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Febuxostat is a novel, nonpurine, selective inhibitor of xanthine oxidase (NP-SIXO),
recently approved in the European Union. Febuxostat shows high, long-term efficacy
for the reduction of serum urate (SU) levels, showing linear pharmacokinetics af
approved doses, and its pharmacokinetics are not clinically significantly influenced
by the presence of mild-to-moderate renal or liver function impairment. The clinical
applicability of febuxostat should have a significant impact in patients with the
highest baseline SU levels, the most severe gout, previous adverse events with other
urate-lowering drugs or no availability of alternative urate-lowering drugs after failure
to properly control SU levels during urate-lowering therapy. Febuxostat may become
an inferesting choice in our use of xanthine oxidase inhibitors.

Gout is the most common inflammatory arthri-
tis affecting men, and is an increasing problem
worldwide. The symptoms and signs of gout occur
owing to deposition of monosodium urate (MSU)
crystals that induce both acute and chronic inflam-
mation. MSU crystals nucleate as a consequence
of long-term hyperuricemia, for example, serum
urate (SU) levels over the threshold for saturation
of urate in plasma, close to 6.8 mg/dl.

The burden of gout has to be considered as
the prevalence of gout is increasing, probably
due to the longer life expectations of the popula-
tion in developed countries [1]. Although com-
monly considered to be a mild disease, studies
on the natural evolution of the untreated gout
show that subcutaneous tophi or x-ray altera-
tions were present in 40% of patients at 5-year
follow-up [2], and follow-up studies also show
that patients with insufficient reduction of
SU levels show progression of tophi and x-ray
changes [3].

The aim of the therapy of gout is to achieve
dissolution of MSU crystals through a long-term
reduction of SU levels below the threshold for
saturation of urate [4]. In order to achieve MSU
crystal dissolution, long-term urate-lowering
therapy that achieves a SU of less than 6 mg/dl
(360 pmol/l) is recommended [5]. This level is
associated with improvement of several out-
comes, such as acute episodes of inflammation
and macroscopic deposition disappearance [6].

Although the milestone for the therapy of gout
is to reduce SU levels in the long-term below
the threshold for saturation of urate, only one in
four patients on urate-lowering therapy achieve
SU levels under 6 mg/dl [7]. Patients are very
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infrequently prescribed doses of allopurinol over
300 mg/day, and poor long-term compliance has
been reported (8].

Until very recently, no new drugs had been
registered for the past 40 years for the treat-
ment of hyperuricemia of gout, with probenecid,
sulfinpyrazone, benzbromarone and allopurinol
being used to treat this condition (9-11]. In addi-
tion to febuxostat, other new drugs are in devel-
opment for the treatment of hyperuricemia, such
as a pegloticase (a polyethylenglicol-uricase) [12],
Y-700 (an inhibitor of xanthine oxidoreductase)
(13] and RDEA806 (a prodrug for RDEA594, a
metabolite with uricosuric properties through
inhibition of URATT activity) [14.15].

As with any drug that has been used for such
a long time, the urate-lowering drugs (ULDs)
available today show known limitations in
tolerability, efficacy and clinical applicabil-
ity in patients with co-morbidities (especially
in patients with renal function impairment
that may handicap the efficacy of some urico-
suric drugs or increase the risk of side effects
to allopurinol). Recent efforts and advances in
development of new ULDs have culminated in
the recent registration in the European Union
of febuxostat for the treatment of hyperuricemia
of gout.

Chemistry, pharmacodynamics &
pharmacokinetics

Febuxostat (2-[3-cyano-4-(2-methylpropoxy)
phenyl]-4-methylthiazole-5-carboxylic acid)
(TEI-6720, TMX-67) is a nonpurine, selective
inhibitor of xanthine oxidase/xanthine dehydro-
genase (NP-SIXO). In vitro studies have shown
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that febuxostat displays potent mixed-type inhi-
bition of both the oxidized and reduced forms
of xanthine oxidase (XO) [16]. In addition, even
at high concentrations, there is no effect on the
other enzymes involved in purine and pyrimidine
metabolism, such as guanine deaminase, hypo-
xanthine-guanine phosphoribosyltransferase,
purine nucleoside phosphorylase, orotate phospho-
ribosyltransferase and orotidine-5"-monophosphate
decarboxylase [16].

The mechanism of action is achieved through
binding in a long, narrow channel leading to the
molybdenum-pterin active site of XO, filling most
of the channel and the immediate environment
of the cofactor. It inhibits the activity of XO
enzyme through the inhibition of substrate bind-
ing (17]. In rodent models, febuxostat was shown
to display a more potent inhibition of XO than
allopurinol 18]. In addition, the urate-lowering
effect of febuxostat was more potent than that of
allopurinol when tested in chimpanzees [19].

Oral febuxostat is well absorbed, with over
80% bioavailability. Concomitant administra-
tion of food or antiacids does not influence its
urate-lowering effect, although a decrease in the
AUC (range 16-19%) was observed when doses
ranging from 40 to 120 mg were administered
30 min after food [20]. In Phase I dose-escalation
studies, t_ranged from 0.5 to 1.25 h, and the
pharmacokinetics remained linear in the range
of 10-120 mg doses, although an increase of the
AUC of febuxostat was observed at doses higher
than 120 mg [21].

Febuxostat is metabolized mainly through
glucuronidation and oxidation in the liver
[22,23], and less than 5% of the dose is excreted
unchanged in the urine [23.24]. Studies on the
interaction of febuxostat with indomethacin and
naproxen — NSAIDs commonly prescribed to
treat the episodes of acute inflammation in gout —
showed no interaction considered to be clinically
relevant, although naproxen caused an increase
in plasma exposure to febuxostat [2s]. Febuxostat
did not influence the plasma protein binding of
ibuprofen or warfarin, showing that it is unlikely
that febuxostat causes a drug—drug interaction
by binding to albumin [2¢]. In addition, no clini-
cally significant interaction was observed between
hydrochlorothiazide and febuxostat [27]. In addi-
tion, examination of the inhibitory effect of
febuxostat on cytochrome P450 (CYP) enzymes
suggests that febuxostat only minimally inhibits
the activities of any CYP [26].

As febuxostat metabolism is mainly hepatic, and
little intact drug is excreted through the kidneys,
the pharmacokinetics of febuxostat do not seem
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to be greatly influenced by the presence of mild-
to-moderate renal function impairment [28]. In a
limited number of patients, the presence of even
moderate-to-severe renal function impairment did
not affect the urate-lowering properties of febuxo-
stat 29]. However, the pharmacokinetics and safety
of this drug in patients with end-stage renal disease
is not known. An additional study showed that
the pharmacokinetics and pharmacodynamics of
febuxostat — at 80 mg doses — are not influenced
significantly by the presence of mild-to-moderate
liver function impairment (30]. In a Phase IT study,
the pharmacokinetics and pharmacodynam-
ics of febuxostat did not differ in patients with
hyperuricemia and/or gout from that observed in
healthy subjects [24].

Since the metabolism of thiopurines is depen-
dant on XO/xanthine dehydrogenase, great cau-
tion should be taken in co-prescribing febuxostat
to patients on azathioprine. In this situation,
febuxostat (and allopurinol) may lead to severe
myelosuppression owing to blockade of azathio-
prine metabolism through XO inhibition [31].

In summary, febuxostat pharmacokinetics do
not seem to be influenced by mild-to-moderate
renal dysfunction or mild-to-moderate liver dis-
ease, and febuxostat does not influence CYP activ-
ity and shows no clinically significant interaction
with ibuprofen, warfarin or thiazides.

Clinical efficacy

The clinical efficacy of febuxostat has been tested
in several prospective, parallel, randomized, con-
trolled studies. Phase I-II studies were placebo-
controlled [32,33], while in Phase III studies febuxo-
stat was compared with allopurinol [34,35]. Also,
results from extension studies from the Phase II
(Febuxostat Open-label Clinical trial of Urate-
lowering efficacy and Safety [FOCUS]) and
Phase IIT (fEbuXostat Comparative Extension
Long-term [EXCEL)]) clinical trials are available
in abstract form [36,37].

In a Phase I, 2-week, multiple-dose, dose-esca-
lation, placebo-controlled clinical trial, febuxostat
was tested in 154 healthy subjects of both gen-
ders [33]. Doses from 10 to 120 mg showed a linear
dose-dependent reduction of SU levels, propor-
tional to C_ and AUC values. The reduction of
SU ranged from 25 to 70% of baseline SU 33].

A Phase I1, placebo-controlled 28-day duration
comparative study was used to test different (40, 80
and 120 mg per os daily) febuxostat doses for clini-
cal applicability in a 1:1:1:1 randomization sched-
ule [32]. Patients with clinically significant chronic
renal insufficiency (defined as serum creatinine
over 1.5 mg/dl or estimated creatinine clearance
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lower than 50 ml/min) were not included. Tophi
were present in 16-29% of patients, and mean SU
at baseline exceeded 9 mg/dl in all randomization
groups, suggesting that the population studied
was a severe one. In the intent-to-treat analysis at
day 28, from 140 patients with baseline SU levels
of at least 8 mg/dl, 94% of patients on febuxo-
stat 120 mg/day, 76% of patients on febuxostat
80 mg/day, 56% of patients on febuxostat 40 mg/
day and 0% of patients randomized to placebo
showed SU levels lower than 6 mg/dl 32]. However,
the same group of patients on completing the
study had SU levels lower than 5 mg/dl in 88, 49,
21 and 0% of patients randomized to febuxostat
120 mg/day, 80 mg/day, 40 mg/day and placebo,
respectively. Moreover, 56% of patients random-
ized to febuxostat 120 mg/day had SU levels lower
than 4 mg/dl 32).

Febuxostat was tested versus allopurinol in
Phase III trials, one of which has been published
(34]. A total of 762 patients with gout who showed
no clinically significant renal function impair-
ment were randomized in a 1:1:1 schedule to
take allopurinol 300 mg/day or febuxostat 80 or
120 mg/day for 52 weeks. Baseline mean SU lev-
els ranged from 9.80 to 9.90 mg/dl throughout
the randomization groups, and the percentage of
patients showing tophi in physical examination
ranged from 23 to 26%. Mean body mass index
was 32 kg/m? (over 60% of patients with obe-
sity), 16% of patients had a history of previous
urolithiasis, hypertension in 44%, hyperlipidemia
in 34% and alcohol use was present in 66% of
patients. Low-dose acetylsalicylic acid was used
in 14-20% of the patients [34].

Serum urate levels lower than 6 mg/dl at the
last 3-monthly visits was the primary outcome
measure. The primary end point was achieved
by 62, 53 and 21% of patients randomized to
febuxostat 120 mg/day, febuxostat 80 mg/day,
and allopurinol 300 mg/day, respectively. A SU
level lower than 6 mg/dl at the final visit — a
secondary end point — was achieved in 80, 74
and 36% of the patients randomized to febuxo-
stat 120 mg/day, febuxostat 80 mg/day and
allopurinol 300 mg/day, respectively [34].

Long-term follow-up studies have been reported
only in abstract form to date [36,37]. The FOCUS
trial of 116 patients is an extension, open-label,
noncomparative titration study from Phase II that
assigned patients to take febuxostat 80 mg/day,
and allowed to titrate doses up to three times
during the first 28-week follow-up period, to
achieve and maintain SU levels in a range from
3 to 6 mg/dl 36]. At the time of the interim ana-
lysis, 53% had been exposed to febuxostat for at
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least 48 months. Tophi had resolved in 77% of
patients showing a tophus on clinical examination
at baseline, and flare rate decreased to less than or
equal to one flare per patient-year after the first
year of therapy, and nearly zero after the third
year of therapy (36]. The dropout rate was 2—4%
per year of follow-up, although personal reasons,
consent withdrawal, noncompliance or SU over
6 mg/dl were the reasons for most withdrawals.

The EXCEL study included 735 patients
coming from the Phase III trials, and compared
the long-term efficacy and safety of febuxostat
80 mg/day, febuxostat 120 mg/day and allopurinol
to a fixed dose of 300 mg/day in an open-label,
randomized study, with a randomization ratio of
2:2:1, respectively [37]. Changes in urate-lowering
therapy — alterations in the febuxostat doses or
switching from febuxostat to allopurinol or from
allopurinol to febuxostat — were allowed in the first
6-month follow-up period in order to attain SU
levels from 3 to 6 mg/dl. Subjects failing to achieve
SU levels lower that 6 mg/dl after adjustment of
therapy at 6-month follow-up were considered to
be therapeutic failures, and were withdrawn from
the study. Overall, 22% of the patients initially
randomized to febuxostat 80 mg/day, 29% to
febuxostat 120 mg/day and 59% of patients ran-
domized to allopurinol changed treatment for any
reason. Failure to achieve the primary end point
(SU < 6 mg/dl) was observed in 18% of patients
assigned to febuxostat 80 mg/day, 8% of patients
on febuxostat 120 mg/day and 57% of patients
randomized to allopurinol 300 mg/day.

In addition, 67% of patients with failure to
allopurinol 300 mg/day reached the primary end
point when switching to febuxostat 80 mg/day
or 120 mg/day if necessary.

Safety
In Phase III studies, patients were on colchicine
or naproxen for the prophylaxis of acute episodes
of inflammation for the first 8-week period of
the trial. Results showed an increase of flares
after prophylaxis therapy withdrawal, especially
in patients with the lowest SU levels (the group
receiving febuxostat 120 mg/day) 34].
Long-term safety was evaluated in the febuxo-
stat Phase III trials and in the extension stud-
ies. At 52-week double-blind observation,
adverse events were similar in the febuxostat
120 mg/day, febuxostat 80 mg/day and allopurinol
300 mg/day groups, and most adverse events were
of mild-to-moderate severity (34]. The incidence
of serious adverse events (SAEs) was similar
in all three groups. More patients in the high-
dose febuxostat group than in the allopurinol
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group (p = 0.003) or the low-dose febuxostat
group discontinued the study [34]. Withdrawal
owing to abnormal liver function tests was
more frequent in the febuxostat-treated patients.
Four of the 507 patients in the two febuxostat
groups (0.8%) and none of the 253 patients in
the allopurinol group died; all deaths were from
causes that the investigators (while still blinded
to treatment) judged to be unrelated to the study
drugs (p = 0.31 for the comparison between the
combined febuxostat groups and the allopurinol
group) [34]. In the EXCEL febuxostat extension
study (37, SAEs were reported to be ten events
per 100 patient-years for febuxostat and 11 per
100 patient-years for allopurinol. A third of the
SAEs in each group were related to heart disor-
ders, and all of them occurred in patients with
previous cardiovascular history or cardiovascular
risk factors [37].

Until more long-term safety data are available,
‘treatment with febuxostat in patients with isch-
emic heart disease or congestive heart failure is
not recommended’ [101].

Clinical applicability
Whenever a new drug becomes available, the clini-
cian would try to find the best place for such a tool
in the therapeutic arsenal. Febuxostat may be use-
ful for any patient with hyperuricemia and gout,
but in some patients it may be of special interest.

Patients showing hyperuricemia in the highest
range may be less prone to achieving the outcome
of SU levels lower than 6 mg/dl 3438] on stan-
dard doses of allopurinol. Indeed, even in patients
with average SU levels at baseline, the average
allopurinol dose required to achieve SU levels
lower than 6 mg/dl was close to 400 mg/day [39].
Therefore, patients with the highest SU levels at
baseline could be considered as candidates for
highly effective urate-lowering therapy, either by
increasing doses [39.40] or shifting to other available
ULDs [3841].

Patients with previous intolerance to allopurinol
may have less therapeutic choices — namely, desen-
sitization [42] for patients with mild cutaneous
reactions, who should change to probenecid or
benzbromarone [38,43], or use the mild uricosuric
effect of other drugs if applicable when associ-
ated comorbidities allow prescription, such as
fenofibrate for mixed hyperlipidemia [44].

In patients with significant renal function
impairment, allopurinol dosing should be cau-
tiously adjusted to avoid toxicity [45], an issue
included in the EULAR recommendations for
the treatment of gout [46]. Although higher than
recommended doses [47.48], or adjusted doses up
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to 400—600 mg/day per dl of creatinine clear-
ance may be prescribed without an increase in
SAEs [49], a conservative approach may lead to
poor control of hyperuricemia [50]. Patients with
mild-to-moderate renal function impairment may
benefit from prescription of drugs such as febuxo-
stat or benzbromarone — the pharmacokinetics
and efficacy of which are not substantially influ-
enced by the presence of mild-to-moderate renal
function impairment.

Another instance for considering highly effec-
tive ULDs [51] is in patients in whom a pronounced
reduction of SU levels would be advisable in order
to rapidly reduce the SU pool, such as patients
with severe chronic tophaceous gout. Some stud-
ies suggest that in order to achieve rapid reduction
of tophaceous monosodium urate deposition, the
lower the SU levels are while undergoing therapy,
the better the outcome [6,52-54].

Conclusion

Febuxostat is a new urate-lowering agent, specifi-
cally designed as a nonpurine inhibitor of XO.
Its pharmacokinetic profile and clinical efficacy
adds further possibility to the management
of hyperuricemia of gout, especially in those
patients in whom currently available drugs show
unmet needs.

Future perspective

To date, studies of febuxostat have focused on
chronic gout outcomes such as urate lowering, flare
frequency and tophus regression. Although these
are important end points for studies of chronic
gout, a number of other outcomes should also be
considered in patients with chronic gout [5s]. These
include health-related quality of life, pain, func-
tional disability and work disability. The impact
of febuxostat on joint damage is also unknown
at present.

Recent investigations in animal models are
exploring the efficacy of XO inhibitors on cardio-
vascular outcomes [5657]. In a rabbit model, early
treatment with febuxostat improved ventricular
function after experimental coronary ligation [ss].

In murine experimental models, treatment with
febuxostat has been demonstrated to prevent renal
injury both in the normouricemic and induced-
hyperuricemic model (s9]. Normalization of urate
levels in a murine fructose-induced metabolic syn-
drome alleviated both metabolic and glomerular
hemodynamics 59 and hypertension [60].

The clinical applicability of XO inhibition,
either early or delayed, and through the use of
either allopurinol or febuxostat, on cardiovascu-
lar and renal outcomes in humans — especially in
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Executive summary

Mechanisms of action

Pharmacokinetic properties

= Bioavailability is minimally influenced by food.

the intestines.

Clinical efficacy

Safety & tolerability

more studies are available.
Drug interactions

metabolism.

= Febuxostat is a nonpurine inhibitor of xanthine-oxidase (XO).
= It displays a potent mixed-type inhibition of both oxidized and reduced forms of XO.

= Febuxostat has a bioavailablity of over 80% after oral administration.

= No clinically relevant interactions have been observed with thiazides, warfarin or NSAIDs.
= Mild-to-moderate renal or liver function impairment have not been shown to significantly influence the metabolism of febuxostat.

= Febuxostat is generally well tolerated and comparable in tolerability to allopurinol.
= Gout flares and increase in liver enzymes are the most commonly observed treatment-related side-effects.
= Potential safety concerns have been identified in regards to the cardiovascular safety of febuxostat, and caution should be taken until

= Febuxostat is mainly metabolized in the liver and excreted mainly as inactive metabolites by the kidneys, and through the bile ducts into

= Febuxostat has been shown to be a potent urate-lowering agent in patients with hyperuricemia and gout, at 80-120 mg/day orally.
= Long-term extension studies support the sustained urate-lowering effect of febuxostat.
= The urate-lowering effect of febuxostat 80-120 mg/day is greater than that of allopurinol at 300 mg/day dosing.

= Great caution should be put on concomitant administration of febuxostat and azathioprine, due to blockade of azathioprine

relation to which groups of patients would benefit
from such intervention, if any — has not yet been
reported [61].
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