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Abstract
Objectives To assess the efficacy and safety of the commonly used urate-lowering therapies (ULTs): febuxostat, allopurinol, and
lesinurad in hyperuricemic patients with gout.
Methods We included all randomized controlled trials (RCTs) that compared ULTs with placebo or head to head. The primary
efficacy endpoint was the proportion of subjects achieving the target serum urate (SU) level at month 6. Safety outcomes included
total adverse events (AEs), serious AEs, withdrawals due to AEs, and AEs per organ system. A Bayesian network model was
used to compare all ULTs with placebo and among themselves.
Results Fifteen RCTswere included for the analysis, in which 7968 patients were randomly assigned to take either placebo or one
of 11 ULTs: allopurinol, febuxostat 40/80/120/240 mg/day, lesinurad 400 mg/day, lesinurad 200/400/600 mg/day plus allopu-
rinol, and lesinurad 200/400 mg/day plus febuxostat. All ULTs were effective in achieving the target SU level at month 6
compared with placebo (ORs between 26.81 and 1928). Febuxostat 80/120/240 mg/day was superior to allopurinol and well
tolerated for urate reduction. And as febuxostat dosage increased, more patients achieved the target SU level. Furthermore, the
lesinurad combination with xanthine oxidase inhibitor (XOI) groups had a higher proportion of patients achieving the target SU
level than the febuxostat 40 mg/day group (ORs between 2.89 and 9.17), the allopurinol group (ORs between 3.56 and 11.27), or
the lesinurad 400 mg/day monotherapy group (ORs between 12.30 and 39.17) but might have a high risk of AEs.
Conclusions All ULTs are effective in achieving the target SU level compared with placebo in hyperuricemic patients with gout.
Lesinurad in combination with febuxostat or allopurinol is effective in urate lowering, especially for patients with inadequate
response to XOI monotherapy.
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Key Points
• All urate-lowering therapies (ULTs) were effective in achieving the target serum urate (SU) level at month 6 compared with placebo in hyperuricemic

patients with gout.
• Febuxostat 80/120/240 mg/day was superior to allopurinol and well tolerated for urate reduction. And as febuxostat dosage increased, more patients

achieved the target SU level.
• Lesinurad in combination with febuxostat or allopurinol was effective in urate lowering, especially for patients with inadequate response to xanthine

oxidase inhibitor monotherapy, but might have a high risk of AEs.
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Introduction

Gout is an inflammatory arthritis resulting from elevated
body uric acid pools. The serum urate (SU) level is the
single most important risk factor for developing gout [1].
The SU level is elevated when it exceeds 6.8 mg/dl, the
limit of solubility of monosodium urate (MSU) crystals in
serum at 37 °C. This leads to deposition of MSU crystals,
mainly in joints, and causes extremely painful flares [2,
3]. Most individuals with hyperuricemia are asymptomat-
ic, but in some, intra-articular deposition of MSU crystals
may occur [4]. Without adequate treatment, gouty arthritis
can progress into a chronic, deforming, and physically
disabling disease through the development of tophi, joint
des t ruc t ion , and pers i s t en t pa in . Fur the rmore ,
hyperuricemic patients with gout frequently suffer from
comorbidities including hypertension, diabetes mellitus,
impaired renal function, and cardiovascular disease. And
increasing SU may be an independent risk factor for these
commonly associated comorbidities [5–7].

Long-term maintenance of SU levels below its saturation
threshold can reduce the frequency of acute gout flares, de-
crease the uric acid pool, and resolve the existing tophi [8].
According to the current guidelines for management of gout,
the goal of ULTs is to achieve and maintain a SU level of <
6.0 mg/dl or < 5.0 mg/dl in patients with severe gout [9, 10].

Currently, the most commonly prescribed urate-lowering
therapies (ULTs) involve reducing urate production using
xanthine oxidase inhibitors (XOIs) and increasing renal uric
acid excretion using uricosurics. Allopurinol is the most com-
monly used XOI for urate reduction. However, patients taking
allopurinol have a high risk, although rare, of severe allopuri-
nol hypersensitivity syndrome (AHS), e.g., Stevens-Johnson
syndrome [11]. Risk factors for serious adverse events of al-
lopurinol include the recent intake of allopurinol, the positive
HLA-B*58:01 allele, commonly seen in Asians, and factors
influencing agent concentration, such as the prolonged half-
life of major allopurinol oxidation product, oxypurinol, in
patients with renal dysfunction [12]. Febuxostat, another
XOI, has been available for the management of hyperuricemia
in patients with gout for some years. It inhibits both oxidized
and reduced forms of xanthine oxidase [13] and can be pre-
scribed for patients with mild to moderate renal impairment at
unchanged doses [14, 15], though lacking data for patients
with severe renal impairment. Regarding uricosuric drugs,
benzbromarone is the commonly employed agent in clinical
practice in Asia, which acts by preventing the tubular reab-
sorption of urate, but not available in the USA due to severe
hepatic adverse events. Lesinurad, a new uricosuric drug, is
commonly used in combination with an XOI [16, 17]. It de-
creases the reabsorption of urate and promotes the renal ex-
cretion of uric acid by inhibiting the urate transporter 1
(URAT1).

To date, there are several RCTs comparing allopurinol,
febuxostat, benzbromarone, and lesinurad with placebo or
head to head. Only one previous pairwise meta-analysis re-
vealed that lesinurad in combination with an XOI was effec-
tive in urate lowering compared with XOI monotherapy [18].
The available clinical evidence can be better examined with
Bayesian network meta-analysis, which incorporates both di-
rect and indirect comparisons of treatments [19–21]. The pur-
pose of this study was to conduct a systematic review and
meta-analysis of published RCTs comparing the efficacy
and safety of ULTs for the treatment of hyperuricemic patients
with gout.

Methods

Literature search

The systematic review was performed according to the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) guideline [22]. The PubMed,
Embase, and Cochrane Library databases (up to October 31,
2019) were searched without restrictions on language or pub-
lication date. The following terms were searched in the title/
abstract: (“gout” OR “hyperuricemia”) AND (“xanthine oxi-
dase inhibitor” OR “allopurinol” OR “febuxostat” OR “urico-
suric” OR “benzbromarone” OR “probenecid” OR
“lesinurad” OR “pegloticase”) AND “random*”. In addition,
we performed manual searches of references of relevant re-
views on hyperuricemia or gout.

We included all RCTs that enrolled hyperuricemic patients
with gout and compared the ULT with placebo or head to
head. Patients with renal impairment were also included.
Studies were excluded if none of the primary or secondary
outcomes of interest (see below) was reported. The concomi-
tant use of medications for gout flare prophylaxis such as non-
steroidal anti-inflammatory drugs (NSAIDs) or colchicine
was allowed when initiating ULTs.

Data extraction and quality assessment

Two researchers (M.D.F and J.L) independently selected the
studies and extracted data from the included studies. The fol-
lowing information was extracted from each eligible RCT:
first author, publication year, country, interventions, treatment
duration, outcomes, patients’ characteristics, baseline SU lev-
el, and renal function. Data was entered into a standardized
form using MS Excel 2010. Any disagreement was resolved
by discussion between the two authors. Our analysis was
based on intention-to-treat principle.

The methodological quality of the included studies was
assessed separately by two reviewers (M.D.F and J.L) using
the risk of bias tool of the Cochrane Collaboration [23], which
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consists of seven domains: sequence generation, allocation
concealment, blinding of participants and personnel, blinding
of outcome assessors, incomplete outcome data, selective out-
come reporting, and other bias. Any discrepancy was resolved
by consensus between the two reviewers.

Outcomes of interest

The primary efficacy endpoint was the proportion of subjects
achieving the target SU level (defined as < 6.0 mg/dl or <
5.0 mg/dl for patients with severe gout) at month 6 [10].
Secondary efficacy endpoints were the proportions of subjects
achieving the target SU level at month 1 and month 12. Safety
outcomes included total adverse events (AEs), serious AEs,
withdrawals due to AEs, and AEs per organ system (e.g., skin-
related, hepatic, and cardiovascular) during the study.

Statistical analysis

We performed Bayesian network meta-analysis using the
random-effects binomial likelihood model for multiarm trials
for efficacy outcomes and safety outcome of total AEs with
WinBUGS version 1.4.3 (MRC Biostatistics Unit,
Cambridge, UK) [24]. The odds ratios (ORs) were reported
from the median of the posterior distribution and the accom-
panying 95% credible intervals (CrIs). And we estimated the
probability of being the best treatment (Pbest) for each therapy
[25]. Heterogeneity between studies was estimated from the
posterior median between-study variance τ2, with τ2 < 0.04
indicating a low level of heterogeneity and τ2 > 0.40 a high
level. Furthermore, we performed sensitivity analysis by ex-
cluding trials with high risk of bias, trials enrolling patients
with severe renal impairment, or trials with the target SU level
of < 5.0 mg/dl.

Furthermore, we performed traditional pairwise meta-
analysis using Review Manager 5.3.3 (Cochrane
Collaboration, Denmark) for the outcomes of serious AEs,
withdrawals due to AEs, and AEs per organ system. As these
outcomes were rare events, the Peto ORs with correspondent
95% confidence intervals (CIs) were reported.

Results

Selected studies and characteristics of the included

The details of the selection process of trials are shown in
Fig. 1. The literature search yielded 962manuscripts, of which
902 were ineligible after screening the titles and abstracts. The
remaining 60 manuscripts were selected for a full-text review.
Finally, 15 RCTs [26–40] were included for the analysis, in
which 7968 patients were randomly assigned to take either
placebo or one of 11 ULTs: allopurinol, febuxostat 40/80/

120/240 mg/day, lesinurad 400 mg/day, lesinurad 200/400/
600 mg/day plus allopurinol, and lesinurad 200/400 mg/day
plus febuxostat. The network diagram of direct treatment
comparisons is described in Fig. 2.

The characteristics of the included trials are presented in
Table 1. The treatment duration ranged from 1 to 24 months.
The baseline SU level was more than 6.0 mg/dl for all trial
subjects. Only one trial enrolled patients with severe renal
impairment (glomerular filtration rate < 30 ml/min/1.73m2)
[34]. Febuxostat was given at a dosage of 40 to 240 mg/day,
allopurinol at 100 to 900 mg/day, and lesinurad at 200 to
600 mg/day. Allocation concealment or blinding of outcome
assessment was not clear in majority of trials. Two trials were
of high risk of bias due to the lack of blinding of participants
[37, 39].

Efficacy of urate-lowering therapies

Of the 15 trials included in the analysis, 11 reported the pro-
portions of patients achieving the target SU level at month 6
[26, 29–31, 33–38, 40]. Network meta-analysis revealed that
all ULTs were more effective in achieving the target SU level
at month 6 than placebo (ORs between 26.81 and 1928)

Fig. 1 Flowchart of the study selection process
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(Table 2). Febuxostat ranging from 80 to 240 mg/day had a
significantly higher likelihood of achieving the target SU level
than allopurinol, febuxostat 40 mg/day, or lesinurad 400 mg/
day monotherapy. Patients receiving febuxostat 120/240 mg/
day were more likely to achieve the target SU level than those
receiving febuxostat 80 mg/day or lesinurad 200 mg/day plus
allopurinol therapies. And febuxostat 240 mg/day appeared
superior to lesinurad plus allopurinol and lesinurad 200 mg/
day plus febuxostat therapies at achieving the target SU level.
In addition, the lesinurad combination with allopurinol or
febuxostat groups had a higher proportion of patients achiev-
ing the target SU level than the febuxostat 40 mg/day group
(ORs between 2.89 and 9.17), the allopurinol group (ORs
between 3.56 and 11.27), or the lesinurad 400 mg/day mono-
therapy group (ORs between 12.30 and 39.17), respectively.
And lesinurad 400 mg/day plus febuxostat was more effective
in achieving the target SU level at month 6 than lesinurad
200 mg/day plus allopurinol/febuxostat or febuxostat 80 mg/
day monotherapy. The probability analysis showed that
febuxostat 240 mg/day had the greatest probability of achiev-
ing the target SU level at month 6 (Pbest 79.9%), followed by
lesinurad 400mg/day plus febuxostat, febuxostat 120 mg/day,
lesinurad 400 mg/day plus allopurinol, lesinurad 200 mg/day
plus febuxostat, lesinurad 200 mg/day plus allopurinol,
febuxostat 80 mg/day, febuxostat 40 mg/day, allopurinol,
and lesinurad 400 mg/day monotherapy, respectively. No sig-
nificant heterogeneity was found among studies for the target
SU level at month 6.

For secondary endpoints, 6 trials [28, 31, 32, 36, 37, 39]
reported the proportions of patients achieving the target SU
level at month 1, focusing on 8 ULTs: allopurinol, febuxostat
40/80/120 mg/day, lesinurad 400 mg/day, and lesinurad 200/

400/600 mg/day plus allopurinol. All ULTs were efficacious
compared with placebo (ORs between 465.8 and 1.34 × 104)
except lesinurad 400 mg/day monotherapy (not shown).
However, no significant differences were found among
ULTs. The ranking probabilities indicated that febuxostat
120mg/day had the greatest probability of achieving the target
SU level at month 1 (Pbest 53.6%), followed by lesinurad 200/
400/600 mg/day plus allopurinol, febuxostat 80 mg/day,
febuxostat 40 mg/day, allopurinol, and lesinurad 400 mg/
day monotherapy, respectively.

And 6 trials [26, 27, 30, 31, 33, 34] reported the propor-
tions of patients with the target SU level at month 12, focusing
on 8 ULTs: allopurinol, febuxostat 40/80/120 mg/day,
lesinurad 200/400 mg/day plus allopurinol, and lesinurad
200/400 mg/day plus febuxostat. All ULTs were more effec-
tive in achieving the target SU level than placebo (ORs be-
tween 104.9 and 8.37 × 106) (not shown). Additionally,
febuxostat 120 mg/day appeared superior to allopurinol at
achieving the target SU level (OR 6.32, 95% CrI 1.06–
38.08). But there were no significant differences among other
ULTs. The probability analysis showed that lesinurad 400mg/
day plus febuxostat had the greatest probability of achieving
the target SU level at month 12 (Pbest 53.4%), followed in
order by lesinurad 200 mg/day plus febuxostat, febuxostat
120 mg/day, febuxostat 80 mg/day, lesinurad 200/400 mg/
day plus allopurinol, allopurinol, and febuxostat 40 mg/day,
respectively.

For sensitivity analysis, there was no significant change of
the proportion of patients achieving the target SU level at
month 6 after excluding trials with high risk of bias [37, 39],
trials enrolling patients with severe renal impairment [34], or
trials with the target SU level of < 5.0 mg/dl [30]. And

Fig. 2 Network diagram of the
comparisons in the meta-analysis.
The size of the nodes is
proportionate to the number of
patients randomized to the
treatment. The width of the lines
is proportionate to the number of
direct comparisons between the
connected treatments
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febuxostat 240 mg/day remained the best therapy for achiev-
ing the target SU level at month 6 (Pbest 95.7%).

Safety of urate-lowering therapies

Fifteen RCTs [26–40] reported the incidence of total AEs,
focusing on 11 ULTs: allopurinol, febuxostat 40/80/120/
240 mg/day, lesinurad 400 mg/day, lesinurad 200/400/
600 mg/day plus allopurinol, and lesinurad 200/400 mg/day
plus febuxostat. Network meta-analysis demonstrated no sta-
tistically significant differences between ULTs and placebo
for the risk of total AEs, except that lesinurad 400 mg/day
plus allopurinol had a higher risk of AEs than placebo (OR
1.95, 95% CrI 1.23–3.03) (Table 3). And the lesinurad
400 mg/day plus allopurinol group had a higher risk of AEs
than the allopurinol monotherapy and febuxostat 40/80/
120 mg/day groups (ORs between 1.53 and 2.20).
Furthermore, patients taking lesinurad combination with
allopurinol/febuxostat had a higher risk of AEs than those
with febuxostat 120 mg/day (ORs between 1.69 and 2.33).
Notably, the febuxostat 120 mg/day group had a lower risk
of AEs than the allopurinol and febuxostat 40 mg/day groups
(OR 0.70, 95% CrI 0.53–0.91 and OR 0.70, 95% CrI 0.52–
0.94, respectively). The analysis of probabilities showed that
febuxostat 120 mg/day had the greatest probability of being
the safest treatment (Pbest 65.3%). There was no significant
heterogeneity among studies for total AEs.

Fourteen RCTs [26–36, 38–40] reported serious AEs and
withdrawals due to AEs. For serious AEs, there were no sta-
tistically significant differences among ULTs and placebo,
except that lesinurad 400 mg/day plus allopurinol had a higher
risk of serious AEs than lesinurad 200mg/day plus allopurinol
and allopurinol monotherapy (Peto OR 2.01, 95% CI 1.15–
3.50 and Peto OR 1.91, 95% CI 1.10–3.32, respectively)
(Table S1). For withdrawals due to AEs, no significant differ-
ences were found among ULTs and placebo, except that the
febuxostat 120 mg/day group had a higher risk of withdrawals
due to AEs than the allopurinol group (Peto OR 1.66, 95% CI
1.01–2.71) (Table S2).

Regarding skin-relatedAEs, patients taking allopurinol had
a higher risk of skin-related AEs than those with febuxostat
80 mg/day (Peto OR 1.43, 95% CI 1.03–1.96) (Table S3). But
there were more hepatic AEs in patients taking febuxostat
80 mg/day compared with placebo (Peto OR 2.95, 95% CI
1.25–6.96) (Table S4). Notably, the allopurinol group had a
lower risk of cardiovascular AEs than the placebo and
febuxostat 80/240 mg/day groups (Peto ORs between 0.19
and 0.47) (Table S5).

Sensitivity analysis was performed by excluding trials with
high risk of bias [37, 39], subjects with severe renal impair-
ment [34], or trials with the target SU level of < 5.0mg/dl [30].
The results of total AEs changed little (data not shown). And
the febuxostat 120 mg/day group remained the safest therapyTa
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for lowering the SU level (Pbest 70.3%). Similarly, results
were unchanged for serious AEs, withdrawals due to AEs,
and AEs per organ system.

Discussion

This meta-analysis provides comparative review on the efficacy
and safety of ULTs in the treatment of hyperuricemic patients
with gout. Our analysis confirmed that all ULTswere effective in
achieving the target SU level compared with placebo at months 6
and 12. Lesinurad in combination with febuxostat or allopurinol
was superior to allopurinol, lesinurad, or febuxostat 40 mg/day
monotherapy in achieving the target SU level at month 6, which
is consistent with the recent meta-analysis and clinical trials [18,
26, 30, 32, 33]. Thus, if patients respond inadequately to XOI
monotherapy, the addition of lesinurad is recommended, which
not only reduces urate production but also increases renal excre-
tion of urate.

In our analysis, febuxostat ranging from 80 to 240 mg/day
had a significantly greater proportion of patients with the tar-
get SU level than allopurinol, lesinurad, or febuxostat 40 mg/
day monotherapy. To date, several reviews and meta-analyses
have demonstrated that febuxostat was effective in lowering
the SU level compared with allopurinol or placebo [41–44].
And several RCTs have revealed that febuxostat reduced SU
levels in a dose-dependent manner [28, 29, 35, 38], which is in
accordance with our results.

With regard to safety, there were no significant differences
between ULTs and placebo for total AEs, serious AEs, or
withdrawals due to AEs, except that lesinurad 400 mg/day
plus allopurinol had a higher risk of total AEs than placebo.
In addition, significantly more serious AEs were found in the
lesinurad 400 mg/day plus allopurinol group than the allopu-
rinol and lesinurad 200 mg/day plus allopurinol groups. These
results are in agreement with the recent RCTs [26, 33]. Of
note, febuxostat 120 mg/day had a lower risk of total AEs than
allopurinol, febuxostat 40 mg/day, or lesinurad plus XOI ther-
apy. Similarly, the recent network meta-analysis of 15 RCTs
also demonstrated that febuxostat 120 mg/day was effective
and well tolerated for lowering the SU level [45]. Notably, our
analysis showed febuxostat 120 mg/day was associated with a
high risk of withdrawals due to AEs than allopurinol. Becker
et al. reported more withdrawals due to AEs in the febuxostat
120 mg/day group than the allopurinol group; the most com-
mon reasons were abnormal liver function and skin rashes
[27]. Conversely, Schumacher et al. revealed that withdrawals
due to AEs were similar among different doses of febuxostat
and allopurinol [35]. For AEs per organ system, patients tak-
ing febuxostat 80 mg/day had less skin-related AEs than allo-
purinol but with more hepatic AEs than placebo. Additionally,
the allopurinol group had less cardiovascular AEs than the
placebo and febuxostat 80/240 mg/day groups. In line withTa
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this, Zhang et al. showed that long-term allopurinol treatment
might decrease cardiovascular events [46]. However, the con-
clusion should be made with caution due to the paucity of
data. And a recent meta-analysis revealed that febuxostat nei-
ther increased nor decreased cardiovascular events [47]. More
long-term RCTs are needed to evaluate the safety of ULTs in
hyperuricemic patients with gout.

Our study also has several limitations. Firstly, most trials
enrolled hyperuricemic patients with gout who were not tak-
ing any ULT at screening, while 4 trials enrolled patients
whose target SU level was not achieved after taking a urate-
lowering drug [26, 30, 32, 33]. This might have introduced
heterogeneity to the analysis. Secondly, most trials estimated
the proportion of patients with the target SU level of < 6.0 mg/
dl. But Dalbeth et al. reported the proportion of subjects
achieving the SU level of < 5.0 mg/dl because all eligible
patients in the study had more than 1 measurable tophus
[30]. Nevertheless, sensitivity analysis did not show signifi-
cant change of the results. Thirdly, the dose of allopurinol
ranged from 100 to 900 mg/day between different trials,
which might have influenced the efficacy of allopurinol.
Finally, due to data limitations, we could not evaluate the rates
of gout flares and resolution of tophi among ULTs. Further
long-term prospective trials are warranted.

Conclusions

All ULTs are effective in achieving the target SU level com-
pared with placebo in hyperuricemic patients with gout.
Lesinurad in combination with febuxostat or allopurinol is
effective in urate lowering, especially for patients with inade-
quate response to XOI monotherapy, but may have a high risk
of AEs.
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