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ABSTRACT
Objective This study assessed the efficacy and safety of
canakinumab, a fully human anti-interleukin 1β monoclonal
antibody, for prophylaxis against acute gouty arthritis flares
in patients initiating urate-lowering treatment.
Methods In this double-blind, double-dummy, doseranging study, 432 patients with gouty arthritis initiating
allopurinol treatment were randomised 1:1:1:1:1:1:2
to receive: a single dose of canakinumab, 25, 50, 100,
200, or 300 mg subcutaneously; 4×4-weekly doses of
canakinumab (50+50+25+25 mg subcutaneously);
or daily colchicine 0.5 mg orally for 16 weeks. Patients
recorded details of flares in diaries. The study aimed
to determine the canakinumab dose having equivalent
efficacy to colchicine 0.5 mg at 16 weeks.
Results A dose-response for canakinumab was not
apparent with any of the four predefined dose-response
models. The estimated canakinumab dose with
equivalent efficacy to colchicine was below the range
of doses tested. At 16 weeks, there was a 62% to 72%
reduction in the mean number of flares per patient for
canakinumab doses ≥50 mg versus colchicine based
on a negative binomial model (rate ratio: 0.28–0.38,
p≤0.0083), and the percentage of patients experiencing
≥1 flare was significantly lower for all canakinumab
doses (15% to 27%) versus colchicine (44%, p<0.05).
There was a 64% to 72% reduction in the risk of
experiencing ≥1 flare for canakinumab doses ≥50
mg versus colchicine at 16 weeks (hazard ratio (HR):
0.28–0.36, p≤0.05). The incidence of adverse events
was similar across treatment groups.
Conclusions Single canakinumab doses ≥50 mg or four
4-weekly doses provided superior prophylaxis against
flares compared with daily colchicine 0.5 mg.

INTRODUCTION
Gouty arthritis is a painful inﬂammatory arthritis that becomes increasingly prevalent with age,
affecting around 10% of men and 6% of women
over 70 years old.1 2 It results from deposition of
monosodium urate (MSU) crystals in joints, which
leads to painful inﬂammatory acute gouty arthritis ﬂares.3 4 An increasing number of patients have
comorbidities which make standard therapies inappropriate.5 Such patients may develop difﬁcult-totreat disease, characterised by frequent ﬂares and
persistent inﬂammation between ﬂares which contribute to joint damage6 and have a major impact
on health-related quality of life7 8 and an individual’s ability to work.9
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Long-standing elevated body uric acid pools
can lead to increased serum urate (SU) levels and
formation of MSU crystals. An important goal in
the long-term management of gouty arthritis is the
reduction of SU levels to below 6 mg/dl so as to
prevent formation of new crystals, dissolve existing crystals and ultimately decrease the incidence
of ﬂares.10 11 This is achieved with urate lowering
therapies (ULT).12 Allopurinol is the most commonly used ULT and the current standard of care.
During the ﬁrst weeks and months after initiating
ULT, rapid reductions in SU levels can induce acute
gouty arthritis ﬂares.13–17 Therefore, when initiating a patient on ULT, prophylactic low-dose antiinﬂammatory treatment is recommended to prevent
ﬂares and foster compliance with ULT. Low-dose
colchicine is the most commonly prescribed drug
for prophylaxis in patients initiating ULT, but it has
signiﬁcant shortcomings. Some patients have contraindications to colchicine whereas others do not
tolerate colchicine or still experience ﬂares. Evidence
for the efﬁcacy of colchicine as prophylaxis against
ﬂares comes from two small studies and a larger
study performed 50 years ago.18–20 Three recent
trials used colchicine for prophylaxis in patients
initiating ULT (with febuxostat), but provide limited data on the efﬁcacy of colchicine.17 21 22 There
is therefore a need for more rigorous assessment
of the efﬁcacy of colchicine as prophylaxis against
ﬂares following ULT initiation and the introduction
of alternative therapies.
Several lines of evidence suggest that the proinﬂammatory cytokine, interleukin 1β (IL-1β), plays
a key role in mediating the initiation of inﬂammation in gouty arthritis in a similar manner to that
occurring in the hereditary autoinﬂammatory syndrome, cryopyrin-associated periodic syndrome
(CAPS),23 24 and may also contribute to joint
destruction in gouty arthritis.6 25 26 This suggests
that selective blockade of IL-1β signalling may provide effective prophylaxis against ﬂares in patients
with gouty arthritis and is supported by results
showing that IL-1β blockade with canakinumab,
a fully human monoclonal antibody to IL-1β with
a half-life of 3–4 weeks,27 can effectively reduce
pain, inﬂammation and the risk of recurrent ﬂares
in patients with acute gouty arthritis.28 Here, we
report the results of a dose-ranging, active-controlled phase II trial to assess the efﬁcacy, safety and
tolerability of canakinumab as prophylaxis against
ﬂares in patients initiating allopurinol treatment.
Ann Rheum Dis 2011;70:1264–1271. doi:10.1136/ard.2010.144063
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METHODS
Study design
This was a 24-week, dose-ranging, multicentre, double-blind,
double-dummy, active-controlled study and was approved by
all responsible independent ethics committees. The study was
performed in accordance with the International Conference on
Harmonisation of Technical Requirements for Registration of
Pharmaceuticals for Human Use (ICH) Harmonised Tripartite
Guidelines for Good Clinical Practice and the ethical principles
laid down in the Declaration of Helsinki, and all patients provided
written informed consent. The trial was registered with http://
www.clinicaltrials.gov (registration number: NCT00819585).
At screening, patients indicated which of their joints was most
affected by previous gouty arthritis ﬂares. Eligible patients were
subsequently randomised 1:1:1:1:1:1:2 to receive a single dose of
canakinumab, 25 mg, 50 mg, 100 mg, 200 mg, or 300 mg on day
1, or four canakinumab doses administered at 4-weekly intervals (50 mg on day 1 and at week 4, and 25 mg at weeks 8 and
12), or daily oral doses of colchicine 0.5 mg given for 16 weeks.
In order to achieve blinding for patients and investigators, all
patients received subcutaneous injections of canakinumab or
canakinumab placebo on day 1, and at weeks 4, 8 and 12, and
took capsules of colchicine or colchicine placebo daily for 16
weeks (see supplementary material for details). Patients were
followed for 24 weeks.
Allopurinol treatment (100–300 mg) was initiated at baseline
or within 1 month before baseline and was administered to all
randomised patients once daily for 24 weeks (see supplementary
material for details). Patients could receive rescue medication as
needed (see supplementary material for details).

Patients
Inclusion criteria were: age 18–80 years, diagnosis of gouty
arthritis as deﬁned by the American College of Rheumatology
1977 preliminary criteria,29 having had at least two gouty arthritis ﬂares in the previous year, body mass index (BMI) of ≤40 kg/
m2 and willingness to initiate allopurinol treatment or having
initiated allopurinol treatment within 1 month of screening.
Key exclusion criteria were: having a gouty arthritis ﬂare
within 2 weeks of screening, present at screening, or having pain
associated with a ﬂare at screening; history of allergy, contraindication, or intolerance to allopurinol or colchicine (see supplementary material for further details).

Assessments
Flares were patient reported. For each ﬂare, patients recorded in
a diary the start date, the most affected joint on that day and the
severity of pain (see supplementary material for further details).
Patients also recorded rescue medication use and pain for at least
7 days after the onset of the ﬂare or longer if the ﬂares persisted
for more than 7 days.
Safety assessments were performed at scheduled visits (2, 4,
8, 12, 16, 20 and 24 weeks) and included collection of blood
samples for assessment of the inﬂammatory marker, C reactive
protein (CRP), haematology and immunogenicity (at baseline
and weeks 8, 16 and 24) and doctor’s assessments of local tolerability at sites of subcutaneous injections. Adverse events (AEs)
were reported throughout the study.
The primary outcome was determination of the canakinumab dose producing equivalent efﬁcacy to that achieved with
colchicine 0.5 mg, with respect to the mean number of ﬂares
per patient occurring within 16 weeks post randomisation (ie,
the target dose). Secondary efﬁcacy outcomes included: mean
Ann Rheum Dis 2011;70:1264–1271. doi:10.1136/ard.2010.144063

number of ﬂares per patient, proportion of patients with at least
one ﬂare, time to ﬁrst ﬂare, average duration of ﬂares and CRP
levels (see supplementary material for further details). Safety
variables included the incidence of AEs, serious AEs (SAEs) and
infectious AEs, the incidence and severity of injection-site reactions, and immunogenicity.

Sample size determination and statistical analysis
A sample size of 350 patients (50 patients in each of the
5 canakinumab single-dose groups and 100 patients in the colchicine group) was considered sufﬁcient to give a 95% conﬁdence
interval (CI) of the target dose with reasonable precision. In
order to increase the precision of the analysis the planned total
sample size of 400 was increased to approximately 440 patients
(see supplementary material for more details).
A preplanned interim analysis was performed when 200
patients had completed 16 weeks. Efﬁcacy and safety analyses
were then performed when all patients had completed the study
(24 weeks).
For determination of the primary outcome, the number of
ﬂares per patient during 16 weeks was modelled using a negative binomial distribution and a common overdispersion (variance divided by expectation minus 1) for all treatment arms (see
supplementary material for more details).
The main secondary outcome was the mean number of
ﬂares per patient at 16 weeks. Data were analysed according
to an analysis of covariance (ANCOVA) with treatment group,
allopurinol dose at baseline and BMI at baseline as covariates.
However, as the distribution of ﬂares per patient was observed
to be skewed, the preplanned ANCOVA was considered inappropriate for these data. Therefore a post hoc analysis using a
negative binomial model with treatment group, allopurinol dose
at baseline and BMI at baseline as covariates and log (time on
study) as an offset was performed with an adjustment made for
multiplicity (see supplementary material for further details of
analyses for secondary outcomes).

RESULTS
Baseline demographics and disease characteristics
Between December 2008 and August 2009, 432 patients from
75 centres in 16 countries were randomised to treatment; 391
patients (90.5%) completed the study (ﬁgure 1). Demographic
and baseline disease characteristics were generally well balanced across treatment groups (table 1). Most patients were men
(89% to 100%) and 28% to 44% had had gouty arthritis for
at least 10 years. At baseline, many patients had very high SU
levels (≥9 mg/dl; 35% to 55%). The mean number of ﬂares in
the past year ranged from 3.6 to 4.7 for the different treatment
groups. Approximately 6% of patients had reduced renal function, deﬁned as having an estimated creatinine clearance rate
(CrCl) below the normal range for age and sex (table 1).

Primary outcome: determination of canakinumab target dose
No evidence of a dose-response was seen in any of the four
predeﬁned dose response models. The estimated canakinumab
dose with equivalent efﬁcacy to colchicine was below the range
of canakinumab doses tested.

Secondary outcomes
Clinical outcomes
The least-squares (LS) mean number of ﬂares per patient for the
16 weeks (according to the preplanned ANCOVA) was lower for
1265
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Figure 1 Patient disposition. Patients were recruited from the following countries (number of centres): Argentina (1), Belgium (2), Columbia (5),
Czech Republic (5), Germany (5), Guatemala (5), Hungary (4), Poland (2), Portugal (3), Russia (7), Singapore (1), Slovakia (6), South Africa (4), Spain
(4), Taiwan (4), Turkey (8), UK (2) and USA (20).
all canakinumab doses compared with colchicine 0.5 mg; differences were statistically signiﬁcant for the canakinumab 100 mg
and 300 mg doses (p≤0.05, table 2). (The LS mean number of
ﬂares per patient is the best-ﬁtting unbiased estimate calculated
from the ANCOVA model.) However, as the distribution of ﬂares
per patient was observed to be skewed (most patients had no or
few ﬂares and few had many ﬂares), the preplanned ANCOVA
was considered inappropriate for these data. Therefore a post
hoc analysis using a negative binomial model (the model used
for the primary outcome) was performed after unblinding at
16 weeks. According to this analysis, there was a 62% to 72%
reduction in the mean number of ﬂares per patient for canakinumab doses ≥50 mg versus colchicine (rate ratio: 0.28–0.38,
p≤0.0083) (table 2).
The percentage of patients experiencing at least one ﬂare in
the 16-week period was lower for all canakinumab groups versus colchicine 0.5 mg (canakinumab, 15% to 27%; colchicine,
44%, p≤0.05), and all patients receiving canakinumab were
1266

signiﬁcantly less likely to experience at least one ﬂare compared
with patients treated with colchicine (estimated odds ratio (OR)
vs colchicine: 0.22–0.47, p≤0.05) (table 2). In addition, time to
ﬁrst new gouty arthritis ﬂare was longer with all canakinumab
groups compared with colchicine 0.5 mg (ﬁgure 2) and there
was a 64% to 72% reduction in the risk of experiencing at least
one ﬂare for canakinumab doses ≥50 mg versus colchicine at
16 weeks (HR: 0.28–0.36, p≤0.05) (table 2). The average duration (LS mean) for all ﬂares over the 16-week period was shorter
in all canakinumab groups compared with colchicine 0.5 mg:
2.8–4.6 days versus 5.1 days (table 2). Differences in average
duration between all canakinumab groups versus colchicine
0.5 mg, however, were not statistically signiﬁcant.

CRP levels
An initial decrease in median CRP levels was seen in all treatment
groups (ﬁgure 3). For all canakinumab doses ≥50 mg, median
CRP values remained consistently lower than in the colchicine
Ann Rheum Dis 2011;70:1264–1271. doi:10.1136/ard.2010.144063
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Table 1
Variable

Demographic and baseline characteristics (safety set)
Canakinumab
25 mg n=55

Male, n (%)
55 (100.0)
Age, years
Mean (SD)
50.7 (9.72)
Median (range)
52.0 (27–78)
Race, n (%)
Caucasian
42 (76.4)
Black
1 (1.8)
Asian
4 (7.3)
Other
8 (14.5)
BMI, kg/m2
Mean (SD)
31.03 (4.63)
Median (range)
30.0 (22–40)
Classification of gouty arthritis, n (%)*
Acute monoarticular gouty
15 (27.3)
arthritis
Acute oligoarticular gouty
27 (49.1)
arthritis
Acute polyarticular gouty
13 (23.6)
arthritis
Duration of gouty arthritis, n (%)
<1 year
3 (5.5)
1–5 years
13 (23.6)
6–10 years
15 (27.3)
>10 years
24 (43.6)
Number of flares in previous year
Mean (SD)
3.7 (2.27)
Median (range)
3.0 (1–14)
Allopurinol dose at baseline, mg daily
Mean (SD)
261.8 (65.2)
Median (range)
300.0 (100–300)
Patients starting allopurinol
6 (10.9)
before baseline, n (%)
Creatinine clearance (ml/min),† n (%)
Low
2 (3.6)
Normal
31 (56.4)
High
22 (40.0)
Serum urate, n (%)
≥6 mg/dl
50 (90.9)
≥9 mg/dl
30 (54.5)
CRP, mg/l
Mean (SD)
5.9 (9.88)
Median (range)
2.9 (0–70)
SAA, mg/l
Mean (SD)
8.7 (11.90)‡
Median (range)
3.8 (1–61)
HAQ SDI score
Mean (SD)
0.38 (0.47)‡
Median (range)
0.25 (0–2.0)
Employment status
Working in paid, unpaid or
40 (72.7)
voluntary employment

Canakinumab
50 mg n=54

Canakinumab
100 mg n=54

Canakinumab
200 mg n=54

Canakinumab
300 mg n=53

Canakinumab
every 4 weeks
n=53

Colchicine
0.5 mg n=108

51 (94.4)

48 (88.9)

50 (92.6)

51 (96.2)

49 (92.5)

101 (93.5)

54.4 (12.18)
53.0 (32–78)

51.3 (12.41)
51.0 (27–79)

52.6 (10.78)
53.5 (29–74)

52.4 (11.30)
51.0 (30–74)

52.8 (10.38)
53.0 (23–72)

52.4 (10.69)
54.0 (20–77)

43 (79.6)
1 (1.9)
4 (7.4)
6 (11.1)

36 (66.7)
2 (3.7)
10 (18.5)
6 (11.1)

39 (72.2)
2 (3.7)
5 (9.3)
8 (14.8)

36 (67.9)
3 (5.7)
4 (7.5)
10 (18.9)

41 (77.4)
3 (5.7)
2 (3.8)
7 (13.2)

87 (80.6)
4 (3.7)
5 (4.6)
12 (11.1)

30.51 (4.35)
29.9 (22–40)

29.88 (4.69)
29.8 (21–40)

30.60 (4.12)
30.4 (20–38)

30.63 (4.64)
30.4 (17–40)

29.62 (4.32)
29.7 (18–38)

30.30 (4.66)
29.2 (22–40)

19 (35.2)

20 (37.0)

11 (20.4)

17 (32.1)

20 (37.7)

37 (34.3)

10 (18.5)

22 (40.7)

20 (37.0)

14 (26.4)

13 (24.5)

28 (25.9)

25 (46.3)

12 (22.2)

23 (42.6)

22 (41.5)

20 (37.7)

43 (39.8)

3 (5.6)
23 (42.6)
6 (11.1)
22 (40.7)

2 (3.7)
25 (46.3)
12 (22.2)
15 (27.8)

6 (11.1)
14 (25.9)
15 (27.8)
19 (35.2)

4 (7.5)
20 (37.7)
10 (18.9)
19 (35.8)

2 (3.8)
15 (28.3)
18 (34.0)
18 (34.0)

9 (8.3)
39 (36.1)
27 (25.0)
33 (30.6)

4.3 (2.82)
3.0 (2–14)

3.6 (2.26)
3.0 (2–12)

4.7 (4.51)
3.0 (1–25)

4.5 (3.68)
4.0 (2–20)

4.4 (4.13)
3.0 (2–24)

4.3 (3.82)
3.0 (1–25)

263.0 (65.3)
300.0 (100–300)
8 (14.8)

263.0 (65.3)
300.0 (100–300)
10 (18.5)

257.4 (66.2)
300.0 (100–300)
8 (14.8)

264.2 (65.3)
300.0 (100–300)
6 (11.3)

258.5 (66.3)
300.0 (100–300)
8 (15.1)

261.1 (65.3)
300.0 (100–300)
12 (11.1)

2 (3.7)
27 (50.0)
25 (46.3)

2 (3.7)
27 (50.0)
25 (46.3)

4 (7.4)
26 (48.1)
24 (44.4)

7 (13.2)
19 (35.8)
27 (50.9)

2 (3.8)
27 (50.9)
24 (45.3)

6 (5.6)
58 (53.7)
44 (40.7)

48 (88.9)
19 (35.2)

49 (90.7)
20 (37.0)

50 (92.6)
28 (51.9)

49 (92.5)
25 (47.2)

46 (85.2)
22 (41.5)

96 (88.9)
51 (47.2)

9.1 (18.84)
3.4 (0–93)

4.5 (8.02)
1.8 (0–51)

8.7 (15.40)
3.7 (0–93)

7.8 (15.98)
3.2 (0–81)

5.9 (6.59)
3.1 (0–30)

5.9 (8.30)
2.7 (0–49)

18.8 (53.89)
4.9 (0–364)

8.2 (17.35)‡
3.7 (0–120)

18.3 (61.46)§
5.5 (1–438)

15.6 (61.90)‡
4.3 (1–446)

12.4 (22.47)‡
4.8 (0–139)

11.5 (28.71)¶
4.6 (0–270)

0.48 (0.60)
0.25 (0–2.1)

0.39 (0.59)
0.06 (0–2.6)

0.38 (0.55)
0 (0–2.5)

0.35 (0.58)‡
0 (0–2.1)

0.42 (0.63)
0.13 (0–2.1)

0.42 (0.66)
0.06 (0–2.8)

28 (51.9)

35 (64.8)

37 (68.5)

37 (69.8)

35 (66.0)

73 (67.6)

*p=0.016 from χ2 test for comparability across all groups.
†Creatinine clearance estimated using the Cockcroft–Gault formula. Normal range for women aged: 16–50 years, 65–110 ml/min; 51–70 years, 50–90 ml/min; 71–110 years, 35–60
ml/min. Normal range for men aged: 16–50 years, 80–125 ml/min; 51–70 years, 55–100 ml/min; 71–110 years, 40–75 ml/min.
‡Data missing for one patient.
§Data missing for two patients.
¶Data missing for four patients.
BMI, body mass index; CRP, C reactive protein; HAQ SDI, Health Assessment Questionnaire Standard Disability Index; SAA, serum amyloid A; SD, standard deviation.

group throughout the study and were below the upper limit of
the normal range (ULN, 3.0 mg/dl) up to week 24.

SU levels
At baseline, 85.2% to 92.6% of patients had SU levels ≥6 mg/dl
(table 1). At 16 weeks 38.9% to 53.7% of patients treated with
canakinumab and 46.3% of patients treated with colchicine
Ann Rheum Dis 2011;70:1264–1271. doi:10.1136/ard.2010.144063

achieved SU levels <6 mg/dl and similar results were reported
for week 24 (canakinumab, 37.0% to 50.9%; colchicine,
41.7%).

Safety and tolerability
Safety results for the individual dose groups are summarised
in table 3. The incidence of AEs over the 24-week period was
1267

1268
0.34 (0.17 to 0.69)§
9 (16.7)
0.25 (0.11 to 0.56)†
0.32 (0.16 to 0.66)†
9
3.66 (1.20)
−1.42 (−4.00 to 1.16)

0.60 (0.34 to 1.06)

15 (27.3)
0.47 (0.23 to 0.95)†

0.57 (0.32 to 1.02)

15
4.62 (0.97)
−0.46 (−2.59 to 1.67)

8
2.80 (1.35)
−2.28 (−5.02 to 0.47)

0.28 (0.13 to 0.58)†

8 (14.8)
0.22 (0.09 to 0.51)†

0.28 (0.13 to 0.60)§

0.23 (0.19)
−0.52 (−0.95 to −0.08)†

Canakinumab
100 mg n=54

9
3.59 (1.25)
−1.49 (−4.08 to 1.10)

0.36 (0.18 to 0.71)†

10 (18.5)
0.28 (0.13 to 0.61)†

0.37 (0.19 to 0.72)§

0.41 (0.19)
−0.34 (−0.77 to 0.10)

Canakinumab
200 mg n=54

8
3.09 (1.28)
−1.98 (−4.70 to 0.73)

0.28 (0.13 to 0.60)†

8 (15.1)
0.22 (0.10 to 0.52)†

0.29 (0.14 to 0.60)§

0.23 (0.19)
−0.52 (−0.95 to −0.08)†

Canakinumab
300 mg n=53

9
3.33 (1.23)
−1.75 (−4.34 to 0.84)

0.32 (0.16 to 0.66)†

9 (16.7)
0.25 (0.11 to 0.56)†

0.38 (0.19 to 0.77)§

0.70 (0.19)
−0.05 (−0.48 to 0.38)

Canakinumab every
4 weeks n=54

48
5.08 (0.62)
NA

NA

48 (44.4)
NA

NA

0.75 (0.14)

Colchicine
0.5 mg n=108

*ANCOVA with treatment group, allopurinol dose at baseline and BMI at baseline as covariates.
†p≤0.05 versus colchicine 0.5 mg group.
‡Post hoc analysis: Rate ratio estimated from negative binomial model with treatment group, allopurinol dose at baseline and BMI at baseline as covariates and log (time on study) as an offset. Estimates represent the ratio of mean number of gouty
arthritis flares per patient in comparison with the colchicine 0.5 mg group.
§p≤0.0083 (Bonferroni correction 0.05/6) versus colchicine 0.5 mg group.
¶Logistical regression with treatment group, allopurinol dose at baseline and BMI at baseline as covariates. An OR >1 indicates that a gouty arthritis flare is more likely to occur in comparison with the colchicine 0.5 mg group.
**Cox’s proportional hazard regression model with treatment group, allopurinol dose at baseline and BMI at baseline as covariates.
ANCOVA, analysis of covariance; BMI, body mass index; CI, confidence interval; HR, hazard ratio; NA, not applicable; OR, odds ratio; SE, standard error.

0.45 (0.19)
−0.30 (−0.73 to 0.13)

Canakinumab
50 mg n=54

0.51 (0.19)
−0.24 (−0.67 to 0.19)

Canakinumab
25 mg n=55

Summary of efficacy parameters at 16 weeks (full analysis set)

Mean number of flares per patient
ANCOVA (preplanned analysis)*
Least-squares mean (SE)
Estimate difference to colchicine (95% CI)
Negative binomial model (post hoc analysis)‡
Rate ratio estimate (95% CI)
Patients experiencing ≥1 flare
n (%)
Estimated OR (95% CI)¶
Time to first flare**
HR (95% CI)
Average duration of all flares
No. of patients with flares
Least-squares mean (SD)*
Estimated difference (95% CI)

Variable

Table 2
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similar across the six canakinumab groups (51.9% to 58.5%)
and for the colchicine group (53.7%) (table 3). Most AEs were
mild or moderate in severity, and there was no evidence of a
dose-response for any AE. SAEs were reported in 14 (4.3%)
patients treated with canakinumab and 6 (5.6%) patients treated
with colchicine; 2 were considered by the investigator to be possibly related to study medication: erysipelas of the left leg in
the canakinumab 25 mg group and cancer of the right kidney
in the colchicine group. One death occurred in the colchicine

group, a possible myocardial infarction, but was not regarded
by the investigator as being related to study medication. Five
further patients discontinued due to SAEs (canakinumab, n=4
(1.2%); colchicine, n=1 (0.9%)). Infectious AEs were reported
in 58 (18.0%) patients receiving canakinumab and 13 (12.0%)
patients receiving colchicine 0.5 mg (table 3). There was no clear
pattern with respect to the incidence of infections with either
treatment. The only infections occurring in more than 1% of
patients receiving canakinumab were upper respiratory tract

Figure 2 Time to first acute gouty arthritis flare after randomisation
(Kaplan–Meier estimate).

Figure 3 Median C reactive protein levels over time. CRP, C reactive
protein; q4wk, every 4 weeks; ULN, upper limit of the normal range.

Table 3
Variable

Adverse events (safety set)
Canakinumab
25 mg n=55

Canakinumab
50 mg n=54

Any SAE
2 (3.6)
2 (3.7)
SAE leading to
1 (1.8)
0
discontinuation
Any serious
1 (1.8)
0
infectious AE
Any AE
29 (52.7)
30 (55.6)
Any severe AE
4 (7.3)
4 (7.4)
Any infectious AE
11 (20.0)
8 (14.8)
Injection-site reaction
5 (9.1)
4 (7.4)
AE reported in >5% of patients in any group
Headache
4 (7.3)
3 (5.6)
Arthralgia
4 (7.3)
5 (9.3)
Hypertension
6 (10.9)
2 (3.7)
Upper respiratory
2 (3.6)
1 (1.9)
tract infection
Back pain
3 (5.5)
3 (5.6)
Nasopharyngitis
5 (9.1)
2 (3.7)
Diarrhoea
3 (5.5)
1 (1.9)
Nausea
2 (3.6)
1 (1.9)
Elevated alanine
3 (5.5)
1 (1.9)
aminotransferase
Elevated aspartate
3 (5.5)
1 (1.9)
aminotransferase
Rash
1 (1.8)
1 (1.9)
Sinus congestion
0
0

Canakinumab
100 mg n=54

Canakinumab
200 mg n=54

Canakinumab
300 mg n=53

Canakinumab
every 4 weeks
n=53

Canakinumab
Any dose
n=323

3 (5.6)
1 (1.9)

3 (5.6)
2 (3.7)

3 (5.7)
0

1 (1.9)
0

14 (4.3)
4 (1.2)

0

2 (3.7)

0

1 (1.9)

4 (1.2)

Colchicine
0.5 mg n=108
6 (5.6)
2 (1.9)
0

28 (51.9)
2 (3.7)
10 (18.5)
4 (7.4)

28 (51.9)
3 (5.6)
11 (20.4)
3 (5.6)

29 (54.7)
1 (1.9)
8 (15.1)
2 (3.8)

31 (58.5)
0
10 (18.9)
2 (3.8)

175 (54.2)
14 (4.3)
58 (18.0)
20 (6.2)

58 (53.7)
6 (5.6)
13 (12.0)
4 (3.7)

1 (1.9)
4 (7.4)
2 (3.7)
2 (3.7)

2 (3.7)
2 (3.7)
5 (9.3)
3 (5.6)

6 (11.3)
3 (5.7)
4 (7.5)
1 (1.9)

3 (5.7)
2 (3.8)
2 (3.8)
3 (5.7)

19 (5.9)
20 (6.2)
21 (6.5)
12 (3.7)

6 (5.6)
3 (2.8)
1 (0.9)
4 (3.7)

1 (1.9)
2 (3.7)
2 (3.7)
3 (5.6)
0

3 (5.6)
0
3 (5.6)
0
1 (1.9)

0
0
1 (1.9)
0
0

0
3 (5.7)
0
1 (1.9)
0

10 (3.1)
12 (3.7)
10 (3.1)
7 (2.2)
5 (1.5)

4 (3.7)
1 (0.9)
2 (1.9)
1 (0.9)
1 (0.9)

0

1 (1.9)

0

0

5 (1.5)

1 (0.9)

0
0

0
0

0
3 (5.7)

3 (5.7)
0

5 (1.5)
3 (0.9)

1 (0.9)
1 (0.9)

AE, adverse event; SAE, serious AE.
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infections (3.7%), nasopharyngitis (3.7%) and inﬂuenza (1.2%).
Upper respiratory tract infections (3.7%) and cystitis (1.9%)
were the only infections occurring in more than 1% of patients
receiving colchicine. Six serious infections (erysipelas, gangrene,
sepsis, tonsillitis, ear infection and pneumonia) were reported in
four patients receiving canakinumab (table 3). Only the case of
erysipelas was considered to be possibly related to study medication. No serious infections were reported in patients receiving
colchicine. Injection-site reactions were reported in 20 (6.2%)
patients treated with canakinumab and 4 (3.7%) patients in the
colchicine group. All events were mild except for one moderate
event in the canakinumab 50 mg group. One patient (in the 50
mg group) developed low levels of anti-canakinumab antibodies
at week 24.

DISCUSSION
This is the largest randomised, double-blind, active-controlled,
multicentre trial reported in English in the medical literature to
date assessing prophylaxis against acute gouty arthritis ﬂares
during the initiation of ULT. We herein report that a single dose
of canakinumab, 50–300 mg, or 4-weekly doses given over
4 months (two doses of 50 mg and two of 25 mg) produced a
62% to 72% reduction in the mean number of ﬂares per patient
and a 64% to 72% reduction in the risk of experiencing ≥1 ﬂare
at 16 weeks compared with colchicine. In addition, the percentage of patients experiencing at least one ﬂare at 16 weeks was
signiﬁcantly lower for all canakinumab doses compared with
colchicine. Target SU levels (<6 mg/dl) were achieved in 39% to
54% of patients treated with canakinumab and 46% of patients
treated with colchicine at 16 weeks, consistent with results of
other recent studies of allopurinol treatment in patients who
were hyperuricaemic.17 21 22 All canakinumab doses were well
tolerated. These results suggest that canakinumab can provide
effective prophylaxis against gouty arthritis ﬂares and is well
tolerated in patients initiating ULT.
The results of this study validate the concept that IL-1β is a
key mediator in the generation of acute gouty arthritis ﬂares
and hence an appropriate therapeutic target for treatment of
acute gouty arthritis and prevention of ﬂares. This has previously been demonstrated in a phase II, dose-ranging study of
canakinumab as treatment for acute ﬂares in patients with
difﬁcult-to-treat gouty arthritis.28 In this earlier study the highest dose of canakinumab tested, 150 mg, demonstrated consistently superior efﬁcacy to triamcinolone acetonide 40 mg
across all efﬁcacy measures assessed including pain reduction
at 72 h post dose, time to a 50% reduction in pain and the risk
of recurrent ﬂares. Therefore, the canakinumab 150 mg dose
has been chosen for further assessment as treatment of acute
gouty arthritis in phase III trials. Rilonacept, another inhibitor of IL-1β signalling in development, has demonstrated efﬁcacy with weekly doses of 160 mg in the prevention of ﬂares
in patients initiating ULT compared with placebo,30 but has
apparently failed to demonstrate efﬁcacy in the treatment of
acute gouty arthritis.31
The study reported here aimed to determine the dose of
canakinumab for further study as prophylaxis for patients initiating ULT. However, no dose-response was evident with respect
to the primary endpoint and the estimated dose with equivalent efﬁcacy to colchicine was below the range of canakinumab
doses tested. Results of secondary outcomes indicated that single canakinumab doses of 50–300 mg or 4-weekly doses given
over 4 months have similar efﬁcacy across all clinical endpoints
assessed and are superior to colchicine 0.5 mg. The results of
this study suggest that canakinumab may provide effective
1270

prophylaxis against ﬂares in patients initiating ULT when given
at doses lower than those used to treat acute gouty arthritis
ﬂares.
Accumulating data thus suggest that canakinumab is an effective new treatment option for patients with gouty arthritis and
may be particularly valuable for patients with difﬁcult-to-treat
disease. Such patients frequently have comorbidities and may
be unable to receive standard anti-inﬂammatory therapies.5
Results of a recent phase II study in patients with contraindications to non-steroidal anti-inﬂammatory drugs and/or colchicine
have shown that canakinumab 150 mg provided effective pain
relief and reduced the risk of new ﬂares.28 This suggests that
canakinumab is an effective treatment for acute gouty arthritis
in patients with limited treatment options due to comorbidities.
Ongoing phase III studies in this setting should help conﬁrm the
value of canakinumab for the treatment of this growing patient
population who for whom improved treatment options are
urgently required.
Canakinumab was generally well tolerated. Few patients
experienced SAEs, severe AEs, or injection-site reactions. No
organ toxicity and no dose-response for any AE were observed,
and only one SAE was reported that was considered possibly
related to canakinumab treatment. The safety proﬁle of canakinumab reported here is consistent with that previously reported
for treatment of acute gouty arthritis,28 and for patients with
CAPS receiving canakinumab 150 mg at 8-week intervals for up
to 48 weeks.32
Colchicine doses of 0.5–1.0 mg/day are recommended by The
European League Against Rheumatism and the British Society
for Rheumatology for prophylaxis against ﬂares in patients initiating ULT.12 33 In this study we used a colchicine dose of 0.5 mg/
day. The choice of dose was based on the clinical experience of
the investigators and results of a study indicating that a dose of
0.6 mg/day is better tolerated than a higher dose.18 In this particular study, the planned dose of colchicine prophylaxis was 0.6
mg twice daily.18 However, dosing was reduced to once daily
in approximately two-thirds of patients and 38% of patients
experienced diarrhoea. In three other recent studies in patients
initiating ULT, a colchicine dose of 0.6 mg/day was employed as
prophylaxis and signiﬁcant rates of diarrhoea were not reported.17 21 22 The rates of ﬂares reported in these studies during
colchicine prophylaxis (10% to 15% per month) are comparable
with those reported in our study for the colchicine group.
There are a number of limitations to this study. First, colchicine
0.5 mg was only given for 16 weeks. The risk of ﬂares following
initiation of ULT is known to extend for up to a year or longer;
thus a more prolonged period of colchicine prophylaxis may have
been appropriate. However, key efﬁcacy outcomes including
the primary outcome were assessed at 16 weeks. Second, occurrence and duration of ﬂares was dependent on patients’ assessment. This reﬂects the fact that there are currently no validated
endpoints for the assessment of gouty arthritis ﬂares. Outcome
Measures in Rheumatoid Arthritis Clinical Trials (OMERACT)
have suggested possible endpoints for use in studies of gouty
arthritis but these have yet to be validated.34 The endpoints
used in our study overlap with those suggested by OMERACT
and use of patient self-reporting for ﬂares is unlikely to have had
an impact on the results. Third, the study population is probably not representative of all patients who would beneﬁt from
canakinumab. This reﬂects the need to exclude patients with
possible risks associated with either treatment and the use of
the exclusion criteria generally used in clinical trials in patients
with gouty arthritis. Fourth, allopurinol treatment was initiated
at 300 mg (or 100 mg or 200 mg if creatinine clearance was <90
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ml/min) instead of slowly up-titrating from a dose of 50–100
mg, as suggested in treatment recommendations.12 33 This may
have increased the risk of ﬂares compared with a dose-titration
strategy. However, giving allopurinol at a ﬁxed dose is a very
common practice throughout Europe.12
In conclusion, in this double-blind, active-controlled, multicentre study assessing prophylaxis against gouty arthritis ﬂares
during the initiation of ULT, a single canakinumab dose of
50–300 mg or 4-weekly dosing over 4 months provided effective prophylaxis against ﬂares, was superior to the standard
of care (colchicine) and was well tolerated. Further studies of
canakinumab 150 mg are being conducted to determine the full
potential of this new drug for the prevention of ﬂares in patients
with gouty arthritis.
Acknowledgements We thank the patients and investigators who took part in
this study. We also thank Alberto Gimona (Senior Global Program Medical Director,
Immunology and Infectious Disease Franchise, Novartis Pharma AG) for critical review
of the manuscript and helpful suggestions and Kirstin Stricker (Clinical Communication
Leader, Immunology and Infectious Disease Franchise, Novartis Pharma AG) for her
contribution to the interpretation of the data, critical review of the paper and for
coordinating author discussions and writing of the manuscript, and Rowena Hughes
and Gemma Carter (Oxford PharmaGenesis Ltd) for medical writing support, editorial
assistance, and collation and incorporation of comments from all authors. Such editorial help was funded by Novartis Pharma AG, Basel, Switzerland. The authors take full
responsibility for the content of the paper.
Funding The study was funded by Novartis Pharma AG, Basel, Switzerland. The
study was designed by Novartis Pharma AG (Sarah Magliano, Marianne Notter,
Dominik Richard and PS) in conjunction with NS and AS. Data were collected and
analysed by Novartis according to the prespecified protocol. All authors, including
UA, PS, GK and AB who are employees of Novartis, together with Kirstin Stricker,
Novartis Pharma AG, were involved in the decision to publish. All authors including
those who are employees of Novartis were involved in the interpretation of the
data and the writing of the paper. Medical writing and editorial assistance were
provided by Rowena Hughes and Gemma Carter, Oxford PharmaGenesis Ltd, following
teleconferences with all authors during which the data, its interpretation and the
content of the paper were discussed; this was funded by Novartis Pharma AG. All
authors approved the submitted paper.
Competing interests NS: grant, travel expenses and payment for advisory board
membership from Novartis Pharma, payment for development of educational
presentations from Takeda and payment for advisory board membership from Savient,
URL Pharma and Enzyme Rx. H-YL, EM and JR report no conflicts of interest. MDeM:
payment from Novartis for development of educational presentations. PS, UA, GK
and AB are employees of Novartis and report having equity interests in Novartis. AS:
payment from Novartis for board membership, consultancy and travel expenses.
Ethics approval This study was approved by all responsible independent ethics
committees.
Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1. Kramer HM, Curhan G. The association between gout and nephrolithiasis: the National
Health and Nutrition Examination Survey III, 1988-1994. Am J Kidney Dis 2002;40:37–42.
2. Mikuls TR, Farrar JT, Bilker WB, et al. Gout epidemiology: results from the UK
General Practice Research Database, 1990-1999. Ann Rheum Dis 2005;64:267–72.
3. Schlesinger N. Diagnosis of gout. Minerva Med 2007;98:759–67.
4. Schlesinger N. Diagnosis of gout: clinical, laboratory, and radiologic findings. Am J
Manag Care 2005;11(15 Suppl):S443–50; quiz S465–8.
5. Keenan RT, O’Brien WR, Lee KH, et al. Prevalence of contraindications and
prescription of pharmacologic therapies for gout. Am J Med 2011;124:155–63.
6. Schlesinger N, Thiele RG. The pathogenesis of bone erosions in gouty arthritis.
Ann Rheum Dis 2010;69:1907–12.
7. Becker MA, Schumacher HR, Benjamin KL, et al. Quality of life and disability in
patients with treatment-failure gout. J Rheumatol 2009;36:1041–8.
8. Lee SJ, Hirsch JD, Terkeltaub R, et al. Perceptions of disease and health-related
quality of life among patients with gout. Rheumatology (Oxford) 2009;48:582–6.

Ann Rheum Dis 2011;70:1264–1271. doi:10.1136/ard.2010.144063

9. Edwards N, Blume S, Pan F, et al. Work productivity loss due to flares in treatmentfailure gout. Arthritis Rheum 2008;58:S673.
10. Schlesinger N. Diagnosing and treating gout: a review to aid primary care
physicians. Postgrad Med 2010;122:157–61.
11. Schlesinger N, Dalbeth N, Perez-Ruiz F. Gout–what are the treatment options?
Expert Opin Pharmacother 2009;10:1319–28.
12. Zhang W, Doherty M, Bardin T, et al. EULAR evidence based recommendations for
gout. Part II: Management. Report of a task force of the EULAR Standing Committee
for International Clinical Studies Including Therapeutics (ESCISIT). Ann Rheum Dis
2006;65:1312–24.
13. Suresh E. Diagnosis and management of gout: a rational approach. Postgrad Med J
2005;81:572–9.
14. Yamanaka H, Togashi R, Hakoda M, et al. Optimal range of serum urate
concentrations to minimize risk of gouty attacks during anti-hyperuricemic treatment.
Adv Exp Med Biol 1998;431:13–18.
15. Becker MA, Schumacher HR, Jr , Wortmann RL, et al. Febuxostat, a novel nonpurine
selective inhibitor of xanthine oxidase: a twenty-eight-day, multicenter, phase II,
randomized, double-blind, placebo-controlled, dose-response clinical trial examining
safety and efficacy in patients with gout. Arthritis Rheum 2005;52:916–23.
16. Shoji A, Yamanaka H, Kamatani N. A retrospective study of the relationship
between serum urate level and recurrent attacks of gouty arthritis: evidence for
reduction of recurrent gouty arthritis with antihyperuricemic therapy. Arthritis Rheum
2004;51:321–5.
17. Schumacher HR, Jr , Becker MA, Wortmann RL, et al. Effects of febuxostat versus
allopurinol and placebo in reducing serum urate in subjects with hyperuricemia and
gout: a 28-week, phase III, randomized, double-blind, parallel-group trial. Arthritis
Rheum 2008;59:1540–8.
18. Borstad GC, Bryant LR, Abel MP, et al. Colchicine for prophylaxis of acute flares when
initiating allopurinol for chronic gouty arthritis. J Rheumatol 2004;31:2429–32.
19. Paulus HE, Schlosstein LH, Godfrey RG, et al. Prophylactic colchicine therapy of
intercritical gout. A placebo-controlled study of probenecid-treated patients. Arthritis
Rheum 1974;17:609–14.
20. Yu TF, Gutman AB. Efficacy of colchicine prophylaxis in gout. Prevention of recurrent
gouty arthritis over a mean period of five years in 208 gouty subjects. Ann Intern Med
1961;55:179–92.
21. Becker MA, Schumacher HR, Espinoza LR, et al. The urate-lowering efficacy and
safety of febuxostat in the treatment of the hyperuricemia of gout: the CONFIRMS
trial. Arthritis Res Ther 2010;12:R63.
22. Becker MA, Schumacher HR, Jr , Wortmann RL, et al. Febuxostat compared
with allopurinol in patients with hyperuricemia and gout. N Engl J Med
2005;353:2450–61.
23. So A. Developments in the scientific and clinical understanding of gout. Arthritis Res
Ther 2008;10:221.
24. Martinon F, Pétrilli V, Mayor A, et al. Gout-associated uric acid crystals activate the
NALP3 inflammasome. Nature 2006;440:237–41.
25. Kim JH, Jin HM, Kim K, et al. The mechanism of osteoclast differentiation induced by
IL-1. J Immunol 2009;183:1862–70.
26. Tunyogi-Csapo M, Kis-Toth K, Radacs M, et al. Cytokine-controlled RANKL and
osteoprotegerin expression by human and mouse synovial fibroblasts: fibroblastmediated pathologic bone resorption. Arthritis Rheum 2008;58:2397–408.
27. Alten R, Gram H, Joosten LA, et al. The human anti-IL-1 beta monoclonal antibody
ACZ885 is effective in joint inflammation models in mice and in a proof-of-concept
study in patients with rheumatoid arthritis. Arthritis Res Ther 2008;10:R67.
28. So A, De Meulemeester M, Pikhlak A, et al. Canakinumab for the treatment of acute
flares in difficult-to-treat gouty arthritis: Results of a multicenter, phase II, doseranging study. Arthritis Rheum 2010;62:3064–76.
29. Wallace SL, Singer JZ, Duncan GJ, et al. Renal function predicts colchicine
toxicity: guidelines for the prophylactic use of colchicine in gout. J Rheumatol
1991;18:264–9.
30. Schumacher HR, Sundy JS, Terkeltaub R, et al. Placebo-controlled study of
rilonacept for gout flare prophylaxis during initiation of urate-lowering therapy. ACR
2009: Abstract 1096.
31. Neogi T. Interleukin-1 antagonism in acute gout: is targeting a single cytokine the
answer? Arthritis Rheum 2010;62:2845–9.
32. Lachmann HJ, Kone-Paut I, Kuemmerle-Deschner JB, et al. Use of canakinumab in
the cryopyrin-associated periodic syndrome. N Engl J Med 2009;360:2416–25.
33. Jordan KM, Cameron JS, Snaith M, et al. British Society for Rheumatology and
British Health Professionals in Rheumatology guideline for the management of gout.
Rheumatology (Oxford) 2007;46:1372–4.
34. Schumacher HR, Taylor W, Edwards L, et al. Outcome domains for studies of acute
and chronic gout. J Rheumatol 2009;36:2342–5.

1271

