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Despite the existence of effective treatments for gout, persons with gout continue to
experience acute attacks, with 69% having at least one recurrent attack in a year.1 Not
surprisingly, persons with gout experience diminished quality of life and work disability,2
related not only to these recurrent flares, but also the presence of painful and at times
disfiguring tophi. Given that gout is a common crystal-induced inflammatory arthritis, with
up to 6.1 million US adults ever having gout in their lifetime,3 this disease presents a
substantial public health burden.

Management of gout consists of three strategies: 1) treatment of acute attacks; 2) lowering
serum uric acid to prevent acute flares and tissue deposition of uric acid crystals (tophi); and
3) prophylaxis against flares, particularly during initiation of urate-lowering therapy, and
other strategies to prevent flares. Unfortunately, management of hyperuricemia in gout is
suboptimal4 and inappropriate treatment of acute attacks occurs frequently.1 The
recommended options for management of acute attacks include agents that non-specifically
target inflammation: NSAIDs, colchicine, corticosteroids, and possibly ACTH.5

Although NSAIDs and colchicine are accepted as effective for gout attacks and typically
used as first-line agents for acute attacks,5 there are few placebo-controlled trials of these
agents.6, 7 In fact, despite its widespread use, oral colchicine was only recently approved for
use in acute gout by the FDA in 2009, supported by the results of a recent trial.7 While the
relative efficacy of colchicine compared with NSAIDs is not known, the various NSAIDs
appear to have similar benefits in acute gout. Unfortunately, NSAIDs and/or colchicine may
be poorly tolerated or contraindicated in the presence of certain comorbidities. In such
instances, intra-articular corticosteroids may be given for monoarticular attacks, while
systemic corticosteroids or ACTH may be used for polyarticular attacks or when sites not
easily amenable to intra-articular injection are involved. However, the body of evidence for
intra-articular corticosteroids and ACTH is poor.8 Systemic oral corticosteroids have been
studied recently in two randomized placebo-controlled trials, with one trial evaluating
prednisolone 30mg daily and the other prednisolone 35mg daily, both for 5 days. Both trials
demonstrated equivalence to relatively standard regimens of NSAIDs (indomethacin and
naproxen, respectively).9, 10 An alternate route for systemic administration of
corticosteroids, intramuscular injection, was evaluated for acute gout in two studies. A 60mg
intramuscular triamcinolone dose with optional repeat administration demonstrated
equivalent efficacy with its comparators, indomethacin and ACTH, respectively. However,
both studies were small and of low quality.11 Most studies in acute gout have evaluated
single drug regimens despite the regular use of combination therapies in clinical practice,8
suggesting that such practices merit further examination.
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While several effective management options for acute gout exist, refractory flares are a
problem, particularly for persons with polyarticular and tophaceous gout. As such, multiple
courses of corticosteroids are not infrequent among persons with chronic gout. Additionally,
patients can experience breakthrough flares while initiating urate-lowering therapy despite
NSAID or colchicine prophylaxis. With the increasing prevalence and incidence of gout12,
13 and frequent coexistent comorbidities,14 physicians are increasingly faced with
individuals for whom few options are available for management of their acute attacks. There
is, therefore, a clinical need for additional acute gout treatment options for those who have
contraindications to, are intolerant of, or are refractory to existing therapies.

With the recognition that monosodium urate (MSU) crystals can directly activate the
NLRP3 inflammasome, a key regulator of the pro-inflammatory cytokine interleukin-1β
(IL-1β),15 gout therapy has begun to focus on the potential efficacy of IL-1 blockade. The
strategy of IL-1 targeted therapy was first demonstrated to be effective in patients with
cryopyrin-associated periodic syndromes (CAPS) in whom spontaneous mutations of
NLRP3, which encodes the NLRP3 (cryopyrin) protein, are associated with excessive
release of IL-1β.16 Three IL-1 antagonists, anakinra, rilonacept, and canakinumab, each
with different compositions and mechanisms of action (Table 1), have been demonstrated to
provide rapid relief of symptoms in CAPS.16–18 For gout, the extent to which such targeted
therapy may be successful likely depends on the scenario in which the therapy is being used
(Figure 1). For IL-1 antagonism to be maximally effective in the treatment of acute gout, it
would likely have to be given very early on in the course of an attack to abort the
downstream effects of IL-1β and other events in the inflammatory cascade, i.e., ideally
before other cytokines are produced, against which IL-1 antagonists have no activity. For
chronic active gouty arthritis, with chronic synovitis and/or frequently recurring, clustered,
or non-resolving flares, the inflammatory processes described (see Figure 1 text) are likely
ongoing with potentially persistent IL-1β release along with the other inflammatory
mediators. Thus, IL-1 antagonism may only partially suppress the ongoing inflammatory
processes and, by extension, symptoms in this setting. In contrast, prophylaxis with an IL-1
antagonist during initiation of urate-lowering therapy in the absence of chronic active gout
may be predicted to have the greatest potential to suppress gouty inflammation by providing
sufficient, steady-state IL-1 inhibitory activity in the synovium and its microvasculature,
thereby more efficiently counteracting any newly secreted IL-1β that may arise and blunting
the start of the gouty inflammatory cascade. Whether these three IL-1 antagonists should be
expected to have equivalent efficacy in gout given their different compositions and
mechanisms of action is not known. For example, each of the anti-TNFα agents is
efficacious in rheumatoid arthritis, whereas in inflammatory bowel disease, only the anti-
TNFα monoclonal antibodies are efficacious while etanercept, a soluble TNF receptor, is
not.19

Anakinra, a recombinant IL-1 receptor antagonist, was shown to have potential in an open-
label pilot study of 10 gout patients, some of whom had acute gout and others who had
chronic tophaceous gout, including two in whom anakinra was administered while initiating
allopurinol therapy.20 Rilonacept (IL-1 trap), which is a soluble receptor-Fc fusion protein
that inhibits both IL-1α and IL-1β and acts as a soluble decoy receptor, has been studied to
varying degrees for acute gout, chronic active gout, and gout flare prophylaxis during urate-
lowering therapy initiation. Preliminary data regarding rilonacept's efficacy in acute gout
indicates it failed to significantly improve pain relative to a standard regimen of
indomethacin.21 In a small 10-subject study of chronic active gouty arthritis, significant
improvement in pain over baseline levels while on placebo was demonstrated, with pain
recurrence after discontinuation of therapy, suggesting that IL-1 blockade was responsible
for symptom relief.22 Finally, in a study of gout flare prophylaxis, 83 participants were
randomized to rilonacept versus placebo for 16 weeks during initiation of allopurinol, with a
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significant reduction in gout flares.23 In a preliminary report of this study, which ultimately
included 241 participants, there was an 80% reduction in gout flares for the 160mg dose, and
a 73% reduction for the 80mg dose at 16 weeks compared with placebo.21 The efficacy of
rilonacept compared with a standard prophylactic regimen that would be typically given
during initiation of urate-lowering therapy is not known.

So et al report in this issue24 the efficacy of canakinumab, a fully human monoclonal
antibody with IL-1β selective activity, in acute gout. In this single-blind Phase 2 dose-
finding study, 200 participants who could not take NSAIDs or colchicine due to
contraindications or intolerances were randomized to 5 single subcutaneous doses of
canakinumab (28–29 participants per arm) versus a single intramuscular dose of
triamcinolone acetonide 40mg (57 participants) plus appropriate placebos. The investigators
report that all canakinumab doses were more effective than the single triamcinolone dose for
reducing pain in acute gout, with the 150mg dose showing the greatest efficacy.
Additionally, at 8 weeks post-baseline, those in the 150mg canakinumab arm had a 94%
lower risk of recurrent gout flare (based on patient-reported signs and symptoms) compared
with the triamcinolone arm.

While this is a promising study suggesting efficacy of canakinumab for acute gout and
prophylaxis against flares, and addresses an important clinical need among those who are
refractory to or have contraindications to NSAIDs and/or colchicine, further exploration is
required to understand the clinical significance of these findings. First, a key aspect to
optimal management of acute gout is to institute therapy as quickly as possible (see above
and Figure 1). To be eligible for this particular study, participants had to be within 5 days of
the beginning of an acute flare, and could not have taken NSAIDs, corticosteroids, or other
IL-1 antagonists for an unspecified time prior to screening, or colchicine 24 hours prior to
screening. It's unclear how generalizable this sample is as most patients with gout will have
started to take medication for an acute attack within 5 days of its onset. The study's primary
endpoint was evaluated at 72 hours post-dose. Given that gout flares are naturally self-
limited, with attacks often subsiding within 7–10 days of onset, the information regarding
how long participants were experiencing symptoms prior to onset is important to interpret
whether any of the improvement in pain 72 hours post-dose would be expected to coincide
with the natural spontaneous resolution of the flare. It is also difficult to evaluate
comparability between groups at baseline without this information, as well as details about
management of the current attack prior to study entry.

The primary outcome, the canakinumab dose that demonstrated a decrease in pain at 72
hours post-dose that was equivalent to the triamcinolone 40mg dose, could not be
determined because the authors state that all doses of canakinumab were associated with
numerically less pain at that time, although only the 150mg dose was statistically
significantly different than the triamcinolone dose. Additionally, based on their predictive
statistical modeling, only the 90mg and 150mg doses appeared to be statistically significant.
Regardless of statistically significant differences, the important question is that of clinical
significance.

To understand whether this is a clinically relevant result, one must ask whether the
comparator regimen, a single 40mg dose of intramuscular triamcinolone, is appropriate.
Although the authors state that this route of corticosteroid administration and dose of
triamcinolone is standard in many of the countries in which the study was conducted, this
particular regimen's efficacy has not been studied in a rigorous manner. As mentioned
above, the two prior studies that evaluated intramuscular triamcinolone in acute gout
evaluated a 60mg dose, with administration of a repeat dose as necessary.11 Whether a
40mg triamcinolone dose has equivalent efficacy to a 60mg dose in acute gout is not known.
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That 28.6% of the triamcinolone arm used oral prednisolone or prednisone as rescue
medication suggests that this single dose of triamcinolone may not have been sufficient for
management of acute gout. Thus, the comparator drug regimen in this study does not appear
to be optimal for evaluating the efficacy of canakinumab in comparison with an already-
demonstrated efficacious treatment. Even so, the study provides valuable additional support
to the potential for IL-1 blockade in the management of acute gout, gouty inflammation, and
gout prophylaxis, appreciably improving the pain experience in acute gout at 72 hours,
reducing CRP at 7 days, and reducing the risk for recurrent flares at 8 weeks. Whether it's
better than a standard recommended regimen for acute gout is not clear. In terms of gout
flare prophylaxis, the investigators report in another study that all doses of canakinumab
reduced the risk for flare at 16 weeks compared with colchicine 0.5mg daily (odds ratios
0.20–0.39) during allopurinol initiation.25 Interestingly, colchicine blocks MSU crystal-
induced IL-1β generation upstream of NLRP3 inflammasome activation.15

Consideration of the convenience of whether an agent is a daily, weekly, or once every 8
weekly injection is premature at the present time. For clinicians, especially in this era of
comparative effectiveness, the key question is whether targeted IL-1 blockade is any more
effective for acute gout than the available standard therapies. For patients in whom even a
short course of systemic corticosteroids (or local therapy) is not possible, this class of drug
may be an alternative. However, none of these studies in gout have been large enough or
long enough to determine important serious adverse events such as infection risk. Further,
cost issues are not inconsequential. Any new therapy for acute gout must not only
demonstrate efficacy compared with reasonably effective current options, but ideally cost-
effectiveness as well. Arguably, had a higher or repeated dose of corticosteroid been used in
the current study, the two might well have been equivalent, leaving little clinical reason to
choose a drug of higher cost and uncertain safety. The various settings in which these drugs
may be useful (acute gout, chronic active gout, and/or prophylaxis during urate-lowering
therapy initiation) also require careful consideration and study, with the differences in
duration of intended use obviously having different cost implications. At present, rilonacept
and canakinumab are FDA-approved for use in CAPS, and anakinra is approved for use in
rheumatoid arthritis. Undoubtedly, these are expensive therapies relative to accepted,
efficacious ones such as NSAIDs, oral corticosteroids and colchicine, even taking into
account the recent price increase of colchicine,26 and they are likely to remain expensive
should they be indicated for use in gout. Nevertheless, there is a substantial unmet clinical
need among persons with gout in whom standard therapies are not an option or are
suboptimal. Further studies of IL-1 antagonists are needed to determine whether therapeutic
targeting of this single cytokine may address this need.
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Figure 1. Mechanisms of inflammation and IL-1 antagonism in acute gout
In acute gout, phagocytosed MSU crystals activate the NLRP3 inflammasome, leading to
caspase-1 activation, which in turn leads to cleavage of pro-IL-1β and secretion of mature
IL-1β. IL-1β can induce further production of IL-1β (as well as many other inflammatory
mediators) and further activation of synovial lining cells and phagocytes. MSU crystals also
induce many other inflammatory cytokines (e.g., TNF-α, IL-6, IL-8, alarmins such as
S100A8/A9) by both IL-1-dependent and IL-1 independent mechanisms, and MSU crystal-
induced C5b-9 terminal complement pathway activation is an important driver of
experimental acute gout. IL-1β must bind to both IL-1R1 and IL-1RAcP for signal
transduction to occur. In endothelial cells, IL-1β appears to be a major trigger for altered
adhesion molecule and chemokine expression, which, together with the other inflammatory
events, results in neutrophil recruitment that drives the initiation of gouty inflammation.
IL-1α, which is not depicted here, is expressed as a plasma membrane-bound molecule that
also binds the IL-1 receptor. The role of IL-1α in experimental and clinical gout has not yet
been defined via direct study. Anakinra binds to IL-1R1, blocking IL-1β and IL-1α;
rilonacept acts as a soluble receptor, comprised of both IL-1R1 and IL-1RAcP fused to the
Fc portion of IgG1, neutralizing IL-1β as well as IL-1α; canakinumab, a monoclonal
antibody with IL-1β specificity, neutralizes IL-1β only. See text for discussion of potential
role of IL-1 antagonism in acute gout, chronic active gout, and prophylaxis during urate-
lowering therapy initiation.
Abbreviations: IL – interleukin; IL-1R1 – interleukin-1 receptor 1; IL-1RAcP –
interleukin-1 receptor accessory protein; MSU – monosodium urate; NLRP – nucleotide
binding oligomerization domain (NOD)-like receptor protein; TNF-α – tumor necrosis
factor-alpha
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Table 1

Composition, mechanism of action, and specificity of IL-1 antagonists

Agent Composition Mechanism of Action and Specificity

Anakinra Recombinant IL-1Ra Binds to IL-1R1, blocking IL-1β and IL-1α

Canakinumab Fully human monoclonal antibody with IL-1β specificity Neutralizes IL-1β

Rilonacept IL-1 Trap: dimeric fusion protein composed of extracellular domains of human
IL-1R1 and IL-1RAcP linked to Fc portion of IgG1 Neutralizes IL-1β and IL-1α

Abbreviations: IL – interleukin; IL-1Ra – interleukin-1 receptor antagonist; IL-1 Trap – interleukin-1 target-related affinity profiling; IL-1R1 –
interleukin-1 receptor 1; IL-1RAcP – interleukin-1 receptor accessory protein
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