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Abstract The TNF inhibitors etanercept (ETA) and
adalimumab (ADA) are approved for treating patients older
than 2 years with polyarticular juvenile idiopathic arthritis
(JIA). Because long-term experience of treating children youn-
ger than 4 years is limited, we evaluated the efficacy and safety
of ETA or ADA in patients aged 2–4 years. This prospective,
long-term, observational registry study documented baseline
demographics, clinical characteristics, disease activity parame-
ters, and safety of patients treated with ETA or ADA. Efficacy
was determined using the JADAS-10, the JADAS criteria for
minimal disease activity (MDA) and remission, and the
PedACR response criteria after 3, 6, 12, 18, and 24 months.
Between January 2001 and March 2015, 85 patients with
polyarticular JIA aged 2–4 years started anti-TNF-α treatment.
Seventy-four (54 girls) patients were treated with ETA and 11
(7 girls) with ADA. After 6/12/24 months of treatment,
JADAS-MDA was reached by 55/58/58 % of ETA patients
and 50/71/66 % of ADA patients. Furthermore, JADAS-
Remission was achieved by 35/44/50 % of ETA patients and
16/28/66 % of ADA patients. PedACR 50/70/90 response was
achieved by 64/54/41 % of ETA patients and 56/33/22 % of
ADA patients at the last treatment observation. Discontinuation
because of remission or inefficacy was recorded in 24 (29 %)
and 28 (33 %) patients, respectively. Seventy-nine adverse
events and four serious adverse events were reported.

Administration of ETA and ADA in JIA patients younger than
4 years was efficacious, well tolerated, and safe. Patients youn-
ger than 4 years may show marked improvement following
anti-TNF-alpha therapy.
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Introduction

In 2011, etanercept (ETA) and in 2013, adalimumab (ADA)
were approved for the treatment of patients older than 2 years
with juvenile idiopathic arthritis (JIA). The use of tumor necro-
sis factor (TNF)-α inhibitors (TNFi) has increased significantly
in children younger than 4 years. However, clinical experience
and published data on TNFi treatment in this patient population
remain limited. Four studies have investigated ETA treatment in
JIA patients younger than 4 years, including two reports from
the German Biologika in der Kinderrheumatologie (BIKER)
registry, but with very limited patient numbers. Bracaglia
et al. [1] and one previous BIKER study [2] each included 25
patients younger than 4 years of age treated with ETA.
Gimenez-Roca et al. [3] investigated 27 patients younger than
4 years treated with TNFi (23 ETA, 4 ADA) and the BIKER
study ofWindschall et al. [4] included 13 patients younger than
2 years of age. Efficacy and safety were generally comparable
with studies in patients older than 4 years [1–4]. In one inter-
national, multicenter, open-label, phase 3b study in 32
polyarticular JIA patients aged 2–4 years, the efficacy and safe-
ty of ADAwas analyzed, leading to the approval of ADA [5].
Recently, high tolerability and efficacy was observed following
ADA treatment as a first and second biological agent in patients
with different categories of JIA [6].
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The BIKER registry has been collecting data on ETA treat-
ment in children with JIA since 2001 and ADA treatment in
children with JIA since 2008. Patients in all JIA categories
who are treated with ETA and ADA are followed by the
registry.

This study analyzed BIKER registry data from young pa-
tients who started TNFi treatment (ETA or ADA) aged 2–
4 years. We focused on evaluating safety and efficacy of
ETA and ADA and compared our results with published data
on TNFi treatment in JIA patients to better understand if there
are potential differences between very young and older JIA
patients that might influence treatment decisions inmethotrex-
ate (MTX) refractory disease. Given the observational design
of the registry, no efficacy comparison between the two TNFi
cohorts was intended.

Patients and methods

Patients

All polyarticular JIA patients aged 2–4 years in the German
BIKER registry that newly started treatment with ETA or
ADA between January 2001 and March 2015 were included
in the analysis. Efficacy was analyzed in patients if they had
assessments at baseline and at least one follow-up visit.

Patient demographics and clinical data

Treatment decisions and classification of patient JIA catego-
ries were made by the responsible pediatric rheumatologist
and were not influenced by the registry.

Patient characteristics included sex, age, diagnosis, disease
duration, previous treatments, and initial concomitant treat-
ment and comorbidities. Clinical data included antinuclear
antibody (ANA)-positivity; HLA-B27; morning stiffness;
the number of tender, swollen, and active joints; the number
of joints with limited motion; the physician’s assessment of
global disease activity (visual analog scale [VAS]); patient’s/
parent’s assessment of global disease activity and pain (both
using VAS); erythrocyte sedimentation rate (ESR); C-reactive
protein; and functional assessment using the Childhood
Health Assessment Questionnaire (CHAQ) disability index.

Measurement of efficacy

Efficacy was measured using standardized disease activity
parameters including functional ability, total number of active
joints, number of joints with limited motion, patient’s and
physician’s global assessment (VAS), ESR, C-reactive pro-
tein, and CHAQ. The JADAS-10 activity score, including
the four components of the number of active joints, patient’s
and physician’s global assessment (VAS), and ESR, was

analyzed at baseline and after 3, 6, 12, 18, and 24 months
[7]. JADAS-10 criteria for minimal disease activity (MDA,
JADAS-10 ≤3.8) and remission (JADAS-10 ≤1) were used
[8]. Improvement was also determined using the PedACR
response criteria as well as the proposed criteria for inactive
disease and remission between start and last observation on
drug [9]. Reasons for discontinuation were recorded.

Analysis of safety

For adverse events (AEs), the investigator assessed and re-
corded the AE in detail on the AE form, including the date
and time of onset, description, severity, time course, duration
and outcome, relationship of the AE to the study drug, and
alternative etiology for events not considered Bprobably
related^ to medication.

Serious adverse events (SAEs) were defined as events that
were fatal or life threatening and resulted in a persistent or
major disability or incapacity, required prolonged inpatient
hospitalization, or led to a congenital anomaly or birth defect.
The number and rates of AEs and SAEs were counted and
compared between ETA and ADA as well as with published
rates for JIA patients [2, 5].

Statistical analysis

Demographic and baseline characteristics were summarized
using descriptive statistics. Categorical data were expressed
as mean, median, standard deviations, and interquartile ranges
as well as maximum and minimum values, and nominal and
ordinal data were expressed as absolute values and percent-
ages. Baseline characteristics were compared between ETA
and ADA patients using a t test and the chi-square test, and
rates per exposure years were compared using a Wald test (z
test). P values less than 0.05 were considered statistically sig-
nificant. Statistical analysis was performed using SPSS ver-
sion 19 software (SPSS Inc., Chicago, Illinois, USA).

Compliance with ethical standards

The BIKER registry was approved by the local ethics com-
mittee of the Aerztekammer Duesseldorf and the University of
Halle-Wittenberg. Written parental consent was obtained for
all study participants. The study was performed in accordance
with the 1964 Declaration of Helsinki and its later
amendments.

Results

Between January 2001 and March 2015, a total of 85 patients
with polyarticular JIA aged 2–4 years and treated with ETA or
ADA were identified in the BIKER registry database.
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Seventy-four patients were treated with ETA as a first biologic
agent and 11 received ADA. Demographic data and patient
characteristics are shown in Table 1. The age (mean ± SD) at
disease onset was 1.8 ± 0.7 years (ETA) and 1.6 ± 0.7 years
(ADA). The age at start of therapy was 3.1 ± 0.5 years (ETA)
and 3.5 ± 0.5 years (ADA). The mean disease duration until
the start of treatment was 1.3 ± 0.8 years (ETA) and
1.8 ± 0.7 years (ADA). Thus, the onset age was similar but
the age at baseline was numerically but not statistically signif-
icantly higher in the ADA cohort, as was the disease duration.

Prior to biological treatment, 78 (92 %) patients were ex-
posed to MTX. Pretreatment involved nonsteroidal anti-
inflammatory drugs (NSAIDs) in 58 (68 %) patients and sys-
temic corticosteroids in 38 (45 %) patients. Four patients re-
ceived cyclosporine A and one patient received azathioprine.
Uveitis, as a concomitant disease, was reported in two (3 %)
ETA patients and five (45 %) ADA patients. Thus, patients
with prior uveitis were significantly more likely to receive
ADA (odds ratio, 30.0; 95 % confidence interval [CI], 4.8–
188; p < 0.001).

Initial combination treatment with NSAIDs was used in a
total of 47 (55 %) patients (42 ETA, 5 ADA), oral corticoste-
roids in 29 (34 %) patients (23 ETA, 6 ADA), MTX in 64

(75 %) patients (54 ETA, 10 ADA), cyclosporine A in 4
(4.7 %) patients (only ETA), leflunomide in 2 ETA patients,
and azathioprine in 1 ETA patient. A total of 13 (15 %) ETA
patients and only 1 (9 %) ADA patient received TNFi
monotherapy.

At baseline, several disease activity indicators were numer-
ically higher in the ETA than in the ADA cohort without being
statistically different (Table 1). For example, the number of
active joints was higher in patients treated with ETA
(7.7 ± 10.4) than in patients treated with ADA (2.5 ± 3.1)
(Table 1). At baseline, mean ESR was 32.5 ± 26.1 in ETA
patients (80 % with elevated ESR, defined as being >20 mm/
h) and 19.4 ± 13.3 in ADA patients (55 %with elevated ESR).

The physician’s assessment of global disease activity
(VAS) was higher in patients in the ETA cohort
(58.3 ± 28.9) than in patients treated with ADA (41.9 ± 31.4).

Functional capacity was evaluated using the CHAQ-
disability index (DI). The CHAQ-DI was statistically signifi-
cantly higher in patients treated with ETA (mean 0.9 ± 0.8)
compared with patients treated with ADA (0.4 ± 0.5;
p < 0.05). In summary, there was a trend towards a higher
disease activity with a more pronounced joint involvement
in the ETA cohort, as well as a higher functional impairment.

Table 1 Baseline demographic
and disease characteristics Baseline characteristics of patients aged 2–

4 years
Etanercept cohort
(N = 74)

Adalimumab cohort
(N = 11)

p value

Number, female gender (%) 74, 54 (73) 11, 7 (64) n.s.

Age at baseline (years) 3.1 ± 0.5 3.5 ± 0.5 n.s.

Disease duration (years) 1.3 ± 0.8 1.8 ± 0.7 n.s.

HLA-B27 (%) 9 (12) 0 0.103

ANA positive (%) 40 (54) 8 (3) 0.243

Number of active joints median
(IQR1–IQR3)

4 (2–8) 2 (0–6) 0.105

Number of tender joints median
(IQR1–IQR3)

2 (0–6) 0 (0–2) 0.196

Number of swollen joints median
(IQR1–IQR3)

4 (2–7) 1 (0–2) 0.115

Joints with limited range of motion median
(IQR1–IQR3)

4 (2–8) 1 (0–4) 0.105

Duration of morning stiffness, mins mean
(range)

34.8 (0–240) 6.4 (0–60) 0.124

Patient’s/parents’s global well-being
VAS (mm)

42.9 ± 30.0 29.3 ± 22.0 0.153

Physicians global disease activity VAS
(mm)

58.3 ± 28.9 41.9 ± 31.4 0.086

CHAQ-DI median (IQR1–IQR3) 0.63 (0.25–1.38) 0.13 (0–0.38) 0.048

CRP, mg/l median (IQR1–IQR3) 13.0 (3.0–41) 5.1 (3.0–9.0) 0.138

ESR (mm/h) 32.5 ± 26.1 19.4 ± 13.3 0.107

ESR elevated (defined as >20 mm/h) (%) 59 (80) 6 (55) 0.066

JADAS-10 16.79 ± 8.7 12.22 ± 3.5 0.09

Concomitant uveitis (%) 2 (3) 5 (45) p < 0.001

All values are expressed as the mean (standard deviation), unless indicated otherwise

VAS visual analog scale (0 = best, 100 = worst),CHAQChildhood Health Assessment Questionnaire (0 = best, 3 =
worst), JADAS Juvenile Arthritis Disease Activity Score (ref. 7, 8), n.s. not significant
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Efficacy

Marked improvement from baseline to the last observa-
tion was observed in the majority of patients. Both pa-
tient cohorts demonstrated a relevant clinical benefit by
a decrease (% change from baseline) in active joints
(ETA, −49 %; ADA, −36.7 %), the parent’s/patient’s
global assessment of overall disease activity on the
VAS (ETA, −60 %; ADA, −24 %), the physician’s glob-
al assessment of overall disease activity on the VAS
(ETA, −44 %; ADA, −61 %), and the CHAQ-DI
(ETA, −61.2 %; ADA, −100 %).

A clear improvement in JADAS-10 score was also demon-
strated in the majority of ETA and ADA patients already after 3
and 6 months of therapy (Fig. 1). The improvement within the
first 12 months of therapy was very similar in both treatment
cohorts. Between 12 and 24 months of therapy, the only a
modest change in the median JADAS-10 was observed. After
24 months of therapy, however, the median JADAS-10 score
showed a marked decrease with ETA or ADA treatment in
comparison with baseline. Given the observational design of
the registry and the smaller number of patients treated with
ADA, no efficacy comparison between the two TNFi cohorts
was performed. After 6/12/24 months of treatment, JADAS-
MDA was achieved by 55/58/58 % (ETA) and 50/71/66 %
(ADA) and JADAS-Remission was achieved by 35/44/50 %
(ETA) and 16/28/66 % (ADA) of patients (Fig. 2). A PedACR
50/70/90 response of 64/54/41 %was achieved in ETA patients
and of 56/33/22 % in ADA patients at last observation on drug.

Discontinuation because of remission was recorded in 24
(32 %) patients in the ETA cohort. Only one (1.2 %) patient
was reported to have successfully stopped TNFi treatment with-
in a 12-month period. A total of 12 (50%) patients who stopped
TNFi treatment because of remission experienced a flare (re-
ported to the registry to date). The ETA/ADA-free interval until
a flare was extremely variable and ranged from 4 months to
6 years (mean 8.4 months). No patient discontinued ADA be-
cause of disease remission. Discontinuation because of

inefficacy was reported in 31 (36 %) patients, 28/74 of whom
were in the ETA cohort.

Safety

Tolerability was unremarkable in most of the patients
(Table 2). Seventy-nine AEs and four SAEs (two infections,
one new onset of type 1 diabetes mellitus, and one arthritis
exacerbation) were reported.

Sixty-four AEs occurred in patients treated with ETA (rate
0.9/patient; 39.8/100 patient years; 95 % CI 31.1–50.8).
Twenty-two infections occurred in the ETA group (rate 13.6/
100 patient years; 95 % CI 9.0–20.7). There were three SAEs,
two of which were serious infections. In the ADA cohort, 15
AEs were recorded (rate 1.4/patient; 71.4/100 patient years;
95 % CI 43.1–118). There were seven infections (rate 33/100
patient years; 95 % CI 16–70) and one SAE (one new onset of
type 1 diabetes mellitus) in this cohort.

While the total exposure time for ETA was 161 years and
for ADA was 21 years, the rate of AEs as well as the rate of
infections was significantly higher in the ADA cohort (relative
risk [RR], 1.8 [95 % CI 1.0–3.2]; p < 0.001; and RR 2.48
[95 % CI 1.0–5.7]; p = 0.001), respectively. However, these
data must be considered preliminary as the total exposure time
to ADAwas limited.

Eleven cases of uveitis, including four flares of pre-existing
uveitis, were observed following treatment with ETA (rate
0.15/patient; 6.8/100 patient years). One case of new onset
uveitis was reported with ADA. No malignancy or death
and, except for a single case of autoimmune diabetes mellitus
in the ADA cohort, no further autoimmune disorder was ob-
served. Despite the diabetes mellitus case, all events resolved
without permanent damage. There were no cases of tubercu-
losis or any other opportunistic infection reported.

Discontinuation because of intolerance was reported in one
patient in the ADA cohort (allergic reaction) and in two pa-
tients in the ETA group (uveitis and an injection site reaction).

Fig. 1 JADAS-10 scores (Juvenile Arthritis Disease Activity Score, ref.
7) shown as median values over 24 months of observation (ETA
etanercept cohort, n = 31; ADA adalimumab cohort, n = 7)

Fig. 2 Percentage of patients with JADAS-MDA (Juvenile Arthritis
Disease Activity Score for moderate disease activity, ≤3.8) and JADAS-
Remission (≤1) after 6, 12, and 24 months of observation
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Discussion

Our study aimed to analyze and report data on safety and effi-
cacy of ETA and ADA treatment in young patients aged 2–
4 years, a patient cohort in which limited TNFi treatment expe-
rience has been reported. The results of our registry study,
which included the largest number of JIA patients younger than
4 years treated by TNFi reported to date, indicate that ADA and
ETA are generally well tolerated in children aged 2–4 years.
The infection rate was higher in the ADA cohort than in the
ETA cohort, but no serious infections were associated with
ADA treatment in our study. This led to significantly higher
exposure-adjusted rates of AEs in patients treated with ADA.
No tuberculosis or any other opportunistic infection was report-
ed, and no malignancy or death occurred in our patient cohort.
However, experience with using ETA andADA to treat patients
younger than 4 years must be considered in the context of the
number of patients, which remains limited.

Only one new autoimmune disorder (type 1 diabetes
mellitus) occurred following treatment (ADA), and was prob-
ably unrelated to TNFi therapy.

Twelve cases of uveitis were observed following TNFi
treatment (11 with ETA).

ADA confers advantages in the treatment of uveitis. ETA
has no obvious efficacy with respect to the occurrence or
course of uveitis [10–12]. However, the uveitis flare rate in
our ETA patients was similar to the published rate of uveitis
following therapy with ETA [11]. The presence of only one
case of new onset uveitis in our ADA cohort is therefore
difficult to interpret.

In our ETA patient cohort, the rate of AEs was higher
compared with published data from patients aged less than

4 years or from older children [2, 13–18]. Supporting our
results, a higher rate of infection was reported in JIA patients
aged 2–4 years who were treated with ETA (73.3 % compared
with subjects aged 5–11 years [52.2 %] and 12–17 years
[36.4 %]) in the CLIPPER trial. However, serious infections
were still very infrequent in patients in those age groups [19].
Safety results from the ADA cohort are in agreement with
published data from patients aged 2–4 years who were treated
with ADA [5].

Published data on efficacy in very young children treated
with anti-TNFi are increasing, but most studies (as mentioned
previously) have included limited numbers of patients [1–4].
Previous studies in younger cohorts have included higher
numbers of systemic JIA (SJIA) patients [2]. However, im-
proved and alternative options to treat SJIA are available at
present [20–22]. Therefore, only a few patients with SJIA
were recorded in the TNFi cohort of the BIKER registry, par-
ticularly in recent years, and were not included in our young
patient cohort.

In our study, disease activity parameters at baseline were
higher in ETA patients than in ADA patients. The preference
for ADA in the context of concomitant uveitis may be respon-
sible for differences between the two cohorts in the articular
disease activity.

A high TNFi response rate was observed, with 58% (ETA)
and 66 % (ADA) of patients achieving minimal disease activ-
ity (JADAS-10) after 24 months of treatment. Previously,
nearly all patients were refractory to MTX. PedACR 50/70/
90 response rates achieved with ETA at last observation on
drug appear lower than those previously reported in patients
aged younger than 4 years, where the PedACR 70 response
rate was 64% at the last observation [2]. However, in our ETA

Table 2 Summary of safety in
patients aged 2–4 years Treatment group Etanercept (N = 74) Adalimumab (N = 11) RR (95 % CI); ps

Exposition (years) 161 21

Number of AEs (n) 64 15

Rate AEs/patient 0.9 1.4

AEs/100 py 39.8 (31.1–50.8) 71.4 (43.1–118) 1.8 (1.0–3.2);
p < 0.001

Number of SAEs (n) 3 1

Rate SAEs/patient 0.04 0.09

SAEs/100 py 1.9 (0.6–5.8) 4.8 (0.7–33.8) 2.6 (0.3–24.6);
p = 0.242

AEs of special interest:

Infections (n)

22 7

Rate Infections/100 py 13.6 (9.0–20.7) 33 (16–70) 2.4 (1.0–5.7);
p = 0.001

Uveitis events (n) 11 1

Rate uveitis/100 py 6.8 (3.8–12.3) 4.7 (0.7–33.8) 0.7 (0.1–5.4);
p = 0.526

RR relative risk, CI confidence interval, py patient years, AE adverse event, SAE serious adverse event

Clin Rheumatol (2016) 35:2925–2931 2929



patients who were observed for 24 months (n = 31), the
JADAS-10 improvement was excellent, as shown by a
marked decrease of the median JADAS-10 score and a high
rate of patients in JADAS-Remission (50 %) after 24 months
of treatment. These response rates were comparable with those
from previous studies in older children treated with ETA [13,
15, 23].

Our ADA patients achieved a lower PedACR 50/70/90
response rate at last observation but it must be considered that
the disease activity parameters at baseline were not as high as
those in ETA patients prior to biological treatment. Our results
from clinical practice appeared inferior to those of an ADA
study by Kingsbury et al. [5], where the PedACR 70 response
rate after 24 weeks was 61 %. However, JADAS-10 improve-
ment, with minimal disease activity achieved in 58% of ADA
patients after 24 months of therapy, indicated a strong treat-
ment response, in agreement with the results by Kingsbury
et al. In summary, our young patient cohort improved greatly
following TNFi treatment with either agents.

The reported flare rate of 50 % among our patients who
discontinued TNFi medication because of remission corre-
sponds well with data from JIA and rheumatoid arthritis pa-
tients in the literature [24–26] and confirms that flare rates in
JIA are high, and the discontinuation of medications is
challenging.

In conclusion, treatment with ETA and ADA leads to
marked improvement in young patients with JIAwith achieve-
ment of minimal disease activity and even remission in a high
rate of patients. Patients treated with ETA showed good effi-
cacy and safety outcomes. The small cohort of patients treated
with ADA also showed good efficacy, albeit with a slightly
higher infection rate. In summary, our findings indicate that
there is no reason for concern in treating very young patients
with TNFi, but must be considered as preliminary because of
the small number of patients studies. However, our experience
may facilitate treatment decision-making in young JIA pa-
tients with MTX refractory disease.
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