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ORIGINAL ARTICLE

A Randomized, Double-Blind, Placebo-Controlled
Multicenter Study of Adalimumab in Pediatric
Patients With Enthesitis-Related Arthritis
RUB�EN BURGOS-VARGAS,1 SHIRLEY M. L. TSE,2 GERD HORNEFF,3 AILEEN L. PANGAN,4

JASMINA KALABIC,5 SANDRA GOSS,4 KRISTINA UNNEBRINK,5 AND JACLYN K. ANDERSON4

Objective. Enthesitis-related arthritis (ERA) is a juvenile idiopathic arthritis (JIA) category, primarily affecting enthe-
ses and peripheral joints. This study evaluated efficacy, safety, and pharmacokinetics of adalimumab versus placebo
in patients with ERA.
Methods. This is a phase III, multicenter, randomized double-blind study in patients ages ‡6 to <18 years with ERA
treated with adalimumab (24 mg/m2, maximum dose 40 mg every other week) or placebo for 12 weeks, followed by up
to 192 weeks of open-label adalimumab. The primary end point was percent change from baseline in number of active
joints with arthritis (AJC) at week 12. Samples were collected to determine adalimumab serum concentrations.
Adverse events (AEs) were assessed throughout the study.
Results. Forty-six patients were randomized (31 adalimumab/15 placebo). At baseline, mean age was 12.9 years, mean
duration of ERA symptoms was 2.6 years, mean AJC was 7.8, and mean enthesitis count was 8.1. Mean percent
change from baseline in AJC at week 12 was greater in the adalimumab group versus placebo (262.6% versus
211.6%; P 5 0.039). Most secondary variables favored adalimumab versus placebo at week 12. Treatment response
further increased with continued adalimumab therapy through week 52. Mean steady-state adalimumab serum con-
centrations were 7.5–11.8 mg/ml, similar to patients age ‡2 years with polyarticular JIA. AE rates were similar
between placebo and adalimumab: any AE (53.3% versus 67.7%), serious AEs (0% versus 3.2%), and infectious AEs
(20.0% versus 29.0%).
Conclusion. Adalimumab reduced signs and symptoms of ERA at week 12, with improvement sustained through week
52. The safety profile was consistent with previous adalimumab studies.

INTRODUCTION

Enthesitis-related arthritis (ERA) is a category of juvenile

idiopathic arthritis (JIA), defined by the International

League of Associations for Rheumatology (ILAR) classifi-

cation criteria (1), that primarily affects entheses and

peripheral joints, but also can involve the axial skeleton.

Most patients with ERA may also be classified as juvenile-
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onset spondyloarthritis, but the opposite is not always fea-
sible because of the ERA exclusion criteria. Disease activi-
ty and structural change can adversely affect long-term
physical function and quality of life of ERA patients (2–7).

There is limited evidence for efficacy of most treatments

used in ERA, including pharmacologic and nonpharmaco-

logic measures adapted from treatments used in adult spon-

dyloarthritis (SpA) and other JIA categories (8). In addition

to nonsteroidal antiinflammatory drugs (NSAIDs), children

with ERA are often treated with sulfasalazine (SSZ) (9),

methotrexate (MTX), and glucocorticoids. Several studies

suggest that biologic agents, specifically tumor necrosis fac-

tor (TNF) inhibitors, improve ERA symptoms (10–22).
Adalimumab has been previously demonstrated to be

safe and effective in children ages 2–17 years with polyar-

ticular JIA (23–25), in children ages 12–17 years with

refractory juvenile ankylosing spondylitis having axial

symptoms (19), and in adults with axial SpA (26,27).
This study evaluated the efficacy and safety of adali-

mumab compared to placebo and examined its pharma-

cokinetics and immunogenicity following subcutaneous

administration every other week in children and adoles-

cents with ERA.

PATIENTS AND METHODS

Study design and participants. This study (Clinical-

Trials.gov: NCT01166282), initiated in September 2010, is

an ongoing phase III, multinational, randomized, placebo-

controlled double-blind study conducted at 16 centers in

Canada, France, Germany, Italy, Mexico, Poland, Spain,

Sweden, and Switzerland. It was conducted in accordance

with the International Conference on Harmonization good

clinical practices and the Declaration of Helsinki. Approv-

al of an institutional ethics review board and written

informed consent, from either the patient or the parent or

legal guardian, were obtained at screening prior to initiat-

ing any study procedures. In addition, a verbal or written

assent from the patient was obtained if under the legal age
of consent.

Eligible patients were ages $6 to ,18 years at baseline
and fulfilled the diagnosis of ERA as defined by the ILAR
classification criteria for JIA (1) prior to age 16 years.
Inclusion criteria were active disease as defined by fulfill-
ment of the following conditions: at least 3 active joints
(AJC; swelling not due to deformity or joints with loss of
motion [LOM] plus pain and/or tenderness) and evidence
of enthesitis in at least 1 location (either documented in
the past or present at baseline), and inadequate response
or intolerance to at least 1 NSAID and at least 1 disease-
modifying antirheumatic drug (DMARD), either SSZ or
MTX. Patients with a diagnosis of any ILAR JIA category
other than ERA, diagnosis of acute inflammatory joint dis-
ease not associated with ERA, presence of IgM rheumatoid
factor, history of inflammatory bowel disease or psoriasis,
and previous biologic therapy, including anti-TNF ther-
apy, were excluded.

Eligible patients were centrally randomized 2:1, via an
Interactive Voice and Web Response service, to receive
subcutaneous injections of adalimumab (24 mg/m2 body
surface area [BSA] up to 40 mg every other week) or
matching placebo for 12 weeks. All patients and investiga-
tors were blinded to treatment allocation. Patients who
completed the double-blind period were eligible to receive
open-label adalimumab up to an additional 192 weeks. An
option for early escape to the open-label adalimumab
treatment period was available at week 4 if worsening
occurred, defined as $30% increase in AJC with a mini-
mum of at least 2 additional active joints compared with
baseline, or at week 8, for failure to improve, defined as
,30% improvement in AJC compared with baseline.

Patients could enter the study on stable doses of con-
comitant NSAIDs, DMARDs (SSZ [#50 mg/kg body weight
per day with a maximum of 3 gm per day] and MTX
[#15 mg/m2 BSA with a maximum of 25 mg per week]),
and glucocorticoids (prednisone equivalent #10 mg per
day or 0.2 mg/kg body weight per day, whichever was
less); doses remained stable during the first 12 weeks,
except as medically required due to an adverse event (AE).
Dose adjustment or induction of treatment with these
agents was permitted after week 12. Nondrug therapy (e.g.,
physiotherapy, hydrotherapy) was allowed during the
study.

Procedures. Primary efficacy assessment. The primary
efficacy end point was percent change from baseline to
week 12 in the AJC (0–68).

Secondary efficacy end points. Secondary variables
analyzed at week 12 and through week 52 included total
enthesitis count (0–35), the Maastricht Ankylosing Spon-
dylitis Enthesitis Score (0–13) (28), the Spondyloarthritis
Canadian Research Consortium Enthesitis Index (0–16)
(29), tender joint count (TJC; 0–72), swollen joint count
(SJC; 0–68), number of joints with LOM (0–66), presence
of dactylitis (0–20), patient’s assessment of total back pain
(0–100 mm visual analog scale [VAS]), parent’s assess-
ment of patient’s pain (0–100 mm VAS), physician’s glob-
al assessment of disease activity (PGA, 0–100 mm VAS),
50% improvement in the Bath Ankylosing Spondylitis

Significance & Innovations

� This is the first randomized, double-blind, place-
bo-controlled study in patients with enthesitis-
related arthritis (ERA) prospectively classified by
International League of Associations for Rheuma-
tology criteria.

� Results suggest that adalimumab is effective in
reducing the signs and symptoms of pediatric ERA
at 12 weeks in patients with refractory disease, with
improvements sustained through week 52.

� The efficacy and safety results from this study
suggest that adalimumab may be an appropriate
treatment option for patients with active ERA
who have failed treatment with nonsteroidal
antiinflammatory drugs and disease-modifying
antirheumatic drugs.
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Disease Activity Index (30), and American College of

Rheumatology (ACR) Pediatric 30 (Pedi 30), 50, 70, and 90

responses (31). The percent change in AJC from baseline

through week 52 was also analyzed. AEs were collected

throughout the study and for 70 days after the last dose of

study medication.

Pharmacokinetics and immunogenicity. Blood sam-

ples for adalimumab trough serum concentration measure-

ments were obtained just prior to dosing at baseline and at

weeks 2, 4, 8, 12, 24, 36, and 52. Blood samples for anti–

adalimumab antibodies (AAA) measurements were col-

lected just prior to dosing at baseline and weeks 12, 24,

36, and 52.

Statistical analysis. The sample size was calculated

using nQuery Advisor 6.0. With a total sample size of 45

patients (2:1 randomization; n 5 30 for adalimumab and

n 5 15 for placebo) and an expected percentage change of

70% for adalimumab versus 35% for placebo, assuming a

common SD of 33%, the study provided 90% power to

detect the treatment difference using a one-way analysis

of variance (ANOVA) at a 2-sided alpha level of 0.05.
The intent-to-treat (ITT) analysis set consisted of all

patients who were randomized and received at least 1

dose of the study drug. The primary end point was ana-

lyzed using an analysis of covariance model, adjusting for

the number of active joints at baseline. For patients who

did not have an AJC at week 12 or who had escaped early

to open-label adalimumab treatment, their last available

joint count from the double-blind period was used (last

observation carried forward). Two sensitivity analyses

were performed on the ITT set: one excluding patients

who early escaped prior to week 12, the other applying a

nonparametric exact Wilcoxon’s test to account for the

non-normally distributed data and small sample size.

Eight patients in the ITT analysis set (3 in the placebo

group and 5 in the adalimumab group) did not fully fulfill

the study inclusion/exclusion criteria. Of the 3 patients in

the placebo group, 1 patient had insufficient disease activ-

ity, 1 patient used a prohibited medication (tramadol at

stable dose) during the screening and blinded periods,

and 1 patient entered the study on a higher dose of MTX

than was allowed. Of 5 patients in the adalimumab group,

2 patients did not have a prior trial or MTX or SSZ and

did not have a contraindication to these medications, 1

patient was not on a stable dose of MTX prior to baseline

and decreased the dose during the double-blind period, 1

patient was already age 18 years at enrollment, and 1

patient entered the study on a higher dose of prednisone

than allowed.
For the comparison of secondary variables between the

2 treatment groups, Fisher’s exact test was used for dis-

crete variables, and one-way ANOVA was used for contin-

uous variables. Kaplan Meier analysis was used to

determine time to achieve SJC 5 0, TJC 5 0, and enthesitis

count 5 0 for all patients from time of first adalimumab

injection.
The safety population consisted of all patients who were

randomized and received at least 1 dose of study medica-

tion. Safety results represent data collected through week

52, or up to 70 days following the last study dose of adali-

mumab for patients who discontinued prior to week 52.

AEs were summarized as the number and percentage of

Figure 1. Patient disposition through week 52. DB 5 double-blind; * 5 a patient may have had
more than 1 reason for study discontinuation.
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patients experiencing AEs, using Medical Dictionary for

Regulatory Activities (version 15.1).
Adalimumab serum concentrations were summarized by

treatment groups at each time point using descriptive sta-

tistics. A patient was considered to be AAA1 if the patient

had at least 1 AAA concentration .20 ng/ml and the sam-

ple was collected within 30 days after an adalimumab

dose. The number and percentage of patients who became

AAA1 were determined. Data collected through week 52

were included in this analysis.

RESULTS

Patient disposition and baseline characteristics. Forty-

six patients were randomized, 15 to placebo and 31 to ada-

limumab (Figure 1). All patients received the study drug. No

patients discontinued the study during the double-blind

period; however, 7 patients early escaped and entered open-

label adalimumab treatment (3 placebo, 4 adalimumab).

Three patients (2 adalimumab, 1 placebo) started open-label

adalimumab at week 4, and 4 patients (2 adalimumab, 2 pla-

cebo) started at week 8 (Figure 1). Through week 52, 3 of 46

patients (6.5%) discontinued the study during the open-

label period, all due to AEs, 1 patient randomized to placebo

treatment and 2 randomized to adalimumab (one of whom

reported lack of efficacy as the primary reason for

discontinuation).
Demographics and disease characteristics were compara-

ble between treatment groups (Table 1), with no significant

differences noted between adalimumab and placebo

patients. The majority of patients were male and white, and

the mean 6 SD age was 12.9 6 2.9 years with an average

duration of symptoms of 2.6 6 2.3 years. Patients had a mod-

erate to high level of disease activity as demonstrated by a

mean 6 SD AJC of 7.8 6 6.6, mean 6 SD enthesitis count of

8.1 6 8.4, and mean parent’s assessment of patient’s pain

and PGA both greater than 50 (0–100 mm). HLA–B27 was

positive in 67.4% of patients. All patients had prior treat-

ment with NSAIDs; 93% and 90% of the placebo and adali-

mumab groups, respectively, had previously used DMARDs.

The majority of patients in both groups received a concomi-

tant NSAID or DMARD at baseline.

Efficacy. Mean percent decrease in AJC from baseline to

week 12 was greater in the adalimumab group (262.6%)

Table 1. Baseline demographics and disease characteristics*

Placebo
(n 5 15)

Adalimumab
(n 5 31) P†

Demographics

Male, no. (%) 9 (60.0) 22 (71.0) 0.514

White, no. (%) 10 (66.7) 25 (80.6) 0.462

Age, years 11.9 6 2.9 13.4 6 2.9 0.091

HLA–B27 positive, no. (%) 11 (73.3) 18 (64.3) 0.869

Concomitant NSAIDs, no. (%)‡ 14 (93.3) 27 (87.1) 1.000

Concomitant DMARDs, no. (%)‡ 11 (73.3) 21 (67.7) 1.000

Sulfasalazine 3 (20.0) 6 (19.4)

Methotrexate 8 (53.3) 16 (51.6)

Disease characteristics

Symptom duration, years 2.7 6 2.5 2.6 6 2.3 0.868

Duration since diagnosis, years 2.2 6 2.4 1.7 6 1.9 0.389

Active joints with arthritis (0–68) 6.7 6 5.3 8.4 6 7.1 0.411

Tender joint count (0–72) 11.9 6 9.3 13.4 6 10.5 0.658

Swollen joint count (0–68) 5.2 6 3.7 6.7 6 7.3 0.446

Joints with loss of motion (0–66) 4.5 6 4.1 5.1 6 3.2 0.550

Total enthesitis count (0–35) 7.8 6 7.5 8.3 6 8.9 0.855

MASES (0–13) 3.0 6 3.4 3.5 6 4.2 0.659

SPARCC enthesitis index (0–16) 4.3 6 3.5 4.5 6 3.8 0.854

Patient’s assessment of total back pain (0–100) 34.9 6 30.5 35.4 6 30.0 0.962

Physician’s global assessment of disease activity (0–100) 52.6 6 20.5 53.3 6 22.5 0.917

Parent’s global assessment of patient’s well-being (0–100) 49.0 6 20.8 52.6 6 25.2 0.633

Parent’s assessment of patient’s pain (0–100) 52.7 6 27.2 57.3 6 21.0 0.529

C-HAQ (0–3) 0.8 6 0.5 0.8 6 0.7 0.996

hsCRP, mg/liter 14.4 6 23.7 6.3 6 10.1 0.109

Dactylitis count (0–20) 0.1 6 0.3 0.4 6 1.5 0.367

BASDAI (0–10) 4.7 6 2.5 4.7 6 2.5 0.947

* Values are the mean 6 SD unless indicated otherwise. NSAIDs 5 nonsteroidal antiinflammatory drugs; DMARDs 5 disease-
modifying antirheumatic drugs; MASES 5 Maastricht Ankylosing Spondylitis Enthesitis Score; SPARCC 5 Spondyloarthritis
Canadian Research Consortium; C-HAQ 5 Childhood Health Assessment Questionnaire; hsCRP 5 high-sensitivity C-reactive
protein; BASDAI 5 Bath Ankylosing Spondylitis Disease Activity Index.
† P values for categorical variables are from Fisher’s exact test; P values for continuous variables from one-way analysis of
variance with treatment in the model.
‡ At any time during treatment through week 52.

1506 Burgos-Vargas et al



compared to placebo (211.6%) (P 5 0.039). Sensitivity
analyses excluding patients who started early escape treat-
ment (adalimumab 283.3 versus placebo 232.1; P 5

0.018), and applying nonparametric testing (adalimumab
median 288.9 versus placebo median 250.0, P 5 0.025),
produced similar results. Treatment response was main-
tained with adalimumab therapy in the open-label period
(Figure 2A) with 88.7% mean reduction in AJC from base-
line to week 52.

Decreases in AJC and enthesitis count continued through
week 52 with a mean 6 SD AJC of only 0.7 6 2.0 (Figure 2B)
and mean 6 SD enthesitis count of 1.5 6 4.9 at week 52
(Figure 2C), compared to 7.8 6 6.6 and 8.1 6 8.4 at baseline,
respectively. At week 52 patients who received placebo for
the first 12 weeks followed by 40 weeks of open-label adali-
mumab achieved approximately the same improvement in
joint counts as patients who received adalimumab for the
entire 52 weeks (Figures 2B and 2D). Most secondary varia-
bles showed numerically greater, but not statistically signif-
icant, improvement at week 12 in favor of adalimumab

compared to placebo (Table 2). The majority demonstrated
trends in favor of adalimumab, with results being sustained
or improving further during the open-label period through
week 52.

Statistically significant improvement in ACR Pedi 70
and numerically superior ACR Pedi 30/50/90 response
rates were observed in favor of adalimumab at week 12
(Table 2). During the open-label period, more than 80% of
patients achieved ACR Pedi 30 and ACR Pedi 50, more
than 75% achieved ACR Pedi 70, and more than 60%
achieved ACR Pedi 90 at week 52.

During treatment with adalimumab through week 52,
93.5% of patients achieved complete resolution of their
swollen joints (SJC 5 0) (Figure 3A), with a median of 41
days of adalimumab treatment to achieve SJC 5 0. Similar
percentages achieved TJC5 0 and enthesitis count 5 0
(82.6% and 87.0%, respectively) (Figures 3B and 3C). Median
treatment duration to achieve TJC 5 0 was 108 days, and
to achieve enthesitis count5 0 was 56 days. During the
open-label adalimumab treatment period through week 52,

Figure 2. Clinical response during the 12-week, double-blind period and 40-week, open-label adalimumab period. A, mean percent
change from baseline in active joints with arthritis (AJC) by treatment over time through week 52; * indicates P 5 0.039, adalimumab
versus placebo. B, mean active joint count by treatment over time through week 52. C, mean enthesitis count by treatment over time
through week 52. D, mean tender joint count by treatment over time through week 52. Analyses are last observation carried forward.
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16 patients (35%) were able to discontinue concomitant

NSAIDs, 5 patients (11%) discontinued concomitant

DMARDs (2 SSZ, 3 MTX), and 7 patients (15%) stopped

corticosteroids without needing to restart these therapies.

Safety. Mean duration of treatment was 338.2 days for

patients who received adalimumab at any time through

week 52 (blinded or open-label). During the double-blind

period, similar proportions of patients in the 2 treatment

groups experienced any AE (Table 3). The most common

events (reported by $2 patients in a group) in the placebo

group were upper respiratory tract infections (13.3%) and

headache (12.9%). Within the adalimumab group, common

AEs included upper respiratory tract infection, injection

site pain, and increased alanine aminotransferase (ALT) in

9.7%, and gastroenteritis, upper abdominal pain, nausea,

and syncope in 6.5% of patients. One patient on adalimu-

mab reported serious AEs of upper abdominal pain and

headache during the double-blind period. This patient also

later reported serious AEs of worsening of underlying ERA

and pain in the open-label period, which caused the patient

to prematurely discontinue from the study. Three other

patients reported serious AEs during the open-label period

that included appendicitis, concussion, and musculoskeletal

chest pain (in a patient who had early-escaped from placebo

to open-label adalimumab at week 8). One patient reported a

serious AE of worsening of underlying ERA 32 days after

discontinuing treatment. Other than infections, which were

those commonly observed in the general population, none of

the other risks associated with anti-TNFs were reported.

During the double-blind period, 1 patient in the adalimumab

group experienced hepatic cytolysis. This patient had tran-

sient elevations in ALT beginning at screening and at most

study visits, with a maximum value 3.7 times the upper

limit of normal (ULN) occurring on day 30, at which time

aspartate aminotransferase was 1.87 times the ULN. Total

bilirubin and alkaline phosphatase were not elevated during

the study. During the open-label period through week 52, 1

patient each reported events of cutaneous vasculitis and

new-onset psoriasis. There were no malignancies, opportu-

nistic infections, tuberculosis, lupus-like syndrome, demye-

linating disease, or deaths reported through week 52.

Immunogenicity and pharmacokinetics. Mean serum

adalimumab trough concentrations at steady-state for pedi-

atric patients with ERA were 7.5–11.8 mg/ml between weeks

12 and 52. Serum adalimumab concentrations appeared to

be slightly higher in the adalimumab treatment group taking

Table 2. Mean change from baseline in clinical end points and ACR Pediatric responder status*

Double-blind period Open-label period

Placebo
(n 5 15),
week 12

Adalimumab
(n 5 31),
week 12 P†

Adalimumab
(n 5 46),
week 52

Tender joint count (0–72) 24.5 6 9.0 27.9 6 8.3 0.209 210.8 6 9.5

Swollen joint count (0–68) 22.4 6 4.7 23.5 6 5.6 0.509 25.7 6 6.3

Joints with loss of motion (0–66) 21.1 6 3.8 23.3 6 3.9 0.077 23.4 6 3.8

Total enthesitis count (0–35) 22.7 6 5.0 24.4 6 6.2 0.382 26.6 6 7.6

MASES (0–13) 20.7 6 2.3 21.7 6 2.6 0.208 22.6 6 3.3

SPARCC enthesitis index (0–16) 22.4 6 2.7 22.6 6 3.3 0.804 23.7 6 3.2

Dactylitis count (0–20) 0.0 20.4 6 1.5 0.380 20.1 6 1.7

Patient assessment of total back pain

(0–100)

29.5 6 23.9 214.6 6 24.2 0.518 221.5 6 33.0

Physician’s global assessment of

disease activity (0–100)

222.1 6 23.3 231.4 6 24.8 0.231 245.7 6 23.9

Parent’s global assessment of patient’s

well-being (0–100)

216.5 6 10.5 229.2 6 29.8 0.117 235.5 6 28.2

Parent’s assessment of patient’s pain

(0–100)

219.9 6 21.7 232.5 6 29.0 0.142 240.2 6 30.5

C-HAQ (0–3) 20.1 6 0.4 20.2 6 0.6 20.4 6 0.6

hsCRP, mg/liter 4.8 6 23.1 0.4 6 16.4 0.378 27.1 6 16.0

Response status, no. (%)‡

ACR Pedi 30 response 9 (60.0) 22 (71.0) 0.514 39 (84.8)

ACR Pedi 50 response 6 (40.0) 21 (67.7) 0.111 39 (84.8)

ACR Pedi 70 response 3 (20.0) 17 (54.8) 0.031 35 (76.1)

ACR Pedi 90 response 2 (13.3) 13 (41.9) 0.092 28 (60.9)

BASDAI 50 response 4 (26.7) 19 (61.3) 0.057 33 (71.7)

* Values are the mean 6 SD unless indicated otherwise. ACR 5 American College of Rheumatology; MASES 5 Maastricht
Ankylosing Spondylitis Enthesitis Score; SPARCC 5 Spondyloarthritis Canadian Research Consortium; C-HAQ 5 Childhood
Health Assessment Questionnaire; hsCRP 5 high-sensitivity C-reactive protein; Pedi 30 5 ACR Pediatric criteria for 30%
improvement; BASDAI 50 5 Bath Ankylosing Spondylitis Disease Activity Index criteria for 50% improvement.
† P values for categorical variables are from Fisher’s exact test; P values for continuous variables from one-way analysis of
variance with treatment in the model.
‡ Nonresponder imputation analysis.
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concomitant MTX (9.7–11.8 mg/ml, n 5 16) compared to the
non-MTX group (7.5–9.4 mg/ml, n 5 15).

During the 52-week period, an overall AAA1 rate of
10.9% (5 of 46) was observed. Two of the AAA1 patients
received placebo for the first 12 weeks, followed by adali-
mumab (1 with concomitant MTX and 1 without) and 3 of
the AAA1 patients received adalimumab for the 52-week

period (1 with concomitant MTX and 2 without). Week 52
mean AJC reduction in this small sample of AAA1 patients
was not affected by the presence of AAA.

DISCUSSION

While the prevalence of chronic, inflammatory arthritis in
children is difficult to estimate because of differences in
nomenclature between studies, it is estimated that approxi-
mately 0.07 to 4.01 per 1,000 children have JIA (32) and
that between 3% and 22% of these have ERA (33,34),
although estimates vary widely (35–37). Long-term effects
of ERA, such as pain, fatigue, and poor physical function,
negatively impact quality of life (2), with few effective
drugs available to reduce disease activity and improve
physical functioning and the quality of life of these chil-
dren. Evidence only shows a slight positive effect of SSZ in
ERA, specifically the PGA (9), and published data are based
on treatment response in other JIA categories and SpA (38).
Therefore, biologic therapy has become an increasingly
important treatment option for refractory ERA.

This is the first randomized controlled study in the ERA
patient population prospectively identified by ILAR criteria.
Results demonstrate that adalimumab improved the signs
and symptoms of disease in children and adolescents with
ERA. In these NSAID- and DMARD-refractory or intolerant
patients, adalimumab was significantly better than placebo
in reducing AJC at 12 weeks, with improvement sustained
with continued adalimumab therapy through week 52.

Adalimumab also resulted in improvements in other signs
and symptoms of ERA at week 12 with improvements con-
tinuing through week 52 of the study, most of which did not
achieve statistical significance. The more common design of
JIA studies is open-label with treatment withdrawal and time
to flare. As results from randomized, controlled, double-
blind studies have the highest evidence level and can be
interpreted as true treatment effects, the results of this study
are more robust than those observed in withdrawal studies.
Due to ethical concerns with enrolling more pediatric
patients in a placebo-controlled trial than are needed to
address the primary hypothesis, the study was not statistical-
ly powered to detect differences in the secondary variables.
However, the positive trends observed support the efficacy of
adalimumab in the ERA patient population and are impor-
tant in this population with severe disease and limited treat-
ment options. While numerically superior response rates in
ACR Pedi 30/50/90 were observed, adalimumab performed
significantly better than placebo in the more stringent mea-
sure of the ACR Pedi 70. Change from baseline in SJC, TJC,
and enthesitis count did not reach statistical significance due
to low baseline values in some patients, making change more
difficult to detect; however, more than 80% of patients
treated with adalimumab had complete resolution of swollen
joints, tender joints, or enthesitis (achieved SJC, TJC, or
enthesitis count of 0) by week 52, with SJC improving faster
than TJC or enthesitis count. Clinical improvement during
the first 52 weeks of the study resulted in 35% of patients
being able to discontinue NSAIDs.

Safety results were similar to those obtained in adalimu-
mab trials of polyarticular JIA (23–25) and adults with

Figure 3. Kaplan Meier curves for time to achieve joint or
enthesitis counts 5 0, from first adalimumab injection through
week 52. A, time to achieve swollen joint count (SJC) 5 0. B,
time to achieve tender joint count (TJC) 5 0. C, time to achieve
total enthesitis count (EC) 5 0. N 5 number of patients.
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rheumatoid arthritis and SpA (26,27,39). No AEs were
identified that were unique to patients with ERA. Infec-
tions commonly observed in the general population were
the most frequently reported AEs. Few events identified
as risks with anti-TNF therapy were observed, and no
tuberculosis, malignancies, or deaths were reported.

Serum adalimumab concentrations were comparable to
those observed in patients ages 2–17 years with polyartic-
ular JIA (24,25). Although sustained efficacy in AAA1

patients was observed, the number of AAA1 patients was
too small to provide meaningful assessment of the impact
of immunogenicity on adalimumab trough concentrations,
efficacy, and safety in the ERA patient population.

This study has several limitations. A small number of
patients were available for study enrollment due to the
rarity of the disease. ERA patients tend to have few joints
involved, although in our refractory population, the mean
AJC at baseline was high, indicating more severe disease
(2,40) and reflecting longer disease duration (41). While
there were no statistical differences in baseline disease
activity between the placebo and adalimumab treatment
groups, it is acknowledged that there is potential for
numerical differences to affect outcome, given the small
sample size of the study. With the exception of high-
sensitivity C-reactive protein (hsCRP), we believe these
small imbalances are unlikely to have biased the study, as
most differences are small, not clinically meaningful, and
are not likely to affect the probability to detect a difference
between treatment groups. Not all patients had elevated
inflammatory markers at baseline, even in the context of
active disease. This may have limited the ability to
observe statistically significant ACR Pedi responses and
decreases in hsCRP. Additionally, 40% of the patients had
oligoarthritis at baseline and, as ACR pediatric response
criteria were designed to evaluate disease in patients with
polyarthritis, observable change would have been more
likely if all patients had higher baseline AJCs. While an
important proportion had an oligoarticular disease course,
results should be extrapolated with caution to patients
with fewer than 3 active joints (requirement for study
inclusion), as many ERA patients present with oligoarticu-
lar disease. Importantly, patients with fewer than 3 active
joints were excluded from the study as they would be like-

ly to respond to limited intraarticular corticosteroid injec-

tions and not require systemic therapy. Furthermore,

patients in this study did not have imaging performed to

document development of axial involvement over time.

Future studies should be done in ERA to evaluate the

effect of biologic treatment on the occurrence and progres-

sion of axial involvement.
In summary, 12 weeks of adalimumab therapy reduced

the signs and symptoms of ERA, with improvement sus-

tained with continued adalimumab therapy through week

52. The safety profile of adalimumab observed in pediatric

patients with ERA was consistent with that observed in

patients age $2 years treated for polyarticular JIA. The

efficacy and safety results from this study suggest that ada-

limumab may be an appropriate treatment option for

patients with active ERA who have failed conventional

treatments.
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Table 3. Number and percentage of patients with adverse events through week 12 and
week 52*

Double-blind period
Any

adalimumab
(n 5 46)†

Placebo
(n 5 15)

Adalimumab
(n 5 31)

Any adverse event 8 (53.3) 21 (67.7) 43 (93.5)

Serious adverse event 0 1 (3.2) 5 (10.9)

Adverse event leading to

discontinuation of study drug

0 0 3 (6.5)

Infectious adverse event 3 (20.0) 9 (29.0) 37 (80.4)

Serious infection 0 0 1 (2.2)

Hepatic-related adverse event 0 1 (3.2) 1 (2.2)

* Values are the number (percentage).
† Adverse events from first dose of adalimumab through week 52.
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