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Abstract

Background Juvenile idiopathic arthritis (JIA) comprises a heterogeneous group of conditions that can cause marked
disability and diminished quality of life. Data on predictors of clinical response are insufficient to guide selection

of the appropriate biologic agent for individual patients. This study aimed to investigate the propensity of ST00A8/9
and ST00A12 as predictive biomarkers of abatacept response in polyarticular-course juvenile idiopathic arthritis (pJIA).

Methods Data from a phase 3 trial (NCT01844518) of subcutaneous abatacept in patients with active pJIA (n=219)
were used in this exploratory analysis. Association between biomarker levels at baseline and improvements in JIA-
American College of Rheumatology (ACR) criteria responses or baseline disease activity (measured by Juvenile Arthri-
tis Disease Activity Score in 27 joints using C-reactive protein [JADAS27-CRP]) were assessed. Biomarker level changes
from baseline to month 4 were assessed for disease outcome prediction up to 21 months.

Results At baseline, 158 patients had available biomarker samples. Lower baseline STO0A8/9 levels (<3295 ng/mL) were
associated with greater odds of achieving JIA-ACR90 (odds ratio [OR]: 2.54 [95% confidence interval (Cl): 1.25-5.18]), JIA-
ACR100 (OR: 3.72 [95% Cl: 1.48-9.37]), JIA-ACR inactive disease (ID; OR: 4.25 [95% Cl: 2.03-8.92]), JADAS27-CRP ID (OR: 2.34
[95% Cl: 1.02-5.39]) at month 4, and JIA-ACR ID (OR: 3.01 [95% Cl: 1.57-5.78]) at month 16. Lower baseline STO0A12 levels
(<176 ng/mL) were associated with greater odds of achieving JIA-ACR90 (OR: 2.52 [95% Cl: 1.23-5.13]), JJA-ACR100 (OR:
3.68 [95% Cl: 1.46-9.28]), JJA-ACR ID (OR: 3.66 [95% Cl: 1.76-7.61]), JIA-ACR90 (OR: 2.03 [95% Cl: 1.07-3.87]), JA-ACR100
(OR: 2.14 [95% Cl: 1.10-4.17]), and JIA-ACR ID (OR: 4.22 [95% Cl: 2.15-8.29]) at month 16. From baseline to month 4,
decreases in ST00A8/9 and ST00A12 generally exceeded 50% among JIA-ACR90/100/ID responders.

Conclusion Lower baseline levels of STO0A8/9 and ST00A12 proteins predicted better response to abatacept treat-
ment than higher levels and may serve as early predictive biomarkers in pJIA. Decreases in these biomarker levels may
also predict longer-term response to abatacept in pJIA.
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Introduction

Juvenile idiopathic arthritis (JIA) is a heterogeneous
group of conditions defined by chronic non-infectious
arthritis persisting for 6 weeks or more, with onset in
patients aged <16 years [1]. If the inflammatory process
is not swiftly controlled, JIA has the propensity to cause
marked disability from joint damage, chronic pain, limi-
tation of physical function, and diminished quality of life
1, 2].

In agreement with the treatment recommendations
from an international task force of pediatric rheumatolo-
gists [3], the current American College of Rheumatology
(ACR) guidelines recommend that most patients with
a polyarticular course of JIA (pJIA) be initially treated
with synthetic disease-modifying antirheumatic drugs
(DMARD:s), such as methotrexate (MTX) [4]. If disease
activity persists or if there is intolerance to MTX, a bio-
logic DMARD should be introduced. However, there
are insufficient data available on predictors of clinical
response to guide selection of the appropriate biologic
agent for individual patients. Unless there is lack of tol-
erability, it is recommended that a biologic DMARD be
used in conjunction with MTX for potential synergy [4].
Abatacept, a selective CD80/86 co-stimulation modu-
lator that inhibits T-cell activation and impairs antigen
presentation to T cells, is effective and well tolerated
when used either intravenously or subcutaneously (SC)
for the treatment of pJIA [5-7].

Despite evidence-based guidance, recommended treat-
ment strategies for pJIA have a risk of failure; one study
reported that 56-66% of patients with JIA receiving>5
biologic DMARDs continue to have chronically uncon-
trolled JIA [8]. Reliable, validated serum biomarkers of
treatment response in JIA are needed to guide clinical
decisions to allow patients to be treated with the most
effective therapy as early as possible [9]. In particular, a
high proportion of patients with JIA show incomplete
response to MTX [10]. As such, strategies of combining
biomarkers with options to treat JIA have been proposed
[9]. Prior research shows that S100 proteins [11], specifi-
cally S100A8/9 (formerly MRP8/14 or calprotectin) and
S100A12 (formerly calgranulin C or EN-RAGE), may be
predictive biomarkers of treatment response in rheumatic
diseases, including pJIA [12-14]. Serum S100A8/9 and
S100A12 are alarmin proteins predominantly released
at inflammatory sites by activated innate immune effec-
tors including monocytes/macrophages and neutrophils
[14, 15]; these proteins reflect the degree of local inflam-
mation (e.g. synovitis) and are considered to be more
specific biomarkers than other systemic inflammatory
biomarkers such as C-reactive protein (CRP) and eryth-
rocyte sedimentation rate (ESR) in rheumatoid arthri-
tis (RA) [16, 17]. Prior studies suggested that S100A8/9
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levels are associated with disease activity in patients with
RA [12, 16, 17] and JIA [13, 14]. S100A12 has also been
linked to autoimmune diseases, with strong expression
found in inflamed tissues of adult patients with chronic
arthritis [18]. Additionally, several studies have suggested
that high levels of S100A8/9 and S100A12 are associated
with response to both MTX and tumor necrosis fac-
tor (TNF) inhibitors [19-21]. However, whether base-
line levels of S100 proteins predict differential treatment
response to abatacept in pJIA remains unknown.

A phase 3 study in patients with active pJIA showed
that weight-stratified SC abatacept treatment yielded tar-
get therapeutic exposures at month 4 (primary endpoint)
and month 24, was well tolerated, and improved symp-
toms over a period of 24 months [6]. Here, we present an
exploratory analysis using data from the phase 3 study to
evaluate the potential of pre-treatment serum levels of
S100A8/9 and S100A12 to serve as predictive biomarkers
of clinical response to abatacept. We hypothesized that
in a heterogeneous group of patients with JIA, those with
low S100 levels may respond best to abatacept treatment.

Patients and methods

Patients and study design

This exploratory analysis includes data from a phase
3, single-arm, open-label, international, multicenter,
pharmacokinetic endpoint study comprised of two age
cohorts of patients with pJIA who were treated with SC
abatacept (ClinicalTrials.gov identifier: NCT01844518;
Supplementary Fig. 1). Patients aged 2-17 years were
recruited from 50 sites in 12 countries: Argentina, Bel-
gium, Brazil, France, Germany, Italy, Mexico, Peru,
Russian Federation, Spain, South Africa, and the US.
Patients received weekly SC abatacept for 4 months
based on body-weight tier (10 to <25 kg [50 mg dose],
25 to <50 kg [87.5 mg dose], and >50 kg [125 mg dose]).
After 4 months (primary endpoint), patients with >30%
improvement in JIA-ACR criteria (JIA-ACR30) [22]
could continue for an additional 20 months of treat-
ment with open-label SC abatacept. Patients who did
not achieve at least a JIA-ACR30 response at month 4
were given the option to continue SC abatacept for an
additional 3 months and discontinue treatment if a JIA-
ACR30 response was not attained by month 7.

Study details including SC weight-tiered dosing of
abatacept have been reported previously [6, 7]. Briefly,
patients were included if they met the International
League of Associations for Rheumatology criteria for JIA
in one of the following categories [23]: extended oligoar-
ticular JIA, polyarticular rheumatoid factor (RF)-positive
JIA, polyarticular RF-negative JIA, enthesitis-related JIA,
psoriatic JIA, or systemic JIA (lacking systemic features
for >6 months prior to enrollment). Patients were also
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required to have a history of >5 joints with active disease
and active articular disease at baseline, defined as >2
active joints and >2 joints with limitation of motion at
baseline. All patients were naive to treatment with abata-
cept but may have had an inadequate response or intoler-
ance to > 1 biologic or synthetic DMARD.

Outcome measures

At each study visit in the phase 3 study [6], six JIA-ACR
core set variables were measured: active joint count
(AJC), number of joints with limitation of motion, Phy-
sician Global Assessment of disease activity (PhGA),
Parent Global Assessment of patient overall well-being
(PtGA), Childhood Health Assessment Questionnaire-
Disability Index [24], and a laboratory marker of acute
inflammation (CRP).

Considering the JIA-ACR core set variables,
improvement from baseline was measured by JIA-
ACR30/50/70/90/100 responses [22], or by achieve-
ment of inactive disease (JIA-ACR ID) [25]. Briefly, ID
is defined as having no joints with active arthritis; no
fever, rash, serositis, splenomegaly, or generalized lym-
phadenopathy attributable to JIA; no active uveitis as
defined by the Standardization of Uveitis Nomenclature
Working Group; ESR or CRP level within normal limits
in the laboratory where tested or, if elevated, not attrib-
utable to JIA; PhGA score of best possible on the scale
used; and duration of morning stiffness<15 min [25].
Further, the Juvenile Arthritis Disease Activity Score
in 27 joints using CRP [JADAS27-CRP] was calculated,
which considered the CRP value, AJC, PhGA, and PtGA.
JADAS values of < 3.8 were considered low disease activ-
ity (JADAS LDA) and values of <1, as inactive disease
(JADAS-ID) [26-28].

Biomarkers
Q2 Solutions (formerly Quintiles; Durham, NC, USA)
performed high-sensitivity CRP testing. Assays of the
S100 proteins were performed in the Multiplex Core
within the Research Flow Cytometry Core of the Cin-
cinnati Children’s Hospital Medical Center (CCHMC,
Cincinnati, OH, USA). The S100 proteins were assayed
in duplicates as previously published by CCHMC [14].
In brief, the Human S100A12/EN-RAGE ELISA Kit
(Medical and Biological Laboratories Co., Japan) and
Quantikine Human S100A8/S100A9 Heterodimer
Immunoassay (R&D Systems, Minneapolis, MN, USA)
utilized the quantitative sandwich enzyme immunoassay
technique.

The laboratory technicians performing biomarker
assays (S100A8/9, S100A12, and CRP) were blinded to
the clinical and demographic data associated with a given
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serum sample. Normal clinical ranges are between 716
and 3004 ng/mL for S100A8/9 and between 32 and 385
ng/mL for SI00A12 [14].

Based on the distribution of biomarker values in the
current patient cohort, thresholds for each biomarker
were as follows: S100A8/9: low, < 2204.07 ng/mL; high
normal to mildly elevated, > 2204.07 to <4870.47 ng/mL;
elevated, > 4870.47 ng/mL; S100A12: low, < 131.1 ng/
mL; high normal to mildly elevated, > 131.1 to <298.1
ng/mL; elevated, > 298.1 ng/mL; and CRP: low, < 0.1 mg/
dL; high normal to mildly elevated, > 0.1 to <0.5 mg/dL;
elevated, > 0.5 mg/dL. Biomarker levels were measured
at each visit; baseline levels of biomarkers were measured

just before starting SC abatacept treatment.

Statistical analysis

This exploratory analysis evaluated whether baseline
biomarker levels (S100A8/9, S100A12, and CRP) pre-
dict clinical response to abatacept treatment for pJIA.
Thus, we assessed the association of baseline biomarker
levels with treatment response (measured by JIA-ACR
responses) and disease activity (measured by JADAS27-
CRP). We also examined whether the combination of
S$100 protein levels and CRP could improve the predic-
tive ability for strong clinical response to abatacept (JIA-
ACR90/100/ID or JADAS-LDA/ID). Given the close
association that we observed between levels of SI00A8/9
and S100A12 (Spearman correlation coefficient: 0.91),
combinations of these two biomarkers were not explored.
Furthermore, we explored whether concurrent MTX
therapy had any effect on the predictive value of the bio-
markers studied.

Baseline demographics and disease characteristics
were summarized as mean and standard deviation
or median and range, as appropriate, for continuous
numerical variables, and frequencies and percentages
for nominal and categorical variables. Race was self-
reported using a fixed set of categories. Spearman
correlation coefficients were calculated to assess the
association of baseline JADAS27-CRP with biomarker
levels (S100A8/9, S100A12, CRP) measured at baseline.
Values of Spearman correlation coefficients of <0.2, 0.2
to <0.4, 0.4 to <0.6, 0.6 to <0.8, and >0.8 were inter-
preted as unrelated, weakly, moderately, strongly, and
almost perfectly associated, respectively [29]. Changes
from baseline in biomarker levels by month 4 were also
assessed for association with disease outcomes later in
the study. Univariate logistic regression was used to
estimate the ORs (95% ClIs) of baseline biomarker val-
ues, individually or in selected combinations, to predict
JIA outcomes post-baseline. We analyzed results up to
month 21 with a focus on the results up to month 16.
These exploratory post hoc analyses were not designed
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for formal inference/hypothesis testing. Missing values
of efficacy response were imputed as non-responders.

Results

Patient population

Serial samples from 158 of the 219 (72.1%) patients
enrolled in the clinical trial were available for bio-
marker analysis. Demographics of patients included in
this exploratory analysis were comparable with those of
the overall clinical trial cohort (Table 1). Biomarker lev-
els did not differ with age at baseline (Supplementary
Table 1). Patients reported use of concomitant MTX
and oral corticosteroids as background therapy start-
ing at baseline (Table 1). No other concomitant medi-
cations were received. In the biomarker cohort, the
trajectories of patients achieving JIA-ACR responses
were similar to those achieving JADAS27-CRP
responses (Fig. 1A). The proportion of patients receiv-
ing abatacept alone who achieved JIA-ACR100 and JIA-
ACR ID over the 21-month study period was similar to
that of patients receiving abatacept + MTX (Fig. 1B).

Biomarker levels and their association with disease activity
At baseline, median serum levels were 3295.3 ng/
mL for S100A8/9, 176.5 ng/mL for S100A12, and
0.20 mg/L for CRP. At month 4, the median serum level
of S100A8/9 decreased to 2602 ng/mL, while median
S100A12 level increased to 188.4 ng/mL and median
CRP level remained unchanged at 0.20 mg/dL. At
month 16, median serum levels of SI00A8/9, S100A12,
and CRP were 2449 ng/mlL, 161.3 ng/mL, and 0.10 mg/
dL, respectively.

At baseline, patients receiving MTX (n=172) had
numerically higher median S100A8/9 and S100A12 base-
line levels than those receiving abatacept alone (n=47;
median [range] for S100A8/9: 3359 [544.3 —160,193.3]
vs. 2752 [612.9-76,786.7], P=0.50; for S100A12: 178
[21.5—-7810.3] vs. 161 [20.2—9485.6], P=0.59). Like-
wise, baseline S100A8/9 levels were almost perfectly
correlated with S100A12 and strongly correlated with
CRP levels (r=0.91 and r=0.64, respectively; Supple-
mentary Fig. 2A, 2B), while baseline CRP and S100A12
levels were moderately correlated with each other
(r=0.52; Supplementary Fig. 2C). At baseline, JADAS27-
CRP values were poorly correlated with S100A8/9 lev-
els (r=0.24), SI00A12 levels (r=0.17), and CRP levels
(r=0.25) as shown in Supplementary Fig. 3A—C.

Prediction of response to abatacept treatment
Clinical outcomes by lower baseline biomarker levels.
As shown in Fig. 2, while baseline levels of S100A8/9,
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S100A12, or CRP did not significantly predict JIA-
ACR50 or JIA-ACR70 responses at months 4 or 16,
they were significant predictors of greater clinical
responses. For example, at month 4, patients with lower
S100A8/9 or S100A12 levels at baseline had greater
odds of achieving JIA-ACR90/100/ID and JADAS27-
CRP LDA/ID (Supplementary Table 2; Fig. 2A). Simi-
lar observations were noted for CRP levels at months
4 and 16. At month 16, lower baseline CRP levels were
associated with stronger clinical responses (Fig. 2B).

Clinical outcomes by low baseline and 4-month bio-
marker levels. The lower the SI00A8/9 or S100A12
levels at baseline, the higher the likelihood of achiev-
ing JIA-ACR ID and JIA-ACR100 at months 4 and
16 (Supplementary Table 3). For example, low base-
line SI00A8/9 or S100A12 levels increased the odds
of achieving JIA-ACR ID at month 4 by 9.1-fold or
5.8-fold, respectively; and at month 16 by 5.4-fold for
both S100 proteins. Low CRP levels were also useful
in predicting JIA-ACR100 and JIA-ACR ID responses
(Supplementary Table 3).

When measured at month 4 instead of baseline,
low levels of SI00A8/9, SI00A12, and CRP were
also associated with higher odds of achieving JIA-
ACR ID and JIA-ACRI100 at months 16 and 21
(Supplementary Table 4).

Early responses with combination of S100 proteins
and CRP. Combined with lower CRP, lower baseline
S100A8/9 and S100A12 levels were associated with
even higher odds of achieving JIA-ACR ID as early as
month 3 (P=0.0010 and P=0.0092, respectively) com-
pared with higher S100A8/9 or S100A12 levels alone
(Supplementary Table 5). Lower baseline S100A8/9
levels increased the odds of achieving JIA-ACR100
at month 3 by 4.9-fold (95% CI: 1.56-15.24), while
the combination of lower S100A8/9 plus lower CRP
at baseline increased the likelihood of achieving JIA-
ACR100 at month 3 by 6.9-fold (95% CI: 2.20-21.87).
Lower baseline S100A12 levels increased the likeli-
hood of achieving a JIA-ACR100 response at month 3
by 2.7-fold (95% CI: 0.97-7.28), whereas lower baseline
S100A12 plus lower CRP increased the likelihood by
3.9-fold (95% CI: 1.40-10.67).

Biomarker performance with or without concurrent
MTX therapy. Generally, at month 3, lower baseline
S100A8/9 levels were associated with numerically higher
odds of achieving JIA-ACR ID in patients receiving
abatacept with MTX compared with patients receiving
abatacept alone (Supplementary Table 6); a similar rela-
tionship was observed for S100A12. At months 4 and
16, lower S100A8/9 and S100A12 levels with or with-
out lower CRP resulted in numerically higher odds of
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Table 1 Baseline demographics and disease characteristics
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Characteristic

Biomarker cohort

Overall cohort

(n=158) (N=219)
Age, years, mean +SD 11.37+40 10.58+44
Female sex, n (%) 121 (76.6) 164 (74.9)
Race, ? n (%)
White 133(84.2) 188 (85.8)
Black/African American 13(8.2) 15 (6.8)
Other 12 (7.6) 16 (7.3)
Geographic region, n (%)
North America 19(12.0) 22 (10.0)
South America 52(329) 64 (29.2)
Europe 73 (46.2) 114 (52.1)
Rest of the world 14 (8.9) 19(8.7)
Disease duration, years, mean+SD 256+32 241+£30
pJIA categories, n (%)
Polyarthritis RF negative 84 (53.2) 123 (56.2)
Polyarthritis RF positive 39(24.7) 48(21.9)
Extended oligoarthritis 20(12.7) 29(13.2)
Systemic arthritis 4(2.5) 5(23)
Psoriatic arthritis 2(1.3) 5(2.3)
Enthesitis-related arthritis 4(2.5) 4(1.8)
Other® 5(3.2) 5(23)
JIA-ACR core set variables, mean+SD
Number of active joints 12.52+80 11.76+£79
Number of joints with LOM 10.66+8.2 1030+79
PtGASmm 44524255 4413+£256
PhGAmm 4951+20.7 4822+20.5
CHAQ-DI 1.06+0.7 101407
CRP, mg/dL®
Median (range) 0.20 (0.1-20.5) 0.20 (0.1-21.1)
Mean+SD 132+2.7 1.24+28
JADAS27-CRP, mean+SD 19.83+£8.79 19.07+£88
MTX use, n (%) 124 (78.5) 172 (78.5)
MTX dose, mg/m?%/week, mean +SD 1203+43 12.28+4.1
Oral corticosteroids, n (%) 46 (29.1) 65 (29.7)
S100A8/9 (ng/mL)¢ 329534 -
Median (range) (544.3-160,193.3)
Mean+SD 9312.8+20,890.3
S100A12 (ng/mL)®
Median (range) 176.5 (20.2-9485.6) -
Mean+SD 525.6+12545

CHAQ-DI Childhood Health Assessment Questionnaire-Disability Index, CRP C-reactive protein, JADAS27-CRP Juvenile Arthritis Disease Activity Score in 27 joints using
C-reactive protein, JJA-ACR juvenile idiopathic arthritis-American College of Rheumatology criteria, LOM limitation of motion, MTX methotrexate, PhGA Physician
Global Assessment, pJIA polyarticular-course juvenile idiopathic arthritis, PtGA Parent Global Assessment of patient overall well-being, RF rheumatoid factor,

SD standard deviation

? Race was self-reported. Patients chose from a fixed set of categories (White, Black or African American, Asian, American Indian or Alaska Native, Native Hawaiian or

Pacific Islander, Other [specify - free text field]); the “Other” category included Turkish, North African, Mestizo, Mestiza, and mixed race

b“Other” category included persistent oligoarthritis and undifferentiated arthritis

“The PtGA and PhGA were each measured on a 0-100 mm visual analog scale, with higher values indicating greater disease activity or greater reduction in overall

well-being, respectively

4 CHAQ-DI measures physical function limitations on a 0-3 scale, across eight domains of disability components, with higher values indicating greater disability

¢ Normal clinical ranges for ST00A8/9 are between 716 and 3004 ng/mL and for ST00A12 are between 32 and 385 ng/mL [14]. Normal clinical levels for high-sensitivity

CRP are <0.6 mg/dL
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Abatacept + MTX 8/85 14/85 22/85 30/85 42/85 42/85

Page 6 of 12

Fig. 1 Clinical response to abatacept over 21 months for A the biomarker cohort* and B by background MTX use. Values are given as n/m,

where n is the number of responders at the corresponding time point for each baseline category and m is the number of patients in each baseline
category. *All treated patients with available baseline data for S100 proteins (ST00A8/9 or ST00A12). At months 4, 16, and 21, patients who were
still in the study but had missing JADAS27-CRP values were considered as non-responders at those respective time points in the analysis (n=3,
4,2, respectively). Patients who were not in the study and had no available efficacy assessments at those respective time points and later time
points were also considered as non-responders (n=9, 26, 32, respectively). CRP =C-reactive protein; ID=inactive disease; JADAS27-CRP =Juvenile
Arthritis Disease Activity Score in 27 joints using C-reactive protein; JJA-ACR50/70/90/100=50/70/90/100% improvement in juvenile idiopathic

arthritis-American College of Rheumatology criteria; LDA =low disease activity; MTX =methotrexate
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Efficacy response OR (95% CI)
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Fig. 2 Prediction of response to abatacept treatment by baseline biomarker level at A month 4 and B month 16. Cl=confidence

interval; ID=inactive disease; JADAS27-CRP = Juvenile Arthritis Disease Activity Score in 27 joints using C-reactive protein;
JIA-ACR50/70/90/100=50/70/90/100% improvement in juvenile idiopathic arthritis-American College of Rheumatology criteria; LDA=low disease
activity; OR=odds ratio

correctly predicting JIA-ACR ID response in patients
receiving abatacept with MTX compared with patients
receiving abatacept alone. Thus, use of either MTX only
or both MTX and corticosteroids as background ther-
apy during the study did not notably impact S100A8/9,
S100A12, or CRP levels at any time point over 21 months
(data not shown).

Changes in biomarker levels from baseline as predictors
of response to treatment. Percent changes in biomarker

levels are summarized in Supplementary Fig. 4. The mean
CRP level decreased from baseline to month 4 and was
maintained thereafter, whereas the mean S100A8/9 and
S100A12 levels increased moderately up to month 21.
Percentage mean changes in the serum S100 pro-
teins and CRP levels from baseline to month 4 were dif-
ferentiated between responders and non-responders
(Fig. 3A-C). Overall, large decreases were observed in
levels of S100A8/9 and S100A12 among responders from
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A B Responders M Non-responders
50 4

Percent mean change in S100A8/9 from
baseline to month 4
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JIA-ACR50 JIA-ACR70 JIA-ACR90 JIA-ACR100 JIA-ACR ID  JADAS27-CRP LDA
Efficacy response at month 4

Responders, n 114 84 44 26 48 65
Non-responders, n 32 62 102 120 98 81
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Percent mean change in S100A12 from
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JIA-ACR50 JIA-ACR70 JIA-ACR90 JIA-ACR100 JIA-ACRID  JADAS27-CRP LDA

Efficacy response at month 4

Responders, n 112 83 44 26 48 65
Non-responders, n 31 60 99 117 95 78

C
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Percent mean change in CRP from
baseline to month 4
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JIA-ACR50 JIA-ACR70 JIA-ACR90 JIA-ACR100 JIA-ACRID  JADAS27-CRP LDA

Efficacy response at month 4
Responders, n 115 85 45 27 49 65
Non-responders, n 32 62 102 120 98 82
Fig. 3 Percent mean change in biomarker levels of A ST00A8/9, B STO0A12, and € CRP from baseline to month 4 for responders
versus non-responders across efficacy endpoints. CRP = C-reactive protein; ID=inactive disease; JADAS27-CRP =Juvenile Arthritis Disease Activity
Score in 27 joints using C-reactive protein; JJA-ACR50/70/90/100 = 50/70/90/100% improvement in juvenile idiopathic arthritis-American College
of Rheumatology criteria; LDA=low disease activity
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baseline to month 4 (Fig. 3A and B). The same held true
for changes in CRP levels from baseline (Fig. 3C).

Discussion

In this exploratory analysis of data from a phase 3 trial
in patients with pJIA, lower baseline inflammatory bio-
marker levels predicted response to abatacept. Patients
with low (compared with elevated) or lower than median
baseline levels of S100A8/9, S100A12, and CRP had at
least double the likelihood of achieving JIA-ACR ID or
JIA-ACR100 after abatacept initiation. Decreases in S100
biomarker levels during the first 4 months of abatacept
therapy may also predict longer-term response to abata-
cept in patients with pJIA. This seems congruent with
prior research suggesting that S100A12 and CRP may
help identify patients at risk of JIA flares, which could
support decisions to taper, stop, or maintain treatment in
different scenarios in JIA [30, 31].

Our findings are in line with previous studies that sug-
gested an association between S100 protein levels and
disease activity in patients with RA [12, 16, 17] and JIA
[13, 14]. In these studies, high levels of S100 proteins pre-
dicted response in patients treated with adalimumab; in
the current study, lower levels of S100 proteins predicted
response in patients treated with abatacept. This differ-
ence may reflect the differing mechanisms of action of
adalimumab and abatacept, but additional studies in other
cohorts are needed to confirm this observation. Extracel-
lular S100 proteins can act as damage-associated molecu-
lar patterns and activate innate immunity through toll-like
receptors [14, 21, 32, 33]. Therefore, elevated levels of
these biomarkers may reflect activation of innate immune
responses. In contrast, abatacept controls dysregulated
adaptive immune responses. We hypothesize that a sub-
group of patients with pJIA exhibiting lower levels of S100
proteins may experience a profound response to abata-
cept and particularly benefit from this therapy.

Prior research showed that S100A12 and CRP may
predict patients at risk of JIA flares, which may support
treatment decisions in different populations of patients
with JIA [30, 31]. An earlier controlled trial demonstrated
that JIA flare risk after MTX withdrawal is independent
of the duration of therapy or time in clinical remission
[33]. A subsequent post hoc analysis revealed a similar
flare risk between patients with low levels of S100A12
and CRP who were off medication and patients with JIA
who continued MTX but had high levels of S100A12 and/
or CRP [30, 31]; this finding suggested that S100 proteins,
like CRP, are a good measure of inflammatory states in
pJIA. A subsequent trial confirmed that the presence of
both low CRP and low S100A12 levels in patients with
JIA was associated with a decreased risk of JIA flare post
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DMARD withdrawal by 38% over 12 months (based on a
hazard ratio of 0.62; P=0.0455) compared with patients
from a large registry in whom DMARD withdrawal
occurred without consideration of biomarker levels [34].

In this study, MTX background therapy did not sig-
nificantly influence the ability of S100 proteins to antici-
pate JIA improvement. Conversely, prior research found
flare rates in patients with JIA treated with MTX to be
more closely related to S100 levels than those in patients
treated with biologic DMARDs (e.g. TNF inhibitors) [32];
additionally, high baseline S100A12 levels were found to
predict improvement with MTX or TNF inhibitor ther-
apy in patients with pJIA, with a decrease in S100A12
levels observed with treatment over time [21]. Taken
together, the findings might suggest that interpretation of
$100 proteins in JIA is dependent of the type of DMARD
therapy considered, with lower levels being predictive
of a substantial response to abatacept. Considering our
recent study that showed that, in JIA, abatacept response
was similar in patients receiving abatacept+MTX and
those receiving abatacept monotherapy [35], the current
data may support the hypothesis that S100 proteins are
better biomarkers in patients for whom MTX therapy
alone failed and who have therefore newly started com-
bination therapy with abatacept + MTX. As our estimates
were based on an exploratory analysis, future studies
should assess the effect of abatacept on S100 biomarker
levels and examine any potential contributions of the
innate immune system to pJIA manifestations and the
risk of flares.

Very high levels of S100A8/9 and S100A12 are reported
in patients with systemic JIA, especially those with high
disease activity [14, 36, 37]. In our study, SI00A8/9 and
S100A12 levels generally decreased more in patients with
pJIA who responded to therapy by month 4 than those
classified as non-responders. CRP levels were reduced
in abatacept responders across various measurements of
clinical outcomes. In contrast, increased CRP levels were
observed in treatment non-responders.

Prior reports suggested that the combined assessment
of CRP with S100A8/9 or S100A12 increases the preci-
sion with which JIA disease courses can be anticipated
[30, 31]; our results confirm this observation. We noted
that lower (below median) baseline CRP levels alone
strongly predicted clinical response at 16 months (par-
ticularly JIA-ACR ID), supporting the value of CRP as
a predictive biomarker of systemic inflammation. How-
ever, the combination of lower CRP and lower S100A8/9
or S100A12 levels increased the likelihood of high-level
improvement (JIA-ACR100) 3 months after abata-
cept initiation; this combined assessment may have the
potential to better predict disease-specific improve-
ments in JIA.
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The biomarkers included in this exploratory analysis
only differentiated patients with a notable response to
therapy but not those with less profound improvement of
pJIA in response to abatacept (i.e. those with JTA-ACR30,
50, or 70 responses). We were unable to determine
whether one S100 protein was a better predictor than the
other because of the close correlation between S100A8/9
levels and S100A12 levels in patients with pJIA, the OR
(95% CI) range overlap, and the differences in results for
different clinical variables and time points. As such, we
confirm that both S100A8/9 and S100A12 biomarker lev-
els are useful to identify patients with pJIA who might
respond well to abatacept and may help personalize JIA
treatments as part of future treat-to-target strategies [3].

This study adds to the clinical evaluation of predictive
biomarkers, but caution should be applied when interpret-
ing these results, as these are post hoc analyses from an
open-label study. Results after month 4 should be inter-
preted cautiously due to the study design, whereby non-
responders could discontinue the study after month 4.

Limitations of this study include relatively small patient
populations and the nature of the predictive analysis,
whereby CRP was included as a component in the efficacy
endpoints (i.e. ACR, JADAS); however, this was addressed
by additional analyses evaluating whether including CRP
as a biomarker enhanced the predictive value of the S100
biomarkers. Future analyses may explore this relationship
using endpoints that exclude CRP as a confounding fac-
tor (e.g. clinical JADAS). The specific definitions of low
and lower S100 protein levels in our study were selected
to allow for logistical regression performance and pres-
entation of odds ratios, which compared these levels to
elevated or higher than median levels of S100 proteins,
respectively, and may not be generalizable to datasets
using other definitions. Finally, we were unable to confirm
the relevance of our study findings for patients with cer-
tain racial backgrounds (e.g. Asian race).

In conclusion, lower levels of S100 proteins at baseline
are predictive of more profound and sustained improve-
ments in patients with pJIA treated with abatacept.
The predictive value of S100 biomarkers for abatacept
response was similar, irrespective of concurrent MTX
use. Identifying patients with pJIA who may achieve
early and greater clinical response with abatacept treat-
ment could be a useful component of a precision-medi-
cine approach in pJIA. Thus, levels of S100 proteins may
be useful to predict pJIA courses in children for whom
abatacept therapy is considered.
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well-being

RA Rheumatoid arthritis

RF Rheumatoid factor

SC Subcutaneous

SD Standard deviation

TNF Tumor necrosis factor

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513075-024-03347-0.

Supplementary Material 1.

Supplementary Material 2.

Acknowledgements

We thank the patients and all the investigators who participated in the study.
Professional medical writing and editorial assistance was provided by Candice
Dcosta, MSc, at Caudex, and was funded by Bristol Myers Squibb.

Authors’ contributions

All authors were involved in drafting the article or revising it critically for
important intellectual content, and all authors approved the final version to
be published. HIB, SM, RLW, DJL, NR, and AAG conceived and designed the
study. HIB, GSS, AS, ST, MH, DJK, JL, and DJL acquired the data. MA, JL, SM, and
RLW analyzed the data. All authors were involved in interpretation of the data.

Funding

This study was sponsored by Bristol Myers Squibb. This work has been sup-
ported by the National Institute of Arthritis and Musculoskeletal and Skin Dis-
eases (NIAMS) of the National Institutes of Health (NIH) under award numbers
P30 AR076316 and P30 AR070549.

Availability of data and materials

The data generated or analyzed during this study are available from the cor-
responding author on reasonable request.

Some data from this paper were presented at the 2021 EULAR European Con-
gress of Rheumatology annual meeting (POS0076, Ruperto N, et al.).

Declarations

Ethics approval and consent to participate

The study was conducted in accordance with the Declaration of Helsinki
[38], the International Conference on Harmonisation Guidelines for Good
Clinical Practice, and local regulations. At each site, an institutional review
board or independent ethics committee approved the protocol, consent
forms, and any other written information provided to patients or their legal
representatives.


https://doi.org/10.1186/s13075-024-03347-0
https://doi.org/10.1186/s13075-024-03347-0

Brunner et al. Arthritis Research & Therapy (2024) 26:125

Consent for publication
Not applicable.

Competing interests

HIB: consultant: AstraZeneca, Boehringer Ingelheim, Bristol Myers Squibb,
GlaxoSmithKline, Janssen, Merck, Novartis, Pfizer, Roche, UCB (funds go to
CCHMC/employer); grant/research support: Bristol Myers Squibb, Pfizer
(funds go to CCHMC/employer). GSS: speakers bureau: Novartis; consultant:
Sobi. GVC: speakers bureau: AbbVie; grant/research support: Bristol Myers
Squibb, Eli Lilly, Janssen, Parexel, Sanofi. JA: speakers bureau: AbbVie, Gebro,
GlaxoSmithKline, Novartis, Pfizer, Roche, Sobi; consultant: AbbVie, Gebro,
GlaxoSmithKline, Novartis, Pfizer, Roche, Sobi; grant/research support: AbbVie,
Amgen, Gebro, GlaxoSmithKline, Lilly, Novartis, Novimmune, Pfizer, Roche,
Sanofi, Sobi. RC: speakers bureau: AbbVie, Bristol Myers Squibb, GlaxoSmith-
Kline, Lilly, Novartis, Pfizer, Roche, UCB; paid instructor: AbbVie, Novartis,
Pfizer, Roche; consultant: AbbVie, Bristol Myers Squibb, GlaxoSmithKline, Lilly,
Novartis, Pfizer, Roche, UCB. IF: consultant: Bristol Myers Squibb, Gilead, Hexal,
MEDACGC, Novartis, Pfizer, Sanofi. DJK: consultant: Pfizer. MA: consultant: Bristol
Myers Squibb (working for Syneos Health). JL: employee, shareholder: Bristol
Myers Squibb. SM: shareholder: Bristol Myers Squibb; employee, shareholder:
GlaxoSmithKline. RLW: employee (at the time of analysis): Bristol Myers Squibb;
shareholder: Bristol Myers Squibb. DJL: speakers bureau: Genentech, Wyeth
Pharm; consultant: Abbott, AstraZeneca, Boehringer Ingelheim, Celgene, F
Hoffmann-La Roche, GlaxoSmithKline, Novartis, Pfizer, Regeneron, UBC, Wyeth
Pharma. AM: speakers bureau: AbbVie, Novartis; consultant: AbbVie, Eli Lilly,
EMD Serono, Idorsia, Janssen, Novartis, Pfizer. NR: honoraria, speakers bureau,
consultant: Ablynx, AstraZeneca-Medimmune, Bayer, Biogen, Boehringer
Ingelheim, Bristol Myers Squibb, Celgene, Eli Lilly, EMD Serono, F Hoffmann-La
Roche, GlaxoSmithKline, Janssen, Merck, Novartis, Pfizer, R-Pharma, Sinergie,
Sobi, UCB; grant/research support: The IRCCS Istituto Giannina Gaslini, where
NR works as full-time public employee, has received contributions from:
Bristol Myers Squibb, Eli Lilly, F Hoffmann-La Roche, GlaxoSmithKline, Janssen,
Novartis, Pfizer, Sobi. This funding has been reinvested for the research activi-
ties of the hospital in a fully independent manner, without any commitment
to third parties. AAG: consultant, grant/research support: AB2Bio, Novartis,
Sobi (Novimmune). AS, ST, MH: none declared.

Author details

'Division of Rheumatology, Department of Pediatrics, Cincinnati Children’s
Hospital Medical Center, University of Cincinnati College of Medicine, Cincin-
nati, OH, USA. “Hospital México Americano, Guadalajara, CREA, Mexico.
3Pediatric Rheumatology Department, Hospital Sant Joan de Déu, Universitat
de Barcelona, Barcelona, Spain. “Ruben Cuttica MD, Pediatric Rheumatology,
Hospital General de Nifios Pedro de Elizalde, Buenos Aires, Argentina. >°Ham-
burg Centre for Pediatric and Adolescent Rheumatology, Schén Klinik Ham-
burg Eilbek, Hamburg, Germany. ®Division of Rheumatology, Randall Children’s
Hospital at Legacy Emanuel, Portland, OR, USA. ’Global Biometric Sciences,
Bristol Myers Squibb, Princeton, NJ, USA. 8Translational Medicine, Bristol Myers
Squibb, Princeton, NJ, USA. °Bristol Myers Squibb, Immunology and Fibrosis,
Princeton, NJ, USA. '°Dipartimento di Neuroscienze, Riabilitazione, Oftalmo-
logia, Genetica e Scienze Materno-Infantili (DINOGMI), Universita degli Studi
di Genova, Genoa, Italy. ""IRCCS Istituto Giannina Gaslini, Gaslini Trial Centre/
Servizio di Sperimentazioni Cliniche Pediatriche, PRINTO, Genoa, Italy.

Received: 20 September 2023 Accepted: 26 May 2024
Published online: 25 June 2024

References

1. Ravelli A, Martini A. Juvenile idiopathic arthritis. Lancet.
2007;369(9563):767-78.

2. Oliveira S, Ravelli A, Pistorio A, Castell E, Malattia C, Prieur AM, Saad Magal-
haes C, Murray KJ, Bae SC, Joos R, et al. Proxy-reported health-related
quality of life of patients with juvenile idiopathic arthritis: the Pediatric
Rheumatology International Trials Organization multinational quality of
life cohort study. Arthritis Rheum. 2007;57(1):35-43.

3. Ravelli A, Consolaro A, Horneff G, Laxer RM, Lovell DJ, Wulffraat NM, Aki-
kusa JD, Al-Mayouf SM, Anton J, Avcin T, et al. Treating juvenile idiopathic

20.

Page 11 of 12

arthritis to target: recommendations of an international task force. Ann
Rheum Dis. 2018;77(6):819-28.

Ringold S, Angeles-Han ST, Beukelman T, Lovell D, Cuello CA, Becker ML,
Colbert RA, Feldman BM, Ferguson PJ, Gewanter H. 2019 American Col-
lege of Rheumatology/Arthritis Foundation guideline for the treatment
of juvenile idiopathic arthritis: therapeutic approaches for non-systemic
polyarthritis, sacroiliitis, and enthesitis. Arthritis Care Res (Hoboken).
2019;71(6):717-34.

Ruperto N, Lovell DJ, Quartier P, Paz E, Rubio-Perez N, Silva CA, bud-
Mendoza C, Burgos-Vargas R, GerloniV, Melo-Gomes JA, et al. Abatacept
in children with juvenile idiopathic arthritis: a randomised, double-blind,
placebo-controlled withdrawal trial. Lancet. 2008;372(9636):383-91.
Brunner HI, Tzaribachev N, Vega-Cornejo G, Louw |, Berman A, Pena-

dés IC, Antdn J, Avila-Zapata F, Cuttica R, Horneff G. Subcutaneous
abatacept in patients with polyarticular-course juvenile idiopathic
arthritis: results from a phase Ill open-label study. Arthritis Rheumatol.
2018;70(7):1144-54.

Brunner HI, Wong R, Nys M, Kou TD, Dominique A, Martini A, Lovell DJ,
Ruperto N, Paediatric Rheumatology International Trials Organisation, the
Pediatric Rheumatology Collaborative Study Group. Abatacept: a review
of the treatment of polyarticular-course juvenile idiopathic arthritis.
Paediatr Drugs. 2020;22(6):653-72.

Brunner HI, Schanberg LE, Kimura Y, Dennos A, Co DO, Colbert RA,
Fuhlbrigge RC, Goldmuntz E, Kingsbury DJ, Patty-Resk C, et al. New medi-
cations are needed for children with juvenile idiopathic arthritis. Arthritis
Rheumatol. 2020;72(11):1945-51.

Choida V, Hall-Craggs M, Jebson BR, Fisher C, Leandro M, Wedderburn
LR, Ciurtin C. Biomarkers of response to biologic therapy in juvenile idi-
opathic arthritis. Front Pharmacol. 2020;11:635823.

. Selvestrel D, Lucafo M, Pugnetti L, Pagarin S, Moressa V, Pastore S, Taddio

A, Stocco G, Decorti G. Responses of patients with juvenile idiopathic
arthritis to methotrexate: a genomic outlook. Expert Rev Clin Immunol.
2021;17(10):1131-42.

. Marenholz |, Lovering RC, Heizmann CW. An update of the S100 nomen-

clature. Biochim Biophys Acta. 2006;1763(11):1282-3.

. ChoilY, Gerlag DM, Herenius MJ, Thurlings RM, Wijbrandts CA, Foell D,

Vogl T, Roth J, Tak PP, Holzinger D. MRP8/14 serum levels as a strong pre-
dictor of response to biological treatments in patients with rheumatoid
arthritis. Ann Rheum Dis. 2015,74(3):499-505.

. Foell D, Wittkowski H, Hammerschmidt |, Wulffraat N, Schmeling H, Frosch

M, Horneff G, Kuis W, Sorg C, Roth J. Monitoring neutrophil activation in
juvenile rheumatoid arthritis by STO0A12 serum concentrations. Arthritis
Rheum. 2004;50(4):1286-95.

. Aljaberi N, Tronconi E, Schulert G, Grom AA, Lovell DJ, Huggins JL,

Henrickson M, Brunner HI. The use of S100 proteins testing in juvenile
idiopathic arthritis and autoinflammatory diseases in a pediatric clinical
setting: a retrospective analysis. Pediatr Rheumatol Online J. 2020;18(1):7.

. Roth J, Goebeler M, van den Bos C, Sorg C. Expression of calcium-binding

proteins MRP8 and MRP14 is associated with distinct monocytic dif-
ferentiation pathways in HL-60 cells. Biochem Biophys Res Commun.
1993;191(2):565-70.

. Hammer HB, Fagerhol MK, Wien TN, Kvien TK. The soluble biomarker

calprotectin (an S100 protein) is associated to ultrasonographic synovitis
scores and is sensitive to change in patients with rheumatoid arthritis
treated with adalimumab. Arthritis Res Ther. 2011;13(5):R178.

. Nordal HH, Brun JG, Halse AK, Jonsson R, Fagerhol MK, Hammer HB.

The neutrophil protein STO0A12 is associated with a comprehensive
ultrasonographic synovitis score in a longitudinal study of patients with
rheumatoid arthritis treated with adalimumab. BMC Musculoskelet
Disord. 2014;15:335.

. Foell D, Kane D, Bresnihan B, Vogl T, Nacken W, Sorg C, FitzGerald O, Roth

J. Expression of the pro-inflammatory protein STO0A12 (EN-RAGE) in
rheumatoid and psoriatic arthritis. Rheumatology. 2003;42(11):1383-9.

. Moncrieffe H, Ursu S, Holzinger D, Patrick F, Kassoumeri L, Wade A, Roth

J, Wedderburn LR. A subgroup of juvenile idiopathic arthritis patients
who respond well to methotrexate are identified by the serum biomarker
MRP8/14 protein. Rheumatology (Oxford). 2013;52(8):1467-76.

Bagri NK, Karmakar S, Haldar P, Lodha R, Kabra SK. Role of serum MRP8/14
in predicting response to methotrexate in children with juvenile idi-
opathic arthritis. J Clin Rheumatol. 2021,27(8):e336-41.



Brunner et al. Arthritis Research & Therapy

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

(2024) 26:125

Gohar F, Anink J, Moncrieffe H, Van Suijlekom-Smit LWA, Prince FHM,
van Rossum MAJ, Dolman KM, Hoppenreijs E, Ten Cate R, Ursu S, et al.
ST00A12 is associated with response to therapy in juvenile idiopathic
arthritis. J Rheumatol. 2018;45(4):547-54.

Giannini EH, Ruperto N, Ravelli A, Lovell DJ, Felson DT, Martini A. Pre-
liminary definition of improvement in juvenile arthritis. Arthritis Rheum.
1997;40(7):1202-9.

Petty RE, Southwood TR, Manners P, Baum J, Glass DN, Goldenberg J, He
X, Maldonado-Cocco J, Orozco-Alcala J, Prieur AM, et al. International
League of Associations for Rheumatology classification of juvenile
idiopathic arthritis: second revision, Edmonton, 2001. J Rheumatol.
2004;31(2):390-2.

Ruperto N, Ravelli A, Pistorio A, Malattia C, Cavuto S, Gado-West L,
Tortorelli A, Landgraf JM, Singh G, Martin M, et al. Cross-cultural adapta-
tion and psychometric evaluation of the Childhood Health Assessment
Questionnaire (CHAQ) and the Child Health Questionnaire (CHQ) in 32
countries. Review of the general methodology. Clin Exp Rheumatol.
2001;19(4 Suppl 23):51-9.

Wallace CA, Giannini EH, Huang B, Itert L, Ruperto N. American College of
Rheumatology provisional criteria for defining clinical inactive disease in
select categories of juvenile idiopathic arthritis. Arthritis Care Res (Hobo-
ken). 2011,63(7):929-36.

Nordal EB, Zak M, Aalto K, Berntson L, Fasth A, Herlin T, Lahdenne P,
Nielsen S, Peltoniemi S, Straume B, et al. Validity and predictive ability of
the juvenile arthritis disease activity score based on CRP versus ESRin a
nordic population-based setting. Ann Rheum Dis. 2012;71(7):1122-7.
Consolaro A, Ruperto N, Bazso A, Pistorio A, Magni-Manzoni S, Filocamo
G, Malattia C, Viola S, Martini A, Ravelli A. Development and validation of
a composite disease activity score for juvenile idiopathic arthritis. Arthritis
Rheum. 2009;61(5):658-66.

Consolaro A, Ravelli A. Defining criteria for disease activity states in juve-
nile idiopathic arthritis. Oxford University Press; 2016.

Caruso JC, Cliff N. Empirical size, coverage, and power of confidence
intervals for Spearman’s rho. Educ Psychol Meas. 1997,57(4):637-54.
Gerss J, Roth J, Holzinger D, Ruperto N, Wittkowski H, Frosch M, Wulffraat
N, Wedderburn L, Stanevicha V, Mihaylova D, et al. Phagocyte-specific
S100 proteins and high-sensitivity C reactive protein as biomarkers for

a risk-adapted treatment to maintain remission in juvenile idiopathic
arthritis: a comparative study. Ann Rheum Dis. 2012;71(12):1991-7.
Rothmund F, Gerss J, Ruperto N, Dabritz J, Wittkowski H, Frosch M,
Waulffraat NM, Wedderburn LR, Holzinger D, Gohar F, et al. Validation of
relapse risk biomarkers for routine use in patients with juvenile idiopathic
arthritis. Arthritis Care Res (Hoboken). 2014;66(6):.949-55.

Hinze CH, Foell D, Johnson AL, Spalding SJ, Gottlieb BS, Morris PW, Kimura
Y, Onel K, Li SC, Grom AA, et al. Serum ST00A8/A9 and ST00A12 levels in
children with polyarticular forms of juvenile idiopathic arthritis: relation-
ship to maintenance of clinically inactive disease during anti-tumor
necrosis factor therapy and occurrence of disease flare after discontinua-
tion of therapy. Arthritis Rheumatol. 2019;71(3):451-9.

Foell D, Wulffraat N, Wedderburn LR, Wittkowski H, Frosch M, Gerss J,
Stanevicha V, Mihaylova D, Ferriani V, Tsakalidou FK, 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.

Gerss J, Tedy M, Klein A, Horneff G, Miranda-Garcia M, Kessel C, Holz-
inger D, Stanevica V, Swart JF, Cabral DA, et al. Prevention of disease
flares by risk-adapted stratification of therapy withdrawal in juvenile
idiopathic arthritis: results from the PREVENT-JIA trial. Ann Rheum Dis.
2022;81(7):.990-7.

Hinze T, Kessel C, Hinze CH, Seibert J, Gram H, Foell D. A dysregulated
interleukin-18-interferon-y-CXCL9 axis impacts treatment response to
canakinumab in systemic juvenile idiopathic arthritis. Rheumatology
(Oxford). 2021;60(11):5165-74.

La C, Le PQ, Ferster A, Goffin L, Spruyt D, Lauwerys B, Durez P, Boulanger
C, Sokolova T, Rasschaert J, et al. Serum calprotectin (ST00A8/A9): a
promising biomarker in diagnosis and follow-up in different subgroups of
juvenile idiopathic arthritis. RMD Open. 2021,7(2):e001646.

Ruperto N, Lovell DJ, Berman A, Anton J, Viola DO, Lauwerys B, Rama ME,
Bohnsack J, Breedt J, Fischbach M, et al. Abatacept as monotherapy and
in combination with methotrexate in patients with juvenile idiopathic
arthritis: analysis of 2 phase Ill trials. J Rheumatol. 2023;50(11):1471-80.

Page 12 of 12

38. World Medical Association Declaration of Helsinki. Recommendations
guiding physicians in biomedical research involving human subjects.
JAMA. 1997,277(11):925-6.

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



	S100 proteins as potential predictive biomarkers of abatacept response in polyarticular juvenile idiopathic arthritis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Patients and study design
	Outcome measures
	Biomarkers
	Statistical analysis

	Results
	Patient population
	Biomarker levels and their association with disease activity
	Prediction of response to abatacept treatment

	Discussion
	Acknowledgements
	References


