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Abstract

Background: We aimed to characterize etanercept (ETN) use in juvenile idiopathic arthritis (JIA) patients enrolled in
the Childhood Arthritis and Rheumatology Research Alliance (CARRA) Registry.

Methods: The CARRA Registry is a convenience cohort of patients with paediatric onset rheumatic diseases,
including JIA. JIA patients treated with ETN for whom the month and year of ETN initiation were available were
included. Patterns of ETN and methotrexate (MTX) use were categorized as follows: combination therapy (ETN and
MTX started concurrently), step-up therapy (MTX started first and ETN added later), switchers (MTX started and then
stopped when or before ETN started), MTX add-on (ETN started first and MTX added later), and ETN only (no MTX
use). Data were described using parametric and non-parametric statistics as appropriate.

Results: Two thousand thirty-two of the five thousand six hundred forty-one patients with JIA met inclusion criteria
(74% female, median age at diagnosis 6.0 years [interquartile range 2.0, 11.0]. Most patients (66.9%) were treated
with a non-biologic disease modifying anti-rheumatic drug (DMARD), primarily MTX, prior to ETN. There was
significant variability in patterns of MTX use prior to starting ETN. Step-up therapy was the most common approach.
Only 34.0% of persistent oligoarticular JIA patients continued treatment with a non-biologic DMARD 3months or
more after ETN initiation. ETN persistence overall was 66.3, 49.4, and 37.3% at 24, 36 and 48 months respectively.
ETN persistence among spondyloarthritis patients (enthesitis related arthritis and psoriatic JIA) varied by MTX
initiation pattern, with higher ETN persistence rates in those who initiated combination therapy (68.9%) and
switchers/ETN only (73.3%) patients compared to step-up (65.4%) and MTX add-on (51.1%) therapy.
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Conclusion: This study characterizes contemporary patterns of ETN use in the CARRA Registry. Treatment was
largely in keeping with American College of Rheumatology guidelines.

Keywords: Arthritis, juvenile, Cohort studies, Etanercept, Anti-TNF, Paediatric rheumatology, Registry

Background
Juvenile idiopathic arthritis (JIA) is the most common
paediatric rheumatic disease with prevalence rates
between 0.038 and 4 per 1000 [1], and encompasses 7
categories of inflammatory arthritis [2]. Prior to the ad-
vent of biologics, long-term damage and disability were
common. In 1999, etanercept (ETN) became the first
anti-tumor necrosis factor (anti-TNF) therapy approved
by the Food and Drug Administration (FDA) for polyar-
ticular JIA, and has since been shown to be effective in
multiple categories of JIA (reviewed in [3–8]). The
American College of Rheumatology (ACR) includes anti-
TNF therapy in its JIA treatment guidelines [9, 10]. Des-
pite its longstanding availability, ETN’s clinical use in
North America in JIA has not been well described. Add-
itionally, ETN is often prescribed in combination ther-
apy with methotrexate (MTX), but the frequency and
patterns of combination therapy have not been well
characterized.
The Childhood Arthritis and Rheumatology Research

Alliance (CARRA) Registry is a large, multi-centre con-
venience cohort of paediatric patients with a variety of
rheumatic diseases, including JIA. This study describes
ETN use and patterns of concurrent MTX therapy in
patients with JIA enrolled in the CARRA Registry.

Methods
Data source
The CARRA Registry is a disease based registry of a
convenience cohort of paediatric patients with rheum-
atic diseases including JIA [11]. Initial data collection
focused on patients within 6 months of JIA diagnosis
or newly starting methotrexate or a biologic, and
shortly thereafter expanded to include patients with a
history of ≥5 joints or systemic JIA (SJIA). In 2017, it
was expanded to all JIA patients. Patients up to 21
years of age are enrolled at paediatric rheumatology
centers. Retrospective data is collected at enrolment,
and then prospective data is collected approximately
every 6 months, as well as whenever a biologic or
non-biologic DMARD for JIA is initiated. Data
collected include date of diagnosis, clinician-reported
International League Against Rheumatism (ILAR) JIA
category, medications, laboratory data, clinical features
within the 2 weeks preceding each study visit, the
Childhood Heath Assessment Questionnaire (CHAQ),
which is a validated measure of functional status, the
Physician Global Assessment of disease activity, the

Patient/Parent Global Assessment of well-being, and
several Patient-Reported Outcome Measurement
Information System (PROMIS) measures [12]. The
Clinical Juvenile Arthritis Disease Activity Score 10
(cJADAS10), a validated measure of disease activity
[13], is calculated for each study visit. The physician
and patient/parent global assessments are included in
the American College of Rheumatology core set of
measures of disease activity [14], and are components
of the cJADAS10 [13]. Pain is assessed using an 11-
point numerical rating scale from 0 to 10. Data col-
lected from June 30, 2015 to June 30, 2018 from 60
U.S. and 3 Canadian clinical sites were included in
this analysis. Informed consent was obtained for par-
ticipation in the CARRA Registry, and data collection
complies with the Declaration of Helsinki. The
CARRA Registry is approved by the Duke University
IRB (Pro00054616),

Patient population
In order to gain a broad understanding of factors leading
to ETN initiation for JIA and the interplay between
methotrexate and ETN in real-world settings, all JIA pa-
tients in the CARRA Registry ever treated with ETN
were included, except for patients with a concurrent
diagnosis of a secondary rheumatologic condition or in-
flammatory bowel disease prior to ETN initiation. Pa-
tients missing year of diagnosis were excluded from
some of the analyses. There were three patient cohorts:
(1) All eligible patients; (2) Patients with at least one visit
at least 6 months after beginning treatment with ETN,
irrespective of whether ETN was started before or after
enrolment in the Registry, to assess patterns of MTX use
near the time of ETN initiation (MTX Assessment Co-
hort); (3) Participants with a study visit within 30 days
before or after their ETN start date to assess clinical sta-
tus near the time of ETN initiation (ETN Initiator
Cohort).
The physician assigned JIA category closest to ETN

initiation was used where available, while patients who
had been treated with ETN prior to Registry enrolment
were classified according to their JIA category at the en-
rolment visit. MTX and ETN were considered to have
been initiated concurrently if started within 30 days of
each other, to allow for delays due to medication cover-
age approvals and insurance requirements. The addition
of ETN after more than 1month of MTX treatment with
continuation of MTX for at least 1 month after starting
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ETN was classified as step-up therapy. Clinical charac-
teristics of patients grouped according to their pattern of
MTX and ETN use were described. Patients who started
ETN within 3 months of diagnosis were compared to
those who started ETN more than 3months after diag-
nosis to highlight characteristics associated with early
ETN use. Non-biologic DMARD discontinuation within
3 months of ETN initiation versus 3 or more months
after ETN initiation was also assessed in the ETN Initi-
ator Cohort. The 3-month timeline was chosen to allow
adequate time for a complete response to ETN prior to
discontinuation of the non-biologic DMARD.

Statistical analysis
Descriptive statistics including means, standard devia-
tions, medians, interquartile ranges (IQR) for continuous
variables and proportions for categorical variables were
calculated as appropriate. P-values for categorical vari-
ables were calculated when at least 50% of the cell
counts had more than zero records. Tests for difference
between groups were performed between categorical
variables using Pearson’s chi-square or Fisher’s exact
tests, depending on expected cell counts. Statistical com-
parisons for continuous measures were conducted using
Wilcoxon rank sum, Kruskal-Wallis, analysis of variance
(ANOVA), or t-tests depending on normality and the
number of groups being compared. P-values for compar-
isons of medians were calculated using a Wilcoxon
rank-sum test of medians. Where appropriate, P-value
significance levels were adjusted for multiple compari-
sons by multiplying by a factor of N choose n,

depending on the number of categories being compared
and the total number of categories possible. Kaplan
Meier (KM) estimates were calculated to describe ETN
persistence by JIA category, pattern of MTX use around
the time of ETN initiation, and pattern of MTX use the
time of ETN initiation in polyarticular JIA (combining
rheumatoid factor (RF) positive and negative polyarticu-
lar JIA (pJIA) patients), and in spondyloarthritides
(enthesitis related arthritis (ERA) and psoriatic JIA
(PsJIA) combined). Persistence was assessed for the first
course of ETN only, with gaps of > 90 days considered to
be a new medication course. Medication discontinuation
for any reason was included in the analyses. Medication
records with missing start dates (i.e., only month and
year recorded) were imputed with 15th of the month.
Case report form data was collected via Medidata Rave, and
all analyses were performed using SAS v 9.4 (Cary, NC).

Results
At the time of data extraction, 2032 of the 5641 JIA pa-
tients in the Registry met inclusion criteria. In this co-
hort of all eligible patients, 73.6% were female and 77.2%
were white. ILAR categories were: 22.5% oligoarthritis
(OligoJIA), 42.6% RF- polyarticular JIA (RF-pJIA), 11.9%
RF+ polyarticular JIA (RF + pJIA), 8.1% PsJIA, 10.2%
ERA, 2.6% systemic JIA (SJIA), and 2.0% undifferentiated
arthritis. Overall, 66.9% of the 2032 patients were treated
with at least 1 non-biologic DMARD at least 1 month
prior to ETN initiation; in 96.8% of cases this DMARD
was MTX. Subcutaneous MTX use only was most com-
mon (43.5% of MTX users), followed by oral use only

Table 1 Patterns of methotrexate (MTX) use at the start of etanercept therapya (MTX Assessment Cohort, n = 1681)

Characteristic Combination
therapyb

Step-up
therapyc

ETN proximate
switchersd

ETN remote
switcherse

MTX
add-onf

ETN
only

All patients (n = 1681), n (%) 258 (15.3) 892 (53.1) 86 (5.1) 86 (5.1) 144 (8.6) 215 (12.8)

JIAg category, n (%)h

Oligoarthritis (n = 366) 34 (9.3) 184 (50.3) 34 (9.3) 32 (8.7) 29 (7.9) 53 (14.5)

Persistent (n = 159) 13 (8.2) 74 (46.5) 11 (6.9) 13 (8.2) 12 (7.5) 36 (22.6)

Extended (n = 178) 15 (8.4) 99 (55.6) 18 (10.1) 19 (10.7) 15 (8.4) 12 (6.7)

Unknown (n = 29) 6 (20.7) 11 (37.9) 5 (17.2) 0 2 (6.9) 5 (17.2)

Polyarthritis (RF-)i (n = 736) 113 (15.4) 437 (59.4) 36 (4.9) 31 (4.2) 57 (7.7) 62 (8.4)

Polyarthritis (RF+) (n = 208) 49 (23.6) 109 (52.4) 3 (1.4) 7 (3.4) 23 (11.1) 17 (8.2)

Psoriatic arthritis (n = 134) 29 (21.6) 59 (44.0) 4 (3.0) 5 (3.7) 12 (9.0) 25 (18.7)

Enthesitis related arthritis (n = 163) 23 (14.1) 65 (39.9) 7 (4.3) 4 (2.5) 13 (8.0) 51 (31.3)

Systemic arthritis (n = 40) 4 (10.0) 23 (57.5) 1 (2.5) 2 (5.0) 9 (22.5) 1 (2.5)

Undifferentiated arthritis (n = 34) 6 (17.6) 15 (44.1) 1 (2.9) 5 (14.7) 1 (2.9) 6 (17.6)
a In patients with at least 1 study visit 6 months after starting etanercept; b Combination therapy =methotrexate (MTX) started concurrently with etanercept (ETN);
c step-up therapy =MTX started > 1month prior to ETN and continued > 1month after ETN initiation; d proximate switchers = MTX started> 1month prior to ETN
and discontinued within 1 month prior to or after ETN; e ETN remote switchers =MTX discontinued > 1month prior to start of ETN; f MTX add-on =MTX started >
1month after starting ETN; gJIA juvenile idiopathic arthritis; h Denominator for percentage calculations is the n for that category of JIA; iRF rheumatoid factor
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(24.6% of MTX users), with the remainder having been
prescribed both forms of MTX or intramuscular MTX.
In 94.5% ETN was the first biologic prescribed and was
started a median of 3.7 months (IQR 1.1, 10.4) after the
first non-biologic DMARD, and 5.8 months (IQR 2.1,
21.8) after diagnosis.
Table 1 shows patterns of MTX use in individuals with

≥1 visit 6 months after starting ETN (n = 1681, MTX As-
sessment Cohort). In all categories of JIA, the most com-
mon treatment approach was the addition of ETN after
initiating MTX (step-up therapy). In contrast to this
step-up therapy approach, 5.1% of this cohort discontin-
ued MTX within 1 month of starting ETN, and another
5.1% discontinued MTX more than 1month before
starting ETN. ERA patients were more likely than any
other ILAR category to use ETN without methotrexate.
Interestingly, MTX was added to ETN therapy at least 1
month after ETN initiation in 8.6% of patients (MTX
add-on), most commonly in SJIA, though the number of

SJIA patients was small. A similar percentage of patients
with RF + pJIA and PsJIA started MTX and ETN con-
currently (combination therapy), as did OligoJIA patients
for whom JIA subcategory (i.e., persistent versus
extended) was unknown, though the number of the
latter was small.
Within the ETN Initiator Cohort (those with clinical

data within 30 days of starting ETN), 40.3% started
ETN ≤3 months after diagnosis, while 59.7% started
ETN > 3 months after diagnosis. Patients who started
ETN within 3 months of JIA diagnosis had a higher
median joint count; 8.0 (IQR 4.0, 16.0) vs 3.0 (IQR 1.0,
7.0), p < 0.001), higher cJADAS10 (median 17.0 (IQR
11.0, 22.0) vs 11.0 (IQR 7.0, 15.0), p < 0.001), worse
function as measured by the CHAQ (median 0.8 (IQR
0.3, 1.5) vs 0.4 (IQR 0.0, 1.0), p < 0.001), and more pain
(median 5.0 (IQR 2.0, 7.0) vs 4.0 (IQR 1.0, 6.0), p =
0.036) than those who started it > 3 months after diag-
nosis. Those who started ETN > 3months after

Table 2 Characteristics of patients at start of ETNa who had a clinical visit within 30 days, by JIA categoryb (ETN Initiator Cohort, n = 443)

PersistOligod ExtOligoe RF + pJIAf RF-pJIAg ERAh Psoriaticii SJIAj Undiffk

Number of patientsc 53 30 64 192 57 33 3 11

Age at diagnosis in years,
median (IQR)

5.0 (2.0, 10.0) 5.0 (3.0, 8.5) 13.0 (10.0, 15.0) 10.0 (5.0, 13.0) 11.0 (9.0, 14.0) 9.0 (2.0, 14.0) 6.0 (3.0, 17.0) 14.0 (11.0, 15.0)

Activel enthesitis (%)l 3.8 10.0 6.3 7.8 56.1 24.2 0 18.2

Active sacroiliitis (%) 0 3.3 1.6 2.1 36.8 12.1 0 18.2

Active joint count,
median (IQR)

1.5 (1.0, 2.0) 3.5 (1.0, 6.0) 7.5 (5.0, 16.5) 6.0 (3.0, 14.0) 3.0 (1.0, 9.0) 5.0 (2.0, 8.0) 2.0 (1.0, 20.0) 4.0 (3.0, 12.0)

Prior steroid injection (%) 67.9 73.3 15.6 22.4 17.5 18.2 0 27.3

Hxm of 1 DMARDn,o (%) 75.5 84.0 50.8 60.0 48.2 51.5 0 54.5

Any MTXp (%) 75.5 80.0 50.8 58.9 44.6 45.5 0 27.3

Hx of > 1 DMARD (%) 5.7 12.0 3.3 3.8 7.1 6.1 0 0

1 biologic prior to ETN (%) 1.9 6.9 3.1 6.3 7.0 9.1 0 0

No concurrent DMARD
with ETN (%)

24.5 26.9 (7/26) 9.7 (6/62) 16.0 (30/187) 42.9 30.3 66.7 36.4

DMARD for ≤3 months
after ETN start (%)

41.5 38.5 (10/26) 24.6 (15/61) 21.5 (40/186) 16.1 24.2 33.3 18.2

DMARD for > 3 months
after ETN start (%)

34.0 36.0 (9/25) 67.7 (42/62) 64.5 (120/186) 41.1 45.5 0 54.5

CHAQq, Median (IQR) 0.1 (0.0, 0.6) 0.4 (0.0, 0.8) 1.1 (0.4, 1.5) 0.6 (0.1, 1.3) 0.5 (0.3, 0.9) 0.6 (0.3, 1.1) 0.5 (0.1, 0.9) 0.7 (0.3, 1.0)

cJADASr Median (IQR) 7.0 (4.5, 11.0) 11.0 (7.5, 15.0) 18.5 (12.0, 22.0) 15.0 (9.3, 20.0) 11.5 (7.8, 16.0) 13.0 (8.0, 17.0) 11.5 (11.5, 11.5) 11.0 (7.5, 14.0)

Physician Global Median
(IQR)

3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 5.0 (3.0, 7.5) 4.0 (2.8, 6.0) 3.0 (2.0, 5.0) 4.0 (2.0, 5.0) 5.0 (3.5, 6.5) 3.0 (2.0, 5.0)

Patient Global, Median
(IQR)

2.5 (0.0, 5.0) 3.0 (1.0, 5.0) 5.0 (3.0, 7.0) 4.0 (2.0, 6.0) 4.0 (2.0, 6.0) 3.0 (2.0, 6.0) 6.5 (6.0, 7.0) 2.0 (1.0, 5.0)

Pains, Median (IQR) 2.5 (0.0, 6.0) 4.5 (2.0, 6.0) 5.0 (3.0, 7.0) 4.0 (2.0, 6.0) 5.0 (3.0, 7.0) 4.0 (1.0, 5.0) 5.5 (4.0, 7.0) 5.0 (3.0, 6.0)
aETN etanercept; b excludes oligoarticular JIA with unknown course; c percentages indicate percent of ILAR category, percentages were calculated for
available n for each row, JIA category was determined at ETN initiation (prior to or up to 30 days after or closest visit to initiation);dPersistOligo
persistent oligoarticular JIA, eExtOligo extended oligoarticular JIA, fRF + pJIA polyarticular rheumatoid factor positive JIA, gRF–pJIA polyarticular
rheumatoid factor negative JIA, hERA enthesitis related arthritis, iPsoriatic psoriatic JIA, jSJIA systemic JIA, kUndiff undifferentiated JIA, lactive clinically
active, mHx history at any time > 1month prior to starting ETN, nDMARD non-biologic disease modifying anti-rheumatic drug; o medication data was not
usable in certain cases, therefore the total of the three categories may add up to > 100%, denominators are provided for JIA categories in which this
occurred, pMTX methotrexate, qCHAQ Childhood Health Assessment Questionnaire, rcJADAS10 clinical juvenile arthritis activity score (10 joints); s

measured by a Likert scale from 0 (no pain) to 10 (worst pain)
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diagnosis were more likely to discontinue a non-
biologic DMARD within 3 months of ETN initiation
compared to those who started ETN ≤3 months after
diagnosis (28.8% vs 17.1%, p = 0.005, data not shown).
There was no statistically significant difference in the
proportion of individuals with either sacroiliitis or
enthesitis who started ETN ≤3 months after diagnosis
compared to those who started it > 3 months (17.4 and
10.1% vs 12.9 and 5.3%, p = 0.30 and p = 0.16 respect-
ively). In this more recent cohort, the median time
from diagnosis to starting ETN was 4.3 months (IQR
1.3, 16.0), and from first non-biologic DMARD to ETN
initiation was 3.2 months (IQR 0.9, 9.0).
Table 2 shows characteristics by ILAR categories for pa-

tients in the ETN Initiator Cohort. Patients whose subcat-
egory of OligoJIA was not known (n= 22) were excluded
from comparisons by ILAR category. As only a small propor-
tion of the clinical cohort had a history of uveitis (< 1%, data
not shown), this was not further analyzed. As expected, RF +
pJIA patients had the highest active joint count (p < 0.001),
highest cJADAS10 (p= 0.002), and worst functional status as
measured by the CHAQ (p= 0.016) when compared to all
other categories of JIA (2 group comparisons using Wil-
coxon rank sum tests corrected for multiple comparisons).
ERA patients were significantly more likely than other
ILAR categories not to be taking any concurrent non-
biologic DMARD with ETN (2 group comparison by χ2

corrected for multiple comparisons, p < 0.001), which is
in keeping with the observation in the MTX assessment

cohort that ERA patients were more likely than other
JIA categories to start ETN without any prior MTX
use. Overall, most individuals in the ETN Initiator Co-
hort who were treated with a non-biologic DMARD at
ETN initiation continued this therapy for more than 3
months after starting ETN, though the proportion of
patients doing so differed by ILAR category (p < 0.001).
Table 3 shows patients characteristics by pattern of

MTX use in the ETN Initiator Cohort. There was no
predominant treatment strategy for clinically active
enthesitis. Patients with clinically active sacroiliitis were
most likely to receive ETN alone (39.4%), followed by
step-up therapy (24.2%), however the number of patients
with sacroiliitis was small, precluding further statistical
comparisons. Treatment approach varied with active
joint count (p < 0.001). Patients initially treated with
combination therapy had the highest median joint count,
followed by those who received MTX add-on therapy,
however the latter group was small and of uncertain sig-
nificance. The median CHAQ, cJADAS10, physician glo-
bal, patient/parent global, and pain score significantly
differed among the 6 approaches.
At 24 months overall ETN persistence was 66.3%, with

lower persistence for SJIA (42.5%) and ERA (52.8%) than
other JIA categories (Fig. 1a). At 36 and 48 and months
overall persistence rates were 49.4 and 37.3% respect-
ively. (Persistence rates over time are shown in Supple-
mental Table 1.) Fig. 1b shows ETN persistence by
pattern of MTX use at ETN initiation. Persistence rates

Table 3 Clinical features and patterns of methotrexate (MTX) use at etanercept (ETN) initiationa (ETN Initiator Cohort, n = 465)

Characteristic Combination
therapyb

Step-up
therapyc

ETN proximate
switchersd

ETN remote
switcherse

MTX
add-onf

ETN only p-valueg

Activeh enthesitis (n = 67), n (%) 13 (19.4) 15 (22.4) 11 (16.4) 6 (9.0) 3 (4.5) 19 (28.4) 0.073

Active sacroiliitis (n = 33), n (%) 4 (12.1) 8 (24.2) 5 (15.2) 2 (6.1) 1 (3.0) 13 (39.4)

Active joint count, n 91 187 56 31 14 78

Median (IQR) 11.0 (4.0, 20.0) 4.0 (2.0, 8.0) 2.0 (1.0, 8.0) 3.0 (1.0, 8.0) 9.0 (4.0, 17.0) 4.0 (1.0, 7.0) <.001

CHAQi, n 83 146 42 22 11 65

Median (IQR) 0.9 (0.4, 1.5) 0.4 (0.1, 1.0) 0.6 (0.1, 1.1) 0.3 (0.0, 0.6) 0.8 (0.4, 2.0) 0.6 (0.0, 1.0) <.001

cJADAS 10j, n 81 145 47 23 8 61

Median (IQR) 19.0 (13.0, 22.0) 11.0 (7.5, 16.0) 10.5 (6.0, 16.0) 11.0 (6.0, 16.0) 18.8 (14.0, 23.0) 11.5 (8.0, 17.0) <.001

Physician Global, n 89 175 50 29 13 74

Median (IQR) 5.0 (3.5, 7.0) 3.0 (2.0, 5.0) 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 6.0 (3.0, 7.0) 4.0 (2.0, 6.0) <.001

Patient Global, n 82 151 49 24 9 69

Median (IQR) 5.0 (2.0, 6.0) 3.0 (1.0, 5.0) 4.0 (1.0, 5.0) 3.0 (1.5, 5.0) 6.0 (4.0, 6.0) 4.0 (2.0, 6.0) 0.022

Paink, n 66 123 34 19 8 56

Median (IQR) 5.0 (2.0, 7.0) 3.0 (2.0, 6.0) 4.5 (2.0, 7.0) 4.0 (1.0, 7.0) 6.5 (5.0, 9.0) 4.5 (2.0, 6.0) 0.014
a Study visit must have been within 30 days prior to or after date of etanercept (ETN) initiation; b combination therapy =methotrexate (MTX) started concurrently
with ETN; c step-up therapy =MTX started > 1month prior to ETN and continued > 1month after ETN; d proximate switchers = MTX started> 1month prior to ETN
and discontinued within 1 month prior to or after ETN; e ETN remote switchers =MTX discontinued > 1month prior to start of ETN; f MTX add-on =MTX started >
1month after starting ETN; gp-values were calculated across all JIA categories using Pearson’s Chi Square or Fisher’s exact tests for categorical variables, and
Wilcoxon rank sum, Kruskal-Wallis, or analysis of variance (ANOVA) for continuous variables depending on normality and the number of groups being compared;
hactive clinically active, iCHAQ Childhood Health Assessment Questionnaire, jcJADAS 10 clinical Juvenile Arthritis Disease Activity Score (10 joints); k Pain measured
on a Likert scale from 0 (no pain) to 10 (worst pain)
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during the first 24months were similar across all groups.
Differences began to appear around 42months, following
which combination therapy and switchers demonstrated
higher ETN persistence rates than patients in the step up
the therapy group, and the MTX add-on group had the
lowest level of ETN persistence. ETN persistence did not
differ by MTX initiation pattern among RF+ and RF- pJIA
patients (Fig. 1c). In contrast, ETN persistence among
spondyloarthritis patients (ERA and PsJIA) varied by
MTX initiation pattern. This can be seen in Fig. 1d begin-
ning around 18months after ETN initiation, with higher
ETN persistence rates in the combination (68.9%) and
switchers/ETN only (73.3%) patients compared to step-up
(65.4%) and MTX add-on (51.1%) groups, a difference that
remained visible over time. The MTX add-on population
was very small beyond 30months, potentially affecting the
robustness of estimates for this group towards the end of
the study period.

Discussion
In this study, we describe contemporary patterns of ETN
use and MTX use at ETN initiation in CARRA Registry

JIA patients. Key findings include: (1) Patients with per-
sistent oligoarticular JIA commonly switched from
methotrexate to etanercept rather than stepping up ther-
apy; (2) A substantial proportion of patients across JIA
categories continued etanercept for 3 years or more; and
(3) In spondyloarthritidies, etanercept persistence be-
yond 18months varied with pattern of methotrexate use
at etanercept initiation.
The proportion of females and ethnic distribution of

patients were in keeping with expectations for JIA. The
relatively high proportion of patients with polyarticular
disease is expected, as the Registry initially preferentially
enrolled patients with polyarticular course JIA and those
treated with biologics. The proportions of RF-pJIA
(42.6%) and RF + pJIA (11.9%) are similar to those re-
ported in the British Society for Paediatric and Adoles-
cent Rheumatology Etanercept Cohort Study (BSPAR-
ETN) from 2010 to 2014 (39% RF-pJIA, 12% RF + pJIA)
[15], but are higher than reported in some other regis-
tries that did not preferentially enrol a polyarticular
phenotype [16]. Relatively few patients in the CARRA
JIA Registry with SJIA were treated with ETN, likely

Fig. 1 Kaplan-Meier curves showing Etanercept (ETN) persistence in the Methotrexate (MTX) Assessment Cohort (n = 1681); a by JIA category
(Log Rank Test p < 0.001); b by pattern of MTX use at ETN initiation (Log Rank p = 0.002); c by pattern of MTX use at ETN initiation in polyarticular
JIA (Log Rank p = 0.09); d by pattern of MTX use at ETN initiation in spondyloarthritis patients (enthesitis related arthritis and psoriatic JIA, Log
Rank p = 0.03). Included patients had at least 1 study visit 6 months after starting ETN. Combination therapy = MTX started concurrently with ETN;
step-up therapy = MTX started > 1month prior to ETN and continued > 1 month after ETN initiation; switchers included proximate switchers (MTX
started> 1month prior to ETN and discontinued within 1 month) and remote switchers prior to or after ETN) and remote switchers (MTX
discontinued > 1month prior to start of ETN); MTX add-on =MTX started > 1month after starting ETN
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because ETN is less effective in SJIA [17], is not FDA
approved for SJIA, and anti-TNF agents have been re-
placed by FDA approved therapies targeting IL-1 or IL-6
in this category of JIA [18, 19]. The vast majority of pa-
tients with non-systemic JIA received ETN as their first
biologic, which is in keeping with a number of other JIA
registries, such as the Dutch National Arthritis and Bio-
logicals in Children (ABC) registry (data from 1999 to
2010) [20], the German Biologika in der Kinderrheuma-
tologie (BiKeR) registry, the Swedish JIA registry, and
Pharmachild (data from 2010 to 2014) [16].
Since ETN was first approved for use in JIA, there has

been a paradigm shift in the approach to treatment of
inflammatory arthritis, with earlier use of biologic ther-
apy particularly in the presence of highly active disease
or risk factors for poor prognosis [10]. Not surprisingly,
therefore, those who started ETN within 3months of
diagnosis in the CARRA Registry were more likely to
have markers of more severe disease (higher joint count,
worse cJADAS10, worse function, and more pain) than
those treated with ETN later in their disease course.
Overall, ETN was started relatively soon after diagnosis.
In the larger cohort of all eligible patients, 75% of pa-
tients started ETN within 10.4 months after the first
non-biologic DMARD, and within 21.8 months after
diagnosis; while in the more recent ETN Initiator Cohort
those numbers were even shorter (9 and 16months re-
spectively), likely reflecting increasing use of biologics
over time and earlier aggressive therapy.
ACR JIA treatment guidelines for active polyarthritis

recommend adding a biologic if an inadequate response is
observed to MTX by 3months, or if no or minimal re-
sponse is observed in 6–8 weeks. These guidelines also
recognize that in cases with high disease activity or risk
factors for poor prognosis combining a non-biologic
DMARD and a biologic at the start of therapy may be
warranted [9, 10]. Additionally, CARRA consensus treat-
ment plans (CTPs) for new onset polyarticular non-SJIA
include three treatment strategies for starting biologics:
step-up therapy in which a biologic is added to non-
biologic DMARDs if needed after several months early
combination therapy (biologic and non-biologic DMARD
started together), and biologic monotherapy [21]. All three
of these approaches were used by paediatric rheumatolo-
gists in the CARRA JIA Registry when starting ETN, and
the predominance of step-up therapy is in keeping with
ACR recommendations, with the caveat that we did not
assess the proportion of patients who received a 3-month
trial of MTX prior to treatment escalation or whether the
time frame between medication changes were in keeping
with the CTPs [9, 10]. A high proportion of patients re-
ceived early combination therapy, also in keeping with
2019 ACR guidelines [10], and these patients had the
highest median active joint counts overall. However, there

was surprising variability in patterns of non-biologic
DMARDs use prior to starting ETN. Approximately a
third of patients were prescribed ETN without having
been treated with an antecedent non-biologic DMARD.
MTX was the most commonly prescribed non-biologic
DMARD, but the route of administration was also quite
variable, with subcutaneous administration most common,
followed by both oral and subcutaneous routes, and
slightly less commonly oral administration only.
Interestingly, patients with ERA were significantly more

likely to report no concurrent non-biologic DMARD use
(Table 1). Additionally, ERA patients had similar likeli-
hoods of MTX step-up therapy and ETN monotherapy
(Table 1). The patients in the MTX Assessment cohort
did not all have clinical data collected at the time ETN
was started, and therefore the role of sacroiliitis in the
treatment choices for ERA patients could not be assessed
in this cohort. Among patients in the smaller ETN Initi-
ator Cohort, ETN monotherapy was the most common
approach when sacroiliitis was present, though the num-
ber of patients with sacroiliitis was small (Table 3). The
presence or absence of sacoiliitis could explain the find-
ings in ERA patients in the larger cohort because sacroilii-
tis is most commonly seen in ERA, MTX is not
recommended for sacroiliitis, and anti-TNF therapy is
warranted if non-steroidal anti-inflammatories do not
control sacroiliitis [9, 10].
Although the addition of ETN for treatment resist-

ant persistent OligoJIA has been reported in the
Dutch ABC Registry [22] and is in keeping with
ACR treatment guidelines [10], its use for this
category of JIA remains off-label. In our study 75.5%
of persistent OligoJIA patients in the ETN Initiator
Cohort had been treated with a non-biologic DMAR
D; however, only 34.0% of persistent OligoJIA con-
tinued treatment with a non-biologic DMARD 3
months or more after ETN initiation (Table 2). In
the larger MTX Assessment Cohort, 15.1% of per-
sistent OligoJIA were either proximate or remote
switchers (who had discontinued MTX more than 1
month prior to starting ETN) (Table 1). Thus per-
sistent OligoJIA patients in both of these cohorts
were commonly switching to ETN rather than step-
ping up therapy and continuing combination treat-
ment with a non-biologic DMARD longer term.
Possible explanations for this include lack of efficacy
or intolerance of MTX.
A substantial proportion of patients across all categor-

ies of JIA continued ETN for more than 2 years (49.4
and 37.3% at 3 and 4 years respectively). It is possible
that a portion of this time represents medication taper-
ing, which was not captured in our analysis. Alterna-
tively, given the initial Registry enrolment criteria, the
patients with longer follow-up may be biased towards
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more severe disease, and this high level of ETN persist-
ence may change as patients enrolled after entry criteria
broadening are followed over time. Interestingly, ETN
persistence rates varied according to pattern of MTX
use at ETN initiation. This difference was particularly
striking in patients with spondyloarthritis (ERA and
PsJIA). We were not able to assess whether disease char-
acteristics varied with MTX use at ETN initiation be-
cause clinical data at ETN initiation was not available
for many of the patients in the larger cohort.
Although the CARRA JIA Registry is a large observa-

tional cohort from which much can be learned, there are
several limitations to this study. Some of our study find-
ings lack clear explanation, but these results serve as
steps toward further understanding the real-world use of
ETN in the treatment of JIA. For the most part, CARRA
Registry JIA patients are not an inception cohort, and ra-
ther represent a convenience sample of patients seen at
academic paediatric rheumatology centers that are
CARRA Registry sites. As such, there is a potential for
selection bias limiting the generalizability of results to
other geographic areas or healthcare systems. Also, as
previously described in the Methods, prior to 2017 there
was preferential enrollment of patients with specific JIA
phenotypes and treatments. Additionally, several charac-
teristics (e.g., enthesitis) are collected at study visits only,
making it possible for patients to have clinical features
that start and resolve between study visits. The physician
assigned JIA category was used, which could have led to
misclassification of JIA categories. This study was not
able to assess trends over time prior to 2015, however
longitudinal analyses will be possible in the future. Fi-
nally, assessing treatment outcomes of ETN therapy was
beyond the scope of this descriptive study.

Conclusions
This study is the first to describe contemporary patterns
of ETN use among JIA patients in the CARRA Registry.
There was large variability in the pattern of MTX use in
this cohort. Treatment strategies were in keeping with
current ACR guidelines and CARRA CTPs. As more pa-
tients enter the Registry close to time of diagnosis, fur-
ther work will be needed to assess clinical criteria
associated with specific patterns of MTX use when star-
ing ETN in patients with spondyloarthritis, and whether
these patterns affect outcomes.
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