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Abstract

Objective: Juvenile idiopathic arthritis (JIA) is a heterogeneous group of inflammatory joint disorders with a
chronic-remitting disease course. Treat-to-target approaches have been proposed but monitoring disease activity
and predicting the response to treatment remains challenging.

Methods: We analyzed biomarkers and their relationship to outcome within the first year after JIA diagnosis in the
German Inception Cohort of Newly diagnosed patients with JIA (ICON-JIA). CRP, CXCL9, CXCL10, CXCL1T,
erythrocyte sedimentation rate, G-CSF, IL-6, IL-17A, IL-18, MCP-1, MIP-1a, MMP-3, STO0A8/A9, ST00A12, TNFa, and
TWEAK were measured at baseline and 3 months later.

Results: Two-hundred-sixty-six JIA patients with active disease at baseline were included, with oligoarthritis and
rheumatoid factor-negative polyarthritis representing the most frequent categories (72.9%). Most biomarkers were
elevated in JIA compared to healthy pediatric controls. Patients with systemic JIA had higher CRP, STO0A8/A9 and
ST100A12 levels compared to other JIA categories. Baseline levels of TWEAK, G-CSF and IL-18 were lower in
oligoarthritis patients with disease extension within 1 year. Increased baseline levels of CRP, ST00A8/A9, ST00A12
and ESR were associated with the subsequent addition of biologic disease-modifying antirheumatic drugs (DMAR
Ds). Higher baseline ESR, G-CSF, IL-6, IL-17A and TNF levels indicated an increased risk for ongoing disease activity
after 12 months.

Conclusion: Our data demonstrate that elevated baseline levels of CRP, STO0A8/A9 and ST00A12 as well as
increased ESR are associated with the necessity to escalate therapy during the first 12 month of follow-up.
Furthermore, biomarkers related to Th17 activation may inform on future disease course in previously treatment-
naive JIA patients.
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Introduction

Juvenile idiopathic arthritis (JIA) is a heterogeneous group of
disorders currently classified according to the International
League of Associations for Rheumatology (ILAR) which col-
lectively represent the most common rheumatic diseases in
childhood [1]. Despite the progress in JIA therapy, even in
contemporary cohorts fewer than half of patients achieve
long-term remission [2]. Periodic assessment of the disease
activity is needed to allow targeted therapy [3]. Several com-
posite scores/criteria have been developed, containing both
clinical and laboratory parameters [4—6].

Biomarkers have shown potential as diagnostic and
prognostic tools in JIA, as tools for assessment of disease
activity and severity, for determination of the likelihood of
clinical remission or relapse, and the response to therapy.
Assessment of disease activity in JIA usually involves la-
boratory markers of inflammation already proven in clin-
ical practice such as erythrocyte sedimentation rate (ESR)
and C-reactive protein (CRP). Significant efforts are fo-
cused on detecting other serum biomarkers of disease ac-
tivity that are more sensitive and reliable. Several studies
have addressed biomarkers in JIA patients so far, and sev-
eral candidates were identified in exploratory studies, in-
cluding many different chemokines and cytokines [7, 8].
For most of these biomarkers, validation studies have not
yet been performed. However, serum S100 proteins, in-
cluding S100A8/A9 (also known as MRP8/14 or calpro-
tectin) and S100A12 are extraordinarily elevated in
patients with active systemic JIA, may indicate subclinical
inflammation, and may identify patients with non-
systemic JIA with a good response to tumor necrosis fac-
tor alpha (TNFa) blockade [9-12]. Biomarkers can ideally
be implemented in routine clinical care to identify JIA pa-
tients at particular risk for a complicated disease course,
e.g., for not achieving disease inactivity, a relapse of the
disease or the occurrence of complications. Previously,
ESR and serum S100A12 were identified as biomarkers for
a higher risk of subsequent development of JIA-associated
uveitis in the prospective Inception Cohort of Newly diag-
nosed patients with JIA (ICON-JIA) study [13].

The objective of this study was to describe the associ-
ation of baseline serum biomarkers and inflammatory
parameters with the 12-month outcome of active JIA pa-
tients within the ICON-JIA study. Specifically, we were
seeking biomarkers (1) indicating the risk of disease ex-
tension within oligoarthritis patients, (2) predicting the
need of treatment escalation with subsequent use of bio-
logical DMARDs, and (3) predicting attainment of in-
active disease in treatment-naive patients.

Materials and methods

Patients

Patients less than 16 years of age with recently diagnosed
JIA (less than 12 months before inclusion) were enrolled
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in ICON-JIA, an ongoing national prospective observa-
tional, multicenter study which started in 2010. This in-
ception cohort collects real-life data, i.e. patients are
treated based on the preferences of their individual pro-
viders, and there were no standardized treatment proto-
cols. Clinical and laboratory parameters were recorded
quarterly during the first year and semiannually there-
after. Of the 954 enrolled patients, 266 patients were se-
lected for this analysis based on availability of serum
samples at baseline and 3-month follow-up (261 out of
266 patients had serum samples at both time points) as
well as active disease at baseline. The latter was defined
as clinical Juvenile Arthritis Disease Activity Score (cJA-
DAS)10 > 1.1. For control purposes, blood samples were
also taken from 16 children with non-inflammatory con-
ditions. The study was approved by the ethics commit-
tees of the University of Muenster (reference numbers
2010-267-b-S and 2015-670-f-S) and the Charité Uni-
versity Medicine Berlin (reference number EA1/056/10).
All parents and patients (of 8 years and above) gave their
informed consent at study inclusion according to the
Declaration of Helsinki.

Disease activity

JIA disease activity states were assessed at inclusion and
at the 3- and 12-months follow-up visits. Disease activity
was measured with the clinical JADAS10 (cJADAS10)
with a range of 0 to 30 (lower is better). The cJADAS10
comprises 3 variables: physician global rating on a 21-
point numeric rating scale (NRS) from 0 to 10 (0 =no
disease activity; 10 = maximal disease activity); parent or
child global rating on a 21-point NRS from 0 to 10 (0 =
no disease activity; 10 = maximal disease activity); active
joint count from 0 to 10. We defined disease activity cat-
egories for all patients on an ordinal scale, based on pre-
viously defined cJADAS10 cut-offs for patients with
oligoarthritis or polyarthritis (inactive disease: <1 in both
categories; low disease activity: 1.1-1.5 or 1.1-2,5; mod-
erate disease activity: 1.51-4 or 2.51-8.5; high disease
activity: >4 or > 8.5, respectively) [14]. Children with JIA
in ILAR categories other than oligo- or polyarthritis
were categorized based on the number of joints affected
during the disease course (<4 or >4, respectively). All
the 266 patients included in the present study had active
disease at baseline (cJADAS10 > 1.1). In 6 out of 266 pa-
tients, information on disease activity at 3-month was
not available. For all the 266 patients included in the
study information on disease activity at the 12-month
follow up was present.

Biomarker analyses

Blood samples collected at baseline and at the 3-month
follow-up visit were tested for CRP, S100A8/A9, and
S100A12 as well as ESR. Concentrations of CXCLY,
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CXCL10, CCL11 (Eotaxin), G-CSF (granulocyte colony
stimulating factor), interleukin (IL)-6, IL-17A, IL-18, MCP-1
(monocyte chemoattractant protein 1), MIP-1a (macrophage
inflammatory protein-1a), MMP-3 (matrix
metalloproteinase-3), TNFa (tumor necrosis factor alpha)
and TWEAK (tumor necrosis factor-like weak inducer of
apoptosis) were quantified according to respective manufac-
turer instructions using bead array assay reagents purchased
from Bio-Techne (Minneapolis, MN, USA) and Thermo
Fisher Scientific (ProcartaPlex; Waltham, MA, USA). The
choice of biomarkers was based on prior studies [7]. Data ac-
quisition was performed on a MAGPIX Instrument (Merck,
Darmstadt, Germany) using xPONENT v4.2 software (Lumi-
nex, Austin, TX, USA). Data were analyzed by ProcartaPlex
Analyst Software (v1.0, Thermo Fisher Scientific). In 261 out
of 266 patients serum samples were available at both time
points (baseline and 3 month follow up).

Table 1 Baseline characteristics of study cohort
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Outcome

The primary outcome of the study was the association
between baseline biomarker levels, patient characteris-
tics, disease activity and extension as well as subsequent
escalation of therapy.

Statistical analyses

Statistical analyses were performed using GraphPad
Prism software (v7.05 for Windows, v8.0 MacOSX;
GraphPad Software, La Jolla, California, USA). Descrip-
tive statistics were calculated for all variables and are
presented as absolute frequencies, as median values,
range and interquartile range (IQR). Since the biomarker
values were not normally distributed, non-parametric
statistical testing was performed for the comparison of
the different subgroups defined. Statistical test-methods
are indicated in the figure legends. Differences between

Oligoarthritis RF- RF+ ERA PsA systemic  Undifferentiated
polyarthritis polyarthritis JIA arthritis
Number of patients 107/266 87/266 4/266 (1.5%) 30/266 13/266 10/266 15/266 (5.6%)
(% of all patients) (40.2%) (32.7%) (11.3%) (4.9%) (3.8%)
Number of girls 82/107 70/87 3/4 (75%) 8/30 9/13 4/10 10/15 (66.6%)
(% within category) (76.6%) (80.4%) (26.6%) (69.2%) (40.0%)
Age in years at diagnosis, median (range) 50 (0.5-156) 6.1 (1.0-16.2) 109 (8.5- 108 (14— 102 (14- 59 (09— 8.1 (3.0-14.6)
12.0) 16.1) 15.7) 13.4)
Duration of symptoms in months, median 8.2 (0.0-57.1) 104 (06— 65(1.0-97) 12502- 78@22- 5214 10.1 (04-31.2)
(range) 139.6) 70.1) 14.0) 10.7)
Duration between diagnosis and enrollment in 42 (0-327) 28 (0-363) 110 (1-142) 76 (0- 62 (6- 72 (7-327) 42 (3-261)
days, median (range) 363) 232)
cJADAS-10, median (range) 845 (2-18.5) 13.7 (15-27) 862 (4-14.5) 1045 143 (4- 1425 (- 11.5(1.5-225)
(2.5-22) 23.5) 24.5)
Active joint count, median (range) 1.8 (0-7)* 9.9 (0-57) 3 (2-5) 36 (0-16) 82 (0- 114 (0- 59 (1-31)
29) 57)
CRP in mg/|, median (range) 6.53 (0-100) 108 (0-124) 057 (0-1.1) 956 (0- 48 (0- 4787 17.2 (0-53)
65) 15) (4.7-96.8)
Number of patients with previous medications (% within category)
Synthetic DMARDs 54/107 65/87 3/4 (75%) 14/30 8/13 7/10 5/15 (33.3%)
(50.5%) (74.7%) (46.7%) (61.5%) (70%)
Systemic glucocorticoids, current 19/107 41/87 1/4 (25%) 6/30 7/13 10/10 3/15 (20%)
(17.8%) (47.1%) (20%) (53.8%) (100%)
Systemic glucocorticoids, last 6 months 20/107 27/87 1/4 (25%) 7/30 6/13 7/10 4/15 (26.7%)
before baseline (18.7%) (31.03%) (23.4%) (46.1%) (70%)
Intraarticular glucocorticoids, last 6 months 62/107 47/87 1/4 (25%) 8/30 3/13 3/10 6/15 (40%)
before baseline (57.9%) (54.02%) (26.7%) (23.1%) (30%)
Biologic DMARDs 2/107 (1.9%) 2/87 (2.3%) 0 (0.0%) 3/30 1713 3/10 1/15 (6.7%)
ADA -2 ETN - 2 (10%) (7.7%) (30.0%) ETN -1
ETN - 3 ETN -1 ANA -1
CAN -1
TCZ -1
Treatment naive 27/107 7/87 (8.0%) 12/30 3/13 5/15 (33.3%)
(25.2%) (40.0%) (23.1%)

Abbreviations: ADA adalimumab; ANA anakinra; CAN canakinumab; CRP C-reactive protein; DMARD disease-modifying antirheumatic drug; ERA enthesitis-related
arthritis; ETN etanercept; JADAS juvenile arthritis disease activity score; PsA psoriatic arthritis; RF rheumatoid factor; TCZ tocilizumab
*4 patients had already developed extended oligoarthritis (>5 affected joints) at baseline: 3 patients had 5 active joints, 1 patient had 7 active joints
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groups were considered to be significant at a P value of
<0.05. Distributions were compared via chi square test.
Receiver operating characteristic curve (ROC) analyses
were performed to assess the predictive accuracy of
serum biomarkers and optimal cut-off levels to predict
remission were defined. A heatmap of all quantified
baseline parameters based on average linkage and Spear-
man rank correlation was generated using Heatmapper
[15].

Results

Clinical characteristics and disease course during the study
Baseline characteristics of all 266 patients are presented in
Table 1. The most frequent JIA categories observed were
oligoarthritis in 107 (40.2%), rheumatoid factor negative
(RF-) polyarthritis in 87 (32.7%), enthesitis-related arthritis
(ERA) in 30 (11.3%), and undifferentiated arthritis in 15
(5.6%), with other categories each representing less than
5% of patients. At the 12-months visit, 88 of 266 (33.1%)
had inactive disease (cJADAS<1). The highest proportion
of inactive disease was achieved in the systemic arthritis
category with 6 out of 10 (60%), and the lowest in the un-
differentiated category with 2 out of 15 (13.3%) and
enthesitis-related arthritis (ERA) with 6 out of 30 (20.0%)
patients. In 43 out of 229 patients sustained inactive dis-
ease from the 9-month to the 12-month visit was ob-
served; data were missing for 37 patients at the 9-month
visit. At the 12-month visit 34 (12.8%), 80 (30.1%), and 64
(24.1%) had low, moderate, and high disease activity, re-
spectively (Fig. 1). Sex, age at diagnosis and ANA positiv-
ity did not correlate with active versus inactive disease
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state at the 12-month follow-up. Furthermore, when con-
sidering the active joint count (AJC) at the 12-month fol-
low up visit, 166 out of 266 (62.4%) patients had achieved
an AJC of zero (Supplementary Table 1).

In the whole cohort 212 of the patients were not treat-
ment naive at baseline with 156 of those being treated
with synthetic disease-modifying anti-rheumatic drugs
(DMARDs), 130 of the 212 patients have received
intraarticular corticosteroid injections in the last 6
months before inclusion in the study and 87 of the pa-
tients who were not treatment naive were taking sys-
temic glucocorticoids at time of inclusion with 12
patients already being treated with biological DMARDs
at time of enrollment in the study (Table 1).

Variation in biomarkers at baseline

Biomarker levels at baseline were highly variable between
patients across and within JIA categories (Fig. 2a). Several
biomarkers, including CRP, ESR, IL-18, S100A8/A9 and
S100A12 were elevated in systemic JIA when compared to
other JIA categories, whereas inter-category differences in
CXCL10, G-CSF, IL-17A and MMP-3 levels were not con-
sistent (Fig. 2b). Other biomarkers did not demonstrate
inter-category differences at baseline (Supplementary Fig-
ure 1). Most serum biomarkers, across all JIA categories,
were substantially higher when compared to levels mea-
sured in healthy controls (Fig. 2b).

Biomarkers in active compared to inactive disease
In order to assess whether the biomarkers could dis-
criminate active disease (cJADAS>1.1) from inactive
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disease (cJADAS<1), biomarker levels were compared
between patients with active disease (n =228) and those
with inactive disease (7 = 32) at the 3-month visit. Levels
were elevated in active disease for ESR (median 12
[range 7-19] v. 6 [4-125] mm/h, p <0.001 and
S100A12 (37 [21-64] v. 19 [12-37] ng/ml, p =0.003)
and these differences were mostly driven by patients
with moderate or high disease activity (Supplementary
Figure 2).

Prediction of disease extension in patients with an
oligoarthritis baseline diagnosis

Of the 107 patients with oligoarthritis at baseline, 27
(25.5%) were categorized as extended oligoarthritis

and 79 (74.5%) as persistent oligoarthritis (Fig. 3a)
when re-assessed at the 12-month follow-up visit.
One patient with an initial oligoarthritis diagnosis
was later categorized as having PsA and therefore
excluded from the following analysis. G-CSF, IL-18
and TWEAK serum levels at baseline were higher in
patients with persistent oligoarthritis at 12 months
(baseline median of G-CSF 24.91 pg/ml; IL-18 35.93
pg/ml; TWEAK 45289 pg/ml) when compared to pa-
tients with extended oligoarthritis (baseline median
of G-CSF 15.93 pg/ml; IL-18 22.41pg/ml; TWEAK
23988 pg/ml) at 12 months, with modest accuracy
(Fig. 3b). However, the patients had received differ-
ent treatment modalities prior to or at baseline:
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systemic glucocorticoids were received prior to bio-
marker measurement by 14 out of 79 (17.7%) pa-
tients who still had persistent oligoarthritis at the
12-month follow-up, and by 12 out of 27 (44.4%)
with extended oligoarthritis by 12 months of observa-
tion (p <0.01, chi square). Intraarticular glucocorti-
coids were received by 44 out of 79 (55.7%) with
persistent oligoarthritis, and by 17 out of 27 (63.0%)
with extended oligoarthritis (p =0.50, chi square).
Synthetic DMARDs were received by 33 out of 79
(41.8%) with persistent oligoarthritis, and by 18 out

of 27 (66.7%) with extended oligoarthritis (»p =0.03,
chi square).

Association of baseline biomarkers with need for
treatment escalation

In the whole cohort, 45 of 266 (16.9%) patients (8 oli-
goarthritis, 18 RF- polyarthritis, 1 RF+ polyarthritis, 5
ERA, 4 PsA, 5 systemic JIA, 4 undifferentiated arthritis)
required addition of a biological DMARD after a median
of 7.0 months (IQR 4.0-9.0 months) (Fig. 4a). The JIA
categories with the highest proportion of biological
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Inflammatory parameters and serum biomarkers of JIA patients at study inclusion (n = 266) were analyzed according to whether or whether not
receiving biological DMARDs during the first year. b, ¢ Indicated parameters assessed at baseline performed (almost) significantly different when
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significantly different parameters) and were analyzed by Mann-Whitney U test. *= p < 0.05, ** = p <0.01

DMARD treatment were systemic JIA (5 of 10 [50%]),
PsA (4 of 13 [31%]) and polyarthritis (19 of 91 [21%]).
The biological DMARDs used were TNF blockers (41
of 45 [91.1%]), anakinra or canakinumab (3 of 45
[6.7%]) and tocilizumab (1 of 45 [2.2%]). Forty-one of
45 (91.1%) had previously received methotrexate. Sev-
eral biomarkers measured at baseline were associated

with the addition of biological DMARDs (Fig. 4b).
Higher CRP, S100A8/A9, and S100A12 levels and
higher ESR, and lower IL-17A at baseline were associ-
ated with the need of subsequent addition of bio-
logical DMARDs. This analysis was repeated after
excluding patients with systemic JIA from the ana-
lysis, showing similar results.
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Prediction of clinically inactive disease at 12 months by
baseline biomarker levels

Fifty-four patients (27 oligoarthritis, 7 RE- polyarthritis,
12 ERA, 3 psoriatic arthritis (PsA) and 5 undifferenti-
ated) had not received DMARDs or glucocorticoids at
baseline and, thus, were treatment-naive. According to
cJADAS criteria of these 54 patients, 14 (25.9%) had in-
active disease (cJADAS<1) and 40 (74.1%) had active dis-
ease (cJADAS>1.1) at the 12-month follow-up visit.
Furthermore, 25 out of 54 (46.3%) patients achieved an
AJC of zero at the 12-month visit. Several biomarkers
measured at baseline were significantly associated with
these outcomes (Fig. 5). Higher ESR as well as G-CSF,
IL-6, and TNFa levels at baseline were associated with
active disease at 12 months (Fig. 5b), however, with only
modest accuracy, based on an area-under-the-curve
(AUC) ranging from 0.69 to 0.73 in ROC curve analysis
(Fig. 5c). Similarly, higher ESR as well as serum titers of
G-CSF, IL-6, IL-17A, and TNFa were associated with an
AJC =1 at 12 months (Fig. 5e), again with modest accur-
acy (AUC in ROC curve analysis ranging from 0.62—
0.71) (Fig. 5f). None of the remaining biomarkers mea-
sured at baseline demonstrated a significant association
with these outcomes at 12 months (Supplementary Fig-
ure 3).

Discussion
Previous reports have already analyzed biomarkers in
JIA, although in smaller cohorts [7, 8, 16—-19]. A pio-
neering study in this respect used a broad multiplex ap-
proach to analyze 30 cytokines in 65 JIA patients with a
median disease duration of 4.4 (0.2—14.0) years of whom
41 had active disease [7]. Serum markers corresponding
with JIA disease activity as identified by this study (pre-
dominantly CCL2 (MCP-1), CCL3 (MIP-1a), CCL11
(Eotaxin), MIF, CXCL9, CXCL10 and IL-18) strongly
supported the biomarker panel design for our analyses.

Even though JIA serum marker analyses have been
previously performed, our study followed an advanced
approach: a) patients were assessed early in the disease
course (recent JIA diagnosis - less than 12 months before
inclusion in the study), partially (54 out of 266 patients
were treatment naive) prior to initiation of any therapy,
b) bio-samples were routinely collected, c) treatment ap-
proaches represented real-life management of the dis-
ease, which means no standardized protocol, but the
treatment decisions by an experienced pediatric rheuma-
tologist, and d) patients were followed prospectively with
close monitoring via validated clinical tools. In part simi-
lar, the Canadian ReACCh-Out inception cohort was
comparable in scope but did not collect bio-samples and
was completed in the early biologic era [20].

The observed variability of numerous biomarkers is
not surprising as JIA is both phenotypically and
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genotypically a very heterogenous disease [7, 21, 22].
Some biomarkers revealed differences between JIA cat-
egories. For example, the tendency for higher serum IL-
17A in the oligoarthritis category is consistent with pre-
vious findings in peripheral blood and also in synovial
tissue [7, 23, 24]. As expected, patients with systemic JIA
had substantially elevated S100A8/A9, S100A12 and
CRP levels compared to patients with other JIA categor-
ies [11, 12, 25].

The primary question of our study was whether base-
line quantification of serum biomarkers and inflamma-
tory parameters may inform about a) disease extension,
b) escalation of therapy within a 12-month follow-up,
and c) the likelihood to attain a status of inactive disease
(cJADAS<1) after 1year. We first analyzed baseline bio-
marker data regarding their potential in predicting the
development of extended oligoarthritis compared to per-
sistent oligoarthritis. Here we found TWEAK, G-CSF
and IL-18 levels to significantly associate with subse-
quent extended oligoarthritis. Strikingly, baseline cyto-
kine levels were higher in patients with subsequent
persistent oligoarthritis, even though extended oligoar-
thritis would be expected to demonstrate more inflam-
matory activity [26, 27]. A possible explanation is that
patients with subsequent extended oligoarthritis had re-
ceived systemic glucocorticoids in a higher proportion
prior to or at the time of sampling blood, which may
suppress the concentrations of proinflammatory media-
tors. We can only speculate that G-CSF, IL-18 and
TWEAK serum levels may have been impacted to a lar-
ger degree by glucocorticoids compared to the other bio-
markers tested.

Secondly, we demonstrated higher baseline ESR, CRP
and S100A8/A9 levels in patients in whom bDMARDs
were subsequently added to the respective treatment
regimen. Hence, ESR, CRP and S100A8/A9 may serve as
biomarkers for patients with a higher probability to re-
quire antirheumatic therapy beyond MTX. This finding
is in contrast with previously published results by Mon-
crieffe et al. who report higher S100A8/A9 and CRP
values in a subgroup with better response to MTX [28].
However, the outcomes considered are different between
these studies. Furthermore, Moncrieffe et al. collected
blood samples prior to initiation of MTX treatment. In
our study, all 266 investigated patients - apart from just
54 DMARD-naive ones - were already under treatment
at the time of enrollment in the study. Moreover, the
number of patients who required systemic glucocorti-
coids prior to or at time of inclusion in our study cohort
was higher in the group with treatment escalation com-
pared to the group with no escalation of therapy (71.1%
vs 31.9%). The latter suggests higher disease activity and
hence higher baseline biomarker values in patients in
whom bDMARDs will be added. In the present study we
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Whitney U test. *=p <005, **= p <0.01

Fig. 5 Association of baseline serum biomarkers and inflammatory parameters with disease activity outcome at 12 months. a Inflammatory
parameters and serum biomarkers of treatment naive patients at study inclusion (n = 54) were associated with clinical disease activity according
to cJADAS-10 at 12-month follow-up (inactive disease: <1). b, ¢ Indicated parameters assessed at baseline were (almost) significantly different
when associated with clinical outcome at 12-month follow-up. d In the same sub-cohort of treatment naive patients (n = 54), baseline
inflammatory parameters and serum biomarkers were associated with clinical disease activity according to active joint count (AJC) at 12-month
follow-up. e, f Indicated parameters assessed at baseline revealed significant differences when associating with clinical outcome at 12-month
follow-up. Data are presented as violin plots with individual values or ROC (only significantly different parameters) and were analyzed by Mann-

included 10 patients with systemic JIA and 5 of them
started bDMARD during the first year of follow-up,
which composes 11% (5/45) of the patients in this sub-
group. Indeed, the systemic JIA subtype is the one with
highest median baseline values of S100A8/A9 and CRP
compared to all other JIA categories. However, removal
of systemic JIA from the data set does not alter the re-
spective sub-analysis results (data not shown). Among
the 45 patients in whom bDMARDs were subsequently
added, 8 were patients with oligoarthritis. Although
bDMARD:s are not a part of the official German treat-
ment guidelines for oligoarthritis, they are frequently
used in oligoarthritis with refractory disease course or in
case of JIA-associated uveitis [29, 30].

Finally, the most ambitious aim was to test whether
baseline serum biomarkers would predict the likelihood
to attain a status of clinically inactive disease after 1 year.
We found that several biomarkers were able to early on
inform about trajectories of disease activity outcome, al-
beit with modest accuracy. In DMARDs-naive patients
who present with higher disease activity and/or AJC at
12-month follow-up, increased levels of IL-6, IL-17A,
TNFa and G-CSF at baseline may be indicative of early
enhanced Th17 activity. IL-6 is a crucial cytokine pro-
moting Th17 cell differentiation while inhibiting the in-
duction of regulatory T (Treg) cells [29, 30]. Once fully
differentiated, Th17 cells by themselves can express
TNFa, which in turn promotes pro-inflammatory activa-
tion of antigen presenting cells that are required for fur-
ther T cell activation [31, 32]. IL-17-mediated activation
of target cells such as neutrophils results in G-CSF ex-
pression, which can promote cell activation and further
recruitment to sites of inflammation [33]. Presence and
activity of Th17 cells in JIA pathophysiology is well doc-
umented and has been observed particularly in oligoarti-
cular JIA [23]. Of note, in our treatment-naive cohort
half of the patients (27/54) had oligoarticular
involvement.

The definition that we have used for inactive disease
(cJADASK<1) is rather strict. At the 12-month visit, 88 of
266 (33.1%) patients had inactive disease (cJADAS<1).
However, when active joint count (AJC) is used as a
marker of disease activity, 166 of 266 (62.4%) patients

had an AJC of zero at the 12-month visit. Nevertheless,
this proportion is well in line with previously published
data. For example, in the Canadian ReACCh-Out cohort,
or in the British CAPS-cohort proportions of inactive
disease are comparable or lower [20, 34].

However, we should mention some limitations of the
present study, which are a) a small patient number in
the treatment-naive cohort (n =54); b) heterogeneity of
different disease categories in regard to treatment dur-
ation and treatment regimens at baseline and; c) the ab-
sence of a validation cohort. Additionally, there was no
standardized treatment protocol applied.

In summary, among patients with active JIA in a real-
world scenario, a higher degree of inflammation early in
the disease course appears to be associated with persist-
ent and more severe disease in the long-term. This ob-
servation may support the theory underlying the
“window-of-opportunity” hypothesis, i.e. that the pres-
ence of extended inflammation may translate into long-
term immunological changes affecting the disease
course. However, while this study offers some observa-
tional evidence in this regard, further mechanistic stud-
ies are needed to outline the evolution of immunological
disturbances in patients with JIA.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512969-021-00553-x.

[Additional file 1. J

Acknowledgements

M.G. was funded by an EMERGE fellowship grant from the Pediatric
Rheumatolgy European Society (PRES).

The authors are especially grateful to all patients and their parents for their
participation in ICON. The authors also thank all physicians engaged in the
ICON cohort, in particular those of the ICON study group: Ivan Foeldvari
(Hamburg Centre for Pediatric and Adolescent Rheumatology, Hamburg,
Germany), Gerd Ganser (St. Josef Stift, Sendenhorst, Germany), Johannes-
Peter Haas (German Center for Pediatric and Adolescent Rheumatology,
Garmisch-Partenkirchen, Germany), Gerd Horneff (Asklepios Clinic Sankt
Augustin, Sankt Augustin, Germany), Anton Hospach (Klinikum Stuttgart
Olgahospital, Stuttgart, Germany), Hans-lko Huppertz (Professor Hess Chil-
dren’s Hospital, Bremen, Germany), Tilmann Kallinich (Charité University Medi-
cine, Berlin, Germany), Jasmin Kuemmerle-Deschner (University of Tuebingen
Hospital, Tuebingen, Germany), Kirsten Moenkemoeller (Municipal Children’s


https://doi.org/10.1186/s12969-021-00553-x
https://doi.org/10.1186/s12969-021-00553-x

Ganeva et al. Pediatric Rheumatology (2021) 19:64

Hospital Cologne, Cologne, Germany), Angelika Thon (Medical University of

Hannover, Children Hospital, Hannover, Germany).

Authors’ contributions

S.F. performed the biomarkers quantification, data acquisition and structured

the data in Tables. M.G. analyzed and interpreted the data and the final

results. JK. checked the general statistics. CK, CH., H. W. and D.F. were major

contributors in writing the manuscript. All authors read and approved the
final manuscript.

Funding

The ICON study is funded by the German Federal Ministry of Education and

Research (BMBF, FKZ 01ER0812, 01ER0813 and 01ER0828). Open Access
funding enabled and organized by Projekt DEAL.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate

The study was approved by the ethics committees of the University of
Muenster (reference numbers 2010-267-b-S and 2015-670-f-S) and the

Charité University Medicine Berlin (reference number EA1/056/10). All parents

and patients (of 8 years and above) gave their informed consent at study
inclusion according to the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests

D.F. has received research grants and honoraria from Pfizer and Novartis; KM.

is funded by the Rheumastiftung and has received research grants from
Pfizer, AbbVie, Roche, and honoraria from AbbVie, Biermann, Chugai,
Genzyme, Medac, Roche. The other authors declare that they have no
competing interests.

Author details

'Department of Pediatric Rheumatology, Medical University Sofia, Sofia,
Bulgaria. “Department of Pediatric Rheumatology and Immunology,
University Hospital Minster, Albert-Schweitzer-Campus 1, Building D3,
D-48149 Muenster, Germany. *Epidemiology Unit, German Rheumatism
Research Center, Berlin, Germany.

Received: 2 December 2020 Accepted: 16 April 2021
Published online: 01 May 2021

References

1. Petty RE, Southwood TR, Manners P, Baum J, Glass DN, Goldenberg J, et al.

International league of associations for rheumatology classification of

juvenile idiopathic arthritis: second revision, Edmonton, 2001. J Rheumatol.

2004;31(2):390-2.
2. Shoop-Worrall SIW, Verstappen SMM, Baildam E, Chieng A, Davidson J,

Foster H, et al. How common is clinically inactive disease in a prospective

cohort of patients with juvenile idiopathic arthritis? The importance of
definition. Ann Rheum Dis. 2017;76(8):1381-8. https://doi.org/10.1136/a
nnrheumdis-2016-210511.

3. Hinze C, Gohar F, Foell D. Management of juvenile idiopathic arthritis:

hitting the target. Nat Rev Rheumatol. 2015;11(5):290-300. https://doi.org/1
0.1038/nrrheum.2014.212.

Consolaro A, Ruperto N, Bazso A, Pistorio A, Magni-Manzoni S, Filocamo G,
et al. Development and validation of a composite disease activity score for
juvenile idiopathic arthritis. Arthritis Rheum. 2009,61(5):658-66. https://doi.
0rg/10.1002/art.24516.

Giannini EH, Ruperto N, Ravelli A, Lovell DJ, Felson DT, Martini A. Preliminary
definition of improvement in juvenile arthritis. Arthritis Rheum. 1997,40(7):
1202-9. https://doi.org/10.1002/1529-0131(199707)40:7<1202:AID-ART3>3.0.
CO2-R.

Wallace CA, Giannini EH, Huang B, Itert L, Ruperto N. Childhood arthritis
rheumatology research a, pediatric rheumatology collaborative study G,

7.

20.

21.

22.

23.

Page 11 of 12

Paediatric rheumatology international trials O: American College of
Rheumatology provisional criteria for defining clinical inactive disease in
select categories of juvenile idiopathic arthritis. Arthritis Care Res. 2011;63(7):
929-36. https://doi.org/10.1002/acr.20497.

de Jager W, Hoppenreijs EP, Wulffraat NM, Wedderburn LR, Kuis W, Prakken
BJ. Blood and synovial fluid cytokine signatures in patients with juvenile
idiopathic arthritis: a cross-sectional study. Ann Rheum Dis. 2007;66(5):589-
98. https;//doi.org/10.1136/ard.2006.061853.

Madson KL, Moore TL, Lawrence JM 3rd, Osborn TG. Cytokine levels in
serum and synovial fluid of patients with juvenile rheumatoid arthritis. J
Rheumatol. 1994;21(12):2359-63.

Anink J, Van Suijlekom-Smit LW, Otten MH, Prince FH, van Rossum MA,
Dolman KM, et al. MRP8/14 serum levels as a predictor of response to
starting and stopping anti-TNF treatment in juvenile idiopathic arthritis.
Arthritis Res Ther. 2015;17(1):200. https://doi.org/10.1186/513075-015-0723-1.
Foell D, Wulffraat N, Wedderburn LR, Wittkowski H, Frosch M, Gerss J, et al.
Methotrexate withdrawal at 6 vs 12 months in juvenile idiopathic arthritis in
remission: a randomized clinical trial. Jama. 2010;303(13):1266-73. https://
doi.org/10.1001/jama.2010.375.

Frosch M, Vogl T, Seeliger S, Wulffraat N, Kuis W, Viemann D, et al.
Expression of myeloid-related proteins 8 and 14 in systemic-onset juvenile
rheumatoid arthritis. Arthritis Rheum. 2003;48(9):2622-6. https://doi.org/10.1
002/art11177.

Wittkowski H, Frosch M, Wulffraat N, Goldbach-Mansky R, Kallinich T,
Kuemmerle-Deschner J, et al. STO0A12 is a novel molecular marker
differentiating systemic-onset juvenile idiopathic arthritis from other causes
of fever of unknown origin. Arthritis Rheum. 2008;58(12):3924-31. https://
doi.org/10.1002/art.24137.

Tappeiner C, Klotsche J, Sengler C, Niewerth M, Liedmann |, Walscheid K,
et al. Risk factors and biomarkers for the occurrence of uveitis in juvenile
idiopathic arthritis: data from the inception cohort of newly diagnosed
patients with juvenile idiopathic arthritis study. Arthritis Rheumatology.
2018;70(10):1685-94. https://doi.org/10.1002/art.40544.

Consolaro A, Giancane G, Schiappapietra B, Davi S, Calandra S, Lanni S, et al.
Clinical outcome measures in juvenile idiopathic arthritis. Pediatric
Rheumatology Online J. 2016;14(1):23. https://doi.org/10.1186/512969-016-
0085-5.

Babicki S, Arndt D, Marcu A, Liang Y, Grant JR, Maciejewski A, et al.
Heatmapper: web-enabled heat mapping for all. Nucleic Acids Res. 2016;
44(W1):W147-53. https://doi.org/10.1093/nar/gkw419.

Funk RS, Chan MA, Becker ML. Cytokine biomarkers of disease activity and
therapeutic response after initiating methotrexate therapy in patients with
juvenile idiopathic arthritis. Pharmacotherapy. 2017,37(6):700-11. https://doi.
0rg/10.1002/phar.1938.

Kaminiarczyk-Pyzalka D, Adamczak K, Mikos H, Klimecka I, Moczko J,
Niedziela M. Proinflammatory cytokines in monitoring the course of disease
and effectiveness of treatment with etanercept (ETN) of children with oligo-
and polyarticular juvenile idiopathic arthritis (JIA). Clin Lab. 2014;60(9):1481-
90. https;//doi.org/10.7754/clinlab.2013.130734.

Spirchez M, Samasca G, lancu M, Bolba C, Miu N. Relation of interleukin-6,
TNF-alpha and interleukin-Talpha with disease activity and severity in
juvenile idiopathic arthritis patients. Clin Lab. 2012;58(3-4):253-60.

Walters HM, Pan N, Lehman TJ, Adams A, Kalliolias GD, Zhu YS, et al. The
impact of disease activity and tumour necrosis factor-alpha inhibitor
therapy on cytokine levels in juvenile idiopathic arthritis. Clin Exp Immunol.
2016;184(3):308-17. https;//doi.org/10.1111/cei.12782.

Guzman J, Oen K, Tucker LB, Huber AM, Shiff N, Boire G, et al. The
outcomes of juvenile idiopathic arthritis in children managed with
contemporary treatments: results from the ReACCh-out cohort. Ann Rheum
Dis. 2015;74(10):1854-60. https://doi.org/10.1136/annrheumdis-2014-205372.
Barnes MG, Grom AA, Thompson SD, Griffin TA, Pavlidis P, Itert L, et al.
Subtype-specific peripheral blood gene expression profiles in recent-onset
juvenile idiopathic arthritis. Arthritis Rheum. 2009,60(7):2102-12. https://doi.
org/10.1002/art.24601.

Hinks A, Cobb J, Marion MC, Prahalad S, Sudman M, Bowes J, et al. Dense
genotyping of immune-related disease regions identifies 14 new
susceptibility loci for juvenile idiopathic arthritis. Nat Genet. 2013;45(6):664—
9. https://doi.org/10.1038/ng.2614.

Maggi L, Mazzoni A, Cimaz R, Liotta F, Annunziato F, Cosmi L. Th17 and Th1
lymphocytes in Oligoarticular juvenile idiopathic arthritis. Front Immunol.
2019;10:450. https://doi.org/10.3389/fimmu.2019.00450.


https://doi.org/10.1136/annrheumdis-2016-210511
https://doi.org/10.1136/annrheumdis-2016-210511
https://doi.org/10.1038/nrrheum.2014.212
https://doi.org/10.1038/nrrheum.2014.212
https://doi.org/10.1002/art.24516
https://doi.org/10.1002/art.24516
https://doi.org/10.1002/1529-0131(199707)40:7<1202::AID-ART3>3.0.CO;2-R
https://doi.org/10.1002/1529-0131(199707)40:7<1202::AID-ART3>3.0.CO;2-R
https://doi.org/10.1002/acr.20497
https://doi.org/10.1136/ard.2006.061853
https://doi.org/10.1186/s13075-015-0723-1
https://doi.org/10.1001/jama.2010.375
https://doi.org/10.1001/jama.2010.375
https://doi.org/10.1002/art.11177
https://doi.org/10.1002/art.11177
https://doi.org/10.1002/art.24137
https://doi.org/10.1002/art.24137
https://doi.org/10.1002/art.40544
https://doi.org/10.1186/s12969-016-0085-5
https://doi.org/10.1186/s12969-016-0085-5
https://doi.org/10.1093/nar/gkw419
https://doi.org/10.1002/phar.1938
https://doi.org/10.1002/phar.1938
https://doi.org/10.7754/clin.lab.2013.130734
https://doi.org/10.1111/cei.12782
https://doi.org/10.1136/annrheumdis-2014-205372
https://doi.org/10.1002/art.24601
https://doi.org/10.1002/art.24601
https://doi.org/10.1038/ng.2614
https://doi.org/10.3389/fimmu.2019.00450

Ganeva et al. Pediatric Rheumatology

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

(2021) 19:64

Nistala K, Moncrieffe H, Newton KR, Varsani H, Hunter P, Wedderburn LR.
Interleukin-17-producing T cells are enriched in the joints of children with
arthritis, but have a reciprocal relationship to regulatory T cell numbers.
Arthritis Rheum. 2008;58(3):875-87. https://doi.org/10.1002/art.23291.

Aljaberi N, Tronconi E, Schulert G, Grom AA, Lovell DJ, Huggins JL, et al. The use of
S100 proteins testing in juvenile idiopathic arthritis and autoinflammatory diseases in
a pediatric clinical setting: a retrospective analysis. Pediatric Rheumatology Online J.
2020;18(1)7. https//doiorg/10.1186/512969-020-0398-2.

Hunter PJ, Nistala K, Jina N, Eddaoudi A, Thomson W, Hubank M, et al. Biologic
predictors of extension of oligoarticular juvenile idiopathic arthritis as
determined from synovial fluid cellular composition and gene expression.
Arthritis Rheum. 2010;62(3):896-907. https://doi.org/10.1002/art.27284.
Guillaume S, Prieur AM, Coste J, Job-Deslandre C. Long-term outcome and
prognosis in oligoarticular-onset juvenile idiopathic arthritis. Arthritis Rheum.
2000;43(8):1858-65. https://doi.org/10.1002/1529-0131(200008)43:8<1858:A
ID-ANR23>3.0.CO;2-A.

Moncrieffe H, Ursu S, Holzinger D, Patrick F, Kassoumeri L, Wade A, et al. A subgroup
of juvenile idiopathic arthritis patients who respond well to methotrexate are
identified by the serum biomarker MRP8/14 protein. Rheumatology. 2013,52(8):
1467-76. https//doiorg/10.1093/theumatology/ket152.

Wilson NJ, Boniface K, Chan JR, McKenzie BS, Blumenschein WM, Mattson JD, et al.
Development, cytokine profile and function of human interleukin 17-producing
helper T cells. Nat Immunol. 2007,8(9)950-7. https//doiorg/10.1038/ni1497.

Jones BE, Maerz MD, Buckner JH. IL-6: a cytokine at the crossroads of
autoimmunity. Curr Opin Immunol. 2018;55:9-14. https.//doi.org/10.1016/j.
€01.2018.09.002.

Khmaladze |, Kelkka T, Guerard S, Wing K; Pizzolla A, Saxena A, et al. Mannan induces
ROS-regulated, IL-17A-dependent psoriasis arthritis-like disease in mice. P Natl Acad
Sci USA. 2014,111(35)E3669-78. https.//doiorg/10.1073/pnas.1405798111.

Leung S, Liu XB, Fang L, Chen X, Guo T, Zhang JW. The cytokine milieu in
the interplay of pathogenic Th1/Th17 cells and regulatory T cells in
autoimmune disease. Cell Mol Immunol. 2010;7(3):182-9. https://doi.org/1
0.1038/cmi.2010.22.

Xu S, Cao XT. Interleukin-17 and its expanding biological functions. Cell Mol
Immunol. 2010;7(3):164-74. https://doi.org/10.1038/cmi.2010.21.
Shoop-Worrall SIW, Verstappen SMM, McDonagh JE, Baildam E, Chieng A,
Davidson J, et al. Long-term outcomes following achievement of clinically
inactive disease in juvenile idiopathic arthritis: the importance of definition.
Arthritis Rheumatology. 2018;70(9):1519-29. https//doi.org/10.1002/art40519.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1002/art.23291
https://doi.org/10.1186/s12969-020-0398-2
https://doi.org/10.1002/art.27284
https://doi.org/10.1002/1529-0131(200008)43:8<1858::AID-ANR23>3.0.CO;2-A
https://doi.org/10.1002/1529-0131(200008)43:8<1858::AID-ANR23>3.0.CO;2-A
https://doi.org/10.1093/rheumatology/ket152
https://doi.org/10.1038/ni1497
https://doi.org/10.1016/j.coi.2018.09.002
https://doi.org/10.1016/j.coi.2018.09.002
https://doi.org/10.1073/pnas.1405798111
https://doi.org/10.1038/cmi.2010.22
https://doi.org/10.1038/cmi.2010.22
https://doi.org/10.1038/cmi.2010.21
https://doi.org/10.1002/art.40519

	Abstract
	Objective
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Patients
	Disease activity
	Biomarker analyses
	Outcome
	Statistical analyses

	Results
	Clinical characteristics and disease course during the study
	Variation in biomarkers at baseline
	Biomarkers in active compared to inactive disease
	Prediction of disease extension in patients with an oligoarthritis baseline diagnosis
	Association of baseline biomarkers with need for treatment escalation
	Prediction of clinically inactive disease at 12&thinsp;months by baseline biomarker levels

	Discussion
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

