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Abstract

Objective: Heart failure (HF) is a common and highly morbid cardiovascular disorder. Oxidative
stress worsens HF, and uric acid (UA) is a useful oxidative stress marker. The novel anti-
hyperuricemic drug febuxostat is a potent non-purine selective xanthine oxidase inhibitor. The
present study examined the UA-lowering and prognostic effects of febuxostat in patients with HF
compared with conventional allopurinol.

Methods: This multicenter, randomized trial included 263 patients with chronic HF who were
randomly assigned to two groups and received allopurinol or febuxostat (UA >7.0 mg/dL). All
patients were followed up for 3 years after enrollment.

Results: There were no significant differences in baseline clinical characteristics between the two
groups. The UA level was significantly decreased after 3 years of drug administration compared
with the baseline in both groups. Urine levels of the oxidative stress marker 8-hydroxy-2'-
deoxyguanosine were lower in the febuxostat group than in the allopurinol group (11.0£9.6
vs. 22.9 + 15.9 ng/mL), and the rate of patients free from hospitalization due to worsening HF
tended to be higher in the febuxostat group than in the allopurinol group (89.0% vs. 83.0%).
Conclusions: Febuxostat is potentially more effective than allopurinol for treating patients with
chronic HF and hyperuricemia.

This study was registered in the University Hospital Medical Information Network Clinical Trials
Registry (https://www.umin.ac.jp/ctr/; ID: 000009817).
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mechanisms. Previously, various oxidative
stress markers, such as 8-hydroxy-2’-deoxy-
guanosine (8-OHdG), advanced glycation
end products, nicotinamide adenine dinu-
cleotide phosphate oxidase, and xanthine
oxidase (XO), were investigated to evaluate
HF severity.*>”® During purine metabo-
lism, XO catalyzes the final two steps
(from hypoxanthine to xanthine and xan-
thine to uric acid [UA]). XO produces

Introduction

Despite advances in our understanding of
its pathology and improvements in its man-
agement, heart failure (HF) remains a
common disease with high morbidity and
mortality and is a significant public health
burden on healthcare systems.'” Renin—
angiotensin—aldosterone systems, sympa-
thetic nervous systems, and inflammatory

responses are activated in patients with
HF, subsequently leading to oxidative
stress.' Inflammatory systems and oxida-
tive stress are involved in the development
and progression of HF.>® Oxidative stress
is defined as dysregulation between the pro-
duction of reactive oxygen species (ROS)
and the endogenous antioxidant protection

oxygen-derived free radicals’ and is a
major source of ROS in human physiology.
The final product UA is a non-specific
marker for oxidative stress. Excessive acti-
vation of XO induces hyperuricemia, and
XO activity is upregulated in patients with
HF.' Furthermore, a high UA level has
been reported to be a strong and
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independent marker for impaired prognosis
in patients with HF and acute myocardial
infarction.'' 13

XO inhibitors are used for treating
hyperuricemia and have been shown to
improve myocardial energetic efficiency,
left ventricular ejection fraction (LVEF),
and plasma B-type natriuretic peptide
(BNP) levels in patients with HF.'#1°
However, a previous double-blind, multi-
center randomized placebo-controlled trial
did not reveal improvements after allopuri-
nol administration in clinical status, quality
of life, or LVEF in high-risk patients with
HF with reduced LVEF and hyperurice-
mia.'” Allopurinol has long been regarded
as a first-line drug for the treatment of
hyperuricemia.'®!'? It is a purine analog
and a structural isomer of hypoxanthine,
which is a naturally occurring purine deriv-
ative. In contrast, febuxostat is a potent
non-purine selective XO inhibitor. Several
in vitro studies have reported that febuxo-
stat was superior in inhibiting the produc-
tion of XO-derived ROS compared with
allopurinol.?>*!'The purpose of the present
study was to compare the UA-lowering and
prognostic effects of febuxostat compared
with allopurinol in patients with chronic
HF and hyperuricemia.

Patients and methods

Study design

This trial was a multicenter, randomized
study designed to determine the efficacy
and safety of febuxostat compared with
allopurinol in patients with chronic HF.
This study was registered in the University
Hospital Medical Information Network
Clinical Trials Registry (https://www.
umin.ac.jp/ctr/; ID: 000009817). The first
patient was enrolled in February 2013,
and 263 patients were enrolled and random-
ized into febuxostat and allopurinol groups
by March 2015. Written informed consent

was obtained from all study subjects. The
study protocol was approved by the institu-
tional review board at Fukushima Medical
University (approval number: 1430, date of
approval: 24 May 2012) and each partici-
pating institution and complied with the
Declaration of Helsinki. The reporting of
this study conforms to the CONSORT
statements.?*

Study participants

Patients were eligible for enrollment if they
had chronic HF with hyperuricemia (UA
>7.0mg/dL). Patients with acute myocardi-
al infarction, acute decompensated HF,
severe hypotension (cardiogenic shock),
and renal dysfunction (serum creatinine
level >2.0mg/dL) and those who were
receiving medication for hyperuricemia
other than febuxostat or allopurinol were
excluded. Symptomatic HF diagnosis was
determined by well-trained cardiologists
using the Framingham criteria and/or cur-
rent guidelines.'*%

All patients were randomly assigned to
two groups: the febuxostat group and allo-
purinol group. In detail, someone unrelated
to this study created several envelopes con-
taining papers with the name of either allo-
purinol or febuxostat. The inside of the
envelopes was not visible from the outside.
When patients were included in this study,
one envelope was randomly selected by the
attending physician, and the patient was
assigned the specified drug listed on the
paper in the envelope.

Drug doses

The drug dose of allopurinol or febuxostat
was adjusted to achieve a UA level <6 mg/
dL based on past reports in patients with
gout®*?* and the Japanese guidelines for the
treatment of hyperuricemia and gout.'” The
initial dose of allopurinol in most patients
was 200mg/day, and it was reduced
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according to their renal function or UA
level. The initial dose of febuxostat was
10 mg/day, and it was increased 2 weeks
after depending on the UA level. These
drugs were continued after enrollment
unless there were adverse events.

Evaluation items for comparisons
between two groups

Data on age, sex, body weight, vital signs,
New York Heart Association (NYHA)
functional class, comorbidities, laboratory
tests, and echocardiographic exams were
collected from medical records before the
administration of allopurinol or febuxostat.
Regarding laboratory data, UA, blood urea
nitrogen, serum creatinine, estimated glo-
merular filtration rate (GFR), serum
sodium, potassium, lipid, hemoglobin Alc,
and plasma BNP were measured before the
administration of allopurinol or febuxostat
at baseline and 3 years after enrollment.
GFR was estimated from the Modification
of Diet in Renal Disease formula for
Japanese patients.’® Plasma BNP concen-
trations were measured using a commercially
available radioimmunoassay specific to
human BNP (Shionoria BNP kit, Shionogi,
Osaka, Japan). Echocardiography was
blindly performed by experienced echocar-
diographers using standard techniques.
Two-dimensional echocardiographic
images were acquired from the parasternal
long and short axis, apical long axis, and
apical four-chamber views. The following
echocardiographic parameters were investi-
gated: interventricular septum thickness,
left ventricular end-diastolic ~diameter
(LVEDD), LVEF, tricuspid valve regurgi-
tation pressure gradient, and inferior vena
cava diameter.”” LVEF was calculated
using a modified Simpson’s method.
Moreover, we divided all study patients
into two groups based on the LVEF.

Patients with LVEF >50% were assigned
to the heart failure with preserved ejection
fraction (HFpEF) group, and those with
LVEF <50% were allocated to the heart
failure with reduced ejection fraction
(HFrEF) group as an additional analysis.

Estimation of oxidative stress

We measured urine 8-OHdG levels as an
oxidative stress marker using a commercial-
ly available enzyme-linked immunosorbent
assay kit (8-OHdG check high sensitivity;
Japan Institute for the Control of Aging,
Fukuroi, Japan) at baseline and 3 years
after enrollment. This kit measures serum
8-OHdG concentrations linearly between
0.5 and 200ng/mL with previously estab-
lished monoclonal antibody specificity.”**

Prognostic investigation

All patients with HF visited each hospital
for the treatment of HF every month or
bimonthly and were followed up after
enrollment (mean: 644.6 days, range: 3—
1255 days). The endpoints evaluated
independently by researchers were (1) car-
diovascular events, including cardiovascu-
lar death defined as death from worsening
HF or sudden cardiac death or acute myo-
cardial infarction, and (2) hospitalization
due to worsening HF.

Adverse events

All related adverse events were evaluated
during the follow-up periods. Adverse
events were unfavorable reactions that
required allopurinol or febuxostat discon-
tinuation. Drug discontinuation was decid-
ed by the attending physician.

Sample size estimation

We hypothesized that the incidence of car-
diovascular events was 10% in the
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febuxostat group and 25% in the allopuri-
nol group based on the flowing reports. In
the multicenter, randomized, double-blind
trial EXACT-HF, cardiovascular events,
including death or re-hospitalization,
occurred in almost 40% of patients with
HF in the allopurinol group.!” In that
study, the inclusion criteria were relatively
strict, such as requiring an acute HF event
(hospitalization or emergency department
visit) within 12 months, severe LV dysfunc-
tion (LVEF <25%), or an elevated natri-
uretic peptide level. Because the inclusion
criteria in our study were not as strict, we
predicted that the incidence of cardiovascu-
lar events in the allopurinol group would be
25%. When planning our study, there were
few appropriate reports to predict the prog-
nostic effect of febuxostat on patients with
HF. However, White et al. reported a mul-
ticenter, double-blind trial using febuxostat
in patients with gout and cardiovascular
disease in 2018.%° In that study, the primary
endpoint, including cardiovascular death,
occurred in 10.8% of patients in the febuxo-
stat group during the median follow-up
period of 32 months. Therefore, the prog-
nosis prediction of 10% is considered valid
in the febuxostat group in this study. The
sample size was calculated based on these
hypotheses, and a two-sided test with a 0.05
significance level (=0.05, p=0.10) was
used. We set the sample size to 135 in the
febuxostat group and 120 in the allopurinol

group.

Statistical analysis

The results are expressed as the mean +
standard deviation, and skewed variables
are presented as the median and inter-
quartile range. A P value of less than 0.05
was considered statistically significant.
Significance between the two groups was
determined by an unpaired Student’s ¢-test
for continuous variables and a chi-square

test for discrete variables. The changes in
blood pressure, laboratory data, and echo-
cardiographic data between baseline and 3
years in each group were determined by a
paired z-test. If the data were not distribut-
ed normally, the Mann—Whitney U test was
used. Missing data were excluded from the
analysis. Kaplan—Meier survival curves
determined the time-dependent cumulative
event-free rates in patients between the allo-
purinol and febuxostat groups, and differ-
ences were compared by a log-rank test.
Statistical analyses were performed using
IBM SPSS Statistics for Windows, Version
24.0 (IBM Corp., Armonk, NY, USA).

Results

Comparisons of baseline clinical
characteristics between the allopurinol
and febuxostat groups

Two hundred and sixty-three patients were
enrolled in this study and randomly
assigned to allopurinol (n = 135) or febuxo-
stat (n=128) groups. Enrollment, random-
ization, and follow up were performed
according to the CONSORT guideline
(Figure 1).>> Comparisons of baseline clin-
ical characteristics, including age, sex, body
weight, HF severity defined according to
NYHA functional class, blood pressure,
comorbidities, HF etiologies, blood sam-
ples, echocardiographic data, and medica-
tions, between the allopurinol and
febuxostat groups are shown in Table 1.
There were no significant differences in
these data between the two groups. The
UA levels were 8.70+1.40 vs. 8.59+
1.39mg/dL in the allopurinol and febuxo-
stat groups, respectively. The median
plasma BNP levels were 95.8 vs. 129.3 pg/
mL, and the LVEDD and LVEF
were 49.84+8.7 vs. 504+87mm and
56.1% +14.3% vs. 53.4% +14.0% in the
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Enrollment and assessed for eligibility (n=297) ‘

Exclusion (n=34)

Not meeting inclusion criteria (n=19)
Declined to participate (n=5)
Physician’s decision (n=10)

| Randomization (263) |

I

Allopurinol (n=135) ‘

]

| Febuxostat (n=128)

Termination of follow-up before 3 years

Died for reasons other than cardiovascular disease (n=29)
Relocation (n=13), Attending physician’s decision (n=15)
Dropped-out by patient’s decision or unknown reason (n=28)
End of study period before 3-year follow up (n=38)

Follow-up analysis
after 3 years (n=67)

Follow-up analysis
after 3 years (n=73)

Figure |. Patient selection flowchart according to CONSORT guidelines in this study.

allopurinol and  febuxostat

respectively.

groups,

Comparisons of clinical characteristics
between the two groups at 3 years
dafter enrollment

The final results at 3 years after enrollment
are shown in Table 2. No significant differ-
ences were observed in HF severity, blood
samples, echocardiographic data, and UA
level (5.024+1.41 vs. 5.2041.09mg/dL)
between the allopurinol and febuxostat
groups. UA levels were significantly
decreased at 3 years compared with the
baseline in both groups (8.70+£1.40 to

5.02+1.41mg/dL  in the allopurinol
group, P<0.001; 8.59+1.39 to 520+
1.09mg/dL in the febuxostat group,

P <0.001).

Regarding the oxidative stress marker,
we measured the patient’s urine 8-OHdG
levels at 3 years after treatment. This level
was significantly lower in the febuxostat
group than in the allopurinol group

(11.0+£9.6 vs. 229+ 15.9ng/mL, P <0.001)
(Figure 2).

Prognostic analysis

There were 12 cardiovascular deaths,
including five cardiac deaths, and 37 hospi-
talizations due to worsening HF during the
follow-up period. Cardiovascular event-free
rates were not significantly different
between the allopurinol and febuxostat
groups (82.2% vs. 82.7%, respectively)
(Figure 3). There were five cardiovascular
deaths in the allopurinol group and seven in
the febuxostat group (no statistical signifi-
cance). However, the event-free rate of hos-
pitalization due to worsening HF tended to
be higher in the febuxostat group than in
the allopurinol group (89.0% vs. 83.0%,
P=0.055) (Figure 4).

We evaluated the clinical safety of allo-
purinol and febuxostat in both groups.
There were 10 adverse events requiring
study drug discontinuation (five in the allo-
purinol and five in the febuxostat group),



Suzuki et al.

Table |I. Comparisons of baseline clinical characteristics between the allopurinol and febuxostat groups.

Allopurinol Febuxostat
(n=135) (n=128) P value

Age (years) 71.0£13.2 71.0£13.2 0.996
Sex (Men, %) 85 (63.0) 90 (70.3) 0.207
Body weight (kg) 629+16.5 609+ 154 0.764
NYHA 1/i/nnv 82/48/5/0 64/5716/0 0311
Systolic BP (mmHg) 129.8 +24.0 124.6 + 184 0.059
Diastolic BP (mmHg) 735+ 16.9 71.9+£127 0414
Comorbidities (n, %)

Hypertension 102 (75.6) 89 (69.5) 0.273

Dyslipidemia 83 (61.5) 69 (53.9) 0.214

Diabetes mellitus 43 (31.9) 34 (26.6) 0.346

Atrial fibrillation 30 (22.2) 40 (31.3) 0.232
Etiologies of heart failure (n, %) 0.505

Ischemic heart disease 49 (36.3) 36 (28.1)

Dilated cardiomyopathy 14 (10.4) 16 (12.5)

Valvular heart disease 27 (20.0) 30 (23.4)

Hypertensive heart disease 29 (21.5) 23 (18.0)

Hypertrophic cardiomyopathy 6 (4.4) 11 (8.6)

Others 10 (7.4) 12 (9.4)
Blood sample data

Uric acid (mg/dL) 8.70 = 1.40 8.59£1.39 0.558

Blood urea nitrogen (mg/dL) 21.8+94 21.5+7.7 0.738

Serum creatinine (mg/dL) 1.15+0.42 1.134+0.30 0.555

Estimated GFR (mL/min/1.73 m?) 49.7+£182 50.1 +15.4 0.853

Serum sodium (mEq/L) 141.7£3.0 141.3£3.0 0314

Serum potassium (mEq/L) 4.36 +0.44 4.37+0.48 0.827

HbAlc (%) 6.16 £0.99 6.01 £0.70 0.212

LDL-cholesterol (mg/dL) 99.2+385 101.0+31.8 0.704

HDL-cholesterol (mg/dL) 51.3+£274 51.0+£242 0.950

Triglyceride (mg/dL) 142.9 £95.7 131.4+£78.0 0.321

BNP (pg/mL) 95.8 (222.5) 129.3 (233.7) 0.500
Echocardiographic data

IVST (mm) 11.0+25 I1.1+£33 0.866

LVEDD (mm) 49.8+87 504+87 0.584

LVEF (%) 56.1 £14.3 534+£14.0 0.123

TR-PG (mmHg) 25.7+10.2 279+10.8 0.163

IVC diameter (mm) 140+43 143146 0.612
Medication (n, %)

Diuretics 85 (63.0) 9l (71.1) 0.190

MRA 39 (28.9) 50 (39.1) 0.091

ACE inhibitor 39 (28.9) 42 (32.8) 0.507

ARB 69 (51.1) 61 (47.7) 0.575

B-blocker 103 (76.3) 101 (78.9) 0.346

NYHA, New York Heart Association classification; BP, blood pressure; GFR, glomerular filtration rate; HblAc, hemo-
globin 1Ac; LDL, low-density lipoprotein; HDL, high-density lipoprotein; BNP, B-type natriuretic peptide; IVST, inter-
ventricular septum thickness; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; TR-
PG, tricuspid regurgitation pressure gradient; IVC, inferior vena cava, MRA, mineralocorticoid receptor antagonist; ACE,

angiotensin-converting enzyme; ARB, angiotensin receptor blocker.
Skewed data are reported as median (inter-quartile range).
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Table 2. Comparisons of clinical characteristics between the allopurinol and febuxostat groups at 3 years.

Allopurinol Febuxostat
(n=135) (n=128) P value
NYHA I/1II/1I/IV 42/19/4/0 35/34/2/0 0.688
Systolic BP (mmHg) 1244+ 172 1232 +17.3 0.071
Blood samples data
Uric acid (mg/dL) 5.02+ 1.41% 5.20 + 1.09% 0.405
Blood urea nitrogen (mg/dL) 199+84 21.7+82 0.200
Serum creatinine (mg/dL) 1.1440.45 1.18+0.46 0.575
Estimated GFR (mL/min/1.73 m?) 51.3+21.0 49.6 £ 183 0.623
Serum sodium (mEg/L) 141.4+3.0 140.8 + 3.0 0.206
Serum potassium (mEg/L) 4.33 £0.55 4.32£0.50 0.908
HbAlc (%) 6.131+0.74 6.06 +0.79 0.621
LDL-cholesterol (mg/dL) 97.4+30.1 95.8+33.7 0.790
Triglyceride (mg/dL) 129.8 £ 60.9 151.6 £97.0 0.160
BNP (pg/mL) 66.9 (202.9) 75.8 (149.8) 0.528
Echocardiographic data
IVST (mm) 10.5+£2.1 10.3£26 0.629
LVEDD (mm) 479+87 50.6+7.4 0.073
LVEF (%) 608+ 11.5 58.0+ 12.6 0.204
TR-PG (mmHg) 2484103 23.7+8.9 0.609
IVC diameter (mm) 13.8+4.1 149 £5.1 0.194

NYHA, New York Heart Association classification; BP, blood pressure; GFR, glomerular filtration rate; HblAc, hemo-
globin | Ac; LDL, low-density lipoprotein; BNP, B-type natriuretic peptide; IVST, interventricular septum thickness; LVEDD,
left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; TR-PG, tricuspid regurgitation pressure

gradient; IVC, inferior vena cava.

Skewed data are reported as median (inter-quartile range).

#P <0.001 vs. uric acid level at baseline in each respective group.

and there was no statistical significance
between the two groups.

Comparisons based on left ventricular
systolic function

We divided all study patients into two
groups based on the LVEF: the HFpEF
(n=173) and HFrEF (n=286) groups.
Four patients were excluded because the
LVEF was not evaluated at baseline. The
HFpEF group included 94 patients treated
with allopurinol and 79 patients treated
with febuxostat, whereas the HFrEF
group included 40 patients who received
allopurinol and 46 patients who received
febuxostat. Baseline clinical characteristics
did not show significant differences between
the allopurinol and febuxostat groups in

patients with HFpEF or HFrEF. UA
levels were decreased in both HFpEF and
HFrEF groups at 3 years after enrollment,
but there were no significant differences
between the allopurinol and febuxostat
groups in patients with HFpEF (4.77+1.27
vs. 4.99 + 0.97mg/dL) or HFrEF (5.74+ 1.57
vs. 548+ 1.23mg/dL). Interestingly, the
urine 8-OHAG level at 3 years after enroll-
ment was significantly lower in the febuxostat
group than in the allopurinol group in
patients with HFpEF (10.9+8.9 vs. 24.1 +
15.6ng/mL, P <0.001) (Figure 5a); however,
there was no statistical significance between
these two groups in patients with
HFrEF (11.4+£10.5 vs. 17.94+12.2ng/mL)
(Figure 5b). Kaplan—Meier curves revealed
that the event-free rate of hospitalization
due to worsening HF was significantly



Suzuki et al.

(ng/mL)

P<0.001
40
30
20—
10—
0
Allopurinol Febuxostat

Figure 2. Comparison of urine 8-hydroxy-2'-
deoxyguanosine (8-OHdG) levels at 3 years
between the allopurinol (n= 135) and febuxostat
groups (n=128) (22.9£15.9 vs. 11.0 £9.6 ng/mL,
P <0.001). 8-OHdG levels were measured using a
commercially available enzyme-linked immunosor-
bent assay kit.

(%) 100
Febuxostat
80
2
o
g 60 - Allopurinol
=
-
5
Q404
]
20 log-rank
P=0.454
0 T T T T 1 (days)
250 500 750 1000 1250
No. of followed-up patients Time
Allopurinol 135 107 89 67
Febuxostat 128 M 89 73

Figure 3. Kaplan—Meier analyses for patients free
from cardiovascular events in the febuxostat and
allopurinol groups. During this study period, 12
cardiovascular deaths and 37 hospitalizations due
to worsening heart failure occurred. Numbers of
followed-up patients in respective groups were
indicated at the bottom of the figure.

9 -
(%) 100 Febuxostat

[
S
1

Allopurinol

@
[=}
1

Event-free rate
5
1

N
(=}

log-rank
P=0.055

0 T 1 (days)

T T T
250 500 750 1000 1250

No. of followed-up patients Time
Allopurinol 135 107 89 67
Febuxostat 128 111 89 73

Figure 4. Kaplan—Meier analyses for patients free
from hospitalization due to worsening heart failure
in the febuxostat and allopurinol groups. Numbers
of followed-up patients in respective groups were
indicated at the bottom of the figure.

higher in the febuxostat group than in the
allopurinol group for patients with HFpEF
(93.6% vs. 85.1%, P=0.037) (Figure 6a),
but there was no significant difference
between these two groups in patients with
HFrEF (80.4% vs. 77.5%) (Figure 6b).
Cardiovascular event-free rates did not
show a significant difference between the allo-
purinol and febuxostat groups in patients
with HFpEF (85.9% vs. 84.0%) or HFrEF
(78.3% vs. 77.5%).

Discussion

In the present multicenter, randomized con-
trolled trial, we demonstrated the clinical
safety and efficacy of febuxostat in patients
with HF and hyperuricemia compared with
allopurinol. Moreover, the rate of patients
free from hospitalization due to worsening
HF at 3 years tended to be higher, and the
oxidative stress marker level was signifi-
cantly lower in the febuxostat group than
in the allopurinol group.

Several studies have reported the associ-
ation between hyperuricemia and various
cardiovascular diseases. Large-scale studies
have revealed that the serum UA level was
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P=0.212
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HFpEF patients HFrEF patients

Figure 5. Comparison of urine 8-hydroxy-2’'-deoxyguanosine (8-OHdG) levels at 3 years between allo-
purinol and febuxostat users divided into two groups based on the left ventricular ejection fraction. 8-OHdG
levels were measured using a commercially available enzyme-linked immunosorbent assay kit. a) Heart failure
with preserved ejection fraction (HFpEF) (n=173) (24.1 £ 15.6 vs. 10.9 8.9 ng/mL, P <0.001). b) Heart
failure with reduced ejection fraction (HFrEF) (n=86) (17.9£12.2 vs. 1.4+ 10.5ng/mL, P=0.212).
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Figure 6. Kaplan—Meier analyses for patients free from hospitalization due to worsening heart failure in the
febuxostat and allopurinol groups. Numbers of followed-up patients in respective groups were indicated at
the bottom of the figure. (a) Heart failure with preserved ejection fraction (HFpEF) (log-rank, P =0.037).
(b) Heart failure with reduced ejection fraction (HFrEF) (log-rank, P =0.467).

an independent predictor of mortality in
patients with acute myocardial infarc-
tion.>**! In addition, an elevated UA level
is associated with low LVEF, stroke
volume, and cardiac output and cardiac
remodeling'>**2* and is a risk factor for
atrial fibrillation.** These hemodynamic

and electrophysiological influences on the
heart lead to HF, and several studies have
reported that a high UA level is a strong
and independent predictor of mortality in
patients with not only mild to moderate
chronic HF'"* but also acute HF.'**® In
particular, Anker et al. reported that the
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mortality risk increased 6.3- and 18.5-fold
in patients with HF with UA levels
>600 pmol/L and >800 umol/L, respective-
ly, compared with those with normal UA
levels (<400 pmol/L)."" Based on these
results, a reduction in UA levels may con-
tribute to the treatment of HF. According
to the study by Borghi et al. with a
mean age equivalent to our study, the
serum UA level is inversely related to EF
% 1in elderly male patients with HF, but
not in women.”’

Allopurinol is widely used to treat gout
or hyperuricemia, and a number of clinical
studies have reported the effects of allopu-
rinol in patients with cardiovascular dis-
ease, including HF. In a large-scale
clinical study targeting more than 2000
older adult patients with hypertension, allo-
purinol use was associated with lower rates
of cardiovascular events, particularly at
higher doses, compared with patients with-
out allopurinol.*® Another large-scale retro-
spective case-control analysis of over 25,000
patients with HF revealed that complica-
tions with gout were associated with an
increased risk of HF readmissions or
death, and continuous allopurinol use
(>30 days) improved outcomes in terms of
readmissions or death and all-cause mortal-
ity.>* However, a randomized controlled
trial in patients with symptomatic HF
with low LVEF and hyperuricemia
(EXACT-HF study) was unable to demon-
strate improvement in prognosis (decreased
rates of death or re-hospitalization due to
HF) in the allopurinol group compared
with the placebo group.!’

Febuxostat inhibits XO through a differ-
ent mechanism from allopurinol and was
approved in January 2011 in Japan for the
treatment of gout or hyperuricemia. Unlike
allopurinol, febuxostat does not inhibit
nucleic acid metabolizing enzymes other
than XO and is therefore recognized as a
selective XO inhibitor.***' The clinical use-
fulness of febuxostat has been widely

reported. Chronic kidney disease (CKD)
can worsen HF, and several randomized
trials have revealed that febuxostat sup-
presses the worsening of CKD compared
with placebo.**** Moreover, the clinical
significance of febuxostat compared with
allopurinol was investigated in patients
with cardiovascular disease in several stud-
ies. The NU-FLASH trial revealed that
febuxostat reduced the UA level, exhibited
a renoprotective effect, and suppressed oxi-
dative stress in patients with hyperuricemia
at high risk for cardiac surgery.'® The rela-
tionship between oxidative stress and wors-
ening HF is intricate. ROS act as signaling
molecules to trigger pro-inflammatory cyto-
kine production.* Several animal models
revealed that both increased oxidative
stress and reduced antioxidants, including
superoxide dismutase, catalase, and gluta-
thione peroxidase, are associated with the
worsening of HF.** Chronic release of
ROS and persistent inflammation lead to
cardiac hypertrophy, fibrotic changes, and
myocyte apoptosis.45

Regarding the comparison between allo-
purinol and febuxostat, a large-scale popu-
lation-based cohort study demonstrated
that febuxostat users had a significantly
higher risk of HF hospitalization and car-
diovascular deaths than allopurinol users,
and febuxostat increased the risk of adverse
cardiovascular events in a dose-dependent
manner.*® Moreover, the CARES trial was
conducted in a study population of over
6000 patients with gout and cardiovascular
disease who were randomly assigned to
receive febuxostat or allopurinol. In this
trial, febuxostat was non-superior to allo-
purinol in reducing the rates of adverse car-
diovascular events. In addition, all-cause
and cardiovascular mortalities were higher
in febuxostat users than in allopurinol
users.”’ In Japan, the FREED trial was
conducted in patients with hyperuricemia
at risk for cerebral, cardiovascular, or
renal disease who were randomly separated



12

Journal of International Medical Research

into febuxostat and non-febuxostat
groups.*” That trial reported significantly
lower incidences of primary composite
events, including cerebral, cardiovascular,
and renal events, and all-cause deaths in
the febuxostat group compared with the
non-febuxostat group.*’

The present study included patients with
HF and hyperuricemia in a stable condi-
tion, regardless of their hospitalization his-
tory, cardiac function, and HF etiologies.
Similar to the FREED trial, the present
trial was a multicenter, prospective, ran-
domized open-label study, and all partici-
pants were administered the UA-lowering
agents febuxostat or allopurinol. Both
groups in our study achieved a reduction
in UA levels, but the non-febuxostat
group (of which 27.2% received 100mg
allopurinol) in the FREED trial did not
achieve a significant reduction in UA
levels at the 3-year follow-up.*’ In the
FREED trial, compared with the non-
febuxostat group, the febuxostat group
showed a significantly lower primary com-
posite event rate, which included not only
HF re-hospitalization but also death due to
cerebral  or  cardiovascular  disease.
However, there was no significant differ-
ence in HF re-hospitalization alone between
the febuxostat group and the non-
febuxostat group in their study.*’ In the
present study, HF hospitalization occurred
in 23 patients in the allopurinol group
(17%) and 14 in the febuxostat group
(11%) over the 3-year follow-up period,
and these rates were comparably higher
than the rates of HF hospitalization in the
FREED trial (1.7% in the febuxostat group
and 2.3% in the non-febuxostat group).*’
In the present study, we were unable to
demonstrate a statistically significant supe-
riority of febuxostat to allopurinol regard-
ing the cardiovascular event-free rate
(Figure 3); however, the rate of patients
free from hospitalization due to worsening
HF tended to be higher in this group than

in the allopurinol group (Figure 4).
Moreover, we showed that the anti-
oxidative effect evaluated by urine 8-
OHAJG levels was superior in the febuxostat
group compared with the allopurinol group
(Figure 2). In addition, the reduction in the
oxidative stress marker and the superiority
of event-free from hospitalization due to
worsening HF in febuxostat users com-
pared with allopurinol users were remark-
able in the HFpEF group compared with
the HFrEF group (Figure 5 and 6).

There were also some limitations to our
study. In the present study, the UA-
lowering effect of febuxostat and allopuri-
nol might have been relatively mild because
the UA level was not reduced at 3 years in
either group. The target UA level was
<6mg/dL because it was considered rela-
tively easy to achieve by febuxostat or allo-
purinol administration. The rates of
patients with a UA level <6 mg/dL at the
3-year follow up were 82.2% in the febuxo-
stat group and 74.6% in the allopurinol
group. Moreover, the daily administration
dose of febuxostat was 10mg in 36.5%,
20mg in 44.6%, and 40mg in 18.9% of
patients. However, a previous study
reported that febuxostat increased the risk
of adverse cardiovascular events in a dose-
dependent manner,*® indicating that
increasing the drug dose might not lead to
a better prognosis. Second, the study drug
was randomly assigned but not in a blinded
manner. Therefore, the results of the pre-
sent study, including adverse events, might
have been biased due to the lack of blind-
ing. Third, we measured urine §-OHdG
levels at baseline, but there were a large
number of un-measurable samples.
Therefore, we could not obtain enough
data to compare these values at baseline
and 3 years after enrollment. Fourth, we
did not  evaluate  coronary  re-
vascularization therapy as a prognostic
event during the follow-up period. Fifth,
the number of study subjects in the current
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study was relatively small. Future research
will require a larger scale study to validate
the clinical usefulness of febuxostat com-
pared with allopurinol in Japan.

Conclusions

The present study indicated the clinical
characteristics and usefulness of febuxostat
compared with the current standard drug
allopurinol in patients with HF and
hyperuricemia.
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