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ABSTRACT

Introduction: This 24-week randomized, dou-
ble-blind, non-inferiority study compared the
efficacy and safety of febuxostat, a xanthine
oxidase inhibitor, with allopurinol using an up-
titration method in hyperuricemic Chinese
subjects with or without gout.
Methods: Eligible adults (serum uric acid
[SUA][ 7.0 mg/dl with a history of gout,
SUA C 8.0 mg/dl with complications or
SUA C 9.0 mg/dl without complications) were

randomized (1:1:1) to febuxostat 40 mg/day,
80 mg/day, or allopurinol 300 mg/day. Starting
doses of febuxostat 20 mg/day and allopurinol
100 mg/day were up-titrated, up to 16 weeks, to
the randomized doses and maintained to week
24. Primary endpoint was non-inferiority of
febuxostat 40 mg/day versus allopurinol
300 mg/day based on the percentage of subjects
with SUA B 6.0 mg/dl at week 24. The same
comparison was made between febuxostat
60 mg/day or 80 mg/day versus allopurinol
300 mg/day. Safety assessments included mea-
surement of treatment-emergent adverse events
(TEAEs).
Results: The per-protocol population com-
prised 472 subjects. Non-inferiority of febux-
ostat 40 mg/day versus allopurinol 300 mg/day
was not demonstrated based on the protocol-
defined margin of - 10% (44.7 vs. 50.0%;
- 5.3% difference; 95% confidence interval
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[CI]: - 16.4%, 5.8%); however, superiority over
allopurinol 300 mg/day was demonstrated for
febuxostat 60 mg/day at week 16 (66.3 vs.
51.2%; a 15.0% difference; 95% CI: 4.2%,
25.9%) and febuxostat 80 mg/day at week 24
(70.0 vs. 50.0%; a 20.0% difference; 95% CI:
9.3%, 30.7%). The frequency of TEAEs was
similar across groups, with gout flares occurring
frequently.
Conclusions: Using a novel dose-titration
method, although the primary endpoint of
non-inferiority of febuxostat 40 mg/day versus
allopurinol 300 mg/day was not reached, non-
inferiority and superiority of febuxostat
60 mg/day and 80 mg/day versus allopurinol
300 mg/day was demonstrated at weeks 16 and
24, respectively. Febuxostat demonstrated an
acceptable tolerability profile in the treatment
of hyperuricemia in Chinese subjects with or
without gout.
Trial Registration: JapicCTI-132106.
Funding: Astellas Pharma Global Development,
Inc.

Keywords: Febuxostat; Gout; Hyperuricemia;
Xanthine oxidase inhibitor

INTRODUCTION

The global prevalence of hyperuricemia, defined
as serum uric acid (SUA) levels of C 6.8 mg/dl in

the extracellular fluid, has increased over the
past few decades; it continues to rise in devel-
oped countries such as the United States
(21.2–21.6%) and in rapidly developing coun-
tries such as China (13.3%), where major shifts
in lifestyle and diet have occurred over the past
two decades [1–4]. Prolonged hyperuricemia
can lead to the development of gout, mani-
festing as the deposition of monosodium urate
crystals in and around the joints [5] and is
associated with the development of metabolic
syndrome components such as obesity, hyper-
tension, diabetes, and dyslipidemia [6–8]. In
addition, gout often causes severe pain that may
lead to substantial morbidity [4], meaning that
effective treatments are warranted.

Currently, gout management aims to reduce
SUA levels to B 6.0 mg/dl to prevent the depo-
sition of monosodium urate crystals in and
around the joints [9, 10]. Approved SUA-lower-
ing treatments include xanthine oxidase inhi-
bitors, such as allopurinol, which has been
widely used for the treatment of gout since the
1960s [11–13], in combination with low-dose,
daily colchicine for the prophylaxis of flares
[14]. However, treatment with allopurinol is
associated with a risk of hypersensitivity syn-
drome, including toxic epidermal necrolysis
and Stevens–Johnson syndrome [15, 16]. Other
studies have demonstrated that these hyper-
sensitivity syndromes have a strong association
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with the HLA-B*58:01 allele, a genetic variant
frequently observed in Asian populations [17].

Febuxostat is a more recently developed non-
purine xanthine oxidase inhibitor approved for
the treatment of subjects with hyperuricemia
and/or gout [18]. In numerous randomized,
controlled, phase 3 studies, febuxostat demon-
strated superior efficacy for reducing SUA levels
to B 6.0 mg/dl compared with allopurinol
300 mg/day, with a comparable tolerability
profile [19–24]. In Chinese subjects, the efficacy
and safety of febuxostat compared with allop-
urinol has been studied [22–24]. One of these
studies in Chinese subjects assessed febuxostat
40 mg/day and 80 mg/day versus allopurinol
300 mg/day over 52 weeks (prophylaxis for gout
flares was allowed) [22]. The study achieved the
primary endpoint of SUA\6.0 mg/dl at the last
three visits in a significantly greater number of
subjects in the febuxostat 80 mg/day group
(p\ 0.001) compared with the allopurinol
300 mg/day group, but not in the febuxostat
40 mg/day group (p = 0.216) [22]. Another
study in Chinese subjects assessed febuxostat
40 mg/day and 80 mg/day versus allopurinol
300 mg/day over 28 weeks (prophylaxis for gout
flares was allowed during weeks 1–8) [24]. The
study achieved the primary endpoint of
SUA\6.0 mg/dl at the last three monthly
measurements in a significantly greater number
of subjects in the febuxostat 80 mg/day group
(p\ 0.0001) compared with the allopurinol
300 mg/day group, and the febuxostat
40 mg/day group was non-inferior to the allop-
urinol 300 mg/day group [24]. However, in a
study of the cardiovascular safety of febuxostat
40 mg/day and 80 mg/day versus allopurinol
300–600 mg, febuxostat was associated with a
significant increased risk of death from any
cause (p = 0.04) and cardiovascular death
(p = 0.03) [25].

Our phase 3, randomized, double-blind,
non-inferiority study aimed to contribute to the
evidence base by investigating the efficacy and
safety of febuxostat at daily doses of 40, 60, and
80 mg/day, compared with allopurinol
300 mg/day, over 24 weeks in hyperuricemic
Chinese subjects with or without gout.

METHODS

Study Design

This 24-week, phase 3, multicenter, random-
ized, double-blind, double-dummy, active-con-
trolled, three-arm, parallel-group, non-
inferiority study assessed the efficacy and safety
of once-daily oral febuxostat (40 mg/day or
80 mg/day) compared with allopurinol
300 mg/day in reducing SUA levels in adults
from China with hyperuricemia with or without
gout (trial registration number JapicCTI-
132106). The study included a screening period
of at least 2 weeks, followed by a double-blind
treatment phase of 24 weeks and a safety follow-
up phase of 2 weeks (Fig. 1).

At randomization (day - 1), subjects were
assigned to one of three treatment groups in a
1:1:1 ratio: febuxostat 40 mg/day, febuxostat
80 mg/day, or allopurinol 300 mg/day. Subjects
were randomized using an interactive web
response system (IWRS) and were stratified by
screening SUA level (\9.0 mg/dl, C 9.0 mg/dl
to\10.0 mg/dl and C 10.0 mg/dl) and study
center. Authorized personnel at each study
center received a unique identity number and
personal identification number for use with the
IWRS to ensure secure and controlled access to
the system to record which treatment group
each subject was randomized to. The treatment
that each subject received was not disclosed to
investigators, site staff, subjects, the sponsor or
their representatives until after the study data-
base had been formally locked. The appearance
of study medications and placebo were
identical.

Rapid reductions in SUA levels during treat-
ment initiation with SUA-reducing drugs are
associated with acute gout flares. To avoid such
flares, doses were gradually increased from ini-
tial to target doses of febuxostat and allopuri-
nol. For both febuxostat dose groups, treatment
was initiated at 20 mg/day on day 1 and was up-
titrated to 40 mg/day on week 5. For the
febuxostat 80 mg/day group, the dose was then
further up-titrated to 60 mg/day on week 9 and
to 80 mg/day on week 17. Allopurinol was ini-
tiated at 100 mg/day on day 1, increased to
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200 mg/day on week 3, and to 300 mg/day on
week 5 (Fig. 1). Treatment compliance was ver-
ified by tablet count at each study visit. Subjects
who had taken\80% or[120% of the
required number of tablets were considered
non-compliant.

The study was conducted at 14 sites in China
between April 2013 and January 2015. Ethical
approval was obtained from the Independent
Ethics Committees (IEC) from each study site
(Supplementary Table 1) and all subjects pro-
vided written informed consent prior to ran-
domization. The master IEC was Peking Union
Medical College Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical
College, Beijing, China. The study was con-
ducted in accordance with the Declaration of
Helsinki on Ethical Principles, applicable pro-
visions in Good Clinical Practice, and applicable

drug and data protection laws and regulations
in China.

Subjects

Eligible subjects were men or women aged
between 18 and 85 years, with SUA levels
of[ 7.0 mg/dl with a history of gout, SUA levels
of C 8.0 mg/dl with complications (defined as a
need for pharmacologic or other treatment for
lithangiuria, hypertension, hyperlipidemia, or
abnormal glucose tolerance) or SUA levels
of C 9.0 mg/dl without complications.

Subjects were excluded if they: reported an
acute attack of gouty arthritis at the screening
visit or the randomization visit (day - 1) or if
they had recovered for less than 2 weeks from a
previous gouty arthritis attack; had been rou-
tinely receiving non-steroidal anti-

Fig. 1 Study design and dose-titration scheme for febux-
ostat 40 mg/day, 80 mg/day, and allopurinol 300 mg/day
groups. The study included a screening phase, a double-
blind randomized treatment phase (including a dose-
titration period and a dose maintenance period, totaling
24 weeks) and a safety follow-up phase (2 weeks). After the

screening phase, subjects were randomized into a 24-week
treatment phase in which febuxostat and allopurinol were
gradually up-titrated to the randomized dose; this was
followed-up with a 2-week safety phase. The last visit was
an end-of-treatment visit or an early termination visit
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inflammatory drugs or corticosteroids (not
including topical application) for a disease
other than gouty arthritis; had a medical con-
dition that would interfere with treatment,
safety, or adherence to the protocol; were
pregnant or lactating; had a history of drug-in-
duced allergy or hypersensitivity; had renal
dysfunction (serum creatinine C 1.5 mg/dl or
133 lmol/l); had severe hypertension (systolic
blood pressure C 180 mmHg or diastolic blood
pressure C 110 mmHg) or blood pressure that
was not well controlled with antihypertensive
agents; or had received any investigational
product within 90 days prior to the start of
screening. Subjects were prohibited from taking
any uric acid-reducing medication or any drugs
for the prophylaxis of gout flares, such as col-
chicine, during the study. Subjects who took
one or more prohibited medications during the
2 weeks prior to providing informed consent
underwent a washout period of at least 2 weeks
prior to randomization (Fig. 1).

Endpoints

The assessment of efficacy was based on cen-
tralized measures of SUA levels in blood samples
taken at baseline and after 2, 4, 8, 12, 16, 20,
and 24 weeks of treatment. The primary efficacy
endpoint was non-inferiority of febuxostat
40 mg/day versus allopurinol 300 mg/day based
on the percentage of subjects with
SUA B 6.0 mg/dl at week 24. Key secondary
efficacy endpoints were non-inferiority of
febuxostat 60 mg/day (at week 16) and
80 mg/day (at week 24) versus allopurinol
300 mg/day based on the percentage of subjects
with SUA B 6.0 mg/dl. Other secondary efficacy
endpoints included the percentage of subjects
with SUA B 6.0 mg/dl at post-baseline visits,
the percentage of subjects with SUA B 7.0 mg/
dl at week 24 and the mean percentage change
in SUA level from baseline to each post-baseline
visit.

Adverse events (AEs), serious AEs (SAEs),
clinical laboratory tests, 12-lead electrocardio-
gram, vital signs and physical examination
findings were assessed throughout the 24-week
study. AEs were coded using the Medical

Dictionary for Regulatory Activities (MedDRA)
version 17.1. Gout attack during treatment was
recorded where the lowest level term was gout,
gout acute, gout attack, or gout flare.

Statistical Analysis

Based on the results of two previous up-titration
febuxostat versus allopurinol clinical studies in
Japan [26, 27], a sample of 474 subjects (158 per
treatment group) was required to meet the non-
inferiority criteria with 90% power to detect a
10% difference between the febuxostat
40 mg/day and allopurinol 300 mg/day group
for the primary endpoint. The true response
rates were assumed to be 76% for allopurinol
and 81% for febuxostat 40 mg/day.

The safety analysis population included all
subjects who were randomized and had received
at least one dose of randomized study treat-
ment. The full analysis set included all subjects
who were randomized, had a SUA
level[7.0 mg/dl at randomization and had
taken at least one dose of randomized study
treatment. The per-protocol population inclu-
ded subjects in the full analysis set who were
considered sufficiently compliant with the
protocol.

Efficacy analyses were carried out on the per-
protocol population and were repeated for the
full analysis set to explore the robustness of the
results. If SUA data were missing, data from the
last available post-baseline assessment were
used for the primary analysis. For the primary
efficacy analysis, a non-inferiority margin of
- 10% was used for the comparison of febux-
ostat 40 mg/day versus allopurinol 300 mg/day;
this meant that non-inferiority would be
demonstrated if the lower bound of the two-
sided 95% exact binomial confidence intervals
(CIs) for the difference in response rates
between febuxostat 40 mg/day and allopurinol
300 mg/day was greater than - 10%. When
analyzing the difference in response rates
between allopurinol 300 mg/day and febuxostat
60 mg/day or febuxostat 80 mg/day, non-infe-
riority was assessed first. If non-inferiority was
demonstrated, then superiority was assessed
based on a margin of 0%; i.e., superiority would
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be demonstrated if the lower bound of the two-
sided 95% exact binomial CIs for the difference
in response rates was greater than 0%. Data for
the percentage of subjects with SUA B 6.0 mg/
dl and the mean percentage change from base-
line in SUA at week 24 were also summarized for
subgroups based on baseline SUA levels.

RESULTS

Study Population

A total of 763 subjects provided consent, of
whom 599 were randomly assigned to

treatment (Fig. 2). The safety analysis popula-
tion included 590 subjects who received at least
one dose of randomized study treatment. Five
subjects received the wrong treatment and were
excluded from the analysis populations. The
full analysis set included 553 subjects. The most
common reasons for exclusion from the full
analysis set were SUA B 7.0 mg/dl at day - 1
and withdrawal of consent (both n = 36). The
per-protocol population included 472 subjects
(150 in the febuxostat 40 mg/day group, 160 in
the febuxostat 80 mg/day group, and 162 in the
allopurinol 300 mg/day group).

Baseline demographics and disease charac-
teristics were comparable across the three

Fig. 2 Subject disposition. AE adverse event, FAS full analysis set, PPP per protocol population, SAF safety analysis set,
SUA serum uric acid
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treatment groups (Table 1). All subjects were of
Asian race and were mostly male (98.7%). Over
half of the subjects (52.4%) had a history of
alcohol abuse and most were overweight
(61.1%) with a BMI of C 25 kg/m2. The mean
SUA at baseline ranged from 9.6 to 9.8 mg/dl.
Mean treatment compliance was similar in all
groups, ranging from 94.6 to 96.7% in the full
analysis set.

Efficacy

In the per-protocol population, the proportions
of subjects achieving a week 24 SUA level
of B 6.0 mg/dl was 44.7% and 70.0% in the
febuxostat 40 mg/day and 80 mg/day groups,
respectively, versus 50.0% in the allopurinol
300 mg/day group (Fig. 3). The lower bound of
the 95% CI for the difference in week 24
response rates between the febuxostat

40 mg/day and allopurinol 300 mg/day groups
was outside the non-inferiority margin of
- 10% (difference, - 5.3% [95% CI - 16.4%,
5.8%]); therefore, febuxostat 40 mg/day did not
meet the primary endpoint of demonstrating
non-inferiority to allopurinol 300 mg/day
(Fig. 3a). At week 16, when the subjects in the
febuxostat 80 mg/day group were receiving a
60 mg/day dose, the proportion of subjects
achieving SUA B 6.0 mg/dl was 66.3 vs. 51.2%
in the allopurinol 300 mg/day group. The lower
bound of the 95% CI for the difference in week
16 response rates between febuxostat 60 mg/day
and allopurinol 300 mg/day was within both
the non-inferiority margin of - 10% and the
superiority margin of 0% (difference, 15.0%
[95% CI 4.2%, 25.9%]); therefore, febuxostat
60 mg/day demonstrated both non-inferiority
and superiority to allopurinol 300 mg/day
(Fig. 3b). At week 24, the lower bound of the
95% CI for the difference in response rates

Table 1 Baseline characteristics

Characteristic Febuxostat
40 mg
(n = 181)

Febuxostat
80 mg
(n = 188)

Allopurinol
300 mg
(n = 184)

Total
(N = 553)

Male, n (%) 180 (99.4) 184 (97.9) 182 (98.9) 546 (98.7)

Mean age, years (SD) 46.5 (11.9) 47.2 (12.9) 48.3 (13.1) 47.3 (12.7)

All subjects were of Asian race

BMI, kg/m2, mean (SD) 26.1 (3.2) 25.7 (3.2) 26.0 (3.4) 26.0 (3.3)

Alcohol abuse 64 (35.5) 55 (29.3) 53 (28.8) 172 (31.1)

SUA level at baseline, mg/dl

Mean (SD) 9.6 (1.5) 9.6 (1.5) 9.8 (1.4) 9.7 (1.5)

Median (range) 9.5 (7.1–15.1) 9.4 (7.1–15.0) 9.5 (7.1–14.8) 9.5 (7.1–15.1)

Clinical diagnosis, n (%)

Hyperuricemia with gout ([ 7.0 mg/dl) 177 (97.8) 185 (98.4) 179 (97.3) 541 (97.8)

Hyperuricemia without gout 4 (2.2) 3 (1.6) 5 (2.7) 12 (2.2)

With complication(s)

SUA C 8.0 mg/dl

2 (50.0) 2 (66.7) 2 (40.0) 6 (50.0)

Without complication

SUA C 9.0 mg/dl

2 (50.0) 1 (33.3) 3 (60.0) 6 (50.0)

BMI body mass index, SD standard deviation, SUA serum uric acid
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Fig. 3 Percentage of subjects achieving SUA B 6.0 mg/dl
during treatment with a febuxostat 40 mg/day versus
allopurinol 300 mg/day at week 24, b febuxostat
60 mg/day versus allopurinol 300 mg/day at week 16 and

c febuxostat 80 mg/day versus allopurinol 300 mg/day at
week 24 versus allopurinol 300 mg/day. CI confidence
interval, SUA serum uric acid
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between the febuxostat 80 mg/day and allop-
urinol 300 mg/day groups was within both the
non-inferiority margin of - 10% and the supe-
riority margin of 0% (difference, 20.0% [95% CI
9.3%, 30.7%]); therefore, febuxostat 80 mg/day
demonstrated both non-inferiority and superi-
ority to allopurinol 300 mg/day (Fig. 3c). Com-
parison of SUA B 6.0 mg/dl response rates for
the full analysis set demonstrated similar results
(Fig. 3).

The mean percentage change from baseline
SUA levels over time is shown in Fig. 4. At week
2, when all groups were at the starting dose
(febuxostat 20 mg/day or allopurinol
100 mg/day), there was a larger mean percent-
age change from baseline SUA in both febux-
ostat treatment groups (- 27.65% and
- 29.25% in the febuxostat 40 mg/day and
febuxostat 80 mg/day groups, respectively) than
in the allopurinol 300 mg/day group
(- 17.99%). From week 12 onwards, after the
dose of febuxostat had been increased to

60 mg/day in the febuxostat 80 mg/day group,
the decrease in SUA levels was greater in this
group than in the allopurinol 300 mg/day and
febuxostat 40 mg/day groups. At week 24, the
largest mean percentage decreases in SUA from
baseline were observed in the febuxostat
80 mg/day group (45.2 vs. 32.6 and 33.7% in
the febuxostat 40 mg/day and allopurinol
300 mg/day groups, respectively).

At week 24, mean SUA levels were lowest in
the febuxostat 80 mg/day group (5.2 versus 6.4
and 6.4 mg/dl in the febuxostat 40 mg/day and
allopurinol 300 mg/day groups, respectively).
Similarly, the percentage of subjects with
SUA B 6.0 mg/dl at post-baseline visits
increased gradually with dose titration in all
three treatment groups. Response rates were
comparable in the febuxostat 40 mg/day and
allopurinol 300 mg/day groups, maintaining a
range of 42.0–54.3% from week 12 onwards. In
contrast, in the febuxostat 80 mg/day group the
response rate increased to 70.6% by week 12

Fig. 4 Change from baseline in mean SUA over time (per-
protocol population). Subjects in both febuxostat groups
received febuxostat 20 mg/day from randomization until
week 4 and were then up-titrated to febuxostat 40 mg/day
until week 8. Subjects in the febuxostat 40 mg/day group
maintained this dose until week 24. From week 8, subjects
in the febuxostat 80 mg/day group were up-titrated to

febuxostat 60 mg/day until week 16 and then further up-
titrated to febuxostat 80 mg/day until week 24. Subjects in
the allopurinol 300 mg/day group received allopurinol
100 mg/day from randomization until week 2, received
allopurinol 200 mg/day from week 2 until week 4 and
received allopurinol 300 mg/day from week 5 until week
24. SD standard deviation, SUA serum uric acid
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Table 2 Incidence of TEAEs occurring C 3.0% in at least one treatment group (SAF)

Febuxostat 40 mg
n = 193

Febuxostat 80 mg
n = 200

Allopurinol 300 mg
n = 197

Subjects with at least one TEAE 147 (76.2) 149 (74.5) 150 (76.1)

TEAE considered related to treatment 130 (67.4) 138 (69.0) 133 (67.5)

TEAE leading to early withdrawal 9 (4.7) 4 (2.0) 8 (4.1)

Serious TEAEs 6 (3.1) 5 (2.5) 5 (2.5)

TEAE leading to death 1 (0.5) 0 (0.0) 0 (0.0)

Most frequent TEAEs (C 3%)

Metabolism and nutrition disorders 108 (56.0) 110 (55.0) 109 (55.3)

Gout 98 (50.8) 102 (51.0) 101 (51.3)

Hyperlipidemia 7 (3.6) 7 (3.5) 4 (2.0)

Investigations 58 (30.1) 64 (32.0) 60 (30.5)

Alanine aminotransferase increased 12 (6.2) 13 (6.5) 14 (7.1)

Blood glucose increased 6 (3.1) 5 (2.5) 9 (4.6)

C-reactive protein increased 8 (4.1) 9 (4.5) 8 (4.1)

Blood triglycerides increased 8 (4.1) 9 (4.5) 7 (3.6)

Blood urine present 7 (3.6) 2 (1.0) 3 (1.5)

Blood creatine phosphokinase increased 5 (2.6) 7 (3.5) 3 (1.5)

Blood urea increased 6 (3.1) 3 (1.5) 5 (2.5)

Protein urine present 6 (3.1) 3 (1.5) 5 (2.5)

Gamma-glutamyltransferase increased 6 (3.1) 4 (2.0) 3 (1.5)

Aspartate aminotransferase increased 4 (2.1) 5 (2.5) 6 (3.0)

Crystal urine present 4 (2.1) 6 (3.0) 4 (2.0)

Infections and infestations 13 (6.7) 21 (10.5) 19 (9.6)

Upper respiratory tract infections 6 (3.1) 12 (6.0) 10 (5.1)

Renal and urinary disorders 5 (2.6) 16 (8.0) 6 (3.0)

Hepatobiliary disorders 8 (4.1) 14 (7.0) 6 (3.0)

Hepatic function abnormal 2 (1.0) 7 (3.5) 2 (1.0)

Musculoskeletal and connective tissue disorders 6 (3.1) 8 (4.0) 10 (5.1)

Skin and subcutaneous tissue disorders 9 (4.7) 7 (3.5) 4 (2.0)

AE adverse event, TEAE treatment-emergent adverse event
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and remained above 60% at all subsequent time
points. At week 24, the percentage of subjects
with SUA levels B 7.0 mg/dl was higher in the
febuxostat 80 mg/day group (80.6% [129
responders]) compared with the febuxostat
40 mg/day group (67.3% [101 responders]) and
the allopurinol 300 mg/day group (68.5% [111
responders]).

A subgroup analysis of response rate was
performed according to baseline SUA levels
(low\9.0 mg/dl; moderate C 9.0–\10.0 mg/
dl; high C 10.0 mg/dl). Comparable response
rates between subgroups were observed in the
febuxostat 40 mg/day and allopurinol 300
mg/day groups (low 55.4 vs. 51.0%; moderate
55.3 vs. 69.6%; high 26.8 vs. 36.4%). Notably,
response rates in the febuxostat 40 mg/day and
allopurinol 300 mg/day groups were lowest
among subjects with high baseline SUA levels;
however, response rates in the febuxostat 80
mg/day group were comparable over baseline
SUA levels (low 78.0%; moderate 60.9%; high
69.1%).

Safety

In the overall safety analysis population, 446
subjects (76%) experienced at least one treat-
ment emergent adverse event (TEAE). The inci-
dence of TEAEs of any grade and of serious
TEAEs were similar across the three treatment
groups (Table 2). One subject in the febuxostat
40 mg/day group died in a road traffic accident.
Gout was the most frequent TEAE in all three
groups and was experienced by 51.0% of sub-
jects. The incidence of gout flare was highest
during the first 5 weeks in each group and
gradually decreased thereafter; for example, in
the febuxostat 80 mg/day group, gout attacks
were experienced by 28.6% of subjects during
the first 2 weeks of treatment and by 16.6% of
subjects during the last 4 weeks of treatment.
The only other TEAEs occurring in[5% of
subjects in any one treatment group were
increased alanine aminotransferase and upper
respiratory tract infections. TEAEs led to the
early withdrawal of study treatment on the
investigator’s decision for four subjects (2.0%)
in the febuxostat 80 mg/day group, nine

subjects (4.7%) in the febuxostat 40 mg/day
group and eight subjects (4.1%) in the allop-
urinol 300 mg/day group. These were consid-
ered related to treatment for three subjects in
the febuxostat 80 mg/day group and eight sub-
jects in the febuxostat 40 mg/day and allopuri-
nol 300 mg/day groups.

DISCUSSION

This randomized, double-blind, non-inferiority
study did not meet the primary endpoint of
non-inferiority of febuxostat 40 mg/day versus
allopurinol 300 mg/day based on the percent-
age of subjects with SUA B 6.0 mg/dl at week
24. This contrasts with previous clinical studies
in North America [19–21] and China [22–24];
however, febuxostat at doses of 60 mg/day and
80 mg/day did demonstrate both non-inferior-
ity and superiority to allopurinol 300 mg/day
for the urate-lowering endpoint of SUA B 6.0
mg/dl. In addition, febuxostat resulted in a
prompt reduction in SUA (within 2 weeks) that
was persistent across doses. This was the first
study to examine a dose-titration method for
febuxostat treatment in a Chinese population
and, as the febuxostat dose was increased, SUA
levels decreased. At week 24, mean SUA levels
were reduced to 6.4, 5.2, and 6.4 mg/dl in the
febuxostat 40 mg/day, 80 mg/day, and allop-
urinol 300 mg/day groups, respectively.

A previous Chinese study demonstrated a
febuxostat response rate that was similar to the
rate achieved in our study, but with lower
response rates for allopurinol 300 mg/day (34.6%
compared with 50.0% in this study) [22, 23]. In
addition, a recent meta-analysis demonstrated
that febuxostat was superior to other urate-low-
eringdrugswith regard to safety andefficacy [28].
In the meta-analysis, the efficacy of treatments
with increasing doses was determined using sur-
face under the cumulative ranking curve
(SUCRA) percentage, reporting response rates of
55.0, 61.6, 76.7, and 88.7% for febuxostat 40, 60,
80 mg/day and 120 mg/day, respectively [28].
The response rate at week 24 for febuxostat
40 mg/day was lower in our study (44.7%) than
that observed in the meta-analysis (55.0%),
which may have been owing to the exclusion of
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urate-lowering and prophylactic drugs in our
study. Subjects in our current study were found
to have more severe hyperuricemia at baseline
(mean SUA range 9.6–9.8 mg/dl) than subjects in
two Japanese studies (mean SUA range
8.3–8.9 mg/dl) in which response rates of
82.9–88.9% for febuxostat 40 mg/day,
83.3–100% for febuxostat 60 mg/day and 87.8%
for febuxostat 80 mg/day were reported [26, 27].
Thismayhave contributed to the absenceofnon-
inferiority of febuxostat 40 mg/day versus allop-
urinol 300 mg/day, as responses were demon-
strated to be lowest in subjectswithhighbaseline
SUA levels. In contrast, baseline SUA levels
seemed to have little effect on the responses in
the febuxostat 80 mg/day group. In addition,
more subjects with hyperuricemia had gout in
the current study compared with the Japanese
studies (97.8 and 62.0%, respectively). It is also
possible that the dose titration of febuxostat
could have had an impact on final responses. In
addition, the percentage of patients with
asymptomatic hyperuricemiawas low enough to
not substantially contribute to the overall
results, which was largely unexpected.

A limitation of this study may have been the
underestimation of the non-inferiority margin.
The 10% non-inferiority margin used in a previ-
ous study [21] was selected under the assumption
of an 80% febuxostat response rate in the popu-
lation. However, as the febuxostat 40 mg/day
response rate in our study (44.7%)was lower than
expected, and the standard error was almost 1.7
times larger than expected, a wider non-inferior-
ity margin may have beenmore appropriate [24].
In addition, although allopurinol dosage should
be titrated according to the SUA target [14], this
study limited subjects to a maximum of allopuri-
nol 300 mg/day. It has previously been demon-
strated that only around half of patients reach
their SUA target when receiving allopurinol
300 mg/day [29], yet allopurinol dosage contin-
ues to be poorly optimized globally [14, 30].

Overall, febuxostat at ascending doses of 20,
40, 60, and 80 mg/day was well tolerated in this
population of hyperuricemic Chinese subjects
with and without gout. Numbers of TEAEs were
similar between groups, most of which were
mild/moderate in intensity. A total of 22 sub-
jects with TEAEs and seven subjects with SAEs

discontinued study treatment. Discontinuation
rates were similar in the febuxostat 40 mg/day
and allopurinol 300 mg/day groups and lower
in the febuxostat 80 mg/day group.

Paradoxical flares of gout are well documented
during initial urate-lowering therapy and have
important implications for gout management.
Both the European League Against Rheumatism
[31] and the American College of Rheumatology
[32] guidelines advocate prophylactic treatment
to reduce the occurrence of flares, recommending
colchicine and non-steroidal anti-inflammatory
drugs as first-line options. While prophylactic
treatment can decrease the rate of gout flares
triggered at the initiation of urate-lowering ther-
apy, it does not completely prevent their occur-
rence [33]. Furthermore, as with all
pharmacological treatments, potential TEAEs and
drug–drug interactions may be a concern; for
example, colchicine has a narrow therapeutic
window, with inter-subject variability in toler-
ance and multiple drug–drug interactions [34],
and non-steroidal anti-inflammatory drugs have
cardiovascular, renal, and gastrointestinal side
effects [35, 36]. In this study, prophylaxis for gout
flares was prohibited, and instead, this study
employed a gradual dose-titration method
whereby febuxostat and allopurinol doses were
increased incrementally to reach the target dose.
This has been shown to be just as effective as col-
chicine prophylaxis for the prevention of gout
flares [37]. The incidence of gout attacks in this
studywas higher than in previous studies that did
not use a dose-titrationmethod [21, 22]; however,
in these prior studies, all subjects received pro-
phylaxis for gout, and gout flares were only
recordedwhen additional treatment was required
for theirmanagement. Inour study, the incidence
of gout flare was highest in each group during the
first 5 weeks and gradually decreased thereafter.
Decreased incidence of gout flares over time dur-
ing febuxostat treatment has been observed in
clinical practice and in another Chinese study
[22].

CONCLUSIONS

Our study did not meet the primary endpoint of
non-inferiority of febuxostat 40 mg/day versus
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allopurinol 300 mg/day based on the percent-
age of subjects with SUA B 6.0 mg/dl at week
24. However, febuxostat 60 mg/day and
80 mg/day not only demonstrated non-inferi-
ority but also demonstrated superiority versus
allopurinol 300 mg/day based on the percent-
age of subjects with SUA B 6.0 mg/dl at week 16
and week 24, respectively. Treatment with
febuxostat using a dose-titration method was
effective at lowering SUA and was associated
with an acceptable tolerability profile in the
treatment of hyperuricemic Chinese subjects
with or without gout.
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