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Abstract

Background Hyperuricemia has a close relationship with cardiovascular diseases including heart failure. However, it is
controversial whether xanthine oxidase inhibition has benefits for patients with chronic heart failure. We designed the Effect
of Xanthine Oxidase Inhibitor in Chronic Heart Failure Patients Complicated with Hyperuricemia study (Excited-UA study)
to compare the beneficial effects between a novel xanthine oxidoreductase inhibitor, topiroxostat, and a conventional agent,
allopurinol, in patients with chronic heart failure and hyperuricemia. We focus on serum N-terminal pro-brain natriuretic
peptide (NT-proBNP) level, echocardiography-based cardiac function, vascular endothelial function, renal function, inflam-
mation, and oxidative stress.

Methods The excited-UA is a prospective, randomized, open-label, blinded-endpoint clinical trial designed to prove our
hypothesis that topiroxostat is more effective than allopurinol in patients with chronic heart failure and hyperuricemia. A
total of 140 patients with chronic heart failure and hyperuricemia (plasma brain natriuretic peptide level >40 pg/mL and
serum uric acid level >7.0 mg/dL) are randomly assigned (ratio 1:1) into either the topiroxostat group (40—-160 mg/day)
or allopurinol group (100-300 mg/day), to achieve the target uric acid level of 6.0 mg/dL. According to the protocol, all
patients are followed up annually for 24 weeks. The primary endpoint is percent change in serum NT-proBNP level at 24
weeks from baseline.

Conclusions The Excited-UA study would provide novel evidence for the clinical relevancy of xanthine oxidoreductase
inhibitor treatment in patients with chronic heart failure and hyperuricemia.

Keywords Allopurinol - Chronic heart failure - Hyperuricemia - N-terminal pro-brain natriuretic peptide (NT-proBNP) -
Topiroxostat - Xanthine oxidase inhibitor

Introduction

Hyperuricemia has a close relationship with cardiovascu-
lar diseases and is an independent risk factor for these dis-
eases [1, 2]. There is considerable evidence showing that
an increased serum level of uric acid is an independent

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s10157-018-1599-6) contains
supplementary material, which is available to authorized users.

P4 Teruo Inoue
inouet@dokkyomed.ac.jp

Extended author information available on the last page of the article

atherogenic risk factor [3]. In addition to atherosclerotic
risk, hyperuricemia has been a focus regarding its relation-
ship with heart failure. The incidence of hyperuricemia is
high in patients with chronic heart failure and is a predictive
factor for prognosis in these patients [4, 5]. Thus, uricemic
control would be an important target to treat in patients with
chronic heart failure and hyperuricemia. Nevertheless, it is
still controversial whether xanthine oxidase inhibition has
benefits in these patients.

A novel nonpurine selective inhibitor of xanthine oxi-
doreductase, topiroxostat, which has been developed as a
potential alternative to a conventional xanthine oxidoreduc-
tase inhibitor, allopurinol, effectively reduces serum uric
acid level in patients with hyperuricemia with or without
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gout. Unlike allopurinol, topiroxostat has shown renopro-
tective effects as demonstrated by the reduction of urinary
albumin excretion, and thus can also be used without dose
reduction in patients with mild to moderate renal dysfunc-
tion [6]. In addition, it is also suggested that topiroxostat
ameliorates impaired vascular endothelial function beyond
the uric acid lowering action [7]. These pharmacological
actions of topiroxostat lead us to the hypothesis that this
drug could have superior effects to allopurinol for patients
with chronic heart failure and hyperuricemia.

We designed the Effect of Xanthine Oxidase Inhibitor
in Chronic Heart Failure Patients Complicated with Hyper-
uricemia study (Excited-UA study) to investigate the ben-
eficial effects of topiroxostat for patients with chronic heart
failure and hyperuricemia, and compare them with those
of allopurinol. We focused on serum N-terminal pro-brain
natriuretic peptide (NT-proBNP) level, echocardiography-
based cardiac function, vascular endothelial function, renal
function, inflammation, and oxidative stress.

Methods
Study overview and design

The Excited-UA is a prospective, randomized, open-label,
blinded-end-point clinical trial designed to prove our
hypothesis that topiroxostat is more effective in patients
with chronic heart failure and hyperuricemia than allopu-
rinol, using serum NT-proBNP level as a landmark. Eli-
gible patients, recruited from 4 centers (Dokkyo Medical

Table 1 Inclusion and exclusion criteria

University Hospital, National Hospital Organization Tochigi
Medical Center, Tochigi Medical Center Tochinoki, and
Yuai Memorial Hospital) are randomly assigned (ratio 1:1)
into either the topiroxostat group (40—160 mg/day) or allopu-
rinol group (100-300 mg/day) to achieve the target uric acid
level of 6.0 mg/dL. According to the protocol, all patients
are followed up annually for 24 weeks. Trial design is shown
in Fig. 1.

Study population

A total of 140 patients with chronic heart failure and hyper-
uricemia are scheduled to be enrolled from December
2015 to April 2018 and will be followed-up for 24 weeks.
Prior to the assessment of eligibility, every participant is
required to receive an adequate explanation based on the
study plan and written informed consent is obtained from
each patient. Detailed inclusion and exclusion criteria are
listed in Table 1. In brief, eligible patients are aged >20 and
< 85 years and have chronic heart failure, defined as plasma
brain natriuretic peptide (BNP) level >40 pg/mL [8], and
hyperuricemia, defined as serum uric acid level >7.0 mg/
dL [9] and receiving no antihyperuricemic agents within 4
weeks of participation.

Registration and randomization

In this study, registration and randomization of the patients
are performed using the electric data capturing (EDC) sys-
tem. The investigators input the patient information nec-
essary for randomization into the EDC system, and then

Inclusion criteria
Aged > 20 years and <85 years

Chronic heart failure (plasma BNP level >40 pg/mL, based on the definition of the Japanese Heart Failure Society) and hyperuricemia (serum

uric acid level >7.0 mg/dL)

Treatment with no anti-hyperuricemic agents within 4 weeks before confirmation of the eligibility criteria

Providing written informed consent to participate in the study
Exclusion criteria

History of hypersensitivity for target drugs

Treatment with mercaptopurine hydrate or azathioprine

Serious hepatic dysfunction (AST or ALT >2 times the upper limit of the institutional standard value)

Complication such as serious liver diseases, malignancies, active infectious or inflammatory diseases

Gouty tophus or subjective symptoms of gout arthritis within 2 weeks before confirmation of the eligibility criteria

Diagnosis of or treated for renal stone
eGFR < 30 mL/min/1.73 m?
Hemodialysis

Acute heart failure

Pregnancy, possible pregnancy, lactation or intention to become pregnant during participation in the study

Judgement of inappropriate inclusion by the attending physicians due for other reasons

BNP brain natriuretic peptide, AST aspartate transaminase, ALT alanine aminotransferase, eGFR estimated glomerular filtration rate
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confirmed randomization results and central registration
numbers to discriminate the study participants. Randomi-
zation is performed using a minimization method with a
biased-coin assignment balancing on plasma BNP level at
registration (<200, > 200 pg/mL) and echocardiography-
based left ventricular ejection fraction (<45, > 45%).

Dose setting/prohibited drugs for combined use

The usual daily dosage of topiroxostat and allopurinol are
40-160 and 100-300 mg. respectively, in Japan. Thus, par-
ticipants assigned to the topiroxostat group receive topirox-
ostat at an initial dose of 40 mg/day; the dose was increased
to 160 mg/day every 4 weeks to achieve the appropriate uric
acid level of 6.0 mg/dL. Patients assigned to the allopurinol
group receive allopurinol at an initial dose of 100 mg/day.
Of these patients; patients with renal dysfunction (estimated
glomerular filtration rate: eGFR <50 mL/min/1.73 m? [10]
or creatinine clearance: CCr <50 mL/min) receive a fixed
dose of 100 mg/day during the observation period. Con-
versely, in patients without renal dysfunction, the dose of
allopurinol was increased to 300 mg/day every 4 weeks to
achieve the target uric acid level of 6.0 mg/dL. If the uric
acid level decreased to <2.0 mg/dL during the study inter-
val, the dose of each agent is reduced to the previous dose
(20 mg/day reduction in topiroxostat and 50 mg/day reduc-
tion in allopurinol).

Prohibited concomitant drugs include allopurinol in the
topiroxostat group and topiroxostat in the allopurinol group.
In both groups, uricosuric drugs such as benzbromarone,
probenecid, and bucolome, drugs for improving acidemia
such as potassium citrates-sodium citrate hydrate, anti-
tuberculosis agents/ immunosuppressive agents potentially
affecting uric acid level such as pyradinamide, ethambutol,
mizoribine, and ciclosporin, and drugs potentially interact-
ing with topiroxostat or allopurinol such as mercaptopurine
azathioprine, xanthine agents, eplerenone. or sodium glu-
cose co-transporter 2 inhibitors are also prohibited (Table 2).

Observations/measurements

Detailed items for observations or measurements are
shown in additional file 1. Baseline characteristics are
screened prior to randomization. Specific biomarkers as
below were collectively measured in core laboratories.
NT-proBNP determinations are performed within one
run, using a Roche Diagnostic NT-proBNP electrochemi-
luminescent immunoassay kit on a Elecsys 2010 analyser
(Roche Diagnostics, Mannheim, Germany) according to
the manufacturer’s recommendations. The intra-assay
variability of the NT-proBNP test was 3.9% [11]. Urinary

Table 2 Prohibited concomitant agents

Anti-hyperuricemic agents

Uricosuric agents (benzbromarone, probenecid, bucolome)
Xanthine oxidoreductase inhibitors
Topiroxostat group: allopurinol, febuxostat
Allopurinol group: topiroxostat, febuxostat
Antiaciduric agents (potassium citrate-sodium citrate hydrate)
Anti-tuberculosis agents potentially affecting serum uric acid level
Pyradinamide
Ethambutol
Immunosuppressive agents potentially affecting serum uric acid level
Mizoribine
Ciclosporin
Drugs possibly interacting with the target agents
Mercaptopurine, azathioprine
Xanthine agents (theophylline, etc)
Eplerenone
SGLT?2 inhibitors

SGLT2 sodium glucose co-transporter 2

liver-type fatty acid binding protein (L-FABP) level and
urinary albumin excretion are measured for the assessment
of renal function. Oxidative stress is assessed by reactive
oxygen metabolites (d-ROM) and biological anti-oxidant
potential (BAP) tests as well as urinary 8-hydroxy-2'-
deoxyguanosine (8-OHdG) level. Multiple cytokine
assay is conducted as per the manufacturer’s instructions
(Luminex Corp., Austin, TX), using a commercially avail-
able kit (BioSource International, Inc., Camarillo, CA).
The results of these biomarkers are not disclosed until
the end of follow-up period. Using echocardiography, we
measure the following parameters: left ventricular ejection
fraction (LVEF: modified Simpson method), left ventricu-
lar end-diastolic dimension (LVDA), left ventricular end-
systolic dimension (LVDs), left atrial dimension (LAD),
tricuspid pressure gradient (TRPG) inferior vena cava
dimension (IVCD), peak early diastolic flow velocity (E),
E-wave deceleration time (DT), peak atrial systolic flow
velocity (A), early diastolic mitral annular velocity (e'),
and the E to e’ ratio (E/e"). These parameters were evalu-
ated by recording 3 cardiac cycles under stable conditions
and the mean of the measurements was used for analysis.
Vascular endothelial function is assessed by measurement
of brachial artery flow-mediated dilation (FMD) ultrasoni-
cally using an automatic measurement system (UNEXEF
38G; Unex Co. Ltd., Nagoya, Japan) according to the
standard protocol described in the guidelines [12] and Jap-
anese guidelines of the Vascular Failure Working Group
[13], and/or reactive hyperemia peripheral arterial tonom-
etry (RH-PAT) using an EndoPAT 2000 device (Itamar
Medical, Caesarea, Israel), as described previously [14].
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Fig. 1 Trial design
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Study endpoint

The primary endpoint is percent change in serum NT-
proBNP level at 24 weeks from baseline. The secondary
end points are as follows: (1) percent change in serum NT-
proBNP level at 12 weeks from baseline; (2) percent change
in plasma BNP level at 12 and 24 weeks from baseline; (3)
correlation between the percent change at 24 weeks in the
NT-proBNP level and that in the BNP level; (4) change in
FMD and RH-PAT values at 24 weeks from baseline; (5)
correlation between the change amount at 24 weeks in the
FMD value and that in the RH-PAT value; (6) change in
serum uric acid level at 24 weeks from baseline; (7) change
amounts and percent changes of specific biomarker values
at 24 weeks from baseline; (8) change in echocardiographic
parameter values at 24 weeks from baseline. In addition, as
safety endpoints, we assess the frequency and proportion of
adverse events such as gout arthritis and hepatic dysfunction.

Data and safety monitoring

The data and safety monitoring board blinded to study allo-
cation also independently evaluate the safety of the whole

trial. They assess the necessity for revision of trial design
and the validity for continuance of trial entry, and recom-
mend such issues to the chief investigator, if needed. The
withdrawal or dropout criteria are listed in Table 3.

Sample size determination

A prior study demonstrated that topiroxostat treat-
ment reduced plasma BNP level from 369.8 +289.1 to
224.4+141.9 pg/mL in patients with chronic heart failure
and hyperuricemia [15], while several studies indicated
that BNP or NT-proBNP did not change after allopurinol
treatment [16—18]. In the present study, we converted the
data of BNP values in these reports into the NT-proBNP
values as reference values. Consequently, we assumed for
percent change of NT-proBNP level that the average is
—39.0+75.0% in the topiroxostat group and assumed no
change in the allopurinol group each in both groups. Based
on these assumptions, the number of participants needed to
detect statistical significance of topiroxostat is 60 patients
per group to yield 80% power with a two-sided significance
level of 5%. In consideration of dropout, the target sample

Table 3 Withdrawal/dropout

criteria Hospitalization

Offer to discontinue or to retract agreement for participation by participants or their families

Considered inappropriate to continue the study by investigators due to aggravation of primary disease or

complications

Considered inappropriate to continue the study by investigators due to adverse side effects of the target

agents

Considered inappropriate to continue the study by investigators due to another reason

Hospital visits impossible due to moving or other reasons
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size was finally estimated to be a total of 140 patients, with
70 patients per group.

Statistical analyses

Statistical analyses and reporting of this trial will be con-
ducted in accordance with the Consolidated Standards of
Reporting Trials statement guidelines. The primary analyses
performed in the full analysis set (FAS) include all partici-
pants except for the patients who rescind consent to the trial
or are registered outside the contract period. For the base-
line variables, summary statistics will be constructed using
frequencies and proportions for categorical data, and means
and standard deviations for continuous variables. Patient
characteristics will be compared using Chi-square test or
Fisher’s exact test for categorical outcomes, and unpaired
Student’s ¢ test or Wilcoxon rank-sum test for continuous
variables, as appropriate, between the two study groups. For
the primary analysis comparing treatment effects between
the treatment groups, the baseline-adjusted means and their
95% confidence intervals will be estimated by analysis of
covariance adjusted for the allocation factors, such as plasma
BNP level (<200, > 200 pg/mL) and echocardiography-
based left ventricular ejection fraction (<45, > 45%) at the
time of screening.

Regarding the analysis of primary endpoints, percent
change in serum NT-proBNP level at 24 weeks from base-
line is calculated for each group, and the difference between
the two study groups is analyzed, using the unpaired 7 test or
Wilcoxon rank-sum test. The proportion of patients achiev-
ing at least 30% reduction of NT-proBNP level is compared
between the two study groups, based on a previous litera-
ture [19], using the Chi-square test or Fisher’s exact test.
Regarding the secondary endpoints, continuous variables are
analyzed using paired ¢ test or Wilcoxon signed-rank test for
intra-group comparison and inter-group comparisons and
unpaired ¢ test or Wilcoxon rank-sum test for inter-group
comparison. The Chi-square test (if necessary, Fisher’s
exact test) is performed to compare the categorical variables
including frequency of adverse effects between groups. For
correlation analyses, Pearson’s product-moment correla-
tion coefficient or Spearman’s rank-correlation coefficient
is calculated to assess its significance. All comparisons
have been planned, and all P values will be two-sided. P
values < 0.05 will be considered statistically significant. All
statistical analyses will be performed using SAS V.9.4, and
are described in the statistical analysis plan, which will be
fixed prior to database lock.

Trial organization and oversight

Details of trial organization are shown in Additional file 2.
The principal investigators of the Excited-UA trial are Teruo

Inoue (chief investigator) and Masashi Sakuma (central com-
mittee member) of the Department of Cardiovascular Medi-
cine, Dokkyo Medical University. The Steering Committee
will carry out planning, operating, analyzing, and presenta-
tion of the trial. An independent data and safety monitor-
ing board will evaluate safety during the study period. The
trial secretariat is in a contact research organization (Soiken,
Inc., Osaka, Japan). Data management, monitoring, statisti-
cal analyses, and audit will be independently implemented
on the basis of outsourcing agreement.

Study progress and current status

The end of the recruitment period was initially set at October
2017; however, this has been extended to April 2018 due to
a shortage of study participants. At present (3 November
2017), a total of 118 patients have been recruited into the
study.

Discussion

The Excited-UA study is an ongoing, multicenter, prospec-
tive, randomized, investigator-initiated clinical trial aimed
at testing the effects of treatment with topiroxostat for 24
weeks in patients with chronic heart failure and hyperurice-
mia, and compares them with those of allopurinol treatment
for 24 weeks. The primary endpoint is percent change in
serum NT-proBNP level at 24 weeks from baseline. The
NT-proBNP level is collectively measured in a core labo-
ratory and its values are not disclosed until the end of fol-
low-up period, so the blinded-end-point fashion would be
guaranteed.

It has been demonstrated that hyperuricemia has a close
relationship with cardiovascular diseases, including chronic
heart failure [1, 2]. Sakai et al. [20] demonstrated that hyper-
uricemia is a prognostic predictor independent of plasma
BNP level in patients with chronic heart failure and that high
level of the plasma uric acid was in part derived from secre-
tion from the failing heart. Krishnan et al. [21] observed in
the Framingham Offspring Cohort that serum uric acid level
was associated with echocardiographic abnormalities repre-
senting left ventricular hypertrophy as well as left ventricu-
lar dysfunction. In addition, Fujimura et al. [22] observed
that left ventricular hypertrophy, low left ventricular ejection
fraction, and increased plasma BNP level were associated
with plasma xanthine oxidoreductase level among various
patients with heart disease. As mentioned above, growing
evidence indicates that hyperuricemia and xanthine oxidore-
ductase is important in the risk of heart failure. Neverthe-
less, the effects of uric acid lowering therapy with xanthine
oxidase inhibition for patients with heart failure are contro-
versial. Erdogan et al. [23] observed that 3-month treatment
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with allopurinol was associated with improvement of coro-
nary flow reserve and left ventricular function in patients
with dilated cardiomyopathy and hyperuricemia. Xiao J
et al. [24] demonstrated that 3-month allopurinol treatment
resulted in an increase in FMD of the brachial artery and that
echocardiographic cardiac function parameters improved
after 6-month treatment in non-hyperuricemic patients
with chronic heart failure. In contrast, the xanthine oxidase
inhibition for patients with hyperuricemia and heart failure
(EXACT-HF) study results indicated that allopurinol failed
to improve clinical status, exercise capacity, quality of life,
or left ventricular ejection fraction in high-risk patients with
heart failure with reduced ejection fraction and elevated uric
acid levels [20].

Recently, novel inhibitors of xanthine oxidoreductase
such as febuxostat or topiroxostat have been developed.
Compared to allopurinol, febuxostat can be administered to
patients with mild to moderately impaired renal function
because of its dual excretion pathway [25]. Febuxostat is
widely used in patients with hyperuricemia and has superior
anti-atherosclerotic effects, compared to allopurinol [26].
From such backgrounds, a study to evaluate the effects of
febuxostat on ultrasonography-based intima-media thickness
of the carotid artery, as a surrogate marker of cardiovas-
cular disease risk, in patients with hyperuricemia is now
ongoing [27]. Conversely, topiroxostat is characterized by
its renoprotective effects as demonstrated by the reduction of
urinary albumin excretion [6]. Kawamorita et al. [28] dem-
onstrated that the renoprotective effects of topiroxostat could
be attributed to its potential anti-oxidative action as dem-
onstrated by inhibiting nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase in concert with suppression
of intracellular uric acid production. In addition, it is also
suggested that topiroxostat improves vascular endothelial
function [7]. Recently, Kuki et al. [15] demonstrated that
topiroxostat reduced not only serum uric acid level, but also
urinary albumin excretion, serum hsCRP level, and plasma
BNP level in patients with hyperuricemia at high risk for
cardiovascular diseases. Our hypothesis that topiroxostat
would be effective in chronic heart failure is based on these
pleiotropic pharmacological actions, especially BNP reduc-
tion, of topiroxostat.

In the Excited-UA study, chronic heart failure and hyper-
uricemia were defined as a plasma BNP level > 40 pg/mL
and serum uric acid level > 7.0 mg/dL, respectively. Thus,
this trial includes patients with very mild heart failure and
those with very mild hyperuricemia, based on our hypoth-
esis that early and aggressive intervention to hyperuricemia
would prevent a progression of heart failure. In this trial,
we measure various echocardiographic parameters includ-
ing left ventricular diastolic as well as systolic functions
to assess the effects of xanthine oxidoreductase inhibitors
on cardiac function. It has been suggested that systemic
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inflammation, oxidative stress, and vascular endothelial
dysfunction play a pivotal role in pathophysiology of heart
failure [29-31]. If topiroxostat has anti-inflammatory, anti-
oxidative, and vascular protective actions, it would provide
beneficial effects in the pathophysiology of heart failure.
Thus, in the Excited-UA trial, we measure serum levels of
inflammatory biomarkers such as hsCRP and inflammatory
cytokines. For assessment of oxidative stress state, the urine
level of 8-OHAG is measured, and d-ROM and BAP tests are
performed. These biomarkers are assessed as the second-
ary endpoints. Chronic heart failure is often complicated
with renal dysfunction. Existence of chronic kidney disease
independently predict prognosis of heart failure. Cardiac and
renal diseases share several common pathways, including
inflammation, neuro-hormonal responses, metabolic and
nutritional changes, and hemodynamic, acid-base or fluid
statuses. Therefore, a concept as the cardio-renal syndrome
has been proposed [32]. BNP and NT-proBNP are both
established markers of prognosis and diagnosis in chronic
heart failure. NT-proBNP is considered to be affected more
by renal function than BNP [33], and, thus, may comprehen-
sively reflect cardiac and renal functions. In the Excited-UA
trial, we selected serum NT-proBNP level as a marker for
the primary endpoint decision, although the definition of
chronic heart failure in the patient inclusion criteria is based
on plasma BNP level. Since topiroxostat has renoprotective
effects, it would be rational that we assess both cardiac and
renal effects in the pathophysiology of heart failure using
NT-proBNP level, but not BNP level. In addition, BNP is
affected in-vivo by degradation via neutral endopeptidase
and endocytosis via clearance receptor, but NT-proBNP is
not. Therefore, the NT-proBNP level shows longer half-life,
and thus, may be more accurate biomarker for heart failure,
compared with the BNP [34]. Actually, the NT-proBNP has
been adopted as a study endpoint biomarker in a number of
clinical trials for heart failure [19, 35]. In this trial, urine
L-FABP level and urinary albumin excretion are simultane-
ously measured for the assessment of renal function. Finally,
in the Excited-UA trial, we also assess xanthine oxidore-
ductase activity. It would also be promising to determine
if the change in various echocardiographic parameters and
biomarkers in the pathophysiology of heart failure after
treatment with xanthine oxidoreductase inhibitors depends
on xanthine oxidoreductase activity.

Conclusions

We designed the Excited-UA study to investigate the effects
of topiroxostat for patients with chronic heart failure and
hyperuricemia, and compare them with those of allopurinol.
We focused on serum NT-proBNP level, echocardiography-
based cardiac function, vascular endothelial function, renal
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function, inflammation, and oxidative stress. This trial would
provide novel evidence for the clinical relevancy of xanthine
oxidoreductase inhibitor treatment in patients with chronic
heart failure and hyperuricemia.
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