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Opinion statement

Gout is the most common inflammatory arthritis in adults. Given the increasing prevalence
of gout and associated comorbidities, there is a growing need for better therapeutic
options. While current treatment options satisfactorily control the disease in some
patients, many patients, especially those with associated comorbidities, have contraindi-
cations to current treatments and need more treatment options. New drugs are needed to
further improve our treatment, especially in patients with associated comorbidities. The
duration of therapy for acute and chronic gout as well as combination of therapies,
recommended by the American College of Rheumatology (ACR) guidelines, need to be
further studied. The past decade has been an exciting time for gout research with
significant advances in our understanding of disease pathogenesis and its treatment.
The new ACR guidelines have improved gout visibility and will improve gout awareness and
treatment in the future. With growing treatment options, gout is becoming a disease that
can be cured.

Introduction

In 1964, Dr. Talbot wrote that Bthe centuries-old
recognition of gout as a clinical entity has tended
to cause traditional therapeutics measures mainly
unsatisfactory, to be handed down form teacher to
pupil with only slight modification through the
years^ [1]. Over the past 10 years, gout treatment
has advanced greatly. However, in a growing num-
ber of patients, current treatments may still be un-
satisfactory. Hypertension, cardiovascular disease,

diabetes, renal impairment, peptic ulcer disease,
the metabolic syndrome, and liver disease are high-
ly prevalent in gout patients and may lead to stan-
dard treatments being contraindicated. Currently,
there are formal guidelines and recommendations,
addressing some of these issues, for the treatment of
gout. In this paper, new and old treatment options
available for the treatment of acute and chronic
gout are reviewed.



Acute gout

The current available treatment options in the USA for acute gout are
non-steroidal anti-inflammatory drugs (NSAIDs), colchicine, systemic
and intra-articular corticosteroids (CS), and adrenocorticotrophic hor-
mone (ACTH). The most important determinant of therapeutic success is
how soon the treatment is initiated that the dose chosen be sufficient
and for that it be given for a long enough period of time. The treatment
choice should be based on the number of joints involved and, thus, the
severity of the attack, underlying comorbidities, and medications the
patient is on.

Monotherapymay be more appropriate when only a few joints are involved
and the attack is considered mild to moderate. NSAIDs and colchicine are first-
line drugs for acute attacks. The relative efficacy of colchicine compared with
NSAIDs is unknown. Combination therapymay be appropriate when the attack
is polyarticular, considered severe or not responding to monotherapy. If the
patient is on urate-lowering therapy (ULT) at the onset of the attack, treatment
withULT should not be interrupted nor should theULT dose be changed during
the acute attack.

Colchicine
Colchicine is one of the oldest medications used to treat acute gout and
has been widely used; however, only in 2009 was it approved by the Food
and Drug Administration (FDA) for use in acute gout. Colchicine efficacy
is derived from modulation of several anti-inflammatory pathways asso-
ciated with gout [2]. It binds to tubulin dimers, thus preventing microtu-
bule assembly and thereby disrupts the NACHT, LRR, and PYD domain-
containing protein 3 (NALP3) inflammasome-driven caspase-1 activation
and IL-1β processing, microtubule-based inflammatory cell chemotaxis,
generation of leukotrienes and cytokines, and phagocytosis. The American
College of Rheumatology (ACR) task force panel (TFP) suggested that
colchicine be considered an appropriate first-line treatment for acute gout
when colchicine is initiated within 36 h or less from the onset of the attack
[3•]. The recommended loading dose is 1.2 mg followed by 0.6 mg after
1 h. This recommendation is based on the recently published Acute Gout
Flare Receiving Colchicine Evaluation (AGREE) trial [4]. One hundred and
eighty-four patients with acute attacks of less than 12-h duration were
enrolled in a study that compared low-dose colchicine, high-dose colchi-
cine (4.8 mg total over 6 h), and placebo. The primary endpoint was a
50 % reduction or greater in pain within 24 h of enrollment. Low-dose
colchicine resulted in a similar efficacy with fewer side effects as compared
to high-dose colchicine [4]. The most common side effects reported with
oral colchicine in clinical trials were diarrhea, nausea, vomiting, and
nasopharyngeal pain [4, 5]. These side effects were considered mild and
resolved with dose reduction. More severe side effects were observed with
overdoses of colchicine, including bone marrow suppression with
agranulocytosis.
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Colchicine is metabolized by the cytochrome P450 (CYP) 3A4 enzyme and
is a substrate for the P-glycoprotein 1 (P-gp) efflux transporter [6]. Caution is
advised when colchicine is used in patients with hepatic or renal impairment,
and dose should be adjusted according to the degree of impairment. Concur-
rent use of interacting drugs or treatment with colchicine in patients with renal
impairment has been associated with myopathy or rhabdomyolysis [7]. Col-
chicine administration is contraindicated in patients with renal or hepatic
impairment receiving both P-gp and strong CYP3A4 inhibitors concurrently
(http://www.drugs.com/pro/colcrys.html).

NSAIDs
NSAIDs are considered a first-line therapy for acute gout attacks. Historically,
indomethacin was the NSAID of choice for the treatment of acute gout. In head-
to-head studies though, the different NSAIDs have similar efficacy in treating
acute gout [8]. Selective cyclooxygenase (COX)-2 inhibitors and non-selective
NSAIDs have the same efficacy with the advantage that the COX-2 inhibitors are
associated with significantly fewer adverse events [8]. The NSAIDs currently
approved by the FDA for the treatment of acute gout include naproxen, indo-
methacin, and sulindac. Thus, the selective COX-2 inhibitors are not currently
approved by the FDA for the treatment of acute gout. NSAIDs should be
avoided in patients with active or recent peptic ulcer disease and in patients with
renal insufficiency.

Corticosteroids
CS are recommended as a first-line treatment option for acute gout [3•],
especially when the use of NSAIDs and/or colchicine is not efficacious, poorly
tolerated, or contraindicated. CS may be a safer treatment option for patients
with acute gout who have an underlying renal impairment, a common co-
morbidity in gout patients.

Monoarticular attacks are often managed with the use of intra-articular (IA)
CS. However, evidence for the use of IA and intramuscular (IM) CS is limited.
Treatment with IA CSwas recommended by the ACR TFP [3•] when only one or
two large joints were involved. The use of systemic CS was recommended in all
other gout attacks, where there is polyarticular joint involvement or when joint
injections are not feasible.

In two randomized, placebo-controlled trials of a 5-day course of
oral prednisolone (one evaluating a dose of 30 mg daily and the other
a dose of 35 mg daily), the efficacy of prednisolone 30 mg daily was
equivalent to that of standard regimens of indomethacin and naproxen
versus prednisolone 35 daily [9•, 10]. The ACR TFP recommended that
prednisone or prednisolone be started at a dose ≥0.5 mg/kg daily for 5–
10 days followed by discontinuation or alternately 2–5 days at the full
dose followed by dose tapering over 7–10 days and then discontinua-
tion [3•].

The TFP [3•] also recommended an alternative regimen of an IM single dose
(60 mg) of triamcinolone acetonide, followed by oral prednisone or prednis-
olone [11]. However, there was no consensus by the TFP on the use of IM
triamcinolone acetonide as monotherapy.
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ACTH

ACTH has long been used in acute gout [12]. ACTH stimulates the adrenal
cortex to produce CS and interferes with the acute inflammatory response
through the activation of the melanocortin receptor-3.

A recent retrospective study of 181 in-patients who received IM ACTH for
their acute gout attack found that most of them (78 %) had a significant
response to the treatment and all responded to a repeated single dose of ACTH
[13]. The ACR TFP recommended that ACTH can be used for the treatment of
acute attacks with a single IM injection (25 to 40 IU) which they suggested that
it may be repeated every 24–72 h as clinically indicated [3•]. ACTH is not
approved by FDA for the treatment of acute gout. ACTH is very expensive in the
USA, which limits its use for the treatment of acute gout.

Investigational drugs

IL-1β inhibitors
NACHT, LRR, and PYD domain-containing protein 3 (NALP3) inflammasome
activation and release of interleukin-1 (IL-1) play a central role in the initiation
of the inflammatory response to monosodium urate (MSU) crystals [14•]. IL-1
inhibitors being tested for gout include anakinra, rilonacept, and canakinumab.

Anakinra is a recombinant human IL-1 receptor antagonist (IL-1Ra) with a
short half-life of 4–6 h. So et al. reported significant pain relief in 10 gout patients
with acute or subacute gout who could not tolerate or had failed standard anti-
inflammatory therapies for acute gout in when anakinra 100 mg daily was
administered subcutaneously (SC) for 3 days [15]. In a retrospective study [16] of
15 hospitalized patients who had failed CS treatment or had comorbid limita-
tions to the use of standard anti-inflammatory therapies for acute gout, anakinra
was successful in resolving acute gout attacks in all patients.

Rilonacept, an IL-1 trap with a half-life of approximately 8.6 days, was found
to decrease pain in patients with chronic active gout when 160-mg SC was
administered once weekly [17]. However, when rilonacept was combined with
indomethacin and when used alone, it failed to improve pain relative to
indomethacin during acute gout [18].

Canakinumab is a monoclonal anti-human IL-1β antibody with a long
half-life of approximately 28 days. In an acute gout study, one SC injection
of canakinumab 150 mg in patients who were refractory to or had a
contraindications to NSAIDs and/or colchicine [19] found canakinumab to
be superior, starting at 24 h, in providing pain relief compared to 40 mg
of triamcinolone acetonide given IM. The median time to 50 % reduction
in pain was reached at one day in patients treated with SC canakinumab
150 mg versus 2 days for patients treated with IM triamcinolone acetonide
(P=0.0006) [19].

Non-pharmacological treatment

Topical ice
Cold applications may be a useful adjunct to treatment of acute gout. In a small
prospective randomized trial, patients with acute gout treated with topical ice
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had a greater reduction in pain (P=0.021), joint circumference, and synovial
fluid volume compared with the control group not treated with topical ice [20].

Chronic gout
Prophylaxis

Prophylaxis refers to chronic treatment with anti-inflammatory drugs in order
to prevent gout attacks. Persistent low-grade inflammation is frequently present
in asymptomatic chronic tophaceous gout. Even when the patient is asymp-
tomatic, chronic inflammation is often present in patient [21]. In addition, it
has been observed that when ULT is initiated, there is an increase in acute
attacks. The association between initiation of ULT and acute attacks has been
confirmed by results of the febuxostat [22] and pegloticase trials [23].

Colchicine
Colchicine has been used for gout prophylaxis for many years, and studies have
demonstrated the efficacy of prophylactic colchicine for the reduction or preven-
tionof attacks uponULT initiation [5, 22, 24].However, it was not approved by the
US FDA for this indication until 2009 [25]. Colchicine is currently considered to be
the standard of care for attack prophylaxis during initiation of ULT [3•, 26] and is
currently the only FDA-approved treatment for gout prophylaxis.

The tolerability profile of colchicine is dose dependent, and the recommend-
ed dose of colchicine prophylaxis (0.6 mg once or twice daily) [3•] is generally
well tolerated, with diarrhea as the most commonly reported adverse event that
may resolve when dosage is reduced to a once-daily administration instead of
twice daily [5]. Dose reduction is recommended for patients with chronic kidney
disease (CKD) [26] and when co-administered with drugs known to inhibit
cytochrome P450 3A4 (CYP3A4), particularly clarithromycin CYP3A4 and/or P-
glycoprotein, due to the increased risk of colchicine-induced toxic effects [27].

NSAIDs
NSAIDs are used less commonly used for prophylaxis during initiation of ULT
than colchicine. Controlled studies evaluating their efficacy and safety in this
population are limited [28]. NSAIDs are not ideal for prophylaxis since many
gout patients have contraindications to NSAIDs use such as renal impairment
and poorly controlled hypertension [29]. In addition, low-dose NSAIDs, such
as aspirin, can decrease uricosuria; therefore, increasing serum urate (SU) levels
and chronic NSAID use can increase the incidence of gastrointestinal events as
well as cardiovascular risks. A careful assessment for such comorbidities should
be undertaken before NSAIDs are used for prophylaxis.

Investigational drugs

IL-1β inhibitors

IL-1 inhibitionmay be beneficial as gout prophylaxis, in addition to its role
in the treatment of acute gout [30]. Rilonacept [31] and canakinumab [32•]
have been studied as prophylactic drugs when initiating ULT.

Gout: Update on Current Therpuetics Pai et al. 135



Rilonacept was studied in 83 patients initiating allopurinol 300 mg daily
[29] randomized to 16 weeks of placebo versus weekly SC rilonacept
160 mg. Rilonacept prophylaxis markedly reduced the frequency of attacks.
At week 16, the occurrence of attacks was significantly reduced with
rilonacept compared with placebo (0.22 vs 0.93; P=0.0036) and the per-
centage of patients who experienced ≥1 attack was significantly lower (22 vs
48 %; P=0.0209). In the canakinumab prophylaxis trial [32•], 432 patients
initiating ULT with allopurinol were enrolled. Over 16 weeks, there was a 64
to 72 % reduction in the risk of experiencing ≥1 attack for canakinumab
doses ≥50mg versus colchicine (P≤0.05), and the percentage of patients who
experienced ≥1 attack was significantly lower (15 to 27 % vs 44 %; PG0.05).

Non-pharmacological treatment
Cherry consumption is efficacious for the prevention of gout attacks [33]. Gouty
inflammation is primarily interleukin 1 (IL-1) mediated [34]. In-vitro cherry
juice concentrate can reduce the release of IL-1 by monocytes activated by
monosodium urate crystals. Consumption of cherry juice concentrate reduces
acute gout attacks when taken over a period of 4 months or longer [35]. Cherry
juice concentrate is suspected to have anti-inflammatory properties andmay be
useful for gout prophylaxis.

Urate-lowering therapy
Hyperuricemia is the hallmark of gout. Hyperuricemia is defined as a serum
urate (SU) level ≥6.8 mg/dl which corresponds to the physiologic saturation
threshold of urate [21]. A SU level ≥6.8 mg/dl facilitates precipitation of MSU
crystals. The 2012 ACR guidelines [36•] recommended the use of xanthine
oxidase inhibitors (either allopurinol or febuxostat) as first-line therapy.

Xanthine oxidase inhibitors (XOI)
Xanthine oxidase (XO) is the rate-limiting enzyme in the synthesis of uric acid,
and hence, inhibition of this enzyme decreases urate synthesis.

Allopurinol

Allopurinol was approved by the FDA in 1966 for the treatment of gout.
Physicians have gained comfort prescribing allopurinol up to 300 mg/day
despite its approval by the FDA in doses up to 800mg/day. However, at this
dose, allopurinol monotherapy is many times insufficient to attain target
SU of G6 mg/dl [37]. The ACR TFP [36•] recommended allopurinol as a
first-line urate-lowering therapy. A Cochrane review analyzed the efficacy of
allopurinol compared to other ULTs. Themeta-analysis included 11 studies
[38]. The incidence of side effects was similar when allopurinol (100–
600 mg/day) was compared with placebo, benzbromarone (100–200 mg/
day), and febuxostat (80 mg/day). Allopurinol was more efficacious than
placebo but less efficacious than febuxostat in achieving a target SU level of
G6 mg/dl.

Allopurinol is generally safe. Rarely, patients develop the life-
threatening allopurinol hypersensitivity reaction. Patients at high risk for
these reactions include the Han Chinese, Thai descent, and Koreans with
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stage 3 or worse CKD. In these patients, HLA-B*5801 allele testing prior to
initiation of allopurinol is recommended [36•]. It is advisable to start
allopurinol at a dose of 100 mg/day in patients with normal renal function
and at 50 mg/day in patients with moderate to severe CKD. The ACR TFP
[36•] suggests gradual up-titration to doses of 300mg/day and higher, even
in the presence of CKD.

Febuxostat

Febuxostat was FDA approved in 2009 and is an important alternative
for patients who are intolerant/contraindicated or refractory to other
ULT. The FDA-approved doses in the USA are 40–80 mg/ day. The
Cochrane review [38] reported a 40 mg/day dose of febuxostat to have
similar efficacy to that of 300 mg/day of allopurinol, while higher
doses (80 mg/day) of febuxostat were found to be more efficacious in
getting to SU target. The CONFIRMS trial compared the efficacy to
reduce SU of two doses febuxostat (40 and 80 mg/day) to that of
allopurinol 300 mg/day in patients with normal renal function and
200 mg/day in patients with CKD in 2269 patients over a 6-month
period [39•]. The proportion of patients achieving target SU G6.0 mg/
dl was 45 and 67 % for febuxostat 40 and 80 mg/day, respectively,
and only 42 % for patients on allopurinol. The most common ob-
served side effects included liver function abnormalities, nausea, ar-
thralgia, and rash [37].

Uricolytic drugs
Uricase catalyzes the oxidation UA into allantoin, the soluble form.
Uricase is inactive in humans due to silent mutations of the genes
coding for uricase; hence, most of the uric acid needs to be excreted via
the kidneys

Pegloticase

Pegloticase, a recombinant mammalian uricase, was approved by the
FDA in 2009 for the treatment of refractory gout (patients with
severe gout intolerance or refractory to allopurinol with SU 98 mg/
dl) [36•]. The dose approved by the FDA is 8 mg as biweekly or
monthly infusions.

The phase 3 studies included 225 patients treated with pegloticase
biweekly or monthly versus placebo for 6 months [40]. Forty-seven percent
of patients on biweekly pegloticase achieved a target SU ≤6 mg/dl. Becker
et al. [41] reported the long-term safety of pegloticase in 149 patients, who
had received 28±18 pegloticase infusions and were followed for a mean
duration of 25±11 months. Gout attacks and infusion reactions (IR) were
the most common adverse events. Ten of the eleven patients with serious
infusion reactions had a SU of 96 mg/dl. When patients consistently had
SU of G6 mg/dl, there was sustained and progressive improvement in
tophus resolution and attack incidence. Other common adverse events
include nausea, dizziness, and back pain. Given the immunogenicity of the
molecule, some patients develop antibodies to pegloticase, usually within
the first 2–3 months of drug initiation. These neutralizing antibodies are
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thought to be responsible for the loss of efficacy and infusion reactions
leading to rising SU levels [40]. Thus, it is important to monitor SU
levels prior to infusions and stop therapy if two SU levels are 96 mg/dl
while on pegloticase treatment. It is important to check glucose-6-
phosphate dehydrogenase (G6PD) levels since in G6PD-deficient pa-
tients the oxidant load during conversion of urate to allantoin can
cause hemolytic anemia [42].

Uricosuric drugs
Uricosuric drugs are not recommended as first-line ULT [36•] by the ACR TFP
unless the patient has contraindications and/or intolerance to XOI. Uricosurics
are contraindicated in patients with a prior history of nephrolithiasis and high
urinary uric acid levels [36•].

Probenecid

Probenecid is a urate transporter-1 inhibitor (URAT-1) which in-
hibits tubular reabsorption of oxypurinol, the active metabolite of
allopurinol [43]. It is not recommended in patients with GFR
G50 ml/min/1.73 m2 [36•]. Combination of a XOI with a uricosuric
drug is recommended by the ACR TFP in patients who have not
achieved target SU levels [36•].

Probenecid is used in doses of up to 1 g/day and is more effective as
twice/thrice daily dosing which can raise compliance issues [43]. Probene-
cid is not recommended in patients with GFR G50 ml/min and in patients
with history of urolithiasis. If used in such patients, a large amount of water
should be consumed and urine should be alkalinized to prevent develop-
ment of urolithiasis [43].

Benzobramone

Benzobramone never received FDA approval because of concerns of liver
toxicity. Given the efficacy in underexcretors as demonstrated by Reinders
MK et al. [44], it was initially approved in Europe and Asia and it has since
been withdrawn in many countries starting in 2003 due to the risk of
hepatotoxicity and bone marrow suppression [45]. The hepatic metabo-
lism of benzbromarone by CYP 2C9 and the effects of the parent com-
pound and/or its metabolites on mitochondrial function are thought to be
related to its hepatotoxicity.

Losartan

Losartan, an angiotensin II receptor inhibitor, has uricosuric effects via the
inhibition of the URAT-1 and glucose transporter (GLUT)-9 [43]. It may be
attractive for use in patients with coexistent hypertension.

Fenofibrate

Fenofibrate, a cholesterol-lowering medication, inhibits URAT-1
and has a mild uricosuric effect. Losartan and fenofibrate in
combination with allopurinol 200 mg twice daily has been shown
to have a significant hypouricemic effect [46]. It may be attractive
for use in patients with coexistent hypertriglyceridemia.
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Investigational drugs

Lesinurad

Lesinurad, a uricosuric drug currently in development [47], inhibits the
URAT-1 as well as the OAT4 transporter in the proximal renal tubule
leading to uricosuria. Lesinurad has been studied in combination with
allopurinol as well as febuxostat. In the CLEAR1 and CLEAR2 (Combining
Lesinurad with Allopurinol in Inadequate Responders), both lesinurad 200
and 400 mg in combination with allopurinol had a statistically significant
higher proportion of patients reaching the target SU at month 6 compared
to allopurinol alone (pG0.0001) [48].

Thus, the potential of combination therapy with lesinurad may provide
a future treatment option for gout patients on allopurinol or febuxostat
where additional therapy is needed.

Other novel agents such as arhalofenate, ulodesine, and levotofisopam
are currently in development [47]. However, lesinurad is the only drug
which has completed phase 3 studies.

Non-pharmacological treatment
Diet and lifestyle modification, although insufficient by themselves, are an
important part of the management of gout. Combination of diet and exercise
can contribute to a 10–18 % reduction in SU levels [49]. Eating purine-rich
foods increases the uric acid pool, and hence, the ACR TFP recommends that
patients with gout limit their consumption of organ meats, seafood, alcohol
(defined as 92 servings/day for males and 91 serving/day for females), and
high-fructose corn syrup sweetened beverages. There is evidence to suggest that
increasing the consumption of low-fat dairy products and foods rich in vitamin
C can reduce SU levels [50, 51], and hence, the ACR TFP [36•] encourages the
consumption of low-fat or non-fat dairy products.

Conclusion

We have shown that gout treatment has advanced greatly in recent years. In this
paper, we reviewed treatment of acute and chronic gout, while highlighting the
latest American College of Rheumatology guidelines when relevant. Better
understanding of gout pathogenesis, new drugs for the treatment of gout today
and on the horizon for tomorrow as well as recently published recommenda-
tions and guidelines for treatment lead to a growing interest in gout. Thus, in
contrast to Dr Talbot’s views, gout therapeutics are more satisfactory.Withmore
therapeutic options on the horizon, the future looks bright for our gout
patients.
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