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Abstract
Introduction/objectives Lesinurad, in combination with allopurinol, has been approved for treatment of patients with gout which
do not reach therapeutic serum urate target with xanthine oxidase inhibitors monotherapy. The study aimed to assess the
incremental cost-effectiveness ratio of adding lesinurad to allopurinol as second-line therapy, compared to febuxostat for patients
with gout in Spain.
Method AMarkovmodel representing disease evolution was used to estimate the lifetime accumulated cost and benefits in terms
of quality-adjusted-life-year (QALY). Patients could either continue with second-line treatment with lesinurad (200 mg/daily)
plus allopurinol (400 mg/daily) or febuxostat (80 mg/daily) switch to allopurinol monotherapy (271 mg/daily) in case of
intolerance or discontinue treatment. The treatment’s efficacy captured in the transition probabilities between health states were
derived from CLEAR and EXCEL trials. Quality of life related to gout severity and flare frequency was considered by means of
utilities. The total cost estimation (€, 2019) included drug acquisition cost, disease monitoring, and flare management cost.
Unitary local costs derived from databases and literature. A 3% annual discount rate was applied for cost and outcomes.
Results Lesinurad plus allopurinol provided higher QALYs (14.79) than febuxostat (14.69). Total accrued cost/patient was lower
with lesinurad and allopurinol (€50,631.51) versus febuxostat (€56,698.64). Lesinurad plus allopurinol resulted more effective
and less costly (dominant option) versus febuxostat.
Conclusions Lesinurad plus allopurinol therapy compared with febuxostat seems an effective option for the management of
hyperuricemia in patients who did not reach serum urate target to previous allopurinol monotherapy, associated to cost-savings
for the Spanish Health System.

Key Points

• Lesinurad, in combination with allopurinol, has been recently authorized as second-line treatment of hyperuricemia in gout patients.

• Lesinurad plus allopurinol provided higher effectiveness in terms of quality-adjusted-life-years (14.79) than febuxostat (14.69).

• Lesinurad plus allopurinol resulted less costly (total cost/per patient) compared with febuxostat.

• Lesinurad plus allopurinol resulted a dominant option compared with febuxostat.
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Introduction

Gout is a chronic, progressive, life-limiting disease [1] caused
by persistent elevation of serum uric acid (sUA) levels
(hyperuricemia) and characterized by the accumulation of
monosodium urate (MSU) crystals in joints [2]. Acute gout
flares are intensely painful and associated with functional im-
pairment and more advance disease is characterized by tophi,
frequent flares, and damage to bone and soft tissues [1, 3]
leading to a considerable impact on health-related quality of
life, with all aspects of daily life potentially affected [4].
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In addition, gout management is associated with a substan-
tial economic impact in healthcare systems in terms of direct
costs and resource use [4] and indirect costs due to work
absenteeism and lost productivity [1, 3]. The economic burden
of gout is also greater for patients with inadequately-
controlled gout compared with controlled disease [5].

Gout is more common in men and affects 0.5–1% of the
adult population in Western countries, making it the most
common form of inflammatory arthritis [6]. In Spain, a recent
study, has reported a gout prevalence in adults aged 20 of
2.4% [7].

According to the European League Against Rheumatism
(EULAR) recommendations for the management of gout [8],
the aim of gout therapy is to lower sUA below the saturation
threshold for MSU crystal formation in order to reduce the
occurrence of acute flares, resolve tophi, and prevent joint
damage. In patients with normal kidney function, allopurinol,
a xanthine oxidase inhibitor (XOI), is recommended as first-
line therapy [8]; however, about a third of those patients do not
achieve the sUA target level and need to be treated with
second-line therapy [9].

Febuxostat, a potent non-purine selective XOI, is indicated
in the treatment of chronic hyperuricemia in conditions where
urate deposition has already occurred (including a history or
presence of tophus and/or gouty arthritis) [10].

Furthermore, emerging uricosuric has shown promising re-
sults when combined with allopurinol [8]. Lesinurad, a new
selective uric acid reabsorption inhibitor, was approved by
Food and Drug Administration (FDA) in 2015 in combination
with a XOI for the adjunctive treatment of hyperuricemia in
adult gout patients who have not achieved target sUA levels
with an adequate dose of a XOI alone [11].

Usually, the inclusion of new treatment options represents
an increase in pharmaceutical costs which can be compensat-
ed or even lead to savings in the total costs by a lower resource
consumption in the management of disease.

The purpose of the present study was to assess the cost-
effectiveness of lesinurad in combination with allopurinol ver-
sus febuxostat in adults with gout previously treated with al-
lopurinol monotherapy, in Spain.

Material and methods

Model structure

A state-transition Markov model developed in Microsoft
Excel® was adapted to estimate costs and health benefits ac-
crued for a hypothetical cohort of adult patients in the treat-
ment of gout. The structure was consistent with the cost-
effectiveness analysis model of lesinurad appraised by the
National Institute for Health Care Excellence (NICE) [12].

The model was designed to represent the natural evolution
of gout and involves 6 mutually exclusive health states de-
fined by sUA category < 5 mg/dL, 5 to < 6 mg/dL, 6 to <
8 mg/dL, 8 to < 10 mg/dL, ≥ 10 mg/dL, and dead (Fig. 1). In
each health state, the model distinguishes between tophaceous
and non-tophaceous gout.

Transitions between the health states were conducted in 6-
month cycles according the efficacy end points assessment in
CLEAR trials (Combining Lesinurad with Allopurinol
Standard of Care in Inadequate Responders) [13, 14].
Patients can enter the model from every sUA health states
and after each 6-month cycle can either continuing second-
line urate lowering therapy (ULT), switch to allopurinol
monotherapy, discontinuing treatment, or die. Also, in each
cycle the probability of developing acute gout flares at any
sUAwas considered.

The therapeutic alternatives compared in the model includ-
ed lesinurad 200 mg once daily co-administered at the same
time with allopurinol 400 mg and febuxostat 80 mg once
daily.

The analysis was carried out from the perspective of the
Spanish National Healthcare System (NHS).

The time horizon of the analysis was lifetime and a dis-
count rate of 3% was applied to costs and health outcomes, in
accordance with the last published recommendations for
performing economic evaluations in Spain [15]. Half-cycle
correction was not applied in line with recommendations from
some authors published in literature [16].

Population

According to the pooled intention to treat population in
CLEAR studies [13, 14], the model considered a hypothetical
cohort of gout patients who progress to second-line ULT after
failing to achieve target sUA of < 6 mg/dL on a clinically
appropriate dose of allopurinol alone. To estimate the male
and female proportion, a prevalence of gout equal to 4.55%
for males and a 0.38% for females (weighted on the Spanish
inhabitants older than 20 years of age [17]), was considered.
The cohort of patients was distributed according to their sUA
concentration (18.8% < 6 mg/dL, 63.7% 6–8 mg/dL, 15.2%
8–10 mg/dL, and 2.3% ≥ 10 mg/dL) [13, 14].

Clinical data

To evaluate the efficacy of lesinurad added to allopurinol ver-
sus febuxostat as second-line therapy for the treatment of gout
in patients failing to achieve target sUA on first-line allopuri-
nol monotherapy, an unadjusted indirect treatment compari-
son was conducted. The clinical efficacy of lesinurad added to
allopurinol was based on aggregated data from CLEAR 1 [13]
and CLEAR 2 [14] trials and clinical efficacy of febuxostat
was based on APEX (Allopurinol and Placebo-Controlled
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Efficacy Study of Febuxostat) [18], FACT (Febuxostat versus
Allopurinol-Controlled Trial) [19], and CONFIRMS [20] tri-
als and in long-term EXCEL study (fEbuXostat/allopurinol
comparative extension long-term study) [21].

Gout-associated mortality risk was excluded from analysis
due to overall survival data were not available from CLEAR 1
[13] and CLEAR 2 [14] studies, assuming, conservatively,
that hyperuricemia had no impact on patient survival.

Pooled efficacy data from CLEAR studies was extrapolat-
ed to estimate the transition probabilities (Table 1), treatment
discontinuation rates and acute gout flares rates (Table 1) for
lesinurad plus allopurinol treatment. In case of febuxostat,
transition probabilities were obtained from EXCEL trial [21]
(Table 1), while treatment discontinuation rates were obtained
from the pooled data of the APEX [18], FACT [19], and
CONFIRMS [20] studies for the first year and from the
EXCEL trial for long-term (Table 1). Febuxostat-specific

acute gout flare rates were estimated based on FACT [19]
and EXCEL [21] clinical trial data (Table 1). For both treat-
ments, tophus incidence data by sUA levels provided from
literature [23] while tophus resolution rate were derived from
study 306 [24] and study 307 [25].

Utilities

To estimate the quality-adjusted-life-years (QALYs), utility
values associated with each health state were considered de-
pending on the tophi status (non-tophaceous gout versus
tophaceous gout) and the number of flares affecting the pa-
tients during each 6-month cycle (Table 1). Utility values were
estimated based on SF-6D scores derived from post hoc anal-
yses of SF-36 results at month 6 and month 12 in the CLEAR
trials [22].

Table 1 Treatment efficacy,
discontinuation, and flare rates
and health utilities [13, 14, 18–22]

Second-line treatment
efficacy

Baseline sUA
(mg/dl)

Transition probability of sUAwith second-line treatment
(mg/dl)

< 5 5 to < 6 6 to < 8 8 to
< 10

≥ 10

Lesinurad/allopurinol < 6 64.38% 26.03% 9.59% 0.00% 0.00%

6 to < 8 32.42% 37.11% 25.00% 5.08% 0.39%

8 to < 10 12.00% 32.00% 34.00% 16.00% 6.00%

≥ 10 0.00% 0.00% 40.00% 30.00% 30.00%

Febuxostat 80 mg < 6 52.13% 21.07% 26.80% 0.00% 0.00%

6 to < 8 26.25% 30.04% 35.86% 7.29% 0.56%

8 to < 10 9.72% 25.91% 39.08% 18.39% 6.90%

≥ 10 0.00% 0.00% 40.00% 30.00% 30.00%

Discontinuation rates Lesinurad/allopurinol Febuxostat 80 mg

Revert to first line 3.01% 5.41%

Discontinuation months 1° - 6° 12.38% 14.99%

Discontinuation months 7° - 12° 7.09% 4.98%

Discontinuation months +13° 3.16% 5.46%

Flare rate in months 1–6 2.76 2.74

Flare rate in month 7–12 2.00 2.21

Utilities Flare frequency (number of flares per 6 months)

Disease state 0 1 2 3 4 5 + 6

Non-tophaceous gout 0.78 0.76 0.76 0.74 0.74 0.74 0.71

Tophaceous gout 0.73 0.72 0.72 0.70 0.70 0.70 0.66

Mg/dL milligram/deciliter, sUA serum uric acid

Fig. 1 Markov model diagram (Mg/dL, milligram/deciliter; sUA, serum uric acid)
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Resource use and costs

In line with the perspective, only direct costs were considered
which included pharmaceutical costs, health state medical re-
source costs, and those associated with treatment and manage-
ment of acute gout flares.

The pharmaceutical costs reflected drugs-acquisition
costs which were estimated based on the ex-factory prices
[26] with national mandatory deductions [27] (Table 2).
The average cost of allopurinol monotherapy administered
in first-line was estimated as the weighted sum of costs
per dose category (35.82% 200 mg/day, 57.76% 300 mg/
day, and 6.42% 400 mg/day). As the initiation of ULT is
initially associated with increased risk of gout flares [29],
the model considered prophylaxis treatment with colchi-
cine (80% 1 mg/day and 20% 0.50 mg/day) during the
first 6 months in lesinurad plus allopurinol and during
the first 5 months in febuxostat treatment. Patients devel-
oping acute gout flares during treatment were managed by
nonsteroidal anti-inflammatory drugs (59.10%), cortico-
steroids (30.50%), or colchicine (10.40%).

Disease management costs were estimated based on
health resource consumption referred to specialist visits,
medical examinations and diagnostic test, which was pro-
vided by a rheumatologist with wide expertise and knowl-
edge about gout (Table 2). The unitary costs of specialist
visits and diagnostic tests were obtained from local na-
tional database of health costs [28].The cost of an acute

gout flare management was obtained from the literature
[30].

All costs were expressed in euros, 2019 values, and in
those costs obtained from literature, the cost was inflated
in 2019 based on the Spanish general consumer price
index [17].

Sensitivity analysis

Both, one-way (OWA) and probabilistic sensitivity analy-
ses (PSA) were performed to evaluate the robustness of
the model and to determine the uncertainty surrounding
model parameters. For the OWA, the following parame-
ters were varied: discount rate (0% and 5%), allopurinol
alternative dose in combination (300 mg/day), health state
medical resource costs (± 10%), medical costs per flare
treated (±10%), and considering a mortality ratio based
on literature [31]. Additional scenario, considering the
management cost of adverse events (AEs) (rheumatology
visit per AE, €152.15 [28]) was also tested based on safe-
ty data [13, 14, 18–20].

PSA were performed using 1000 Monte Carlo simula-
tions. The value of each key parameter would vary ac-
cording a specific probability distribution assigned to each
parameter. Beta distribution were applied for transition
probabilities and discontinuation rates; log-normal distri-
bution for mortality ratios and monitoring costs; and

Table 2 Pharmaceutical costs,
resource consumption and unitary
costs [26–28]

Gout treatment Dose (mg/day) Daily cost*

Lesinurad 200 €0.78

Allopurinol in combination 400 €0.08

Febuxostat 80 €0.49

Allopurinol monotherapy 270.60 €0.05

Acute gout flare treatment Dose (mg/day) Frequency (days) Cost/pill*

Colchicine 1 4 €0.07

Corticosteroids 30 7 €0.08

Nonsteroidal anti-inflammatory
drugs

150 7 €0.03

Gout flare prophylaxis Dose (mg/day) Frequency (days) Daily cost*

Colchicine 0.90 152 (lesinurad) €0.05
183 (febuxostat)

Resource consumption in second-line treatment

Monitoring disease Frequency months
1–6

Frequency after first
cycle

Unitary cost

Rheumatology visit 2 0 €152.15

Primary care physician visit 2 2 €57.85

Complete blood count 2 2 €130.56

Urine analysis 2 2 €6.62

Joint radiograph 1 0 €29.90

Acute gout flare management €305.22/event

*Ex-factory price with mandatory deduction

Clin Rheumatol (2019) 38:3521–35283524



normal distribution for acute gout flares rate, medical
costs of acute gout flares, and utilities.

Results

Base case

Over a lifetime horizon, 67.86% of lesinurad plus allopurinol-
treated patients achieved sUA < 6 mg/dl versus 54.94% with
febuxostat. Also, the mean number of flares per patient/year
and the mean number of patient/years with tophi was lower
with lesinurad plus allopurinol (8.06 and 9.30, respectively)
than febuxostat-treated patients (9.42 and 10.90, respectively).
In terms of quality of life, lesinurad plus allopurinol treatment
was more effective than febuxostat treatment, yielding 14.79
QALY per patient versus 14.69 QALYs (Table 3). Regarding
the total expenditure, lesinurad plus allopurinol represented a
total cost of €50,631.51 per patient compared with €56,698.64
with febuxostat. Flare costs were lower in the lesinurad plus
allopurinol (€44,561.08) comparing to febuxostat treatment
(€52,883.11) whereas pharmaceutical and health state medical
costs were higher (incremental costs €1511.43 and €743.47,
respectively) (Table 3). The analysis indicated that lesinurad
added to allopurinol as a second-line treatment was a domi-
nant option, more effective and less costly, relative to
febuxostat treatment.

Sensitivity analysis

Regarding the OWA, lesinurad added to allopurinol
remained as a dominant option in all the scenarios tested.
The scenario having most influence on the results was
considering alternative mortality risk based on literature
evidence [31], followed by medical cost per flare treat-
ment (Fig. 2).

A cost-effectiveness plane (Fig. 3a) and a cost-
effectiveness acceptability curve (Fig. 3b) were used to
show PSA results. Out of 1000 Monte-Carlo simulations,
97.60% of the cases presented an ICUR under a €25,000
per QALY gained willingness-to-pay threshold [32].

Discussion

The results obtained in this analysis suggest a higher effective-
ness of treatment with lesinurad plus allopurinol due to the
greater number of patients at target sUA levels (< 6 mg/dl)
which entails improvements in quality of life and cost savings
of €6067.13 per patient.

The present study is the first cost-effectiveness analysis of
lesinurad added to allopurinol in second-line treatment of pa-
tients with gout developed from the perspective of the Spanish
NHS. The model used for this cost-effectiveness analysis was
employed by NICE as a tool for the development of single

Table 3 Base-case results
Lesinurad/
allopurinol

Febuxostat Incremental

Health outcomes

% Achieving sUA < 6 mg/dl 67.86% 54.94% 12.92%

% Achieving sUA < 5 mg/dl 34.52% 27.95% 6.57%

Mean number of flares months 1–6 2.76 2.74 0.02

Mean number of flares months 7–12 2.00 2.21 − 0.21
Mean number of flares per patient/year 8.06 9.42 − 1.37

Mean number of patient/years with tophi 9.30 10.90 − 1.60

Total LYG and QALY

Total LYG per patient 19.81 19.81 0.00

Total QALY per patient 14.79 14.69 0.10

Cost items

Pharmaceutical costs €2542.02 €1030.59 €1511.43

Health state medical costs €3528.41 €2784.94 €743.47

Flare costs* €44,561.08 €52,883.11 − €8322.04
Total Costs per patient €50,631.51 €56,698.64 − €6067.13
ICUR Dominant

ICUR incremental cost-utility ratio, QALYquality-adjusted-life-years, LYG life year gained, sUA serum uric acid,
ULT urate lowering therapy

*Flare costs include prophylaxis treatment, as well as treatment and management of acute gout flares
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technology appraisal [12] and has been used for the evaluation
of the efficiency of lesinurad added to allopurinol versus
febuxostat from the perspective of the Italian NHS, estimating
an incremental cost-effectiveness ratio of €77.53 per QALY
gained, which was also considered a cost-effective option [33].

This analysis has some potential limitations, some of
which are inherent to this type of pharmacoeconomic
models. Due to the lack of a direct comparison between
lesinurad and febuxostat, the clinical parameters used in
the analysis have been extracted from different sources;
however, all parameters are based on publications with
high level of clinical evidence and have been validated
by expert rheumatologist. In the absence of head-to head
clinical trial evidence, indirect treatment comparisons pro-
vide useful evidence and represent a valuable set of ana-
lytical tools to inform clinical evidence in cost-
effectiveness analysis [34]. Other limitation was the ab-
sence of mortality risk associated with gout in the model,
despite a recent study concluded that mortality risk is

associated with both severity and highest levels of sUA
compared with the general population [3]. Nevertheless,
due to lack of survival end points on clinical trials [13,
14], the analysis assuming, conservatively, that hyperuri-
cemia has no impact on survival. Another key parameter
is the quality of life. Due to the lack of utility values
availability in the Spanish population, utilities values are
taken from mean SF-6D scores in CLEAR studies.
However, these trial-based utilities are consistent with
other utility value reported in the literature [30, 35–41].

Despite the limitations described previously, the results
of the sensitivity analysis confirm that the uncertainty
associated with the parameters used in the modeling did
not represent a significant deviation from the results ob-
tained in the base case. The PSA results show that the
cost per additional QALY gained with lesinurad plus al-
lopurinol compared with febuxostat remains below the
last cost-effectiveness threshold published by Health
Technology Assessment Agencies in our country [32].

Fig. 2 One-way sensitivity analysis results (AE, adverse event; ICUR, incremental cost-utility ratio; mg, milligram; QALY, quality-adjusted-life-year;
sUA, serum uric acid)
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