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Drug Evaluation

Canakinumab for the treatment of gout

Canakinumab is a fully human monoclonal 
antibody targeting IL‑1b that has an expand‑
ing list of clinical indications. IL‑1b is a 
proinflammatory cytokine that plays a key 
role during inflammation and is implicated 
in acute and chronic autoimmune diseases 
[1]. It is synthesized as a precursor peptide 
(pro‑IL‑1b) that undergoes proteolytic cleav‑
age and excretion into the extracellular space. 
The principal pathway of IL‑1b processing 
occurs via the inflammasome complex that 
activates caspase‑1. Once secreted, IL‑1b acts 
on target cells through the IL‑1RI receptor. 
Dysregulated IL‑1b secretion is observed in 
several autoimmune diseases, specifically in 
autoinflammatory diseases, and the clinical 
manifestations can be significantly relieved 
by IL‑1b blockade [2].

Clinical pharmacology 
�� Mode of action

Canakinumab is a high affinity, fully human 
monoclonal antihuman IL‑1b antibody of the 
IgG1/k isotype. It was generated using a trans‑
genic mouse strain capable of producing human 
IgGκ monoclonal antibodies. Transgenic mice 
were immunized with human IL‑1b and hybri‑
domas were evaluated by ELISA, resulting in 
the selection of canakinumab [3].

Canakinumab binds to human IL‑1b with 
high affinity, with a dissociation constant of 
approximately 35–40 pM [4]. Upon binding 
to canakinumab, the antibody‑IL‑1b complex 
is unable to attach to the cell surface recep‑
tor therefore interrupting IL‑1b‑dependent 
signaling.

�� Pharmacokinetics
The in vitro biological activity of canakinumab 
was determined in primary human cell cultures. 
Canakinumab neutralized the bioactivity of 
recombinant human IL‑1b in vitro in human 
dermal fibroblasts. It also inhibited the bioac‑
tivity of natural IL‑1b released from human 
 peripheral blood mononuclear cells [5].

Canakinumab was identified as a typical IgG‑
type antibody with low serum clearance and 
long terminal half‑life (6.5–8 days in marmo‑
sets and 15 days in rhesus monkeys) in preclini‑
cal safety studies. In marmosets, canakinumab 
was well tolerated at all dose levels investigated 
(up to 100 mg/kg intravenously (iv.) and up to 
150 mg/kg subcutaneously [sc.]). No treatment‑
related death or clinical signs were observed. 
Embryo‑fetal development toxicity studies in 
marmoset monkeys and mice revealed no evi‑
dence of embryotoxicity or fetal malformations. 
A delay in fetal skeletal development was observed 
in marmosets when using doses 23‑fold the maxi‑
mum recommended human dose. A specific anti‑
mouse IL‑1b was tested in mice in reproductive 
toxicity and immunotoxicity studies. No toxico‑
logically significant findings were identified even 
at doses 15‑fold higher than the maximum effica‑
cious dose in that species. These studies supported 
the use of canakinumab in human subjects [6].

Human studies
More than 30 clinical studies with canakinumab 
in humans have been conducted to date. A total 
of more than 1000 subjects (including more than 
40 children aged ≥4 years) have been enrolled. 
Canakinumab was studied in healthy subjects, in 
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patients with cryopyrin‑associated periodic syn‑
dromes (CAPS), rheumatoid arthritis (RA), sys‑
temic onset juvenile idiopathic arthritis (SoJIA), 
mild asthma, wet macular degeneration, athero‑
sclerosis and gout among others. Safety, toler‑
ability and efficacy data are available from more 
than 1000 subjects. 

�� Human pharmacokinetics
In human studies, canakinumab has a half‑life 
of between 21 and 30 days. The pharmacoki‑
netic (PK) parameters of canakinumab were 
determined in asthma, RA, psoriatic and CAPS 
patients. The PK of canakinumab is linear with 
no evidence of a time‑dependent change. In adult 
CAPS patients, canakinumab was absorbed slowly 
after sc. administration of a single 150‑mg dose, 
reaching peak serum concentration (C

max
 of 16 ± 

3.5 µg/ml) in approximately 7 days. Half‑life is 
long (mean: 26 days) after single sc. administra‑
tion. The absolute bioavailability is estimated to be 
70%. Serum clearance was slow after sc. admin‑
istration depending on body weight but not on 
gender or age and was estimated to be 0.174 l/day 
in a typical CAPS patient of 70 kg. In pediatric 
CAPS patients, the pharmacokinetics of canaki‑
numab was comparable with those seen in adults. 
Peak concentration occurred between 2 and 7 days 
following a single sc. administration 150 mg or 
2 mg/kg. Terminal half‑life ranged from 22.9 to 
25.7 days in pediatric CAPS patients [6].

Human safety & efficacy data
�� Study in healthy volunteers

Canakinumab was safe and well tolerated in 
healthy subjects in doses administered up to 
900 mg by 600 mg iv. plus 300 mg sc. No immu‑
nogenicity was observed during this period. Total 
IL‑1b (free IL‑1b and [canakinumab: IL‑1b] 
complex) was increased in serum after canaki‑
numab treatment but no free IL‑1b was detected 
indicating the sufficient capture of IL‑1b [7]. 
Canakinumab treatment did not significantly 
affect serum levels of IL‑1 receptor antagonist 
(IL‑1Ra), IL‑6 or TNF‑a in healthy volunteers. 

�� Studies in patients 
Canakinumab was first studied in CAPS. In the 
Phase II study, patients received canakinumab 
for more than 300 days. Four CAPS patients 
were exposed to canakinumab for more than 
2.5 years (NCT00487708) [8,101]. Canakinumab 
was administered in sc. doses following a disease 
relapse: adults received 150 mg sc., children were 
treated with a dose of 2 mg/kg sc. Canakinumab 
induced fast and long‑lasting response in CAPS 

patients regarding physician’s global assessment 
of disease activity (fever, joint pain, myalgias, 
headache, conjunctivitis, fatigue) and skin dis‑
ease. Following a single sc. administration of 150 
mg canakinumab, 96.6% of the patients achieved 
complete clinical response in 2–9 days [8]. There 
was no statistically significant difference in the 
median time to relapse after 150 mg sc. dose 
between any subpopulations. In the Phase II 
and pivotal Phase III CAPS study, no death was 
reported and five severe advere events (SAEs) 
were documented. The most frequent adverse 
events (AEs) were infections (upper respiratory 
tract and nasopharyngitis) in both the adult and 
the pediatric population. No immunogenicity 
was observed [8–10].

A Phase II study was conducted in 53 RA 
patients. Altogether, 38 patients received canaki‑
numab iv. Canakinumab showed efficacy as dem‑
onstrated by the number of ACR20 and ACR50 
responders and significant improvement was 
observed in other assessments as DAS28, Health 
Assessment Questionnaire scores, high‑sensitivity 
C‑reactive protein, patient’s global assessment of 
disease activity and physicians’ global assessment 
of disease activity. No significant difference was 
demonstrated in ACR70 responders compared 
with placebo. Regarding safety issues, no deaths 
were observed, approximately five SAEs occurred, 
most commonly infections. Overall, the rate of 
AEs was similar in the treatment and placebo 
groups. Canakinumab was well tolerated and the 
safety profile of canakinumab was comparable to 
that of placebo (NCT00619905) [4,102].

In a Phase II SoJIA study, altogether 23 
children received a single sc. injection of 
0.5–9 mg/kg canakinumab followed by re‑dosing 
upon relapse. Approximately 60% of the patients 
classified responders achieving an adapted pedi‑
atric ACR50 at 2 weeks. No death or discon‑
tinuation due to AEs was observed. Three SAEs 
related to study drug were reported. Altogether 
80% of children presented AEs but there was 
no obvious relationship between the frequency 
and type of AEs and dose. sc. injections were 
well tolerated and no severe tolerability reactions 
were reported. No anticanakinumab antibody 
formation was detected (NCT00426218) [11,103]. 

There are two further Phase III studies 
in SoJIA. One has been completed recently 
and the second is still ongoing. The study 
NCT00889863 that is still ongoing is a two‑part 
study to assess the sustained efficacy of cana‑
kinumab and the ability to taper steroids [104]. 
NCT00886769 is also a Phase III study already 
completed to assess the initial efficacy and safety 
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of canakinumab over a 4‑week period in patients 
with SoJIA having a flare [105,106]. 

A study of 22 patients with mild asthma and 
18 healthy subjects was conducted where cana‑
kinumab showed a modest effect on attenuating 
the late‑phase allergen response. One SAE has 
been reported that was not attributed to the study 
medication. No anticanakinumab antibodies were 
detected. No other clinical or laboratory data 
showed significant changes from pretreatment [12].

iv. canakinumab was studied in patients 
with subfoveal choroidal neovascularization 
secondary to age‑related macular degeneration 
(NCT00503022) [107]. A significant change in 
central retinal thickness was observed in canaki‑
numab‑treated patients after 1 month. Two SAEs 
were observed but none of them was suspected to 
be related to the study drug.

There is an ongoing study of sc. canakinumab 
in atherosclerosis for the prevention of recurrent 
cardiovascular events after myocardial infarction 
(CANTOS study). The purpose of this trial is 
to test the hypothesis that canakinumab treat‑
ment of patients with myocardial infarction will 
prevent recurrent cardiovascular events [101]. 

Canakinumab is also being studied in sev‑
eral other conditions such as osteoarthritis, 
TNF‑receptor‑associated periodic syndrome, 
diabetes, Schnitzler syndrome (a condition of 
urticaria, fever, bone pain, arthritis and an IgM 
gammopathy), urticarial vasculitis, pyoderma 
gangrenosum, hyper IgD syndrome and chronic 
obstructive pulmonary disease [106].

Canakinumab in gouty arthritis
�� Rationale for IL‑1 inhibition in gout

Inflammation in acute gout is induced by tissue 
deposits of monosodium urate (MSU) crystals 
that elicit cellular responses when they come into 
contact with different cell types (monocytes/
macrophages, neutrophils or mast cells). The 
result is the release of inflammatory mediators 
such as proinflammatory cytokines, chemokines, 
prostaglandins and nitric oxide [13,14]. A typical 
acute flare of gout peaks in 1–2 days is followed 
by spontaneous resolution over the following 
10 days. This process is thought to be driven by 
the production of anti‑inflammatory cytokines by 
macrophages [15].

Among the many cytokines implicated, IL‑1 
has a special role. MSU crystals induce IL‑1 
release from different cell types [16] through 
innate immune pathways such as TLR2 and 
TLR4 on the surface of monocytes and mac‑
rophages [17] and activation of the intracellular 
inflammasome complex [18]. IL‑1 has two forms: 

IL‑1α that is constitutively secreted in many cell 
types and IL‑1b that is processed through the 
activation of the inflammasome from its proform 
(pro‑IL‑1b), mainly in monocytes and macro‑
phages. Pro‑IL‑1b is cleaved by the enzyme 
caspase‑1 (previously known as IL‑1‑converting 
enzyme) to its mature form IL‑1b. A number of 
different inflammasomes have been described, 
but the NLRP3 inflammasome plays a key role 
in mediating MSU‑induced inflammation. The 
NLRP3 inflammasome is activated by endog‑
enous or exogenous danger signals such as various 
kinds of microorganisms, metabolic alterations 
and microcrystals like MSU and calcium pyro‑
phosphate and results in IL‑1b release [18]. It is 
still not clear how the activation of the inflam‑
masome is regulated within the cell. A number 
of intracellular mediators are involved in control‑
ling inflammasome activation. One hypothesis 
postulates that the generation of reactive oxygen 
species following cell contact with danger sig‑
nals may be an intermediate step in activating 
caspase‑1 and IL‑1b release. Extracellular ATP 
can also activate the inflammasome by increas‑
ing potassium efflux via the P2X7 receptor and 
thereby changing intracellular calcium concen‑
tration. These complex regulatory mechanisms 
could explain why, despite the continual presence 
of MSU crystals in the joint in patients with gout, 
inflammation is episodic [19].

Besides the induction of IL‑1b secretion, 
recent studies showed that MSU crystals are 
able to induce the release of IL‑1α in vivo [20]. 
There are also inf lammasome‑independent 
mechanisms that are responsible for partial acti‑
vation of IL‑1b. Both in vitro and in vivo studies 
showed that other enzymes than caspase‑1‑like 
elastase and proteinase‑3 are also able to process 
pro‑IL‑1b into active fragments [21,22].

Another important factor in MSU crystals‑
induced inflammatory reaction is preactiva‑
tion of cells. Using pure MSU crystals alone, 
even at very high doses, no IL‑1b production 
was observed [23]. This observation corresponds 
to the situation in patients with gout who 
have deposition of tophi without experiencing 
continuous inflammatory reactions. In these 
patients, inflammatory attacks are often trig‑
gered by copious meal consumption. A recent 
study showed synergistic activity of C18 fatty 
acids and MSU crystals in the induction of IL‑1b 
production in vitro and in vivo as well [23]. Figure 1 
shows mechanisms of MSU crystal‑induced 
IL‑1b production.

Clinical features induced by dysregulated 
IL‑1b production are fever, arthritis, rash and 
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CNS involvement. These symptoms are char‑
acteristics of the hereditary autoinflammatory 
syndromes where mutations in the NLRP3 gene 
results in constitutive IL‑1b production [24]. In 
acute gout, MSU crystal‑induced IL‑1b produc‑
tion leads to local and systemic symptoms such 
as arthritis and fever. 

Clinical aspects of IL‑1 inhibition 
in gout
As IL‑1b is a pivotal proinflammatory cytokine 
strongly associated with the inflammation in 
gout, recently developed IL‑1‑blocking agents 
are being investigated as potential treatment 
options. There are four inhibitors that have been 
studied to date: anakinra (IL‑1Ra), rilonacept 
(IL‑1 Trap), canakinumab and XOMA 052 
(g evokizumab) (monoclonal antibodies to 
IL‑1b). 

Anakinra is a recombinant, nonglycosylated 
form of the human IL‑1Ra. It consists of 153 
amino acids and has a molecular weight of 
17.3 kDa. Anakinra blocks the biologic activity 
of IL‑1 by competitively inhibiting IL‑1 bind‑
ing to the IL‑1 type I receptor (IL‑1RI) that is 

expressed in a wide variety of tissues and organs. 
The absolute bioavailability of anakinra after a 
70 mg sc. bolus injection in healthy subjects is 
95%. In subjects with RA, maximum plasma 
concentrations of anakinra occurred 3–7 h after 
sc. administration of anakinra at clinically rel‑
evant doses (1–2 mg/kg); the terminal half‑life 
ranged from 4 to 6 h. In RA patients, no unex‑
pected accumulation of anakinra was observed 
after daily sc. doses for up to 24 weeks [25]. 

Rilonacept is a dimeric fusion protein con‑
sisting of the ligand‑binding domains of the 
extracellular portions of the human IL‑1RI 
component and IL‑1 receptor accessory protein 
linked in line to the Fc portion of human IgG1. 
Rilonacept has a molecular weight of approxi‑
mately 251 kDa. Rilonacept blocks IL‑1b sign‑
aling by acting as a soluble decoy receptor that 
binds IL‑1b and prevents its interaction with cell 
surface receptors. Rilonacept also binds IL‑1α 
and IL‑1Ra with reduced affinity. The equilib‑
rium dissociation constants for rilonacept bind‑
ing to IL‑1b, IL‑1α and IL‑1Ra were 0.5, 1.4 and 
6.1 pM, respectively. The average trough levels 
of rilonacept were approximately 24 mcg/ml at 
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Figure 1. Mechanisms of monosodium urate crystal‑induced IL‑1b production. A first signal 
(priming) is needed for the production of intracellular pro-IL-1b. This preactivation can be triggered 
for example by C.18.0 FFA via TLR2 or by other TLRs or IL-1R. Then a second signal initiates the 
assembly of the inflammasome. The second signal can be the stimulation of the P2X7 receptor by 
extracellular ATP or the phagocytosed MSU crystals. These events induce potassium efflux and ROS 
production that leads to the inflammasome assembly. The activated NLRP3 inflammasome then 
process IL-1b from pro-IL-1b via caspase-1. There are other enzymes, protease-3 and elastase, that 
can process IL-1b from its proform in an inflammasome-independent way. Mature IL-1b is then 
secreted to the extracellular space. Canakinumab blocks IL-1b with high affinity and high specificity.
MSU: Monosodium urate; ROS: Reactive oxygen species.



Canakinumab for the treatment of gout Drug EvaluationDrug Evaluation Pazár Maldonado & So

www.futuremedicine.com 609future science group

steady‑state following weekly sc. doses of 160 mg 
for up to 48 weeks in patients with CAPS. The 
steady‑state appeared to be reached by 6 weeks. 
Bioavailability of rilonacept after a sc. injec‑
tion is estimated to be approximately 50%. Its 
t erminal half‑life is 7.72 days [26,27]. 

XOMA 052 is a Human Engineered™ IgG2 
antibody with 97% human sequence and a 
half‑life of 22 days. It has an ultra‑high binding 
affinity for IL‑1b of 300 fM. Besides its high 
specificity for IL‑1b it simultaneously reduces 
the affinity of IL‑1b for IL‑1RI while leaving 
affinity for IL‑1RII and the soluble inhibitory 
receptors largely unaffected by antibody bind‑
ing. XOMA 052 is a potent inhibitor of IL‑1b 
activity both in vitro and in vivo [28]. 

With the exception of XOMA 052, which 
is currently in Phase II studies, the other three 
agents are available in the market, though none 
of them are officially approved for the treatment 
of gouty arthritis. In case of anakinra, besides 
some case reports, one clinical study has been 
published of ten patients with acute gout who 
presented either intolerance or contraindications 
to NSAID or colchicine. In all patients 100 mg of 
sc. anakinra daily for 3 days was used. The study 
showed rapid clinical response in all patients and 
no AEs were observed [29]. Rilonacept was inves‑
tigated in a small placebo‑controlled study of 
ten patients with chronic gout. Patients received 
sc. rilonacept once a week beginning with a load‑
ing dose of 320 mg, followed by 160 mg once a 
week. It showed a significant reduction in pain 
and signs of inflammation [30]. Rilonacept was 
also effective in the prevention of acute gout 
during initiation of urate‑lowering therapy [31]. 
A large Phase III study with rilonacept in patients 
with acute gout attack has recently been com‑
pleted (NCT00856206) [108]. sc. rilonacept was 
compared with per os indomethacine treatment in 
subjects with gout flare who are on urate‑lowering 
therapy. Inhibition of IL‑1 with rilonacept did 
not provide additional pain relief within 72 h of 
flare onset. These results suggest that inhibition of 
IL‑1 by rilonacept in acute gout flare is clinically 
less effective than for gout flare prophylaxis [32]. 

Canakinumab studies in gout
Up to ten clinical studies with canakinumab have 
been conducted or are ongoing in gouty arthritis to 
date (Table 1). The target dose of canakinumab was 
determined in a Phase II trial (NCT00798369) 
in 200 gout patients who were refractory or con‑
traindicated to NSAIDs or colchicine [109]. The 
results of this study indicated that canakinumab 
is effective in treating acute gout flares in these 

patients inducing rapid and sustained pain reduc‑
tion and reducing risk of recurrent flares. Superior 
efficacy was shown by 150 mg canakinumab sc. 
compared with 40 mg triamcinolone acetonide 
intramuscular in all assessments, including time 
to 50% reduction in pain, patient’s and physi‑
cian’s global assessment, reduction in markers of 
inflammation, rescue medication use and risk of 
recurrent flares [33,34]. By contrast, lower doses of 
canakinumab did not reach statistically signifi‑
cant differences compared with triamcinolone 
acetonide for most efficacy parameters (Figure 2). 
Canakinumab was generally well tolerated. No 
specific organ toxicity or dose‑related effect was 
observed. Four SAEs were reported but they were 
not considered to be related to study medication. 

An exploratory proof‑of‑concept study was con‑
ducted to evaluate the safety and efficacy of cana‑
kinumab for inflammation and pain associated 
with acute gouty arthritis in hospitalized patients 
(NCT00663169) [110]. The study is  completed to 
date but the results are not published. 

Another study evaluated canakinumab com‑
pared with colchicine for prophylaxis of signs and 
symptoms of acute flares in chronic gout patients 
initiating allopurinol therapy (NCT00819585) 
[111]. Single canakinumab doses ≥50 mg or 
4‑weekly doses provided superior prophylaxis 
against flares compared with daily colchicine 
0.5 mg. There was a 64–72% reduction in the 
risk of experiencing ≥1 flare for canakinumab 
doses ≥50 mg versus colchicine at 16 weeks and 
the percentage of patients experiencing ≥1 flare 
was significantly lower for all canakinumab doses 
versus colchicine [35].

Additional long‑term safety of canakinumab 
up to 1 year has been investigated in an open‑
label extension study (NCT00927810) to collect 
further efficacy and tolerability data [112]. Patients 
from the study (NCT00819585) were treated on 
demand with canakinumab in this extension 
study [101,111].

The results of two Phase III studies are also avail‑
able. Trial NCT01029652 and NCT01080131 
were designed to demonstrate that canakinumab 
given upon acute gout flares relieves the signs and 
symptoms and prevents recurrence of gout flares 
in patients with frequent flares of gout for whom 
NSAIDs and/or colchicine are contraindicated, 
not tolerated or ineffective [113,114]. The efficacy 
of canakinumab was compared with the corticos‑
teroid triamcinolone acetonide. Patients received 
either canakinumab 150 mg sc. or triamcinolone 
acetonide 40 mg intramuscular Canakinumab 
provided a statistically significant reduction in 
pain intensity in the target joint at time points 
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Table 1. Canakinumab trials in gout.

Study 
identification 
number (status)

Study purpose Clinical 
phase

Treatment arms Ref.

NCT00663169 
CACZ885A2212 
(Completed)

An exploratory proof-of-concept study to evaluate the safety 
and efficacy of canakinumab for inflammation and pain 
associated with acute gouty arthritis

Phase II Experimental: 
Canakinumab
Active comparator: 
Canakinumab

[110]

NCT00819585 
CACZ885H2251 
(Completed)

A 24-week, dose-ranging, multicenter, double-blind, 
double-dummy, active-controlled study to evaluate 
canakinumab for prophylaxis of signs and symptoms of acute 
flares in chronic gout patients initiating allopurinol therapy

Phase II Experimental: 
Canakinumab 25 mg sc. 
Canakinumab 50 mg sc. 
Canakinumab 50 mg sc. followed 
by canakinumab 25 mg sc.
Canakinumab 100 mg sc. 
Canakinumab 200 mg sc.
Canakinumab 300 mg sc. 
Active comparator: 
Colchicine 0.5 mg capsule orally 

[30,111]

NCT00927810
CACZ885H2251E1 
(Completed)

This 24-week open-label extension study is designed to 
provide additional long-term safety data up to a total of 
1-year for patients rolling over from the core study: 
NCT00819585 

Phase II Experimental:
Canakinumab

[111,112]

NCT00798369 
CACZ885H2255 
(Completed)

This 8-week study is designed to determine the target dose 
of canakinumab for the management of acute flare in gout 
patients who are contraindicated to NSAIDs and/or colchicine 
compared with the corticosteroid triamcinolone acetonide

Phase II Experimental:
Canakinumab 10 mg sc.
Canakinumab 25 mg sc.
Canakinumab 50 mg sc.
Canakinumab 90 mg sc. 
Canakinumab 150 mg sc.
Active comparator:
Triamcinolone acetonide 40 mg im. 

[28,29, 
109] 

NCT01029652 
CACZ885H2356 
(Completed)

To demonstrate that canakinumab given upon acute gout 
flares relieves the signs and symptoms and prevents 
recurrence of gout flares in patients with frequent flares of 
gout for whom NSAIDs and/or colchicine are contraindicated, 
not tolerated or ineffective. The efficacy of canakinumab was 
compared with the corticosteroid triamcinolone acetonide

Phase III Experimental:
Canakinumab 150 mg sc.
Active comparator: 
Triamcinolone acetonide 40 mg im. 

[113]

NCT01071213 
CACZ885H2356E1 
(Completed)

An extension study to collect additional safety, tolerability 
and efficacy data in patients who have completed the core 
study NCT01029652

Phase III Experimental:
Canakinumab 150 mg sc.
Active comparator:
Triamcinolone acetonide 40 mg im.

[116]

NCT01160016
CACZ885H2356E2 
(Ongoing, but not 
recruiting 
participants)

A second extension study is to collect long-term safety and 
tolerability data and additional efficacy data in patients who 
are treated on demand upon flare with canakinumab 

Phase III Experimental:
Canakinumab 150 mg sc.

[117]

NCT01080131 
CACZ885H2357 
(Completed)

To demonstrate that canakinumab given upon acute gout 
flares relieves the signs and symptoms and prevents 
recurrence of gout flares in patients with frequent flares of 
gout for whom NSAIDs and/or colchicine are contraindicated, 
not tolerated or ineffective. The efficacy of canakinumab was 
compared with the corticosteroid triamcinolone acetonide

Phase III Experimental:
Canakinumab 150 mg sc.
Active comparator:
Triamcinolone acetonide 40 mg im.

[114]

NCT01137344 
CACZ885H2357E1 
(Completed)

An extension study is to collect additional safety, tolerability 
and efficacy data in patients who have completed the 
core study 
NCT01080131 to support the registration of canakinumab for 
the indication of gout

Phase III Experimental:
Canakinumab 150 mg sc.
Active comparator:
Triamcinolone acetonide 40 mg im.

[114,118]

NCT01194921 
CACZ885H2357E2 
(Recruiting)

A second extension study to collect long-term safety and 
tolerability data and additional efficacy data in patients who 
are treated on demand upon flare with canakinumab

Phase III Experimental:
Canakinumab 150 mg sc.

[119]

im.: Intramuscular; sc.: Subcutaneous.
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from 12 h to 7 days postdose compared with tri‑
amcinolone acetonide. The median time to 50% 
reduction in baseline pain (VAS) was signifi‑
cantly less with canakinumab (48 h) than with 
triamcinolone acetonide (72 h). Canakinumab 
also delayed the time to first new flare compared 
with triamcinolone acetonide and percentage of 
patients with at least one new flare was lower with 
canakinumab than with triamcinolone acetonide 
in both  studies [36–38]. 

Commercial information
Canakinumab (Ilaris®, Novartis Pharma S.A.S., 
France) was approved by the US FDA in 2009 
for the treatment of CAPS in adults and children 
aged 4 years and older including familial cold 
autoinflammatory syndrome and Muckle–Wells 
syndrome. The recommended dose is 150 mg 
for CAPS patients with body weight greater 
than 40 kg and 2 mg/kg for CAPS patients with 
body weight ≥15 kg and ≤40 kg. For children 
15–40 kg with an inadequate response, the dose 
can be increased to 3 mg/kg. Canakinumab is 
administered every 8 weeks as a single dose via 
sc. injection [6].

Canakinumab was also approved by the EMA. 
The market authorization is valid throughout 

the EU since October 2009. Canakinumab is 
approved by the EMA to treat adults and chil‑
dren aged 4 years and older with a body weight 
of above 15 kg, who have the following types of 
CAPS: Muckle–Wells syndrome, neonatal‑onset 
multisystem inflammatory disease (also known 
as chronic infantile neurological, cutaneous, 
articular syndrome), severe forms of familial cold 
autoinflammatory syndrome and familial cold 
urticaria. As the number of patients with CAPS 
is low, the diseases are considered ‘rare’, and cana‑
kinumab was designated an ‘orphan medicine’ 
on 20 March 2007. This product is no longer an 
orphan medicine. Upon request of the marketing 
authorization holder, canakinumab has now been 
removed from the Community Register of orphan 
medicinal products. Dosage recommendation is 
similar to that of the FDA. For patients weighing 
from 15 to 40 kg the recommended dose is 2 mg/
kg body weight as a single injection every 8 weeks. 
For patients weighing more than 40 kg, the rec‑
ommended dose is 150 mg every 8 weeks. If the 
patient’s symptoms do not improve after 7 days, 
a second dose can be considered and if the symp‑
toms subsequently improve the patients should 
then be maintained on a d ouble dose (300 mg or 
4 mg/kg) every 8 weeks [39].
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Figure 2. Percentage of patients experiencing no or mild pain, following administration of 
study drug. Pain reduction in patients with acute gout flare after single dose of canakinumab 
150 mg subcutaneous compared with triamcinolone acetonide. The percentage of patients with no 
or mild pain was numerically greater in most canakinumab groups compared with triamcinolone 
acetonide from 24 to 72 h postdose and the difference was statistically significant for the 150-mg 
group at these time points (*p < 0.05 for canakinumab 150 mg vs triamcinolone acetonide 40 mg). 
Reproduced from study NCT00798369 [34,109].
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Ilaris is approved in more than 40 countries 
to treat adults and children suffering from 
CAPS that affect approximately one in one 
million people. According to sales informa‑
tion of 2010 this market reached US$26 mil‑
lion compared with $3 million in 2009 [115]. 
Novartis is pursuing expansion into additional 
indications. Positive results were shown with 
RA [4] and gout [33–35] and larger clinical trials 
are ongoing in CAPS, gout and atherosclerosis 
as a promising indication. In SoJIA a proof‑of‑
concept study has also shown positive results [11] 
and the results of the other larger SoJIA studies 
are not yet published.

Conclusion
Canakinumab is a fully human monoclonal anti‑
body to IL‑1b. It is developed by Novartis and is 
approved for the treatment of CAPS in adults, 
adolescents and children aged 4 years and older 
by the FDA and the EMA. Other IL‑1‑blocking 
agents in the market are rilonacept (Arcalyst™) 
and anakinra (Kineret®). The advantages of 
canakinumab compared with these agents are 
its high specificity to IL‑1b and longer half‑life. 
IL‑1b is proved to be one of the most important 
inflammatory cytokines involved in acute gouty 
inflammation, therefore acute gout is a promis‑
ing indication for canakinumab treatment. Up 
to ten clinical studies with canakinumab have 
been conducted in acute gout to date. The target 
dose of canakinumab was determined as a single 
dose of 150 mg sc. in gout flare. This treatment 
showed superior efficacy compared with 40 mg 
triamcinolone intramuscular in all assessments 
during the Phase II study. Canakinumab showed 
promising results in gout flare prophylaxis as 
well. Single doses ≥50 mg provided superior 
prophylaxis compared with daily colchicine. 
Phase III studies recently showed that canaki‑
numab 150 mg sc. relieves the signs and symp‑
toms and prevents recurrence of gout flares in 
patients with frequent flares of gout for whom 
NSAIDs and/or colchicine are contraindicated. 
Canakinumab is safe and effective alternative 
for the treatment of acute gout flares for patients 
that are refractory to standard treatment or have 
contraindication.

Future perspective
The role of IL‑1b has become more important in 
inflammatory and autoimmune diseases. IL‑1‑
blocking agents have recently been developed for 
a range of therapeutic indications. Most of these 
molecules act by blocking the IL‑1 receptor or 
the IL‑1b cytokine. 

Canakinumab is the third IL‑1 inhibitor that 
has been approved for the treatment of inflam‑
matory disorders after anakinra and rilonacept. 
It has several advantages compared with these 
other agents. Canakinumab is highly specific 
for IL‑1b and does not interfere with other IL‑1 
pathways. It has a longer half‑life therefore it 
does not need to be administered in high doses 
or in frequent injections. 

Standard treatment of acute gout includes 
NSAIDs or colchicine. However, gout patients 
frequently have multiple comorbidities there‑
fore NSAIDs or colchicine are often contrain‑
dicated. As the incidence and prevalence of gout 
are increasing [40,41] there is a need for more 
effective treatments especially for patients that 
are refractory to standard treatment or have 
contraindications. Canakinumab is a safe and 
effective choice for the treatment of acute gout 
flares and significantly reduces the risk of recur‑
rent flares. It is inappropriate to treat all cases 
of acute gout in this way, but it is a promis‑
ing alternative therapy. Other conditions have 
been successfully treated with the IL‑Ra includ‑
ing Still’s disease (both juvenile onset and 
adult types), Schnitzler’s syndrome and acute 
arthritis due to calcium pyrophosphate dihy‑
drate. Suggesting that inflammasome‑mediated 
IL‑1 production has a role in the pathophysi‑
ology, canakinumab is currently being tested 
in some of these conditions. In the future, the 
field of inflammasome research will continue 
to expand and new therapeutics will target 
inflammasome activity directly. A selective 
inhibitor of inflammatory caspases, VX‑765 
(Vertex Pharmaceuticals, Cambridge, MA, 
USA) blocks IL‑1 secretion in mice and in vitro 
in human cells from patients carrying NLRP3 
mutations [42]. Another compound, 17‑DMAG, 
a water‑soluble HSP90 inhibitor, which blocks 
the NLRP3 inflammasome assembly has shown 
promising results in mice [43]. The increasing 
knowledge on the mechanism of the inflamma‑
tory response to MSU crystals will provide as 
well new targets for drug development.
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Executive summary

 � Canakinumab is a high-affinity fully human monoclonal antihuman IL-1b antibody.
 � Canakinumab has the pharmacokinetics of an IgG1-type antibody: low volume distribution, low clearance and long half-life (26 days).
 � Canakinumab is approved by the US FDA and the EMA in more than 40 countries for the treatment of cryopyrin-associated periodic 

syndromes.
 � Ongoing canakinumab studies target other promising indications such as systemic-onset juvenile idiopathic arthritis, gout and 

athrosclerosis.
 � IL-1b has a pivotal role in inflammatory reactions in acute gout.
 � IL-1 inhibition is a safe and effective alternative treatment option in gout flares.
 � IL-1 inhibitors on the market to date: anakinra, rilonacept and canakinumab.
 � Canakinumab 150 mg subcutaneous provides rapid and sustained pain relief in acute gouty arthritis and significantly reduces the risk of 

recurrent flares.
 � Advantages of canakinumab compared with other IL-1-blocking agents: high specificity to IL-1b, longer half-life therefore no need for 

high doses or frequent injections.
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