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Abstract 

Background  Systemic juvenile idiopathic arthritis (sJIA) is a severe form of juvenile arthritis that is characterized 
by chronic joint inflammation and systemic symptoms such as fever, rash, and organ involvement. Anti-IL-6 recep-
tor monoclonal antibody tocilizumab is an effective treatment. However, some patients still experience persisting 
or recurrent symptoms and the real-world effectiveness of canakinumab in Chinese patients with sJIA has never been 
reported. Therefore, this study aimed to assess the efficacy and safety of canakinumab in Chinese patients with sJIA 
using real-world data.

Methods  We conducted a retrospective study on children with active sJIA. Clinical features, laboratory data, corti-
costeroid dosage, and adverse events (AEs) were collected at baseline and at 4, 8, 12, and 24 weeks after initiating 
canakinumab treatment.

Results  Seven female and four male patients were included in the study. All patients had previously been treated 
with tocilizumab and were administered canakinumab for 12.4 ± 3.4 months. Notably, significant improvements 
were observed in both clinical signs and symptoms as well as laboratory indicators. Four children under corticos-
teroid treatment were able to successfully discontinue their corticosteroid therapy: one at week 4, two at week 12, 
and one at week 24. Notably, there was a significant reduction in the number of tender and swollen joints (P = 0.0059) 
as well as the systemic juvenile arthritis disease activity score (P < 0.0001). The most common AE was infection, 
but no patients experienced serious AEs. No cases of macrophage activation syndrome or death were reported dur-
ing the follow-up period.

Conclusions  Canakinumab was found to be potentially efficacious and safe in Chinese patients with sJIA. No new 
AEs were observed with canakinumab treatment.

Keywords  Canakinumab, Interleukin-1, Systemic juvenile idiopathic arthritis

Background
Systemic juvenile idiopathic arthritis (sJIA), which 
accounts for 10–20% of all cases of juvenile idiopathic 
arthritis (JIA), is the most severe subtype of JIA. Chronic 
arthritis, systemic inflammation, fever, “salmon pink” 
rashes, lymphadenopathy, hepatosplenomegaly, and pol-
yserositis are the primary characteristics of JIA. Approxi-
mately 10% of patients with sJIA develop a potentially 
fatal complication called macrophage activation syn-
drome (MAS) [1].
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The treatment goals for sJIA are achieving and main-
taining complete clinical remission, preventing com-
plications, and improving long-term prognosis. The 
development of inflammatory cytokine-targeted thera-
pies has remarkably changed the treatment of sJIA [2]. 
Increasing evidence suggests that interleukin (IL)-1 and 
IL-6 play crucial roles in the pathogenesis of sJIA [3–5]. 
There appears to be a "window of opportunity" to prevent 
the development of chronic arthritis by utilizing IL-1 or 
IL-6 blockade as a first-line treatment [6–10]. Canaki-
numab, a selective, fully human anti-IL1β monoclonal 
antibody, has been found to be safe and effective in treat-
ing patients with sJIA [1, 11–15]. Both the U.S. Food and 
Drug Administration (FDA) and European Medicines 
Agency (EMA) have approved canakinumab for the treat-
ment of sJIA with active systemic features in patients aged 
at least 2  years and weighing at least 7.5  kg [16, 17]. To 
the best of our knowledge, this is the first study to inves-
tigate the efficacy and safety of canakinumab in Chinese 
patients with sJIA and to evaluate its therapeutic poten-
tial. All study participants had experienced tocilizumab 
treatment failure before enrollment.

Methods
This retrospective observational study was conducted 
at a single center and involved 13 patients diagnosed 
with sJIA who underwent treatment with canakinumab 
between November 2021 and May 2023. These patients 
had a minimum follow-up duration of 24  weeks while 
receiving canakinumab treatment. However, two patients 
were excluded from the analysis due to loss of follow-up 
after only one treatment; hence, no follow-up data were 
available. All patients were less than 16  years old, with 
a confirmed diagnosis according to the International 
League of Associations for Rheumatology (ILAR) classi-
fication criteria for sJIA [18]. Whole exon gene sequenc-
ing was performed to exclude other autoinflammatory 
diseases.

The study was approved by the Ethics Committee 
of Children’s Hospital of Nanjing Medical University 
(approval number: 202211257-1). The legal guardians of 
the children signed written consents for the medication; 
however, the need for informed consent for study par-
ticipation was granted exemption due to the retrospec-
tive nature of the study. We reviewed patient’s medical 
records, collected relevant data, and selected clinical visit 
records from electronic outpatient medical records as 
well as medical record files during hospitalization (dis-
charge abstract, progress notes, and medical reports). 
This retrospective analysis covered demographic, clinical, 
laboratory, and treatment-related data, including age, age 
at onset, sex, duration from onset to receiving canaki-
numab treatment, duration of exposure to canakinumab, 

dosage used, previous and concomitant treatments, 
previous MAS, number of tender and swollen joints, 
systemic Juvenile Arthritis Disease Activity Score 27 
(sJADAS 27) and adverse events (AEs). The analysis of 
laboratory parameters for disease activity was carried 
out in the hospital laboratory. The current diagnostic 
criteria for MAS still refer to the preliminary diagnostic 
guidelines for sJIA with MAS proposed by Ravelli [19]. 
The sJADAS 27 was made up of five aspects: physician 
global assessment of disease activity, parent or patient 
global assessment of disease activity, the count of active 
joints in 27 joints, normalized ESR, and clinical manifes-
tations. The sum of the five scores composed and scored 
the sJADAS 27 score [20]. Safety of canakinumab therapy 
was assessed using the AE, i.e., any untoward medical 
events that occurred immediately after or during drug 
administration.

The study endpoints included clinical and laboratory 
manifestations at week 4, 8, 12, and 24 of the follow-up 
visits. The selected clinical visits were documented closer 
to these time points.Further endpoints included a statis-
tically significant decrease in the number of tender and 
swollen joints, corticosteroid dosage, and sJADAS 27.

Statistical analysis
Characteristics were summarized using descriptive sta-
tistics, including sample sizes, means, and standard devi-
ations. Statistical computations were performed using 
GraphPad software, and graphical representations were 
generated. Statistical analysis was performed using the 
one-way analysis of variance with post hoc Bonferroni’s 
test for intra-group comparisions to baseline values. 
P-values < 0.05 were considered significant.

Results
A total of 11 patients treated with canakinumab for 
active sJIA had follow-up data for 24  weeks of treat-
ment. Table 1 summarizes the patients’ clinical and labo-
ratory characteristics at the initiation of canakinumab 
treatment (baseline). The mean age at disease onset was 
4.8 ± 2.6 years, and 63.6% (n = 7) were female. The average 
duration from disease onset to receiving canakinumab 
treatment was 49.6 ± 42.5  months. In more than half of 
the patients (63.6%), the duration of sJIA before the com-
mencement of canakinumab treatment exceeded 2 years. 
At baseline, eight (72.7%) patients presented with sys-
temic manifestations such as fever, rash, lymphadenopa-
thy, and myalgia. Arthritis (n = 10; 90.9%), fever (n = 7; 
63.6%), rash (n = 3; 27.3%), and myalgia (n = 3; 27.3%) 
were the most common symptoms. Of the 10 patients 
with active arthritis, five (50%) had active inflammation 
in one to four joints. Additionally, three patients experi-
enced episodes of MAS before starting the canakinumab 
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treatment. Whole exon gene sequencing was performed 
in seven cases to exclude other autoinflammatory dis-
eases. Lack of efficacy was the primary reason for dis-
continuing previous treatment regimens, leading to the 
switch to canakinumab in all patients.

Table  2 shows previous and concomitant treatments 
at baseline. All 11 patients had previously received non-
steroidal anti-inflammatory drugs (NSAIDs), corticos-
teroids, conventional disease-modifying antirheumatic 
drugs (cDMARDs), and biological disease-modifying 
antirheumatic drugs (bDMARDs). Tocilizumab (n = 11, 
100%), adalimumab (n = 5, 45.5%), and etanercept (n = 3, 
27.3%) were the most common biological treatments pre-
ceding canakinumab initiation. At baseline, nine (81.8%) 
patients were treated with NSAIDs, four with corticos-
teroid, and nine with non-IL-1 inhibiting biologicals. Ten 
(90.9%) patients received at least one cDMARD, with 
three concurrently receiving two or more cDMARDs. 
Methotrexate (MTX) was the most commonly used 
cDMARDs at baseline (90.0% MTX and 20.0% thalido-
mide). Seven patients treated with tocilizumab and two 
patients with adalimumab switched to canakinumab at 
baseline. The patient in Case 11 was treated with janus 
kinase inhibitors (JAKi) at baseline and discontinued 
JAKi immediately after receiving canakinumab. NSAIDs, 
corticosteroids and cDMARDs continued to be used 
after baseline treatment.

None of the patients discontinued canakinumab treat-
ment during the follow-up period. The initial dosage of 
canakinumab ranged from 0.5  mg/kg/4  weeks to 4  mg/
kg/4  weeks (maximum = 150  mg). One patient received 
an increased dose at week 12 due to persistent but 

improved laboratory and clinical inflammatory manifes-
tations. The frequency of administration decreased in 
two patients, and the injection interval was extended to 
45 days and 2 months, respectively. The overall duration 
of canakinumab treatment was 12.4 ± 3.4 months.

Clinical manifestations such as fever, arthritis, rash, 
and myalgia, along with increased levels of inflammatory 
indicators such as C-reactive protein (CRP), erythrocyte 
sedimentation rate (ESR), and ferritin were observed 
during different follow-up assessments (Table 3). Inflam-
matory indicators normalized within 12  weeks in nine 
of the 11 patients, and remained consistently low in the 
subsequent follow-up. At week 24, only one patient expe-
rienced fever due to pneumonia, whereas the others had 
no fever, rash, or myalgia. Four patients with corticoster-
oid use at baseline successfully reduced their corticoster-
oid dosage within 4 weeks. In addition, the proportion of 
corticosteroid-free patients at 12 and 24 weeks of canaki-
numab therapy was notably high, reaching 75% (3/4) and 
100% (4/4), respectively. Corticosteroid tapering during 
canakinumab treatment is shown in Fig. 1. The number 
of tender and swollen joints was significantly reduced 
(P = 0.0059) during the study, declining from 5.9 at base-
line to 0.9 at week 24 (Fig. 2). Additionally, as shown in 
Fig. 3, the mean sJADAS 27 decreased significantly from 
baseline to week 4, from a mean score of 25.6 to 8.5, 
respectively; moreover, this effect lasted until week 24 of 
the study.

The mean duration of exposure to canakinumab was 
12.4 ± 3.4  months. A total of eight (72.7%) patients 
experienced 20 AEs. Specifically, eight patients experi-
enced at least one AE during the study, resulting in an 

Table 1  Clinical and laboratory characteristics at baseline

F Female, M Male, MAS Macrophage activation syndrome, WBC White blood cell, ESR Erythrocyte sedimentation rate, CRP C-reactive protein

Variables Case1 Case2 Case3 Case4 Case5 Case6 Case7 Case8 Case9 Case10 Case11

Sex F F M M F M F F F M F

Age at disease onset (years) 3.67 9.5 3.33 3.58 1.92 4.42 3.92 5.42 6 1.58 9.1

Age at diagnosis (years) 4.25 9.5 3.42 6.58 2 4.42 4.1 5.42 6 2 9.25

Time from onset to receiving canakinumab (months) 9 9 15 100 48 45 42 23 37 148 69

Number of joints with active inflammation 10 2 6 1 3 3 0 2 12 21 5

Fever + _ + + + + + + _ _ _

Rash _ _ _ _ _ + + + _ _ _

Lymphadenopathy + _ _ + _ + _ _ _ _ _

Myalgia + + _ _ _ + _ _ _ _ _

Previous MAS _ _ _ _ + _ + + _ _ _

Ferritin > 330 ng/mL + _ + + + + _ _ _ + _

WBC > 15,000/mm3 + + + + + + + + _ _ +

ESR > 20 mm/h + _ + + + _ + + + + +

CRP > 10 mg/L + _ + + + + + + + + +

Increased transaminases _ _ _ _ _ + _ _ _ _ _
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exposure-adjusted AE rate of 364 per 100 patient-years. 
The observed AEs included eight cases of viral upper 
respiratory tract infection and one case of pneumonia. 
Notably, none of the patients required discontinuation 
of canakinumab treatment. No instances of anaphylactic 
or injection site reactions were observed. Additionally, 
no deaths, MAS, or flares occurred during the 24 weeks 
treatment period with canakinumab.

Discussion
To the best of our knowledge, this is the first study to 
present the efficacy and safety of canakinumab in Chi-
nese patients with active sJIA. All study participants 
had previously experienced tocilizumab treatment 
failure with active sJIA, with symptoms such as fever, 

arthritis, elevated CRP, and ESR. No patient discontin-
ued canakinumab treatment during follow-up. Corti-
costeroid-tapering effect was observed in all patients on 
corticosteroid therapy at baseline and remained low, with 
significant reductions in active arthritis as well as sJA-
DAS 27.

sJIA accounts for 5–15% of all cases of chronic arthri-
tis in children which presents a significant challenge in 
terms of diagnosis and treatment. Early biological ther-
apy has been shown to improve the long-term prognosis 
of patients [8]. In our case, 72.7% (8/11) of the patients 
started using tocilizumab within the first year of treat-
ment, indicating refractory cases. Extensive evidence 
suggests that pro-inflammatory cytokines IL-1, especially 
IL -1β, have been implicated as pivotal cytokines in sJIA 

Table 2  Previous and concomitant treatments at baseline

NSAIDs Non-steroidal anti-inflammatory drugs, cDMARDs Conventional disease-modifying antirheumatic drugs, bDMARDs Biologic disease-modifying antirheumatic 
drugs, JAKi Janus kinase inhibitors

Treatment Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10 Case 11

Previous treatment
  NSAIDs

    Diclofenac sodium - - - - - - - - - - +
    Naproxen + + + + + + + + + + +
    Celecoxib - - - + - - - - - - -
  Corticosteroid

    Corticosteroid + + + + + + + + + + +
    Corticosteroid pulse + - - - + - + + - - -
  cDMARDs

    Methotrexate + + + + + + + + + + +
    Cyclosporine A - - - - - - - + - - -
    Leflunomide + - - + + + + + - - +
    Thalidomide + + - + - + + + + - +
    Sulfasalazine - - - + - - - - - - -
  bDMARDs

    Tocilizumab + + + + + + + + + + +
    Adalimumab - - - + + - - - + + +
    Etanercept - - - + - + - - - + -
  JAKi - - - - - - + - - - +
Treatment at baseline
  NSAIDs + + + + - + - + + + +
  Corticosteroid + - - + + - - + - - -
  cDMARDs

    Methotrexate + + + - + + - + + + +
    Leflunomide - - - + - - - - - - -
    Thalidomide - - - - - - - - + - +
    Sulfasalazine - - - + - - - - - - -
  bDMARDs

    Tocilizumab - + + + - + + + - - +
    Adalimumab - - - - + - - - + - -
  JAKi - - - - - - - - - - +
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[21]. Canakinumab has been found to be highly effective 
in the treatment of sJIA as it binds selectively to IL-1β, 
inactivates IL-1β signaling pathways, and neutralizes its 
downstream effects [1, 11–15]. It is the only anti-IL-1 
agent licensed for the treatment of sJIA. Ruperto et  al. 
[1] reported that after the first administration of canaki-
numab, 60% of the patients achieved an adapted ACR 
Pedi 50 at day 15. Double-blind, placebo-controlled tri-
als also showed 64.4% of patients with canakinumab 

experiencing reduced disease activity within 6  months 
and 93.5% of patients within 2  years [14]. During the 
24-week follow-up in the treatment of our patients, the 
remission of clinical symptoms and signs, as well as lab-
oratory indicators, confirmed the beneficial effects of 
canakinumab. A continuous decline was observed in the 
mean sJADAS 27 and active joints at different follow-up 
time points. In addition, over 70% (8/11, with one case 
of infection) of patients at week 24 achieved complete 
absence of all signs and symptoms related to sJIA, such as 
fever, arthritis, and increased acute-phase reactant levels.

Avoiding or reducing corticosteroid use is one of the 
current treat-to-target treatment strategies for sJIA. Pub-
lished clinical trials have demonstrated that 15.6%–55.6% 
of patients with sJIA treated with canakinumab were able 
to discontinue corticosteroid use [1, 12, 14, 15, 22, 23]. All 
participants in our study were previously on corticoster-
oids, and the median duration of corticosteroid therapy 
was 22 months (range: 3–95 months). Four patients were 
treated with corticosteroids at baseline, and the mean dura-
tion of exposure to corticosteroids was 21.8 ± 10.3 months. 
By week 4, all of them successfully tapered their corticos-
teroid dosage, and further corticosteroid dose reduction 
was achieved throughout the study. In addition, the num-
ber of corticosteroid-free patients increased from 1 (25%) 
at week 4 to 4 (100%) at week 24, suggesting a rapid and 
continuous corticosteroid-tapering effect of canakinumab. 
Considering the side effects of corticosteroid, the corticos-
teroid-sparing effect of canakinumab therapy holds crucial 
benefits for patients with sJIA.

Indeed a biphasic model of the disease has been pro-
posed and early use of biologic agents has been advo-
cated based on the hypothesis that this early approach 

Fig. 1  Corticosteroid tapering in the four patients at different 
follow-up visits

Fig. 2  The trend in the mean number of active joints at different 
follow-up visits. *P < 0.05 vs. week 0

Fig. 3  The trend of the disease activity score on the sJADAS 27 
at different follow-up visits. *P < 0.05 vs. week 0
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could prevent the progression of chronic synovitis in 
sJIA. Studies have shown that giving anakinra early in 
the disease course appears to be more efficacious in 
achieving clinically inactive disease and less efficacious 
when given later [8, 24]. Data from the German Bio-
logics register  showed that patients treated with IL-1 
blockades within 12 months of the disease commence-
ment achieved clinical remission more frequently than 
patients who started treatment after the first 12 months 
[10]. Thses may support the “window of opportunity” 
hypothesis. However, in an open-label phase III study 
[15], canakinumab was efficacious and associated with 
substantial corticosteroid dose reduction in patients 
with sIJA whose median time from diagnosis to study 
entry was 5.9 (range: 0.4–17.3) years. In our cases, 
from the time of onset to receiving canakinumab, two 
cases were within 12 months and nine cases were over 
12 months. However, after treatment with canakinumab, 
their clinical symptoms were obviously controlled and 
their inflammatory indicators were relieved. However, 
some patients failed in the treatment of IL-1 inhibition 
and achieved satisfactory results when switched to IL-6 
inhibition, and vice versa. Whether this is due to true 
heterogeneity of the disease itself or different mecha-
nisms at different stages remains to be established [25]. 
In this study, tocilizumab was replaced with canaki-
numab for the treatment of patients with JIA due to its 
lack of efficacy, which resulted in favorable outcomes 
for all patients. Several hypotheses may explain the lack 
of response to tocilizumab in patients with sJIA. First, 
as IL-6 is downstream of IL-1β, systemic inflammation 
and arthritis were observed in IL-1 but not IL-6 over-
expressing transgenic mice in some studies [26, 27]. 
IL-6 is undetectable in IL-1β-deficient mice, whereas 
IL-1 is normally expressed in IL-6-deficient mice [28, 
29]. Second, IL-1β concentration is not affected by toci-
lizumab [30], but canakinumab causes a rapid reduc-
tion of IL-1β-stimulated IL-6 secretion [31]. IL-6 levels 
decreased by day 3 and persisted for 24 and 48  weeks 
after canakinumab treatment [21].

MAS is a life-threatening complication of sJIA with a 
mortality rate of up to 20%. Some researchers reason-
ably expect that the frequency of MAS in sJIA can be 
potentially reduced through treatment with IL-1 block-
ades [11]. Kostik et  al. [32] reported on eight patients 
with sJIA who developed MAS that was resolved by 
a short-term increase in canakinumab doses in all 
patients. In our study, three patients experienced four 
MAS events in the past, however, none developed MAS 
during canakinumab treatment.

The overall safety of canakinumab observed in this 
study was good and is consistent with that of previ-
ous studies [1, 12–15, 22, 33]. Sota et al. [34] reported 

an estimated AE rate of 8.4/100 patients/year. Discon-
tinuation owing to AE is rare. In our cohort, 72.7% of 
patients experienced AEs during follow-up; however, 
none of the patients withdrew from the study due to 
AEs. The most commonly reported AE was infection, 
particularly upper respiratory infection. Notably, no 
novel safety findings were observed. Severe AEs, such 
as MAS and death, were not reported in the study.

However, this study has several limitations, including 
a small sample size, a short study period, and a retro-
spective design without standardized treatments. It was 
also limited by insufficient information on novel bio-
markers such as, S100, IL-18, HO-1, MMP3, etc. Future 
studies should assess such biomarkers in order to pro-
vide clinical diagnosis, assess disease activity, and guide 
treatment.

Conclusions
Our research adds to the evidence of the effectiveness 
and safety of canakinumab in patients with sJIA. This 
drug exhibits a remarkable ability to improve the clini-
cal symptoms and laboratory indicators associated with 
sJIA, leading to a significant reduction in corticosteroid 
dosages while maintaining a positive safety profile.
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