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Abstract

Gout, an extremely painful form of arthritis, is triggered by the innate immune system's response to the
accumulation of monosodium urate crystals in specific joints and surrounding tissues. This condition is
characterized by recurring episodes of excruciating arthritis flares, interspersed with periods of disease

quiescence. Over time, gout can result in disability, tophi formation, and severe pain.

The treatment of gout is centered around two main objectives: alleviating inflammation and pain during
acute gout attacks and long-term management to reduce serum urate levels and mitigate the risk of future
attacks. Addressing inflammation and pain during acute attacks is often complicated by various factors,
including underlying health conditions commonly associated with gout, such as hypertension, chronic
kidney disease, cardiovascular disease, and diabetes mellitus. Moreover, gout patients are frequently older
and have multiple coexisting health issues, necessitating complex medication regimens.

Given the rising prevalence of gout and its associated comorbidities, there's a growing demand for improved
treatment options. While existing treatments effectively manage gout in some patients, a significant
portion, particularly those with comorbidities, face contraindications to these treatments and require
alternative approaches. Innovative medications are required to enhance gout treatment, especially for
individuals with concurrent health conditions. These considerations underscore the importance of reviewing
both monotherapy and combination therapy approaches for acute gout treatment.

Categories: Family/General Practice, Internal Medicine, Nephrology
Keywords: allopurinal monotherapy, lesinurad and allopurinal combination therapy, uricosuric, xanthine oxidase
inhibitor, acute gout

Introduction And Background

Gout attacks are characterized by the rapid onset and intensification of joint pain, often reaching their peak
within 24 hours of onset. While these attacks run an acute or chronic course, they tend to start subsiding
within 5-12 days without intervention; complete resolution may take longer in certain cases [1,2]. A recent
study found that at the 24-hour mark from the onset of an acute gout attack, 16% of participants under
placebo experienced over 50% pain reduction, in contrast to the 70% who did not show significant
improvement [3]. While most acute gout attacks involve a single joint, a substantial proportion (10%-40%)
affect multiple joints [4]. The initial site of involvement in approximately half of all acute gout cases is the
metatarsophalangeal joint, a pattern commonly observed among gout patients [4]. Other commonly affected
joints during acute gout attacks include the ankle, elbow, wrist, midfoot, fingers, and knee. It's notable that
a significant percentage of acute gout patients experience peak pain levels within the first 24 hours,
followed by a gradual remission of pain over a period of up to two weeks. Acute and severe gout pain is more
frequently observed in individuals with tophi, a longstanding disease, and polyarticular gout.

Gout stands as one of the most prevalent forms of inflammatory arthritis affecting adults in the United
States [5]. Notably, about 10% of individuals aged 65 and above report experiencing gout, in contrast to the
overall gout prevalence rate of nearly 4% in the US population [1]. Similarly, in the United Kingdom, the
incidence rate of gout is estimated at 2.68 per 1000 person-years, with a noticeable increase in prevalence
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with advancing age [6]. Beyond its high frequency, acute gout's impact extends to diminished quality of life
and heightened utilization of healthcare services. Inadequate management of acute gout can result in
recurrent hospital admissions and eventual disability [7]. However, effective gout management often
encounters challenges driven by various barriers such as misconceptions held by physicians and patients as
well as the requirement for familiarity with evidence-based treatment, management guidelines, and
practices [8,9].

The onset of gout is underpinned by a biochemical abnormality known as hyperuricemia, denoting a serum
urate (SU) concentration equal to or surpassing 6.8 mg/dl (0.408 mmol/l). Typically, hyperuricemia arises
from an excess of urate production or insufficient urate excretion, accounting for approximately 90% of gout
patients' hyperuricemia cases [10]. The risk of acute gout development is closely associated with the severity
of hyperuricemia. However, it's important to note that hyperuricemia alone is not sufficient to trigger gout,
as demonstrated by several US-based studies indicating a hyperuricemia prevalence of 21% alongside a gout
prevalence of 3.9% [5]. Given the established connection between gout development, hyperuricemia, and the
efficacy of serum urate reduction in gout management, urate-lowering therapy (ULT) stands as a
fundamental cornerstone in the treatment of acute gout. The inadequacy of existing ULT agents has led to
persistent unmet needs for effectively addressing hyperuricemia in gout. Additionally, the emerging
evidence linking hyperuricemia with metabolic and cardiovascular comorbidities has spurred a growing
interest in the development of novel and potent ULTs [11,12].

In the context of reducing urate levels, the primary approach entails employing febuxostat or allopurinol,
both of which are categorized as xanthine oxidase inhibitors responsible for curtailing urate production.
Nonetheless, despite these treatment options being put forth, achieving the desired urate blood levels has
remained challenging for many patients. Shedding light on this, a recent clinical trial encompassing 324
individuals experiencing acute gout subjected to both monotherapy and combination therapy revealed
noteworthy insights.

Lesinurad, as a novel agent in the management of hyperuricemia and gout, has shown promise in enhancing
urate level control when used in combination with xanthine oxidase inhibitors. Notably, a larger proportion
of patients undergoing combination therapy, specifically involving lesinurad in conjunction with a xanthine
oxidase inhibitor, successfully reached the targeted urate levels compared to those on a monotherapy
regimen of febuxostat [13]. This study also elucidated that lesinurad functions by impeding the uric acid
transporter in the kidneys while augmenting uric acid excretion through urine [13]. Through this combined
approach, utilizing both lesinurad and XOI, a dual strategy emerges for effectively controlling and
diminishing blood urate levels.

Addressing combination therapy, Clarson et al. assert that the root cause of gout lies in the accumulation of
urate crystals within joints, giving rise to inflammation and pain [14]. In certain gout patients, this process
escalates, leading to the formation of crystal tophi deposits that exacerbate joint damage and inflammation.
To address this scenario, guidelines have recommended combination therapy involving a xanthine oxidase
inhibitor (XOI) alongside a uricosuric agent for patients with acute gout who cannot achieve management
and treatment targets through XOI monotherapy alone. Notably, existing combination treatment guidelines
advocate for tophaceous gout patients to attain urate blood levels below 5 mg/dl to mitigate potential
adverse events [14-17]. This study's primary objective is to evaluate the efficacy of urate-lowering agents,
both in singular and combined therapy, for the management of acute gout. It seeks to compare the impact of
these treatment strategies on key parameters such as serum urate level reduction, relief from gout
symptoms, including pain and tophi, and overall disease management. Emphasizing the necessity for
enhanced treatment options, particularly for individuals with concurrent health issues, the study examines
the roles of xanthine oxidase inhibitors (allopurinol, febuxostat) and uricosuric agents (lesinurad) in
optimizing outcomes for acute gout patients. As the debate between monotherapy and combination therapy
involving urate-lowering agents continues to evolve, this systematic review fills a crucial gap in
understanding.

Review
Methods and materials

This systematic review employed a comprehensive literature review approach. Major global databases,
including Web of Science, EMBASE, PubMed, Cochrane Library, HINARI, and Google Scholar, were
systematically searched. Additionally, reference lists of previously identified literature were examined to
gather more relevant studies. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines were followed for methodological rigor. A thorough search was conducted using
Boolean operators and various keywords such as allopurinol monotherapy, lesinurad and allopurinol
combination therapy, uricosurics, xanthine oxidase inhibitors, and acute gout. Inclusion criteria
encompassed studies published between 2000 and 2023.

Eligibility criteria
Studies published up to 2023 were included. The eligibility criteria consisted of the following: study
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participants were adults; observational study designs, including case-control and cross-sectional studies,
were considered; and human studies conducted in regions with Jehovah Witness groups were included.

Data extraction

Data were extracted from diverse studies and full-text articles by the author. Discrepancies were resolved
through discussions and expert consultations. Key information, such as the main author, publication year,
study location, sample size, response rate, and screening tools employed, was independently collected in a
standard format.

Quality assessment

The quality of the included studies was evaluated using the Joanna Briggs Institute quality assessment tool.
Studies were scored based on predefined criteria using responses like yes, no, unclear, and not applicable.
Each study's overall quality score was calculated based on the total positive scores.

Statistical analysis

Comprehensive systematic review software version 3 was utilized for statistical analyses. Prevalence rates
from individual studies were pooled using a random effects systematic review. Heterogeneity between
studies was assessed with 12 statistics, where values of 25%, 50%, and 75% indicated low, medium, and high
heterogeneity, respectively. Attributes like sample size, research design, publication year, and study location
were analyzed to identify potential sources of heterogeneity across studies.

Results

The thorough search across the identified electronic databases yielded 1549 records. Among these, 1009
duplicates were removed, and 128 were excluded due to ineligibility. An additional 81 records were excluded
for various reasons, including redundancy. The abstracts and titles of 331 articles were assessed, leading to
the exclusion of 215 articles. A total of 116 articles were retrieved for full-text assessment, resulting in the
exclusion of 47 non-retrievable articles. Ultimately, 69 articles underwent full-text screening, and only nine
met the criteria for inclusion in this systematic review, as illustrated in the PRISMA flow diagram in

Figure 1.
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FIGURE 1: PRISMA flow diagram for the systematic review

PRISMA flow diagram indicating the study selection process for the present systematic review.

The assessment of the effectiveness of both monotherapy and combination therapy was centered around
observing changes in serum urate (SUA) levels, tophi presence, gout flare occurrence rates, and urinary uric
acid levels. Safety evaluations encompassed monitoring adverse events and conducting laboratory
assessments. Starting from initial studies in the 1960s characterized by open-label designs and case reports
to more recent and meticulously structured studies with larger patient populations, consistent outcomes
have emerged. These findings consistently highlight that combination therapies involving both a xanthine
oxidase inhibitor (XOI) and uricosuric agents yield significantly greater reductions in serum urate levels
compared to the urate-lowering effects achievable through monotherapy in acute gout treatment. This
heightened reduction in serum urate levels corresponds to improved control over acute gout symptoms,
including a more enhanced resolution of tophi. Table ! lists down all the studies reviewed in the systematic

review.

Study title

Comparison of efficacy and
safety of urate-lowering
therapies for hyperuricemic
patients with gout: a meta-
analysis of randomized,
controlled trials.

THUO0537 clinical response
of tophus and flares to

Objective

Design

To evaluate the efficacy and

safety of the commonly used

urate-lowering therapi

febuxostat, allopurinol, and

ies (ULTs): Meta-

lesinurad in hyperuricemic

patients with gout.

To evaluate the impact of long-

term treatment with lesinurad and
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Bardin et
al. [18]

Saag et
al. [19]

Dalbeth et
al. [20]

Tausche
etal. [21]

Becker et
al. [22]

Pruis et
al. [23]

Alghamdi
et al. [24]

Hu and
Brown [25]

extended use of lesinurad in
combination with a xanthine
oxidase inhibitor in patients

with gout.

Lesinurad combined with
allopurinol: a randomized,
double-blind, placebo-
controlled study in gout
patients with an inadequate
response to standard-of-care
allopurinol (a US-based
study).

Efficacy and safety in
patients with tophaceous
gout receiving lesinurad and
febuxostat combination
therapy: interim analysis of
an extension study.

Lesinurad monotherapy in
gout patients’ intolerance to
a xanthine oxidase inhibitor:
a six-month phase 3 clinical
trial and extension study.

The urate-lowering efficacy
and safety of febuxostat in
the treatment of the
hyperuricemia of gout: the
CONFIRMS trial.

Cost-effectiveness of
sequential urate-lowering
therapies for the
management of gout in
Singapore.

An overview of the role of
xanthine oxidase inhibitors in
gout management.

Comparative effect of
allopurinol and febuxostat on
long-term renal outcomes in
patients with hyperuricemia
and chronic kidney disease:
a systematic review.

XOI on tophus and flares for at
least one year and up to two
years.

To evaluate the effectiveness of
daily lesinurad (200 mg or 400
mg) and allopurinol versus
placebo plus allopurinol in
reducing urate levels in patients
with serum urate (UA) levels
above a target of <6.0 mg/dI.

To assess the efficacy and safety
of lesinurad combination therapy
in patients for up to two years.

To investigate the efficacy and
safety of lesinurad, a selective
uric acid reabsorption inhibitor, in
a six-month, phase 3 clinical trial
and extension study.

To compare the urate-lowering
efficacy and safety of febuxostat
and allopurinol in subjects with
gout and serum urate (sUA) > or
= 8.0 mg/dL in a six-month trial.

Conduct a cost-utility analysis of
sequential ULT treatment
strategies for gout, including
strategies with and without HLA-
B*58:01 genotyping, before
treatment initiation, with a view to
determining optimal gout
management.

To discuss the role of XO
inhibitors in treating gout disease
and provide a review of the
different available XO inhibitor
medications.

To assess the long-term renal
outcomes of allopurinol compared
with febuxostat in patients with
hyperuricemia, and CKD, or
kidney transplantation.

method
research

Mixed
method
research

RCT

RCT

RCT

Systematic
review and
meta-
analysis

Literature
review

Systematic
review

471 patients

603 patients

235 patients

214 patients

2269
patients

12 therapies
for gout
management

N/A

Three
retrospective
observational
studies

TABLE 1: List of the selected studies reviewed in this systematic review.

2016

2017

2015

2017

2010

2020

2021

2020

Arthritis
Rheumatol.

Arthritis &
rheumatology,

Arthritis &
Rheumatology

Rheumatology

Arthritis
research &
therapy

Journal of
Medical
Economics

Arch. Pharm.
Pract.

Clinical
Rheumatology

The selected studies for the systematic review include the author name, study title, study objective, sample size, year of publication, and publishing
journal.

Discussion

In acute gout, the desired clinical outcomes entail the prevention and eventual eradication of acute gouty
arthritis, the dissolution of tophi, and the prevention of severe arthropathy. The European League Against
Rheumatism (EULAR) and the American College of Rheumatology (ACR) 2012 guidelines, alongside the 3-e
rheumatology recommendations, have been endorsed as an effective treat-to-target strategy to facilitate the
realization of positive clinical outcomes [1,15,16]. The approved and widely accepted target level of serum
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urate is <6 mg/dL, even though a much lower target level of serum urate of <5 mg/dL is mainly preferred for
individuals with acute gout requiring faster serum urate crystal dissolution, marked by the existence of
severe arthropathy or tophi, and for those patients with high-frequency gout attacks. On the contrary, the
American College of Physicians (ACP) clinical practice guidelines for 2017 regarding acute gout treatment
and management have not endorsed any target serum urate level. ACP guidelines maintain that the
evidence is inadequate to conclude if the advantages of the treat-to-target strategy dwarf the various harms
linked to medication escalation and continual serum urate level monitoring. However, ACP guidelines have
recommended the “treat-to-avoid symptoms” strategy, which aims to avoid recurrent acute gout attacks
without the need to monitor serum urate levels [2].

As noted earlier, the therapies for acute gout aim to reduce pain while promoting early and complete
resolution. The ACR has recommended pharmacological therapy as the appropriate first-line treatment,
along with adjunctive topical ice and plenty of rest [2]. Characteristically, monotherapy is considered
appropriate when the patient experiences either mild or moderate pain that affects not more than two joints.
On the other hand, chronic pain and attacks that affect several joints simultaneously are highly likely to
benefit from combination therapies as opposed to monotherapy. Therefore, in reviewing the effectiveness of
monotherapy in the management and treatment of acute gout, Fan et al. ascertain that clinical guidelines
emphasizing XOI monotherapy, with either febuxostat or allopurinol, should be considered as the initial-
line therapy for critical gout prevention [17]. Even though such guidelines have not proposed any XOI over
others, allopurinol has been widely prescribed for acute gout, attributed to the drug's cost-effectiveness and
generic availability [18]. Nevertheless, studies comparing allopurinol and febuxostat have disclosed
significantly higher serum urate attainments with febuxostat [19,20]. However, it is essential to note that
such data are limited by the suboptimal allopurinol dosing secondary to physicians' dearth of additional dose
escalations. Further, Ruoff and Edwards in their study indicated that when an allopurinol dose of 300mg/day
was utilized in a head-to-head comparison study against a real-life average allopurinol dosage of
184.9mg/day, the serum urate target achievement was below 50% with the usual dosage in the controlled
trial [1]. The outcomes of the study were undesirable. The success rates of allopurinol as a monotherapy drug
noticeably improved when the dosage was escalated to dosages that were higher than 300mg/day [21,22].

As a monotherapy treatment, the allopurinol conservative dosing approach, which entails the use of less
than 300mg/day, is a result of aspects that include the product labeling dosage limitations related to renal
impairments as well as concerns of potential adverse side effects, including allopurinol hypersensitivity
syndrome [AHS], which, despite being infrequent, is fatal. Even though it is vital to consider such safety
concerns before allopurinol initiation, the escalation of the dosage to over 300mg/day has been reported to
be safe [22,23]. However, to minimize the potential risk of AHS, the initial doses of allopurinol as
monotherapy should not be over 100mg/day for any gout patient and 50mg/day for acute gout patients with
either stage 4 or, worse, chronic kidney disease. As such, progressive titration every 2 to 5 weeks is
recommended to ensure that dosages over 300mg/day may be utilized in acute gout patients with renal
disease and impairment in cases accompanied by adequate monitoring and education of the patients [24].
Moreover, Ruoff and Edwards maintain that allele HLA-B5801 testing is vital before allopurinol initiation,
particularly in patients with either stage 3 or worse chronic kidney disease, and that the use of allopurinol
must be avoided in individuals who tested positive for the HLA-B5801 allele, owing to the increased risk of
AHS [1].

Consequently, febuxostat does not need any adjustment or escalation of the renal dose, even as its usage has
been reported not to have a comparable risk for AHS as allopurinol. Nonetheless, safety trials' preliminary
outcomes have indicated an increment in cardiovascular mortality in instances where a febuxostat was
compared against allopurinol [24,25]. The trial design was aimed at comparing the cardiovascular mortality
rates, non-fatal stroke, non-fatal myocardial infarction, and unstable angina that needs critical coronary
revascularization between allopurinol 200 to 600mg/daily and febuxostat 40 and 80mg/daily over a five-year
duration [25]. The primary endpoint of composite cardiovascular events was not more significant in the
febuxostat group. However, when the outcomes were evaluated individually, febuxostat showed higher rates
of cardiovascular-related death and death from all causes. The FDA will determine the final results from the
manufacturer when they are available. These data do not suggest that complete avoidance or immediate
discontinuation of febuxostat is necessary. Instead, healthcare providers should evaluate patient-specific
cardiovascular risk versus the benefits of febuxostat therapy. When not contraindicated, allopurinol may be
preferred.

Typically, allopurinol, a xanthine oxidase inhibitor (XOI), is the primary therapy for managing gout, with
febuxostat as a second-line option for curbing urate production. However, clinical studies have
demonstrated that only around 40% of patients with acute gout receiving allopurinol at a dosage of 300
mg/day achieve the desired serum urate levels (<6.0 mg/dL) [26]. In contrast, febuxostat, administered at
dosages ranging from 80 to 240 mg/day, helps approximately 48% to 69% of patients attain the target serum
urate level; nonetheless, a substantial portion of patients in these trials struggled to reach and sustain the
desired levels [27]. In situations where adequate doses of XOI fail to achieve the intended serum urate levels,
the European League Against Rheumatism (EULAR) recommends alternative treatments. These alternatives
include switching the XOI, combining the XOI with uricosuric medications, or transitioning to a uricosuric
agent [28].Hence, the combination of an XOI and lesinurad serves as a suitable approach, addressing the
shortcomings of the aforementioned therapies for gout patients with insufficient responses to
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XOIs [23,25,27,28]. This combination provides a dual mechanism for lowering serum urate levels: it inhibits
renal urate reabsorption and subsequently reduces urate production. Notably, the lesinurad-XOI
combination effectively targets URAT1, a uric acid transporter, contributing to increased urate anion
reabsorption within renal tubules [29,30]. By obstructing URAT1, the combination enhances the overall rate
of urate excretion while simultaneously lowering serum urate concentrations. Furthermore, the combined
therapy also hampers OAT4, an organic anion transporter implicated in luminal urate reabsorption, which is
linked to diuretic-induced hyperuricemia [29,31-36].

Lesinurad, an emerging uricosuric agent, effectively enhances renal urate excretion by selectively inhibiting
the action of renal uric acid transporter 1 (URAT1). Its application is indicated for adult patients, in
conjunction with an XOI, to provide supplementary treatment for hyperuricemia associated with gout. This
is especially beneficial for those who have not achieved the desired target serum uric acid (UA) levels
through an appropriate dose of XOI treatment alone. By adopting this combined approach, the potential to
achieve serum UA targets is realized through the inhibition of new crystal formation and the facilitation of
the dissolution of existing crystals. As a result, this strategy contributes to improved outcomes, including
reduced flares and the resolution of tophi. In light of pharmacodynamic effects, investigations involving
healthy individuals have divulged significant insights. In particular, a combination regimen consisting of
lesinurad (200mg) and an XOI led to noteworthy reductions in serum urate levels and notable
enhancements in renal clearance and fractional excretion [27]. Specifically, when lesinurad was
administered at 200mg alone, serum urate levels exhibited an average decrease of approximately 46% and
26% at 6-hours and 24 hours post-dosage, respectively [30,51]. However, when lesinurad (200mg) was
administered in combination with an XOI, an additional reduction of 25% and 19% in serum urate levels was
observed at 6 and 24 hours post-dosage, respectively [29,51]. These findings were further substantiated by
pivotal studies, which are discussed in more detail below.

To assess the comparative effectiveness of outcomes between monotherapy and combination therapy, a
randomized, multicenter, double-blind, and placebo-controlled phase III study was conducted over a 12-
month period in the United States [19]. The primary objective was to evaluate the impact of lesinurad (200-
400mg/day) in combination with allopurinol against a placebo in combination with allopurinol, specifically
in patients with elevated serum urate levels who had not sufficiently responded to allopurinol

monotherapy [19]. The study population included patients on a minimum dose of 300mg/day allopurinol
(200mg/day for those with moderate renal impairments), with serum urate levels exceeding 6.5mg/dL during
screening and having experienced two or three gout attacks in the past year [19]. The study findings aligned
with previous research [31-34], demonstrating that the combination therapy of lesinurad and allopurinol
yielded more pronounced reductions in serum urate levels compared to monotherapy involving allopurinol
alone [32-34]. Similarly, the CLEAR 1 study identified the primary endpoint as the proportion of patients
achieving the target serum urate level of <6.0 mg/dL within the sixth month [35]. Furthermore, significant
secondary endpoints included acute gout attack rates requiring treatment from the 7th to the 12th month, as
well as the percentage of patients reporting complete resolution of a target tophus at the 12th month [35].

In their comprehensive study involving a total of 2377 evaluated patients, Saag et al. conducted a double-
blind, randomized trial encompassing 607 patients who were administered either 200mg/day or 400mg/day
of lesinurad, as well as a placebo group in a 1:1:1 ratio distributed across 138 study locations. An additional
603 patients received a single dose of lesinurad [19]. Over the initial five months, patients received gout
attack prophylaxis from the 14th day following screening randomization. The study revealed that among the
patients, the proportion achieving the targeted serum urate level of <6.0 mg/dL at the primary endpoint or by
the sixth month was 27.9% in the allopurinol monotherapy group, while it was notably higher at 54.2% in the
combination therapy group receiving 200mg lesinurad in conjunction with allopurinol [19]. This data
pointed to a statistically significant difference at the sixth month or primary endpoint between acute gout
patients who underwent combination therapy with 200mg of lesinurad and allopurinol compared to those

on allopurinol monotherapy (p<0.0001) [19]. These findings were further substantiated by a 12-month study,
wherein monthly assessments indicated that the percentage of patients achieving the target serum urate
level of <6.0 mg/dL between the 1st and 12th months was significantly higher in patients undergoing
combination therapy with either 200mg or 400mg lesinurad and allopurinol, as opposed to the monotherapy
allopurinol group (p<0.0001 for each comparison) [18].

In another recent large-scale study spanning South Africa, Europe, North America, Australia, and New
Zealand and involving 2199 acute gout patients, 611 patients were randomly allocated to three groups:
200mg lesinurad, 400mg lesinurad, and placebo, in a 1:1:1 ratio distributed across 152 study locations. An
additional 610 patient participants received a single dose of lesinurad medication [20]. The percentage of
patients achieving the target serum urate level (<6.0 mg/dL) by the sixth month or primary endpoint was
23.3% in the monotherapy allopurinol-only group and a significant 55.4% in the combination therapy group
receiving 200mg lesinurad alongside allopurinol [36]. Notably, statistically significant differences were
observed in the combination therapy group compared to the monotherapy group at the sixth month
(p<0.0001). Similarly, statistically significant differences (p<0.0001) were noted at the sixth month or
primary endpoint when comparing the monotherapy allopurinol with placebo groups to the 400mg lesinurad
and allopurinol cohorts (67%) [20,21]. Moreover, from the 1st to the 12th month, the percentage of patients
achieving the target serum urate level was consistently higher in the combination therapy groups involving
lesinurad and allopurinol, in contrast to the monotherapy allopurinol group, at each monthly assessment

2023 Okobi et al. Cureus 15(9): e45087. DOI 10.7759/cureus.45087 7 of 11


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

(p<0.0001, for every comparison) [21]. Additionally, throughout the entire 12-month treatment duration, the
combination therapy groups consistently exhibited lower average serum urate levels compared to the
monotherapy allopurinol group (p<0.001 for every comparison) [20].

Subsequently, another pivotal study that delved into the comparative effectiveness of monotherapy versus
combination therapy for acute gout treatment was carried out by Dalbeth et al. This 12-month investigation
also sought to assess the safety and efficacy of the combined approach involving lesinurad and febuxostat in
managing acute gout. Initial trials focusing on the combination therapy of lesinurad and febuxostat had
already revealed more substantial reductions in serum urate levels compared to febuxostat

monotherapy [24]. Consequently, the study enrolled adult patients experiencing acute gout who had
previously been treated with serum urate-reducing agents or were treatment-naive. Eligibility criteria
included baseline blood serum urate levels of >8.0 mg/dL for patients not on urate-reducing agents and >6.0
mg/dL for those actively receiving such therapy [32-36]. Participants were required to have at least one
tophus measuring between 5 and 20mm in diameter, located either in the feet or hands. They were
subsequently randomized into three groups: febuxostat 80mg and placebo; lesinurad 200mg and febuxostat
80mg, and lesinurad 400mg and febuxostat 80mg; in a 1:1:1 ratio. Among the 1045 initially evaluated, 330
were randomized, and 324 received at least a single dose of the study medication [36]. The analysis revealed
that at the sixth month, 46.8% of participants in the febuxostat monotherapy group achieved the target
blood serum urate level of <5.0 mg/dL, while the combination therapy group with 200mg lesinurad and
febuxostat achieved a higher percentage of 56.6% [36]. However, no statistically significant difference was
observed between the combination therapy of 200mg lesinurad and febuxostat and the febuxostat
monotherapy (p=0.13). The researchers also conducted a pre-specified analysis, focusing on a subgroup of
patients with a baseline blood serum urate level of >5.0 mg/dL after three weeks of febuxostat monotherapy
(n=161). In this subgroup, 24% of patients achieved the target serum urate level at the sixth month through
febuxostat monotherapy, while 44% of those on the combination therapy of 200mg lesinurad and febuxostat
reached the target (p=0.024 compared to febuxostat monotherapy) [36]. Additionally, no statistically
significant difference was observed in serum urate levels with the combination therapy of 200mg lesinurad
and febuxostat at the sixth month, yet significant treatment effects were evident in this subgroup at every
other monthly assessment from the 1st to the 12th month (p<0.0281) [37-39].

Furthermore, the study noted that the percentage of patients reporting complete resolution of the target
tophus or tophi was slightly higher in the combination therapy groups: 25.6% in the lesinurad 200mg and
febuxostat group and 21.1% in the lesinurad 400mg and febuxostat group. However, this difference was not
statistically significant [37]. Remarkably, at the 12th month, the targeted tophi area reductions in the
combination therapy groups-lesinurad 200mg and febuxostat, as well as lesinurad 400mg and febuxostat-
were reported as 50.1% and 53%, respectively, in comparison to 28.3% in the febuxostat monotherapy
group [38-39].

Limitations of this review

The current systematic review highlights several potential limitations, many of which are inherent to the
pharmacological study model employed. As there is no direct head-to-head comparison between
monotherapy and combination therapy for acute gout treatment, the diverse clinical parameters have been
sourced from various studies, all of which are underpinned by published literature with robust clinical
evidence and the validation of rheumatology experts. However, the absence of suitable comparative clinical
trials has prompted the utilization of indirect comparisons across treatment modalities. While these
comparisons provide significant evidence, they also serve as invaluable analytical tools, enhancing our
understanding of the effectiveness of monotherapy and combination therapy in the context of acute gout
treatment.

Another noteworthy limitation pertains to the lack of assessment regarding potential risks such as toxicity,
morbidity, or mortality associated with the studied models, particularly in the case of combination therapies
for managing acute gout. Although a recent study has suggested a link between higher serum urate levels
and increased mortality risk when compared to the general population, our current study model does not
specifically address these risks or their impact. Therefore, while the systematic review offers valuable
insights into the comparative effectiveness of different treatment approaches, the broader risks and
outcomes associated with these therapies are not fully explored within the scope of this study.

Conclusions

Several authors have discussed the potential benefits of combination therapy involving a uricosuric and an
XOTI in achieving greater serum urate reduction compared to monotherapy. However, a consensus on the
superiority between combination and monotherapy has yet to be reached. Combination therapy could prove
advantageous in attaining therapeutic targets for patients with acute gout who struggle to achieve target
serum urate levels through monotherapy or those unable to tolerate XOIs at monotherapy doses. Notably,
the combination of lesinurad and allopurinol has demonstrated superiority over febuxostat monotherapy in
reducing serum urate levels below 6 or 5 mg/dL. Consequently, this combination therapy offers a dual-action
mechanism, effectively inhibiting both renal urate reabsorption and urate production. More well-designed
randomized clinical trials may be needed in this regard to explore the potential benefits and demerits
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thereof. Furthermore, this study offers significant insights into the management of acute gout through a
comparative evaluation of treatment approaches. Its findings have practical implications for clinicians and
call for continued research to further refine gout treatment strategies.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

OEO: contributed to the conceptualization of this project, the acquisition of the literature, played several
roles in analyzing the collated literature, carefully reviewed it for the correctness of the intellectual content,
agreed to be accountable for all aspects of the integrity of the work, and approved the final version. HO:
Contributed to the design of this work, played a role in the interpretation of the collated literature and
writing parts like the introduction, discussion, and other parts, reviewed it for intellectual accuracy, agreed
to be accountable for its integrity and will answer any question that may arise, and provided final approval of
the final draft. ABC: Played a role in creating the manuscript design, collation of literature used, analysis of
the used literature, drafting parts of the body and conclusion, agreed to be responsible for the intellectual
accuracy and validity, will answer and ensuing questions, and authorized the final version. CUE:
Substantially contributed to this study concept, was involved in analyzing collated literature that was
reviewed, reviewed its scientific content for correctness, drafted part of the abstract and body, agreed to be
accountable for its integrity and to resolve any unfolding issues, and then approved its final version. HSA:
Significantly contributed to the creation of this manuscript by playing a role in the conceptualization,
ensuring it was critically reviewed for intellectual content and accuracy, agreeing to resolve any unfolding
queries about the work or its integrity, and finally approving the final draft. USO: played a role in
conceptualizing this study, reviewed, analyzed, and drafted parts of the body of the work, ensured its
intellectual content was worthy of publication, agreed to be accountable for its integrity, resolved any
queries that may arise, and finally approved the final version. OBN: In addition to conceptualizing and
designing the manuscript, this author played a role in synthesizing the literature, analyzing the content,
creating parts of the original drafts, reviewing subsequent drafts for their intellectual validity and content,
agreeing to be accountable for all aspects of the work, and finally approving its final version. BCO: In
addition to conceptualizing and designing the manuscript, this author contributed to literature synthesis,
content analysis, drafting specific sections of the original manuscript, reviewing subsequent drafts for
intellectual validity and content, assuming overall accountability for the work, and providing approval for
the final version. VCK: Made significant contributions to the manuscript by participating in
conceptualization, rigorous content review, addressing inquiries and will address future queries if they arise,
ensuring its intellectual accuracy, and endorsing the final draft. NTA: contributed to the design of this work,
played a role in the interpretation of the collated literature and writing parts like the introduction,
discussion, and other parts, reviewed it for intellectual accuracy, agreed to be accountable for its integrity
and will answer any question that may arise, and provided final approval of the final draft. OEA: Contributed
during the conceptualization phase of this study, participated in extracting the literature from the database,
analyzing it, drafting original and subsequent drafts, ensuring the accuracy of its intellectual content,
ensuring that any queries would be promptly resolved, and approving the final content of the final draft.
LAM: Substantially contributed to this study’s conception, was involved in analyzing the collated literature
that was reviewed, critically reviewed its scientific content for correctness, drafted parts of the abstract and
body, agreed to be accountable for its integrity and to resolve any unfolding issues, and then approved its
final version.

References

1. Ruoff G, Edwards NL: Overview of serum uric acid treatment targets in gout: why less than 6 mg/dL?. .
Postgrad Med. 2016, 128:706-15. 10.1080/00325481.2016.1221732

2. Khanna D, Fitzgerald JD, Khanna PP, et al.: 2012 American College of Rheumatology guidelines for
management of gout. Part 1: systematic nonpharmacologic and pharmacologic therapeutic approaches to
hyperuricemia. Arthritis Care Res (Hoboken). 2012, 64:1431-46. 10.1002/acr.21772

3. Terkeltaub RA, Furst DE, Bennett K, Kook KA, Crockett RS, Davis MW: High versus low dosing of oral
colchicine for early acute gout flare: Twenty-four-hour outcome of the first multicenter, randomized,
double-blind, placebo-controlled, parallel-group, dose-comparison colchicine study. Arthritis Rheum. 2010,
62:1060-8. 10.1002/art.27327

4. Puig]G, Michan AD, Jiménez ML, et al.: Female gout: clinical spectrum and uric acid metabolism. . Archives
of internal medicine. 1991, 151(4):726-732. 10.1001/archinte.151.4.726

5. ZhuY, Pandya BJ, Choi HK: Prevalence of gout and hyperuricemia in the US general population: the
National Health and Nutrition Examination Survey 2007-2008. Arthritis Rheum. 2011, 63:3136-41.
10.1002/art.30520

2023 Okobi et al. Cureus 15(9): e45087. DOI 10.7759/cureus.45087 9of 11


https://dx.doi.org/10.1080/00325481.2016.1221732
https://dx.doi.org/10.1080/00325481.2016.1221732
https://dx.doi.org/10.1002/acr.21772
https://dx.doi.org/10.1002/acr.21772
https://dx.doi.org/10.1002/art.27327
https://dx.doi.org/10.1002/art.27327
https://dx.doi.org/10.1001/archinte.151.4.726
https://dx.doi.org/10.1001/archinte.151.4.726
https://dx.doi.org/10.1002/art.30520
https://dx.doi.org/10.1002/art.30520

Cureus

10.

11.

12.

13.

14.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

Cea Soriano L, Rothenbacher D, Choi HK, Garcia Rodriguez LA: Contemporary epidemiology of gout in the
UK general population. Arthritis Res Ther. 2011, 13:R39. 10.1186/ar3272

Garg R, Sayles HR, Yu F, Michaud K, Singh |, Saag KG, Mikuls TR: Gout-related health care utilization in US
emergency departments, 2006 through 2008. Arthritis Care Res (Hoboken). 2013, 65:571-7.
10.1002/acr.21837

Doherty M, Jansen TL, Nuki G, et al.: Gout: why is this curable disease so seldom cured? . Ann Rheum Dis.
2012, 71:1765-70. 10.1136/annrheumdis-2012-201687

Spencer K, Carr A, Doherty M: Patient and provider barriers to effective management of gout in general
practice: a qualitative study. Ann Rheum Dis. 2012, 71:1490-5. 10.1136/annrheumdis-2011-200801

Choi HK, Mount DB, Reginato AM: Pathogenesis of gout. Ann Intern Med. 2005, 143:499-516. 10.7326/0003-
4819-143-7-200510040-00009

Kim SY, Guevara JP, Kim KM, Choi HK, Heitjan DF, Albert DA: Hyperuricemia and risk of stroke: a
systematic review and meta-analysis. Arthritis Rheum. 2009, 61:885-92. 10.1002/art.24612

Grayson PC, Kim SY, LaValley M, Choi HK: Hyperuricemia and incident hypertension: a systematic review
and meta-analysis. Arthritis Care Res (Hoboken). 2011, 63:102-10. 10.1002/acr.20344

Becker MA, Schumacher HR Jr, Wortmann RL, et al.: Febuxostat compared with allopurinol in patients with
hyperuricemia and gout. N Engl ] Med. 2005, 353:2450-61. 10.1056/NEJMoa050373

Clarson LE, Chandratre P, Hider SL, Belcher ], Heneghan C, Roddy E, Mallen CD: Increased cardiovascular
mortality associated with gout: a systematic review and meta-analysis. Eur ] Prev Cardiol. 2015, 22:335-43.
10.1177/2047487313514895

Richette P, Doherty M, Pascual E, et al.: 2016 updated EULAR evidence-based recommendations for the
management of gout. Ann Rheum Dis. 2017, 76:29-42. 10.1136/annrheumdis-2016-209707

Punzi L: Change gout: the need for a new approach . Minerva Med. 2017, 108:341-9. 10.23736/S0026-
4806.17.05188-6

Fan M, Liu J, Zhao B, Wu X, Li X, Gu ], Schlesinger N: Comparison of efficacy and safety of urate-lowering
therapies for hyperuricemic patients with gout: a meta-analysis of randomized, controlled trials. Clin
Rheumatol. 2021, 40:683-92. 10.1007/s10067-020-05272-4

2016 ACR/ARHP annual meeting abstract supplement. Arthritis Rheumatol. 2016, 68 Suppl 10:1-4550.
10.1002/art.39977

Saag KG, Fitz-Patrick D, Kopicko J, et al.: Lesinurad combined with allopurinol: a randomized, double-blind,
placebo-controlled study in gout patients with an inadequate response to standard-of-care allopurinol (a
US-based study). Arthritis Rheumatol. 2017, 69:203-12. 10.1002/art.39840

Dalbeth N, Jones G, Terkeltaub R, Khanna D, Fung M, Baumgartner S, Perez-Ruiz F: Efficacy and safety
during extended treatment of lesinurad in combination with febuxostat in patients with tophaceous gout:
CRYSTAL extension study. Arthritis Res Ther. 2019, 21:8. 10.1186/s13075-018-1788-4

Tausche AK, Alten R, Dalbeth N, et al.: Lesinurad monotherapy in gout patients intolerant to a xanthine
oxidase inhibitor: a 6 month phase 3 clinical trial and extension study. Rheumatology (Oxford). 2017,
56:2170-8. 10.1093/rheumatology/kex350

Becker MA, Schumacher HR, Espinoza LR, Wells AF, MacDonald P, Lloyd E, Lademacher C: The urate-
lowering efficacy and safety of febuxostat in the treatment of the hyperuricemia of gout: the CONFIRMS
trial. Arthritis Res Ther. 2010, 12:R63. 10.1186/ar2978

Pruis SL, Jeon YK, Pearce F, Thong BY, Aziz MI: Cost-effectiveness of sequential urate lowering therapies
for the management of gout in Singapore. ] Med Econ. 2020, 23:838-47. 10.1080/13696998.2020.1757456
Alghamdi AA, Althumali JS, Almalki MMM, et al.: An overview on the role of xanthine oxidase inhibitors in
gout management . Arch Pharm Pract. 2021, 12:94-99. 10.51847/RkCPaycprc

Hu AM, Brown JN: Comparative effect of allopurinol and febuxostat on long-term renal outcomes in
patients with hyperuricemia and chronic kidney disease: a systematic review. Clin Rheumatol. 2020,
39:3287-94. 10.1007/s10067-020-05079-3

Hassan HS, Al-Osami M]J, Al-Hakeimand HK, et al.: Gout: A reviewing of the recent literature . C, Physiology
and Molecular Biology. 2023, 15(2):51-58. 10.21608/eajbsc.2023.308858

van de Laar CJ, Janssen CA, Janssen M, Oude Voshaar MA, Al MJ, van de Laar MA: Model-based cost-
effectiveness analyses comparing combinations of urate lowering therapy and anti-inflammatory treatment
in gout patients. PLoS One. 2022, 17:e0261940. 10.1371/journal.pone.0261940

Presa M, Pérez-Ruiz F, Oyagiiez I: Second-line treatment with lesinurad and allopurinol versus febuxostat
for management of hyperuricemia: a cost-effectiveness analysis for Spanish patients. Clin Rheumatol. 2019,
38:3521-8. 10.1007/s10067-019-04739-3

Park YH, Kim DH, Lee JS, Jeong HI, Lee KW, Kang TH: A 12-week, multicenter, randomized, double-blind,
placebo-controlled clinical trial for evaluation of the efficacy and safety of DKB114 on reduction of uric acid
in serum. Nutrients. 2020, 12:10.3390/nu12123794

O'Dell JR, Brophy MT, Pillinger MH, et al.: Comparative effectiveness of allopurinol and febuxostat in gout
management. NEJM Evid. 2022, 1:10.1056/evidoa2100028

Sundy JS, Baraf HS, Yood RA, et al.: Efficacy and tolerability of pegloticase for the treatment of chronic gout
in patients refractory to conventional treatment: two randomized controlled trials. JAMA. 2011, 306:711-20.
10.1001/jama.2011.1169

Pham AQ, Doan A, Andersen M: Pyrazinamide-induced hyperuricemia. P T. 2014, 39:695-715.

Shen Z, Rowlings C, Kerr B, et al.: Pharmacokinetics, pharmacodynamics, and safety of lesinurad, a selective
uric acid reabsorption inhibitor, in healthy adult males. Drug Des Devel Ther. 2015, 9:3423-34.
10.2147/DDDT.S85193

Perez-Ruiz F, Sundy JS, Miner N, Cravets M, Storgard C: Lesinurad in combination with allopurinol: results
of a phase 2, randomised, double-blind study in patients with gout with an inadequate response to
allopurinol. Ann Rheum Dis. 2016, 75:1074-80. 10.1136/annrheumdis-2015-207919

Huneycutt E, Board C, Clements JN: Lesinurad, a selective URAT-1 inhibitor with a novel mechanism in
combination with a xanthine oxidase inhibitor, for hyperuricemia associated with gout. ] Pharm Pract. 2017,
897190017734427. 10.1177/0897190017734427

2023 Okobi et al. Cureus 15(9): e45087. DOI 10.7759/cureus.45087

10 of 11


https://dx.doi.org/10.1186/ar3272
https://dx.doi.org/10.1186/ar3272
https://dx.doi.org/10.1002/acr.21837
https://dx.doi.org/10.1002/acr.21837
https://dx.doi.org/10.1136/annrheumdis-2012-201687
https://dx.doi.org/10.1136/annrheumdis-2012-201687
https://dx.doi.org/10.1136/annrheumdis-2011-200801
https://dx.doi.org/10.1136/annrheumdis-2011-200801
https://dx.doi.org/10.7326/0003-4819-143-7-200510040-00009
https://dx.doi.org/10.7326/0003-4819-143-7-200510040-00009
https://dx.doi.org/10.1002/art.24612
https://dx.doi.org/10.1002/art.24612
https://dx.doi.org/10.1002/acr.20344
https://dx.doi.org/10.1002/acr.20344
https://dx.doi.org/10.1056/NEJMoa050373
https://dx.doi.org/10.1056/NEJMoa050373
https://dx.doi.org/10.1177/2047487313514895
https://dx.doi.org/10.1177/2047487313514895
https://dx.doi.org/10.1136/annrheumdis-2016-209707
https://dx.doi.org/10.1136/annrheumdis-2016-209707
https://dx.doi.org/10.23736/S0026-4806.17.05188-6
https://dx.doi.org/10.23736/S0026-4806.17.05188-6
https://dx.doi.org/10.1007/s10067-020-05272-4
https://dx.doi.org/10.1007/s10067-020-05272-4
https://dx.doi.org/10.1002/art.39977
https://dx.doi.org/10.1002/art.39977
https://dx.doi.org/10.1002/art.39840
https://dx.doi.org/10.1002/art.39840
https://dx.doi.org/10.1186/s13075-018-1788-4
https://dx.doi.org/10.1186/s13075-018-1788-4
https://dx.doi.org/10.1093/rheumatology/kex350
https://dx.doi.org/10.1093/rheumatology/kex350
https://dx.doi.org/10.1186/ar2978
https://dx.doi.org/10.1186/ar2978
https://dx.doi.org/10.1080/13696998.2020.1757456
https://dx.doi.org/10.1080/13696998.2020.1757456
https://dx.doi.org/10.51847/RkCPaycprc
https://dx.doi.org/10.51847/RkCPaycprc
https://dx.doi.org/10.1007/s10067-020-05079-3
https://dx.doi.org/10.1007/s10067-020-05079-3
https://dx.doi.org/10.21608/eajbsc.2023.308858
https://dx.doi.org/10.21608/eajbsc.2023.308858
https://dx.doi.org/10.1371/journal.pone.0261940
https://dx.doi.org/10.1371/journal.pone.0261940
https://dx.doi.org/10.1007/s10067-019-04739-3
https://dx.doi.org/10.1007/s10067-019-04739-3
https://dx.doi.org/10.3390/nu12123794
https://dx.doi.org/10.3390/nu12123794
https://dx.doi.org/10.1056/evidoa2100028
https://dx.doi.org/10.1056/evidoa2100028
https://dx.doi.org/10.1001/jama.2011.1169
https://dx.doi.org/10.1001/jama.2011.1169
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4189695/
https://dx.doi.org/10.2147/DDDT.S85193
https://dx.doi.org/10.2147/DDDT.S85193
https://dx.doi.org/10.1136/annrheumdis-2015-207919
https://dx.doi.org/10.1136/annrheumdis-2015-207919
https://dx.doi.org/10.1177/0897190017734427
https://dx.doi.org/10.1177/0897190017734427

Cureus

36.

37.

38.

39.

Dalbeth N, Jones G, Terkeltaub R, et al.: Lesinurad, a selective uric acid reabsorption inhibitor, in
combination with febuxostat in patients with tophaceous gout: findings of a phase III clinical trial. Arthritis
Rheumatol. 2017, 69:1903-13. 10.1002/art.40159

Deeks ED: Lesinurad: a review in hyperuricaemia of gout. Drugs Aging. 2017, 34:401-10. 10.1007/540266-
017-0461-y

Jones G, Panova E, Day R: Guideline development for the management of gout: role of combination therapy
with a focus on lesinurad. Drug Des Devel Ther. 2017, 11:3077-81. 10.2147/DDDT.S97959

Okobi OE, Odoma VA, Ogochukwu OA, et al.: Assessing the relationship between health information
technology use and self-rated health among adults with chronic low back pain in the United States. Cureus.
2023, 15:e39469. 10.7759/cureus.39469

2023 Okobi et al. Cureus 15(9): e45087. DOI 10.7759/cureus.45087

11 0of 11


https://dx.doi.org/10.1002/art.40159
https://dx.doi.org/10.1002/art.40159
https://dx.doi.org/10.1007/s40266-017-0461-y
https://dx.doi.org/10.1007/s40266-017-0461-y
https://dx.doi.org/10.2147/DDDT.S97959
https://dx.doi.org/10.2147/DDDT.S97959
https://dx.doi.org/10.7759/cureus.39469
https://dx.doi.org/10.7759/cureus.39469

	The Stiff Joint: Comparative Evaluation of Monotherapy and Combination Therapy With Urate Lowering Agents in Managing Acute Gout
	Abstract
	Introduction And Background
	Review
	Methods and materials
	Eligibility criteria
	Data extraction
	Quality assessment
	Statistical analysis
	Results
	FIGURE 1: PRISMA flow diagram for the systematic review
	TABLE 1: List of the selected studies reviewed in this systematic review.

	Discussion
	Limitations of this review

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


