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Objective. The optimal time to start biologics in polyarticular juvenile idiopathic arthritis (JIA) remains uncertain.
The Childhood Arthritis and Rheumatology Research Alliance (CARRA) developed 3 consensus treatment plans
(CTPs) for untreated polyarticular JIA to compare strategies for starting biologics.

Methods. Start Time Optimization of Biologics in Polyarticular JIA (STOP-JIA) was a prospective, observational,
CARRA Registry study comparing the effectiveness of 3 CTPs: 1) the step-up plan (initial nonbiologic disease-
modifying antirheumatic drug [DMARD] monotherapy, adding a biologic if needed, 2) the early combination plan
(DMARD and biologic started together), and 3) the biologic first plan (biologic monotherapy). The primary outcome
measure was clinically inactive disease according to the provisional American College of Rheumatology (ACR)
criteria, without glucocorticoids, at 12 months. Secondary outcome measures included Patient-Reported Outcomes
Measurement Information System (PROMIS) pain interference and mobility scores, inactive disease as defined by the
clinical Juvenile Arthritis Disease Activity Score in 10 joints (JADAS-10), and the ACR Pediatric 70 criteria (Pedi 70).

Results. Of 400 patients enrolled, 257 (64%) began the step-up plan, 100 (25%) the early combination plan, and
43 (11%) the biologic first plan. After propensity score weighting and multiple imputation, clinically inactive disease
according to the ACR criteria was achieved in 37% of those on the early combination plan, 32% on the step-up plan,
and 24% on the biologic first plan (P = 0.17). Inactive disease according to the clinical JADAS-10 (score <2.5) was also
achieved in more patients on the early combination plan than the step-up plan (59% versus 43%; P = 0.03), as was ACR
Pedi 70 (81% versus 62%; P = 0.008), but generalizability was limited by missing data. PROMIS measures improved in
all groups, but without significant differences. Twenty serious adverse events were reported (mostly infections).

Conclusion. Achievement of clinically inactive disease without glucocorticoids did not significantly differ between
groups at 12 months. While there was a significantly higher likelihood of early combination therapy achieving inactive

disease according to the clinical JADAS-10 and ACR Pedi 70, these results require further exploration.
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INTRODUCTION

Juvenile idiopathic arthritis (JIA) is the most common pedi-
atric rheurmatic disease, with prevalence estimates ranging from
1-4 per 1,000 (1-5). The term “JIA” describes a clinically hetero-
geneous group of diseases, including a polyarticular form of JIA
defined by involvement of >5 joints (6). Children with polyarticular
JIA often have long periods of active disease that increase the risk
of joint damage and result in impaired quality of life and worsened
functional outcomes (7,8). Therefore, a major treatment goal is
timely attainment of inactive disease to prevent long-term morbid-
ities (9). Nearly half of patients in longitudinal observational cohorts
report recurrent or ongoing disease activity in adulthood (10-15).
Although disease-modifying antirheumatic drugs (DMARDs) and
biologic agents have vastly improved polyarticular JIA outcomes,
questions remain regarding the ideal timing of biologic initiation.
Prior clinical trials have attempted to address this question without
a definitive answer (16,17). As a result, wide variations in clinical
practice continue, negatively impacting health outcomes (18,19)
despite the availability of multiple effective therapies for polyarticu-
lar JIA with regulatory approval (20-22).

The optimal time to start biologics in children with untreated
polyarticular JIA has been the focus of active research. Two prior
randomized trials of initial biologic therapy in polyarticular JIA
reached different conclusions about early biologic use, possibly
reflecting different designs and study populations (16,17). Recent
American College of Rheumatology (ACR)/Arthritis Foundation
guidelines for the treatment of polyarticular JIA, derived from the
systematic review of published data and expert consensus, sup-
ported initial DMARD treatment with rapid escalation to biologics for
poor or limited response (23). The recommendations suggest that
children who are at high risk for more severe disease (e.g., those
who are rheumatoid factor [RF] positive, have joint damage, or have
high-risk joints involved) may benefit from initial biologic treatment.

While large multicenter randomized controlled trials (RCTs)
are frequently considered the gold standard for determining treat-
ment efficacy, such studies in polyarticular JIA have limited feasi-
bility because of relatively low disease prevalence and the financial
and logistical constraints associated with traditional RCTs. In
addition, patients and families have become more reluctant to
participate in randomized studies when approved treatments are
available. Observational study design approaches, and compara-
tive effectiveness research methodologies in particular, are more
feasible and acceptable to patients, families, and providers. The
Childhood Arthritis and Rheumatology Research Alliance (CARRA)
developed standardized consensus treatment plans (CTPs) using
formal consensus methodology for children and adolescents
newly diagnosed as having polyarticular JIA, as well as other pedi-
atric rheumatic diseases, as an innovative approach to studying
treatment outcomes in these diseases (24).

The objective of the Start Time Optimization of Biologics in
Polyarticular JIA (STOP-JIA) study was to compare the 3 CARRA

CTPs for untreated polyarticular JIA, which differ in the timing of
starting biologics: the step-up plan (nonbiologic DMARD mono-
therapy, with a biologic added later if needed), the early combi-
nation plan (nonbiologic and biologic DMARDSs started together),
and the biologic first plan (biologic monotherapy) (25). The STOP-
JIA study is the first large-scale study to use this novel approach
to conducting comparative effectiveness research, implement-
ing standardized CTPs within the observational CARRA patient
registry to reduce treatment variability and allow for comparisons
of effectiveness of the 3 CTPs in untreated polyarticular JIA (26).
Understanding the optimal time to start biologic treatment is of
critical importance to patients and families, as well as clinicians.

PATIENTS AND METHODS

Patients. Patients with untreated polyarticular JIA who were
<19 years old at diagnosis and presented to one of 56 CARRA Reg-
istry sites participating in the STOP-JIA study were approached to
enroll in the CARRA Registry. (See Supplementary Table 1, available
on the Arthritis & Rheumatology website at http://onlinelibrary.wiley.
com/doi/10.1002/art.41888/abstract, for full inclusion/exclusion
criteria.) See Appendix A for a list of the CARRA STOP-JIA inves-
tigators. The CARRA Registry began recruitment in July 2015 and
serves as a platform for comparative effectiveness research, clinical
trials, translational research, and pharmacosurveillance studies (6).
Enrollment occurred between December 2015 and August 2018.
Follow-up was completed September 2019.

Registry data, including disease activity assessments, med-
ication start and stop dates, and severe adverse event (SAE)/
event of special interest reporting were collected for STOP-JIA
study participants at 3, 6, 9, and 12 months. Specific questions
about CTP use and patient-reported outcomes were added. A
Stakeholder Advisory Committee led by a parent of a patient
with JIA and a young adult with JIA (VDG and KLM) was formed
during the development of the funding proposal, and met reg-
ularly throughout the study to ensure study outcomes were rel-
evant to patients, and to assist with enrollment strategies and
the dissemination of interim and final study results. The study
was approved by the Duke University Institutional Review Board
(Pro00054616) and used the same consent form as the CARRA
Registry.

Treatment strategies. The polyarticular JIA CTPs used in
the STOP-JIA study were developed based on an initial CARRA-
wide survey about current treatment practices, followed by face-
to-face consensus conferences at CARRA meetings, and refined
by a core workgroup of JIA experts through regular teleconfer-
ences. The final CTPs were endorsed by 96% of the CARRA JIA
workgroup at the 2013 CARRA meeting and published (24). The 3
CTPs used in the STOP-JIA study (the step-up, early combination,
and biologic first plans) differed with regard to the timing of biologic
treatment initiation (see Supplementary Table 2, available on the
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Arthritis & Rheumatology website at http://onlinelibrary.wiley.com/
doi/10.1002/art.41888/abstract, for CTP details). As recommended
by the CTPs, the clinical Juvenile Arthritis Disease Activity Score in
10 joints (JADAS-10) was used as a guide to disease activity sta-
tus and shared decision-making, with treatment escalation recom-
mended every 3 months if values were >2.5 at the clinical visit (27).

Outcome measures. The primary outcome measure was
the ACR provisional criteria for clinically inactive disease without glu-
cocorticoids at 12 months after initiation of therapy (9). Clinically inac-
tive disease was chosen because it was the only validated measure
of disease state in JIA and is strongly related to disease remission
(sustained clinically inactive disease)—the first step toward cure, the
ultimate goal of JIA treatment (9,17). Limiting glucocorticoid treat-
ment is a critical part of the outcome, because while they are able to
reduce disease activity, glucocorticoids are unacceptable as ongo-
ing treatment due to side effects and long-term toxicity.

Secondary outcome measures included Patient-Reported
Outcomes Measurement Information System (PROMIS) pain inter-
ference score and PROMIS mobility score. Pain was highly rated as
an outcome of importance in our patient/parent survey, as was the
ability to participate in activities (28). One question from the Juvenile
Arthritis Multidimensional Assessment Report was used to cap-
ture patient-reported medication side effects (29). Additional out-
come measures included disease activity at each study visit (clinical
JADAS-10), and percentages of children who achieved inactive
disease according to the clinical JADAS-10 (defined as a clinical
JADAS-10 of <2.5) while not receiving glucocorticoids. The clinical
JADAS-10 is a simple sum (maximum score 30) derived by adding
the physician global assessment of disease activity (on a 10-cm
visual analog scale [VAS]), the patient/parent assessment of overall
well-being (on a 10-cm VAS), and the number of joints with active
disease (maximum 10), making it a straightforward assessment for
use at point of care. Published cutoffs for clinical JADAS-10 define
levels of inactive, low, moderate, and high disease activity (25). The
ACR Pediatric 70 (ACR Pedi 70) response level while not receiv-
ing glucocorticoids was also assessed (30). Comparisons of glu-
cocorticoid use, SAEs/events of special interest, and medication
side effects between CTP groups were also performed. Medication
safety was assessed through adverse event reporting mechanisms
in place for the Registry.

Statistical analysis. The primary analyses were intent-
to-treat, comparing the percentage of patients with clinically
inactive disease without glucocorticoids at 1 year in each CTP.
The treating physician and family selected the CTP at baseline.
There were 2 major stages to the analysis. First, a generalized
boosted model was constructed from potential confounders to
produce propensity scores (PS) for each participant to be on his
or her assigned CTP (31). The goal of this first stage was to find a
PS model yielding satisfactory balance between CTP groups on
the potential confounders. Second, inverse PS-weighted pairwise

comparisons of outcomes between CTP groups were performed
to estimate average treatment effects; these results were checked
for sensitivity to inclusion of a small number of covariates with
residual imbalance. For PS details, see Supplementary Figure 1,
available on the Arthritis & Rheumatology website at http://online
library.wiley.com/doi/10.1002/art.41888/abstract.

To account for missing outcomes, PS-weighted compari-
sons for clinically inactive disease, inactive disease according to
the clinical JADAS-10, and ACR Pedi 70 outcomes were pooled
across 30 imputed data sets. Missing clinically inactive disease
values during follow-up were imputed from a model that for each
participant included available components of clinically inactive dis-
ease at that time, clinically inactive disease at other months, CTP
group, and baseline values of the physician global assessment of
disease activity score, the patient/parent assessment of overall
well-being score, and the number of joints with active disease. For
details, see Methods for Handling Missing Data in the Supplemen-
tary Methods, available on the Arthritis & Rheumatology website
at http://onlinelibrary.wiley.com/doi/10.1002/art.41888/abstract.

A similar approach was used for inactive disease according
to the clinical JADAS-10 and for the ACR Pedi 70. For these 3
binary outcomes, the analyses compute inverse PS-weighted
differences in percentages, their 95% confidence intervals (95%
Cls), and a Wald test of equality of the percentages in the 3 CTP
groups, all pooled across imputations. Because some participants
were declared to have started one CTP at baseline, but for vari-
ous reasons (e.g., insurance coverage, changes in family prefer-
ences) ended up following a different CTP, the primary analysis was
repeated with the actual CTP used. Two physicians (YK and PFW)
assigned the actual CTP after reviewing medication timing, and
adjudication occurred (SR) if there was disagreement regarding the
treatment assignment in patients not clearly adhering to a CTP.

T scores for PROMIS pain interference and mobility were
analyzed using linear mixed-effects models, with inverse PS
weighting. For each patient-reported outcome, the model
included random intercepts for each participant and fixed effects
for time of assessment, CTP, and the interaction between time
and CTP, which represents a differential response to treatment. If
the test of the differential response to treatment hypothesis had a
P value greater than 0.05, a second model was fitted without the
interaction to estimate the average change over time for all CTPs.
The time variable was parameterized so that estimates represent
the mean difference in T scores between adjacent assessment
times (0-3 months, 3-6 months, etc.).

CTPs were also compared with regard to the percentage of
patients who were not receiving glucocorticoids at various time
points. Time to first visit with clinically inactive disease was ana-
lyzed with a Weibull proportional hazards model, using interval
censoring, since the exact date of clinically inactive disease occur-
rence was unknown, again weighting by PS.

Analyses were performed in R 3.6.1 software using the pack-
ages twang for PS analysis and mice for imputation (32-34).
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RESULTS

Patient characteristics. A total of 444 participants were
assessed for eligibility, and 401 were enrolled (Figure 1). One
patient was determined not to have polyarticular JIA and was
excluded from the analysis. Of the 400 analyzable participants,
257 (64%) were started on the step-up CTP, 100 (25%) were
started on the early combination CTP, and 43 (11%) were started
on the biologic first CTP at baseline. Eighteen participants were

lost to follow-up before 12 months: 2 withdrew consent and
16 moved to a non-participating clinical site, leaving 382 par-
ticipants who had at least 12 months of follow-up (250 for the
step-up plan, 94 for the early combination plan, and 38 for the
biologic first plan). Of these 382 participants, 44 missed the 12-
month primary end point visit, leaving a total of 338 evaluable
participants for the primary end point at 12 months, including
222 participants on the step-up plan, 81 on the early combina-
tion plan, and 35 on the biologic first plan.

Excluded (n=43)
Did not meet inclusion criteria (n=34)
Declined to participate (n=0)
Other reasons (n=9)

Assessed for eligibility (n=444)

Enrollment

CTP Prescribed (n=401)
l l SU (257) +EC
N ) (100) + BF
Step Up (SU) Early Combination (EC) Biologic First (BF) (43) =
(n=258) (n=100) (n=43) 400 with
Final Step-Up (n=257) baseline data
1 patient excluded (not JIA)
Step Up Early Combination Biologic First
[N Lost to follow-up > Lost to follow-up L Lost to follow-up
before 12-month visit before 12-month visit before 12-month visit
(n=7) (n=6) (n=5)
Step Up Early Combination Biologic First
—®| Missed 12 month visit —® Missed 12 month visit —®  Missed 12 month
(n=28) (n=13) visit (n=3)
Total with 12
Step-Up (n=222) Early Combination (n=81) Biologic First (n=35) month visit
12 month visit data collected 12 month visit data collected 12 month visit data collected dat? C?;‘;‘;M
n=:
Total with
Step-Up (n=217) Early Combination Biologic First (n=33) 12 month CID
Complete 12 month CID (n=78) Complete 12 month CID outcome data
outcome data Complete 12 month CID outcome data (n=328)
outcome data
SUMMARY

400 patients were included in analyses
400 had baseline data available
338 had 12 month visit data available
10/338 had incomplete 12 month data
328/338 had complete data for CID outcome at 12 months

Figure 1. Disposition of the study patients. A total of 444 participants were screened, and 401 were enrolled. One patient was determined
not to have polyarticular juvenile idiopathic arthritis (JIA) and was excluded from the analysis. Of the 400 analyzable participants at baseline, 257
(64%) were started on the step-up consensus treatment plan (CTP), 100 (25%) on the early combination CTP, and 43 (11%) on the biologic first
CTP. Eighteen participants were lost to follow-up: 2 withdrew consent and 16 moved to a non-participating clinical site. Of the patients lost to
follow-up, 2 patients were lost to follow-up after the baseline visit, 2 patients after the 3 month visit, 2 patients after the 6 month visit, and 12
patients after the 9 month visit, leaving 382 participants with at least 12 months of follow-up data available (250 in the step-up CTP group, 94
in the early combination CTP group, and 38 in the biologic first CTP group). Of these 382 participants, 44 missed the 12-month primary end
point visit, leaving a total of 338 evaluable CTP participants for the primary end point (222 in the step-up CTP group, 81 in the early combination
CTP group, and 35 in the biologic first CTP group). CID = clinically inactive disease.
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While there were few demographic differences between
CTP groups, there were clinically important differences in
baseline disease characteristics, including JIA category, clin-
ical JADAS-10 score, number of joints with active disease,
physician global assessment of disease activity, patient/parent
assessment of overall well-being, and the Childhood Health
Assessment Questionnaire score (35) (Table 1). In general,
participants on the early combination and biologic first CTPs
had higher baseline disease activity and severity measure-
ments, as might be expected, since initial treatment with a
biologic is considered more aggressive. See Supplemen-
tary Table 3, available on the Arthritis & Rheumatology web-
site at http://onlinelibrary.wiley.com/doi/10.1002/art.41888/

abstract, for the baseline characteristics for each group after
PS reweighting.

As stated in the methods, all reported analyses are intent-
to-treat, but we assessed the impact of reassigning CTP groups
to match the received treatments. Reclassification resulted in
5 patients whose treatment patterns did not match any CTP.
Thirty-nine of the remaining patients were reclassified to a dif-
ferent CTP from the one reported at study outset, as follows:
1) from the early combination plan, 18 were reclassified to the
step-up plan and 2 to the biologic first plan; 2) from the step-up
plan, 15 were reclassified to the early combination plan and 1 to
the biologic first plan; and 3) from the biologic first plan, 2 were
reclassified to the early combination plan and 1 to the step-up

Table 1. Baseline characteristics of the patients with JIA in each CTP group*

Overall Step-up CTP Early combination CTP  Biologic first CTP
(n = 400) (n=257) (n =100) (n=43) P
Age, mean + SD years 1040+ 494 10.03 +5.03 1112 +£4.54 10.89 +5.17 0139
Sex, no. (%) male 106 (26.5) 65 (25.3) 25(25.0) 16 (37.2) 0.242
Race, no. (%) 0.347
Black 30(7.5) 17 (6.6) 7 (7.0) 6 (14.0)
Other 79 (19.8) 47 (18.3) 24 (24.0) 8(18.6)
White 291 (72.8) 193 (75.1) 69 (69.0) 29 (67.4)
Time since symptom onset, 6.10 (2.90-16.11) 5.60(2.76-14.09) 7.31(3.51-17.16) 5.16 (2.10-30.93) 0.420
median (IQR) months
Time since diagnosis, median 0.00(0.00-0.83) 0.00(0.00-0.80) 0.00(0.00-0.47) 0.47(0.00-2.12) 0.034
(IQR) months
Disease course, no. (%) 0.001
Enthesitis related 33(8.2) 15(5.8) 10(10.0) 8(18.6)
Extended oligoarticular 14(3.5) 12(4.7) 0(0.0) 2(4.7)
RF-negative polyarticular 242 (60.5) 171 (66.5) 54 (54.0) 17 (39.5)
RF-positive polyarticular 78 (19.5) 42 (16.3) 28(28.0) 8(18.6)
Psoriatic 23(5.8) 12 (4.7) 5(5.0) 6 (14.0)
Undifferentiated 10(2.5) 5(1.9) 3(3.0) 2(4.7)
Previous NSAID use, no. (%)t 155 (83.3) 94 (80.3) 41 (91.1) 20(83.3) 0.257
PGA, mean + SD (10-cm VAS)+ 552+212 5.07 +£1.99 6.41+214 614 +2.02 <0.001
PtGA, mean + SD (10-cm VAS)§ 433+2.68 3.94+270 4.88 +2.51 5.32 +2.51 0.001
Clinical JADAS-10, mean + SDY| 18.08 £ 4.67 17.08 £ 4.55 2018 +4.37 19.05 +4.29 <0.001
No. of joints with active disease, 12.79 £ 8.58 11.89 £ 8.06 15.96 +9.42 10.79+7.86 <0.0071
mean + SD
Duration of morning stiffness, 0.031
no. (%)
None 64 (16.0) 50 (19.5) 7 (7.0) 7(16.3)
<15 minutes 43 (10.8) 29 (11.3) 7 (7.0) 7(16.3)
16-60 minutes 123 (30.8) 73(28.4) 33(33.0) 17 (39.5)
>60 minutes 130(32.5) 80 (31.1) 42 (42.0) 8(18.6)
Unknown 40(10.0) 25(9.7) 11 (11.0) 4(9.3)
No. of joints with a limited range 8.89+838 770+7.23 12.00 £9.92 791+ 8.64 <0.001
of motion, mean + SD#
Abnormal ESR, no. (%)** 129 (43.1) 74.(39.6) 40 (49.4) 15 (48.4) 0.272
Abnormal CRP, no. (%)** 99 (33.1) 57(30.5) 31(38.3) 11 (35.5) 0.441
CHAQ, mean + SDTT 090+0.72 0.80 +0.70 1.05+0.68 114 +0.85 0.002

* JIA = juvenile idiopathic arthritis; CTP = consensus treatment plan; IQR = interquartile range; RF = rheumatoid factor; NSAID = nonsteroidal
antiinflammatory drug; PGA = physician global assessment of disease activity; VAS = visual analog scale; PtGA = patient/parent assessment of
overall well-being; JADAS-10 = Juvenile Arthritis Disease Activity Score in 10 joints; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein;
C-HAQ = Childhood Health Assessment Questionnaire.

T Data were missing for 214 patients.

1 Data were missing for 5 patients.

§ Data were missing for 37 patients.

9 Data were missing for 40 patients.

# Data were missing for 78 patients.

** Data were missing for 101 patients.

t1 Data were missing for 36 patients.
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Table 2. Analysis of the primary end point of clinically inactive disease at 12 months in each CTP group*

Estimated difference (95% Cl)

Compared to step-up  Compared to biologic

Estimated % (95% Cl) plan first plan
Unadjusted modelt
Step-up CTP 32.3(26.2,39.0)(70/217) - 8.0(-9.6,25.7)
Early combination CTP 37.2(26.7,48.9) (29/78) 49(-8.3,18.2) 129 (-7.4,33.2)
Biologic first CTP 24.2 (11.7,42.6) (8/33) - -
Model with PS weighting and multiple imputation
Step-up CTP 37.8(29.4,46.2) = 4.2(-14.8,23.3)
Early combination CTP 473(32.6,62.0) 9.5(-41,23.2) 13.7(-8.2,35.7)
Biologic first CTP 33.6(14.5,52.6) = =

* P=0.39 for the comparison of propensity score (PS)-weighted percentages between groups, by the Wald test, accounting for multiple
imputation. There were no significant differences between any of the consensus treatment plans (CTPs).

t Observed data were analyzed in the unadjusted model. Values are the estimated percentages of patients in whom clinically inactive
disease was achieved (95% confidence interval [95% Cl]) (no. of patients with clinically inactive disease/no. of patients assessed).

plan. There were no differences between the analyses of the
reclassified CTPs and the intent-to-treat analyses. Of note, 148
of the 257 patients (58%) who chose the step-up CTP at base-
line later started a biologic, with a median time to biologic start
of 114 days (interquartile range 70-170 days).

Clinically inactive disease without glucocorticoids at
12 months. Complete data for the assessment of the primary
end point of clinically inactive disease at 12 months were available
for 328 participants. After PS weighting and multiple imputation,
an estimated 38% of participants on the step-up plan, 47% of
participants on the early combination plan, and 34% of partici-
pants on the biologic first plan achieved clinically inactive disease
while not receiving glucocorticoids at 12 months (P = 0.39 by the
Wald test) (Table 2). The baseline characteristics of those who
achieved the primary outcome (n = 328) and those who did not
achieve the primary outcome (n = 72) were similar.

Clinical JADAS-10 and ACR Pedi 70 outcomes. Clini-
cal JADAS-10 scores improved over time, with all participants
in a state of moderate or severe disease activity at baseline
(mean = SD 18.1 £ 4.7) and the majority (70%) achieving low
or moderate disease activity at 12 months (mean £ SD 4.7 £ 5.5)
(Figure 2 and Supplementary Table 4, available on the Arthri-
tis & Rheumatology website at http://onlinelibrary.wiley.com/
doi/10.1002/art.41888/abstract). Clinical JADAS-10 scores
were available for 90% of the participants at baseline, 71% at
6 months, and 66% at 12 months. After multiple imputation
and PS weighting, inactive disease according to the clinical
JADAS-10 while not receiving glucocorticoids was achieved at
12 months by an estimated 43% of participants on the step-up
CTP, 59% of participants on the early combination CTP, and
47% of participants on the biologic first CTP (P = 0.05 by
the Wald test) (Table 3). The percentage with inactive disease
according to the clinical JADAS-10 was significantly higher in
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Figure 2. Percentage of patients with polyarticular juvenile idiopathic arthritis in the step-up consensus treatment plan (CTP) group, early
combination CTP group, and biologic first CTP group with inactive disease (ID), low disease activity, moderate disease activity, and high disease
activity, according to the clinical Juvenile Arthritis Disease Activity Score in 10 joints (JADAS-10), throughout the study period.
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Table 3. Comparisons of outcomes for the ACR Pedi 70 criteria and inactive disease according to the clinical
JADAS-10 at 12 months in each CTP group*

Inactive disease according
to the clinical JADAS-10
(PS-weighted, imputed)

ACR Pedi 70
(PS-weighted, imputed)

Percentage with outcome in each group

(95% Cl)
Step-up CTP 61.5(53.5, 69.5) 42.8(35.7,49.9)
Early combination CTP 80.7 (69.5,91.9) 58.8 (46.6,71.1)
Biologic first CTP 63.6(37.7,89.5) 4771 (25.0,69.3)
Difference in percentage between groups
(95% Cl)
Biologic first CTP versus step-up CTP 21 (=25.2,29.4) 4.3(-18.8,27.5)

Early combination CTP versus step-up CTP 19.2 (5.0, 33.4)t 16.0 (1.8, 30.2)%

Biologic first CTP versus early combination CTP =171 (=45.3, 11.1) -11.7 (-36.7,13.3)
* For the comparison of propensity score (PS)-weighted percentages between groups, accounting for multiple
imputation, P = 0.02 for the American College of Rheumatology (ACR) Pediatric 70 (Pedi 70) criteria; P = 0.05 for
inactive disease according to the clinical Juvenile Arthritis Disease Activity Score in 10 joints (JADAS-10), by the

Wald test. CTP = consensus treatment plan; 95% Cl = 95% confidence interval.

T P=0.0082.
1 P=0.0270.

the early combination CTP group compared to the step-up
CTP group (95% CI 2, 30%; P = 0.03). Low participant num-
bers limited conclusions about comparisons involving the bio-
logic first CTP group.

Supplementary Figure 2, available on the Arthritis & Rheu-
matology website at http://onlinelibrary.wiley.com/doi/10.1002/
art.41888/abstract, shows the distribution of participants who
attained ACR Pedi 70 at 6 and 12 months. ACR Pedi 70 scores
could be calculated for 65% of the participants at 6 months and
60% at 12 months. At 12 months, with PS weighting and mullti-
ple imputation, 81% of the participants on the early combination
CTP had achieved an ACR Pedi 70, as opposed to 62% of those
on the step-up CTP and 64% of those on the biologic first CTP
(P = 0.02 by the Wald test); the percentage for the early combi-
nation CTP was significantly higher than that for the step-up CTP
(95% CI 5, 33%; P = 0.008).

Table 3 also compares the secondary disease activ-
ity measures (ACR Pedi 70 and inactive disease according to the
clinical JADAS-10). Overall, the percentages achieving ACR Pedi
70 and inactive disease according to the clinical JADAS-10 in the
early combination CPT group were significantly higher than the
percentages in the other CTP groups, despite no significant differ-
ences in the primary outcome of clinically inactive disease.

Patient-reported outcomes. Figure 3 shows the results
for the PROMIS pain interference and mobility scores. Each CTP
group improved toward the reference population mean by the 12-
month visit, except for the biologic first CTP group, but that group
was exceedingly small. The differences in time trends between the
groups were not significant for pain interference (P = 0.21) or mobil-
ity (P = 0.35). Completion rates for all patient-reported outcomes
were low and decreased over time. For example, 75% of 400
participants completed the pain interference measure at baseline,
but only 49% at 12 months. Numbers of completed measures

for each treatment group at a given time became exceedingly
small, especially in the biologic first CTP group (17 of 44 for pain
interference and 14 of 44 for mobility). There were no notable dif-
ferences in baseline characteristics between participant groups
that had 0, 1, 2, and >3 visits with a completed patient-reported
outcome measure.

Glucocorticoid use. The PS-weighted percentage of par-
ticipants in the early combination CTP group who were continuing
to receive glucocorticoids at each follow-up visit was lower than
in the other groups at every time point except 9 months (Sup-
plementary Figure 3, available on the Arthritis & Rheumatology
website at http://onlinelibrary.wiley.com/doi/10.1002/art.41888/
abstract). For example, at 3 months, 7% of the participants on the
early combination CPT were receiving glucocorticoids compared
10 16% and 17% of the participants on the biologic first CTP and
step-up CTP, respectively. The difference between the early com-
bination and step-up CTP groups was significant at 3 months
(P = 0.012) and 6 months (P = 0.003) but not 9 months, when
there was a small increase in the number of glucocorticoid users
in the early combination CTP group (P = 0.40). At 12 months, few
patients were continuing to receive glucocorticoids, so no adjusted
analysis was performed, but no early combination CTP partici-
pants were continuing to receive glucocorticoids, while 3.2% of
the participants on the step-up CTP and 5.7% of the participants
on the biologic first CTP continued to receive glucocorticoids.

Adverse events and side effects. Forty-four participants
experienced 20 SAEs and 25 events of special interest (Supple-
mentary Table 5, available on the Arthritis & Rheumatology website
at http://onlinelibrary.wiley.com/doi/10.1002/art.41888/abstract).
No deaths were reported. Three patients were diagnosed as hav-
ing inflammatory bowel disease (1 SAE). Nine patients developed
infections (all SAE), including influenza (n = 2), infections requiring
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Figure 3. Patient-Reported Outcomes Measurement Information
System pain interference (A) and mobility (B) T scores over time in
patients with juvenile idiopathic arthritis in the step-up consensus
treatment plan (CTP) group, early combination CTP group, and
biologic first CTP group. Shaded areas indicate the mean and
expected SD (50 + 10) in the healthy population. Higher T scores
indicate more pain or improved mobility. For both measures, all
groups improved over time. There were no significant differences
between the CTP groups.

intravenous antibiotics (n = 5), shingles (n = 1), and cellulitis (N = 1).
Two patients experienced fractures (both SAEs), 3 had hip pain
and effusion (all SAEs), 1 developed drug-induced lupus (SAE),
and 1 had macrophage activation syndrome (SAE). Two patients
had psychiatric disorders (both SAEs), 1 had vertigo (SAE), 2 had
leukopenia (no SAE), 12 developed new-onset uveitis (no SAE), 6
had hepatitis (no SAE), 1 had a hypersensitivity reaction (no SAE),
and 3 had psoriasis (no SAE). The numbers were too small to
compare differences between groups. Compared to other safety
registries, this cohort reported similar rates of AEs and events of
special interest. A recent report describing event rates for 3 large
registries (Pharmachild, Germany, and Sweden) included >15,000
children and reported SAEs in 6.9-7.4% of children (36), com-
parable to the percentages of children with SAEs in this cohort
(5.3%).

Supplementary Table 6, available on the Arthritis & Rheu-
matology website at http://onlinelibrary.wiley.com/doi/10.1002/

art.41888/abstract, shows the number of reported medication
side effects at each visit and the number of patients reporting
them. Although higher numbers of side effects were reported in
both the step-up CTP group (60%) and early combination CTP
group (56.6%) compared to the biologic first CTP group (34.4%)
(after PS adjustment, P = 0.006 for the biologic first CTP versus
the step-up CTP and P = 0.06 for the early combination CTP ver-
sus the biologic first CTP), there were no significant differences
between groups for specific side effects. The most commonly
reported side effects were nausea (26%), mood disturbance
(21%), headache (20%), sleep disturbance (13%), injection site
reaction (13%), stomachache and vomiting (12% each), and
rash, mouth sores, and weight gain (11% each).

DISCUSSION

The STOP-JIA study is the first multicenter, prospective
observational study to assess the optimal timing of biologic ini-
tiation in polyarticular JIA. Using CTPs to assess comparative
effectiveness within the CARRA Registry facilitated the successful
enroliment of 400 children with untreated polyarticular JIA, one of
the world’s largest prospectively followed up inception cohorts of
children with polyarticular JIA. The STOP-JIA study adds impor-
tant real-world outcomes for a large group of children seen in
routine clinical care. Overall, there were no significant differences
between CTPs in achievement of clinically inactive disease with-
out glucocorticoids at 12 months. The tendency toward a higher
percentage of patients in the early combination CTP achieving
clinically inactive disease without glucocorticoids at 12 months
was more pronounced after statistical adjustments. However,
the confidence intervals were wide, and the differences between
groups were not significant (P = 0.17 for the step-up CTP versus
the early combination CTP). Patient-reported outcomes improved
throughout the study but did not differ between CTPs.

The achievement of more durable outcomes, such as clin-
ical remission while receiving medications (inactive disease
while receiving treatment maintained for >6 months) and clinical
remission without medications (inactive disease without treat-
ment maintained for >12 months), will be assessed in the future,
since STOP-JIA study participants are also enrolled in the CARRA
Registry, ensuring longer follow-up. CARRA Registry follow-up will
allow continued prospective evaluation of the participants and add
invaluable information about longer-term outcomes in this cohort.

Analyses of inactive disease according to the clinical
JADAS-10, a less stringent categorization of disease inactivity,
suggested a potential benefit of the early combination CTP as
compared to the other approaches, a result that merits additional
evaluation in focused future studies. Inactive disease according
to the clinical JADAS-10 may be a better target outcome than
clinically inactive disease according to the ACR criteria, which
reflects disease inactivity at only one point in time, may be tran-
sient, and may not be the most important target outcome. The
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clinical significance of clinically inactive disease at 12 months,
and whether this predicts longer-term outcomes is unknown.
An analysis of the UK Childhood Arthritis Prospective Study
showed that achievement of inactive disease according to the
clinical JADAS-10 was associated with better functional ability,
better psychosocial health, and fewer joints with a limited range
of motion in the short-term and long-term (5 years) compared to
achievement of clinically inactive disease according to the ACR
criteria (9) at 1 year (37). In the STOP-JIA cohort, analysis of both
the ACR Pedi 70 and the clinical JADAS-10 scores indicated that
participants in the early combination CTP group had significantly
higher rates of achieving both outcomes than those in the step-up
CTP group after PS weighting and multiple imputation.

The early combination CTP group also had significantly lower
rates of glucocorticoid use at 3 and 6 months, which may reflect
earlier disease control. Adjunctive glucocorticoid treatment is
common in polyarticular JIA (aimost 40% of CARRA Registry JIA
patients have been exposed to glucocorticoids), so rapid reduc-
tion and discontinuation of glucocorticoid treatment remains an
important treatment goal (38).

Safety events (SAEs and events of special interest) were
reported for STOP-JIA study participants, but event numbers
were too low to detect group differences. The percentage of chil-
dren experiencing an SAE was comparable to percentages of
children with SAEs in other large, observational safety registries
of JIA patients.

The STOP-JIA study was the first large-scale study to utilize
CARRA CTPs and the CARRA Registry to perform an observa-
tional comparative effectiveness study—an approach specifically
developed by CARRA for research in rare diseases (39). The
results suggest that the CTP development process was success-
ful in distilling highly variable treatment practices into standardized
treatment strategies acceptable to pediatric rheumatologists. In
this study, the overall rate of clinically inactive disease achieved at
12 months was low in all 3 polyarticular JIA CTPs. Future research
should address how to increase clinically inactive disease rates
and disease inactivity/low disease activity states in children with
JIA, including identification of JIA subgroups that may particularly
benefit from early initiation of biologics and whether stricter treat-
to-target approaches than were used for the STOP-JIA study
could lead to sustained disease control and better long-term
outcomes.

While the CTPs facilitated enrollment of 400 children into the
study, several limitations of the observational study design arose,
particularly problems associated with missing data, missed visits,
and confounding by indication. The baseline differences between
CTP groups are of particular concern for confounding. For exam-
ple, RF-positive polyarticular JIA and enthesitis-related arthritis
were relatively overrepresented in the early biologic CTPs (early
combination and biologic first), and these groups had higher dis-
ease activity measures at baseline than the step-up CTP group.
Statistical methods, including propensity weight adjustment, were

used to reduce bias; however, potential bias may not have been
eliminated. Additionally, patient numbers in the study arms were
imbalanced, with lower than expected enrollment in the early bio-
logic groups. In combination with missing data, this resulted in
few analyzable patients for some outcomes. Multiple imputation
can reduce bias resulting from omission of patients with missing
outcomes but relies on the assumption that the probability that a
value is missing depends only on observed data and not on unob-
served or missing data—the “missing at random” assumption.

Although a total of 72 participants (18%) did not have
complete data for the 12-month clinically inactive disease out-
come, most had partial data at 12 months or complete clinically
inactive disease data at earlier time points, so imputation was
based on variables strongly associated with clinically inactive dis-
ease at 12 months. Table 2 shows that estimated clinically inactive
disease was higher in the imputed data for all groups, suggesting
that those missing the 12-month assessment or with incomplete
12-month data were more likely to have achieved clinically inac-
tive disease than those with complete data. Further analyses are
underway to assess treatment effectiveness based on the actual
use and timing of medication, without reference to CTPs.

This study evaluated 1 primary outcome measure, 2 sec-
ondary outcome measures, and several tertiary outcome meas-
ures; each outcome measure involved 3 pairwise comparisons
between CTPs, so many P values and confidence intervals appear
in the results. Neither the P values nor the widths of confidence
intervals were adjusted for multiple comparisons.

Since families and physicians together selected the CTP, it
is possible that they wanted the chosen CTP to appear to be the
right choice. This could mean that subjectively reported outcomes
would appear better than if judged by an impartial observer. There
is evidence that this is not generally the case since the incidence of
clinically inactive disease is far below what was anticipated when
the study began. Furthermore, the tendency to overstate benefit
should occur in each group and not favor one group over another.
We have included reasons given for CTP choice in Supplemen-
tary Table 7, available on the Arthritis & Rheumatology website
at http://onlinelibrary.wiley.com/doi/10.1002/art.41888/abstract.

This study identified important opportunities to optimize data
collection in the CARRA Registry. In particular, efforts are underway
to improve longitudinal outcomes data and develop new capabili-
ties to capture patient-reported outcomes between CARRA Regis-
try visits. As additional longitudinal data sources become available
to the CARRA Registry, we anticipate greater capability to under-
stand and account for the effects of missing data and confounding
variables, particularly those that are time varying. We believe these
enhancements will increase the Registry’s ability to support com-
parative effectiveness research, including use and analysis of CTPs
developed for other childhood-onset rheumatic diseases.

The CARRA STOP-JIA comparative effectiveness study
addressed the optimal timing of initial biologic therapy in polyar-
ticular JIA, finding no clear differences between initial/early biologic
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versus delayed biologic treatment approaches in the attainment of
clinically inactive disease without glucocorticoids at 1 year. How-
ever, the early combination CTP showed increased benefits in
secondary analyses assessing key outcomes such as the clini-
cal JADAS-10, ACR Pedi 70, and earlier discontinuation of glu-
cocorticoids, although these results require additional validation.
Lastly, a separate study applying latent class trajectory analysis
to STOP-JIA data, also published in this issue of Arthritis & Rheu-
matology (40), showed that early use of biologics was associated
with more rapid achievement of inactive disease. These results
further underscore that for many patients with polyarticular JIA,
earlier biologic treatment may result in more immediate improve-
ment, but the impact on long-term outcomes remains unproven.

In conclusion, STOP-JIA study results will help inform shared
decision-making discussions between families and physicians as
they weigh the risks and benefits of initial treatment approaches.
The STOP-JIA data set represents a unique and rich resource of
highly curated data on a large cohort of patients with new-onset
polyarticular JIA that will address additional questions through fur-
ther data analyses and longer-term follow up through the CARRA
Registry.
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