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Safety and Effectiveness of Adalimumab in Patients With 
Polyarticular Course of Juvenile Idiopathic Arthritis: STRIVE 
Registry Seven-Year Interim Results
Hermine I. Brunner,1  Kabita Nanda,2 Mary Toth,3 Ivan Foeldvari,4 John Bohnsack,5 Diana Milojevic,6  
C. Egla Rabinovich,7 Daniel J. Kingsbury,8 Katherine Marzan,9 Elizabeth Chalom,1 Gerd Horneff,10  
Rolf-Michael Kuester,11 Jason A. Dare,12 Maria Trachana,13 Lawrence K. Jung,14 Judyann Olson,15 Kirsten Minden,16 
Pierre Quartier,17 Mareike Bereswill,18 Jasmina Kalabic,18 Hartmut Kupper,18 Daniel J. Lovell,1 Alberto Martini,19 
and Nicolino Ruperto,19  for the Paediatric Rheumatology International Trials Organisation, and the Pediatric 
Rheumatology Collaborative Study Group

Objective. To evaluate safety and effectiveness of adalimumab (ADA) in polyarticular-course juvenile idiopathic 
arthritis (JIA) in the STRIVE registry.

Methods. STRIVE enrolled patients with polyarticular-course JIA into 2 arms based on treatment with methotrexate 
(MTX) alone or ADA with/without MTX (ADA ± MTX). Adverse events (AEs) per 100 patient-years of observation 
time were analyzed by registry arm. Patients who entered the registry within 4 weeks of starting MTX or ADA ± 
MTX, defined as new users, were evaluated for change in disease activity assessed by the 27-joint Juvenile Arthritis 
Disease Activity Score with the C-reactive protein level (JADAS-27CRP).

Results. At the 7-year cutoff date (June 1, 2016), data from 838 patients were available (MTX arm n = 301, ADA ±  
MTX arm n = 537). The most common AEs were nausea (10.3%), sinusitis (4.7%), and vomiting (4.3%) in the MTX arm 
and arthritis (3.9%), upper respiratory tract infection (3.5%), sinusitis, tonsillitis, and injection site pain (3.0% each) in 
the ADA ± MTX arm. Rates of serious infection were 1.5 events/100 patient-years in the MTX arm and 2.0 events/100 
patient-years in the ADA ± MTX arm. AE and serious AE rates were similar in patients receiving ADA with versus 
without MTX. No deaths or malignancies were reported. New users in the ADA ± MTX arm showed a trend toward 
lower mean JADAS-27CRP compared with new users in the MTX arm in the first year of STRIVE.

Conclusion. The STRIVE registry 7-year interim results support the idea that ADA ± MTX is well tolerated by most 
children. Registry median ADA exposure was 2.47 (interquartile range 1.0–3.6) years, with 42% of patients continuing 
ADA at the 7-year cutoff date.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) can cause significant dis-
ability and often persists into adulthood (1,2). In European and 
North American populations, the reported incidence and preva-
lence of JIA ranges from 2 to 20 and from 16 to 150 per 100,000, 

respectively (1,3). The International League of Associations for 
Rheumatology classification describes 7 JIA categories, which 
consider the number of affected joints, serologic status, and sys-
temic manifestations, among other factors (4). For clinical trials, 
the term polyarticular-course JIA was coined to describe children 
with JIA who have a history of ≥5 active joints with arthritis. These 
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patients commonly have a more refractory disease course, ren-
dering them at increased risk for joint damage, poor functional 
outcomes, and low health-related quality of life (5).

Children with polyarticular-course JIA are often treated with syn-
thetic or biologic disease-modifying antirheumatic drugs (DMARDs) 
or with a combination of both. Methotrexate (MTX) is the most com-
monly used synthetic DMARD. However, in at least 40% of patients 
with JIA, MTX therapy will not result in adequate disease control (6–8).  
Children with inadequate response or intolerance to MTX require 

treatment with biologic DMARDs, such as inhibitors of tumor necro-
sis factor (TNF) or other proinflammatory pathways (9–14). Adali-
mumab (ADA) is a fully human anti-TNF antibody that is approved 
in many countries for treatment of moderate-to-severe polyarticular  
JIA in patients ≥2 years old (10,15–17). The STRIVE registry was 
established as a postmarketing surveillance effort for patients with 
polyarticular-course JIA exposed to ADA. Here we present the 
7-year interim safety and effectiveness results for the STRIVE regis-
try polyarticular-course JIA cohort treated with ADA with or without 
MTX, using patients in the MTX arm as the control population.

PATIENTS AND METHODS

Study design. STRIVE is a 10-year, ongoing, multicenter, 
noninterventional, observational registry of children with active  
polyarticular-course JIA treated with MTX or ADA ± MTX. Patients 
were enrolled in 16 countries at 92 centers of the Paediatric Rheu-
matology International Trials Organisation (18) and the Pediatric 
Rheumatology Collaborative Study Group (19). Children entered 
the MTX arm (i.e., patients treated with MTX alone or in combina-
tion with other synthetic DMARDs according to the local product 
labeling) or the ADA ± MTX arm (i.e., patients treated with ADA 
alone [ADA – MTX] or ADA in combination with MTX [ADA + MTX]). 
The initial decision to prescribe ADA and/or MTX was made by 
the treating physician before registry participation. Until enrollment 
closed, patients receiving MTX who were nonresponders to or 
intolerant of MTX treatment could switch from the MTX arm to the 
ADA ± MTX arm if the treating physician decided to initiate ADA 
therapy as part of standard of clinical care. After enrollment closure, 

SIGNIFICANCE & INNOVATIONS
•	 Routine clinical care with methotrexate or adali-

mumab with or without methotrexate is well toler-
ated in children with polyarticular-course juvenile 
idiopathic arthritis.

•	 No deaths, malignancies, active tuberculosis, demye
linating disorders, or congestive heart failure were 
reported during 1,855.5 patient-years of observation 
time in the adalimumab arm.

•	 Serious adverse event rates were low in all patients 
with polyarticular-course juvenile idiopathic arthri-
tis who received methotrexate alone or received 
adalimumab with or without concurrent metho-
trexate.

•	 More patients receiving methotrexate alone dis-
continued the study drug due to the need for ad-
ditional therapy (33%) compared with those who 
received adalimumab with or without methotrex-
ate (4%).
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patients in the MTX arm who newly required biologic DMARDs 
were considered to be taking an off-registry drug. All children were 
encouraged to continue registry participation to gather further 
observational safety information after discontinuation of the reg-
istry drug. All reasons for discontinuation were collected (multiple 
reasons were possible). Registry data were collected at enrollment, 
at months 1, 3, and 6, every 6 months through year 5, and annu-
ally for years 6 to 10 of individual registry follow-up.

The STRIVE registry is part of a postmarketing commitment 
from AbbVie to the US Food and Drug Administration and the Euro-
pean Medicines Agency. The registry is conducted in accordance 
with the International Conference on Harmonisation Good Clinical 
Practice guidelines and the Declaration of Helsinki. The registry pro-
tocol and informed consent/patient authorization were approved 
by an institutional review board and/or independent ethics commit-
tee, as applicable according to local law. Before any study proce-
dures were performed, a parent or legal guardian provided written 
informed consent, and written informed assent was obtained from 
children age ≥9 years according to local standards.

Patients. Eligible patients were ages 2 to 17 years at enroll-
ment and had a history of moderately to severely active JIA (i.e., 
arthritis affecting ≥5 joints). For enrollment into the ADA ± MTX arm, 
patients had to have commenced ADA therapy within 24 months 
of registry entry and continuously received ADA (≤70 consecutive 
days off the drug) according to the locally approved product label, 
or participated in the clinical studies DE038 (10) or M10-444 (15) 
from AbbVie Inc. (North Chicago, Illinois) and continued to receive 
ADA ± MTX. For enrollment into the MTX arm, patients had to have 
started MTX within 24 months of registry entry either as mono-
therapy or in combination with DMARDs, according to the locally 
approved product label. Patients who had prior treatment with any 
investigational agent or biologic DMARD were ineligible for the MTX 
arm. Background therapy with nonsteroidal antiinflammatory drugs 
(NSAIDs), folic acid, or folinic acid was permitted but not required.

Patients prescribed ADA and/or MTX were not enrolled if they 
were using regimens not in accordance with the local ADA or MTX 
product labels or if they were treated concurrently with biologic 
DMARDs other than ADA (for detailed eligibility criteria, see Supple-
mentary Table 1, available on the Arthritis Care & Research website 
at http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.24044/​abstract).

Study objectives. The primary objective of this registry was 
to evaluate the long-term safety of ADA ± MTX. Evaluating effec-
tiveness of treatment with ADA ± MTX was the secondary objec-
tive, with the MTX arm serving as a reference. The registry was not 
designed for a formal statistical comparison of the registry arms.

Safety. Serious adverse events (SAEs), events of special 
interest (e.g., infections, allergic reactions, malignancies, demy-
elinating disorder, and congestive heart failure; see Supplemen-
tary Table 2, available on the Arthritis Care & Research website 

at http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.24044/​abstract), 
and pregnancies were recorded for the initial 5 years of registry 
participation. Starting from year 6, only SAEs, a subset of events 
of special interest (congestive heart failure, malignancies), AEs 
possibly related or leading to discontinuation of registry treatment, 
and pregnancies were recorded. Exceptions were registry patients 
between the ages of 2 to 4 years at enrollment, for whom SAEs, all 
events of special interest, and pregnancies were collected for 10 
years following registry entry.

SAEs, including serious infections, were defined as AEs 
that met any of the following criteria: death, life threatening (i.e., 
could result in immediate fatality without medical intervention), 
hospitalization, prolongation of hospitalization, congenital anom-
aly, persistent or significant disability, any important medical event 
requiring medical or surgical intervention to prevent serious out-
come, or spontaneous or elective abortion. AEs and SAEs were 
classified according to the Medical Dictionary for Regulatory Activ-
ities (MedDRA, version 18.1, https://www.meddra.org/) and were 
defined according to the International Conference on Harmonisa-
tion guidelines (20).

Disease-specific data. Disease characteristics were col-
lected at baseline and at regular intervals through year 5. C-reactive  
protein (CRP) levels were recorded only when obtained as part 
of routine clinical care. Physical function was assessed using 
the Childhood Health Assessment Questionnaire disability index 
(range 0 [no disability] to 3 [major disability]) (21). Physician global 
assessment of patient disease activity, parent global assessment 
of patient disease activity, and parent assessment of patient pain 
were measured on a visual analog scale from 0 (inactive disease/
very good condition/no pain) to 100 (very active disease/very bad 
condition/very severe pain) (22–24). The number of joints with 
limited range of motion and joints with active arthritis (i.e., joints 
with swelling, pain, or tenderness plus limited range of motion) 
were also recorded. Disease activity was measured using the 
27-joint Juvenile Arthritis Disease Activity Score with the CRP level 
(JADAS-27CRP; range 0–57) (25).

JIA-associated uveitis. Information about the course of 
JIA-associated uveitis was collected during the initial 5 years of 
registry participation. Thereafter, only AEs pertaining to uveitis 
were collected. For patients with JIA-associated uveitis, the treat-
ing rheumatologist was requested to report uveitis status from the 
ophthalmology examination performed according to the local clin-
ical practice.

Data analysis. The all-treated population, comprising all 
registry patients who received ≥1 dose of ADA or MTX was used 
for analyses of patient disposition, baseline characteristics, registry 
drug-exposure duration, observation time, uveitis data, and safety. 
Baseline values for patient characteristics were defined as the 
last nonmissing value on or before registry enrollment or baseline  
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values from the previous study for patients who rolled over from 
an ADA clinical trial. Registry drug-exposure duration for the MTX 
arm was calculated from the date of first through the last MTX 
dose in the registry or up to the date of first ADA dose for patients 
who switched from the MTX arm to the ADA ± MTX arm. For 
the ADA ± MTX arm, registry drug-exposure duration was calcu-
lated from the date of the first day through 14 days after the last 
ADA dose in the registry, excluding treatment interruptions (i.e., 
intervals of >70 days during which a patient did not receive ADA 
injections). The duration of treatment interruption was calculated 
from day 71 after the previous ADA dose until the date of the sub-
sequent ADA dose. Observation time was defined as the interval 
between registry enrollment and the last contact in the registry.

AEs were included if they occurred while a patient was 
observed in the registry, even after ADA and/or MTX may have 
been discontinued (registry observational AEs). The number of 
patients who experienced AEs was recorded, and AE incidence 
rates were calculated (i.e., the number of AEs per 100 patient-years  

of observation time in the registry). AE frequency was also analy
zed with respect to patient age at registry entry (≤8 years or  
>8 years).

Effectiveness assessment was limited to a subset of reg-
istry patients who started MTX or ADA ± MTX within 4 weeks 
of enrollment into the registry (new users). Because the rate at 
which treatment-related outcomes, such as disease control, may 
vary with time, the new user analysis was used to synchronize 
the beginning of study follow-up with the start of treatment (26). 
This approach allowed for differences in JIA improvement with 
the registry drugs to be captured. New users belonged to 1 of 
3 subgroups: patients who started the registry in the MTX arm 
without concomitant biologics (MTX new users) and patients who 
started the registry in the ADA ± MTX arm and received ADA with 
or without MTX (ADA + MTX new users, ADA – MTX new users). 
Effectiveness of registry drugs in new users was measured by 
change in JIA activity using the JADAS-27CRP for up to year 5 of 
individual registry follow-up. Missing data were imputed using the 

Figure 1.  Seven-year interim patient disposition in all-treated population. ADA = adalimumab; JIA = juvenile idiopathic arthritis; MTX = 
methotrexate; * = these 39 patients are also included in the 537 patients in the ADA ± MTX arm; † = of the 41 patients, 39 were included in 
the 537 patients in the ADA ± MTX arm, the remaining 2 patients reported that they would switch to adalimumab but never received a dose 
of adalimumab; ‡ = if patient and family did not want to continue the registry owing to reasons other than the available options, the reasons 
were collected under Other; if patient discontinued registry but no reason for discontinuation was available in the database, the reasons 
were collected under Unknown; § = other reasons for registry discontinuation included lack of treatment effectiveness, protocol deviation, 
noncompliance, remission, partial remission, and flare of JIA disease. The sum of counts for each reason may exceed the total number of 
discontinuations because each reason given for discontinuation was counted for patients who discontinued from the registry.
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last observation carried forward up to the time at which initial treat-
ment was changed or stopped. Patient data were censored at the 
time of changing or stopping of initial therapy, and the duration of 
new user therapy was analyzed using the Kaplan-Meier method. 
For uveitis analyses, episodes of active JIA-associated uveitis 
were assessed per registry arm, irrespective of the presence of a 
diagnosis of JIA-associated uveitis before registry entry.

RESULTS

Patient disposition. Enrollment into the registry started 
in June 2008 and was completed in January 2014. This 7-year 
interim analysis includes data collected up to June 1, 2016, 
in 838 patients. Eleven enrolled patients were excluded from 
analyses because they never began treatment with the registry 
drug or because proper execution of informed consents/assents 
could not be confirmed (Figure 1). Overall, 301 patients were 
included in the MTX arm and 537 in the ADA ± MTX arm (ADA –  
MTX n = 160, ADA + MTX n = 377). Twenty-five patients previ-
ously treated in the ADA studies DE038 (n = 13) and M10-444 
(n = 12) were enrolled in the ADA ± MTX arm. Cumulative obser-
vation times in this interim analysis were 1,170.3 patient-years 
for the MTX arm and 1,855.5 patient-years for the ADA ± MTX 
arm (ADA – MTX 517.0 patient-years, ADA + MTX 1,338.5 
patient-years). The median of observation time during the reg-
istry was 4.49 (interquartile range [IQR] 1.8–5.8) years for the 
MTX arm and 3.45 (IQR 2.4–4.7) years for the ADA ± MTX arm 
(ADA – MTX 3.08 [IQR 1.6–4.5] years, ADA + MTX 3.55 [IQR 
2.6–4.8] years). The median duration of registry drug exposure 
in the registry was 1.40 (IQR 0.4–3.2) years for the MTX arm and 

2.47 (IQR 1.0–3.6) years for the ADA ± MTX arm (ADA – MTX 
2.18 [IQR 0.8–3.3] years, ADA + MTX 2.55 [IQR 1.0–3.7] years).

In the MTX arm, 240 patients (79.7%) prematurely discontin-
ued either from the registry (n = 139 [46.2%]; 39 patients switched 
to the ADA ± MTX arm) or discontinued MTX but remained in the 
registry (n = 101 [33.6%]) (Figure 1). In the ADA ± MTX arm, 310 
patients (57.7%) prematurely discontinued either from the regis-
try (n = 213 [39.7%]; ADA – MTX n = 78 [48.8%], ADA + MTX 
n = 135 [35.8%]) or discontinued ADA ± MTX but remained in 
the registry (n = 97 [18.1%]; ADA – MTX n = 25 [15.6%], ADA + 
MTX n = 72 [19.1%]). The main reasons for registry discontinua-
tion were lost to follow-up (MTX arm n = 52 [17.3%], ADA ± MTX 
arm n = 101 [18.8%]) or withdrawal of consent (MTX arm n = 18 
[6.0%], ADA ± MTX arm n = 27 [5.0%]) (Figure 1). Only 1 patient in 
the MTX arm (0.3%) and 3 patients in the ADA ± MTX arm (0.6%) 
discontinued the registry owing to an AE.

The reasons (≥5% frequency) cited for registry drug dis-
continuation in the MTX arm were a need for additional ther-
apy (n = 98 [32.6%]), other reasons (n = 40 [13.3%]), lack of 
effectiveness (n = 35 [11.6%]), AEs (n = 28 [9.3%]), achieved 
JIA remission (n = 26 [8.6%]), and intolerance (n = 18 [6.0%]). 
The main reasons for registry drug discontinuation in the 
ADA ± MTX arm were lack of effectiveness (n = 96 [17.9%]; 
ADA – MTX n = 31 [19.4%], ADA + MTX n = 65 [17.2%]), 
other reasons (n = 39 [7.3%]; ADA – MTX n = 9 [5.6%], ADA +  
MTX n = 30 [8.0%]), lost to follow-up (n = 30 [5.6%]; ADA – 
MTX n = 12 [7.5%], ADA + MTX n = 18 [4.8%]), AEs (n = 29 
[5.4%]; ADA – MTX n = 8 [5.0%], ADA + MTX n = 21 [5.6%]), 
and achieved JIA remission (n = 27 [5.0%]; ADA – MTX n = 6 
[3.8%], ADA + MTX n = 21 [5.6%]). Of note, 20 patients (3.7%) 

Table 1.  Baseline patient demographics, all-treated population*

ADA ± MTX arm

Demographic
MTX arm 
(n = 301)

ADA ± MTX 
(n = 537)

ADA – MTX 
(n = 160)

ADA + MTX 
(n = 377)

Age, mean ± SD years 9.5 ± 4.1 12.2 ± 4.0 13.0 ± 3.7 11.8 ± 4.1
<4 20 (7) 2 (<1) 1 (1) 1 (<1)
4–8 111 (37) 114 (21) 23 (14) 91 (24)
>8† 170 (56) 421 (78) 136 (85) 285 (76)

Female 229 (76) 377 (70) 116 (73) 261 (69)
White‡ 267 (90) 477 (90) 147 (92) 330 (89)
Previous JIA therapy use

NSAIDs 247 (82) 389 (72) 117 (73) 272 (72)
Systemic corticosteroids 117 (39) 212 (39) 60 (38) 152 (40)
Synthetic DMARDs 23 (8) 480 (89) 120 (75) 360 (95)
Biologic DMARDs 2 (1)§ 164 (31) 59 (37) 105 (28)

Concomitant JIA therapy use
NSAIDs 229 (76) 301 (56) 74 (46) 227 (60)
Systemic corticosteroids 122 (41) 158 (29) 38 (24) 120 (32)

* Values are the number (%) unless indicated otherwise. ADA = adalimumab; MTX = methotrexate; 
JIA = juvenile idiopathic arthritis; NSAIDs = nonsteroidal antiinflammatory drugs; DMARDs = 
disease modifying antirheumatic drugs. 
† 10 patients age ≥18 years in the ADA ± MTX arm were protocol deviations that are included in 
the analyses. 
‡ Missing data (no. of patients): MTX 4, ADA ± MTX 7, ADA – MTX 1, ADA + MTX 6. 
§ Both of the patients in the MTX arm were considered protocol deviations. 
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discontinued because of a need for additional therapy in the 
ADA ± MTX arm (ADA – MTX 8 of 160 [5.0%], ADA + MTX 12 
of 377 [3.2%]).

Baseline demographics and disease characteristics.  
The majority of patients were female and white (Table 1). In the 
ADA ± MTX arm, 164 patients (30.5%) (ADA – MTX n = 59 
[36.9%], ADA + MTX n = 105 [27.9%]) had previously received 
≥1 biologic DMARD, mostly etanercept (93.3%); in the MTX arm, 
2 patients (0.7%) had previously received etanercept (protocol 
violations). Concomitant NSAID and systemic corticosteroid use 
were more common in the MTX arm than in the ADA ± MTX arm  

(Table 1).
Patients in the 2 treatment arms had similar disease char-

acteristics at baseline (Table 2). Most enrolled patients had poly
articular or extended oligoarticular JIA (79.7% in the MTX arm, 
80.9% in the ADA ± MTX arm). At registry entry, disease duration 
was longer for the ADA ± MTX arm, irrespective of concurrent 
MTX use, compared with the MTX arm. Similarly, more patients 

had JIA-associated uveitis in the ADA ± MTX arm compared with 
the MTX arm reported at registry entry.

Safety results. A total of 157 patients (52.2%) in the MTX 
arm and 244 patients (45.4%) in the ADA ± MTX arm (ADA – 
MTX n = 66 [41.3%], ADA + MTX n = 178 [47.2%]) reported 
≥1 registry observational AE, corresponding to 43.2 events/100 
patient-years in the MTX arm and 41.4 events/100 patient-years 
in the ADA ± MTX arm (Table 3). Registry observational AEs 
for patients in the ADA ± MTX arm who received prior biologic 
DMARDs are summarized in Supplementary Table 3, available 
on the Arthritis Care & Research website at http://onlin​elibr​ary.
wiley.com/doi/10.1002/acr.24044/​abstract. SAEs related to reg-
istry treatment were rare but numerically higher with ADA use; 6 
SAEs were observed in the MTX arm (0.5 events/100 patient-
years) compared with 32 in the ADA ± MTX arm (1.7 events/100 
patient-years; 9 with ADA – MTX [1.7 events/100 patient-years] 
and 23 with ADA + MTX [1.7 events/100 patient-years]). Seri-
ous infections were observed in 14 patients (4.7%) in the MTX 

Table 2.  Baseline disease characteristics, all-treated population*

ADA ± MTX arm

Characteristic
MTX arm 
(n = 301)

ADA ± MTX 
(n = 537)

ADA – MTX 
(n = 160)

ADA + MTX 
(n = 377)

Disease duration, years 1.3 ± 2.5 3.7 ± 3.9 4.5 ± 4.3 3.4 ± 3.7
CRP, mg/dl† 1.3 ± 3.9 1.5 ± 6.4 0.9 ± 1.9 1.7 ± 7.5
C-HAQ disability index‡ 0.6 ± 0.6 0.6 ± 0.6 0.6 ± 0.6 0.6 ± 0.6
JADAS-27CRP§ 12.2 ± 8.2 11.7 ± 8.3 11.3 ± 8.7 11.8 ± 8.2
Physician global assessment‡ 31.1 ± 22.6 31.3 ± 24.0 30.5 ± 24.8 31.6 ± 23.6
Parent global assessment‡ 26.4 ± 23.8 28.8 ± 26.3 29.4 ± 25.4 28.5 ± 26.7
Parent assessment of pain‡ 28.8 ± 25.6 30.0 ± 27.1 30.0 ± 27.0 30.1 ± 27.2
No. of joints with LROM‡ 4.2 ± 5.8 4.6 ± 6.6 4.6 ± 6.6 4.6 ± 6.5
No. of active joints‡ 5.8 ± 6.5 5.2 ± 6.5 5.1 ± 7.3 5.3 ± 6.1
Uveitis, no. (%) 10 (3) 42 (8) 11 (7) 31 (8)
JIA subtypes, no. (%)¶

Systemic arthritis 2 (1) 12 (2) 3 (2) 9 (2)
Seronegative polyarthritis, RF– 155 (51) 230 (44) 62 (40) 168 (45)
Seropositive polyarthritis, RF+ 29 (10) 75 (14) 19 (12) 56 (15)
Persistent oligoarthritis# 51 (17) 39 (7) 12 (8) 27 (7)
Extended oligoarthritis 22 (7) 86 (16) 31 (20) 55 (15)
Enthesitis-related arthritis 24 (8) 50 (10) 16 (10) 34 (9)
Psoriatic arthritis# 12 (4) 24 (5) 6 (4) 18 (5)
Undifferentiated arthritis# 6 (2) 8 (2) 5 (3) 3 (1)

* Values are the mean ± SD unless indicated otherwise. ADA = adalimumab; MTX = methotrexate; CRP = C-reactive 
protein; C-HAQ = Childhood Health Assessment Questionnaire; JADAS-27CRP = 27-joint Juvenile Arthritis Disease 
Activity Score with the C-reactive protein level; LROM = limited range of motion; JIA = juvenile idiopathic arthritis; RF = 
rheumatoid factor. 
† CRP level: n = 212 for MTX, n = 379 for ADA ± MTX, n = 110 for ADA – MTX, n = 269 for ADA + MTX. 
‡ Baseline values were defined as the last nonmissing value on or before registry enrollment or baseline values from 
the previous study for patients who rolled over from an adalimumab clinical trial. Missing data (no. of patients): 
C-HAQ: MTX 9, ADA ± MTX 27, ADA – MTX 7, ADA + MTX 20; physician global assessment (measured with visual analog 
scale [VAS] 0–100 mm): MTX 7, ADA ± MTX 22, ADA – MTX 7, ADA + MTX 15; parent global assessment (measured with 
VAS 0–100 mm): MTX 6, ADA ± MTX 20, ADA – MTX 13, ADA + MTX 17; parent assessment of pain (measured with VAS 
0–100 mm): MTX 6, ADA ± MTX 20, ADA – MTX 13, ADA + MTX 17; no. of joints with LROM: MTX 6, ADA ± MTX 17, ADA –  
MTX 4, ADA + MTX 13; no. of active joints: MTX 5, ADA ± MTX 16, ADA – MTX 4, ADA + MTX 12. 
§ Baseline values were defined as the last nonmissing value on or before registry enrollment or baseline values from 
the previous study for patients who rolled over from an adalimumab clinical trial. JADAS-27CRP: n = 195 for MTX, n = 352 
for ADA ± MTX, n = 99 for ADA – MTX, n = 253 for ADA + MTX. 
¶ JIA subtypes: n = 524 for ADA ± MTX, n = 154 for ADA – MTX, n = 370 for ADA + MTX. 
# Further diagnosis information in 67 patients showed polyarthritis or extended oligoarthritis (33 for ADA ± MTX, 34 
for MTX). 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24044/abstract
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arm and 28 patients (5.2%) in the ADA ± MTX arm (ADA – MTX 
n = 6 [3.8%], ADA + MTX n = 22 [5.8%]), corresponding to 1.5 
events/100 patient-years in the MTX arm and 2.0 events/100 
patient-years in the ADA ± MTX arm (Table 3). Additional details 
on the most common types of serious infections are provided in 
Table 4. Overall, the incidence rates of AEs and SAEs were similar 

for patients ages ≤8 and >8 years (Table 3). However, infection 
rates, but not serious infection rates, were numerically higher for 
patients age ≤8 years versus >8 years in the MTX arm (18.1 ver-
sus 12.6 events/100 patient-years) and in the ADA – MTX (18.6 
versus 13.7 events/100 patient-years) and ADA + MTX (17.0 
versus 12.9 events/100 patient-years) subgroups. AEs occur-

Table 3.  Incidence rates of registry observational adverse events, all-treated population*

ADA ± MTX arm

Events/100 patient-years

MTX arm 
(n = 301, 

PY = 1,170.3)

ADA ± MTX 
(n = 537, 

PY = 1,855.5)

ADA – MTX 
(n = 160, 

PY = 517.0)

ADA + MTX 
(n = 377, 

PY = 1,338.5)
Any AE 505 (43.2) 769 (41.4) 216 (41.8) 553 (41.3)

Age ≤8 years 222 (38.7) 180 (42.2) 42 (48.8) 138 (40.5)
Age >8 years 283 (47.4) 589 (41.2) 174 (40.4) 415 (41.6)

AE a�t least possibly drug related 197 (16.8) 243 (13.1) 66 (12.8) 177 (13.2)
Age ≤8 years 100 (17.4) 70 (16.4) 13 (15.1) 57 (16.7)
Age >8 years 97 (16.3) 173 (12.1) 53 (12.3) 120 (12.0)

SAE 52 (4.4) 134 (7.2) 39 (7.5) 95 (7.1)
Age ≤8 years 15 (2.6) 21 (4.9) 6 (7.0) 15 (4.4)
Age >8 years 37 (6.2) 113 (7.9) 33 (7.7) 80 (8.0)

SAE �at least possibly drug related 6 (0.5) 32 (1.7) 9 (1.7) 23 (1.7)
Age ≤8 years 2 (0.3) 5 (1.2) 0 (0) 5 (1.5)
Age >8 years 4 (0.7) 27 (1.9) 9 (2.1) 18 (1.8)

AE le�ading to discontinuation† 36 (3.1) 59 (3.2) 19 (3.7) 40 (3.0)
Age ≤8 years 12 (2.1) 1 (0.2) 0 (0) 1 (0.3)
Age >8 years 24 (4.0) 58 (4.1) 19 (4.4) 39 (3.9)

Infection 179 (15.3) 262 (14.1) 75 (14.5) 187 (14.0)
Age ≤8 years 104 (18.1) 74 (17.3) 16 (18.6) 58 (17.0)
Age >8 years 75 (12.6) 188 (13.2) 59 (13.7) 129 (12.9)

SAE of infection 17 (1.5) 38 (2.0) 8 (1.5) 30 (2.2)
Age ≤8 years 5 (0.9) 8 (1.9) 0 (0) 8 (2.3)
Age >8 years 12 (2.0) 30 (2.1) 8 (1.9) 22 (2.2)

* Values are the number (%) of events per 100 patient-years of observation time during the registry. Registry observational adverse 
event (AE) is defined as having an onset on or after the first day in the registry through the last contact in the registry. ADA = 
adalimumab; MTX = methotrexate; PY = patient-years; SAE = serious AE. 
† AE leading to discontinuation of registry or registry drug. Events with unknown relationship to study drugs were counted as related. 
AEs were coded using the Medical Dictionary for Regulatory Activities, version 18.1. 

Table 4.  Incidence rates of most common registry observational serious adverse events of infections, all-treated population*

ADA ± MTX arm

AE preferred term

MTX arm 
(n = 301, 

PY = 1,170.3)

ADA ± MTX 
(n = 537, 

PY = 1,855.5)

ADA – MTX 
(n = 301, 

PY = 517.0)

ADA + MTX 
(n = 377, 

PY = 1,338.5)
Pyelonephritis 1 (<0.1) 4 (0.2) 1 (0.2) 3 (0.2)
Tonsillitis 5 (0.4) 3 (0.2) 0 3 (0.2)
Appendicitis 1 (<0.1) 3 (0.2) 1 (0.2) 2 (0.1)
Cellulitis 0 3 (0.2) 1 (0.2) 2 (0.1)
Gastroenteritis 0 2 (0.1) 0 2 (0.1)
Herpes zoster 1 (<0.1) 2 (0.1) 0 2 (0.1)
Impetigo 0 2 (0.1) 0 2 (0.1)
Pneumonia 0 2 (0.1) 0 2 (0.1)
Varicella 2 (0.2) 1 (<0.1) 0 1 (<0.1)

* Values are the number (%) of events per 100 patient-years of observation time during the registry, occurrence ≥0.1 
events/100 patient-years (PY) in either treatment arm. Registry observational adverse events (AEs) are defined as having an 
onset on or after the first day in the registry through the last contact in the registry. Overall, 14 patients (4.7%) and 28 patients 
(5.2%), respectively, had 1 or more serious infections in the methotrexate (MTX) arm and the adalimumab (ADA) ± MTX arm 
(6 [3.8%] for ADA – MTX, 22 [5.8%] for ADA + MTX). AEs were coded using the Medical Dictionary for Regulatory Activities, 
version 18.1. 
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ring in >2% of patients were nausea, vomiting, infections, and 
abnormal liver function tests in the MTX arm, and worsening of 
arthritis, infections, and injection-site pain in the ADA ± MTX arm 
(see Supplementary Table 4, available on the Arthritis Care & 
Research website at http://onlin​elibr​ary.wiley.com/doi/10.1002/

acr.24044/​abstract).
No cases of death, malignancy, active tuberculosis, oral 

candidiasis, demyelination, cerebrovascular event, or conges-
tive heart failure were reported. Two patients in the ADA ± MTX 
arm had lupus-like reactions (ADA – MTX n = 1 [0.6%], ADA + 
MTX n = 1 [0.3%]). Worsening of or new onset of psoriasis was 

reported in 2 patients (0.7%) in the MTX arm and 8 patients (1.5%) 
in the ADA ± MTX arm (ADA – MTX n = 3 [1.9%], ADA + MTX 
n = 5 [1.3%]). Five pregnancies were reported in 4 patients, result-
ing in 2 live births, 2 abortions (1 spontaneous, 1 elective), and 1 
unknown outcome (lost to follow-up).

JIA-associated uveitis results. A total of 22 patients 
(7.3%) in the MTX arm and 75 patients (14.0%) in the ADA ± MTX 
arm (ADA – MTX n = 21 of 160 [13.1%], ADA + MTX n = 54 of 
377 [14.3%]) had ≥1 documented report of JIA-associated uveitis 
while in the registry. Of these patients, 10 of 22 (45.5%) in the 

Figure 2.  A, Kaplan-Meier plot of time to change or discontinuation of initial therapy in adalimumab (ADA) – methotrexate (MTX) new users, ADA 
+ MTX new users, and MTX new users at registry enrollment. Change or discontinuation of initial therapy was defined as adding MTX or stopping 
ADA for ADA – MTX new users, stopping 1 or both drugs for ADA + MTX new users, or adding ADA or any other biologic or stopping MTX for 
MTX new users, whichever occurred first. B, Mean score for the 27-joint Juvenile Arthritis Disease Activity Score with the C-reactive protein level 
(JADAS-27CRP) over time. The last observation was carried forward until initial therapy was stopped or changed for ADA – MTX new users, ADA 
+ MTX new users, and MTX new users at registry enrollment, excluding JADAS-27CRP data as soon as initial therapy was stopped or changed. 
n = number of patients with nonmissing baseline and nonmissing value after imputation. Error bars represent 95% confidence interval (95% CI).

http://onlinelibrary.wiley.com/doi/10.1002/acr.24044/abstract
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MTX arm and 42 of 75 (56.0%) in the ADA ± MTX arm (ADA – 
MTX n = 11 of 21 [52.4%], ADA + MTX n = 31 of 54 [57.4%]) had 
first documentation of uveitis at registry entry. For patients with 
JIA-associated uveitis, the first documented report in the registry 
was persisting or recurring uveitis in 6 of 21 patients (28.6%) in 
the MTX arm and 21 of 75 patients (28.0%) in the ADA ± MTX 
arm, and new onset or acute JIA-associated uveitis in 12 of 21 
patients (57.1%) and 34 of 75 patients (45.3%) in the MTX and  
ADA ± MTX arms, respectively; detailed information about JIA- 
associated uveitis in 1 patient in the MTX arm was missing. 
A first uveitis episode was reported in each registry arm for 2 
patients with uveitis who switched from the MTX arm to the 
ADA ± MTX arm.

Effectiveness. Effectiveness data were analyzed in 358 
new users (43%: MTX new users n = 101, ADA ± MTX new users 
n = 257, ADA – MTX new users n = 106, ADA + MTX new users 
n = 151) (see Supplementary Figure 1, available on the Arthritis  
Care & Research website at http://onlin​elibr​ary.wiley.com/
doi/10.1002/acr.24044/​abstract). On average, ADA – MTX or 
ADA + MTX new users were older and had longer disease dura-
tion compared with MTX new users (see Supplementary Table 5, 
available at http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.24044/​
abstract). Other disease characteristics were similar in all new 
users at baseline, except mean JADAS-27CRP measurements, 
which were lower in ADA – MTX or ADA + MTX new users com-
pared with MTX new users.

The probability of remaining on initial therapy was lower 
in patients who were MTX new users versus those who were 
ADA ± MTX new users (Figure 2A). Improvement in disease activ-
ity (JADAS-27CRP) from baseline was achieved in all groups (Figure 
2B). There was a numerical trend toward earlier improvement in the  
ADA – MTX and ADA + MTX new users compared with the MTX 
new users, resulting in lower mean disease activity in the first 
12 months of registry follow-up in ADA – MTX and ADA + MTX 
new users.

DISCUSSION

The STRIVE registry prospectively evaluated the safety and 
effectiveness of ADA ± MTX, with the MTX arm as a reference, 
in patients with moderate-to-severe polyarticular-course JIA. No 
new safety signals were observed with ADA treatment, and no 
deaths, malignancies, active tuberculosis, oral candidiasis, demy-
elination, cerebrovascular events, or congestive heart failure were 
reported in the STRIVE registry. More patients in the MTX arm 
reported the need for additional treatment as a reason for dis-
continuing the registry drug compared with those who received 
ADA ± MTX. Overall, the 7-year safety data from this registry 
support the known safety profile of ADA (27,28) and suggest that 
ADA is well tolerated in patients with active polyarticular-course 
JIA during long-term exposure.

Infections were the most frequently reported AEs, and most 
of these events were considered mild to moderate in sever-
ity. The rates of infections for the subgroups ADA – MTX (14.5 
events/100 patient-years) and ADA + MTX (14.0 events/100 
patient-years) were comparable to the rates of events reported 
for the ADA cohort in the BIKER registry (17.2–18.6 events/100 
patient-years) (29,30) but higher than the rate observed in patients 
with JIA treated with etanercept (5.0 events/100 patient-years in 
the BIKER registry; 5.4 events/100 patient-years in the Dutch JIA 
registry) (31,32). Infections are more common in children, espe-
cially when young, than in adults, which could partially explain 
the high infection rate; in this study, the infection rate was higher 
among patients age ≤8 years versus >8 years, regardless of treat-
ment. The frequency of infections was similar in patients in the 
ADA ± MTX arm who had previously been treated with a biologic 
DMARD compared with the incidence rates in all patients in the 
ADA ± MTX arm. However, the rate of serious infections was 1.5 
events/100 patient-years in the MTX arm and 2.0 events/100 
patient-years in the ADA ± MTX arm, which was higher than the 
rate of serious infections reported previously in JIA (29,30). Rea-
sons for these differences may include differences in patient pop-
ulations, in methodology in recording serious infections between 
registries, and in analysis methods for incidence rates of AEs (e.g., 
registry observational AEs were analyzed in STRIVE and treat-
ment-emergent AEs were reported in other published studies). 
In addition, biologics plus concomitant steroids can lead to an 
increased risk of infection (33).

SAEs related to registry treatment were rare but numerically 
higher with ADA use, 6 in the MTX arm (0.5 events/100 patient-
years) versus 32 in the ADA ± MTX arm (1.7 events/100 patient-
years). These results are consistent with the safety data derived 
from the BIKER registry and are in alignment with the previously 
published long-term safety analysis on 23,458 patients in 71 ADA 
clinical trials and pediatric safety analysis on 577 patients in 7 ADA 
clinical trials (27–29).

STRIVE also collected uveitis data for patients seeing an oph-
thalmologist as applicable. However, the nonsystematic collection  
of uveitis data and the nonrandomized character of the regis-
try limits the interpretation of these data and can only provide 
a descriptive summary of patients with uveitis as observed. 
Recently, double-blind, placebo-controlled trials demonstrated 
the efficacy of ADA in combination with MTX in JIA-associated 
uveitis (34,35). The incidence of injection-site pain was slightly 
higher in the ADA ± MTX versus MTX arm; of note, a citrate-free 
formulation of ADA with reduced injection-site pain became avail-
able after the data cut for this analysis (36).

The main objective of STRIVE was to assess the long-term 
safety of ADA ± MTX treatment. However, given the interest of 
clinicians in obtaining real-time estimates of the effectiveness 
of ADA with standard use, we attempted to derive estimates of 
the reduction of JIA activity using JADAS-27CRP measurements 
among treatment new users. Findings suggested that ADA 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24044/abstract
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treatment might more rapidly improve JIA signs and symptoms 
compared with MTX alone in new users. JADAS-27CRP was analy
zed in the new users because long periods of therapy with ADA 
and/or MTX before the start of the registry may have affected the 
overall effectiveness results. The JADAS-27CRP analysis included 
data up until patients changed/stopped their initial therapy, to 
exclude patients who may not have been receiving the regis-
try drug at the time of effectiveness measurement but were still 
enrolled in the registry; this exclusion may have resulted in a selec-
tion bias because of treatment discontinuation for inadequate 
improvement.

The findings of this registry must be interpreted in the context 
of potential limitations. Because the registry reflects the standard 
of care, patients were not randomized and disease characteris-
tics conceivably influenced medication choice (37). Moreover, 
because a registry is not a controlled setting, patients may have 
received concomitant therapy or added/switched to other bio-
logic treatments. For this reason, the results in the different reg-
istry arms should not be directly compared. Additionally, some 
variables, such as CRP level and erythrocyte sedimentation rate, 
were available only if they were part of the physician’s routine care. 
Lastly, not all events of special interest were collected through-
out the full 10-year period (limited collection starting from year 6), 
and systematic uveitis assessments before and during the regis-
try were not performed. Despite these limitations, the results of 
these interim data are consistent with results obtained from previ-
ous polyarticular-course JIA clinical studies with ADA and support 
the safety of ADA ± MTX in children with polyarticular-course JIA 
(10,15).

In conclusion, the 7-year interim results in this ongoing 
post-marketing registry show that ADA continues to be well toler-
ated in these patients with active polyarticular-course JIA. No new 
safety signals were observed, and the safety of ADA in this patient 
population was comparable to that observed in prior polyarticu-
lar-course JIA studies. The known safety profile of ADA remains 
unchanged.
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