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Background: To evaluate the major cardiovascular (CV) events of febuxostat compared to allopurinol for
the treatment of gout or asymptomatic hyperuricemia.

Methods: Relevant studies published until August 15, 2020 were identified by a systematic search of the
PubMed and Wiley Online Library databases. Any controlled clinical trial, randomised controlled trial
(RCT), retrospective cohort study or open label trial (OLT) comparing febuxostat in patients with gout
or hyperuricemia with allopurinol. The quality of all identified studies was assessed based on Cochrane
Collaboration’s risk of bias tool. Odds ratios (OR) were calculated with random effects and reported with
corresponding 95% confidence intervals (CI).

Results: Eighteen studies were ultimately included in the analysis, among them 6 articles mentioned serum
uric acid (sUA) level before and after treatment, 14 articles mentioned major cardiovascular events, 5 articles
mentioned cardiovascular death, 6 articles mentioned skin reactions, 6 articles mentioned musculoskeletal
and connective tissue signs and symptoms, 4 articles mentioned joint-related signs and symptoms,
6 articles mentioned upper respiratory infection, 5 articles mentioned gastrointestinal reaction and 7 articles
mentioned all-cause mortality. The febuxostat group showed significantly lower sUA levels than allopurinol
group (MD =-0.83, 95% CI: -1.22 to -0.44, P<0.0001, I’'=98%). There was no markedly difference between
the febuxostat and allopurinol (OR 1.01, 95% CI: 0.83 to 1.23, P=0.84, I’=95%) in the major cardiovascular
events. The occurrence of skin reactions of febuxostat was significantly fewer than allopurinol (OR 0.55,
95% CI: 0.42 to 0.73, P<0.0001, I’'=49%). Regarding to occurrence of CV death, musculoskeletal and
connective tissue signs and symptoms, febuxostat group was higher than allopurinol group. However, among
patients with gout or hyperuricemia, treatment with febuxostat resulted in other adverse reactions, including
all-causes mortality similar to those associated with allopurinol.

Discussion: The limitation of the study was the included studies show high heterogeneity in regard to
their design. There was no difference in the incidence of major cardiovascular events between febuxostat
and allopurinol, and febuxostat was better in lowering uric acid and has less adverse skin reactions than
allopurinol, but the risk of CV death of febuxostat was higher than allopurinol.
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Introduction

Gout has become a common clinical disease in the past few
decades. The worldwide prevalence rate reported to be
ranging from 2.6% to 36% in different populations (1). The
prevalence of hyperuricemia and gout were 13.3% (19.4%
in men and 7.9% in women) and 1.1%, respectively in
mainland China (2), and 21% (21.2% in men and 21.6% in
women) and 3.9%, respectively in the United States (3).

Hyperuricemia and gout are independent risk factors
for cardiovascular disease (CVD) such as hypertension (4),
myocardial infarction (MI) (5,6), etc. So, urate-lowering
agents might be beneficial to CVDs while lowering serum
uric acid levels.

Allopurinol has been the main xanthine oxidase inhibitor
used to reduce uric acid in clinic before the presence of
febuxostat. However, in clinical application, there was 0.33%
incidence of allopurinol hypersensitivity syndrome (7)
characterized by symptoms of severe skin rash (manifesting
by toxic epidermal necrolysis, erythema multiforme,
diffuse maculopapular rash or exfoliative dermatitis), acute
hepatocellular injury, worsening renal function and fever,
etc. (8,9). The allopurinol hypersensitivity syndrome
is potentially life-threatening, and is associated with
significant mortality (10).

So, febuxostat, a non-purine xanthine inhibitor as a
better alternative to allopurinol, has become the widely
used urate-lowering agent (11). However, researchers
still have different views into the advantages of febuxostat
versus allopurinol in reducing cardiovascular (CV)
events and other events (12,13). So, we did a systematic
review and meta-analysis comparing the safety (especially
cardiovascular events) and efficacy of febuxostat compared
to allopurinol in the treatment of gout or hyperuricemia.

Methods
Data sources and search strategy

This systematic review followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement (available at https://dx.doi.org/10.21037/apm-
21-1564). The protocol of this study was registered and
approved by PROSPERO under the registration number of
CRD42021206233.

Relevant studies published until August 15, 2020 were
identified by a systematic search of the PubMed and Wiley
Online Library databases, using the following key words:
((Febuxostat OR TEI 6720 OR 6720, TEI OR TEI-6720
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OR TEI6720 OR loric)) AND ((Allopurinol OR Uribenz
OR allopurinol OR allori OR all argon OR allura OR Pan
Quimica OR Apulonga OR azurin OR Atisuril OR Bleminol
OR caplan al OR caprate OR Cellidrin OR Embarin OR
suspends OR coligan OR hamartin OR Lopurin OR Lysuron
OR Lysuron OR jena purinyl OR Milurit OR Milurite OR
novopro OR Uripurinol OR ursin OR urtis OR xanthomas
OR ureidoacid OR xanthoria OR zygote OR Zyloprim OR
pyloric OR pure duct OR purinyl OR Progout OR remind
OR rima purinyl OR rouco OR Tipuric OR aldohexa OR
al lohedan OR allo prin))) in combination with ‘Gout or
hyperuricemia’ or (((febuxostat) and allopurinol) and (gout
or hyperuricemia). In addition, the reference lists of eligible
studies were screened by Clinical Trial to identify potential
relevant studies. Unpublished data were not included in
the study. Two authors reviewed the articles independently,
disputes were resolved by discussion or by consultation of a
third investigator for potential inclusion in the present meta-
analysis.

Inclusion criteria

Any controlled clinical trial, randomised controlled trial
(RCT), retrospective cohort study or open label trial
(OLT) comparing febuxostat (alone or combined with any
other drugs) in patients with gout or hyperuricemia with
allopurinol (alone or combined with any other drugs). Any
dosage regimen, follow-up duration and sample size were
allowed. Patients at least 18 years meeting the preliminary
American College of Rheumatology (ACR) criteria for gout
or given a diagnosis of gout or hyperuricemia as described
by the authors. We excluded reviews, cross sectional studies
and case reports.

Data extraction

Data extraction was carried out independently by two
authors (M Wang and M Zhang) using standard data
extraction forms, and disputes were resolved by discussion
or by consultation of a third investigator (Y Zhang). Only
outcomes related to safety were incorporated into the
analysis. The selected manuscripts were reviewed in further
detail, and data were extracted using standard forms. The
following information were extracted from each study: first
author, year of publication, sample size, mean age, male
rate, treatment in the intervention and control groups
and co-morbid conditions (diabetes, hyperlipidaemia,
CV diseases and hypertension). Furthermore, the study
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extracted the serum uric acid (sUA) levels prior to and after
the administration of febuxostat or allopurinol, the major
cardiovascular events (including HEF, stroke, MI, heart
failure, atrial fibrillation, cardiovascular abnormalities, etc.),
CV death, all-cause mortality, and other adverse reactions
(skin reactions, musculoskeletal and connective tissue signs
and symptoms, joint-related signs and symptoms, upper
respiratory infection (URI), gastrointestinal reaction).
When raw data were not provided, data were extracted from
figures and tables to calculate the necessary information.

Quality assessment

The quality of all identified studies was assessed based
on Cochrane Collaboration’s risk of bias tool. It assesses
for random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome
assessment, incomplete out-come data, selective reporting
and other sources of bias. Each item was evaluated as low,
unclear or high risk of bias with supportive data from the
study.

Statistical analysis

The sUA levels in patients with gout or hyperuricemia
based on the mean difference (MD) with 95% confidence
intervals (95% Cls). Major CV events, CV death, all-cause
mortality and adverse reactions are presented as odds ratios
(OR) with 95% ClIs (14). We explored the effect of the
dosage of febuxostat by subset analyses. We employed fixed-
effect models in the studies with low heterogeneity defined
as an I value less than 50%, and random effect models in
the studies with substantial heterogeneity defined as an I’
value more than 50%. We used two-tailed P values, P<0.05
was considered significant. We performed the statistical
analyses with Review Manager (RevMan), Version 5.3 (15).

Subgroup and sensitivity analyses

We evaluated subgroups according to the febuxostat dose
were 40 and >80 mg. Sensitivity described was performed
using a one-by-one cull of the literature.

Results
Search results

We identified 790 citations after preliminary screening,

© Annals of Palliative Medicine. All rights reserved.

10329

including 540 from PubMed and 250 from Wiley Online
Library. The flow diagram and outcomes of the study are
shown in Figure S1. We selected 48 studies for full-text
review and excluded 30 non-conforming experiments, and
finally obtained 18 literatures (11-13,16-30). Among them,
6 articles mentioned sUA level before and after treatment
(16,20-24), 14 articles mentioned the major cardiovascular
events in the end points (11-13,17-21,24,26-30),
5 articles mentioned CV death (12,19,27,28,30), 7 articles
mentioned all-cause mortality (11-13,18,27-29), 6 articles
mentioned skin reactions (16,18,19,24,25,28), 6 articles
mentioned musculoskeletal and connective tissue signs and
symptoms (16-19,21,24), 4 articles mentioned joint-related
signs and symptoms (16-18,21), 6 articles mentioned
URI (17-21,24), and 5 articles mentioned gastrointestinal
reaction (16-18,21,24).

Description of the included studies and participants

The characteristics of included studies were summarized
in Table 1. All studies recruited patients with a diagnosis
of gout or hyperuricemia. A total of 278,039 patients were
included. Nine trials were based in North America with
120,088 patients (43.19%) (11,12,16-19,21,26,30), eight
were from Asia with a recruitment of 157,934 participants
(56.80%) (13,20,23-25,27-29), one was European studies
with 17 patients (0.001%) (22). The range of mean age was
45-76 years. Men accounted for 52.3-97.9%. 5-55.15%
patients combined diabetes, 2.5-82.9% combined
hyperlipidemia, 0.3-92.9% combined CVD, and 15.5-
95.4% combined hypertension.

Quality assessment

The risk of bias for each study was summarized in Figure S2.
There was identified 10 relevant RCTs (12,16-19,21,23-
25,30), 6 retrospective cohort study (11,13,26-29), 1
open prospective non-randomized study (22), 1 double-
blind comparative study (20). There were about half trials
described random sequence generation and allocation
concealment. We evaluated blinding of participants and
personnel (performance bias) and blinding of outcome
assessment (detection bias). Eight trials were deemed to
have a risk of bias given a lack of blinding.

Endpoints

There were six studies mentioned sUA levels before and
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Febuxostat purinol Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight [V, Random.95% Cl Year IV, Random, 95% Cl
1.1.1 Febuxostat=40mg
Kamatani, N.2011 514 123 122 568 121 120 107% -0.54[-0.85,-0.23] 2011 =
Jackson, R. L.2012 593 158 115 6.41 149 131 103% -0.48[-0.87,-0.09) 2012 =
Huang, X.2014 664 031 172 67 032 172 11.4% -0.06[-0.13,0.01) 2014 1
Xu, 8.2015 637 194 160 6.79 223 159 99% -0.42[-0.88 004 2015 S
Subtotal (95% Cl) 569 582 42.2% -0.34[-0.65,-0.03] L 4
Heterogeneity: Tau*= 0.07; Chi*= 14.86, df= 3 (P = 0.002); *= 80%
Test for overall effect: Z=2.17 (P = 0.03)
1.1.2 Febuxostat =80mg
Becker, M. A.2005 542 188 256 6.63 151 253 10.7% -1.21[1.51,-091] 2005 -
Becker, M. A.2005 48 197 251 6.63 1.51 253 10.7% -1.83[2.14,-1.52) 2005 ==
Jackson, R. L.2012 493 19 128 641 149 131 101% -1.48[1.90,-1.06) 2012 —=
Tausche, A. K.2014 481 1863 8 501 079 9 53% -0.20[1.44,1.04] 2014 IS E—
Huang, X.2014 581 031 172 6.7 032 172 11.4% -0.89[-0.96,-0.82) 2014 *
Xu, 8.2015 588 231 158 6.79 223 159 9.6% -0.91[1.41,-041] 2015 —_
Subtotal (95% Cl) 973 977 57.8% -1.19[-1.58,-0.81] S 4
Heterogeneity: Tau®= 0.18; Chi*= 45.35, df= 5 (P < 0.00001); F= 89%
Test for overall effect: Z= 6.08 (P < 0.00001)
Total (95% CI) 1542 1559 100.0% -0.83[-1.22,-0.44] S 4
Heterogeneity: Tau®= 0.35; Chi*= 415.73, df= 9 (P < 0.00001); I= 98% g g3 . 2 1

Test for overall effect: Z= 4.15 (P < 0.0001)

Test for subgroup differences: Chi*=11.31, df=1 (P = 0.0008), = 91.2%

Fehuxostat [experimental] Allopurinol [control]

Figure 1 sUA level of febuxostat and allopurinol in gout or hyperuricemia. sUA, serum uric acid.
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Test for overall effect. Z=0.12 (P=0.91)

Febuxostat Allopurinol Odds Ratio 0Odds Ratio
Study or Subgrou Events Total Events Total Weight M.H, Random, 95% Cl Year M-H. Random, 95% Cl
Schumacher, H. R., Jr.2008 1 70 1 268 0.8%  49.78([6.30,393.09] 2008 4
Becker, M. A.2008 189 1288 14 173 6.0% 1.95[1.11,3.45] 2009
Becker, M. A.2010 16 1513 7 756 3.4% 1.14[0.47,2.79) 2010
Kamatani, N.2011 7 123 5 124 2.2% 1.44 [0.44, 465 2011 >
Jackson, R. L.2012 12 243 4 131 2.3% 1.65[0.52,5.22) 2012 >
Xu, 5.2015 4 318 1 159 0.7% 2.01[0.22,18.16] 2015 ¢ *
JoAnne Foody2017 15 370 158 2056 6.3% 050[0.29,087) 2007 —————
White, W. B.2018 996 3098 936 3082 11.7% 1.08[0.98,1.22) 2018 T
Zhang, M.2018 2345 24836 7785 74808 12.0% 0.89 [0.85,0.94] 2018 -
Chen, C. H.2019 296 5663 648 11967 11.4% 0.96 [0.84,1.11] 2019 I
Su, C.Y.2019 4135 44111 2990 44111 12.0% 1.42[1.35,1.49) 2019 -
Kang, E. H.2019 267 9910 1385 39640 11.4% 0.76 [0.67,0.87) 2019 -
Nikolov, N. P.2020 365 3088 344 3092 11.2% 1.07 [0.91,1.25) 2020 -
Ju, C.2020 42 276 218 828 8.5% 0.50[0.35,0.72) 2020 -
Total (95% Cl) 95017 181205 100.0% 1.01[0.83, 1.23] R il
Total events 8700 14498
Heterogeneity: Tau®= 0.08; Chi*= 251.37, df= 13 (P < 0.00001); F= 85% 055 n:r 155 2

Febuxostat [experimental] Allopurinol [control]

Figure 2 Odds ratios of major cardiovascular events of febuxostat and allopurinol in gout or hyperuricemia.

after treatment. Compared with the allopurinol group, the
febuxostat group shown significantly lower sUA levels in
the overall study population (MD =-0.83, 95% CI: -1.22 to
-0.44, P<0.0001, Figure I). A subgroup analyses on different
dosages of febuxostat was performed. In each subgroup,
febuxostat group showed significantly lower mean sUA
levels than that of allopurinol group (MD =-0.34, 95% CI:
-0.65 to -0.03, P=0.03 for febuxostat =40 mg; MD =-1.19,
95% CI: -1.58 to -0.81, P<0.00001 for febuxostat >80 mg,
Figure 1). The uric acid lowering effect in febuxostat >80 mg

© Annals of Palliative Medicine. All rights reserved.

was better than that in febuxostat =40 mg (P=0.0008).

In evaluating major cardiovascular events in gout or
hyperuricemia, fourteen studies compared febuxostat
(n=95,017 patients) vs. allopurinol (n=181,205 patients)
(Figure 2). Overall, the pooled analysis shown that there was
no significant difference between the two groups (febuxostat
vs. allopurinol: OR 1.01, 95% CI: 0.83 to 1.23, P=0.91).

The occurrence of skin reactions of febuxostat was
significantly fewer than that of allopurinol (OR 0.55, 95%
CI: 0.42 to 0.73, P<0.0001, Figure 34). Regarding to the
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A Febuxostat Allopurinol Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% Cl Year M.H, Fixed. 95% CI
Becker, M. A.2005 2 507 4 253 4.2% 0.25(0.04,1.36] 2005
Becker, M. A.2009 43 1288 10 178 13.3% 0.58(0.29,1.18] 2009 Ir
Becker, M. A.2010 86 1513 55 756  54.2% 0.77(0.54,1.09] 2010 —
Xu, 5.2015 4 318 5 158  5.2% 0.39(0.10,1.48] 2015 = == I
K-HYu 2016 3 54 9 55 6.6% 0.30(0.08,1.18] 2016 Ir
Chen, C.H.2019 1 5680 33 12007 16.6% 0.06(0.01,0.47) 2018
Total (95% CI) 9360 13408 100.0%  0.55[0.42,0.73] <>
Total events 139 116
itv: Chif= = = R= —t + + +-
e s N
T ) Febuxostat [experimental] Allopurinol [control]
B Febuxostat Allopurinol Odds Ratio Odds Ratio
Study or Subgroup _ Events  Total Events Total Weight M-H. Fixed, 95% Cl Year M.H. Fixed. 95% CI
Becker, M. A.2010 0 1513 2 756 0.6% 0.10(0.00,2.08) 2010 *
White, W. B.2018 134 3098 100 3092 18.1% 1.35(1.04,1.76] 2018 I
Su, C.Y.2019 468 44111 334 44111 624%  1.41[1.22,1.62) 2018 —
Chen, C.H.2019 5 5663 7 11967  0.8% 1.51(0.48,4.76) 2019
Nikoloy, N. P.2020 134 3098 100 3092 18.1% 1.35(1.04,1.76) 2020 e
Total (95% Cl) 57483 63018 100.0%  1.38[1.23, 1.54] <&
Total events 4 543
Heterogeneity: Chi*= 3.01, df= 4 (P = 0.56); I*= 0% n{s 017 1-L5 2
Test for overall effect: Z= 5.64 (P < 0.00001) Febuxostat [experimental] Allopurinol [control]
C Febuxostat Allopurinol Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M_-H. Fixed, 95% CI
Becker, M. A.2005 8 507 5 253 5.0% 0.80(0.26, 2.46) 2005
Schumacher, H. R., Jr.2008 61 670 27 268 26.7%  0.89(0.55,1.44] 2008 —
Becker, M. A.2009 313 1288 31 178 31.4%  1.52(1.01,2.29] 2009 -
Becker, M. A.2010 81 1513 32 756 30.8%  1.28(0.84,1.95] 2010 T
Jackson, R. L.2012 17 243 6 131 55%  1.57(0.60,4.08] 2012 N [ —
Xu, 8.2015 6 318 0 159 0.5% 6.64(0.37,118.53] 2015 >
Total (95% Cl) 4539 1745 100.0% 1.27 [1.01, 1.61] <
Total events 486 101
Tostforaveral efec 22 302 G2 008) bos 0 s
estfor overall effect: Z=2.02 (P=0.04) Febuxostat [experimental] Allopurinol [control]
D Febuxostat Allopurinol Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% Cl Year M-H. Random, 95% CI
Becker, M. A.2005 8 507 6 253 18.6% 0.66[0.23,1.92] 2005 —
Schumacher, H. R., Jr.2008 47 670 20 268 33.9% 0.94 [0.54,1.61] 2008 —&—
Becker, M. A.2009 206 1288 14 178 331% 2.23[1.27,3.93] 2009 ——
Jackson, R. L.2012 10 243 3 131 143% 1.83[0.50,6.77] 2012 ==
Total (95% Cl) 2708 830 100.0% 1.29[0.71, 2.33] Roig
Total events 271 43
Testlor ovoral efect 22 0.84 P 040y b o PRI
S - Febuxostat [experimental] Allopurinol [control]
E Febuxostat Allopurinol Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% Cl Year M-H. Random, 95% CI
Schumacher, H. R., Jr.2008 118 670 52 268 26.4% 0.89[0.62,1.28] 2008 — T
Becker, M. A.2009 556 1288 38 178 26.2% 2.80[1.92,4.07] 2009 —
Becker, M. A.2010 124 1513 57 756 27.0% 1.09[0.79,1.52] 2010 T
Jackson, R. L.2012 20 243 9 131 17.8% 1.22[0.54,2.75] 2012 — T
Xu, 8.2015 1 318 0 159 2.6% 1.51[0.08,37.20) 2015 * +
Total (95% Cl) 4032 1492 100.0% 1.36 [0.79, 2.33] iR
Total events 819 156
Heterogeneity: Tau®*= 0.25; Chi*= 21.42, df= 4 (P = 0.0003); F=81% 0?2 055 % é

Test for overall effect: Z=1.12 (P = 0.26)
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F Febuxostat Allopurinol Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M_-H. Fixed. 95% CI
Becker, M. A.2005 13 507 5 253 16.1% 1.31(0.46,3.70] 2005 e
Schumacher, H. R., Jr.2008 24 670 6 268 20.5% 1.62(0.66, 4.01] 2008 =]
Becker, M. A.2009 48 1288 9 178 37.8% 0.73(0.35,1.51] 2009 I —
Jackson, R. L.2012 7 243 4 131 125% 0.94 [0.27,3.28] 2012
Xu, 8.2015 5 318 4 159 13.0% 0.62(0.16,2.34] 2015
Total (95% Cl) 3026 989 100.0% 1.02 [0.66, 1.57] ‘
Total events 97 28
Heterogeneity: Chi*= 2.60, df= 4 (P = 0.63); F=0% 071 0:2 UTS ﬁ é 110

Test for overall effect: Z= 0.07 (P = 0.94)

Febuxostat [experimental] Allopurinol [control]

G Febuxostat Allopurinol Odds Ratio Odds Ratio
Study or Subgroup _Events  Total Events Total Weight M-H, Random, 95% Cl Year M-H., Random. 95% CI
Becker, M. A.2009 10 1288 0 173 0.6% 2.85(0.17,48.85] 2009 >
White, W. B.2018 243 3098 199 3092 18.9% 1.24[1.02,1.50] 2018 =
Zhang, M.2018 1144 24936 4022 74808 21.6% 0.85(0.79,0.91] 2018 -
Chen, C.H.2018 5 5680 15 12007  4.0% 0.70(0.26,1.94] 2019 —
Kang, E. H.2019 135 8910 545 39640 19.0% 0.99(0.82,1.20] 2019 ==
Su, C.Y.2019 1630 44111 1301 44111 21.5% 1.26[1.17,1.36] 2019 -
Ju, C.2020 52 276 204 828 14.5% 0.71 [0.51,1.00] 2020 —
Total (95% Cl) 89299 174659 100.0% 1.00 [0.80, 1.24] ’
Total events 3219 6286 . ) . . . .
Heterogeneity: Tau®= 0.06; Chi*= 70.68, df= 6 (P < 0.00001); F=92% 01 02 05 3 : 10

Test for overall effect: Z= 0.04 (P = 0.97)

Febuxostat [experimental] Allopurinol [control)

Figure 3 Relative risks of adverse events of febuxostat and allopurinol in gout or hyperuricemia. (A) Skin reactions; (B) CV death:

cardiovascular death; (C) musculoskeletal and connective tissue signs and symptoms; (D) joint-related signs and symptoms; (E) URI: upper

respiratory infection; (F) gastrointestinal reaction; (G) all-cause mortality.

risks of CV death and musculoskeletal and connective
tissue signs and symptoms, febuxostat were higher than
allopurinol (OR 1.38, 95% CI: 1.23 to 1.54, P<0.00001
for CV death, Figure 3B; OR 1.27, 95% CI: 1.01 to 1.61,
P=0.04 for musculoskeletal and connective tissue signs
and symptoms Figure 3C). As to other adverse reactions,
treatment with febuxostat similar to those associated with
allopurinol (Figure 3D, joint-related signs and symptoms,
OR 1.29, 95% CI: 0.71 to 2.33, P=0.40, Figure 3F,
URI OR 1.36, 95% CI: 0.79 to 2.33, P=0.26, Figure 3F
gastrointestinal reaction OR 1.02, 95% CI: 0.66 to 1.57,
P=0.94, Figure 3G all-cause mortality OR 1.00, 95% CI:
0.80 to 1.24, P=0.97).

Sensitivity analysis and publication bias

We used the MD or OR to assess the robustness of our
results (14). The main results did not change in the
sensitivity analyses of major cardiovascular events and sUA
levels in all studies (Ziables 2,3). The MD of sUA levels and
OR of major CV events were not significantly changed,
indicating that the results were stable.

Some asymmetry was noted in the comparison of major
CV events. However, no further testing was performed for

© Annals of Palliative Medicine. All rights reserved.

the limited number of studies. Funnel plots of the major
cardiovascular events, sUA levels and the other adverse
events comparing between febuxostat and allopurinol shown
in Figure S3.

Discussion

Allopurinol has been demonstrated to delay the time
to angina onset (31) and shown to have potential
preventions of MI, stroke, atrial fibrillation, and other
CVDs in observational studies in select populations (32)
and reported to decrease CV mortality and heart failure
readmissions (33-35). However, not all results were
concordant. In a study, allopurinol was found a moderate
increase in CV risk (36). Another study didn’t find any
correlation between CV risk and initiation of xanthine
oxidase inhibitors in gout patients (37). The different
outcomes may be related to age of patients, comorbidities,
drugs taken and follow-up time. Febuxostat has shown
significantly increased risk of CV mortality and severe
CV events compared with allopurinol (12,27). However,
there were studies revealed no difference in the risk of
non-fatal CV events and all-cause mortality between them
(28,29). Due to the inconsistency of the research results,
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Table 2 Sensitivity analysis of major cardiovascular events

OR 1?/%

P value

Total 1.03(0.83,1.28) 95 0.78
Exclusion of literature
Schumacher HR Jr 2008  0.99 (0.80, 1.22) 95 0.93
Becker MA 2009 0.98(0.79,1.23) 95 0.88
Becker MA 2010 1.03(0.83,1.28) 95 0.81
Kamatani N 2011 1.02 (0.82,1.27) 95 0.84
Jackson RL 2012 1.02 (0.82,1.27) 95 0.87
Xu S 2015 1.03(0.83,1.27) 95 0.82
Foody J 2017 1.09 (0.87,1.36) 95 0.45
Zhang M 2018 1.06 (0.83,1.36) 91 0.62
White WB 2018 1.03(0.81,1.32) 95 0.79
Chen CH 2019 1.11(0.89,1.38) 95 0.35
Su CY 2019 0.95(0.80,1.12) 81 0.52
Kang EH 2019 1.08 (0.86,1.35) 95 0.53
Nikolov NP 2020

OR, odds ratios.

1.03(0.81,1.31) 95  0.80

Table 3 Sensitivity analysis of sSUA levels
MD /%

P value

Total -0.83 (-1.22, -0.44) 98 <0.0001
Exclusion of literature

Becker MA 2005 -0.64 (-1.06, -0.23) 98 0.002

Kamatani N 2011 -0.86 (-1.29, -0.44) 98 <0.0001
Jackson RL 2012 -0.79(-1.23,-0.35) 98 0.0004
Huang X 2014 -0.94 (-1.35,-0.53) 88  <0.00001
Tausche AK 2014 -0.86 (-1.27,-0.46) 98 <0.0001

sUA, serum uric acid; MD, mean difference.

we conducted the large sample systematic review and
shown no difference in major cardiovascular events and
all-cause mortality between febuxostat and allopurinol in
the treatment of gout or hyperuricemia, but CV death in
febuxostat was more than allopurinol. The results were
reliable with a large sample size. Strangely, all-cause
mortality was neutral between drugs but the risk of CV
death of febuxostat group was higher than allopurinol.
The discordance could be cause by other lethal factors,
such as the allopurinol hypersensitivity syndrome, which

© Annals of Palliative Medicine. All rights reserved.
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was associated with significant mortality. However, because
of no detailed information was given in the included
study, no other serious CV events were observed in this
manuscript.

Elevated serum uric acid can cause endothelial dysfunction,
platelet adhesiveness and production of pro-inflammatory
substances, accelerating underlying CV diseases. Lowering
sUA levels has been conferred to have a certain degree
benefits of CV protection (38,39). Allopurinol is cost effective
and efficacious as first-line therapy for gout. Febuxostat is a
XO inhibitor that is metabolized in the liver in contrast to
allopurinol, and is usually used clinically in patients who have
allopurinol-associated adverse events, or do not achieve target
sUA on therapeutic doses (40). The studies demonstrated
greater urate-lowering ability of therapeutic doses of febuxostat
when compared with low-dose allopurinol (32) and shown
better efficacy for febuxostat in reducing sUA and vascular
endothelial damage (41). A systematic review investigated the
number of patients that febuxostat and allopurinol achieving
a target serum uric acid level of <6 mg/dL, the result shown
no evidence that febuxostat was superior to allopurinol for
clinically relevant outcomes (42). Febuxostat display highly
selective and potent inhibition of xanthine oxidase and greater
hypouricemic activity than do commonly used dosage of
allopurinol, and the study showed febuxostat was better than
allopurinol in reducing serum uric acid.

Allopurinol was limited in clinical by severe skin reactions,
hypersensitivity, which were considered as be related to
human leukocyte anti-gene B*5801 allele (43). Chen ez al.
studied that the overall incidence of hypersensitivity reactions
of allopurinol-related was significantly higher than that of
febuxostat-related (28). In the study, febuxostat resulted in
a lower incidence of adverse skin reactions compared with
allopurinol. The study also considered other adverse events
(musculoskeletal and connective tissue signs and symptoms,
joint-related signs and symptoms, URI and gastrointestinal
reactions), except for higher incidence of musculoskeletal
and connective tissue signs and symptoms in the febuxostat
group, there were no difference in the incidence of the
others.

In the present study, the included studies showed high
heterogeneity in regard to their design (both randomized
and observational), with different patient characteristics,
dosage of febuxostat and allopurinol, treatment duration
or follow-up time. For the limited number of studies and
different treatment outcomes included in the present
meta-analysis, it was not possible to further investigate for
subgroup analysis of major cardiovascular events. There
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were not given cardiovascular events associated with gout
and hyperuricemia respectively in the literatures, so a
stratified analysis cannot be performed.

Conclusions

In conclusion, the meta-analysis has shown no difference
in the incidence of major cardiovascular events between
febuxostat and allopurinol, but febuxostat was better in
lowering uric acid and has less adverse skin reactions than
allopurinol. However, the risk of CV death of febuxostat
was higher than allopurinol. In clinical, allopurinol and
febuxostat should be commenced at an initial dose, the dose
increased gradually and pay close attention to the major
cardiovascular events, the febuxostat CV death, allopurinol

hypersensitivity syndrome.
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Figure S1 Flow diagram of study selection.
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Figure S2 Risk of bias summary for uricosuric medications in randomized trials of gout or hyperuricemia.
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Figure S3 Funnel plots of the major cardiovascular (CV) events, serum uric acid (sUA) levels and the other adverse events comparing

between febuxostat and allopurinol. A: sUA levels; B: major CV events; C: CV death, D: skin reactions; E: musculoskeletal and connective

tissue signs and symptoms; F: joint-related signs and symptoms; G: upper respiratory infection (URI); H: gastrointestinal reaction, I: all-

cause mortality.
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