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ABSTRACT
Background Treatment options in patients with 
enthesitis- related arthritis (ERA) and juvenile psoriatic 
arthritis (JPsA) are currently limited. This trial aimed to 
demonstrate the efficacy and safety of secukinumab 
in patients with active ERA and JPsA with inadequate 
response to conventional therapy.
Methods In this randomised, double- blind, 
placebo- controlled, treatment- withdrawal, phase 3 
trial, biologic- naïve patients (aged 2 to <18 years) 
with active disease were treated with open- label 
subcutaneous secukinumab (75/150 mg in patients 
<50/≥50 kg) in treatment period (TP) 1 up to week 
12, and juvenile idiopathic arthritis (JIA) American 
College of Rheumatology 30 responders at week 12 
were randomised 1:1 to secukinumab or placebo up 
to 100 weeks. Patients who flared in TP2 immediately 
entered open- label secukinumab TP3 that lasted up to 
week 104. Primary endpoint was time to disease flare 
in TP2.
Results A total of 86 patients (median age, 14 
years) entered open- label secukinumab in TP1. In 
TP2, responders (ERA, 44/52; JPsA, 31/34) received 
secukinumab or placebo. The study met its primary 
end point and demonstrated a statistically significant 
longer time to disease flare in TP2 for ERA and JPsA 
with secukinumab versus placebo (27% vs 55%, HR, 
0.28; 95% CI 0.13 to 0.63; p<0.001). Exposure- 
adjusted incidence rates (per 100 patient- years (PY), 
95% CI) for total patients were 290.7/100 PY (230.2 
to 362.3) for adverse events and 8.2/100 PY (4.1 
to 14.6) for serious adverse events in the overall JIA 
population.
Conclusions Secukinumab demonstrated significantly 
longer time to disease flare than placebo in children 
with ERA and JPsA with a consistent safety profile with 
the adult indications of psoriatic arthritis and axial 
spondyloarthritis.
Trial registration number NCT03031782.

INTRODUCTION
Juvenile idiopathic arthritis (JIA) is a heterogeneous 
group of inflammatory disorders that includes 
patients with arthritis of unknown aetiology that 
starts before the age of 16 years and persists for 6 
or more weeks.1 Enthesitis- related arthritis (ERA) 
and juvenile psoriatic arthritis (JPsA) are two 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Treatment options for patients with the juvenile 
idiopathic arthritis (JIA) subtypes of enthesitis- 
related arthritis (ERA) and juvenile psoriatic 
arthritis (JPsA) are limited. Conventional 
synthetic disease- modifying antirheumatic 
drugs (DMARDs), glucocorticoids and non- 
steroidal anti- inflammatory drugs provide 
limited efficacy with safety issues with long- 
term use. Studies have shown the efficacy of 
biologic DMARD (bDMARD) anti- TNF agents in 
patients with ERA or JPsA, but many patients 
continue to experience uncontrolled disease or 
experience treatment- related side effects.

WHAT THIS STUDY ADDS
 ⇒ In this double- blind, randomised, placebo- 
controlled, event- driven treatment withdrawal 
phase 3 study, the time to JIA disease flare 
was statistically longer in patients treated with 
secukinumab compared with placebo- treated 
patients from week 12 up to week 104 (27% vs 
55%, HR, 0.28; 95% CI 0.13 to 0.63; p<0.001).

 ⇒ Improvements in JIA American College of 
Rheumatology (ACR) responses, JIA ACR- 
inactive disease, JIA ACR core set components, 
Juvenile Arthritis Disease Activity Score were 
reported in patients treated with secukinumab 
up to 12 weeks.

 ⇒ No new safety signals were reported with 
secukinumab for up to 2 years.

http://www.eular.org/
http://ard.bmj.com/
http://orcid.org/0000-0001-9478-2987
http://orcid.org/0000-0003-3594-7387
http://orcid.org/0000-0002-1125-7720
http://orcid.org/0000-0001-5923-7051
http://orcid.org/0000-0003-1604-0130
http://orcid.org/0000-0001-8407-7782
http://dx.doi.org/10.1136/ard-2022-222849
http://dx.doi.org/10.1136/ard-2022-222849
http://dx.doi.org/10.1136/ard-2022-222849
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2022-222849&domain=pdf&date_stamp=2022-10-28
NCT03031782


155Brunner HI, et al. Ann Rheum Dis 2023;82:154–160. doi:10.1136/annrheumdis-2022-222849

Paediatric rheumatology

categories of JIA that represent paediatric counterparts of adult 
non- radiographic axial spondyloarthritis (nr- axSpA) and psori-
atic arthritis (PsA), respectively.1 2

Non- steroidal anti- inflammatory drugs (NSAIDs) and 
conventional synthetic disease- modifying anti- rheumatic drugs 
(csDMARDs) are considered first- line agents in JPsA, while 
NSAIDs and sulphasalazine are considered for ERA. Although 
the current treatment strategies for ERA and JPsA help to relieve 
pain, these medications often provide limited efficacy on the 
underlying disease.3 This necessitates initiation of more inten-
sive therapy, including the introduction of biologic (b)DMARDs, 
of which very few are approved for ERA and JPsA treatments.4 5

The interleukin (IL)−17A pathway plays an important role 
in the pathogenesis of ERA and JPsA. Compared with controls, 
increased levels of IL- 17A were reported in patients with JIA, 
especially in the setting of active disease.6 Progression of struc-
tural damage is mediated by the IL- 17 pathway in inflammatory 
arthritis.7 Secukinumab, a fully human monoclonal antibody that 
directly inhibits IL- 17A, has demonstrated efficacy and safety in 
adult patients with psoriasis (PsO), PsA, ankylosing spondylitis 
(AS) and nr- axSpA.8–11 This phase 3 study demonstrated the effi-
cacy and safety of secukinumab in patients with active ERA and 
JPsA.

METHODS
Study design and participants
This was a 2- year, randomised, double- blind, placebo- 
controlled, event- driven, treatment- withdrawal, phase 3 study 
that consisted of three treatment periods (TPs): open- label (OL) 
secukinumab TP1 (up to 8 weeks); a randomised, double- blind, 
placebo- controlled, withdrawal period (up to week 104) TP2; 
OL secukinumab TP3 and a post- treatment follow- up period 
(online supplemental figure S1). The study was planned to be 
continued until 33 flare events had occurred or randomised 
patients had completed 104 weeks in the study. In this event- 
driven, treatment- withdrawal study, the patients were treated 
first in an OL manner with the study drug for 12 weeks, and 
responders (JIA American College of Rheumatology (ACR)30 
responders) were randomised to the study drug or placebo in 
a double- blind manner. In this phase of treatment, occurrence 
of a protocol- defined disease flare led to withdrawal from the 
double- blind treatment phase and patients were retreated with 
the study drug in an OL fashion.12

Key inclusion criteria included patients aged ≥2 to <18 years 
at screening, classified according to the International League 
of Associations for Rheumatology JIA classification criteria as 
either ERA or JPsA, disease duration of ≥6 months with inade-
quate response to ≥1 csDMARDs or NSAIDs. Eligible patients 
were naïve to bDMARDs and had active disease. Key exclusion 
criteria included active uncontrolled inflammatory bowel disease 
(IBD) or uncontrolled uveitis. Detailed inclusion and exclusion 
criteria are provided in online supplemental appendix (Section 
S2).

Eligible patients entered TP1 and received OL subcuta-
neous secukinumab in prefilled syringes (75/150 mg in patients 
<50/≥50 kg). During TP1, secukinumab was administered 
weekly up to week 4, followed by every 4 weeks (Q4W). At week 
12 (end of TP1), JIA ACR30 responders entered TP2 and were 
randomised 1:1 to continue secukinumab or receive placebo 
Q4W until a disease flare, or up to week 100. JIA ACR30 non- 
responders at week 12 were discontinued from the study. All 
patients who experienced a disease flare in TP2 or completed 
TP2 without a disease flare entered TP3 to again receive OL 
secukinumab Q4W up to week 100.

The study protocol was reviewed and approved by the 
respective ethics committee or institutional review board of 
each centre. The study was conducted according to the Inter-
national Council for Harmonization Good Clinical Practice 
guidelines.

Randomisation
Eligible patients were randomised (1:1) to continue secukinumab 
or newly start placebo in TP2. Randomisation was performed 
centrally using an Interactive Response Technology system and 
was stratified by JIA category (ERA, JPsA) (Section S3, online 
supplemental appendix).

Procedures
Secukinumab was administered subcutaneously in prefilled 
syringes (75/150 mg in patients <50/≥50 kg). Study visits and 
study drug administration were scheduled at baseline and weeks 
1, 2, 3 and 4, followed by 4 weekly visits through week 104 
with study drug administration until week 100. Patients could 
continue stable background therapies with NSAIDs, metho-
trexate,13 sulfasalazine and oral glucocorticoids (Section S4, 
online supplemental appendix). Efficacy outcomes and adverse 
events (AEs) were assessed at each study visit.

Outcomes and assessments
All study outcomes are listed in the study protocol, which is 
provided in the online supplemental appendix (Section S5). At 
each planned visit, data for the six validated JIA ACR core set 
variables (CRVs) were recorded.14 The JIA ACR30 response as 
per the JIA ACR response criteria is defined as ≥30% improve-
ment in three or more of six CRVs, with no more than one of the 
remaining CRVs worsening by >30%.14 The primary end point 
was time to JIA flare in TP2, defined as per the Pediatric Rheu-
matology Collaborative Study Group/Paediatric Rheumatology 
INternational Trials Organisation JIA flare criteria as ≥30% 
worsening from baseline in at least three of the six CRVs with 
no more than one of the remaining CRVs with >30% improve-
ment relative to the end of TP1 (week 12).15 Key secondary effi-
cacy end points included JIA ACR30/50/70/90/100 responses, 
inactive disease (JIA ACR- ID) status16 JIA ACR CRVs, Juvenile 
Arthritis Disease Activity Score (JADAS)−27- C reactive protein 
and total enthesitis and dactylitis counts at week 12 in TP1, and 
JIA ACR30/50/70/90/100 responses and JIA ACR- ID status at 
the end of TP2.

Safety analyses were conducted for the entire study period 
(TP1–TP3) in the overall JIA population. Safety assessments 
included all AEs coded as per the Medical Dictionary for Regula-
tory Activities (V.23.1), serious AEs (SAEs), treatment- emergent 
AEs (TEAEs), injection site reactions and antisecukinumab anti-
body development (immunogenicity).

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

 ⇒ The results from this study support that secukinumab, a 
fully human monoclonal antibody that inhibits IL- 17A, is an 
effective and safe bDMARD in the treatment of patients with 
ERA and JPsA categories of JIA. Safety profile of secukinumab 
in JIA categories was consistent with reported adult 
indications of psoriatic arthritis and axial spondyloarthritis.
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Statistical analysis
For sample size estimation, the HR of flare events for the secuk-
inumab group relative to the placebo group was estimated to be 
0.32 in TP2.17 Thirty- three flares (12 for secukinumab, 21 for 
placebo) were estimated to detect a statistically significant differ-
ence between secukinumab and placebo to achieve 90% power 
by an one- sided significance level of 0.025. With an event- driven 
approach, the study was to be either stopped once 33 disease 
flares were detected or last patient’s last visit over the study is 
achieved. We expected that a maximum 92 weeks of TP2 was 
necessary to observe 33 disease flares. Assuming approximately 
85% of the patients respond at JIA ACR30 levels in TP1, we 
estimated that at most 94 patients needed to be enrolled into 
the study to allow for a sufficient number of patients to be 
randomised into TP2.

To show the superiority of secukinumab over placebo on the 
primary end point of time to disease flare in the two treatment 
groups, an one- sided stratified log- rank test was used with treat-
ment, stratification variable of JIA category (ERA or JPsA) and 
methotrexate use as explanatory variables. HR and their asso-
ciated 95% CIs were estimated based on a Cox proportional 
hazards model. Kaplan- Meier estimates (95% CI) of the prob-
ability of disease flare by treatment groups were calculated. 
Patients either experienced a disease flare or were censored in 
TP2. Subgroup analyses for time to disease flare were performed 
for the stratification variable of JIA category (ERA or JPsA). The 
intention- to- treat principle was applied for all primary and key 
secondary efficacy analyses.

The safety data analysis was conducted on the safety set that 
included all patients who received at least one dose of secuk-
inumab. Exposure- adjusted incidence rates (per 100 patient- 
years (PY) of follow- up) were calculated for AEs and SAEs. An 
independent data safety monitoring board was responsible for 
ongoing monitoring of the safety of patients in the study.

Patient and public involvement
Patients or the public were not involved in the design or conduct 
of the trial. Written informed consent was obtained from parents 
or legal guardians of each patient at screening.

RESULTS
Patient characteristics
Between 23 May 2017 and 9 November 2020, among 97 
patients screened for eligibility, 86 patients (88.7%) entered 
TP1 to receive OL secukinumab (online supplemental figure S2). 
There were 52 patients (60.5%) diagnosed with ERA and 34 
(39.5%) with JPsA.

At baseline, there was a male preponderance in the ERA group 
(78.8%, 41/52) and a slight female majority in the JPsA group 
(52.9%, 18/34) (table 1). Of the 86 patients enrolled in TP1, 75 
patients (87.2%) with a JIA ACR30 response at week 12 (end of 
TP1) were allowed to enter TP2. The baseline characteristics and 
clinical features of patients who entered TP2 were comparable 
to those of the overall study cohort (online supplemental table 
S1).

Overall, 75 patients (ERA/JPsA, 44/31) entered TP2 to be 
randomised 1:1 to continue secukinumab or newly receive 
placebo, with 67 patients completing TP2 and 26 completing 
TP3 (online supplemental figure S2). The most common reason 
for patients to discontinue the study early was lack of efficacy.

Time to JIA flare (primary endpoint)
The study was completed with last patient’s last visit achieved. 
A total of 31 JIA flares had occurred, and all 67 remaining 
patients had reached week 104 (in TP2/TP3). In TP2, flare 
events occurred in 10/37 (27%) in the secukinumab group 
versus 21/38 (55%) in the placebo group. The median time to 
flare was not reached for the secukinumab group and was 453 
(95% CI 114 to not calculable) days for the placebo group. The 

Table 1 Baseline demographics and clinical characteristics of all JIA patients and each JIA category in TP1

Variable JIA (N=86) ERA (N=52) JPsA (N=34)

Age (years), mean (SD) 13.1 (3.1) 13.7 (2.6) 12.2 (3.7)

Male, n (%) 57 (66.3) 41 (78.8) 16 (47.1)

Race, n (%)

  White 82 (95.3) 51 (98.1) 31 (91.2)

  Other* 4 (4.7) 1 (1.9) 3 (8.8)

Ethnicity, n (%)

  Hispanic or Latino 5 (5.8) 2 (3.8) 3 (8.8)

  Caucasian 67 (77.9) 42 (80.8) 25 (73.5)

  Unknown† 14 (16.3) 8 (15.4) 6 (17.6)

JADAS- 27 score, mean (SD) 15.1 (7.1) 14.8 (6.7) 15.5 (7.8)

Physician global assessment of disease activity (VAS 0–100 mm), mean (SD) 47.3 (21.1) 47.2 (20.2) 47.4 (22.9)

Parent/patient global assessment of overall well- being (VAS 0–100 mm), mean (SD) 48.5 (28.3) 50.0 (27.6) 46.3 (29.5)

Childhood Health Assessment Questionnaire–Disability Index, mean (SD) 0.8 (0.6) 0.8 (0.6) 0.8 (0.7)

Number of joints with active arthritis, mean (SD) 7.7 (7.5) 6.2 (3.4) 10.0 (10.6)

Number of joints with limited range of motion, mean (SD) 5.5 (4.7) 4.9 (3.3) 6.6 (6.3)

C- reactive protein standardised value (mg/L), mean (SD) 18.6 (32.0) 24.0 (38.8) 10.4 (14.0)

Total enthesitis count, mean (SD) 2.6 (2.5); n=85 2.7 (2.2); n=52 2.3 (3.0); n=33

Total dactylitis count, mean (SD) 1.0 (2.2); n=82 0.4 (1.4); n=48 1.8 (2.7); n=34

MTX use, n (%) yes 56 (65.1) 33 (63.5) 23 (67.6)

*Asian and other races.
†ethnicity not reported or unknown.
ERA, enthesitis- related arthritis; JADAS, Juvenile Arthritis Disease Activity Score; JIA, juvenile idiopathic arthritis; JPsA, juvenile psoriatic arthritis; MTX, methotrexate; TP, 
treatment period; VAS, visual analogue scale.
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study met its primary end point and demonstrated a statistically 
significant prolongation in time to disease flare in TP2 for the 
combined JIA categories of ERA and JPsA in the secukinumab 
group compared with the placebo group (HR, 0.28 (95% CI 
0.13 to 0.63), p<0.001) (figure 1A). The estimated mean time 
to disease flare in the placebo group was 453 days and could not 
be formally calculated for the secukinumab group as fewer than 
50% of patients in this group had flared at the time of study 
completion. Based on Kaplan- Meier estimation, the probability 
of remaining free of disease flares after 1 year was 76.7% (95% 
CI 58.7 to 87.6) for the secukinumab group versus 54.3% (95% 
CI 37.1 to 68.7) for the placebo group (figure 1A). Subgroup 
analysis by JIA category also showed that time to disease flare 

was longer in secukinumab treatment versus placebo for ERA 
(HR, 0.45 (95% CI 0.16 to 1.28)) (figure 1B) and JPsA (HR, 
0.15 (95% CI 0.04 to 0.57)) (figure 1C).

Key secondary end points
Onset of JIA ACR30 response occurred as early as week 1 (33.7%) 
and increased to 87.2% (75/86) at week 12. A total of 67.4% 
(58/86) of patients achieved a JIA ACR70 response while 34.9% 
(30/86) achieved JIA ACR- ID status at week 12 (non- responder 
imputation analysis) (figure 2A). During TP2, compared with 
patients randomised to placebo, a higher proportion of patients 
receiving secukinumab achieved JIA ACR30/50/70/90/100 
response and JIA ACR- ID status at the end of TP2, which refers 
to each patient’s last assessment in TP2 (figure 2B). Rates of JIA 
patients who reported inactive disease in the secukinumab group 
were higher than placebo group (47.2% vs 37.8%).

In the overall JIA population, with OL secukinumab, a 
notable reduction of mean JADAS- 27 was observed up to week 
12 reaching moderate disease activity and reached minimal 
disease activity in both secukinumab and placebo groups in 
TP2 (figure 3). In ERA and JPsA categories, JADAS- 27 reached 
moderate and minimal disease activity, respectively, with OL 
secukinumab in TP1. In TP2, the scores reached minimal disease 
activity with secukinumab treatment in ERA and inactive disease 
in JPsA, whereas with placebo, the scores reached moderate and 

Figure 1 Time to disease flare in (A) overall JIA population and JIA 
subcategories of (B) ERA and (C) JPsA in TP2 A) JIA: 72% flare risk 
reduction; HR, 0.28; 95% CI, 0.13 to 0.63; p<0.001 B) ERA: 55% flare 
risk reduction; HR, 0.45; 95% CI, 0.16 to 1.28; p=0.075 C) JPsA: 85% 
flare risk reduction; HR, 0.15; 95% CI, 0.04 to 0.57; p<0.001. HR and 
associated 95% CIs were based on a Cox proportional hazards model 
with treatment and analysis factors JIA category (ERA or JPsA) and MTX 
use at baseline as explanatory variables. Log- rank test was adjusted 
for analysis factors JIA category (ERA or JPsA) and methotrexate use at 
baseline. SEC: all patients who did not take any placebo. Placebo in TP2: 
all patients who took placebo in TP2 and SEC in other period/s. Day 1: 
date of randomisation. Disease flare was derived relative to the end of 
TP1 (week 12 visit). Patients who did not experience a disease flare in 
TP2, were censored at the date of their last non- missing flare evaluation 
in TP2. Patients at risk: patients in TP2 who did not have flare and were 
not censored before or at the start of the specified day. ERA, enthesitis- 
related arthritis; JIA, juvenile idiopathic arthritis; JPsA, juvenile psoriatic 
arthritis; m/n, proportion of patients with disease flare in TP2; NC, not 
calculable; SEC, secukinumab; TP, treatment period.

Figure 2 Improvement in ACR responses from baseline with open- 
label secukinumab in TP1 (A), and improvement from baseline at the 
end of TP2 (B). *Inactive disease status. 95% CI are from NRI analysis 
of ACR response derived relative to baseline. N=86 N, number of 
patients in the full analysis set; n, number of patients with response 
(B). *Inactive disease status. NRI analysis. ACR, American College of 
Rheumatology; JIA, juvenile idiopathic arthritis; m, total number of 
patients with an assessment at the end of TP2; N, total number of 
patients in the treatment group; n, number of patients who satisfy the 
criteria; NRI, non- responder imputation; TP, treatment period.
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minimal disease activity in ERA and JPsA categories, respectively 
(online supplemental figure S3).

Safety
Safety data were available for a total of 141.5 PY over the entire 
treatment period (secukinumab, 71.3 PY; placebo in TP2, 70.2 
PY). During the study, 79 patients (91.1%) reported at least 
one AE in the entire TP (table 2). Eight patients (9.3%) discon-
tinued the study due to AEs (secukinumab, 3 (6.3%); placebo, 
5 (13.2%)) and 11 (12.8%) patients reported SAEs). The most 
frequent TEAEs were nasopharyngitis (27 (31.4%)), nausea (19 
(22.1%)), upper respiratory tract infection (19 (22.1%)) and 
diarrhoea (17 (19.8%)).

One patient with ERA had a medical history of uveitis that was 
non- recurring during the study. Two ERA patients, both aged 16 
years, reported AE of acute anterior uveitis of mild or moderate 
severity that was not considered related to the study drug by 
the investigators and resolved with topical therapy; hence, the 
dose of study drug remains unchanged, and both the patients 

recovered and completed the study. One JPsA patient (2.7%) in 
the secukinumab group newly reported Crohn’s disease during 
the study. There was no family history of IBD. The patient expe-
rienced disease flare and discontinued the study drug due to 
Crohn’s disease on Day 127, entered post- treatment follow- up 
period and completed the same. The investigator suspected a 
causal relationship to secukinumab/placebo. There were no cases 
of mycobacterial infections, hepatitis B reactivation, malignancy 
or deaths. Only one patient reported injection- site reaction. No 
treatment- emergent antidrug antibodies were detected in any 
sample of patients treated with secukinumab during the study.

DISCUSSION
Secukinumab is a monoclonal antibody targeting IL- 17A that 
was found to result in rapid improvement of arthritis, dactylitis 
and enthesitis in children with ERA and JPsA. This study met 
its primary end point and demonstrated that time to disease 
flare in TP2 was significantly longer with secukinumab treat-
ment than placebo in the overall JIA population. At the tested 
weight- stratified dosages, secukinumab markedly decreased the 
flare risk by 72% compared with placebo, and there was no new 
safety signal.

There remains a high unmet medical need for therapies indi-
cated for ERA and JPsA as there is a dearth of tested therapies.18 
In order to limit or even avoid the negative impact of ERA and 
JPsA on patient development, QoL or disease- associated joint 
damage, rapid and sustained control of disease signs and symp-
toms is recommended,19 20 which can be achieved with early 
initiation of anti- inflammatory treatment in JIA.21 Current treat-
ment guidelines recommend initial bDMARD treatment for 
patients with risk factors, high disease activity and those who are 
intolerant to csDMARDs.21 22

We consider secukinumab an important new treatment 
option for children with ERA and JPsA as secukinumab resulted 
in a rapid and profound improvement of signs and symptoms 
of both ERA and JPsA in this study, including the resolution of 
dactylitis and enthesitis. The achievement of inactive disease, 
a preferred treatment target for JIA, was achieved in over 
30% of patients by week 12, and in over 40% of patients who 

Figure 3 Mean JADAS- 27 in TP1 and TP2 in the overall JIA population 
Full analysis set. MMRM analysis. *Least square mean values. JADAS- 27 
ranges from 0 to 57 (higher scores indicate more disease activity). HDA, 
high disease activity; ID, inactive disease; JADAS- 27, Juvenile Arthritis 
Disease Activity Score in 27 joints; JIA, juvenile idiopathic arthritis; MDA, 
minimal disease activity; MMRM, mixed- effect model repeated measure; 
MoDA, moderate disease activity; N, total number of patients in the 
treatment group; TP, treatment period

Table 2 Safety summary for the entire treatment period (safety set)

Safety events

TP1 TP2 Entire secukinumab exposure period

Secukinumab, N=86 Secukinumab, N=37 Placebo, N=38 Total, N=86

AEs, n (%) (PT) 56 (65.1) 34 (91.9) 29 (76.3) 79 (91.9)

SAE, n (%) (PT) 2 (2.3) 5 (13.5) 0 11 (12.8)

AEs leading to study discontinuation 1 (1.2) 2 (5.4) 5 (13.2) 8 (9.3)

Death 0 0 0 0

Most frequent TEAEs, n (%) (PT)

  Nasopharyngitis 5 (5.8) 14 (37.8) 6 (15.8) 27 (31.4)

  Nausea 6 (7.0) 7 (18.9) 3 (7.9) 19 (22.1)

  Upper respiratory tract infection 6 (7.0) 6 (16.2) 6 (15.8) 19 (22.1)

  Diarrhoea 1 (1.2) 9 (24.3) 2 (5.3) 17 (19.8)

  Cough 1 (1.2) 7 (18.9) 4 (10.5) 13 (15.1)

  Arthralgia 2 (2.3) 6 (16.2) 3 (7.9) 12 (14.0)

  Oropharyngeal pain 5 (5.8) 4 (10.8) 2 (5.3) 12 (14.0)

  Headache 5 (5.8) 3 (8.1) 3 (7.9) 12 (14.0)

  Fever 2 (2.3) 6 (16.2) 2 (5.3) 12 (14.0)

Secukinumab and placebo in TP2 groups have not been compared as the study design and the exposure times for these groups were different over the entire TP. In addition, it 
cannot be ruled- out that events occurring in TP2 under placebo are due to a spill- over effect by the previous secukinumab treatment in TP1.
AE, adverse event; IR, incidence rate per 100 subject years; PT, preferred term; SAE, serious adverse event; SOC, primary system organ class; TEAEs, treatment emergent AEs; TP, 
treatment period.
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received secukinumab throughout the entire study. Resolution 
of enthesitis is highly impactful given the known profound 
detrimental effects of enthesitis, including pain, in both adults 
and children.23

The responses in children with JPsA receiving secukinumab 
in this study are consistent with the findings from studies 
in patients with PsA where secukinumab has demonstrated 
sustained improvements in ACR responses, in resolution 
of enthesitis and dactylitis, in skin clearance with sustained 
improvement across the six key manifestations of PsA through 
5 years.24–26 ERA is considered the paediatric counterpart of 
nr- axSpA2 and children with ERA also experienced a profound 
improvement of signs and symptoms of their disease. The 
role of IL- 17A in spondyloarthritide manifestations of skin, 
joints and entheses is well known, and profound improvement 
with secukinumab was reported in patients with PsO, PsA and 
AS.11 27

Prior bDMARD exposure was an exclusion criterion for 
study participation. Earlier studies in JIA support that exposure 
to prior bDMARDs decreases the response rate to subsequent 
treatments in medication trials.28 29 Although this trial does not 
provide information about secukinumab efficacy in the setting 
of prior bDMARD exposure, we note that a retrospective study 
in patients with ERA who failed anti- TNF treatment reported 
significant improvement in JIA disease activity as measured 
by JADAS with secukinumab treatment.30 Consistent with this 
finding, patients in this study experienced a rapid, profound, and 
sustained decrease in disease activity as measured by JADAS- 27 
for up to 2 years.

There was only one reported injection- site reaction during 
the study, and no antisecukinumab antibodies were detected. 
Indeed, secukinumab was generally well tolerated, and its safety 
profile in this study population of patients with ERA or JPsA was 
consistent with that observed in adult patients with axial spon-
dyloarthritis and PsA.8 9 25

There was one reported case of Crohn’s disease that was 
categorised as an important potential risk, consistent with prior 
reports in the medical literature based on a postmarketing study 
in Vigibase.31 Anterior chronic non- infectious uveitis is quite 
common, especially with early onset of JPsA,32 but was not 
observed in this study. On the contrary, two cases of new acute 
anterior uveitis were reported, both regarded unrelated to the 
study treatment by the treating physicians, and a patient with a 
history of acute anterior uveitis prior to baseline did not experi-
ence reactivation of uveitis during the study.

Limitations of the trial must be considered. Secukinumab 
efficacy was assessed indirectly by the occurrence of JIA flares. 
Owing to the large number of placebo- treated patients who met 
flare criteria in TP2 and who stopped placebo when entering 
TP3, observed differences in efficacy between secukinumab 
versus placebo may be blunted. The trial population was rela-
tively small and predominantly white but was in line with other 
JIA trials. Thus, it was not possible to detect rare AEs. Another 
limitation of this study is the lack of data on skin manifestations, 
especially in JPsA patients, although it has been acknowledged 
that secukinumab demonstrated sustained efficacy across various 
skin outcomes in previously reported randomised trials in paedi-
atric patients with PsO.33

In conclusion, secukinumab demonstrated efficacy and safety 
in the JIA categories of ERA and JPsA. The significantly longer 
time to disease flare in TP2 and improvement in disease activity 
observed establish secukinumab as a candidate in the treatment 
of patients with ERA and JPsA.

Author affiliations
1UC Department of Pediatrics, University of Cincinnati, Cincinnati Children’s Hospital 
Medical Center, Cincinnati, Ohio, USA
2Hamburger Zentrum fuer Kinder und Jugendrheumatologie, Hamburg, Germany
3National Scientific and Practical Center of Children’s Health, Ministry of Health of 
the Russian Federation, Moscow, Russian Federation
4Istanbul University- Cerrahpasa, Faculty of Medicine, Department of Pediatric 
Rheumatology, Istanbul, Turkey
5Hospital Universitario y Politécnico La Fe Valencia, Reumatologìa, Valencia, Spain
6Pediatric Rheumatology, Istanbul Universitesi- Cerrahpasa, Istanbul, Turkey
7State Pediatric Medical University, Department of Pediatric Rheumatology, Saint- 
Petersburg, Russian Federation
8University Medical Center, Medical Faculty University of Freiburg, Department of 
Pediatrics and Adolescent Medicine, Freiburg, Germany
9Andrzej Frycz Modrzewski Krakow University, Faculty of Medicine and Health 
Sciences, Department of Pediatrics, Krakow, Poland
10UC Department of Pediatrics, Cincinnati Children’s Hospital Medical Center, 
Cincinnati, Ohio, USA
11Department of Pediatrics, Hacettepe University, Ankara, Turkey
12Regional Children Clinical Hospital # 1, Ural State Medical University, Ministry of 
Healthcare of the Russian Federation, Department of Rheumatology, Yekaterinburg, 
Russian Federation
13University Hospitals Bristol NHS Foundation Trust, Bristol, UK
14University of Bristol, Department of Pediatric Rheumatology, Bristol, UK
15Red Cross War Memorial Children’s Hospital, University of Cape Town, Department 
of Pediatric Rheumatology, Cape Town, South Africa
16Umraniye Training and Research Hospital, Department of Pediatric Rheumatology, 
Istanbul, Turkey
17First Moscow State Medical University n.a. I.M.Sechenov, Department of 
Rheumatology, Moscow, Russian Federation
18Novartis Pharmaceuticals Corporation, East Hanover, New Jersey, USA
19Novartis Ireland Ltd, Dublin, Ireland
20Università degli Studi di Genova, Genova, Italy
21Rheumatology, Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio, USA
22IRCCS Istituto Giannina Gaslini, UOSID Centro Trial, Genova, Italy

Twitter Grant Schulert @GrantSchulert

Acknowledgements The authors thank all the patients, investigators and study 
personnel for their willingness to participate in the study. Medical writing support 
was funded by Novartis Pharma AG. Kamalakkannan Narasimha Naidu, PhD drafted 
the manuscript; Dhanya Mukundan, MDS developed figures, provided editorial 
support and managed the submission. All authors reviewed the manuscript, tables 
and figures several times and contributed in writing to the interpretation and 
discussion of the data and to the presentation of findings from published studies.

Contributors All authors meet the International Committee of Medical Journal 
Editors (ICMJE) criteria for authorship for this article, take responsibility for the 
integrity of the work as a whole, were involved in drafting and critical review of the 
manuscript, and approved the final version for submission. All authors agree to be 
accountable for all aspects of the work and attest to the accuracy and integrity of 
the work. The trial was designed jointly by PRINTO/PRCSG officers (NR, HIB, AM and 
DJL) and the sponsor (Novartis Pharma AG). HIB, EA, NAA, ICP, VGC, IF, MH, OK, SO, 
SC, ZZ, GSS, AR, AVR and EZ were involved in data collection. NAA, IF, AM, SO, DL 
and NR were involved in data interpretation. RM, XZ, OK, AM, SO and NR analysed 
the data. RM, XZ and SW interpreted the data. LP, RM and XZ verified the underlying 
data. HIB is responsible for the overall content as the guarantor.

Funding This study ( ClinicalTrials. gov; NCT03031782) was sponsored by Novartis 
Pharma AG, Basel, Switzerland.

Competing interests HIB has received grants and consulting fees from Novartis; 
ICP has received payment honoria for lectures, presentations, speakers bureaus 
from Novartis; MH has received payment for participation on data safety monitoring 
board or advisory board from Novartis;GSS has received grants and consulting 
fees from Novartis; AVR has received consulting fees from Abbvie, Astra Zeneca, Eli 
Lilly, Novartis, Roche, UCB; payment/honoria for lectures, presentations, speakers 
bureaus from Abbvie, Eli Lilly, Novartis, Roche, SOBI; payment for participation on 
data safety monitoring board or advisory board from Eli Lilly; EZ has received grants 
or contracts from Novartis and Pfizer; payment/honoria for lectures, presentations, 
speakers bureaus from Abbvie, MSD, Novartis, Pfizer and Roche; has received support 
for attending meetings and/or travel from Abbvie, MSD, Novartis, Pfizer and Roche; 
Ruvie Martin, Xuan Zhu, Sarah Whelan and Luminita Pricop are employees and 
shareholders of Novartis; AM has received consulting fees from Aurinia, Bristol Myers 
and Squibb, Eli Lilly, EMD, Serono, Janssen, Pfizer and Roche; payment/ honoria for 
lectures, presentations, speakers bureaus from Aurinia, Bristol Myers and Squibb, Eli 
Lilly, EMD, Janssen, Pfizer, Roche and Serono; DJL has received grants and consulting 
fees from Astra Zeneca, Boehringer Ingelheim, GSK, Hoffman LaRoche, Novartis, 
and UBC; Nicolino Ruperto has received consulting fees from Ablynx, Amgen, 
Astrazeneca- Medimmune, Aurinia, Bayer, Bristol Myers and Squibb, Cambridge 

https://twitter.com/GrantSchulert


160 Brunner HI, et al. Ann Rheum Dis 2023;82:154–160. doi:10.1136/annrheumdis-2022-222849

Paediatric rheumatology

Healthcare Research (CHR), Celegene, Domain therapeutic, Eli Lilly, EMD Serono, 
GlaxoSmith and Kline, Idorsia, Janssen, Novartis, Pfizer, SOBI and UCB; payment/ 
honoria for lectures, presentations, speakers bureaus from Eli Lilly, GlaxoSmith and 
Kline, Pfizer, SOBI and UCB; has received payment for participation on data safety 
monitoring board or advisory board from Eli Lilly and Pfizer; has received funding 
from Bristol Myers and Squibb, Eli Lilly, F Hoffmann- La Roche, Novartis, Pfizer and 
SOBI.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval The study protocol was reviewed and approved by the respective 
ethics committee or institutional review board of each centre. The trial was designed 
jointly by PRINTO/PRCSG officers (NR, HIB, AM and DJL) and the sponsor (Novartis 
Pharmaceuticals). Data were collected by the PRINTO/PRCSG investigators. The study 
was conducted according to the International Council for Harmonization of Technical 
Requirements for Pharmaceuticals for Human Use (ICH) E6 Guideline for Good 
Clinical Practice that has its origin in the Declaration of Helsinki clinical practice 
guidelines. Written informed consent was obtained from parents or legal guardians 
of each patient at screening. Participants gave informed consent to participate in the 
study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. The 
datasets generated and analysed for this study are not publicly available. Novartis 
will review requests for data from qualified external researchers for scientific merit. 
All patient- level data must obscure patient identity, to respect patient privacy 
and conform to applicable laws and regulations. Any requests should be made to 
Luminita Pricop, Novartis Pharmaceutical Corporation, at  luminita. pricop@ novartis. 
com.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/ 
licenses/by/4.0/.

ORCID iDs
Hermine I Brunner http://orcid.org/0000-0001-9478-2987
Nuray Aktay Ayaz http://orcid.org/0000-0003-3594-7387
Ozgur Kasapcopur http://orcid.org/0000-0002-1125-7720
Grant Schulert http://orcid.org/0000-0001-5923-7051
Daniel Lovell http://orcid.org/0000-0003-1604-0130
Nicolino Ruperto http://orcid.org/0000-0001-8407-7782

REFERENCES
 1 Martini A, Ravelli A, Avcin T, et al. Toward new classification criteria for juvenile 

idiopathic arthritis: first steps, pediatric rheumatology international trials organization 
international consensus. J Rheumatol 2019;46:190–7.

 2 Weiss PF, Fuhlbrigge RC, von Scheven E, et al. Children with Enthesitis-Related 
arthritis and possible benefits from treatments for adults with spondyloarthritis. 
Arthritis Care Res 2022;74:1058–64.

 3 Guzman J, Henrey A, Loughin T, et al. Predicting which children with juvenile 
idiopathic arthritis will have a severe disease course: results from the ReACCh- Out 
cohort. J Rheumatol 2017;44:230–40.

 4 Ravelli A, Consolaro A, Horneff G, et al. Treating juvenile idiopathic arthritis to target: 
recommendations of an international Task force. Ann Rheum Dis 2018;77:819–28.

 5 Burgos- Vargas R, Tse SML, Horneff G, et al. A randomized, double- blind, placebo- 
controlled multicenter study of adalimumab in pediatric patients with Enthesitis- 
Related arthritis. Arthritis Care Res 2015;67:1503–12.

 6 Vijatov- Djuric G, Doronjski A, Mitic I, et al. Interleukin- 17A levels increase in serum of 
children with juvenile idiopathic arthritis. Arch Rheumatol 2017;32:234–43.

 7 Menon B, Gullick NJ, Walter GJ, et al. Interleukin- 17+CD8+ T cells are enriched in the 
joints of patients with psoriatic arthritis and correlate with disease activity and joint 
damage progression. Arthritis Rheumatol 2014;66:1272–81.

 8 Baeten D, Sieper J, Braun J, et al. Secukinumab, an interleukin- 17A inhibitor, in 
ankylosing spondylitis. N Engl J Med 2015;373:2534–48.

 9 Deodhar A, Blanco R, Dokoupilová E, et al. Improvement of signs and symptoms of 
nonradiographic axial spondyloarthritis in patients treated with secukinumab: primary 
results of a randomized, placebo- controlled phase III study. Arthritis Rheumatol 
2021;73:110–20.

 10 McInnes IB, Mease PJ, Kirkham B, et al. Secukinumab, a human anti- interleukin- 17A 
monoclonal antibody, in patients with psoriatic arthritis (future 2): a randomised, 
double- blind, placebo- controlled, phase 3 trial. Lancet 2015;386:1137–46.

 11 Langley RG, Elewski BE, Lebwohl M, et al. Secukinumab in plaque psoriasis--results of 
two phase 3 trials. N Engl J Med 2014;371:326–38.

 12 Ruperto N, Giannini EH, Pistorio A, et al. Is it time to move to active comparator trials 
in juvenile idiopathic arthritis?: a review of current study designs. Arthritis Rheum 
2010;62:3131–9.

 13 Ruperto N, Murray KJ, Gerloni V, et al. A randomized trial of parenteral methotrexate 
comparing an intermediate dose with a higher dose in children with juvenile 
idiopathic arthritis who failed to respond to standard doses of methotrexate. Arthritis 
Rheum 2004;50:2191–201.

 14 Giannini EH, Ruperto N, Ravelli A, et al. Preliminary definition of improvement in 
juvenile arthritis. Arthritis Rheum 1997;40:1202–9.

 15 Brunner HI, Lovell DJ, Finck BK, et al. Preliminary definition of disease flare in juvenile 
rheumatoid arthritis. J Rheumatol 2002;29:1058–64.

 16 Wallace CA, Giannini EH, Huang B, et al. American College of rheumatology 
provisional criteria for defining clinical inactive disease in select categories of juvenile 
idiopathic arthritis. Arthritis Care Res 2011;63:929–36.

 17 Lovell DJ, Giannini EH, Reiff A, et al. Etanercept in children with polyarticular juvenile 
rheumatoid arthritis. pediatric rheumatology collaborative Study Group. N Engl J Med 
2000;342:763–9.

 18 Brunner HI, Schanberg LE, Kimura Y, et al. New medications are needed for children 
with juvenile idiopathic arthritis. Arthritis Rheumatol 2020;72:1945–51.

 19 Weiss PF, Beukelman T, Schanberg LE, et al. Enthesitis- related arthritis is associated 
with higher pain intensity and poorer health status in comparison with other 
categories of juvenile idiopathic arthritis: the childhood arthritis and rheumatology 
research alliance registry. J Rheumatol 2012;39:2341–51.

 20 Lundberg V, Eriksson C. Health- Related quality of life among Swedish children with 
juvenile idiopathic arthritis: parent- child discrepancies, gender differences and 
comparison with a European cohort. Pediatr Rheumatol Online J 2017;15:26.

 21 Constantin T, Foeldvari I, Anton J, et al. Consensus- Based recommendations for 
the management of uveitis associated with juvenile idiopathic arthritis: the share 
initiative. Ann Rheum Dis 2018;77:1107–17.

 22 Ringold S, Angeles-Han ST, Beukelman T, et al. 2019 American College of 
Rheumatology/Arthritis Foundation guideline for the treatment of juvenile idiopathic 
arthritis: therapeutic approaches for Non-Systemic polyarthritis, sacroiliitis, and 
Enthesitis. Arthritis Care Res 2019;71:717–34.

 23 Rumsey DG, Guzman J, Rosenberg AM, et al. Worse quality of life, function, and pain 
in children with enthesitis, irrespective of their juvenile arthritis category. Arthritis 
Care Res 2020;72:441–6.

 24 McInnes IB, Mease PJ, Ritchlin CT, et al. Secukinumab sustains improvement in signs 
and symptoms of psoriatic arthritis: 2 year results from the phase 3 future 2 study. 
Rheumatology 2017;56:1993–2003.

 25 Mease PJ, Kavanaugh A, Reimold A, et al. Secukinumab provides sustained 
improvements in the signs and symptoms of psoriatic arthritis: final 5- year results 
from the phase 3 future 1 study. ACR Open Rheumatol 2020;2:18–25.

 26 Kavanaugh A, Mease PJ, Reimold AM, et al. Secukinumab for long- term treatment 
of psoriatic arthritis: a two- year followup from a phase III, randomized, double- blind 
placebo- controlled study. Arthritis Care Res 2017;69:347–55.

 27 Mease PJ, McInnes IB, Kirkham B, et al. Secukinumab inhibition of interleukin- 17A in 
patients with psoriatic arthritis. N Engl J Med 2015;373:1329–39.

 28 Brunner HI, Ruperto N, Zuber Z, et al. Efficacy and safety of tocilizumab for 
Polyarticular- Course juvenile idiopathic arthritis in the open- label two- year extension 
of a phase III trial. Arthritis Rheumatol 2021;73:530–41.

 29 Ruperto N, Lovell DJ, Quartier P, et al. Long- Term safety and efficacy of abatacept in 
children with juvenile idiopathic arthritis. Arthritis Rheum 2010;62:1792–802.

 30 Baer J, Klotsche J, Foeldvari I. Secukinumab in the treatment for patients with juvenile 
enthesitis related arthritis non- responsive to anti- TNF treatment according the 
juvenile spondyloarthritis disease activity index. Clin Exp Rheumatol 2022;40:620–4.

 31 Petitpain N, D’Amico F, Yelehe- Okouma M, et al. Il- 17 inhibitors and inflammatory 
bowel diseases: a postmarketing study in Vigibase. Clin Pharmacol Ther 
2021;110:159–68.

 32 Zisman D, Gladman DD, Stoll ML, et al. The juvenile psoriatic arthritis cohort in the 
CARRA registry: clinical characteristics, classification, and outcomes. J Rheumatol 
2017;44:342–51.

 33 Bodemer C, Kaszuba A, Kingo K, et al. Secukinumab demonstrates high efficacy and 
a favourable safety profile in paediatric patients with severe chronic plaque psoriasis: 
52- week results from a phase 3 double- blind randomized, controlled trial. J Eur Acad 
Dermatol Venereol 2021;35:938–47.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-9478-2987
http://orcid.org/0000-0003-3594-7387
http://orcid.org/0000-0002-1125-7720
http://orcid.org/0000-0001-5923-7051
http://orcid.org/0000-0003-1604-0130
http://orcid.org/0000-0001-8407-7782
http://dx.doi.org/10.3899/jrheum.180168
http://dx.doi.org/10.1002/acr.24529
http://dx.doi.org/10.3899/jrheum.160197
http://dx.doi.org/10.1136/annrheumdis-2018-213030
http://dx.doi.org/10.1002/acr.22657
http://dx.doi.org/10.5606/ArchRheumatol.2017.6067
http://dx.doi.org/10.1002/art.38376
http://dx.doi.org/10.1056/NEJMoa1505066
http://dx.doi.org/10.1002/art.41477
http://dx.doi.org/10.1016/S0140-6736(15)61134-5
http://dx.doi.org/10.1056/NEJMoa1314258
http://dx.doi.org/10.1002/art.27670
http://dx.doi.org/10.1002/art.20288
http://dx.doi.org/10.1002/art.20288
http://dx.doi.org/10.1002/1529-0131(199707)40:7<1202::AID-ART3>3.0.CO;2-R
http://www.ncbi.nlm.nih.gov/pubmed/12022323
http://dx.doi.org/10.1002/acr.20497
http://dx.doi.org/10.1056/NEJM200003163421103
http://dx.doi.org/10.1002/art.41390
http://dx.doi.org/10.3899/jrheum.120642
http://dx.doi.org/10.1186/s12969-017-0153-5
http://dx.doi.org/10.1136/annrheumdis-2018-213131
http://dx.doi.org/10.1002/acr.23870
http://dx.doi.org/10.1002/acr.23844
http://dx.doi.org/10.1002/acr.23844
http://dx.doi.org/10.1093/rheumatology/kex301
http://dx.doi.org/10.1002/acr2.11097
http://dx.doi.org/10.1002/acr.23111
http://dx.doi.org/10.1056/NEJMoa1412679
http://dx.doi.org/10.1002/art.41528
http://dx.doi.org/10.1002/art.27431
http://dx.doi.org/10.55563/clinexprheumatol/1u8y08
http://dx.doi.org/10.1002/cpt.2155
http://dx.doi.org/10.3899/jrheum.160717
http://dx.doi.org/10.1111/jdv.17002
http://dx.doi.org/10.1111/jdv.17002

	Secukinumab in enthesitis-related arthritis and juvenile psoriatic arthritis: a randomised, double-blind, placebo-controlled, treatment withdrawal, phase 3 trial
	ABSTRACT
	Introduction
	Methods
	Study design and participants
	Randomisation
	Procedures
	Outcomes and assessments
	Statistical analysis
	Patient and public involvement

	Results
	Patient characteristics
	Time to JIA flare (primary endpoint)
	Key secondary end points
	Safety

	Discussion
	References


