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Comparative Efficacy and Safety of Febuxostat and Allopurinol
in the Treatment of Hyperuricemia: A Bayesian Network
Meta-analysis
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Division of Rheumatology, Department of Internal Medicine, Korea University Medical Center, Korea University College of Medicine, Seoul,
Korea

Objective. The aim of this study was to assess the relative urate-lowering efficacy and safety of febuxostat and allopurinol in hy-
peruricemic patients with or without gout. Methods. Randomized controlled trials (RCTs) examining the efficacy and safety of
febuxostat compared to allopurinol or placebo in hyperuricemic patients with/without gout were included in this Bayesian net-
work meta-analysis. Results. Eight RCTs including 4,099 patients met the inclusion criteria. The number of subjects achieving
a serum urate (sUA) level <6.0 mg/dL was significantly higher in the febuxostat 120 mg and 80 mg groups than in the allopur-
inol (100 to 300 mg) group (odds ratio [OR] 7.17, 95% credible interval [Crl] 3.86 to 14.09; OR 3.49, 95% Crl 1.97 to 5.91,
respectively). However, achievement of the target sUA level was comparable between febuxostat 40 mg and allopurinol.
Ranking probability based on surface under the cumulative ranking curve (SUCRA) indicated that febuxostat 120 mg had the
highest probability of being the best treatment for achieving the target sUA (SUCRA =0.9973), followed by febuxostat 80 mg
(SUCRA=0.752), febuxostat 40 mg (SUCRA =0.4289), allopurinol (SUCRA=0.3217), and placebo (SUCRA =0). In contrast,
no significant difference in safety based on the number of withdrawals due to adverse events was observed among the 5
interventions. Conclusion. Febuxostat 80 mg and 120 mg were more efficacious than allopurinol (100 to 300 mg), and febuxo-
stat 40 mg and allopurinol were comparable in urate-lowering efficacy. The safety of febuxostat at all doses was comparable
with that of allopurinol. (J Rheum Dis 2015;22:356-365)
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INTRODUCTION

Hyperuricemia is defined as a serum urate (sUA) level
exceeding the limit of urate solubility (6.8 mg/dL) that
reflects supersaturation of the extracellular fluid with ur-
ate and predisposes to gout [1]. Gout is an inflammatory
disorder characterized by hyperuricemia and consequen-
ces of urate crystal deposition, such as episodic gout flares,
gouty arthropathy, tophi, and urolithiasis [1]. Hyperuri-
cemia leads to monosodium urate crystal deposition in
tissues, and increasing levels of hyperuricemia are corre-
lated with increasing incidences of gouty arthritis and ur-
ic acid urolithiasis [2].

A primary goal in managing gout is to lower sUA levels
to a subsaturating range (6.0 mg/dL) at which urate crys-
tal formation and deposition are prevented or reversed
[3]. Long-term achievement of this objective results in a
decreased incidence of acute gouty attacks and dis-
solution of tophaceous deposits [4].

Allopurinol, a xanthine oxidase inhibitor, is the most
commonly prescribed urate-lowering agent. Although
the recommended doses of allopurinol range from 100 to
800 mg per day, titrated to sUA and creatinine clearance,
the dose most commonly used in clinical practice is 100 to
300 mg per day [4]. Although allopurinol is generally
safe, it may occasionally induce severe or life-threatening
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skin reactions and allopurinol-hypersensitivity syndrome,
more often in patients with renal insufficiency [5,6].
Febuxostat is an orally administered selective inhibitor of
xanthine oxidase in development for the treatment of hy-
peruricemia in patients with gout [7]. Febuxostat is being
studied at daily doses of 40 to 120 mg for the manage-
ment of hyperuricemia in patients with gout [8-15]. Dose
reduction of allopurinol is needed in patients with im-
paired renal function due to the prolonged half-life (14 to
26 hours) of the major allopurinol metabolite, oxypurinol
[16]. In contrast, febuxostat does not require dose adjust-
ment for mild to moderate renal impairment, because fe-
buxostat has minimal effects on other enzymes involved
in purine and pyrimidine metabolism and is mainly me-
tabolized in the liver [17].

Previous meta-analyses have shown that febuxostat is
effective in hyperuricemic patients with gout and has a
safety profile comparable to that of allopurinol [18].
However, data on the relative efficacy and safety of fe-
buxostat with different dosages compared with allopur-
inol are limited, because it is difficult to integrate in-
formation regarding the relative efficacy and safety of all
tested drugs at different doses due to the lack of multiple
comparisons of classical meta-analysis.

Traditional meta-analysis compares only 2 treatments at
a time [19,20]. On the other hand, network meta-analy-
sis, also called multiple-treatments meta-analysis, simul-
taneously combines direct and indirect evidence of rela-
tive treatment effects [21]. Network meta-analysis can
assess the comparative effectiveness of multiple inter-
ventions and combines evidence across a network of ran-
domized controlled trials (RCTs) to help decision-mak-
ing, even if there are no head-to-head comparisons [22].
The present study aimed to compare the efficacy and safe-
ty of febuxostat 40 mg, febuxostat 80 mg, febuxostat
120 mg, and allopurinol 100/300 mg daily in hyperuri-
cemic patients with or without gout using a network
meta-analysis.

MATERIALS AND METHODS

Identification of eligible studies and data extraction
We performed an exhaustive search for studies that ex-

amined the efficacy and safety of febuxostat in hyper-
uricemic patients with or without gout. A literature
search was performed using PubMed, EMBASE, Cochrane
Controlled Trials Register, and KoreaMed to identify
available articles (up to May 2015). The following key
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words and subject terms were used in the search: febuxo-
stat, hyperuricemia, and gout. All article references were
reviewed to identify additional studies that were not in-
cluded in the electronic databases. No restrictions were
placed on language, race, ethnicity, or geographic area.
RCTs were included if they met the following criteria: the
study included hyperuricemic (sUA >7.0 mg/dL) adults
(age > 18 years) with or without gout defined by Ameri-
can Rheumatology Association preliminary criteria [23],
the study compared febuxostat with placebo or allopur-
inol in the treatment of hyperuricemia for 4 weeks or lon-
ger, and the study provided endpoints for the urate-low-
ering efficacy and safety of febuxostat. The exclusion cri-
teria were as follows: the study was an open-label ex-
tension trial, the study included duplicate data, and the
study did not contain adequate data for inclusion. The
outcome measure for efficacy was the number of patients
that achieved an sUA level < 6.0 mg/dL, and the outcome
measure for safety was the number of patients withdrawn
due to adverse events (AEs). Two independent reviewers
extracted data from original studies. Any discrepancy be-
tween the reviewers was resolved by consensus or by a
third reviewer. The following information was extracted
from each study: first author, year of publication, country
in which the study was conducted, febuxostat dose,
length of follow-up time, and outcomes for efficacy and
safety at the final visit. We quantified the methodological
qualities of the four studies using Jadad scores [24]. The
Jadad scale assesses random assignment, double blind-
ing, and patient withdrawal and dropout rates. Jadad
scores range from O to 5. Quality was classified as high
(score of 3 to 5) or low (score of 0 to 2). We conducted a
network meta-analysis in accordance with the guidelines
provided by the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) statement [25].

Evaluations of statistical associations for network
meta-analysis

For RCTs that compared multiple doses of febuxostat in
different arms, the results from different arms were ana-
lyzed simultaneously. The efficacy and safety of febuxo-
stat in different arms were ordered according to the prob-
ability of being ranked as the best-performing regimen.
We used a Bayesian random-effects model for network
meta-analysis using NetMetaXL [26] and WinBUGS stat-
istical analysis program version 1.4.3 (MRC Biostatistics
Unit, Institute of Public Health, Cambridge, United King-
dom). Bayesian approach provides greater flexibility to
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use more complex models and different outcome types.
Thus, Bayesian network meta-analysis permits simulta-
neous comparison of all treatment options. We chose a
random effect model for network meta-analysis, because
the model incorporates between-study variations and is a
conservative method. The random network model was
selected prior to statistical analysis. We used the Markov
Chain Monte Carlo method to obtain pooled effect sizes
[22]. All chains were run with 10,000 burn-in iterations
followed by 10,000 monitoring iterations. Information on
relative effects was converted to a probability that a treat-
ment is best, second best, and so on, or the ranking of
each treatment, called the surface under the cumulative
ranking curve (SUCRA) [27], which is expressed as a per-
centage; the SUCRA is 100% when a treatment is certain
to be the best and 0% when a treatment is certain to be the
worst. The league table arranges the presentation of sum-
mary estimates by ranking the treatments in order of the
most pronounced impact on the outcome under consid-
eration based on SUCRA [27]. We reported the pairwise
odds ratio (OR) and 95% credible interval (CrI) (or

Figure 1. Evidence network diagram of network meta-analysis
comparisons. The width of each edge is proportional to the
number of randomized controlled trials comparing each pair
of treatments, and the size of each treatment node is propor-
tional to the number of randomized participants (sample size).
(A) Febuxostat 40 mg. (B) Febuxostat 80 mg. (C) Febuxostat
120 mg. (D) Allopurinol. (E) Placebo.

Table 1. Characteristics of individual studies included in the meta-analysis and systematic review

Patient Hyperuri-

Follow-up Jadad

Study Country number cemia (mg/dL) Gout (%) Daily dose (number) period (k) score
Becker et al., USA 153 >8 100 Febuxostat 40 mg (37), febuxostat 80 4 3
2005 [8] mg (40), febuxostat 120 mg (38),
placebo (38)
Becker et al., USA 760 >8 100 Febuxostat 80 mg (256), febuxostat 52 4
2005 (FACT) [9] 120 mg (251), allopurinol 300 mg
(253)
Schumacheretal., USA 804 >8 100 Febuxostat 80 mg (267), febuxostat 28 3
2008 (APEX) [10] 120 mg (269), allopurinol 300 mg
(268)
Becker et al., USA 1,768 >8 100 Febuxostat 40 mg (757), febuxostat 26 5
2010 (CONFIRMS) 80 mg (756), allopurinol 200/300 mg
[11] (255)
Kamatani et al., Japan 244 >8 46 Febuxostat 40 mg (122), allopurinol 8 3
2011 [12] 100 mg (122)
Kamatani et al., Japan 121 >7 57 Febuxostat 40 mg (41), febuxostat 80 16 3
2011 [13] mg (42), placebo (38)
Kamatani et al., Japan 67 >8 49 Febuxostat 40 mg (34), placebo (33) 8 3
2011 [14]
Park et al., Korea 182 >8 100 Febuxostat 40 mg (36), febuxostat 80 4 3
2013 [15] mg (36), febuxostat 120 mg (36),

allopurinol 300 mg (37), placebo (37)

APEX: allopurinol- and placebo-controlled, efficacy study of febuxostat trial, COMFIRMS: the urate-lowering efficacy and safety
of febuxostat in the treatment of the hyperuricemia of gout: the CONFIRMS trial, FACT: febuxostat versus allopurinol controlled

trial, NA: not available.
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Bayesian confidence interval) and adjusted for multi-
ple-arm trials. Pooled results were considered statisti-
cally significant if the 95% Crl did not contain the value 1.

Tests for inconsistency and sensitivity
Inconsistency refers to the extent of disagreement be-
tween direct and indirect evidence [28]. Assessment of
inconsistency is important for conducting a network
meta-analysis [29]. We plotted the posterior mean devi-
ance of the individual data points in the inconsistency
model against their posterior mean deviance in the con-

Table 2. Characteristics of direct comparison
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sistency model to assess network inconsistency between
direct and indirect estimates in each loop [30]. A sensi-
tivity test was performed by comparing the random- and
fixed-effects models.

RESULTS

Studies included in the meta-analysis

A total of 148 studies were identified by electronic or
manual searches, and 17 were selected for a full-text re-
view based on the title and abstract details. However, 9 of

Comparison

Study number Patient number

Febuxostat 40 mg vs. febuxostat 80 mg
Febuxostat 40 mg vs. febuxostat 120 mg
Febuxostat 40 mg vs. placebo
Febuxostat 80 mg vs. febuxostat 120 mg
Febuxostat 80 mg vs. placebo
Febuxostat 120 mg vs. placebo

N

1,449
143
284
998
479
432

Febuxostat 80 mg vs. allopurinol

Febuxostat 120 mg vs. allopurinol
Allopurinol vs. placebo
Febuxostat 40 mg vs. allopurinol

W N Wh wWhohhoprN

2,164
969
380

1,559

A

Febuxostat 120 mg

2.06
(1.16~4.12) Febuxostat 80 mg
6.22 3.01
(3.16-13.62) (1.66-552) | Fepuxostat40mg
747 3.49 116 Jr——
(3.86~14.09) (1.97~5.91) (0.62~2.06)
2,327.75 1,109.63 367.65 319.39 Blaceb
(530.96~18,986.14) | (268.89~8,382.23) | (90.66~2,806.62) | (76.45~2,501.25) acebo

B

Febuxostat 40 mg

(0122'_{_5354) Placebo

(0.1(;Ef.27) (0_2?;'322'03) Allopurinol

(0.1(;?19.17) (0.2%'916.83) (0.4%,?12.90) Febuxostat 80 mg

(0-1(‘)‘?10-17) (0.2(()5317 75) (0.3(;'318 96) (0,4%§f 98) | Febuxostat 120 mg
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Figure 2. League tables show-
ing the results of the network
meta-analyses comparing the ef-
fects of all drugs including odds
ratio (OR) and 95% credible
intervals. (A) Efficacy; OR >1
means the top-left treatment is
better. (B) Safety; OR <1 means
the top-left treatment is better.
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the 17 studies were excluded because they contained du-
plicate data [31-33], open-label data [34-36], or in-
sufficient data [37-39]. Thus, 8 RCTs including 4,099 pa-
tients (2,108 events for efficacy and 291 events for safety)
met the inclusion criteria [8-15] (Table 1).

The evidence network diagram shows data related to the
number of studies performed comparing the different
treatments, the numbers of patients in each treatment
(Table 1 and Figure 1). There were 10 pairwise compar-
isons including 5 interventions for the network meta-anal-
ysis: febuxostat 40 mg, febuxostat 80 mg, febuxostat 120
mg, allopurinol 100/300 mg, and placebo (Table 1). Doses
of allopurinol were 300 mg in 3 trials, 100 mg in 1 trial,

A

—o— Fi
Treatment 1 vs. Treatment 2 Fixed effects

Febuxostat 40 mg vs. allopurinol H

Febuxostat 120 mg vs. febuxostat
80 mg

Febuxostat 80 mg vs. febuxostat
40 mg

Febuxostat 80 mg vs. allopurinol

Febuxostat 120 mg vs.

)
e
He4
W
febuxostat 40 mg 'B"‘_‘
He

Febuxostat 120 mg vs.
allopurinol

Allopurinol vs. placebo ll:g:i|
Febuxostat 40 mg vs. placebo M
Febuxostat 80 mg vs. placebo ':g:
Febuxostat 120 mg vs. placebo '_’—0—|_|

—e— Random effects (vague prior)

and 200/300 mg in one study. Jadad scores of the studies
were 3 to 5, indicating high study quality (Table 1). Rele-
vant features of the studies included in the meta-analysis
are provided in Tables 1 and 2.
Network meta-analysis of the efficacy of febuxo-
stat in RCTs

Febuxostat 120 mg was listed in the top left of the diago-
nal of the league table (Figure 2) because it was asso-
ciated with the most-favorable SUCRA for achieving an
sUA level <6.0 md/dL, whereas placebo was listed in the
bottom right of the diagonal of the league table because it
was associated with the least-favorable results (Figure 2).
The results are to be read from top to bottom and left to

OR (95% Crl)

1.22 (1.00~1.47)
1.16 (0.62~2.06)
1.89 (1.46~2.45)
2.06 (1.16~4.12)
2.78 (2.26~3.41)
3.01 (1.66~5.52)
)
)
)

3.37 (2.83~4.03
3.49 (1.97~5.91

5.24 (3.91~7.10
6.22 (3.16~13.62)

6.37 (4.92~8.29)

7.17 (3.86~14.09)

313.87 (82.99~2,304.15)
319.39 (76.45~2,501.25)
381.24 (101.31~2,794.08)
367.65 (90.66~2,806.62)

1,054.30 (281.45~7,800.31)
1,109.63 (268.89~8,382.23)

(
2,000.80 (525.76~14,947.68)
2,327.75 (539.96~18,986.14)

Heterogeneity (vague)=0.4292
95% Crl (0.1135~1.013)

B

Treatment 1 vs. Treatment 2

Favours treatment 2

—o— Fixed effects

Placebo vs. febuxostat 120 mg '—‘_Cj'
Febuxostat 40 mg vs. '—|—2:|
febuxostat 120 mg
Placebo vs. febuxostat 80 mg ,—,_O_T‘
Placebo vs. allopurinol ,—,_'—O__T‘
Febuxostat 40 mg vs. ——
e

febuxostat 80 mg
Febuxostat 40 mg vs. ——

N e
allopurinol
Allopurinol vs. Febuxostat 120 mg s
Febuxostat 80 mg vs. ot
febuxostat 120 mg A
Allopurinol vs. febuxostat 80 mg I '_é_' ]
Febuxostat 40 mg vs. placebo ,: —

0.1 1 10 100 1,000 10,000 100,000
Favours treatment 1

—e— Random effects (vague prior) OR (95% Crl

0.54 (0.23~1.15
0.50 (0.14~1.17
0.56 (0.34~0.95
0.57 (0.20~1.75

0.68 (0.29~1.42
0.59 (0.17~1.17
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)
)
)
)
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)
)
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Figure 3. Bayesian network
meta-analysis results of random-
ized controlled studies on the
relative efficacy (A) and safety
(B) of febuxostat, allopurinol,

and placebo, respectively. Crl:

0.1
Favours treatment 1

-

Heterogeneity (vague)=0.3826
95% Crl (0.02431~1.222)
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right. The proportion of patients achieving the target sUA
level was significantly higher in the febuxostat 120 mg,
febuxostat 80 mg, febuxostat 40 mg, and allopurinol (100
to 300 mg) groups than in the placebo group (Figures 2
and 3). The number of subjects with an sUA level <6.0
mg/dL was significantly higher in the febuxostat 120 mg
and febuxostat 80 mg groups than in the allopurinol
group (OR 7.17, 95% Crl 3.86 to 14.09 and OR 3.49, 95%
Crl 1.97 to 5.91, respectively) (Figures 2 and 3).
Achievement of the target sUA level with febuxostat 40
mg was comparable with that with allopurinol (OR 1.16,
95% CrI 0.62 to 2.06) (Figures 2 and 3). Ranking proba-
bility based on SUCRA indicated that febuxostat 120 mg
had the highest probability of being the best treatment for
achieving the target sUA (SUCRA=0.9973), followed by

Table 3. Rank probability of febuxostat, allopurinol, and
placebo™

SUCRA
Treatment

Efficacy Safety
Febuxostat 120 mg 0.9973 0.1819
Febuxostat 80 mg 0.7520 0.3342
Febuxostat 40 mg 0.4289 0.8484
Allopurinol 0.3217 0.4352
Placebo 0 0.7002

SUCRA, surface under the cumulative ranking curve.
*Efficacy based on the number of patients achieving a serum
urate level of less than 6.0 mg/dL and safety based on the
number of withdrawals due to adverse events.

A
Random effects (vague)
2.0 ° -
/‘//
T 151 i o
8 e
1S -7
> L4 '//
2 . e b
Q 10 T ‘/,’ [ ]
@ 4
2 ) .
o e
[$] g
£ 051 -
///// [ ]
-7 e
0.0 T )
0.0 0.5 1.0 1.5 2.0

Consistency model
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febuxostat 80 mg (SUCRA=0.7520), febuxostat 40 mg
(SUCRA=0.4289), allopurinol (SUCRA=0.3217), and
placebo (SUCRA=0) (Table 3).

Network meta-analysis of the safety of febuxostat
in RCTs

We considered the number of patient withdrawals due
to AEs as the safety outcome. The number of patients
withdrawn due to AEs tended to be lower in the febuxo-
stat 40 mg and placebo groups than in the allopurinol, fe-
buxostat 80 mg, and febuxostat 120 mg groups (Figures
2 and 3). However, the number of patients withdrawn due
to AEs did not differ significantly among the 5 inter-
ventions (Figures 2 and 3). Ranking probability based on
SUCRA indicated that febuxostat 120 mg had the lowest
probability of being the safest treatment (SUCRA=0.1819),
followed by febuxostat 80 mg (SUCRA=0.3342), allo-
purinol (SUCRA=0.4352), placebo (SUCRA=0.7002),
and febuxostat 40 mg (SUCRA=0.8484) (Table 3).

Inconsistency and sensitivity analysis

Some inconsistencies between direct and indirect esti-
mates were found. Two points in both plots of the efficacy
(placebo of Kamatani et al.’s study [13] and Kamatani et
al’s. study [14]) and safety (febusoxtat 120 mg of Becker
et al. [8] study, febusoxtat 120 mg of Park et al. [15]
study) appeared to have a higher than expected posterior
mean deviance (Figure 4). However, sensitivity analysis
removing the outlier studies did not meaningfully change
the network meta-analysis results, i.e., OR for achieve-

B
20+ Random effects (vague)
T 154
kS e e
£ °
> o -7 Y
%) - [ ]
§ 1.0- Y & *
3 o
] o o 2
2 054 *
00 - T T T 1
0.0 0.5 1.0 1.5 2.0

Consistency model

Figure 4. Inconsistency plots for efficacy (A) and safety (B) of febuxostat, allopurinol, and placebo. Plot of the posterior mean devi-
ance contribution of individual data points for the consistency model (horizontal axis) and the unrelated mean effects model
(vertical axis), along with the line of equality.
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Table 4. Sensitivity analysis of the network meta-analysis comparing the random- and fixed-effects models

Random-effects model

Fixed-effects model

Comparison
OR 95% Crl OR 95% Crl
Efficacy
Febuxostat 40 mg vs. allopurinol 1.16 0.62~2.06 1.22 1.00~1.47
Febuxostat 120 mg vs. febuxostat 80 mg 2.06 1.16~4.12 1.89 1.46~2.45
Febuxostat 80 mg vs. febuxostat 40 mg 3.01 1.66~5.52 2.78 2.26~3.41
Febuxostat 80 mg vs. allopurinol 3.49 1.97~5.91 3.37 2.83~4.03
Febuxostat 120 mg vs. febuxostat 40 mg 6.22 3.16~13.62 5.24 3.91~7.10
Febuxostat 120 mg vs. allopurinol 717 3.86~14.09 6.37 4.92~8.29
Allopurinol vs. placebo 319.39 76.45~2,501.25 313.87 82.99~2,304.15
Febuxostat 40 mg vs. placebo 367.65 90.66~2,806.62 381.24 101.31~2,794.08
Febuxostat 80 mg vs. placebo 1,109.63 268.89~8,382.23 1,054.30 281.45~7,800.31
Febuxostat 120 mg vs. placebo 2,327.75 539.96~18,986.14 2,000.80 525.76~14,947.68
Safety

Placebo vs. febuxostat 120 mg 0.50 0.14~1.17 0.54 0.23~1.15
Febuxostat 40 mg vs. febuxostat 120 mg 0.57 0.20~1.75 0.56 0.34~0.95
Placebo vs. febuxostat 80 mg 0.59 0.17~1.17 0.68 0.29~1.42
Placebo vs. allopurinol 0.65 0.17~1.27 0.71 0.30~1.50
Febuxostat 40 mg vs. febuxostat 80 mg 0.66 0.23~1.83 0.71 0.49~1.01
Febuxostat 40 mg vs. allopurinol 0.72 0.24~2.03 0.74 0.51~1.06
Allopurinol vs. febuxostat 120 mg 0.78 0.37~1.96 0.76 0.50~1.18
Febuxostat 80 mg vs. febuxostat 120 mg 0.85 0.42~1.98 0.80 0.52~1.23
Allopurinol vs. febuxostat 80 mg 0.86 0.21~2.54 0.96 0.71~1.28
Febuxostat 40 mg vs. placebo 0.92 0.46~1.90 1.05 0.47~2.52

Crl: credible interval, OR: odds ratio.

ment of the target sUA level with febuxostat 40 mg vs. al-
lopurinol (OR 1.16, 95% CrI 0.62 to 2.06) did not change
significantly after removing outlier studies (OR 1.13,
95% CrI 0.58 to 1.99). Same pattern of sensitivity analysis
was also observed in the network meta-analysis of the
safety, i.e., OR for the number of patients withdrawn due
to AEs with febuxostat 120 mg vs. allopurinol (OR 0.78,
95% Crl 0.37 to 1.96) was not affected menacingly after
removing the outlier studies (OR 0.71, 95% CrI 0.29 to
1.62). In addition, random- and fixed-effects model re-
sults also indicated that the results of this network
meta-analysis are robust (Table 4).

DISCUSSION

Bayesian network meta-analysis synthesizes all avail-
able direct and indirect data to allow for simultaneous
comparisons of different treatment options [21,22],
whereas traditional meta-analyses do not rank the effi-
cacy and safety of treatments and do not provide suffi-
cient information to guide physicians’ decision-making.
We conducted a Bayesian network meta-analysis to com-
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pare the efficacy and safety of febuxostat at different
doses in hyperuricemic patients with or without gout, be-
cause this analysis enables an indirect comparison of mul-
tiple treatments, which are either lacking in or have in-
sufficient direct head-to-head comparisons.

The cornerstone of gout treatment is the achievement of
atarget sUA level <6 mg/dL [3]. This goal is based on the
solubility of urate at 37°C (6.8 mg/dL), levels below
which have been associated with a lower risk of gout
flares and tophi [40]. This network meta-analysis as-
sessed 5 types of interventions in hyperuricemic patients
with or without gout based on the number of patients
with an sUA level <6.0 mg/dL and the number of pa-
tients withdrawn due to AEs. In terms of efficacy, febuxo-
stat at any dose and allopurinol were beneficial in achiev-
ing the target sUA level compared to placebo. Our net-
work meta-analysis suggests that febuxostat 120 mg is
the most effective in the treatment of hyperuricemia, fol-
lowed by febuxostat 80 mg, febuxostat 40 mg, allopurinol
(100 to 300 mg/d), and placebo. Febuxostat 120 mg and
febuxostat 80 mg were effective in reducing sUA in hyper-
uricemic patients with or without gout compared with al-
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lopurinol, whereas the urate-lowering efficacy of febuxo-
stat 40 mg was comparable with that of allopurinol
100/300 mg (OR 1.16, 95% CrI 0.62 to 2.06). When tar-
get sUA levels are not achieved with febuxostat 40 mg
daily or allopurinol 300 mg, the evidence suggests that
dose titration to febuxostat 80 mg or febuxostat 120 mg
may be a rational alternative to increasing allopurinol
doses beyond 300 mg.

With respect to safety, febuxostat 120 mg had the lowest
probability of being the safest treatment, based on the
number of withdrawals due to AEs. This network meta-anal-
ysis suggests comparable safety among the different fe-
buxostat dosages, allopurinol, and placebo, although
there was a non-significant trend towards more with-
drawals due to AEs from febuxostat 120 mg, to febuxo-
stat 80 mg, allopurinol, placebo, and febuxostat 40 mg.
Allopurinol is effective in the treatment of hyperuricemia,
but it can occasionally induce severe adverse reactions,
such as hematologic cytopenia, hepatitis, vasculitis, and
the potentially life-threatening allopurinol hypersensitivity
syndrome [5,6]. However, no severe rashes or hyper-
sensitivity reactions were found with febuxostat use in
previous clinical trials. Thus, febuxostat is considered as
a potentially safe and efficacious alternative.

The results of this network meta-analysis, which com-
bined evidence from both direct and indirect comparisons
of the relative efficacy and safety of febuxostat and allo-
purinol, were in agreement with the result of a meta-anal-
ysis of direct comparisons; febuxostat 80 mg and febuxo-
stat 120 mg provided a statistically significant improve-
ment in the number of patients achieving an sUA level
<6.0 mg/dL compared to allopurinol 100/300 mg and
treatment discontinuation due to adverse reactions was
not significantly different between febuxostat and allo-
purinol [18]. Additionally, our network meta-analysis
ranked the efficacy and safety of treatments and provided
evidence to optimally inform decision-making.

However, our results should be interpreted with caution
because of the several shortcomings of our study. First,
the follow-up times ranged widely, from 4 weeks to 52
weeks, with most being of short duration (<6 months).
This might be too short for an evaluation of the long-term
effects. Comparative studies with longer follow-up peri-
ods in the future are warranted. Second, there was hetero-
geneity in the design and patient characteristics of the in-
cluded trials; thus, there is the possibility that these dif-
ferences across studies affected the results of this net-
work meta-analysis. Most patients included in this analy-
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sis (n=3,667) were hyperuricemic with gout, and 3 stud-
ies (n=432) included patients with hyperuricemia and
some gout patients (46.3% to 57.0%) [12-14]. Asympto-
matic hyperuricemia does not usually require treatment,
and evidence of febuxostat in patients with hyperuri-
cemia only is insufficient and needed. Third, this study
did not comprehensively address the efficacy and safety
outcomes of febuxostat and allopurinol in hyperuricemic
patients with or without gout. This study only focused on
effectiveness, based on the number of patients achieving
an sUA level <6.0 mg/dL, and on safety, based on the
number of patients withdrawn due to AEs, without as-
sessing various outcomes. Specifically, the number of
withdrawals due to AEs may not be sufficient to assess
safety because of its low frequency.

Nevertheless, this meta-analysis has a number of
strengths. The number of patients in each individual
study ranged from 67 to 1,768, and this analysis included
a total of 4,099 patients. Network meta-analyses synthe-
size all available data to allow for simultaneous compar-
isons of different treatment options that lack direct
head-to-head comparisons [21,22]. In contrast with the
individual studies, we were able to provide more accurate
data by increasing the statistical power and resolution
through pooling the results of independent analyses and
ranking of the efficacy and safety of febuxostat at the
doses tested and allopurinol.

CONCLUSION

In conclusion, by using a Bayesian network meta-analy-
sis involving 8 RCTs comparing the urate-lowering effi-
cacy of 5 different interventions, we found that febuxo-
stat 80 mg and febuxostat 120 mg were more efficacious
than allopurinol (100 to 300 mg) and that febuxostat 40
mg and allopurinol were comparable. The safety of fe-
buxostat at all doses was comparable with that of
allopurinol. Further long-term studies are needed to de-
termine the relative efficacy and safety of febuxostat and
allopurinol in a large number of hyperuricemic patients
with gout.
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