
Figure 1. Schematic representation of the action of febuxostat on human purine catabolism to
reduce the production of uric acid
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Introduction
Febuxostat is a xanthine oxidase
inhibitor recommended by the
National Institute for Health and
Care Excellence (NICE) for the treat-
ment of hyperuricaemia in patients
who are intolerant of, or have con-
traindications to, allopurinol. 

Hyperuricaemia may be defined
by a serum uric acid concentration
greater than the urate solubility limit,
which is often given as 6.8mg/dl.
Symptomatic crystal deposition
occurs when this limit is exceeded,
resulting in the clinical condition 
of gout. 

Historically known as a ‘disease of
kings’, gout is now common in the
general population. Its prevalence in
the UK is 1.4%, affecting approxi-
mately 7% of men over the age of 65. 

Hyperuricaemia and gout are
part of some of the definitions of the
metabolic syndrome, hence comor-
bidity associated with cardiovascular
disease, insulin resistance, diabetes,
obesity and hypertension is frequent
and overall survival is reduced.

Pharmacology
Febuxostat acts to decrease serum
urate via non-competitive inhibition
of xanthine oxidase (XO); (Figure
1). This is an enzyme which acts to
catalyse reactions in human purine
metabolism, specifically the conver-
sion of hypoxanthine to xanthine
and, following this, the catabolism of
xanthine to uric acid. XO may exist
in two states, either oxidised or
reduced, depending upon the stage
of reaction it is undergoing. This is of
relevance, because while allopurinol
mainly acts upon the reduced form
of XO, with limited binding capacity
upon its oxidised state, febuxostat
works effectively on both.

While allopurinol, a hypoxanthine
analogue, acts via competitive inhibi-
tion of XO, febuxostat is a 2-arylthia-
zole derivative which selectively binds
to the enzyme non-competitively on a
narrow channel adjacent to the active
site. As a result of this, febuxostat has
stable enzyme-inhibitor complexes
and inhibits substrate binding in both
the oxidised and reduced forms of

PRPP: 5-phospho-a-D-ribosyl 1-pyrophosphate. DNA: deoxyribonucleic acid. RNA: ribonucleic acid.
AMP: adenosine monophosphate. IMP: inosine monophosphate. GMP: guanosine monophosphate.
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XO, compared to allopurinol metabo-
lites which only have weak bonding
capacity with oxidised XO. 

Febuxostat is an orally adminis-
tered agent which may be used at
dosages of 80, 120 and 240mg. It has
good oral bioavailability (84%), and
has a documented half-life of approxi-
mately 4–15 hours upon which it
undergoes hepatic metabolism. Its
metabolites are excreted in both urine
and stool. Unlike allopurinol, no 
dose adjustment is required in renal
insufficiency. The main side effects 
are headache, diarrhoea, nausea and
abnormal liver function tests.

Trials of safety and efficacy
Several randomised control trials
(RCTs) have been conducted to test
the efficacy of febuxostat in the man-
agement of chronic hyperuricaemia,
of which the FACT1 and APEX2 stud-
ies were the key validating trials.

The FACT study was a double-
blinded RCT investigating the safety,
incidence of gout flares, changes in
tophus area, and urate-lowering effi-
cacy (ULE) of febuxostat as compared
to allopurinol and placebo treatments
in 762 subjects. The primary outcome
was the proportion of subjects with
the last three-monthly serum urate
levels <6.0mg/dl. Overall, a signifi-
cantly higher number of patients in
the febuxostat arm achieved this key
endpoint: 53% at 80mg, and 62% at
120mg, compared to 21% of those
randomised to allopurinol.

The discontinuation rate, how-
ever, was higher in the 120mg febux-
ostat group due to greater incidence
of gout flares. This bears testimony to
the known paradox of increased
acute gout flares early in the course
of urate lowering therapy; the more
effective the therapy, the greater the
risk of flares.

The APEX study in 2008 was an
extension of the FACT in that it sought
to outline the efficacy of febuxostat in
subjects with impaired renal function
(defined as a serum creatinine of ≥1.5
and ≤2.0mg/dl). In this study, 1072
patients with hyperuricaemia and gout
with normal or impaired renal func-
tion were randomised to receive either
febuxostat, allopurinol (300 or 100mg,
based on renal function), or placebo
for a period of 28 weeks. A significantly
greater proportion of patients main-
tained serum urate levels below

6mg/dl in the febuxostat cohorts
(48% at 80mg, 65% at 120mg, 69% at
240mg) compared to 22% of those
allocated to allopurinol 100mg and
0% in placebo. In the subset with
impaired renal function, it was also
found that a significantly higher per-
centage of subjects treated with febux-
ostat at all three doses achieved the
primary endpoint compared with
those treated with 100mg of allopuri-
nol. The proportion of patients devel-
oping direct treatment-related adverse
effects in the aforementioned studies
were similar across all groups. 

Although the febuxostat interven-
tion groups did include a numeri-
cally higher incidence of primary
Antiplatelet Trialists Collaboration
(APTC) events such as cardiovascular
death, non-fatal myocardial infarc-
tion, non-fatal stroke, non-fatal 
cardiac arrest, these were found to 
be not statistically significant. No
dose–response relationship between
these events and increasing doses of
febuxostat had been observed.

Further open-label extension
studies such as the CONFIRMS,3
EXCEL4 and FOCUS5 trials have
added to the evidence regarding the
long-term ULE, clinical benefit and
safety of febuxostat.

Specific evidence for use 
in diabetes
In the FACT study, 14% (n=34) of sub-
jects had diabetes and 17% (n=44)
had the metabolic syndrome. In the
CONFIRMS study, 15% (n=113) had
diabetes. In the existing clinical trials,
no general sub-group analyses have
been performed to assess the efficacy
or safety of febuxostat in patients with
diabetes compared with the general
patient population. On a specific
analysis for cardiovascular event risk
factors, no significant association was
found for diabetes.

Long-term extension studies and
post-marketing surveillance have
shown blood glucose rise as a rare (less
than 1/1000) and diabetes mellitus
(less than 1/100) as an uncommon
adverse reaction.

Discussion
Hyperuricaemia and gout have been
linked to an increased risk for both
ischaemic heart disease and cardio-
vascular mortality. Recurrent attacks
of gout are associated with significant

morbidity and reduced quality of life.
The presence of other comorbid con-
ditions like renal insufficiency, and
the side effect profiles, contraindica-
tions, and drug interactions noted
with the use of current agents, espe-
cially allopurinol, make a case for
newer and more effective urate-low-
ering therapies.

Evidence accrued from the studies
has clearly shown febuxostat to be
more effective at urate-lowering than
allopurinol. The methodology of 
comparison used, in the studies 
with fixed-dose allopurinol (up to
300mg/d), however, has been ques-
tioned. Best practice recommends
titration of allopurinol dose up to
900mg/d, to achieve a serum uric acid
below 6mg/dl. Economic analyses
have been unable to demonstrate
cost-effectiveness, although these were
based on short-term efficacy studies.
Results from the EXCEL4 study have
shown a potential for long-term bene-
fits with febuxostat use. Febuxostat is
therefore considered as an alternative
second-line agent for the treatment of
hyperuricaemia in patients who are
intolerant, unresponsive or have 
contraindications to allopurinol ther-
apy and in renal impairment, where
dose escalation of allopurinol is 
limited. Further long-term studies,
comparing febuxostat with dose-
titrated allopurinol may establish its
relative benefits unequivocally.
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l Gout, which affects 1.4% of the UK
population, is seen in patients with
diabetes and their co-prevalence
reduces survival

l Febuxostat, a potent inhibitor of the
enzyme xanthine oxidase, has been
shown to be more effective than
traditional allopurinol in lowering uric
acid level

l Febuxostat is a suitable alternative for
patients who are intolerant/
unresponsive to allopurinol or where it
is contraindicated

Key points
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