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ABSTRACT: Febuxostat is a nonpurine xanthine oxidase (XO) inhibitor, which recently received marketing approval. However, information regarding

the experience with this agent among advanced chronic kidney disease (CKD) patients is limited. In the current study, we investigated the effects of oral

febuxostat in patients with advanced CKD with asymptomatic hyperuricemia. We demonstrated, for the first time, that not only the serum levels of uric acid

(UA) but also those of 8-hydroxydeoxyguanosine, an oxidative stress marker, were significantly reduced after six months of febuxostat treatment, with no

adverse events. These results encouraged us to pursue further investigations regarding the clinical impact of lowering the serum UA levels with febuxostat in

advanced CKD patients in terms of concomitantly reducing oxidative stress via the blockade of XO. More detailed studies with a larger number of subjects

and assessments of the effects of multiple factors affecting hyperuricemia, such as age, sex, and dietary habits, would shed light on the therapeutic challenges

of treating asymptomatic hyperuricemia in patients with various stages of CKD.
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Introduction

Hyperuricemia, defined as a serum urate level exceeding the
limit of solubility, mirrors supersaturation of the extracellu-
lar fluid with urate, and predisposes affected subjects to gout,
which is characterized by the tissue deposition of monosodium
urate crystals, although it is a necessary but not a substantial
factor for the development of the disease.! The current urate-
lowering strategies include reducing the urate production with
xanthine oxidase (XO) inhibitors and accelerating the urinary
excretion of uric acid (UA) with uricosuric agents.?3 Uricosuric
agents, such as probenecid and benzbromarone, may have lim-
ited effectiveness in patients with reduced renal function.>* The
purine analog XO inhibitor, allopurinol, has remained widely
prescribed for the treatment of hyperuricemia, but requires

dose adjustment in subjects with renal impairment, which may
lead to a reduced benefit.>3¢

Febuxostat, a nonpurine XO inhibitor that recently received
marketing approval, has been focused on as an alternative
option for the treatment of hyperuricemia in patients with
chronic kidney disease (CKD) because it undergoes hepatic
metabolism and may require less dose adjustment in asso-
ciation with the renal function.®’ Moreover, several lines of
evidence have focused on the blockade of XO activity as a
potential therapeutic strategy for various other kinds of oxida-
tive stress-mediated tissue and vascular injuries.®? However,
information regarding the experience with this therapeutic
agent among patients with advanced CKD is limited.” In this
regard, the current study investigated the effects of febuxostat
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in patients with advanced CKD with hyperuricemia in terms
of the reduction of the serum UA levels and the longitudinal
changes in several serum indicators for oxidative stress.

Materials and Methods

Seventeen patients on chronic hemodialysis (HD) treatment
who had serum UA levels above 8.0 mg/dL and who were
not receiving anti-hyperuricemic agents participated in the
study. All subjects had oliguria or anuria. The subjects had
to be in stable condition, and they had no history of active
liver diseases or any other significant medical status, no
change in diuretics or steroid therapy within one month of
study enrollment and were not chronic users of any nonsteroi-
dal anti-inflammatory drugs. The usual medications, such as
anti-hypertensive agents, erythropoietin, and phosphate bind-
ers, were continued during the study period. Sex was not con-
sidered. The exclusion criteria were as follows: age <20 years
or >90 years, type I diabetes mellitus or type II diabetes mel-
litus with poor glucose control (glycosylated hemoglobin >9%
at the start of the observation period), treatment with mercap-
topurine hydrate or azathiopurine, pregnancy, and any medi-
cal or surgical conditions that made patients unsuitable for this
study as judged by the attending physician. All patients were
assigned to oral febuxostat and entered the six-month treat-
ment period from July through August 2012, during which
they initially received febuxostat 10 mg orally once daily in the
morning. The target serum UA level was <6.0 mg/dL, and the
dose of febuxostat was titrated or increased up to a maximum
of 40 mg/day.

The blood pressure (BP) was measured before all HD
sessions, and the data regarding the systolic BP and diastolic
BP were the average of each value on the last HD day of the
week. The blood samples were obtained from vascular access,
including arteriovenous fistulas and arteriovenous grafts,
before HD sessions. The hemoglobin (Hb), hematocrit (Hct),
platelet count (Plt), serum levels of UA, blood urea nitrogen
(BUN), creatinine (Cr), sodium (Na), chloride (Cl), potas-
sium (K), calcium (Ca), inorganic phosphate (Pi), aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
and lactate dehydrogenase (LDH) were measured at baseline
(week 0) and every four weeks during the observation period.
The serum levels of 8-hydroxydeoxyguanosine (8-OHdAG),
3-nitrotyrosine-modified proteins (3-N'T), and protein car-
bonyls were determined at baseline and at weeks 4, 12, and
24 during the treatment period. The serum levels of 8-OHdG
were measured by an enzyme-linked immunosorbent assay
(ELISA) as described previously.!® The ELISA method was
also used to measure the serum levels of 3-NT (Japan Institute
for the Control of Aging, Nikken SEIL Co, Shizuoka, Japan)
and protein carbonyls (BioCell Co, Auckland, New Zealand).
'This study was performed in accordance with the Declaration
of Helsinki and was approved by the medical ethics committee
of Jichi Medical University, and all patients included in the
present study provided their informed consent.

'The data were expressed either as the number of partici-
pants or as the percentage (%) of the study population. The
remaining data were expressed as the means * standard devia-
tion (SD), or as medians and interquartile ranges (IR) for vari-
ables with a skewed distribution. A repeated measures analysis
of variance combined with Fisher’s protected least significant
difference test for normal distributions and the Kruskal—
Wallis test with Dunn’s method for skewed distributions were
used to compare the time course data, when appropriate. Val-
ues of P < 0.05 were considered to be statistically significant.
The statistical analyses were performed using the SigmaPlot
12 software program for Windows (Systat Software, Inc., San
Jose, CA) unless otherwise stated.

Results and Discussion
The demographic profiles of the 17 patients included in the
present study are summarized in Table 1. No subjects had a
history of gouty attacks. The patients had been treated with
chronic HD for a median of four years. The causes of advanced
CKD included diabetic nephropathy, chronic glomerulone-
phritis, hypertensive nephrosclerosis, and polycystic kidney
disease. All subjects were on the optimum tolerated medical
management. Febuxostat lowered the serum UA levels (8.9 =
1.0 at baseline) significantly from one month after the initia-
tion of the treatment (Fig. 1), and the target serum UA level
(<6.0 mg/dL) was achieved in 12 patients (70.5%) after one
month of treatment, compared to 13 (76.4%) and 14 (82.3%)
patients after three and six months of treatment, respectively.
After six months, 16 subjects were still under the
treatment with oral febuxostat (10 mg/day), and there was

Table 1. Demographic profiles of the patients at the start of the
study.

DEMOGRAPHIC CHARACTERISTICS

Age (years) 64 + 10
Sex (male/female) 15/2
HD duration (years) 6.4+£5.7

UNDERLYING CAUSES OF CKD, N (%)

Diabetic nephropathy 9 (53)
Chronic glomerulonephritis 3(18)
Hypertensive nephrosclerosis 3(18)
Polycystic kidney disease 2(12)
MEDICATIONS, N (%)

Calcium channel antagonist(s) 7 (41)
Angiotensin-converting-enzyme inhibitor 1(6)
Angiotensin receptor blocker(s) 7 (41)
Renin inhibitor 1(6)
Other anti-hypertensive agent(s) 4 (24)
Loop diuretic(s) 3(18)
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Table 3. The serum levels of several oxidative stress markers before and after the initiation of the treatment with oral febuxostat.

AFTER THE INITIATION OF ORAL FEBUXOSTAT TREATMENT P VALUE
BASELINE 1 MONTH 3 MONTHS 6 MONTHS
Protein carbonyls 0.07 (IR: 0.03-0.12) 0.10 (IR: 0.06-0.14) 0.07 (IR: 0.06-0.15) 0.05 (IR: 0.03-0.11) 0.329
(nmol/mg protein)
3-NT (nM) 30.4 (IR: 25.2-40.4) 33.2 (IR: 25.5-42.2) 37.3 (IR: 25.3-45.3) 28.7 (IR: 24.7-43.9) 0.928
8-OHdG (ng/ml) 1.64 (IR: 1.24-2.95) 2.51 (IR: 1.24-4.74) 1.05 (IR: 0.84-1.87) 0.54 (IR: 0.204-1.16)* 0.002

Note: *P < 0.05 versus baseline.

hyperuricemia remains to be delineated, and clinicians
should bear in mind that the prevalence of refractory gout
and/or gouty tophi is much lower in Japan in comparison to
that in the United States and Europe, where negative opinions
regarding pharmaceutical interventions predominate.!'* One
may argue that the clinical benefit of using urate-lowering
agents requires careful evaluation, especially in subjects on
chronic HD treatment, since an incipient gouty attack is quite
rare in hyperuricemic long-term HD patients, and the fre-
quency of gouty arthritis has been shown to decrease after
the initiation of a periodic HD program in advanced CKD
subjects.’>1¢ Moreover, a significant association between
higher serum UA levels and lower mortality, which may be
dependent on the favorable nutritional status, has been dem-
onstrated in the HD population.l” Otherwise, it may be
necessary to focus on the fact that some of the reactive oxy-
gen species are produced as a by-product of urate formation
through a XO-dependent pathway and the pharmacological
nature of febuxostat, which is characterized by a higher bio-
availability and a more potent blockade of XO activity than
the traditional XO inhibitor allopurinol.»*818 Indeed, the
superior potency of febuxostat to allopurinol for the inhibition
of reactive oxygen synthesis has been demonstrated in several
reports,!%2°
rogate indicator of the XO activity.

In the current study, 8-OHdG, 3-NT, and protein car-

bonyls, which have been included in the list of the most com-
20,21

and the serum UA levels could be used as a sur-

mon oxidative stress biomarkers in various settings, were
used as the indices of the condition of the present patients.
Numerous processes other than the XO-mediated path-
way have been implicated in the oxidative stress among the
subjects with CKD.222 In addition, it has been shown that
chronic HD treatment also leads to excessive radical produc-
tion and impairment of the anti-oxidant capacity.?® Despite
the lack of qualitative information regarding the significance
of individual oxidative stress markers,?* we feel that it is rea-
sonable to consider that 8-OHdG, but not 3-NT and protein
carbonyls, may help to detect the inhibitory effects of febuxo-
stat on XO-mediated oxidative stress among the chronic HD
patients. Although the precise role of febuxostat in reducing
the serum levels of 8-OHdG remains to be delineated, our
findings suggest that the generation of 8-OHdG may be more

dependent on XO than that of 3-NT or protein carbonyls. On
the other hand, it has been proposed that the XO inhibitors
may be utilized as adjunctive anti-hypertensive agents in some
subsets of hyperuricemic and hypertensive subjects associ-
ated with or without advanced CKD,?>2¢ while we found that
the systolic BP levels after five and six months of treatment
with febuxostat were higher than those at baseline, despite
the titration of anti-hypertensive agents corresponding to the
context. We have no explanation for this discrepancy; how-
ever, a seasonal bias may have been involved. Indeed, it has
been reported that the systolic BP shows seasonal changes in
chronic HD patients, with peak BP noted in the winter.?’
Finally, the number of patients included in the pres-
ent series was quite small, thus implying that this study may
be statistically underpowered or that the clinical param-
eters may have been overestimated. As such, our findings
should be interpreted with caution. Nevertheless, our results
encourage us to pursue further investigations regarding the
clinical impact of lowering the serum UA level with febux-
ostat in chronic HD patients in terms of determining the
appropriate dose of the agent as well as concomitantly reduc-
ing oxidative stress by blocking XO. Indeed, despite the
comparable serum levels of low-density lipoprotein (LDL)
between baseline and week 24, we found that the serum lev-
els of the oxidative form of LDL, another oxidative stress
marker,?” at week 24 were significantly decreased compared
to those observed at baseline among the 12 subjects who led
us to determine the serum levels of these parameters (data
not shown). Obviously, more detailed studies with a larger
number of subjects and assessments of the effects of multiple
factors affecting hyperuricemia, such as age, sex, and dietary
habits,?!* would shed light on the therapeutic challenges of
treating asymptomatic hyperuricemia in patients with vari-

ous stages of CKD.2®
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