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Purpose: This study aimed to conduct an updated systematic review and meta-analysis of randomized controlled trials (RCTs)
evaluating the hepatic safety of febuxostat and allopurinol in gout patients. Subgroup analyses were conducted based on age, dosage,
and treatment duration.

Methods: This study was conducted in accordance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. Published studies were reviewed in PubMed, The Cochrane Library, and Scopus. The Cochrane Risk of Bias
(RoB) 2 tool was used to assess the quality of the included studies. Risk ratios (RR) were estimated using binary outcomes of fixed
effect model and were reported with corresponding 95% confidence intervals (CI). This study is registered on PROSPERO with
number CRD42024611074.

Results: Out of 703 publications from the databases, a total of 15 studies met the inclusion criteria. The RR meta-analysis of the
included studies was calculated using binary outcomes and a fixed effect model based on available hepatic safety events. We identified
5 RCTs with some concerns regarding the risk of bias, and 10 RCTs with a low risk of bias. Overall, hepatic safety outcomes were
comparable between febuxostat and allopurinol, including across subgroups by age, dosage, and treatment duration. Febuxostat
showed no significant difference in hepatic risk compared to allopurinol, with RRs of 1.03 (95% CI: 0.78-1.36) for overall liver
function abnormalities, 1.03 (95% CI: 0.66—1.61) for investigator-defined liver abnormalities, and 1.21 (95% CI: 0.96-2.74) for
hepatobiliary disorders.

Conclusion: This updated systematic review and meta-analysis found no difference in hepatic safety profiles between febuxostat and
allopurinol in patients with gout across age categories, dosage levels, or treatment durations. Further research is warranted to address
the limitations of sample sizes and the overall moderate quality of existing evidence.

Keywords: febuxostat, allopurinol, gout, hepatic safety, randomized controlled trial

Introduction
Gout is a chronic metabolic disease characterized by elevated serum uric acid levels and the deposition of monosodium
urate crystals in joints and connective tissues. Clinically, it presents as recurrent episodes of acute arthritis, and if left
untreated, may progress to chronic gouty arthritis, characterized by persistent joint inflammation, deformity, and tophus
formation. Maintaining serum uric acid levels through appropriate treatment and lifestyle changes is essential for
reducing both the clinical impact and financial burden associated with managing gout.'

Febuxostat and allopurinol have been extensively studied in clinical trials and are widely recommended as first-line
medications to reduce serum uric acid in gout patients, and are included in treatment guidelines in several countries.>®*
Both febuxostat and allopurinol are primarily metabolized in the liver, with different mechanisms. Allopurinol is

metabolized to oxypurinol as an active metabolite, which is primarily cleared by the kidneys. Meanwhile, febuxostat
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is metabolized mainly by glucuronide formation and oxidation in the liver.”*'? Due to its reliance on hepatic
metabolism, it has raised concerns regarding potential hepatotoxicity.

Concerning long-term use of urate-lowering therapy, which is important for effective treatment of chronic gout, the
incidence of abnormal liver function has been reported in clinical studies.>*® Numerous randomized controlled trials
(RCTs) have demonstrated the efficacy of febuxostat in lowering serum uric acid levels, with some studies reporting
superior outcomes compared to allopurinol.>”'*'* However, the safety profile, particularly the hepatic safety of
febuxostat relative to allopurinol, remains less clearly established.®”*'>"'7 A focused study on hepatic safety reported
that febuxostat is safe compared to allopurinol in patients with fatty liver diseases. However, the number of patients
enrolled in the study is limited.” Systematic analysis of hepatic safety data is essential to better understand the potential
risks associated with long-term use of these medicines.

A previous systematic review summarized findings from RCTs evaluating hepatic adverse events, indicating that adult
gout patients exhibited similar hepatic safety profiles for both febuxostat and allopurinol.'® However, to date, no meta-
analysis has synthesized these data to provide a comprehensive pooled estimate of hepatic risk between febuxostat and
allopurinol. This gap is particularly important given the long-term use of urate-lowering therapy in gout and the need for
a robust safety profile to support clinical decision-making. In addition, variations in patient age, dosage, and treatment
duration across studies may contribute to heterogeneity in hepatic safety outcomes, highlighting the need for subgroup
analyses.” These factors can influence drug metabolism capacity, potentially leading to drug accumulation in the liver and
increasing the risk of hepatic injury.”

Therefore, this study aims to conduct a comprehensive systematic review and meta-analysis of RCTs to assess the
hepatic safety of febuxostat compared to allopurinol in adult gout patients. By providing pooled-effect estimates of
hepatic risk and examining potential modifiers, such as age and treatment duration, this analysis aims to generate
evidence supporting safer and more informed gout management strategies to support clinical relevance of hepatic safety
monitoring in long-term gout therapy.

Materials and Methods
Systematic Search Strategy

This systematic review and meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.'” We systematically searched PubMed, The Cochrane Library, and Scopus for clinical
trial articles reporting quantifiable hepatic safety data of febuxostat and allopurinol in adult gout patients, up to May 1,
2025. The detail of the electronic search terms in the databases is provided in Supplement 1. Citation references from
identified articles were also manually reviewed to determine additional relevant publications. The review protocol was
registered in the International Prospective Register of Systematic Reviews (PROSPERO) number CRD42024611074.
The details of PRISMA checklist are provided in the Supplement 2.

Eligibility and Study Selection
This study assessed the hepatic safety profile of febuxostat and allopurinol in adults aged 18 years or older who had gout
or hyperuricemia, using data from RCTs. Eligible studies were those that directly compared febuxostat and allopurinol
and reported liver-related safety outcomes, including abnormalities in liver function tests, investigator-defined hepatic
abnormalities, liver dysfunction leading to treatment discontinuation, or hepatobiliary disorders. We excluded studies that
were non-English, non-RCT which includes observational studies (eg, case—control, cohort, cross-sectional), reviews,
case reports, case series, systematic reviews and meta-analysis, conference abstracts or proceedings, economic evalua-
tions, and non-peer-reviewed sources The research question and eligibility criteria followed the PICO framework:
population adults with gout or hyperuricemia, intervention febuxostat, comparator allopurinol, and outcomes hepatic
safety endpoints in RCT (ie, overall liver function abnormalities, hepatobiliary dysfunction, investigator-defined liver
abnormalities).

To ensure accuracy and consistency of the selection process, two reviewers independently screened the articles from
the databases during both initial title-and-abstract and full-text screening. Discrepencies were resolved through
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Figure | PRISMA 2020 flow diagram for systematic reviews. From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71.

discussion. Duplicates and irrelevant studies were excluded. For all included studies, full-text data extraction and quality

1.2° Relevant information on study character-

assessment were conducted using the Cochrane Risk of Bias (RoB) 2 too
istics and hepatic safety outcomes was collected. The study selection process is illustrated in the PRISMA flow diagram

(Figure 1).

Data Collection and Quality Assessment

A predefined spreadsheet was used to organize data extracted from the included studies, which comprised information on
the country, publication year, population, sample size, intervention dosage, and duration of therapy. Dichotomous hepatic
safety events data were tabulated and estimated as risk ratio (RR).

The risk of bias was independently assessed by two reviewers and summarized in the meta-analysis. The Cochrane
Risk of Bias (RoB) 2 tool was used to assess the methodological quality and potential biases of the included RCTs. RoB
2 evaluates five domains: bias arising from randomization process, bias due to deviations from intended interventions,
bias due to missing outcome data, bias in measurement of the outcome, and bias in selection of the reported result.?’ >
Two reviewers independently conducted the assessments, and any disagreements were resolved through discussion to

reach consensus.

Data Analysis
Meta-analysis was conducted using R Studio. The total number of hepatic safety events and the number of
participants who completed the study protocol were extracted from each included study. Risk ratios (RRs) with
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95% confidence intervals (CIs) were calculated from the pooled data. Heterogeneity was assessed using the I
statistic. A random-effects model was applied when I? exceeded 30%; otherwise, a fixed-effects model was used.
Subgroup analyses were undertaken to determine RR values in specific patient and treatment categories. Elderly
patients were defined as those aged >65 years, consistent with the age categories reported in the included studies.
Febuxostat dosage subgroups were categorized as 80 mg and 120 mg, as these were the most consistently reported
therapeutic doses across the trials. Treatment duration subgroups were defined as short-term (<6 months) and long-
term (>6 months), based on the follow-up periods described in the included studies. These subgroup definitions and
justifications were guided by the availability of data from the original publications.

Results

Study Characteristics

A total of 703 records were initially identified from PubMed, the Cochrane Library, and Scopus. After removing 121
duplicates, 582 records were screened based on title and abstract. We excluded 200 articles identified as reviews,
systematic reviews, meta-analyses, case reviews, case studies; as well as 22 study protocols, 2 economic evaluation
studies, 18 records without abstracts, 253 studies that did not involve febuxostat or allopurinol, 31 non-randomized
controlled trials (non-RCTs), and 1 non-English abstract.

Following this, 55 full-text articles were assessed. One study could not be retrieved due to unavailability. An
additional 3 eligible articles were identified through citation snowballing, resulting in a total of 57 studies for final
eligibility review. Of these, 15 studies met the inclusion and exclusion criteria and were included in this meta-
analysis.'>'*?735 The remaining 42 studies were excluded due to the following reasons: abstract-only publications, non-
peer-reviewed records, or lacking hepatic safety outcomes.

Study Design
Of the 15 included studies, 10 were double-blind RCTs."*?*2%3% The remaining five were open-label or did not clearly

report blinding.*>*°*?73* Blinding might have been compromised in studies involving dose titration of allopurinol,

especially among patients with renal impairment. '3:1423:29:35

Quality Assessment

Figure 2 summarized the RoB 2 assessment of the 15 included studies.'*'*** Ten studies have a low risk of bias,

9 22,29-32 23,30,32,33,36

while five were rated as having “some concerns”, primarily due to lack of blinding, where participants

were aware of their assigned interventions during the trials. Measurement of outcome might not be objective and could
be influenced by knowledge of the intervention received in an open-label study. In several studies, the randomization

process is not clearly described, including the method used to generate a random allocation sequence.?*>>27-30-3134

Participant Characteristics

Details of the 15 included studies are presented in Table 1.'*'*2735 A total of 14,186 gout patients from various
countries, including the United States (US), Canada, Japan, China, European countries, Brazil, and the United Kingdom,
were included. Some participants included in the study population had a predefined condition of hematologic malig-
nancies (2%), chronic kidney disease (CKD) stage 2—5 (3%), end-stage disease with hemo-dialysis patients (1%), or
elderly patients (43%).2”**2* Study publication years ranged from 2005-2024."*

The studies assessed a range of febuxostat doses: low dose of 10/20 mg22,16,23, 40 mg,m’%’z&29 80 mg,13 +14,23,26,28,29,33,35

120 mg'****73* and 240 mg>* per day, compared to daily doses of allopurinol (50-600 mg).'*'#*3-28:2%3133 Stydy durations
varied from 7-9 days®’ to up to 3 years,® with one study not reporting duration.**
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Figure 2 Assessment of quality of the included studies using the Cochrane Risk of Bias Tool (RoB 2.0).

Meta-Analysis Outcomes
Overall Liver Function Test

. Low risk
! Some concerns
. High risk

Randomisation process

Missing outcome data

Deviations from theintended interventions

Measurement of the outcome

Selection of the reported result

Figure 3 presents the overall liver function data from 7 studies.''*?¢2%2%32:33 Meta-analysis demonstrated no significant
difference in overall liver function abnormalities between febuxostat and allopurinol (RR 1.03; 95% 0.7871.36;12 = 1%,

Table | Characteristics of Included Studies

Study Publication | Country Study Design Study Study Population Intervention Number of
Year Treatment (Indication) (Dose per Day) | Participants
Duration
Becker 2005 | United Randomized, 52 weeks Gout and with SUA Febuxostat 80 mg, 762
etal States and | double-blind concentration of at Febuxostat
Canada controlled trial least 8.0 mg/dl, met the | 120 mg,
preliminary criteria of Allopurinol
the American College 300 mg
of Rheumatology for
acute arthritis of gout.
Schumacher 2008 | United Randomized, 28 weeks Gout (defined by Febuxostat 80 mg, 1072
et al®® States Double-blind, American College of Febuxostat
Parallel-Group Rheumatology), 120 mg,
Trial hyperuricemia (serum Febuxostat
urate (SUA) level > 240 mg,
8 mg/dl), normal or Allopurinol 100/
impaired renal function | 300 mg, Placebo
(Continued)
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Table 1 (Continued).

Study Publication | Country Study Design Study Study Population Intervention Number of
Year Treatment (Indication) (Dose per Day) | Participants
Duration
Becker 2009 | United Open label 1-3 years Gout (according to Febuxostat 80 mg, 1280
etal® States, extension study American Rheumatism Febuxostat
Canada Association, SUA > 120 mg,
8.0 mg/dl) Allopurinol 100/
300 mg
Becker 2010 | United Double-blind 6 months Gout (fulfilling Febuxostat 40 mg, 2268
etal' States Randomized American Febuxostat 80 mg,
Controlled Trial Rheumatology Allopurinol 200/
Association), SUA > 300 mg
8.0 mg/dl)
Kamatani 2011 | Japan Allopurinol- 8 weeks SUA > 8.0 mg/dI Febuxostat 10/ 244
et al** controlled, 20 mg, Allopurinol
randomized, 100 mg
double-dummy,
double-blind,
parallel between-
group,
comparative
study
Goldfarb 2013 | United Phase Il, double- 6 months Higher Elevated urinary | Febuxostat 80 mg, 99
et al® States blind randomized uric acid (uUA) Allopurinol 200/
controlled trial excretion (> 700 mg/ 2g | 300 mg, Placebo
h)
Huang 2014 | China Allopurinol- 8 weeks SUA > 8.0 mg/dI Febuxostat 40 mg, 516
et al* controlled, febuxostat 80 mg,
randomized, Allopurinol
double-dummy, 300 mg
double-blind,
parallel between-
group,
comparative
study
Spina et al”’ 2015 | European | Double-blind, 7 - 9 days Hematologic Allopurinol 200/ 346
countries | randomized, malignancies patient, 300/ 600 mg,
and Brazil | parallel-group, SUA < [0 mg/dl Febuxostat 120 mg
comparative
pivotal study
Xu et al*® 2015 | China Randomized, 24 weeks Gout (defined by Febuxostat 40 mg, 504
allopurinol- American Rheumatism febuxostat 80 mg,
controlled, Association (ARA) Allopurinol
double-blinded, criteria), hyperuricemia | 100 mg
triple-dummy, (defined SUA 480 pmol/
parallel study L), normal renal
function
(Continued)
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Table | (Continued).

Study Publication | Country Study Design Study Study Population Intervention Number of
Year Treatment (Indication) (Dose per Day) | Participants
Duration
Zhang et al®’ 2019 | China Randomized, 24 weeks SUA > 7.0 mg/dl with Febuxostat 40 mg, 599
Double-blinded, a history of gout, SUA > | Febuxostat 80 mg,
Non-inferiority 8 mg/dl with Allopurinol
study complications or SUA > | 300 mg
9.0 mg/dl without
complication
Yang et al*® 2022 | China Double-center, 6 months Confirmed diagnosis of | Febuxostat 20 mg, 120
randomized, CKD stage 2 -3, Allopurinol 50/
controlled study complicated with SUA 100/ 200 mg
> 7 mg/dl for male and
SUA > 6 mg/dl for
female.
Nagase 2019 | Japan Randomized 12 weeks End-stage renal disease | Febuxostat 20 mg, 50
et al’! controlled study patients undergoing Allopurinol
stable maintenance 100 mg
hemo- dialysis as an
outpatient for more
than six months
Liao et al*? 2022 | China Randomized Not defined | Patient with Chronic Febuxostat 40 mg, 100
controlled study in literature | Kidney Disease (CKD) | Allopurinol
Stage 3—-5 combined 100 mg
with hyperuricemia
Chen et al® 2024 | China Prospective 24 weeks Gout patient Febuxostat 80 mg, 98
randomized Allopurinol
controlled trial 300 mg
Mackenzie 2020 | United Prospective, 7 years Elderly gout patients Febuxostat 40 mg, 6128
et al®* Kingdom randomized, (60 years or older) Febuxostat 80 mg,
(Scotland open-label, Allopurinol
and blinded-endpoint 100 mg or 300mg
England) multicentre trial

Abbreviations: SUA, serum urate; uUA, urinary uric acid; ARA, American Rheumatism Association; CKD, Chronic Kidney Disease.

p = 0.41). Most liver function test abnormalities were mild to moderate. No cases of liver-related death were reported

which is consistent with a previous systematic review.'®

Investigator-Defined Liver Abnormalities

We sought consistent adverse events in liver function for both febuxostat and allopurinol.>>*%?7?° These abnormalities,
as identified through liver function tests, sometimes resulted in study withdrawal according to the investigator’s
assessment. A meta-analysis of three studies found no significant difference between febuxostat and allopurinol in
investigator-defined liver abnormalities (RR 1.03; 95% 0.66—1.61; > = 0%, p =0.51) (Figure 4). The cutoff for abnormal
findings on liver function was not described in the literature; however, the investigator designated the abnormalities as
AE based on the following parameters: alanine aminotransferase increased, aspartate aminotransferase increased, blood
bilirubin increased, hepatic enzyme increased, abnormal findings on liver function tests, and transaminases

increased.'**7-33
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Experimental Control

Study Events Total Events Total
Becker, et al.1# 52 756 50 756
Xu, et al.z8 22 168 18 168
Zhang, et al.?® 7 200 2 197
Huang, et al.2¢ 2 172 6 172
Becker, et al.13 9 256 11 253
Liao, et al.3? 1 50 1 50
Chen, et al.33 0 49 2 47

Fixed effect model 1651 1643

Random effects model

Heterogeneity: P= 1%, @ = 0.0028, p = 0.41

0.01

Figure 3 Forest plot of overall liver function test between the experimental group (febuxostat) and the control group (allopurinol).
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Figure 4 Forest plot of liver abnormal defined by investigator between the experimental group (febuxostat) and the control group (allopurinol).

Hepatobiliary Dysfunction

Four studies evaluated hepatobiliary dysfunction.****° The pooled analysis showed no significant difference in risk
between febuxostat and allopurinol (RR 0.96; 95% CI 0.33-2.74; I? = 39%, p = 0.19) (Figure 5).

Subgroup Analyses

We conducted subgroup meta-analysis based on febuxostat dosage, elderly age population, and treatment duration. We

present a subgroup analysis for febuxostat doses of 80 mg (Figure 6a) and 120 mg (Figure 6b) per day. Analysis for the

40 mg dose was not possible due to the limited data available. No significant differences were found in liver function

abnormalities requiring study withdrawal between these febuxostat doses and allopurino

113:23.35

Five studies included data on elderly gout patients.”*-**2"-**** The hepatobiliary abnormalities showed comparable

rates between febuxostat and allopurinol (Figure 7). Subgroup analysis by treatment duration (< 6 months vs > 6 months)

Experimental

Study

Zhang, et al.?®
Spina, et al.?’

Huang, et al.%
Becker, et al.23

Fixed effect model
Random effects model

Events

Total

22 393
0 173
0 344

11 1288

2198

Control

Events

WO =

Heterogeneity: /2 = 39%, t° = 0.3430, p = 0.19
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178

720

Risk Ratio

-t

——

0.1 0512 10

Weight
RR (fixed)

1.84 [0.76; 4.46]
0.33 [0.01;8.13]

95%-CI

54.1%
10.2%
0.0%
0.51 [0.14;1.80] 35.7%
1.21[0.61; 2.39]  100.0%
0.96 [0.33; 2.74] -

Figure 5 Forest plot of hepatobiliary dysfunction between the experimental group (febuxostat) and the control group (allopurinol).
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a.
Experimental Control Weight  Weight
Study Events Total Events Total Risk Ratio RR 95%-CI (fixed) (random)
Becker, et al.Z3 9 801 2 178 1.00 [0.22; 4.59] 39.6% 34.8%
Schumacher, et al.3 5 267 4 268 1.25 [0.34; 4.62] 48.3% 47.5%
Becker, et al.13 5 256 1 253 4.94 [0.58;42.00] 12.2% 17.6%
Fixed effect model 1324 699 1.60 [0.68; 3.80]  100.0% --
Random effects model 1.48 [0.60; 3.63] - 100.0%
Heterogeneity: I =0%,1?=0, p=0.46
01 051 2 10
b.
Experimental Control Weight  Weight
Study Events Total Events Total Risk Ratio RR 95%-CI (fixed) (random)
Becker, et al.23 4 487 2 178 0.73 [0.14; 3.96] 36.9% 34.3%
Schumacher, et al.3> 3 269 4 268 : 0.75 [0.17; 3.31] 50.5% 38.9%
Becker, et al.13 7 251 1 253 F——+—— 7.06 [0.87;56.93] 12.6% 26.8%
Fixed effect model 1007 699 1.53 [0.64; 3.70]  100.0%

Random effects model
Heterogeneity: 12 = 46%, 12 = 0.6624, p = 0.16

1.35[0.35;5.28] - 100.0%
01 0512 10

Figure 6 Forest plot of abnormal liver leading subject withdrawal between the experimental group (febuxostat) at dosage 80 mg and 120 mg.
Notes: 80 mg (a) and 120 mg (b).

Experimental Control Weight  Weight
Study Events Total Events Total Risk Ratio RR 95%-CIL (fixed) (random)
Zhang, et al.29 22 393 6 197 S B 1.84 [0.76;4.46] 9.0%  16.4%
Spina, et al.?’ 0 173 1 173 0.33 [0.01;8.13] 1.7% 1.4%
Huang, et al.? 0 344 0 172 0.0% 0.0%
Becker, et al.Z? 11 1288 3 178 — 0.51 [0.14;1.80] 5.9% 8.5%
Mackenzie, et al.3* 75 3001 75 3050 e 1.02 [0.74;1.39] 83.4% 73.7%
Fixed effect model 5199 3770 7 1.05[0.79; 1.40] 100.0% -
Random effects model 11.04 [0.71; 1.52] - 100.0%

Heterogeneity: /2 = 10%, t° = 0.0252, p = 0.34
01 0512 10

Figure 7 Forest plot of hepatobiliary abnormal between the experimental group (febuxostat) and the control group (allopurinol) that includes gout patient elderly
population.

was conducted based on three studies.'**'*° The hepatic safety outcomes were comparable between febuxostat and
allopurinol across both duration groups < 6 months (Figure 8a) and > 6 months (Figure 8b).

Discussion
This meta-analysis demonstrates that febuxostat and allopurinol have comparable hepatic safety profiles in adult patients
with gout or hyperuricemia. Across the included RCTs, no significant differences were observed in the incidence of liver

function test abnormalities, investigator-defined hepatic adverse events, or hepatobiliary disorders.'!%333
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a.
Experimental Control Weight  Weight
Study Events Total Events Total Risk Ratio RR 95%-CIL (fixed) (random)
Huang, et al.26 7 344 6 172 —~—‘— 0.58 [0.20; 1.71] 22.8% 19.6%
Zhang, et al.?® 9 393 2 197 —1—*— 2.26 [0.49; 10.34] 7.6% 10.1%
Xu, et al.28 39 336 18 168 — 1.08 [0.64; 1.83] 68.3% 67.6%
Chen, et al.33 2 49 0 49 —p——— 5.00 [0.25; 101.51] 1.4% 2.7%
Fixed effect model 1122 586 2!; 1.11 [0.72; 1.73]  100.0% -
Random effects model 1.08 [0.66; 1.76] - 100.0%
Heterogeneity: 12 = 6%, 12 = 0.0213, p = 0.36 ' f ! ' !
0.01 0.1 1 10 100
b.
Experimental Control Weight  Weight
Study Events Total Events Total Risk Ratio RR 95%-CI (fixed) (random)
Becker, et al.13 22 507 11 253 1.00 [0.49;2.03] 17.4% 16.7%
Becker, et al.'4 115 1513 50 756 1.15 [0.83;1.58] 79.0% 81.6%
Yang, et al.* 1 60 3 60 0.33 [0.04;3.11] 3.6% 1.7%
Fixed effect model 2080 1069 1.09[0.82; 1.46] 100.0% --

Random effects model
Heterogeneity: = 0%, @= 0, p=0.54

1.10[0.82; 1.47] -- 100.0%

0.1 051 2 10

Figure 8 Forest plot of hepatobiliary abnormal between the experimental group (febuxostat) and the control group (allopurinol) based on treatment duration < 6 months
and > 6 months.
Notes: <6 months (a) and 26 months (b).

Subgroup analyses further confirmed these findings across different age groups (including elderly patients), febuxo-
stat doses (80 mg and 120 mg daily), and treatment durations. These results offer important clinical reassurance regarding
the hepatic safety of febuxostat, particularly as long-term urate-lowering therapy is often required in gout
m21nagemer1‘[.18’36’37

Our findings are consistent with a previous systematic review conducted in 2023, which reported that hepatic adverse
events associated with febuxostat were not significantly different from those observed with allopurinol.'® Although
febuxostat is predominantly metabolized in the liver, emerging evidence also suggests it may exert hepatoprotective
effects under certain conditions. For example, recent in vitro studies have demonstrated that febuxostat can inhibit lipid
accumulation and inflammatory responses in HEp-G2 cells exposed to free fatty acids, thereby potentially mitigating
hepatic injury.®®*°

This study is the first meta-analysis to stratify hepatic safety outcomes by febuxostat dosage, patient age category, and
treatment duration. In the geriatric subgroup, no statistically significant differences in hepatic safety were observed
between febuxostat (RR: 1.47; 95% CI: 0.96-2.40) and allopurinol (RR: 1.42; 95% CI: 0.89-2.40). These results are in
line with a previous network meta-analysis of six trials involving 1269 patients with asymptomatic hyperuricemia, which
found no elevated risk of impaired liver function associated with urate-lowering therapy compared to placebo.*®

In comparison with the previous systematic review, which included 11 studies,'® the present analysis incorporates 15
studies, thereby expanding the evidence base and providing updated insights. As summarized in Table 1, the additional
studies include randomized controlled trials that were not capture in the earlier review. The risk of bias assessment
further strengthens the evaluation by systematically appraising study quality across larger set of trials. Importantly, the
pooled quantitative results reflect this expanded dataset, offering more precise quantitative estimation of risk ratio and
enabling subgroup analyses by age, dosage, and treatment duration. These additions contribute not only to a broader
understanding of the hepatic safety profile of febuxostat versus allopurinol but also enhance the robustness and

generalizability of the conclusions, thereby extending beyond the scope of the earlier review.
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These results are also consistent with the Summary of Product Characteristics (SmPC), which indicates that there are
no differences in hepatic safety concerns between febuxostat and allopurinol in elderly patients, who are considered
a vulnerable population. The pharmacokinetics of these drugs in elderly patients are generally not expected to be
significantly altered, except that special attention is advised for allopurinol use in patients with renal impairment. Since
allopurinol and its metabolites are predominantly excreted via the kidneys, impaired renal function may result in drug
and/or metabolite retention, leading to prolonged plasma half-lives.*®

In this study, no dose-dependent trends in hepatic safety were observed with febuxostat at doses of 80 mg or 120 mg
when compared with allopurinol.'***> This finding aligns with current SmPC data, which report that in patients with
mild to moderate hepatic impairment receiving multiple doses of febuxostat 80 mg, the maximum concentration (Cmax)
and area under the curve (AUC) of febuxostat and its metabolites did not differ significantly from those in patients with
normal hepatic function.*' However, the SmPC provides no further details regarding the administration of febuxostat
120 mg in patients with hepatic impairment.*> Nevertheless, both the febuxostat and allopurinol SmPCs state that dose
adjustment should be considered in patients with hepatic impairment, and that liver function tests are recommended prior
to initiation and during the early stages of therapy.*'

A major strength of this study is its focus on head-to-head RCTs comparing febuxostat and allopurinol, enhancing
internal validity. We conducted a quantitative synthesis of hepatic safety outcomes across relevant subgroups and
incorporated data from diverse populations across North America, Europe, Asia, and South America. Compared to
previous reviews, which often focused on broader safety outcomes or indirect comparisons, our analysis provides
more granular evidence specific to hepatic safety.’®>° In addition, some included studies involved patients with
complex clinical backgrounds, such as hematologic malignancies (2%), chronic kidney disease (3%), and end-stage
renal disease requiring dialysis (1%), enhancing the applicability of findings to real-world clinical
populations, 1322734

Nevertheless, this study has several limitations. The number of eligible RCTs was relatively small, limiting the
capacity to explore heterogeneity and detect small differences between treatment groups. Five trials were rated as having
“some concerns” in the risk of bias assessment due to the lack of blinding, which may have introduced subjective
bias.?*?°? In particular, studies involving dose titration of allopurinol in patients with renal impairment posed additional
challenges for maintaining blinding. Moreover, long-term safety data for the liver remain limited. The longest follow-up
among the included trials extended to seven years, and only one large-scale study involving elderly patients assessed
long-term outcomes, reporting no significant difference in hepatobiliary disorders between febuxostat and allopurinol.>*
Another limitation is the underrepresentation of patients with significant comorbidities, such as advanced liver disease,
malignancy, or renal failure. This limits the generalizability of our findings to high-risk populations.?’%**3* Given that
drug metabolism and hepatic susceptibility may vary with genetic background, comorbid conditions, diet, and lifestyle,
continued pharmacovigilance using real-world data is essential to monitor long-term hepatic outcomes.**

Although no significant differences in hepatic safety were detected, liver function abnormalities were reported in all
included studies, underscoring the importance of routine monitoring of liver function. In clinical practice, healthcare
providers may consider febuxostat as a safe alternative to allopurinol in terms of hepatic risk, particularly when
treatment individualization is needed due to intolerance, contraindications, or comorbidities. Both medications can be
used with comparable confidence, provided that liver function is monitored according to current clinical guidelines.
Given the inherent limitations of RCTs in detecting rare or long-term adverse events, additional evidence from
continued monitoring through real-world safety databases is warranted. Future research should include long-term
cohort studies and meta-analyses incorporating observational data to better capture hepatic safety signals across
diverse patient populations.

Conclusion

This updated systematic review and meta-analysis of RCTs suggests that febuxostat and allopurinol exhibit comparable
hepatic safety profiles in adult patients with gout. No significant differences were found in liver function test abnorm-
alities, hepatobiliary disorders, or investigator-defined liver-related adverse events across age groups, febuxostat dosage
levels, or treatment durations. While the overall risk of hepatic injury appears similar between the two agents, continued
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hepatic monitoring remains essential in clinical practice. Clinicians are advised to tailor treatment decisions to individual
patient characteristics, including comorbidities and potential risk factors, and to remain vigilant for liver-related adverse
events, especially in long-term therapy, with liver function test monitoring and drug-dose adjustment. Lastly, for
strengthening hepatic safety scientific information, we recommend further research using real-world data or future
RCTs that integrate liver safety outcomes as primary endpoints.
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