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allopurinol: A meta-analysis
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Gout, a metabolic arthritis caused by monosodium
urate crystal deposition, is directly related to
hyperuricemia resulting from abnormal purine
metabolism and impaired uric acid excretion.! With
socioeconomic development and dietary changes,
the global gout burden has risen, marked by a
22.5% increase in age-standardized prevalence from
1990 to 2020.2 The condition exhibits significant
aging characteristics, with higher prevalence in
older populations.”! Epidemiological studies also
indicate a rising incidence of gout."* Notably, the
impact of gout extends beyond joint disease; it
is an independent risk factor for cardiovascular
diseases.”® Large-scale cohort studies have shown
a 20% increase in coronary heart disease risk
with each 1 mg/dL serum uric acid (SUA) rise,”
and urate-lowering therapy can reduce all-cause
mortality by around 22%," underscoring the clinical
value of effective urate-lowering treatment.

Current international guidelines recommend the
sustained control of SUA below 6 mg/dL as the
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ABSTRACT

Objectives: This meta-analysis aims to explore the treatment
effects and safety of different doses of febuxostat and allopurinol
in patients with gout.

Materials and methods: We systematically searched electronic
databases and included randomized-controlled trials (RCTs)
evaluating the effects of different doses of febuxostat and
allopurinol on the number of patients with serum uric acid (SUA)
levels <6.0 mg/dL, as well as on SUA levels, gout attack incidence
and adverse events (AEs) in patients with gout. We calculated
pooled effect sizes, including standardized mean differences
(SMDs), relative risks (RRs) or risk differences (RDs), using a
random-effects model, and estimated the range of effects using
95% confidence intervals (CIs). A total of 16 RCTs involving
19,683 patients were included.

Results: The results showed that compared to allopurinol,
febuxostat significantly increased the number of patients with
SUA levels <6.0 mg/dL, particularly at doses of 40-80 mg/day
(RR=1.14, 95% CI: 1.00, 1.30) and >80 mg/day (RR=2.75,
95% CI: 1.68, 4.49). Febuxostat also significantly improved
SUA levels (SMD=-0.70, 95% CI: -1.02, —0.37), but had
no significant effect on gout attack risk (RR=1.13, 95% CI:
0.94, 1.35). The risk of any-grade AEs was lower in the
febuxostat group than in the control group (RR=0.95, 95%
CI: 0.93, 0.98), but there were no significant differences in
treatment-related AEs (RR=0.99, 95% CI. 0.92, 1.07) and
serious AEs (RD=-0.01, 95% CI: —0.02, 0.00).

Conclusion: Overall, compared to allopurinol, febuxostat
significantly improves SUA levels in patients with gout and has
a certain safety profile. However, more high-quality studies are
needed to further explore its efficacy.

Keywords: Allopurinol, efficacy, febuxostat, safety, meta-analysis.

core goal of gout treatment, a threshold below
the saturating concentration of monosodium urate,
which effectively promotes crystal dissolution
and reduces acute attacks.'2 Among the choices
of uric acid-lowering drugs, xanthine oxidase
inhibitors (XOIs) have become the preferred regimen
because of their precise efficacy, with allopurinol
having been clinically used as a traditional XOI
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drug for more than half a century. However,
pharmacokinetic studies have shown that the
uric acid-lowering effect of allopurinol exhibits
significant individual differences, and there is a
risk of serious hypersensitivity reactions.!3!4
Through dual inhibition of oxidative and reductive
xanthine oxidase, febuxostat, a novel selective XOI,
is mainly metabolized in the liver and excreted
through the kidneys and intestines following oral
administration and has shown promising efficacy in
lowering uric acid and enhancing renal protection
compared with other drugs.['>!9 Several studies have
reported the clinical efficacy and safety of different
doses of febuxostat compared to allopurinol in the
treatment of hyperuricemia; however, the sample
sizes included in a single study relatively small
and the results were inconsistent across studies.”?
Although meta-analyses have compared the efficacy
and safety of the two drugs, they have focused
mainly on the overall comparison of the drugs
themselves, ignoring the importance of dose on
treatment efficacy and safety.21 Although two
recent meta-analyses examined the clinical efficacy
of differential febuxostat dosages, their omission of
newly published evidence may introduce potential
bias.?>®! In this meta-analysis, we compare the
therapeutic effects and safety of different doses
of febuxostat versus allopurinol in patients with
gout, clarify the drug dose-efficacy relationship,
and provide evidence-based guidance for clinical
practice.

MATERIALS AND METHODS

Search strategy

In line with the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA)
2020 Statement,™ we systematically searched four
electronic databases, PubMed, Web of Science,
Cochrane Library and Embase, from their inception
to 20 April 2025. The search terms included: ‘Gout’,
‘Febuxostat’ and ‘Allopurinol’. The search strategy
was as follows: (‘gout’[MeSH Terms] OR ‘gout’[All
Fields]) AND (‘febuxostat’[MeSH Terms] OR
‘febuxostat’[All Fields]) AND (‘allopurinol’[MeSH
Terms] OR  ‘allopurinol’[All  Fields] OR
‘allopurinols’[All Fields]). In addition, to expand
the scope of included studies, we further screened
the target literature by reviewing the references of
included studies.

Inclusion and exclusion criteria

Inclusion  criteria were as  follows:
(i) peer-reviewed Chinese or English studies
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on the efficacy and safety of different doses of
febuxostat and allopurinol for gout treatment;
(ii) participants diagnosed with gout or
hyperuricemia, based on the American College
of Rheumatology criteria or SUA>480 pmol/L
(8.0 mg/dL),? with no restrictions on age, sex or
disease duration; (iii) interventions were febuxostat
and allopurinol; (iv) at least one outcome indicator
was reported: post-treatment SUA level, number
of participants with SUA<6.0 mg/dL or adverse
event (AE) rate; and (v) study design was a
randomized-controlled trial (RCT).

Exclusion criteria included (i) non-human
studies; (ii)) conference papers, case reports,
systematic reviews, etc; (iii) incomplete outcome
data; (iv) duplicate reports; and (v) unavailable full
texts.

Literature screening and data extraction

Two researchers independently screened the
literature against the inclusion/exclusion criteria.
Initially, titles and abstracts were reviewed,
followed by full-text reading of potentially eligible
studies. In the case of disagreements, a third
researcher was consulted. Following screening, the
two researchers separately extracted data using
a standardized form, covering literature details,
participant demographics, febuxostat/allopurinol
doses and duration, and outcome data.

Quality assessment

We assessed literature quality using the Cochrane
Collaboration’s risk-assessment tool,? which
evaluates randomization, allocation concealment,
blinding, data completeness, outcome reporting and
other bias sources.

Statistical analysis

Statistical analysis was performed using the
RevMan version 5.3 software (The Cochrane
Collaboration, UK). Continuous data were expressed
in standardized mean differences (SMDs) and count
data as relative risks (RRs). When zero events
occurred in included studies,?! risk differences
(RDs) were used for meta-analysis. Effect sizes
were estimated using 95% confidence intervals
(CIs). Given that the random-effects model is more
conservative than the fixed-effects model, we chose
the former to address potential cross-study and
cross-population effect differences.?**! Subgroup
analyses were conducted for the following febuxostat
doses: <40, 40-80 and >80 mg/day. Heterogeneity
was assessed using the Q-test and I? statistic. If
12<50% or p>0.05, good homogeneity was assumed.
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Sensitivity analysis was performed by excluding the
included studies one by one. A p value of <0.05 was
considered statistically significant.

RESULTS

Characteristics of included studies

Following a systematic search of Chinese and
English databases, 1,768 studies were included in
the screening process. After excluding duplicates
and irrelevant studies, 72 articles proceeded to
full-text review. Ultimately, 16 studies.'”19%-42 were
included (Figure 1). These studies were published
between 2005 and 2024, mainly from China (n=6)
and the United States (n=5). All were RCTs, with
14 multi-center and nine double-blinded designs.
They involved 19,683 patients, with 11,241 in the
febuxostat group (doses: 10-240 mg) and 8,442 in
the allopurinol group (doses: 100-300 mg). Most
participants were men and had a high body mass
index. More details are presented in Table I.

Literature quality assessment

After assessing the literature quality using the
Cochrane Collaboration’s risk-assessment tool,
all 16 included studies were found to be of high
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quality. However, seven studies had a high risk
of bias in blinding due to their open-label design
(Figures 2 and 3).

Serum uric acid level <6.0 mg/dL

A meta-analysis based on a random-effects
model showed a significant increase in the
number of patients with SUA levels <6.0 mg/dL
following treatment with febuxostat compared
to allopurinol (RR: 1.65; 95% CI: 1.40, 1.94). The
treatment effects varied across different febuxostat
dosages. Six studies reporting outcomes with
febuxostat <40 mg/day showed a 1.14-fold increased
likelihood of attaining SUA levels <6.0 mg/dL
compared to allopurinol (95% CI: 1.00, 1.30). Ten
studies evaluating febuxostat 40-80 mg/day
demonstrated greater efficacy, with a 1.66-fold
higher achievement rate compared to allopurinol
(95% CI:1.45,1.90). Notably, two studiesinvestigating
high-dose febuxostat (>80 mg/day) revealed the
most pronounced effect, yielding a 2.75-fold
increased probability of reaching target SUA levels
compared with allopurinol (95% CI: 1.68, 4.49)
(Figure 4). Furthermore, a leave-one-out sensitivity
analysis was performed by sequentially excluding
each included study. The results demonstrated

Identification of studies via databases and registers

. | Records removed before screening:
>

« Duplicate records removed (n=832)

A4

Records excluded (n=864)

Reports excluded:
« The subjects without gout and/or hyperuricemia
(n=4)
« The intervention was Febuxostat or allopurinol

C
Re]
®
£ Records identified from databases (n=1,768)
3
k=]
Records screened (n=936)
o
C
c
[
o
O
(%)
Y
Reports assessed for eligibility (n=72)
el
g Studies included in quantitative synthesis
é (meta-analysis) (n=16)

A4

(n=3)

« The study design was review, case report, or
animal research (n=37)

« Data was not available (n=12)

FIGURE 2. Study flowchart.
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no substantial reduction in heterogeneity £3
(I? change <10%), and the overall findings remained =5 § § ©
statistically consistent, indicating the robustness of § % H o9 2
the analytical outcomes. T 'g ; 3 >
Serum uric acid levels 85 °
The meta-analysis based on a random- gﬂ Q &
effects model revealed that febuxostat treatment gé y 3’4 £ £
significantly reduced SUA levels compared with e R >
allopurinol (SMD: -0.70; 95% CI: -1.02, -0.37). o _
The magnitude of effect varied across different _ 403 =
febuxostat dosages. Four studies reporting outcomes 2 § ﬁl § ﬁ
with febuxostat <40 mg/day showed no statistically & & o o
significant improvement in SUA levels (SMD: —0.29;
95% CIL: —0.93, 0.35). In contrast, febuxostat 40-80 sgae R & 2
mg/day (n=5; SMD: —0.88; 95% CI: —1.29, —0.87) and =7 ©
febuxostat >80 mg/day (n=2; SMD: -1.04; 95% CL ® 5 o o
-1.22, —0.87) demonstrated statistically significant o | N S s
reductions in SUA levels (Figure 5). Furthermore, &3 ;:?_J' § i‘ @
a leave-one-out sensitivity analysis was performed B 5 © =
by sequentially excluding each included study. @
The results demonstrated no substantial reduction @
in heterogeneity (I> change <15%), and the overall é. ? ? 5 3
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the robustness of the analytical outcomes. -
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The meta-analysis based on a random-effects g [ 4: 52 3E 3% 8%
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a statistically significant difference in the risk -
of acute gout compared to allopurinol (RR: 1.13; g o
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each included study. The results demonstrated no %
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consistent, indicating the robustness of the analytical 33 G8¢% 3% =
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Adverse events % i § E
The meta-analysis based on a random-effects 5 6 S z
model indicated that febuxostat was associated with S
a slightly lower risk of any-grade AEs compared to § g §
allopurinol (RR: 0.95; 95% CI: 0.93, 0.98). This trend ;“ Tj §
was observed only in the febuxostat 40-80 mg/day = qé 5
(RR:0.95;95% CI: 0.91, 0.99) and >80 mg/day (RR: 0.95; % E % §
95% CI: 0.91, 0.98) subgroups (Figure 7). Furthermore, 5 |2 < g 5
the effects of febuxostat versus allopurinol on S =« -
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FIGURE 2. Risk of bias summary.
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FIGURE 3. Risk of bias graph.
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treatment-related AEs (TRAEs) and serious AEs
(SAEs) were evaluated. The meta-analysis revealed
no statistically significant differences in TRAEs
(RR: 0.99; 95% CI: 0.92, 1.07) (Supplementary
Figure 1) or SAEs (RD: —0.01; 95% CI: —0.02, 0.00)
(Supplementary Figure 2). Subgroup analyses
stratified by febuxostat dosage demonstrated
consistent results. Additionally, febuxostat
demonstrated no significant impact on the risks
of hepatic dysfunction (RR: 0.99; 95% CI: 0.92, 1.07)
(Supplementary Figure 3) or cardiovascular events
(RD: 0.00; 95% CI: -0.01, 0.01) (Supplementary
Figure 4).

DISCUSSION

In this meta-analysis of prospective studies, we
systematically evaluated the efficacy and safety
of febuxostat at different dosages compared to
allopurinol. Sixteen studies of moderate to
high quality were included, demonstrating that

febuxostat significantly outperformed allopurinol
in achieving SUA levels <6.0 mg/dL, with a
potential dose-dependent effect. The impact on
SUA reduction varied across dosage groups, with
significant improvements observed in higher-dose
regimens (40-80 and >80 mg/day). Regarding
safety, febuxostat exhibited an acceptable profile,
particularly for TRAEs and SAEs. The findings
of the present study are consistent with prior
research regarding the dose-response relationship of
allopurinol in urate-lowering efficacy and safety.->?
This updated analysis comprehensively compares
the efficacy and safety of febuxostat dosages
versus allopurinol in gout patients, incorporating
the most recent evidence to inform clinical decision-
making.

Febuxostat, approved in the United States in
2009 and in China in 2013, expanded therapeutic
options for gout and hyperuricemia, particularly for
patients intolerant to conventional urate-lowering
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Experimental Control
Study or Subgrou Events

1.1.1 Febuxostat <=40 mg/d

Becker,2010 342 757 318 756  6.5%
Huang,2014 47 172 41 172 5.0%
Kamatani,2011 8 10 1 20 41%
Nakagomi, 2015 22 31 13 30  4.3%
Xu,2015 72 160 55 159  56%
Zhang,2018 77 181 83 184 59%
Subtotal (95% Cl) 1311 1321 31.4%

Total events 568 521
Heterogeneity. Tau*= 0.01; Chi*= 7.30, df=5 (P = 0.20); IF= 32%
Test for overall effect: Z=1.95 (P = 0.05)

1.1.2 Febuxostat 40-80 mg/d

Becker,2005 185 256 88 253 6.2%
Becker,2010 507 756 318 756 6.5%
Chen,2024 20 49 18 48 4.2%
Desideri,2022 72 98 556 98 6.0%
Huang,2014 77 172 41 172 53%
Kamatani,2011 8 10 1" 20 41%
Schumacher,2008a 72 267 33 268 51%
Xu,2015 93 158 55 158 5.8%
Yu,2016 32 54 6 55 26%
Zhang,2019 125 188 83 184 6.1%
Subtotal (95% Cl) 2008 2014 51.9%
Total events 1191 715

Heterogeneity: Tau®= 0.03; Chi*= 26.33, df= 8 (P = 0.002); I*= 66%
Test for overall effect: Z=7.22 (P < 0.00001)

1.1.3 Febuxostat >80 mg/d

Risk Ratio
Total Events Total Weight M-H, Random, 95% CI

1.07 [0.96, 1.20]
1.15[0.80, 1.65)
1.45[0.88, 2.41)
1.64 [1.03, 2.61)
1.30[0.99,1.71)
0.94[0.75,1.19)
1.14[1.00, 1.30]

2.08[1.73, 2.50]
1.59 [1.45,1.76)
1.05[0.65,1.71)
1.31[1.06,1.62)
1.88[1.37, 2.57)
1.45[0.88, 2.41)
1.85[1.30, 2.63]
1.70[1.32,2.19)
5.43(2.47,11.93]
1.47[1.22,1.78)
1.66 [1.45, 1.90]

Becker,2005 193 251 88 253 6.2% 2.21[1.84, 2.65)
Schumacher,2008a 79 269 33 268 5.1% 2.02[1.43, 2.89)
Schumacher,2008h 92 134 39 268 54% 4.72(3.45,6.44)
Subtotal (95% Cl) 654 789  16.7% 2.75[1.68, 4.49]
Total events 364 166

Heterogeneity: Tau*= 0.17; Chi*=19.13, df = 2 (P < 0.0001); F= 90%
Test for overall effect: Z= 4.04 (P < 0.0001)

Total (95% CI) 3973 4124 100.0%
Total events 2123 1402
Heterogeneity: Tau®= 0.10; Chi*= 155.29, df= 18 (P < 0.00001); I*= 88%
Test for overall effect: Z= 6.05 (P < 0.00001)

Test for subaroun differences: Chi*= 22.31. df= 2 (P < 0.0001). F= 91.0%

1.65[1.40, 1.94]
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FIGURE 4. Forest plot of different doses of febuxostat on serum uric acid <6.0 mg/dL.

Cl: Confidence interval.

Control
Mean SD Total Weight

Experimental
Study or Subgrouy Mean SD Total

Std. Mean Difference

IV, Random, 95% ClI

Std. Mean Difference
IV, Random, 95% ClI

10

100

1.2.1 Febuxostat <=40 mg/d

Huang,2014 =325 211 172 -326 211 172 10.5%
Kamatani, 2011 -4296 1333 10 -3655 1859 20 6.9%
Kim,2014 -318 136 35 -376 142 36 9.0%
Nakagomi,2015 -38 05 31 -31 056 30 84%
Subtotal (95% CI) 248 258  34.8%

Heterogeneity: Tau®= 0.36; Chi*= 23.86, df= 3 (P < 0.0001); F=87%
Test for overall effect: Z=0.88 (P = 0.38)

1.2.2 Febuxostat 40-80 mg/d

Becker,2005 -4473 181 256 -32.89 1533 253 10.7%
Chen,2024 -6 03 49 -54 032 49 89%
Huang,2014 -417 207 172 -325 211 172 105%
Kamatani,2011 -5247 979 10 -36.55 1858 20 6.6%
Kim,2014 -461 138 35 -376 142 36 89%
Subtotal (95% CI) 522 530 45.7%

Heterogeneity: Tau?= 0.18; Chi*= 30.85, df= 4 (P < 0.00001); F=87%
Test for overall effect: Z= 4.14 (P < 0.0001)

1.2.3 Febuxostat >80 mg/d

Becker,2005 -51.52 1919 251 -32.99 1533 253 10.7%
Kim,2014 -526 1.91 36 -3.76 1.42 36 8.9%
Subtotal (95% CI) 287 289  19.5%
Heterogeneity: Tau?= 0.00; Chi*= 0.48, df=1 (P = 0.49); IF= 0%

Test for overall effect: Z=11.72 (P < 0.00001)

Total (95% CI) 1057 1077 100.0%

Heterogeneity: Tau®= 0.25; Chi*= 112.52, df= 10 (P < 0.00001); F= 91%
Test for overall effect: Z=4.17 (P < 0.0001)
Test for subaroun differences: Chi*=5.16. df= 2 (P = 0.08). = 61.2%
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FIGURE 5. Forest plot of different doses of febuxostat on serum uric acid.

Cl: Confidence interval.
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Experimental Control

Study or Subgrou Events Total Events Total Weight M.H.Random, 95% Cl

1.6.1 Febuxostat <=40 mg/d

Huang,2014 9 172 16 172 3.7%
Zhang,2019 98 181 101 184 11.2%
Subtotal (95% Cl) 353 356 14.9%
Total events 107 A7

Heterogeneity: Tau®= 0.08; Chi*=1.95, df=1 (P = 0.16); F= 49%
Test for overall effect: Z=0.65 (P = 0.52)

1.6.2 Febuxostat 40-80 mg/d

Becker,2005 13 256 20 253 4.5%
Becker,2009 63 649 10 145  4.8%
Desideri,2022 10 98 15 98 4.0%
Huang,2014 7 172 16 172 3.2%
Saag,2022 2107 3098 1948 3092 12.7%
Schumacher,2008a 73 267 61 268 9.5%
Yu,2016 22 54 19 55  6.6%
Zhang,2019 102 188 101 184 11.2%
Subtotal (95% Cl) 4782 4267 56.6%
Total events 2397 2180

Heterogeneity: Tau*= 0.01; Chi*=10.21, df=7 (P=0.18), F=31%
Test for overall effect: Z= 0.59 (P = 0.56)

1.6.3 Febuxostat >80 mg/d

Becker,2005 9 251 20 253 3.8%
Becker,2009 66 292 10 145 4.9%
Schumacher,2008a 97 269 61 268 98.9%
Schumacher,2008b 69 134 61 268 9.8%
Subtotal (95% CI) 946 934 28.5%
Total events 241 152

Heterogeneity: Tau?= 0.22; Chi*= 19.35, df = 3 (P = 0.0002); F= 84%
Test for overall effect: Z=1.81 (P = 0.07)

Total (95% Cl) 6081
Total events 2745 2459

5557 100.0%

Heterogeneity: Tau*= 0.07; Chi*= 65.92, df= 13 (P < 0.00001); = 80%

Test for overall effect: Z=1.33 (P=0.18)
Test for subaroun differences: Chi*=3.40. df=2 (P=0.18). F=41.1%

Risk Ratio Risk Ratio
M.H, Random, 95% CI

0.56 [0.26, 1.24] r
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1.04[0.92, 1.18] ¢
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FIGURE 6. Forest plot of different doses of febuxostat on the incidence of gout.

Cl: Confidence interval.

Experimental Control

Study or Subgrou Events Total Events Total Weight M.H.Random, 95% Cl

1.3.1 Febuxostat <=40 mg/d

Becker,2010 429 757 433 756 7.3%
Huang,2014 96 172 103 172 1.7%
Zhang,2019 147 181 150 184 58%
Subtotal (95% Cl) 1110 1112 14.8%
Total events 672 686

Heterogeneity: Tau®= 0.00; Chi*= 0.43, df= 2 (P = 0.81), F= 0%
Test for overall effect: Z= 0.47 (P = 0.64)

1.3.2 Febuxostat 40-80 mg/d

Becker,2005 205 256 215 253  8.7%
Becker,2009 227 649 227 649 25%
Becker,2010 410 756 433 756  6.9%
Desideri,2022 51 98 63 98 1.0%
Huang,2014 83 172 103 172 1.6%
Schumacher,2008a 181 267 200 268 4.8%
Xu,2015 63 160 54 158 0.7%
Yu,2016 38 54 35 55 0.8%
Zhang,2019 149 188 150 184  55%
Subtotal (95% CI) 2600 2594  32.5%
Total events 1413 1480

Heterogeneity: Tau®= 0.00; Chi*=7.14, df= 8 (P = 0.52); F= 0%
Test for overall effect: Z= 2.57 (P = 0.01)

1.3.3 Febuxostat >80 mg/d

Becker,2005 189 251 2156 253 7.3%
Becker,2009 216 292 216 292 6.0%
Mackenzie,2020 1720 3063 1812 3065 30.3%
Schumacher,2008a 183 268 200 268 4.8%
Schumacher,2008h 98 134 200 268 3.6%
Xu,2015 61 158 54 158  0.7%
Subtotal (95% Cl) 4167 4305 52.7%
Total events 2467 2697

Heterogeneity: Tau®= 0.00; Chi*= 5.80, df=5 (P = 0.33); F=14%
Test for overall effect: Z= 2.76 (P = 0.006)

Total (95% Cl) 7877

Total events 4552 4863
Heterogeneity: Tau®= 0.00; Chi*=14.67, df=17 (P = 0.62), F= 0%
Test for overall effect: Z= 4.03 (P < 0.0001)

Test for subaroun differences: Chi*=1.32. df=2 (P=0.52). F= 0%

8011 100.0%

FIGURE 7. Forest plot of different doses of febuxostat on the incidence of any grade AE.

Cl: Confidence interval; AE: Adverse events.
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therapies.*¥ Its superior efficacy in achieving SUA
targets may stem from its unique mechanism. As a
non-purine selective XOI, febuxostat more precisely
inhibits uric acid synthesis compared to allopurinol,
a purine analog with non-selective inhibition. 4
Dose-response analyses revealed that SUA-lowering
effects intensified with higher doses. The lack of
significant improvement with <40 mg/day may
reflect insufficient xanthine oxidase inhibition to
reach therapeutic thresholds, whereas 40-80 and
>80 mg/day regimens achieved adequate enzyme
suppression for clinically meaningful reductions.!"”!
Notably, the neutral effect of febuxostat on acute
gout risk (RR=1.13) likely involves multifactorial
interactions. Rapid SUA decline may dissolve urate
crystals, releasing free urate and triggering transient
inflammation (e.g., NOD-like receptor protein 3
[NLRP3] inflammasome-mediated interleukin
[IL]-1p  activation), potentially counteracting
long-term prophylaxis.®! Additionally, short
follow-up periods in some studies may have missed
delayed flares (occurring months after treatment
initiation), as wurate crystal redistribution can
provoke late-phase inflammation unaccounted for
in current trial designs.[*!

Safety analyses showed a marginally lower risk
of any-grade AEs with febuxostat compared to
allopurinol, though this trend was restricted to
40-80 and >80 mg/day subgroups, possibly due to
limited statistical power in lower-dose groups. No
significant differences were observed for TRAEs,
SAEs, hepatic dysfunction or cardiovascular
events. However, the Cardiovascular Safety of
Febuxostat and Allopurinol in Patients with Gout
and Cardiovascular Morbidities (CARES) trial
highlighted elevated cardiovascular mortality risk
with febuxostat in elderly patients (>65 years) with
pre-existing severe cardiovascular disease.*”! The
absence of such signals in our analysis may reflect
differences in baseline population characteristics
and shorter follow-up durations, which may dilute
long-term risk detection. While uric acid reduction
remains a therapeutic priority, cardiovascular
outcomes are multifactorial, influenced by lipid
profiles, blood pressure, glucose metabolism and
inflammatory status, which are factors not fully
adjusted for in this meta-analysis.

In the present study, several limitations warrant
consideration. First, the included studies primarily
involved Chinese and American populations, which
limits generalizability to other ethnic groups, and
pharmacogenetic variations in drug metabolism
across races may further influence interethnic

Jt Dis Relat Surg

heterogeneity in drug efficacy and safety profiles.
Second, daily febuxostat doses were predominantly
40, 80 or 120 mg, with only one trial testing
240 mg/day, precluding exploration of higher-dose
effects. Finally, heterogeneity in baseline SUA levels,
comorbidities and concomitant medications may
confound dose-response relationships; insufficient
data precluded stratified analyses to address these
variables. While most studies assessed outcomes at
>4 months, one trial reported efficacy data at one
month. Sensitivity analysis confirmed this did not
substantially influence pooled effects. Nevertheless,
heterogeneity in follow-up durations may affect
longitudinal safety assessments, and findings
should be interpreted with consideration of the
treatment timeframe. Additionally, only RCTs were
included in this study.

In conclusion, febuxostat demonstrates superior
efficacy compared to allopurinol in achieving
SUA targets, with a dose-dependent effect and
acceptable safety. However, clinicians should
remain vigilant regarding long-term outcomes,
particularly cardiovascular risks in high-risk
populations. Further multi-center, large-scale,
prospective studies are needed to confirm these
findings, optimize dosing strategies, and clarify the
role of febuxostat in diverse clinical contexts.
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Efficacy and safety of febuxostat

Experimental
Study or Subgrou Events
1.4.1 Febuxostat <=40 mg/d

Huang,2014 55 172
Hu,2015 45 160
Zhang,2019 130 181
Subtotal (95% CI) 513
Total events 230

68
41
133

242

Control
Total Events Total Weight M-H.Random.95% CI

172 65%
159 4.0%
184 32.4%
515 43.0%

Heterogeneity: Tau?= 0.00; Chi*= 2.15, df = 2 (P = 0.34); F= 7%

Test for overall effect: Z= 0.51 (P = 0.61)

1.4.2 Febuxostat 40-80 mg/d

Becker,2005 63 256
Desideri,2022 6 98
Huang,2014 58 172
Hu,2015 46 158
Yu,2016 8 54
Zhang,2019 138 188
Subtotal (95% CI) 926
Total events 319

57
8
68
41
7
133

314

253 54%

98  05%
172 6.8%
159 41%

55 0.6%
184 34.4%
921 51.8%

Heterogeneity: Tau®= 0.00; Chi*= 2.44, df=5 (P=0.79); F=0%

Test for overall effect Z=0.14 (P = 0.89)

1.4.3 Febuxostat >80 mg/d

Becker,2005 60 251
Subtotal (95% CI) 251
Total events 60

Heterogeneity: Not applicable
Testfor overall effect Z=0.37 (P=0.71)

Total (95% Cl) 1690
Total events 609

57

57

613

253 52%
253 52%
1689 100.0%

Heterogeneity: Tau®= 0.00; Chi*= 4.92, df=9 (P =0.84), F=0%

Test for overall effect: Z=0.15 (P = 0.88)

Test for subaroun differences: Chi*= 0.40. df= 2 (P = 0.82). F= 0%

Risk Ratio

0.81[0.61,1.08]
1.08[0.76,1.57)
0.99(0.87,1.13]
0.97 [0.86, 1.10]

1.09 (0.80, 1.49]
0.75[0.27, 2.08]
0.85 [0.65,1.13]
1.13(0.78,1.62)
1.16 [0.45, 2.99]
1.02(0.90,1.15]
1.01[0.91, 1.11]

1.06 (0.77, 1.46]
1.06 [0.77, 1.46]

0.99[0.92, 1.07]

Risk Ratio
M-H. Random, 95% CI

-nl*

0.01 01 10

Favours [experimental] Favours [control]

100

SUPPLEMENTARY FIGURE 1. Forest plot of different doses of febuxostat on the

incidence of treatment-related AE.
Cl: Confidence interval; AE: Adverse events.

Experimental
Study or Subgroup _Events
1.5.1 Febuxostat <=40 mg/d

Becker, 2010 19 757
Huang,2014 2 172
Xu,2015 0 160
Zhang,2019 [
Subtotal (95% CI) 1270
Total events 27

Control

N
2
0
§

38

756 11.8%
172 95%
159 15.2%
184 5.4%
12711 41.9%

Heterogeneity: Tau®= 0.00; Chi*= 3.77, df= 3 (P = 0.29), F= 20%

Test for overall effect: Z= 0.69 (P = 0.49)

1.5.2 Febuxostat 40-80 mg/d

Becker,2005 1M1 256
Becker,2009 1 649
Becker,2010 28 756
Desideri, 2022 10 98
Huang,2014 1172
¥u,2015 1 158
Yu,2016 2 54
Zhang,2019 5 188
Subtotal (95% Cl) 231
Total events 69

19
12
k]l

8

2
0
1
5

78

253 43%
145 36%
756 11.0%
98 1.3%
172 10.9%
159 12.2%
55 2.2%
184 6.0%
1822 51.4%

Heterogeneity: Tau*= 0.00; Chi*=13.87, df=7 (P = 0.05), F= 50%

Test for overall effect: Z=0.95 (P = 0.34)

1.5.3 Febuxostat >80 mg/d
Becker,2005 2725
Becker,2009 9 292
Subtotal (95% CI) 543
Total events 30

19
12

N

253 34%
145 32%
398 6.6%

Heterogeneity: Tau®= 0.00; Chi®= 3.06, df=1 (P=0.08); F=67%

Testfor overall effect: Z=0.70 (P = 0.48)

Total (95% CI) 4144
Total events 126

147

3491 100.0%

Heterogeneity: Tau*= 0.00; Chi*= 22.50, df=13 (P = 0.05), F= 42%

Testfor overall effect: Z=1.29 (P = 0.20)

Testfor subaroun differences: Chi*= 0.43. df=2 (P=0.81). F=0%

Risk Difference
Total Events Total Weight M-H, Random, 95% Cl

-0.02-0.03,0.00]
0.00 (0.02, 0.02]
0.00 F0.01, 0.01]
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-0.03[-0.07,0.01]

-0.07 [0.11,-0.02]

-0.00 10.02, 0.02)
0.02 [0.06, 0.10]
-0.01 [0.03,0.01]
0.01 (0.01,0.02]
0.02 0.0, 0.08]
-0.00 1-0.03, 0.03]
20.01[-0.02,0.01]

0.01[-0.04, 0.06]
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SUPPLEMENTARY FIGURE 2. Forest plot of different doses of febuxostat on the

incidence of serious AE.
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Experimental Control Risk Difference Risk Difference

Study or Subgrou Events Total Events Total Weight M-H,Random.95% Cl M-H, Random, 95% CI
1.7.1 Febuxostat <=40 mg/d
Becker,2010 63 757 50 756 11.7% 0.02 [-0.01, 0.04] ™
Huang,2014 5 172 6 172 6.0% -0.01 [-0.04,0.03] —
Xu,2015 17 160 18 159 1.7% -0.01 [-0.08, 0.06] S
Zhang,2019 218 2 184 18.0% 0.00 [-0.02,0.02) = o
Subtotal (95% CI) 1270 1271 37.5% 0.00[-0.01, 0.02] L
Total events 87 76
Heterogeneity: Tau?= 0.00; Chi*=1.76, df= 3 (P = 0.62); F= 0%
Test for overall effect: Z= 0.55 (P = 0.58)
1.7.2 Febuxostat 40-80 mg/d
Becker,2005 9 256 1 253 72% -0.01[-0.04,0.03] B
Becker,2010 52 756 50 756 12.9% 0.00 [-0.02, 0.03] -
Chen,2024 0 49 249 19% -0.04[-0.11,0.03] N
Huang,2014 2 172 6 172 82%  -0.02[0.06,0.01) S
Schumacher,2008a 17 267 15 268 51% 0.01 [-0.03, 0.08] I
Xu,2015 22 158 18 159 1.5% 0.03 [-0.05, 0.10] [ B —
Yu,2016 7 54 6 55 0.6% 0.02[-0.10,0.14] —
Zhang,2019 7188 2 184 86% 0.03[-0.00, 0.06]
Subtotal (95% Cl) 1900 1896  45.9% 0.00[-0.01,0.01] L 2
Total events 116 110
Heterogeneity: Tau®= 0.00; Chi*= 7.46, df= 7 (P = 0.38), F= 6%
Test for overall effect Z= 0.07 (P = 0.95)
1.7.3 Febuxostat >80 mg/d
Becker,2005 13 251 11 253 6.0% 0.01 [-0.03, 0.08] -
Schumacher,2008a 10 269 15 268 6.5% -0.02[-0.05,0.02] T
Schumacher,2008b 6 134 15 268  4.2% -0.01 [-0.06, 0.03) T
Subtotal (95% Cl) 654 789  16.6% -0.01[-0.03,0.02] <&
Total events 29 4
Heterogeneity. Tau®= 0.00; Chi*= 1.1, df= 2 (P = 0.58); F= 0%
Test for overall effect: Z=0.63 (P = 0.53)
Total (95% CI) 3824 3956 100.0% 0.00[-0.01, 0.01] ¢
Total events 232 227

ity Tay?= - OChiz= 2 = = + + + +
Heterogeneity: Tau?= 0.00; Chi*= 10.82, df= 14 (P=0.70); F= 0% 02 o1 01 02

Test for overall effect Z=0.14 (P = 0.89)
Testfor subaroun difierences: Chi*= 0.69. df= 2 (P = 0.71). F= 0%

SUPPLEMENTARY FIGURE 3. Forest plot of different doses of febuxostat on

Favours [experimental] Favours [control]

the incidence of hepatic dysfunction.

Experimental Control Risk Difference Risk Difference
Study or Subgroup __Events _ Total Events Total Weight M-H.Random, 95% Cl M.H, Random, 95% CI
1.8.1 Febuxostat <=40 mg/d
Becker,2010 0 75 3 756 166%  -0.00(-0.01,000 »
Nakagomi, 2015 2 ki 5 30 02%  -010(0.26,006 ¢
Yang,2022 1 60 0 60 26% 0.02[-0.03,0.06] —1
Subtotal (95% CI) 848 846 195%  -0.00[-0.03,0.03] -
Total events 3 8

Heterogeneity: Tau?= 0.00; Chi*= 3.00, df= 2 (P = 0.22), F= 33%
Testfor overall effect Z=0.12 (P= 0.90)

1.8.2 Fehuxostat 40-80 mg/d

Becker,2009 46 649 5 145 39% 0.04[0.00,0.07) _'_
Becker,2010 3 756 3 756 16.1% 0.00-0.01,001) . &
Saag,2022 62 3098 413002 16.0% 0.01(0.00,0.01) il
Schumacher,2008a 5 267 1 268 94% 0.01[0.00,003 —
Subtotal (95% CI) 4770 4261 45.3% 0.01[-0.00,0.02] | 2

Total events 116 50

Heterogeneity: Tau?= 0.00; Chi*= 8.89, df =3 (P = 0.03), F= 66%
Testfor overall effect Z=1.54 (P=0.12)

1.8.3 Febuxostat >80 mg/d

Becker,2009 17 292 5 145 32% 0.02[-0.02,0.06] T
Mackenzie, 2020 172 3063 241 3065 123%  -0.02}0.04,-0.01] -
Schumacher,2008a 5 269 1 268 94% 0.01-0.00,003] =R
Schumacher,2008h 1134 1 268 102% 0.00(-0.01,002) I
Subtotal (95% CI) 3758 3746 35.1% 0.00[-0.02, 0.03] -
Total events 195 248

Heterogeneity: Tau?= 0.00; Chi*= 22.20, df= 3 (P < 0.0001); *= 86%
Testfor overall effect Z= 0.21 (P = 0.84)

Total (95% CI) 9376 8853 100.0% 0.00(-0.00, 0.01] *
Total events 34 308

Heterogeneity: Tau?= 0.00; Chi= 37.81, df= 10 (P < 0.0001); F=74%
Test for overall effiect Z=0.79 (P=0.43)

Test for subaroun differences: Chi*= 0.47. df=2 (P = 0.79). F= 0%
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SUPPLEMENTARY FIGURE 4. Forest plot of different doses of febuxostat on

the incidence of cardiovascular events.




