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Abstract 

Background:  The Childhood Arthritis and Rheumatology Research Alliance (CARRA) developed consensus treatment 
plans (CTPs) to compare treatment initiation strategies for systemic juvenile idiopathic arthritis (sJIA). First-line options 
for sJIA treatment (FROST) was a prospective observational study to assess CTP outcomes using the CARRA Registry.

Methods:  Patients with new-onset sJIA were enrolled if they received initial treatment according to the biologic 
CTPs (IL-1 or IL-6 inhibitor) or non-biologic CTPs (glucocorticoid (GC) monotherapy or methotrexate). CTPs could be 
used with or without systemic GC. Primary outcome was achievement of clinical inactive disease (CID) at 9 months 
without current use of GC. Due to the small numbers of patients in the non-biologic CTPs, no statistical comparisons 
were made between the CTPs.

Results:  Seventy-three patients were enrolled: 63 (86%) in the biologic CTPs and 10 (14%) in the non-biologic CTPs. 
CTP choice appeared to be strongly influenced by physician preference. During the first month of follow-up, oral GC 
use was observed in 54% of biologic CTP patients and 90% of non-biologic CTPs patients. Five (50%) non-biologic 
CTP patients subsequently received biologics within 4 months of follow-up. Overall, 30/53 (57%) of patients achieved 
CID at 9 months without current GC use.

Conclusion:  Nearly all patients received treatment with biologics during the study period, and 46% of biologic CTP 
patients did not receive oral GC within the first month of treatment. The majority of patients had favorable short-term 
clinical outcomes. Increased use of biologics and decreased use of GC may lead to improved outcomes in sJIA.
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Background
Systemic Juvenile Idiopathic Arthritis (sJIA) is character-
ized by systemic inflammation that distinguishes it from 
other types of JIA. sJIA can have life-threatening com-
plications, including macrophage activation syndrome 
(MAS) which can occur at any time during the disease. 
In North America/Europe, sJIA is a rare disease, and 
accounts for 5 to 15% of children with JIA. Age at onset is 
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often in early childhood, with a peak from 1 to 5 years of 
age, but sJIA can develop at any age, and after the age of 
16 is called Adult Onset Still Disease (AOSD) [1].

Prior to the availability of biologic medications, treat-
ment of sJIA was difficult, often requiring prolonged 
courses of systemic glucocorticoids (GC), which cause 
many adverse effects including growth failure, osteopo-
rosis, and infections. Major advances in the treatment of 
sJIA began with reports of the effectiveness of the IL-1 
inhibitor (IL-1i) anakinra in the mid 2000s [2–4]. Results 
of controlled trials of canakinumab and rilonacept con-
firmed the efficacy of IL-1i after 2010 [5, 6]. The IL-6 
inhibitor (IL-6i) tocilizumab proved to be equally effica-
cious [7]. Since those studies, IL-1i and IL-6i have been 
increasingly used for treating sJIA, along with GC and 
methotrexate (MTX). A hypothesis has emerged that the 
use of biologics (especially IL-1i and potentially IL-6i) 
early in the disease course may allow patients a win-
dow of opportunity to prevent the evolution of chronic, 
destructive synovitis [8]. This was suggested by an early 
retrospective case series as well as a recent prospective 
study in which patients with sJIA were initially treated 
with anakinra alone [9]. Interestingly, the aforementioned 
published randomized clinical trials enrolled patients 
with long-standing (often refractory) sJIA, and so did not 
provide information about which treatments are most 
effective for patients with new-onset sJIA [5, 7]. As a 
result, there continues to be uncertainty about treatment 
choice at the time of sJIA diagnosis. This uncertainty 
is compounded by continued reports of rare cases of 
chronic lung disease which appear temporally associated 
with increased use of biologic agents in sJIA [10–13].

To help answer these important questions, the Child-
hood Arthritis and Rheumatology Research Alliance 
(CARRA) developed four consensus treatment plans 
(CTPs) for new-onset sJIA in 2012 based on the initial 
treatments most commonly used at the time. The CTPs 
were: (1) GC alone, (2) MTX, (3) IL-1i (anakinra or 
canakinumab), and (4) IL-6i (tocilizumab), each of which 
could be used with or without GC [14]. The CTPs were 
developed as standardized consensus-based treatments 
which were intended to be used for observational com-
parative effectiveness research using the CARRA Regis-
try as the data collection vehicle [15]. A pilot study of the 
sJIA CTPs was completed in 2016 and showed good dis-
tribution of CTPs used among the 13 sites that enrolled 
patients, making a larger comparative effectiveness study 
feasible [16]. This approach was also successfully used in 
the recently published Start Time Optimization of bio-
logics in Polyarticular JIA (STOP-JIA) study [17, 18].

The FiRst-line Options for SJIA Treatment (FROST) 
study was intended to be an observational compara-
tive effectiveness study of the sJIA CARRA CTPs 

enrolling new-onset sJIA patients with data collected 
in the CARRA Registry. Herein we report the primary 
results of the study.

Methods
The CARRA JIA Research Committee prioritized sJIA 
as one of 4 initial diseases to develop CTPs for compara-
tive effectiveness research using the Registry funded by 
an NIH ARRA Challenge Grant. A group of sJIA experts 
worked together to identify current treatments most 
commonly used for sJIA. Through a process of surveys, 
face-to-face consensus meetings and small workgroup 
conference calls, leaders developed the four CTPs which 
were finalized and approved by 95% of the CARRA JIA 
Research Committee and published in 2012 [14]. To 
better conform with the diagnostic approach to sJIA in 
clinical practice, the CARRA JIA Research Committee 
also voted to modify the sJIA ILAR criteria [19] for this 
study. Eligible patients met the following 4 criteria: (1) 
age 6 months to 18 years at disease onset; (2) fever for at 
least 2 weeks that at some point rises to ≥39 °C at least 
once a day and returns to normal between fever peaks; 
(3) arthritis in ≥1 joint for at least 10 days; (4) at least one 
of (a) evanescent erythematous rash, (b) generalized lym-
phadenopathy, (c) hepatomegaly or splenomegaly, or (d) 
serositis.

FROST enrolled at all active CARRA Registry sites 
from September 2016 through December 2019. Patients 
enrolled in the CARRA Registry with recently diagnosed 
sJIA according to the above criteria were included in the 
FROST study. Patients were excluded for active infection 
(including untreated latent tuberculosis), malignancy, or 
immunization with live virus vaccines within the past 
4 weeks. Patients were intended to be untreated for sJIA 
at the time of FROST enrollment, but prior treatment 
with non-steroidal anti-inflammatory drugs of unlim-
ited duration or short-term GC use (up to 14 days of oral 
GC and/or 3 high-dose pulses of intravenous GC) were 
allowed. To increase the inclusion of patients who were 
otherwise eligible for the study, patients were included up 
to 72 hours after initiating a CTP. Patients were excluded 
if they had MAS (or other severe disease manifesta-
tions) at onset that precluded treatment with one of the 
CTP arms according to the judgement of the treating 
physician.

In all cases, CTP selection was made by the treat-
ing physician in consultation with the patient’s family. 
Details about the reasons for CTP selection were col-
lected. The 4 CARRA sJIA CTPs have been previously 
published [14, 20]. In brief, they consist of 2 biologic 
CTPs (IL-1i and IL-6i, both with or without GC), and 
2 non-biologic CTPs (MTX with or without GC and 
GC alone) (see Figs.  1 and 2). MTX was not included 
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Fig. 1  Schematic of the non-biologic consensus treatment plans for the treatment of new-onset sJIA

Fig. 2  Schematic of the biologic consensus treatment plans for the treatment of new-onset sJIA
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in the biologic CTPs but could be added if patients 
failed to improve or worsened. For all CTPs, if GC were 
used, then the stated goal was to reduce the initial GC 
dose by at least 50% by 3 months and to discontinue 
GC by 6 months, if possible. For all CTPs, an assess-
ment of the clinical status was to occur 3 months fol-
lowing enrollment; in instances where disease activity 
was unchanged or worsened or GC could not be safely 
decreased to < 50% of the initial dose, then the CTPs 
suggest initiating or switching to a different biologic. 
Initiation or switching of biologics could also occur at 
any point during the study at the discretion of the treat-
ing physician.

Clinical data were collected at baseline and 2 weeks 
as well as 1, 3, 6, 9, and 12 months following enroll-
ment. Informed consent and data collection activities for 
FROST followed the CARRA Registry protocol (Duke 
University IRB [Pro00054616]). Written informed con-
sent and/or assent was obtained from all subjects and/or 
their legal guardians.

The primary study outcome was the achievement of 
clinical inactive disease (CID) according to the Wallace/
American College of Rheumatology provisional criteria 
[21] without current GC use as assessed at 9 months fol-
lowing enrollment. CID criteria include satisfaction of 
all of the following: (1) no active arthritis; (2) physician 
global assessment equal to zero; (3) ESR and/or CRP in 
normal range; (4) no extra-articular features of sJIA; 
(5) no active uveitis; (6) duration of morning stiffness 
≤15 minutes. Not all patients had ESR or CRP values 
available at the 9 month visit; if the remaining 5 criteria 
were satisfied, then it was assumed that the patient had 
achieved CID.

Secondary outcomes included the clinical juvenile 
arthritis disease activity score based on 10 joints (cJA-
DAS-10) and absence of current GC use. The cJADAS-10 
is composed of the physician global assessment (0-10), 
the patient/parent global assessment (0-10), and the 
number of joints with active arthritis (to a maximum of 
10) [22]. The values of the three components are added 
together for a total score ranging from 0 to 30. cJA-
DAS-10 scores of ≤1 and ≤ 2.5 have been previously pro-
posed as cut-offs for inactive and low/minimal disease 
activity for polyarticular JIA, respectively [23], and we 
additionally required the absence of fever. CID and cJA-
DAS-10 outcomes also were assessed at 12 months after 
enrollment. Current systemic GC use was assessed at 
each study visit and is reported as both an independent 
outcome and in combination with CID and cJADAS-10. 
We also assessed the proportion of patients receiving oral 
GC in the first month after enrolment who were able to 
successfully decrease their dose by > 50% by 3 months 
after enrollment.

The proportions of patients achieving inactive disease 
by CID and cJADAS-10, both without current use of GC 
and irrespective of (i.e., with or without) current GC use 
were calculated. The results were presented according 
to the CTP declared at enrollment, irrespective of sub-
sequent treatment (i.e., intention-to-treat). Due to the 
small numbers of patients in the non-biologic CTPs, no 
statistical comparisons were made between the CTPs.

Pre-specified safety events of special interest [24], 
including MAS, were collected for all patients following 
enrollment. Other safety events were collected if they 
met the definition of serious adverse events.

Results
Overall, 73 patients enrolled in the FROST study from 
32 clinical sites. Their baseline characteristics are shown 
in Table  1. Most patients (63/73, 86%) were enrolled in 
the one of the biologic CTPs. Most patients enrolled 
early in the disease course. The mean number of days 
since symptom onset was 46. The median number of 
days since diagnosis was 2.0, and 75% of patients enrolled 
within 8 days of sJIA diagnosis. No association was 
found between patient age, sex, or race/ethnicity with 
the elapsed time from symptom onset or diagnosis to 
study enrollment. The mean physician and patient global 
assessments were 6.0 and 5.6, respectively. The mean 
number of active joints was numerically lower among 
patients in the non-biologic CTPs (4.1) than patients 
in the biologic CTPs (7.0). The median ferritin was also 
numerically lower among patients in the non-biologic 
CTPs (363 versus 884). Consistent with study inclusion 
criteria, all patients had fever and arthritis prior to enroll-
ment. Rash was present prior to enrollment in nearly all 
patients (95.9%) with other disease manifestations occur-
ring less frequently but relatively equally among patients 
in the biologic and non-biologic CTPs. Laboratory values 
at the time of enrollment were consistent with ongoing 
systemic inflammation.

Of the patients enrolled in the biologic CTPs, 59 (94%) 
were treated with IL-1i and 4 (6%) were treated with 
IL-6i. Among the 59 initial IL-1i users, the first IL-1i 
used was anakinra in 48 patients (81%) and canakinumab 
in 11 patients (19%). During follow-up, 8 (14%) patients 
initially treated with IL-1i switched to IL-6i treatment; 
the reason for switching was lack of effectiveness in 2 
patients (both receiving anakinra) and their active joint 
counts near the time of switching were 2 and 8. No 
patients switched from IL-6i to IL-1i. Nine patients in 
the biologic CTPs (14%) also started MTX prior to the 
9-month outcome assessment.

Among patients in the biologic CTPs, 75% started bio-
logic therapy within 1 day of enrollment and 95% started 
within 15 days. In addition, 5 (50%) of the patients in the 
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non-biologic CTPs started biologic therapy (3 canaki-
numab, 1 anakinra, 1 tocilizumab). The elapsed time 
from enrollment to biologic initiation in the non-biologic 
CTP patients was 10, 24, 30, 90, and 101 days.

CTP choice appeared to be strongly influenced by 
physician factors. Ten clinical sites enrolled 3 or more 
patients in the study. Of these 10 sites, 8 sites enrolled 
all their patients in the biologic CTPs. Eight of the 10 
(80%) patients in the non-biologic CTPs were treated 
by physicians who self-reported that they initiate treat-
ment with a biologic agent at the time of diagnosis for a 
typical patient with sJIA of moderate severity less than 
50% of the time. On the other hand, only 4% of patients 

(2 of 56) treated by physicians who self-reported that 
they initiate treatment of sJIA with a biologic agent at 
least 75% of the time were enrolled in the non-biologic 
CTPs.

The three most commonly reported reasons for 
selecting the biologic CTPs were likelihood of effec-
tiveness for systemic features, minimization of sys-
temic glucocorticoids, and likelihood of effectiveness 
for arthritis. Two of the three most commonly reported 
reasons for selecting the non-biologic CTPs were simi-
lar citing likelihood of effectiveness for systemic fea-
tures and likelihood of effectiveness specifically for 
arthritis; however, safety profile was also included.

Table 1  Baseline patient characteristics, overall and stratified by consensus treatment plan choice

a More than 1 race or ethnicity per patient could be reported

Characteristic All Patients Biologic CTP
IL-1i/IL-6i

Non-Biologic CTP
GC/Methotrexate

Number of Patients 73 63 10

Age in years (median (IQR)) 6.8 (4.1, 11.0) 7.0 (4.0, 11.3) 6.2 (5.6, 7.8)

Male sex (%) 44 (60.3) 40 (63.5) 4 (40.0)

Patient-Reported Race/Ethnicitya

  White (%) 48 (65.8) 43 (68.3) 5 (50.0)

  Black (%) 7 (9.6) 5 (7.9) 2 (20.0)

  Hispanic (%) 14 (19.2) 11 (17.5) 3 (30.0)

  Asian (%) 6 (8.2) 6 (9.5) 0 (0.0)

Days since symptom onset
(mean (SD))

46.4 (63.5) 49.3 (67.6) 28.1 (18.3)

Days since diagnosis
(median (IQR))

2.0 (0.0, 8.0) 1.0 (0.0, 8.0) 5.5 (0.5, 7.0)

Physician global assessment
(mean (SD))

6.0 (2.2) 6.3 (2.1) 4.7 (2.8)

Patient global assessment
(mean (SD))

5.6 (3.3) 5.7 (3.3) 5.4 (3.6)

Number of active joints
(mean (SD))

6.6 (7.6) 7.0 (8.0) 4.1 (4.4)

sJIA manifestations prior to enrollment

  Fever (%) 73 (100.0) 63 (100.0) 10 (100.0)

  Arthritis (%) 73 (100.0) 63 (100.0) 10 (100.0)

  Rash (%) 70 (95.9) 60 (95.2) 10 (100.0)

  Lymphadenopathy (%) 24 (32.9) 22 (34.9) 2 (20.0)

  Hepatomegaly or Splenomegaly (%) 15 (20.5) 13 (20.6) 2 (20.0)

  Serositis (%) 7 (9.6) 6 (9.5) 1 (10.0)

Laboratory values at time of enrolment (median (IQR))

  ESR (mm/hr) 73 (57, 97) 71 (54, 97) 88 (76, 90)

  CRP (mg/L) 15.4 (7.5, 58.1) 16.4 (7.5, 58.1) 13.5 (7.3, 51.4)

  Ferritin (ng/mL) 829 (249, 2603) 884 (290, 2652) 363 (81, 779)

  Hemoglobin (g/dL) 10.2 (9.1, 11.4) 10.7 (9.1, 11.5) 9.4 (9.0, 10.2)

  White blood cell count (109/L) 12.2 (8.5, 19.1) 12.0 (8.4, 19.0) 14.5 (10.6, 22.7)

  Platelets (109/L) 458 (353, 571) 452 (353, 565) 509 (375, 735)

CHAQ (mean (SD)) 1.3 (1.0) 1.4 (1.0) 1.2 (0.9)

cJADAS-10 (median (IQR)) 17.0 (10.5, 21.5) 17.5 (12.0, 21.0) 14.0 (8.0, 23.0)
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More than one-half (43/73, 59%) of patients overall 
received oral GC at any time during the first month after 
enrollment, including 34/63 (54%) of patients in the bio-
logic CTPs and 9/10 (90%) in the non-biologic CTPs. At 
the 3 month assessment, 25/34 (74%) of patients in the 
biologic CTPs and 5/9 (56%) in the non-biologic CTPs 
treated with GC, had reduced the GC dose by 50% or 
more.

Table  2 summarizes the clinical outcomes 9 and 
12 months after study enrollment. Data were available 
for 57 patients at 9 months (16 patients did not have a 
9 month visit recorded). Overall, 57% of patients met 
the primary outcome of CID without current GC use, 
and 75% had cJADAS-10 scores ≤2.5 with no fever and 
no current GC use. Patients in the biologic and non-
biologic CTPs had similar outcomes, although 4 of the 6 
(67%) patients evaluable for CID in the non-biologic CTP 
had initiated biologics during the study. Outcomes at 
12 months were highly similar to the 9 month outcomes 
(Table  2). Of the patients in the biologic CTPs who 

subsequently started MTX, 1 of 6 (17%) had CID with-
out concurrent GC use at 9 months. Of the patients in the 
biologic CTPs who switched from IL-1i to IL-6i, 1 of 6 
(17%) had CID without concurrent GC use at 9 months.

Figure  3 shows the proportions of patients receiving 
current GC at each study visit, stratified by biologic and 
non-biologic CTP. At 1 month following study enroll-
ment, 22 of 52 (42%) patients treated with biologic 
CTPs were receiving GC, and 7 of 9 (78%) patients ini-
tially treated with non-biologic CTPs were receiving GC. 
At 6 months following study enrollment, 8 of 53 (15%) 
patients treated with biologic CTPs were receiving GC, 
and 2 of 8 (25%) patients initially treated with non-bio-
logic CTPs were receiving GC. At 9 and 12 months fol-
lowing study enrollment, the proportion of patients 
receiving GC was less than 15% in both biologic and non-
biologic CTPs.

Overall, there were 16 CTCAE grade 3 or higher safety 
events observed in 13 patients during follow-up, and all 
of these events occurred in patients in the biologic CTPs. 

Table 2  Clinical outcomes at 9 and 12 months following study enrollment

Outcome All Patients Biologic
CTPs

Non-biologic CTPs

9 months following study enrollment:

  CID
without current GC use (N (%))

30/53 (57%) 27/47 (57%) 3/6 (50%)

  CID
irrespective of current GC use (N (%))

32/53 (60%) 29/47 (62%) 3/6 (50%)

  cJADAS-10 ≤ 1 + no fever
without current GC use (N (%))

32/48 (67%) 29/43 (67%) 3/5 (60%)

  cJADAS-10 ≤ 1 + no fever
irrespective of current GC use (N (%))

34/48 (71%) 31/43 (72%) 3/5 (60%)

  cJADAS-10 ≤ 2.5 + no fever
without current GC use (N (%))

36/48 (75%) 33/43 (77%) 3/5 (60%)

  cJADAS-10 ≤ 2.5 + no fever
irrespective of current GC use (N (%))

38/48 (79%) 35/43 (81%) 3/5 (60%)

  cJADAS-10 (mean (SD)) 1.5 (3.3) 1.3 (3.0) 3.4 (5.6)

  cJADAS-10 (median (IQR)) 0 (0, 1.0) 0 (0, 1.0) 0 (0, 4.0)

12 months following study enrollment:

  CID
without current GC use (N (%))

31/55 (56%) 28/49 (57%) 3/6 (50%)

  CID
irrespective of current GC use (N (%))

34/55 (62%) 30/49 (61%) 4/6 (67%)

  cJADAS-10 ≤ 1 + no fever
without current GC use (N (%))

33/47 (70%) 31/42 (74%) 2/5 (40%)

  cJADAS-10 ≤ 1 + no fever
irrespective of current GC use (N (%))

35/45 (78%) 32/40 (80%) 3/5 (60%)

  cJADAS-10 ≤ 2.5 + no fever
without current GC use (N (%))

36/47 (77%) 33/42 (79%) 3/5 (60%)

  cJADAS-10 ≤ 2.5 + no fever
irrespective of current GC use (N (%))

38/45 (84%) 34/40 (85%) 4/5 (80%)

  cJADAS-10 (mean (SD)) 2.0 (5.7) 1.7 (5.4) 4.0 (7.9)

  cJADAS-10 (median (IQR)) 0 (0, 0.5) 0 (0, 0.5) 0 (0, 2.0)
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Table 3 lists the events and the current biologic and non-
biologic medications at the time of the safety event. One 
patient treated with a biologic CTP died 2.6 years after 

study enrollment of acute liver failure in the absence clin-
ical signs of MAS or drug reaction with eosinophilia and 
systemic symptoms (DRESS).

Discussion
The FROST study prospectively enrolled a large cohort 
of patients with new-onset sJIA treated with one of four 
CTPs from 2016 through 2019 in the CARRA Registry. 
Most patients were treated with biologics (mostly IL-1i) 
and achieved the primary endpoint of CID off GC at 9 
and 12 months. Seventy-five percent of patients achieved 
a cJADAS-10 of <=2.5 (cJADAS-10 “inactive disease” for 
polyarticular JIA) without fever and GC use. The origi-
nal goal of the study was to compare the effectiveness of 
starting a biologic CTP (IL-1i or IL-6i) vs a non-biologic 
CTP (MTX or GC alone) using propensity scores to cre-
ate balance between CTP groups at baseline and Bayes-
ian methods that incorporated prior expert opinions [25]. 
This was not possible because too few patients started 
on a non-biologic CTP. In addition, 50% of the patients 
starting a non-biologic CTP initiated a biologic by the 
3 month visit, making the comparison of outcomes at 
9 months less meaningful. However, despite these short-
comings, the outcomes at 9 and 12 months demonstrate 
that most patients in the current era with sJIA, a previ-
ously difficult to treat disease, are faring well.

Our results, which showed that more than 50% of 
patients achieved CID off GC and 75% of patients 
achieved cJADAS10 inactive disease status at 9 months, 

Fig. 3  Proportion of patients with current glucocorticoid use at each study visit

Table 3  Biologic and non-biologic medication use at the time of 
safety events with CTCAE grade 3 or higher

Event CTCAE grade CTP Arm Current Biologic and 
Non-Biologic Use

Acute liver failure 5 Biologic anakinra

Liver enzyme eleva-
tion

4 Biologic anakinra

MAS 4 Biologic anakinra

Injection site reaction 3 Biologic anakinra

Infection (osteomy-
elitis)

3 Biologic canakinumab

Liver enzyme eleva-
tion

3 Biologic anakinra

MAS 3 Biologic canakinumab

MAS 3 Biologic canakinumab

MAS 3 Biologic canakinumab

MAS 3 Biologic none

MAS 3 Biologic none

Neutropenia 3 Biologic tocilizumab

Neutropenia 3 Biologic anakinra

Protein losing enter-
opathy

3 Biologic anakinra

SJIA flare 3 Biologic canakinumab

SJIA flare 3 Biologic anakinra, cyclosporine
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generally align with previous studies of early biologic 
use in sJIA. The initial study assessing the impact of 
anakinra treatment on sJIA was a 2011 retrospective 
case series of 46 patients from multiple centers treated 
with anakinra as part of initial therapy [4], found that 
at 6 or more months after starting anakinra, 89% did 
not have active arthritis, and 60% had a “complete 
response.” The prior study results appear better at first 
glance, but it was a retrospective study that was unable 
to assess CID status or JADAS scores. A more recent 
prospective Treat to Target study of 42 patients treated 
with anakinra in the Netherlands and published in 
2019, showed that 76% had inactive disease at 1 year 
with 52% in inactive disease off all medications (includ-
ing anakinra) [9]. Impressively, after up to 5 years of 
follow up, less than 5% reported joint damage and only 
33% were ever treated with GC. A third study published 
in 2021 of 56 patients treated with anakinra showed 
that 73% had achieved CID off GC at 6 months, and 
that patients treated prior to 3 months disease duration 
had a better outcome [26].

Together, current and prior studies suggest a poten-
tial window of opportunity for new onset sJIA patients: 
early treatment with biologics (IL-1i but potentially other 
biologics as well), can lead to rapid disease control asso-
ciated with better long-term outcomes. The pathophysi-
ological basis for such a window remains incompletely 
defined, but has been postulated to reflect the efficacy of 
early cytokine antagonist therapy to abrogate the devel-
opment of a population of arthritis-causing T cells, a 
possibility for which experimental evidence has begun 
to accumulate [8, 27, 28]. Previously it was commonly 
reported that sJIA patients developed chronic relapsing 
systemic disease with recurrent MAS and/or chronic, 
often severe and debilitating arthritis that necessitated 
early joint replacement, although these reports may 
have been subject to selection bias. With early effective 
treatment the disease phenotype indeed appears to be 
altered in many patients, some of whom appear to go into 
remission without further need for medications, and/or 
never develop the chronic arthritis phenotype. It is worth 
mentioning that a minority of sJIA patients remit spon-
taneously in the first year of disease, complicating the 
interpretation of single-arm observational studies [29].

A potential downside to early use of biologics may be 
the development of chronic and often fatal lung disease 
in sJIA patients which has only recently been described. 
While a rare phenomenon, chronic lung disease appears 
to be occurring with increased frequency since 2005, 
raising the possibility that early treatment with biologics 
could be at least partially responsible [10–13]. It is note-
worthy that no patient in the present study developed 
this complication.

The early pilot study results of the sJIA CTPs indi-
cated there was a reasonable distribution of CTP 
usage that appeared to be related to specific sites, 
with some sites preferring non-biologic CTPs while 
others preferred biologic CTPs, raising the possibil-
ity of “pseudo-randomization” (i.e., approximating 
cluster randomization by clinical site) might be pos-
sible in a larger observational study [16, 25]. Pseudo-
randomization in FROST by physician preference was 
observed (i.e., some sites nearly always initially treated 
patients with biologics, irrespective of the clinical cir-
cumstances). Nevertheless, most clinicians preferred 
starting with a biologic CTP (especially with IL-1i) by 
the time this study began, reflecting a shift in clinical 
practice, and making the original aim of a compara-
tive effectiveness study infeasible. There would likely 
have been a more balanced distribution of CTP use 
with more patients receiving non-biologic CTPs if this 
study had been performed soon after the development 
of the original CTPs. However, since the original intent 
of CARRA CTP development was to standardize com-
munity treatments, eliminating unsuccessful or unused 
treatments, the next iteration of the sJIA CTPs will con-
sider the treatment preferences and results observed in 
FROST when determining the treatment arms. More-
over, randomization of patients, even if open-label, 
would have not been feasible or ethical in this popula-
tion of patients with a rare illness in which practice has 
dramatically changed due to the availability of effective 
treatments.

It remains a limitation of this study, however, that there 
was no randomization which may have resulted in con-
founding by treatment choice. The relative availability of 
different biologics can vary by country (due to cost, regu-
latory approval, etc.), and the treatment choices in this 
study may not be generalizable to all regions outside of 
the United States and Canada. There were missing data 
on some components of the various study outcomes and 
some missed study visits that limited the assessment of 
outcomes. Notably, there was difficulty enrolling patients 
even with the modified sJIA criteria; many providers 
were reportedly unwilling to delay potentially efficacious 
treatment in patients suspected of having sJIA even if 
they did not fulfill all FROST criteria, especially arthri-
tis. Despite the inclusion of sJIA in the disease classifica-
tion of JIA, not all sJIA patients develop arthritis, and is 
not a requirement in the Yamaguchi criteria for AOSD 
[30] or the proposed PRINTO classification criteria [31]. 
Lastly, we were unable to use the new systemic JADAS 
[32] as a measure of disease activity because the precise 
body temperatures (required for scoring) were not col-
lected. Instead, we used the cJADAS10 with the addition 
of absence of fever.
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Conclusions
It is strongly encouraging that the majority of patients 
with new onset sJIA had excellent outcomes, with less 
GC usage than was necessary prior to the availability of 
biologics. The availability of biologics effective for treat-
ing sJIA has undoubtedly changed outcomes for the 
vast majority of patients with this disease. We look for-
ward to following the outcomes of these patients in the 
longer term, since all FROST patients are enrolled in the 
CARRA Registry, enabling follow up for at least 10 years.
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