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Abstract
Background  Targeted anti-IL-1β therapy may be a valuable option for the management of gouty arthritis. The present meta-
analysis has evaluated the effect of canakinumab, an anti-IL-1β monoclonal antibody in gouty arthritis.
Methods  A standard meta-analysis protocol was developed and after performing a comprehensive literature search in MED-
LINE, Cochrane, and International Clinical Trial Registry Platform (ICTRP), reviewers assessed eligibility and extracted 
data from three relevant articles. A random-effects model was used to estimate the pooled effect size as the mean difference 
in Visual Analouge Scale (VAS) score, serum hsCRP, serum Amyloid A, and risk ratio for global assessment between the 
groups. Quality assessment was done using the risk of bias assessment tool and summary of findings was prepared using 
standard Cochrane methodology with GradePro GDT.
Results  Treatment with canakinumab showed a mean reduction of VAS score by 14.59 mm [95% CI − 19.42 to − 9.77], 
serum hsCRP by 15.36 mg/L [95% CI 1.62–29.11], serum Amyloid A by 67.18 mg/L [95% CI 17.06–117.31], and improve-
ment in patient global assessment (RR = 1.478; 95% CI 1.29–1.67) and physician global assessment (RR = 1.44; 95% CI 
1.28–1.61). The probability that future studies may have a mean difference in VAS score less than zero has been calculated 
to be 27.3% using a cumulative distribution function (CDF) calculator.
Conclusion  This meta-analysis shows the beneficial effect of canakinumab over triamcinolone by reducing VAS score, serum 
hsCRP, serum amyloid A, and improvement in global assessments in acute gouty arthritis.
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Introduction

Gout is an autoinflammatory disease associated with 
increased blood levels of urate and subsequent deposition 
of monosodium urate crystals in and around joints (Mar-
tinon 2010). The burden of gout is substantial as it is one 

of the most common causes of inflammatory arthritis with 
an increasing prevalence rate in industrialised countries 
(Arromdee et al. 2002; Trifiro et al. 2013). Gout is also 
an independent risk factor for cardiac and all-cause mor-
bidity and mortality (Clarson et al. 2015; Kleinman et al. 
2007; Kuo et al. 2010; Scire et al. 2013). The symptoms 
and chronicity of the disease deeply impact patients’ qual-
ity of life and workability. Monosodium urate crystals can 
trigger the release of pro-inflammatory cytokines, in particu-
lar, interleukin-1β (IL-1β) (Martinon et al. 2006; So 2008). 
Acute gout is traditionally treated with NSAIDs, corticos-
teroids, and colchicine. However, these patients have mul-
tiple comorbidities that limit the use of some conventional 
therapies (Khanna et al. 2014). Chronically, urate-lowering 
therapies (ULTs) reduce urate stores and, when combined 
with anti-inflammatory prophylaxis, reduce the risk of new 
flares (Harrold et al. 2009; Neogi 2011). The comorbidi-
ties associated with the anti-inflammatory agents used for 
the treatment such as hypertension, diabetes mellitus, renal 
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insufficiency and cardiovascular disease may worsen the dis-
ease by frequent flares and persistent inflammation which 
ultimately contribute to the joint destruction and quality of 
life (Riedel et al. 2004). Current treatment is first based on 
lifestyle measures and then on a pharmacological approach 
(Khanna et al. 2012; Zhang et al. 2006).

As IL-1β is the key mediator in gouty arthritis inflamma-
tion, targeted anti-IL-1β therapy may be a valuable option 
for the management of gouty arthritis (Busso and So 2010). 
Canakinumab, a fully human anti-IL-1β monoclonal anti-
body with a long plasma half-life (3–4 weeks), has shown 
superior efficacy (more rapid and sustained pain relief and a 
significant reduction in risk of new flares) to triamcinolone 
acetonide (TA) in dose-ranging studies in patients with acute 
gouty arthritis (Alten et al. 2008; So et al. 2010).

Despite many treatment options available for manage-
ment of acute gouty arthritis, incomplete pain relief and the 
chance of new flare has led to the exploration of alternative 
therapies. Canakinumab, a human anti-IL-1β monoclonal 
antibody, is being studied as one of the options for treatment 
of acute gouty arthritis. Although a few clinical trials have 
been conducted in this regard with results favouring canaki-
numab, a meta-analysis will help to quantify the magnitude 
of the effect of Canakinumab in patients of acute gouty 
arthritis (Schlesinger et al. 2012, 2011a, 2011b; So et al. 
2010). Hence, the present meta-analysis has been planned to 
evaluate the effect of canakinumab on clinical and biochemi-
cal parameters in gouty arthritis.

Materials and methods

Development and registration of protocol

We developed and followed a standard meta-analysis pro-
tocol following preferred reporting items for systematic 
reviews and meta-analysis-protocol (PRISMA-P) 2015 
guidelines (Moher et al. 2015) and registered the protocol 
in International Prospective Register of Ongoing System-
atic Reviews (CRD42020160758). This meta-analysis has 
been conducted and reported conforming to the preferred 
reporting items for systematic reviews and meta-analysis 
(PRISMA) statement (Moher et al. 2009). The Cochrane 
handbook was used as a methodological reference (Moriya 
et al. 2011).

Literature search

A systematic literature search was performed independently 
by three review authors (M.J., A.T., and R.M.) using Pub-
Med, Cochrane, and the WHO International Clinical Trials 
Registry Platform (ICTRP) databases for randomised clini-
cal trials on the use of Canakinumab in acute gouty arthritis 

published till March 2020. Studies published in English only 
were included for the meta-analysis; however, the search 
strategy was not restricted by the date of publication. PICO 
scheme was followed for developing the inclusion criteria. 
Key elements that were used in our search are “P” (Arthritis, 
Gout, Gouty arthritis/Arthritides, Gouty/Gouty Arthritides), 
“I” (Canakinumab, immunoglobulin G1, anti-(human inter-
leukin 1beta) (human clone ACZ885 heavy chain V region)/
ilaris/ACZ-885/ACZ885), the “C” (Dexamethasone/Dexa-
sone/Triamcinolone/Acetonide, Triamcinolone/Colchicine/
NSAIDs/Anti-inflammatory Agents, Non-Steroidal NSAIDs/
Non-Steroidal Anti-Inflammatory Agents/Analgesics, Anti-
Inflammatory/Anti-Inflammatory Analgesics/Aspirin-Like 
Agents/Aspirin-Like Agents), and the “O” (Analog Scale, 
Visual/Analog Scales, Visual/Scale, Visual Analog/Scales, 
Visual Analog/Visual Analog Scales).

Study selection criteria

Types of studies

Randomised clinical trials that have visual analogue scale 
(VAS), serum hsCRP, and serum amylase A levels as out-
come measures were included in this meta-analysis. Retro-
spective comparative studies, review articles, letter to the 
editor, foreword, comments, case series, case reports, and 
studies where it was impossible to retrieve or calculate data 
of interest were excluded from this meta-analysis.

Types of participants

Adult human subjects of both sexes, irrespective of age with 
a diagnosis of gouty arthritis, were included in the meta-
analysis. In all the included studies, the following exclusion 
criteria were followed: use of other NSAIDs, systemic or 
intraarticular steroids, colchicine before screening, tumour 
necrosis factor inhibitor in the 24 h before the screening, 
diagnosis of rheumatoid, infectious or septic or other inflam-
matory arthritis, and a risk factor for tuberculosis.

Types of interventions

Experimental intervention: Canakinumab 150 mg subcuta-
neous injection with or without standard medical therapy 
was considered the intervention in this meta-analysis.

Control intervention: Triamcinolone acetonide 40 mg 
intramuscular injection was the control intervention in this 
meta-analysis.

Type of outcome measures

Primary: Change in visual analogue scale (VAS) after drug 
administration.
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Secondary: Change in serum high sensitivity C-reactive 
protein (hsCRP), serum amyloid A (SAA) protein, and 
global assessment to treatment (both physician and patient 
global assessment to treatment) were compared between 
canakinumab and triamcinolone group.

Study selection and data collection

Selection of studies

The selection of relevant studies was done in a stepwise 
manner. First, three review authors (M.J., A.T., and R.M.) 
independently screened the titles, abstracts, and keywords 
of all references retrieved. Then, full text from all selected 
studies was obtained and assessed by the authors and those 
studies which met the inclusion criteria were included in the 
meta-analysis. Reasons for exclusion of any study were duly 
noted and any disagreement was resolved through discussion 
with clinical pharmacologist cum statistical advisor (A.M.).

Data extraction and management

For this update, three review authors (A.T., M.J., and R.M.) 
independently collected data and assessed the quality using 
guidelines published by the Cochrane Collaboration (Moriya 
et al. 2011). Any disagreement between the authors was 
resolved by consensus or in consultation with the clinical 
pharmacologist cum statistical advisor (A.M.). Extracted 
data included publication type and source; trial design 
including timing, follow-up, sequence generation and allo-
cation concealment; participants including selection crite-
ria; interventions including canakinumab used along with its 
dose; outcome measures including VAS score (0–100 mm), 
serum hsCRP (mg/L), SAA (mg/L), and physician and 
patient global assessment to treatment.

Data analysis

The effect of individual studies was pooled in the random-
effect model for this meta-analysis using package “meta” in 
R software (Version 4.0) (Balduzzi et al. 2019; Schwarzer 
2007).

Assessment of risk of bias in included studies

Three review authors (M.J., A.T., and R.M.) independently 
assessed the internal validity of eligible studies according 
to the Cochrane Collaboration’s risk of bias tool (Moriya 
et al. 2011), resolving any disagreement by discussion until 
consensus obtained. Authors described the risk of bias and 
judged it as high, low, or unclear in the domains like ran-
dom sequence generation; allocation concealment; blinding 
of participants, personnel; blinding of outcome assessment; 

incomplete outcome data; selective reporting; and other 
sources of bias.

Measures of treatment effect

In this meta-analysis, the outcome measures of interest were 
VAS score (0–100 mm), serum hsCRP (mg/L), and SAA 
(mg/L) which are continuous variables and global assess-
ment to treatment which is categorical. The standardised 
mean difference was calculated to estimate the effect size to 
assess the difference in outcome measures between experi-
ment and control groups for continuous variables. The differ-
ence in odds ratio was used to assess the difference in phy-
sician and patient global assessment to treatment. Random 
effect model was used for overall between-group analyses. 
The outcome has been depicted as a point estimate with 
95% confidence interval as well as prediction interval. The 
probability of the future studies showing an effect exactly 
opposite to that perceived in present meta-analysis has been 
calculated using the cumulative distribution function (CDF) 
calculator for the t-distribution (S, 2020).

Assessment of heterogeneity

Keeping in mind the fact that statistical heterogeneity is 
inevitable due to clinical and methodological diversity in 
clinical studies, it is important to consider the extent of 
the inconsistency or to quantify inconsistency across the 
included studies. The chi-squared test was used to assess 
whether observed differences in results were compatible 
with chance alone. A low P value (or a large chi-squared sta-
tistic relative to its degree of freedom) provided evidence of 
heterogeneity of intervention effects (variation in effect esti-
mates beyond chance). I2 statistics which describes the per-
centage of the variability in effect an estimate that is due to 
heterogeneity was calculated for quantifying inconsistency.

Sensitivity analysis

Sensitivity analysis was undertaken to test the robustness 
of the results obtained in the present meta-analysis. In the 
case of high heterogeneity, the forest plots were obtained 
again after excluding individual studies, one at a time, and 
observing the effect of the exclusion of a particular study on 
individual parameters.

Assessment of publication bias

The publication bias across studies has been assessed using 
Begg and Mazumdar rank correlation test using the meta-
essentials workbook (Suurmond et al. 2017).
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Summary of findings

The certainty of the evidence was established following five 
grade considerations, viz., risk of bias, inconsistency, impre-
cision, indirectness, and publication bias in the methodology 
and outcomes of the included studies. Summary of findings 
was prepared using standard Cochrane methodology with 
GradePro GDT (2015).

Results

Description of included studies

The literature search with appropriate search terms revealed 
a total of 32 publications. Twenty-six articles were excluded 
as 17 were review articles, 4 were case reports, 3 articles 
in non-English languages, one foreword, and one in-vitro 
study. The screening and selection process of the studies 
for present meta-analysis is depicted in PRISMA flowchart 
(Fig. 1). Once the full-text records of the remaining six pub-
lications were retrieved and screened, three articles were 
further excluded. Two of the excluded studies had different 

  
Records iden�fied 
through database 
searches (n=32) 

Records screened by 
�tles/abstracts (n=32) 

Records excluded by 
�tles/abstracts (n=26) 

Review: 17 
Case reports: 4 
Ar�cle not in English: 3 
Foreword: 1 
In-vitro study: 1 

Poten�ally relevant full 
text ar�cles assessed 

for eligibility (n=6) 

Full text ar�cles excluded 
(n=3) 

Different outcome 
measure: 2 
Duplicate data from 
included study: 1 

Studies included in 
quan�ta�ve synthesis 

(n=3) 

RCT units (n=4) 

IDENTIFICATION 

SCREENING 

ELIGIBILITY 

INCLUSION 

Fig. 1   PRISMA flow diagram for the study selection process
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outcome measures than the ones intended to be included in 
the present study and one study was a duplicate of an already 
included study. Finally, three studies were included in the 
meta-analysis, which were published as full-text articles 
between 2010 and 2012 (Tables 1, 2). One of the included 
studies reported the outcomes of two different studies and 
was the results of two separate trials and was assessed as 
independent study units. Thus, a total of four randomised 
clinical trials have been reported in this meta-analysis. The 
study subjects, who were patients of acute gouty arthritis, 
were administered either canakinumab (test drug) or triam-
cinolone acetate (standard treatment) and the effects were 
compared. Risk of bias for all included studies is summa-
rised in Table 3.   

Effects of intervention

The effect of canakinumab as compared to triamcinolone 
acetate on VAS score, serum hsCRP, serum amyloid A levels 
and physician and patient global assessment to treatment in 
patients of acute gouty arthritis was evaluated in this meta-
analysis. The effect sizes of included studies were compared 
in R, version 3.5 (Package meta), using a random-effect 
model (Balduzzi et al. 2019).

VAS score

This outcome was reported in all the four included stud-
ies. The test for heterogeneity was statistically significant 
(heterogeneity: χ2 = 39.56, df = 3 (P < 0.001); I2 = 92%; 
n = 622). The random model analysis of VAS score resulted 
in a mean reduction of VAS score by 14.59 mm [95% CI 
− 19.42 to − 9.77; prediction interval − 37.09 to 7.90] 
[Z = 5.93 (P < 0.001)] in the patients treated with canaki-
numab as compared to those treated with triamcinolone 
acetate (Fig. 2a). The significant reduction of VAS score as 
witnessed in the canakinumab group reflects the better effi-
cacy of the drug in pain reduction in acute gouty arthritis as 
compared to triamcinolone acetate. The prediction interval 
in this forest plot includes the null effect as well as the oppo-
site effect from the results obtained in this meta-analysis. 
The probability that future studies may have a mean dif-
ference in VAS score less than zero has been calculated to 
be 27.3% using the cumulative distribution function (CDF) 
calculator for the t-distribution.

Sensitivity analysis indicated that on removing the VAS 
score reported by Schlesinger et al. (2011a, b), the hetero-
geneity dropped considerably (heterogeneity: χ2 = 9.29, 
df = 2 (P = 0.01); I2 = 78%; n = 539). The mean reduction 
in VAS score of 12.66 mm [95% CI 8.39–16.93] [Z = 5.81 
(P < 0.001)] (Fig. 2b) was still significantly lower in the 
canakinumab group as compared to the triamcinolone ace-
tate group.

Serum hsCRP

This outcome was reported in all the included studies of 
the meta-analysis. The test of heterogeneity was statistically 
significant (heterogeneity: χ2 = 28.16, df = 3 (P < 0.00001); 
I2 = 89%; n = 622). Random model analysis of the variable 
depicted a reduction of 15.36 mg/L [95% CI 1.62–29.11; 
prediction interval: − 49.17 to 79.90] [Z = 2.19 (P = 0.03)] 
(Fig.  3a) in hsCRP levels in the canakinumab-treated 
patients as compared to the triamcinolone acetate-treated 
patients. This statistically significant lowering of hsCRP in 
the canakinumab-treated group depicts a larger lowering of 
CRP, a pro-inflammatory protein, therefore exerting an anti-
inflammatory action in acute gouty arthritis.

Sensitivity analysis was performed and the result after 
removal of the study by So et al. indicated that the level 
of heterogeneity was reduced which was not statistically 
significant (heterogeneity: χ2 = 0.42, df = 2 (P = 0.81); 
I2 = 0%; n = 537). The mean reduction of hsCRP levels was 
8.28 mg/L which was still statistically significant [95% CI 
3.31–13.24] [Z = 3.27 (P = 0.001) (Fig. 3b).

Serum amyloid A (SAA)

SAA levels were reported in all the four randomised-con-
trolled trials. The test for heterogeneity was significant 
(heterogeneity: χ2 = 18.99, df = 3 (P = 0.0003); I2 = 84%; 
n = 622). Random model analysis of their results revealed a 
mean decrease of 67.18 mg/L [95% CI 17.06–117.31; pre-
diction interval: − 161.51 to 295.87] [Z = 2.63 (P = 0.008)] 
in the canakinumab group as compared to the triamcinolone 
acetate group (Fig. 4a). This indicated that there was a sig-
nificantly better reduction in SAA, which also is a pro-
inflammatory marker, in patients of acute gouty arthritis 
treated with canakinumab.

Sensitivity analysis was performed for SAA levels and it 
was observed that after removal of the study by So et al., the 
heterogeneity reduced, although it was not statistically sig-
nificant (heterogeneity: χ2 = 2.38, df = 2 (P = 0.3); I2 = 16%; 
n = 537). There was a mean decrease of 43.27 mg/L [95% 
CI 12.54–74.01] [Z = 2.76 (P = 0.006)] in SAA levels in 
the canakinumab group as compared to the triamcinolone 
acetate group that was still statistically significant (Fig. 4b).

Patient global assessment

This outcome, used to assess the overall severity of the dis-
ease as reported by the patient, was reported in all the four 
included studies. The test for heterogeneity was non-sig-
nificant (heterogeneity: χ2 = 2.48, df = 3 (P = 0.48); I2 = 0%; 
n = 622). There was a statistically significant improvement 
in the severity score (RR = 1.478) [95% CI 1.29–1.67; 
prediction interval 1.11–1.95] [Z = 5.83 (P < 0.001)] in 
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the canakinumab-treated group, thus suggesting a better 
improvement of symptoms (Fig. 5a).

Physician global assessment

This is a scoring system used to assess the disease severity 
as reported by the physician. Three of the four included 
randomised-controlled trials reported this outcome. The 
test for heterogeneity was non-significant (heterogeneity: 

χ2 = 0.62, df = 2 (P = 0.73); I2 = 0%; n = 539). The reduc-
tion in the severity of disease score was better in the 
canakinumab group as compared to the triamcinolone 
acetate group (RR = 1.44) [95% CI 1.28–1.61; prediction 
interval 0.67–3.08] [Z = 6.02 (P < 0.001)], thereby sug-
gesting the better action of canakinumab in relieving the 
symptoms of acute gouty arthritis (Fig. 5b).

Table 3   Risk summary of bias: review of authors’ judgments about each risk of bias item for each included study

B1—random sequence generation (selection bias)
B2—allocation concealment (selection bias)
B3—blinding of participants and personnel (performance bias)
B4—blinding of outcome assessment (detection bias)
B5—incomplete outcome data (attrition bias)
B6—selective reporting (reporting bias)
B7—other bias

Included studies B1 B2 B3 B4 B5 B6 B7

Schlesinger et al. (2012)
(β RELIEVED)

Low risk Unclear risk Low risk Low risk Low risk Low risk Low risk

Schlesinger et al. (2012)
(β RELIEVED II)

Low risk Unclear risk Low risk Low risk Low risk Low risk Low risk

Schlesinger et al. (2011a, b) Low risk Unclear risk Unclear risk Unclear risk Low risk Low risk Low risk
So et al. (2010) Low risk Unclear risk Unclear risk Unclear risk Low risk Low risk Low risk

Fig. 2   a Forest plot of the included studies pooled together using a 
random-effects model for assessing the change in VAS score at 72 h. 
Randomised-controlled trials are indicated by the first author and year 
of publication. The size of each box is proportional to the weight of 
the corresponding study in the analysis, and the lines represent its 

95% CI. Each open diamond represents the pooled mean difference, 
and its width represents the corresponding 95% CI. The straight line 
below diamond depicts the prediction interval. b The sensitivity anal-
ysis excluded the study of Schlesinger et al. (2011a, b)
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Fig. 3   a Forest plot of the included studies pooled together using a 
random-effects model for assessing the change in serum hsCRP lev-
els. Randomised-controlled trials are indicated by the first author and 
year of publication. The size of each box is proportional to the weight 
of the corresponding study in the analysis, and the lines represent its 

95% CI. Each open diamond represents the pooled mean difference, 
and its width represents the corresponding 95% CI. The straight line 
below diamond depicts the prediction interval. b The sensitivity anal-
ysis excluded the study of So et al. (2011)

Fig. 4   a Forest plot of the included studies pooled together using a 
random-effects model for assessing the change in serum Amyloid A 
levels. Randomised-controlled trials are indicated by the first author 
and year of publication. The size of each box is proportional to the 
weight of the corresponding study in the analysis, and the lines rep-

resent its 95% CI. Each open diamond represents the pooled mean 
difference, and its width represents the corresponding 95% CI. The 
straight line below diamond depicts the prediction interval. b The 
sensitivity analysis excluded the study of So et al. (2011)
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Potential biases in the review process

There were no obvious biases within the review process. We 
conducted extensive literature searches and included full-
text publications. Two review authors independently identi-
fied and extracted data from the studies. The relevance of 
each paper was also carefully assessed. The assessment of 
publication bias using Begg and Mazumdar rank correlation 
test was performed using meta-essential workbook, which 
showed Kendall’s tau value of 0.67 with a two-tailed P value 
of 0.17 which is not significant (Suurmond et al. 2017).

Summary of findings

Overall summary for each outcome measure has been rep-
resented in the summary of finding table (Table 1). The cer-
tainty grade has been downgraded for VAS score and serum 
hsCRP levels from high grade to moderate grade  due to 
the presence of potential biases, and thus, further studies 
are needed for canakinumab in gouty arthritis to derive any 
conclusion for these endpoints (Table 4).

Discussion

Anti-inflammatory agents form an important component in 
the management of gouty arthritis apart from urate-lower-
ing therapy. Although the conventional anti-inflammatory 
treatment options like non-steroidal anti-inflammatory drugs 
(NSAIDs), colchicine, or corticosteroids like triamcinolone 
acetate produce rapid pain relief and resolution of flares (Jor-
dan et al. 2007; Neogi 2011; Zhang et al. 2006), their use can 
be limited by comorbidities like hypertension, diabetes mel-
litus, renal sufficiency, and cardiovascular disease (Riedel 
et al. 2004) or intolerance and unresponsiveness to therapy 
(Schlesinger et al. 2012). Under these circumstances, canaki-
numab, a human anti-IL-1β monoclonal antibody seems a 
valuable opinion. Although there have been a few clinical 
trials that have measured the efficacy of canakinumab in 
patients of acute gouty arthritis (Schlesinger et al. 2012, 
2011a; So et al. 2010), this meta-analysis would be the first 
attempt to summarise together and quantify the net effect 
of canakinumab over triamcinolone acetate (a conventional 
anti-inflammatory drug) in reducing pain and inflammation 
in these patients.

Fig. 5   a Forest plot of the included studies pooled together using a 
random-effects model for assessing the change in patient global 
assessment. Randomised-controlled trials are indicated by the first 
author and year of publication. The size of each box is proportional 
to the weight of the corresponding study in the analysis, and the lines 
represent its 95% CI. Each open diamond represents the pooled rela-
tive risk, and its width represents the corresponding 95% CI. The 
straight line below diamond depicts the prediction interval. b Forest 

plot of the included studies pooled together using a random-effects 
model for assessing the change in physician global assessment. Ran-
domised-controlled trials are indicated by the first author and year of 
publication. The size of each box is proportional to the weight of the 
corresponding study in the analysis, and the lines represent its 95% 
CI. Each open diamond represents the pooled relative risk, and its 
width represents the corresponding 95% CI. The straight line below 
diamond depicts the prediction interval
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Visual analogue scale (VAS) showed a statistically signif-
icant decrease at 72 h in patients treated with canakinumab 
as compared to those that were treated with triamcinolone 
acetate. This result was similar to all the individual clinical 
trials that were included in the meta-analysis (Schlesinger 
et al. 2012, 2011a; So et al. 2010). Patient and physician 
global assessment of disease severity are crucial components 
of the measurement of overall disease activity and response 
to treatment (Challa et al. 2017; Pascoe et al. 2015). They are 
measured on a 5-point Likert scale. The current meta-anal-
ysis showed a significantly higher odds of achieving a good 
or excellent score in global assessment in patients treated 
with canakinumab as opposed to triamcinolone acetate. The 
improvement seen in patient global assessment at 72 h was 
similar to the result of all the four individual clinical trials 
that were part of the meta-analysis (Schlesinger et al. 2012, 
2011a; So et al. 2010). On the other hand, physician global 
assessment to disease severity was reported only in three 
of the four studies included in the meta-analysis and the 
individual studies reported better assessment in the canaki-
numab group compared to the triamcinolone acetate group 
as indicated in the meta-analysis (Schlesinger et al. 2012; So 
et al. 2010). The rapid improvement in VAS and the global 
assessment scores at 72 h thus shows a rapid relief in pain 
symptoms in patients treated with canakinumab as compared 
to triamcinolone acetate.

Serum hsCRP and SAA are pro-inflammatory markers 
and their serum values give an objective assessment of the 
level of inflammation. The present meta-analysis reported 
a statistically significant decrease in the levels of the two 
markers at 72 h and this was consistent with the findings 
reported in the individual studies as well (Schlesinger 
et al. 2012; So et al. 2010). Since canakinumab is an IL-1β 

antibody, reduction in hsCRP and SAA levels indicates a 
role of IL-1β in production of these proteins (Berger et al. 
2002). Suppression of IL-1β and associated inflammatory 
markers may slow joint destruction and, therefore, disease 
progression in patients of gouty arthritis, as well (Schles-
inger and Thiele 2010).

Random effects model was used to justify the high hetero-
geneity that could be encountered in the assessment of vari-
ous parameters. This model is based on the assumption that 
the various effects that have been used in the participating 
studies (mean difference in VAS, hsCRP, and SAA) of the 
meta-analysis are not identical and follow a particular distri-
bution. This, therefore, provides a likely explanation for the 
high heterogeneity of the meta-analysis. Sensitivity analysis 
was conducted to address high heterogeneity (evidenced by 
high I2 value) in VAS, hsCRP, and SAA. There was a sig-
nificant reduction in heterogeneity in hsCRP and SAA levels 
after excluding the study by So et al., whereas exclusion of 
the study by Schlesinger et al. (2011a, b) reduced the high 
heterogeneity in VAS.

The present meta-analysis had a few limitations like it did 
not analyse the results for long-term follow-up and compared 
the effect of canakinumab only against triamcinolone acetate 
and no other conventional anti-inflammatory agents due to 
paucity of data. Analysis of long-term effects on canaki-
numab would give an idea on the chronic use of the drug 
as gouty arthritis is a chronic condition and warrants long-
term use of drugs. Similarly, comparison with the other anti-
inflammatory agents would give a clear picture regarding 
the efficacy of canakinumab as compared to all the other 
conventional anti-inflammatory agents.

In conclusion, the present meta-analysis demonstrated 
the efficacy of canakinumab over triamcinolone acetate in 

Table 4   Summary of findings

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect; moderate certainty: we are moderately 
confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially 
different
CI confidence interval, MD mean difference, RR risk ratio

Outcomes Number of 
participants 
(studies)

Relative effects (95% CI) Anticipated absolute risk Certainty 
of evidence 
(GRADE)Risk with control Risk difference with canaki-

numab

VAS score 622 (4 RCTs) – MD 14.59 lower (19.42 lower to 
9.77 lower)

⨁⨁⨁◯
MODERATE

Serum hsCRP 622 (4 RCTs) – MD 15.36 lower (1.62 lower to 
29.11 lower)

⨁⨁⨁◯
MODERATE

Serum amyloid A 622 (4 RCTs) – MD 67.18 lower (17.06 lower to 
117.31 lower)

⨁⨁⨁⨁
HIGH

Physician global assessment 539 (3 RCTs) RR 1.44 (1.28–1.61) 549 per 1000 242 more per 1000 (154 more to 
335 more)

⨁⨁⨁⨁
HIGH

Patient global assessment 622 (4 RCTs) RR 1.47 (1.29–1.67) 482 per 1000 227 more per 1000 (140 more to 
323 more)

⨁⨁⨁⨁
HIGH
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reducing pain, as seen by a reduction in VAS and global 
assessment of disease severity at 72 h in patients of acute 
gouty arthritis. Canakinumab also proved to be an effective 
anti-inflammatory agent as it significantly reduced serum 
hsCRP and SAA levels thus implying its role in the reduc-
tion of disease severity. Therefore, the present meta-analy-
sis reaffirms the role of canakinumab in treating patients of 
acute gouty arthritis that have contraindications or are intol-
erant or unresponsive to conventional pain relief modalities. 
However, prediction interval and cumulative distribution 
function project that effects opposite to that achieved in the 
present analysis are possible in future studies and the cer-
tainty of evidence table advocates need of a greater number 
of randomised-controlled trials to conclude the superiority 
of canakinumab over triamcinolone.
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