range), as appropriate

CKD chronic kidney disease, ACE angiotensin-converting enzyme, ARB angiotensin II receptor blocker,
eGFR estimated glomerular filtration rate, uPCR urinary protein—creatinine ratio, /QR interquartile range,
AST aspartic aminotransferase, ALT alanine aminotransferase, ALP alkaline phosphatase, HDL high-den-
sity lipoprotein, LDL low-density lipoprotein, HbAIc hemoglobin Alc, L-FABP liver-type fatty acid-bind-

ing protein
*P value <0.05

P =0.653, respectively; Wilcoxon’s rank-sum test). No sta-
tistically significant differences were noted between the 2
groups (P=0.672; Wilcoxon’s rank-sum test).
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Fig.3 Changes in the serum uric acid (sUA) level. Data are presented
as mean + SD. SD standard deviation

Secondary outcomes

The changes in the sUA level are depicted in Fig. 3. The
sUA levels in the Topiroxostat and Febuxostat groups were
significantly decreased from baseline after treatment. The
sUA levels in the Topiroxostat group were 8.6 + 1.1 mg/dl
at baseline and 6.0 + 1.1 mg/dl at 24 weeks, and those in
the Febuxostat group were 8.4+ 1.1 mg/dl at baseline and
5.9+ 1.3 mg/dl at 24 weeks. The changes in the sUA level
after 24 weeks in the Topiroxostat and Febuxostat groups
were — 2.6 + 1.0 mg/dl and — 2.7+ 1.1 mg/dl at 24 weeks,
respectively.

The changes in the eGFR are depicted in Fig. 4. In both
groups and all periods, the eGFR showed no significant

P=0.063t

(ml/min/1.73m2) ! ]
6 P=0.178+

Change in eGFR
o

6~ Historical control Topiroxostat Febuxostat

Fig.4 Changes in the estimated glomerular filtration rate (eGFR).
Data are presented as mean +SD. SD standard deviation. "Analysis of
covariance (ANCOVA)

change after treatment. The eGFR in the Topiroxostat
group was 35.9+12.2 ml/min/1.73 m? at baseline and
36.1 + 13.0 ml/min/1.73 m? at 24 weeks, while that in
the Febuxostat group was 35.9 + 11.4 ml/min/1.73 m? at
baseline and 36.7 + 12.6 ml/min/1.73 m? at 24 weeks. The
changes in the eGFR after 24 weeks in the Topiroxostat and
Febuxostat group were — 0.04 +4.59 ml/min/1.73 m?* and
0.31+£4.70 ml/min/1.73 m?, respectively.

In the historical control group, the change in the median
uPCR was — 0.03 g/gCr, and the change in the eGFR was
— 1.2+4.1 ml/min/1.73 m? during the observation period.
Neither the Topiroxostat nor the Febuxostat group showed
any significant difference in the changes in the median uPCR
or eGFR compared with historical controls.

The SBP, DBP, and urinary L-FABP showed no signifi-
cant changes in either group in all periods. No severe adverse
events caused by XO inhibitors were observed in our study.

Discussion

In this study, we investigated the efficacy of XO inhibitors
on reducing the urinary protein level in CKD stage 3 and 4
patients. No significant reduction in the uPCR was noted
during the observation period in the Topiroxostat or Febux-
ostat groups.

Xanthine oxidoreductase (XOR) is a general term for
xanthine dehydrogenase (XDH) and XO. Typically, XDH
catalyzes the degradation of purine bodies to uric acid (UA)
in the liver and bowels without producing ROS. However,
hypoxia as well as inflammation induce XDH expression in
the liver, bowels, and vascular endothelial cells, and XDH
is thus released into the circulation, where it is rapidly con-
verted to XO. XO then oxidizes hypoxanthine to xanthine
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and subsequently oxidizes xanthine to UA, resulting in
the production of ROS [7]. Other studies have found that
hyperuricemia induces endothelial dysfunction associated
with mitochondrial alterations [8]. In theory, XO inhibitors
should help to reduce ROS produced by XO and protect
endothelial cells or organs, such as the kidneys, liver, heart,
and vessels.

Although the sUA levels were significantly decreased
by XO inhibitors in both groups, we found no evidence of
kidney protection. We propose several reasons for this find-
ing. First, small doses of intervention drugs might have kept
the uPCR from being reduced to a significant degree. At
24 weeks, only two patients (4.4%) in the Topiroxostat group
and one patient (2.3%) in the Febuxostat group were treated
with the maximum dose (Topiroxostat 160 mg, Febuxostat
60 mg), respectively. Hosoya et al. reported that Topiroxostat
160 mg effectively reduced the uACR in hyperuricemic CKD
patients with or without gout [9]. Similarly, the ETUDE
study reported that Topiroxostat 160 mg reduced the uACR
in diabetic nephropathy patients with hyperuricemia [12],
and while the UPWARD study reported that Topiroxostat
160 mg did not reduce the uACR, it still prevented a decline
in the eGFR in diabetic nephropathy patients with hyper-
uricemia [13]. Of note, Febuxostat (40 mg daily) slowed the
eGFR decline in CKD patients compared to placebo [14]. In
another report, Febuxostat (maximum 60 mg daily) exerted
superior antioxidant and anti-inflammatory effects to allopu-
rinol (maximum 300 mg daily) in cardiac surgery patients
with CKD [10]. Furthermore, in basic research, XO inhibitor
dose-dependently decreased the urinary albumin excretion
and inhibited plasma XO activity [15]. Second, it might not
be appropriate to assume that the sUA levels reflect kidney
protection. Sunagawa et al. reported that the sUA level was
not correlated with the plasma XO activity [16]. In addi-
tion, in the present study, the inhibition of the XO activity
may not have been sufficiently achieved to improve uPCR,
although the sUA levels did clinically decrease. Third, it
might be difficult for CKD patients with overt proteinuria to
obtain a kidney protection effect with XO inhibitors. Indeed,
a sub-analysis of the FEATHER study showed that Febux-
ostat improved the reduction in the eGFR in CKD patients
with negative proteinuria, but had no effect on those with
positive proteinuria [17]. On the other hand, several meta-
analyses of clinical trials centering on allopurinol have
shown that XO inhibitor treatment provides effective renal
protection [18-21]. Well-designed, placebo-controlled RCTs
of newly XO inhibitors are needed to resolve these problems.

Limitations
Several limitations associated with the present study warrant

mention, including the small number of patients and short
term of observation. We calculated the sample size based
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on the previous reports that evaluated the uACR. It might,
therefore, be difficult to establish any differences by compar-
ing uACR and uPCR values. We must confirm the effect of
XO inhibitors on CKD patients in larger populations with a
longer observation period. The urinary PCR after 24 weeks
was highly variable. The observation period of our study was
24 weeks, so proteinuria might have shown seasonal fluctua-
tions [22]. Three cases (1 in the Topiroxostat group; 2 in the
Febuxostat group) in which the urine protein level increased
by >3 g/gCr were all diabetic patients who were not taking
RAS inhibitors. An analysis by excluding these 3 “outliners”
showed a significant reduction in proteinuria in the Febux-
ostat group (log change in PCR: — 0.084 +0.277, P=0.049).
The influence of cases with extreme urinary protein fluctua-
tions would counteract the urinary protein reduction effects
of XO inhibitors; however, excluding such “outliers” was
thought to be a violation of the protocol established before
the start of the study.

Conclusion

In the present study, newly developed XO inhibitors had no
marked effects on reducing the uPCR in CKD stage 3 and 4
patients with hyperuricemia.
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