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Potency on lowering serum uric acid in
gout patients: a pooled analysis of registrative
studies comparing febuxostat vs. allopurinol
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Abstract. - OBJECTIVE: Hyperuricemia lead-
ing to urate crystal formation in tissues rep-
resents the pathophysiological mechanism of
gout. Guidelines recommend a therapeutic target
of serum urate concentration (sUA) <6 mg/dL, or
even lower (s5 mg/dL) in patients with large de-
posits. We conducted an analysis with the aim to
achieve additional insights into the urate-lower-
ing efficacy of two xanthine oxidase inhibitors,
allopurinol and febuxostat.

PATIENTS AND METHODS: This was a pooled
analysis of phase Il trials on allopurinol and febux-
ostat, including 4101 patients with gout and hyper-
uricemia. The efficacy outcomes were: mean re-
duction of sUA concentration from baseline; num-
ber of patients with target sUA levels (<6.0 mg/dL
or s5 mgdL); time to reach target sUA levels.

RESULTS: Three registrative, phase lll, ran-
domized, multicenter, placebo-controlled/allopu-
rinol-controlled trials assessing the efficacy of
febuxostat, were included. The mean reduction
of sUA concentration with any dose of febuxostat
was higher (-2.92+2.87 mg/dL; -27%), with re-
spect to placebo- (-0.62+1.84 mg/dL; -5%) and
allopurinol-pooled groups (-2.41+2.20 mg/dL;
-24%). Moreover, febuxostat showed a higher
probability to achieve the recommended target
sUA concentration than allopurinol [odds ratio:
2.43 (95% CI: 2.119-2.789) and 4.05 (95% CI: 3.41-
4.82) for sUA levels <6 mg/dL and =5 mg/dL, re-
spectively]. Patients on any-dose febuxostat
reached target sUA faster than allopurinol-treat-
ed patients (86.04+71.47 vs. 98.76+70.88 days and
52.08+49.97 vs. 90.42+68.03 days for reaching
sUA levels <6 mg/dL and =5 mg/dL, respectively;
p <0.001 for both comparisons).

CONCLUSIONS: In patients with gout and hy-
peruricemia, febuxostat was significantly more ef-
fective and faster than allopurinol in obtaining the
recommended target sUA levels, which were
reached by a higher number of patients. There-
fore, febuxostat was confirmed as an effective op-
tion for the treatment of hyperuricemia in gout.
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Introduction

Uric acid is the ultimate catabolite of purine
metabolism in humans and upper primates. It
is a weak organic acid, that under physiologic
conditions, exists mainly as a soluble monosodi-
um urate (MSU)'. Therefore, hyperuricemia has
been historically defined as serum urate concen-
tration (SUA) equal or higher than 0.4 mmol/L
corresponding to 6.8-7 mg/dL, above which MSU
crystals start to form in body fluids®>. An opera-
tive definition, based on the sUA target level of
urate-lowering drugs, has been proposed by the
American College of Rheumatology (ACR) and
European League Against Rheumatism (EULAR)
guidelines®*. In particular, these guidelines gener-
ally recommended a therapeutic sUA below 0.36
mmol/L, corresponding to 6 mg/dL, or an even
lower, below 0.3 mmol/L (corresponding to 5 mg/
dL) in patients with uric acid deposits**. Hyper-
uricemia is nowadays considered to be more likely
caused by inefficient renal or intestinal excretion
rather than a result of overproduction from the
hepatic purine degradation pathway>°.

Gout is the most common form of inflammatory
arthritis and is caused by the nucleation of MSU
crystals, which occurs predominantly in peripher-
al joints and subcutaneous tissues. If improperly
treated, persistent hyperuricemia in gout can lead to
frequent episodes of acute or chronic inflammation,
and structural damage of joints’. Hyperuricemia
and gout are also associated with cardiovascular and
renal diseases, and other comorbid conditions®°.
Recent studies!" suggest that developed countries
have a higher burden of hyperuricemia and gout
than developing countries, with increasing prev-
alence and incidence of the disease. Genetic pre-
disposition as well as socioeconomic and lifestyle
factors (alcohol, seafood, red meat, sugar-sweetened
beverages) are associated to increased risk of hyper-
uricemia and gout''.
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Due to the rising burden and the adverse impact
of hyperuricemia and gout, there is a critical need
to assess effective control to target sUA. Among the
main urate-lowering mechanisms, xanthine oxidase
inhibitors (XOlIs), uricosurics and uricases are con-
sidered as first-choice medications'*". Febuxostat
(Adenuric®, Menarini International, Florence, Italy)
is a non-purine XOI approved in the last decade
for the management of hyperuricemia in patients
with gout that showed different pharmacokinetic
and pharmacodynamic properties compared with
allopurinol, a purine analog XOI'*'¢.

In order to achieve additional insights into the
urate-lowering efficacy of two different XOls, al-
lopurinol and febuxostat, we conducted an analysis
from febuxostat registrative clinical trials.

Patients and Methods

This was a pooled analysis on registrative, phase
M1, double-blind, randomized, actively controlled, pro-
spective trials comparing febuxostat and allopurinol
for the treatment of hyperuricemia in patients with
gout and hyperuricemia. The efficacy outcomes con-
sidered for this analysis were: gross reduction of sUA
from the baseline value; number and percentage of
patients reaching the target sUA levels (SUA <6 mg/
dL or <5 mg mg/dL); time to reach the targets sUA
(<6 mg/dL or <5 mg mg/dL). The daily dosage of
the urate-lowering therapy applied in these studies
were: 80 mg, 120 mg, 240 mg for febuxostat, 100 mg
and 300 mg for allopurinol in the APEX (C02-009)
study’; 80 mg and 120 mg for febuxostat, 300 mg
for allopurinol in the FACT (C02-010) study'®; and 40
mg and 80 mg for febuxostat, 200 mg and 300 mg for
allopurinol in the CONFIRMS (F-GT06-153) study®.
Dose reductions of allopurinol to the daily dosage of
100 mg or 200 mg were applied in patients with clini-
cally significant chronic kidney disease (CKD)*. The
determined time point to assess the efficacy outcomes
was the end of each study: 28 weeks for APEX, 52
weeks for FACT and 26 weeks for CONFIRMS. sUA
was measured in a blinded fashion at each study visit
performed: at week 2 and 4, monthly thereafter for the
FACT study; at week 2, 4, 6, 8, and monthly thereaf-
ter for the APEX study; at month 2, 4 and 6 for the
CONFIRM study. The occurrence of adverse events
(AEs), including serious AEs, was also investigated.

Statistical Analysis

The efficacy evaluation was based on an in-
tention-to treat analysis (ITT population). The
full analysis set (ITT Population) included all

randomized patients who had taken at least one
dose of study medication and had undergone at
least one efficacy assessment for the primary
efficacy outcome after baseline.

All efficacy outcome data derived from the
studies included in the analysis were merged, taking
into account the number of subjects. The data were
reported individually per study and as weighted
averages taking into account the number of subjects
enrolled in each study. Cumulative occurrence of
clinical outcome was evaluated by Kaplan-Meier
analysis. Time (days) to reach the target serum
urate levels was calculated based on the time from
study enrollment to the visit date when the serum
urate levels was <6.0 mg/dL for the first time. The
survival curves by presence of target serum urate
levels were compared using the log-rank test. We
used proportional hazards regression models to as-
sess the effect of baseline patient characteristics on
time to reach the target serum urate levels. The Cox
regression model was used to identify independent
and significant predictors of time to reach the target
serum urate levels <6.0 mg/dL.

Data were analyzed using ANOVA including
baseline sUA values, gender and age as covariates
and treatment as factor. ANOVA was validated by
Tukey’s HSD or independent samples #-test for nor-
mally distributed data. The same method used for
the analysis of the end of treatment data was applied
to the data obtained at the intermediate visits.

Frequency tables were provided at the relevant
time-point for the rate of responders (sUA level
<5 mg.0 mg/dL or sUA <6.0 mg/dL). Treatment
responders were analyzed using a binary logistic
regression model including treatment, gender,
baseline values of SUA and age as covariate. The
same descriptive statistics applied for the whole
population, on changes from the baseline values
in the sUA values, was also applied by stratifying
in subgroup category. The impact of heterogene-
ity was summarized by the 12 statistics. Values
of 12 close to 0% represent small heterogeneity,
12 >40% was the criterion for the use of a ran-
dom-effect model. The analysis was performed
in SAS (version 9.02). p <0.05 was considered
statistically significant.

Results
Three phase IlII, randomized, multicenter,
placebo-controlled/allopurinol-controlled studies

assessing the efficacy of febuxostat were included
in this an analysis (Table I).
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Table Il. Demographic and baseline features (all treated patients, N=3967).

Parameter Febuxostat Allopurinol p-value
(n=2690) (n=1277)

Age (mean+SD) 52.3+11.88 52.4+12.03 0.764

Gender, n (%)

Female 139 (5.2) 76 (6.0) 0.308

Male 2551 (94.8) 1201 (94.0)

Race, n (%)

Caucasian 2169 (80.6) 1029 (80.6) 0.969

Other 521 (19.4) 248 (19.4)

sUA (mg/dL, mean +SD) 8.8+ 1.89 8.8+ 1.86 0.738

SD: standard deviation

All studies included patients with gout, de-
fined by the preliminary ACR criteria®, and
patients with hyperuricemia, defined as sUA>S
mg/dL. The total number of patients analyzed for
the efficacy outcomes was 4101. Of them, 3967
(96.7%) were treated with an active substance
(2690 or 65.6% with febuxostat, 1277 or 31.1%
with allopurinol). The population recruited had a
high prevalence of men (3752 out of 3967, 94.6%)
and its mean age was 52.4 years. No relevant dif-
ferences between active agent-treated groups in
demographics characteristics, life style, diet, and
baseline sUA were observed (Table II).

Serum Urate Reduction from Baseline
The mean baseline sUA concentration in all
analyzed patients (n=4101) was 8.86+2.17 mg/
dL. The variations from baseline in sUA lev-
els (AsUA) evaluated for each pooled treatment
group at the end of each study (considering all
treated patients with at least one post-baseline

evaluation) are reported in Table III. Overall,
the pooled analysis showed that the reduction of
sUA concentration with febuxostat was higher
(-2.92+2.87 mg/dL; -27%), in comparison with
the placebo group (-0.62+1.84 mg/dL; -5%) and
the allopurinol group (-2.41£2.20 mg/dL; -24%).
There was a statistical heterogeneity among the
included trials (1>=86.97%; p <0.001) and a ran-
dom effects model was used in this pooled anal-
ysis.

Percentage of Patients With Target sUA
Levels (<6.0 mg/dL or <5 mqg/dL)

Tables IV and V summarize for each treat-
ment group the number of patients reaching the
therapeutic target sUA <6 mg/dL and sUA <5 mg/
dL, respectively. Among febuxostat-treated pa-
tients, 60.5% attained the sUA level <6.0 mg/dL
compared with 38.7% of the allopurinol-treated
patients and 3% of the placebo group (p <0.001;
Figure 1). Interestingly, 41.5% of the febuxostat

Table Ill. Mean changes from baseline in serum urate levels (AsUA) following both treatments.

Treatment group Number AsUA AsUA in pooled
of patients (mg/dL) treatment group
(n=4047) (%) and mg/dL
_&0
Placebo 134 -0.62+1.84 -0.62+1.84 0 ézsfl) 84
Allopurinol 100 mg 10 -0.68+2.28 (-24%)
Allopurinol 200 mg 142 2.63+1.96 a1 i2020
Allopurinol 300 mg 1108 -2.4+2.23 ’ '
Febuxostat 40 mg 745 -2.79+2.02
Febuxostat 80 mg 1254 -3.03+2.86 (-27%)
Febuxostat 120 mg 520 -3.08+3.37 2 92i2° 87
Febuxostat 240 mg 134 -2.05+4.28 ’ ’

Data are expressed as meantstandard deviation; Heterogeneity test: 1>=86.97%; p <0.001
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Table IV. Number of patients with serum urate levels (sUA) <6 mg/dL. Chi Square test p-value < 0.001.

Treatment group Number (and percentage) of patients with target sUA level Number of
patients
<6 mg/dL =6 mg/dL (n=4047)
Placebo 4 (3%) 130 (97%) 134
Allopurinol 200 mg 43 (28.3%) 109 (71.7%) 152
Allopurinol 300 mg 444 (40.1%) 664 (59.9%) 1108
Total Allopurinol 487 (38.7%) 773 (61.3%) 1260
Febuxostat 40 mg 325 (43.6%) 420 (56.4%) 745
Febuxostat 80 mg 814 (64.9%) 440 (35.1%) 1254
Febuxostat 120 mg 364 (70%) 156 (30%) 520
Febuxostat 240 mg 102 (76.1%) 32 (23.9%) 134
Total Febuxostat 1605 (60.5%) 1048 (39.5%) 2653

Table V. Number of patients with serum urate levels (sUA) <5 mg/dL. Chi Square test p-value < 0.001.

Treatment group Number (and percentage) of patients with target sUA level Number of
patients
<5 mg/dL >5 mg/dL (n=4047)
Placebo 3 (2.2%) 131 (97.8%) 134
Allopurinol 188 (14.9%) 1072 (85.1%) 1260
Febuxostat 1102 (41.5%) 1551 (58.5%) 2653

patients reached the target sUA <5.0 mg/dL vs.
14.9% of the allopurinol group and 2.2% of the
placebo group (p <0.001; Figure 1). In the effica-
cy outcome “number of patients with target sUA
levels <5.0 mg/dL”, there was statistical hetero-
geneity among the included trials (I*> = 93.87%;
p <0.001), and a random effects model was used
in this pooled analysis.

In addition, the percentage of patients with a
sUA <6 mg/dL was significantly (p <0.001) high-
er in the group treated with febuxostat than in

those assuming placebo (odds ratio 47.0, 95% CI:
17.25-127.82) or allopurinol (odd ratio 2.5, 95%
CI: 2.14-2.84). Also, in the allopurinol pooled
group, the percentage of patients with a sUA
<6 mg/dL was significantly higher than in the
placebo group.

Overall, febuxostat showed a higher rate of
target sSUA achievement, compared to allopurinol
(odds ratio: 2.43 [95% CI: 2.119-2.789] and 4.05
[95% CI: 3.41-4.82], respectively for sUA levels
<6 mg/dL and <5 mg/dL).

70
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Figure 1. Proportion of patients reach-
ing target SUA level in each pooled treat-
ment group (<5 mg/dL and <6.0 mg/dL).

% of patients with target SUA <6 mg/dL % of patients with target SUA <5 mg/dL.
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Table VI. Time to reach target serum urate levels <6 mg/dL in active compound-treated patients.
Data are expressed as meantstandard deviation; ANOVA p-value <0.001.

Treatment group

Number of patients
with target sUA level
<5 mg/dL (n=2055)

Time to reach
sUA <5 mg/dL
(days)

Time to reach
sUA <5 mg/dL (days)
in pooled treatment group

Allopurinol 100 mg

117.39+45.63

Allopurinol 200 mg 18 90.42+68.03
Allopurinol 300 mg 348 88.26+67.66

Febuxostat 40 mg 215 94.26+45.98

Febuxostat 80 mg 887 61.14+49.65

Febuxostat 120 mg 465 23.9+30.66 32.08:49.97
Febuxostat 240 mg 122 14.81+4.53

Table VII. Time to reach target serum urate levels <5 mg/dL in active compound-treated patients.
Data are expressed as mean+tstandard deviation; ANOVA p-value <0.001.

Treatment group Number of patients Time to reach Time to reach

with target sUA level sUA=<6 mg/dL sUA<6 mg/dL (days) in
<6 mg/dL (n=2690) (days) pooled treatment group

Allopurinol 100 mg 2 77.5£99.7

Allopurinol 200 mg 54 127.37+55.27 98.76+70.88

Allopurinol 300 mg 664 96.5+£71.53

Febuxostat 40 mg 426 118.38+55.95

Febuxostat 80 mg 971 88.36+70.55

Febuxostat 120 mg 458 52.3369.18 86.04271.47

Febuxostat 240 mg 115 80.78+71.52

Time to Reach the Target sUA
(<6.0 mg/dL or <5 mgqg/dL)

In patients treated with active agents, the
mean (+ standard deviation) time to reach target
sUA level <6 mg/dL was: 86.0+71.46 days in
the febuxostat pooled group and 98.8+70.9 days
in the allopurinol pooled group (Table VI). Of
note, to reach target sUA level <5 mg/dL, febux-

ostat-treated patients took 52.1+50.0 days where-
as allopurinol-treated patients took 90.4+68.0
days (Table VII). Febuxostat resulted significant-
ly (p <0.001) more effective than allopurinol at
shortening the time to achieve target sUA levels,
both <6 mg/dL and <5 mg/dL (Figure 2). Only
patients that reached the target sUA level (<6 mg/
dL or <5 mg/dL) were considered in this analysis.

200

* %k *k%
180

160

140

120

100

Time to reach target sAU level (days)

Target sSAU<6 mg/dL

Target sAU <5 mg/dL.

W Febuxostat

 Allopurinol

Figure 2. Time to achieve target serum urate (SUA)
level in each pooled treatment group (<5 mg/dL or
<6.0 mg/dL). Error bars represent standard devia-
tion. *** p<0.001.
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The Kaplan-Meier curves analysis for each
treatment group, based on the estimating con-
ditional probabilities that the sUA <6 mg/dL
(Figure 3a) or sUA <5 mg/dL (Figure 3b) events
occurred, were also performed.

Safety

Overall, 829 out of 4047 patients (20.5%)
reported at least one AE. Analyzing each treat-
ment group, 545/2653 (20.5%) febuxostat-treated
patients, 253/1260 (20.1%) allopurinol-treated pa-

tients, and 31/134 (23.1%) placebo-treated patients
reported at least one AE. The number of AEs of
any grade in the study population was 1432, of
which 45 were considered as definite AEs. Of
the 957 AEs, which occurred in the febuxostat
group, 31 were definite (3.2%); of the 432 in the
allopurinol group, 14 were definite (3.2%); of the
43 in the placebo group, 0 were definite. Fifteen
out of 1432 AEs (1%) were serious: 8 occurred
in febuxostat-treated patients and 7 occurred in
allopurinol-treated patients.
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Figure 3. Kaplan-Meier analysis of the probability to reach the target sUA for each pooled treatment group. A, sUA <6 mg/dL; B,

sUA <5 mg/dL.
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Discussion

Overall, this analysis of pooled studies con-
firms that febuxostat achieved higher reduction
of sUA concentration and higher rates of patients
at target sUA levels (both <6 mg/dL and <5 mg/
dL) compared with allopurinol and placebo, ac-
cording to previous analyses?*?. In particular,
Faruque et al** reported that patients receiving
febuxostat were more likely to achieve a serum
uric acid of <6 mg/dl than allopurinol recipients.
Our analysis showed that this was true also
for sUA concentrations <5 mg/dL. In addition,
patients treated with febuxostat reached target
sUA levels of <6 mg/dL and <5 mg/dL in 8-day
less and 38-day less, respectively, than allopu-
rinol-treated patients. For the last decades, the
treatment of gout has mainly relied on allopurinol
prescription, as the use of uricosuric medications
is not commonly available or prescribed. Febux-
ostat was approved in 2008 in Europe and 2009
in the US, to treat hyperuricemia of gout when
urate deposition has occurred, becoming a real
alternative to allopurinol. Comparative studies
on the efficacy and safety of these two drugs are
still useful to provide information for the treat-
ment of gout.

In the present investigation, the daily dosage
of the urate-lowering therapy ranged from 40 mg
to 120 mg (with only a small number with the un-
labeled 240 mg dose) for febuxostat, and 300 mg
for allopurinol (a small number of patients with
CKD treated with lower doses). Consistently, in
the pooled data from the identified trials, the most
represented daily dose in the febuxostat-treated
group was 80 mg (1279 out of 2690; 47%), and
in the allopurinol-treated group was 300 mg
(1122 out of 1277; 88%). The approved doses of
febuxostat are 40 mg and 80 mg daily in the US
market, and 80 mg to 120 mg daily in the Eu-
ropean market??. The 240 mg/day dose did not
show overall additional benefit to the approved
dosages concerning rate of target sUA. Allopu-
rinol is most commonly prescribed in clinical
practice with dosage not exceeding 300 mg/day?’,
although higher doses are worldwide approved**.

Almost similar observations were made by
Singh et al®, in a recent retrospective study includ-
ing data of 2015 patients treated with febuxostat
and 14025 allopurinol-treated patients from a large
US commercial and medicare advantage health
plan. The authors reported that the time to achieve
target sUA levels <6 mg/dL and <5 mg/dL in the
febuxostat group was respectively 31 and 29 days

shorter than in the group receiving allopurinol®.
There is a clear and linear pharmacodynamic
dose-dependent effect of febuxostat on sUA lev-
els in the pooled analysis, as nicely shown from
results obtained by using 40 mg/day, 80 mg/day
and 120 mg/day doses. Shorter time to reach target
sUA level <6 mg/dL was observed in the 120 mg/
day febuxostat-treated group, in comparison with
the 80 mg/day and 40 mg/day febuxostat-treated
groups. Also, the urate-lowering effect of allopu-
rinol was overall dose-dependent, with the greatest
effect observed in patients assuming the highest
dosage of 300 mg/day. Noteworthy, based on the
potential risk of adverse events in patients with
CKD?, the guidelines suggest to reduce the initial
doses of allopurninol and careful step-up increases
in patients with renal insufficiency®. By contrary,
the pharmacokinetics of febuxostat is not influ-
enced by mild to moderate CKD®. Finally, gout
is a common condition and new studies suggest
continuous changes in the epidemiological char-
acteristics, as well interesting further methods for
counting monosodium urate crystals in the syno-
vial fluid of patients with gout**-'.

Conclusions

In spite of some differences in the design of
the three studies selected for this pooled analysis,
febuxostat resulted significantly more effective
than allopurinol in reducing sUA levels from
baseline and in achieving the target sUA both
<6.0 mg/dL and the most stringent <5 mg/dL for
severely affected patients.
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