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Background: Juvenile idiopathic arthritis (JIA) is the most common chronic inflammatory
arthritis of childhood, characterized by various clinical phenotypes associated with variable
prognosis. Significant progress has been achieved with the use of biologic treatments,
which specifically block pro-inflammatory molecules involved in the disease pathogenesis.
The most commonly used biologics in JIA are monoclonal antibodies and recombinant
proteins targeting interleukins 1 (IL-1) and 6 (IL-6), and tumor necrosis factor α (TNF-α).
Several biomarkers have been investigated in JIA.

Aims: To assess the level of evidence available regarding the role of biomarkers in JIA
related to guiding clinical and therapeutic decisions, providing disease prognostic
information, facilitating disease activity monitoring and assessing biologic treatment
response in JIA, as well as propose new strategies for biologic therapy-related
biomarker use in JIA.

Methods: We searched PubMed for relevant literature using predefined key words
corresponding to several categories of biomarkers to assess their role in predicting
and assessing biologic treatment response and clinical remission in JIA.

Results: We reviewed serological, cellular, genetic, transcriptomic and imaging
biomarkers, to identify candidates that are both well-established and widely used, as
well as newly investigated in JIA on biologic therapy. We evaluated their role in
management of JIA as well as identified the unmet needs for new biomarker discovery
and better clinical applications.

Conclusion: Although there are no ideal biomarkers in JIA, we identified serological
biomarkers with potential clinical utility. We propose strategies of combining biomarkers of
response to biologics in JIA, as well as routine implementation of clinically acceptable
imaging biomarkers for improved disease assessment performance.
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INTRODUCTION

Juvenile idiopathic arthritis (JIA) is a heterogeneous group of
diseases, with onset before the age of 16. JIA has been divided into
seven subtypes with distinct clinical presentations, according to
the International League of Associations for Rheumatology
(ILAR) classification criteria (Petty et al., 1998). More
specifically, the categories are systemic-onset JIA (SJIA),
persistent or extended oligoarticular JIA, polyarticular
rheumatoid factor (RF) positive and polyarticular RF negative
JIA, enthesitis-related arthritis (ERA), psoriatic arthritis (PsA)
and undifferentiated arthritis. There is a variety of composite
scores and outcomes to quantify and monitor the disease activity
in JIA (McErlane et al., 2013). The Juvenile Arthritis Disease
Activity Score (JADAS) is a composite score consisted of the
physician and patient/guardian global assessment (visual
analogue scale 0–10 cm), the number of active joints and the
normalized values of C-reactive protein (CRP) or erythrocyte
sediment ratio (ESR) out of 10 (Consolaro et al., 2016). The
American College of Rheumatology (ACR) Pediatric response
criteria (ACR Pedi 30/50/70 and 90) evaluate 30, 50, 70, and 90%
improvement in response to treatment, respectively (Giannini
et al., 1997; Ruperto et al., 1998). They include two additional core
outcome variables to JADAS: the number of limited joints and
functional ability, measured by the Childhood Health Assessment
Questionnaire (CHAQ). There are established definitions for
inactive disease, clinical remission on treatment (inactive
disease for ≥6 months) and off treatment (inactive disease for
≥12 months) (Wallace et al., 2004), as well as for flares (Brunner
et al., 2002). However, these definitions do not work equally well
for all JIA subtypes because of the heterogeneity of patients’
clinical presentation, and alternative definitions have surfaced
and used as outcomes in research studies (Heiligenhaus et al.,
2012; Consolaro et al., 2016; Zanwar et al., 2018).

The emergence of biologic treatments has changed the
prognosis for many JIA patients, whose condition did not
improve adequately on conventional synthetic disease
modifying anti-rheumatic drugs (csDMARDs), mainly
methotrexate, or experienced side effects because of them.
TNF-α inhibitors, such as etanercept (human dimeric fusion
protein which functions as a decoy receptor and binds to
soluble TNF-α), adalimumab (human monoclonal antibody
-mAb- which binds with high affinity both soluble and
membrane-bound TNF-α) and infliximab (chimeric mAb
which blocks both soluble and trans-membrane TNF-α) are
widely used in JIA. In fact, etanercept is one of the most
frequently prescribed biologics for JIA in many countries,
including the United Kingdom (Geikowski et al., 2014;
Kearsley-Fleet et al., 2020). Other biologics include tocilizumab
(humanized mAb which blocks both soluble and trans-
membrane IL-6), anakinra (human IL-1 receptor agonist
which blocks IL-1 type 1 receptor) and canakinumab (human
mAb against IL-1β), abatacept (human cytotoxic T-lymphocyte-
associated protein 4 immunoglobulin fusion protein, acting as
T-cell co-stimulatory blockade) and rituximab, a chimeric anti-
CD20 mAb causing B-cell depletion. The efficacy of biologics
varies depending on the disease subtype, although there is lack of

head-to-head clinical trials between different biologics (Davies
et al., 2017). Despite the positive short-term outcomes in
numerous studies (Ungar et al., 2013), many patients switch
biologics due to primary inefficacy, loss of response or adverse
effects. Data from biologic registries in the United Kingdom,
suggest that 23% of patients receive at least two biologic drugs, 5%
at least three and 1% four or more biologic drugs within a median
observational period of 2.2 years (Kearsley-Fleet et al., 2020). The
retention rate of biologics declines with time, from 92.9% in the
first year of treatment to 68.1% at 4 years, according to a
Portuguese registry (Mourao et al., 2016). About one third of
JIA patients retained their first anti-TNF treatment in 10 years,
according to a local registry (Favalli et al., 2017). In addition,
tapering or discontinuation of biologic treatment is a reasonable
option in the context of clinical remission. Unfortunately, in
many cases treatment requires to be resumed, due to worsening
disease control. Therefore, there is a great need for biomarkers to
guide clinical decisions, such as commencing, switching or
tapering biologic DMARDs (bDMARDs).

Biomarkers are characteristics that are objectively measured
and indicate the presence or severity of a disease state.
Therapeutic biomarkers reflect biological, pathogenic or
pharmacologic processes as indicators of a therapeutic effect,
whilst surrogate markers are biomarkers that serve as a substitute
for a clinically meaningful endpoint and can provide evidence to
help predict the effect of a therapeutic intervention (Hunter et al.,
2010). In this review, we present the results of a comprehensive
search of the literature via PubMed in order to identify clinical,
serological, genetic, cellular and imaging biomarkers which can
assist clinicians in their efforts to personalize bDMARDs
prescription and adjust treatment strategies for JIA patients in
a judicious manner. As the largest body of evidence regarding
potential biomarker utility is related to treatment with etanercept
in JIA, and SJIA represents the most severe JIA phenotype, we will
be dedicating particular attention to studies investigating this
specific treatment and disease type.

BASELINE CLINICAL CHARACTERISTICS
OF JIA AS PREDICTORS OF RESPONSE TO
BIOLOGIC TREATMENTS
There have been multiple studies, comprising large number of
patients, which assessed the baseline characteristics as predictors
of response to etanercept, which has been one of the best studied
biologic treatments in JIA (Table 1). Various patient
characteristics, such as lower CHAQ scores reflecting better
functional levels (Otten et al., 2011a; Geikowski et al., 2014;
Kearsley-Fleet et al., 2016), lack of concurrent steroid treatment
(Geikowski et al., 2014; Kearsley-Fleet et al., 2016) and younger
age (Solari et al., 2013; Geikowski et al., 2014; Kearsley-Fleet et al.,
2016) appeared to be favourable characteristics for successful
treatment with etanercept. Patients with SJIA were less likely to
have a positive response to etanercept, compared to other JIA
types (Otten et al., 2011a; Geikowski et al., 2014), whereas the
persistent oligoarticular type was associated with the highest
response rate to etanercept (Alexeeva et al., 2017).
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Interestingly, shorter disease duration was a positive predictor of
therapeutic benefit (Kearsley-Fleet et al., 2016; Mo et al., 2020) in
contrast to the number of DMARDs used before the initiation of
etanercept treatment, which was associated negatively with
treatment response (Otten et al., 2011a). Taken together, these
findings support the use of etanercept early in the disease course
for non-systemic JIA.

Data from 62 polyarticular JIA patients who completed a long
extension clinical trial of adalimumab, suggested that the
achievement of JADAS-27 (assessing 27 joints) clinical
remission was more likely in early responders, who met either
the ACR Pedi 50 or above response criteria or JADAS-27
threshold for inactive or low disease activity at 4, 8, 12 and
16 weeks (Lovell et al., 2020). Patients with ERA who had raised
body mass index (BMI) were less likely to achieve inactive disease
after 1 year irrespective of treatments, including biological agents;
19/72 of ERA patients were on anti-TNF treatment (Makay et al.,
2016).

THERAPEUTIC DRUG MONITORING AND
ANTI-DRUG ANTIBODIES AS
BIOMARKERS OF EFFICACY AND
TOXICITY OF BIOLOGIC TREATMENTS
IN JIA

The clinical utility of TDM and measurement of ADA has been
investigated intensively in patients with inflammatory bowel
disease (IBD), predominantly in relation to infliximab and
adalimumab (Papamichael et al., 2019). Monitoring of trough
concentrations and ADA can be 1) proactive, in order to titrate
dosing, with a view to improving clinical outcomes and drug
survival, or 2) reactive, to guide decisions upon the emergence of
secondary loss of response (SLR). For example, a retrospective
study in ulcerative colitis showed that patients who developed
SLR on adalimumab or infliximab, despite adequate trough levels,
had longer duration of response when switched to a different class

TABLE 1 | Baseline clinical, serological and therapeutic characteristics as predictors of response to etanercept in JIA.

Ref. Study design N
patients

Results

Geikowski et al. (2014) Prospective observational multi-
centre

863 Baseline predictors of ACR Pedi 70 after 6 months of treatment were:
• High ESR (OR 1.02; 95% CI 1.01, 1.03)
• Lower CHAQ-DI (OR 0.70; 95% CI 0.56, 0.88)
• Lower age at start of treatment (OR 0.94; 95% CI 0.91, 0.98)
• Treatment without corticosteroids (OR 0.68; 95% CI 0.49, 0.94)
• Any JIA type other than SJIA (OR 0.28; 95% CI 0.16, 0.52), model AUC 0.646

Kearsley-Fleet et al.
(2016)

Prospective observational multi-
centre

496 Baseline predictors of ACR Pedi 90 after 1 year of treatment were:
• Shorter disease duration (OR 0.91; 95% CI 0.85, 0.97)
• Lack of concurrent steroid treatment (OR 0.57; 95% CI 0.35, 0.93)
• History of chronic anterior uveitis (OR 2.26; 95% CI 1.08, 4.71)

Otten et al. (2011a) Prospective observational multi-
centre

262 Baseline predictors of excellent response, compared to intermediate or poor response* after
15 months of treatment were:
• Lower CHAQ score (OR 0.49; 95% CI, 0.33–0.74),
• Low number of DMARDs (including methotrexate) used before introduction of ETN (OR 0.64;
95% CI, 0.43–0.95),

• Younger age of disease onset (OR 0.92; 95% CI, 0.84–0.99).
Mo et al. (2020) Retrospective single-centre 87 A machine learning model to predict response (AUC 79.17%) included:

• Tender joint count
• Time interval (disease onset to treatment initiation),
• Lymphocyte count
•Weight

Solari et al. (2013) Retrospective single-centre 173 Predictors of inactive disease were:
• Age at disease onset<3.6 years [HR 1.61 (1.04–2.49)]
• Absence of wrist involvement [HR 2.19 (1.38–3.48)]

Alexeeva et al. (2017) Prospective open-label 197 Clinical phenotype predicted response:
• More patients with persistent oligoarticular (65.5%) vs. RF negative polyarticular (23.4%) or
ERA (38.5%) achieved an excellent response to treatment at 1 year.

Su et al. (2017) Retrospective single-centre 58 CID at 6 months post-treatment was not predicted by:
• Age of disease onset
• Gender
• JIA subtypes (only extended oligoarticular, polyarticular, SJIA included)
• Number of active joints at disease onset
• Duration from disease onset to starting treatment
• ESR, CRP, and CHAQ scores.
No difference in IL- 12p70, TNF-α, IL-10, IL-6, and IL-1β levels before and 6 months post ETN
treatment, between the patients who achieved or not CID at 6 months

ACR, American college of rheumatology; AUC, area under the curve; CHAQ-DI, childhood health assessment questionnaire disability index; CI, confidence interval; CID, clinically inactive
disease; CRP, c-reactive protein; DAS, disease activity score; DMARDs, disease modifying anti-rheumatic drugs; ESR, erythrocyte sediment ratio; ETN, etanercept; ERA, enthesitis-
related arthritis; HR, hazard ratio; (95% confidence interval); IL, interleukin; ILAR, International League of Associations for Rheumatology; JADAS, juvenile arthritis disease activity score; JIA,
juvenile idiopathic arthritis; OR, odds ratio; Pedi, pediatric; RF, rheumatoid factor; TNF, tumor necrosis factor.
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of biologics compared to receiving a different anti-TNF-α agent
(Yanai et al., 2015).

The formation of ADA is documented with all the licensed
biologic treatments in JIA. However, the relation between ADA
and treatment failure or adverse effects, the persistent or transient
nature of ADA, as well as their prevalence in relation to treatment
duration, vary across the different biologics (Doeleman et al.,
2019). For instance, antibodies against etanercept, abatacept and
canakinumab are non-neutralizing and are not linked with loss of
efficacy (Mori et al., 2012; Sun et al., 2016; Doeleman et al., 2019;
Verstegen et al., 2020). Similarly, despite the increased prevalence
of ADA in patients treated with anakinra (82% at 12 months), the
majority of patients develop non-neutralizing antibodies and do
not lose treatment response (Lovell et al., 2000; Ilowite et al.,
2009). In comparison, adalimumab and infliximab ADA are
associated with reduced trough levels and loss of efficacy
(Ruperto et al., 2010; Skrabl-Baumgartner et al., 2015; Marino
et al., 2018; Brunelli et al., 2020). Although the prevalence of
tocilizumab ADA is low in JIA, 43% of patients with neutralizing
ADA experienced treatment failure compared with 6% of JIA
patients with no detectable ADA (Brunner et al., 2015).
Concomitant use of methotrexate has a protective role against
the development of adalimumab ADA [risk ratio 0.33; 95%
Confidence interval (95% CI) 0.21, 0.52] (Doeleman et al.,
2019). The above findings regarding adalimumab were also
reported in relation to patients receiving this drug for JIA-
associated uveitis (Skrabl-Baumgartner et al., 2019). In
addition, the risk of infusion reactions in patients treated with
tocilizumab, infliximab or rilonacept increased in the presence of
ADA (Ruperto et al., 2007; Lovell et al., 2013; Yokota et al., 2014).

In conclusion, there is a potential clinical role of monitoring
ADA and trough concentrations, especially in patients receiving
adalimumab and infliximab monotherapy (Doeleman et al.,
2019). However, detecting biologic drug trough levels is not
always practical, especially for patients who self-administer
their medication subcutaneously as their blood tests should be
coordinated prior to their next dose administration. Moreover,
establishing concentration thresholds for therapeutic benefit is
challenging, because results are likely to vary depending on the
selected assays, clinical endpoints, or even type of JIA.

POTENTIAL ROLE OF MEASURING
PROINFLAMMATORY PROTEINS IN
SERUM AS BIOMARKERS OF
THERAPEUTIC RESPONSE TO BIOLOGIC
TREATMENTS IN JIA

The myeloid-related S100 proteins (lowmolecule proteins named
S100 as they are soluble in 100%, i.e., saturated, ammonium
sulfate at neutral pH): S100A12 and the S100A8/S100A9 complex
(also known as myeloid-related protein 8/14–MRP8/14 or
calprotectin) are proinflammatory proteins secreted by
myeloid cells. This family of proteins have been widely
investigated in the rheumatological field and have shown
significant utility as biomarkers to predict disease severity,

response to treatment and disease flare in conditions including
rheumatoid arthritis (RA), systemic lupus erythematosus (SLE)
and JIA (Soyfoo et al., 2009; Nordal et al., 2016). Their efficacy as
potential biomarkers for response to treatment in JIA was initially
investigated in patients treated with methotrexate monotherapy.
A prospective study of 87 patients, with all types of JIA
represented, demonstrated that patients with higher MRP8/14
levels before initiating methotrexate were more likely to have a
better response from treatment at 6-months follow-up
(Moncrieffe et al., 2013). Similarly, a multi-centre study,
including 88 patients from three national biologic registries
who received etanercept or adalimumab as their first biologic
treatment, showed that baseline MRP8/14 levels were
significantly higher in responders compared to non-responders
(Anink et al., 2015). Treatment response was defined as achieving
at least ACRPedi50 response within 6 months of treatment.
Levels above 1,193 ng/ml predicted treatment efficacy of anti-
TNF biologic with 66% sensitivity, 81% specificity and an area
under the curve (AUC) of 0.76. Furthermore, there was a greater
reduction in the levels of MRP8/14 in patients who achieved
inactive disease vs. those who did not. In the same patient cohort,
S100A12 baseline levels were also higher in patients who met the
treatment response criteria (Gohar et al., 2018). A concentration
above 213 ng/ml predicted aminimumACRPedi50 response with
58.6% sensitivity and 80.6% specificity (AUC � 0.734). Moreover,
the mean S100A12 levels decreased significantly after 4 weeks of
etanercept treatment in 21 patients with polyarticular and
oligoarticular JIA (Foell et al., 2004). When tested alone or
incorporated into multivariate models, S100A8/S100A9
proteins have shown higher predictive power when
determining treatment response than clinical variables such as
ESR or CRP (42, 44). However recently, a Dutch study involving
123 patients with early non-systemic JIA, mostly RF negative
polyarticular subtype, reported no difference in baseline MRP8/
14 levels between responders (patients who achieved at least a
ACRPedi50 response) and non-responders, though patients in
this study received different DMARDs (Barendregt et al., 2020).
Another observational study which measured the baseline levels
ofMRP8/14 in 152 non-systemic JIA patients before starting anti-
TNF treatment, demonstrated that patients who reached inactive
disease at 12 months had higher levels compared to patients who
did not (Alberdi-Saugstrup et al., 2017). However, a cut-off
concentration of 500 ng/ml was associated with very low
sensitivity of predicting inactive disease and discontinuation
due to lack of efficacy (22 and 39% respectively), with
specificities of 80 and 83% respectively. At the same time, the
selected cut-off level could not predict treatment response based
on any of the ACR Pedi criteria.

Long-lasting efficacy is a desirable outcome of biologic
treatment in JIA. A potentially promising biomarker for long-
term retention of treatment with etanercept is the change in TNF-
α levels, as documented in a cohort of 41 non-systemic JIA patients
with a median follow-up of 90 months (Kahn et al., 2016). Patients
who experienced benefit and remained on treatment had more
increase in their TNF-α levels at 6 weeks post-treatment onset than
those who did not. TNF-α was detected in serum as complexes
between etanercept (acting as decoy TNF-α receptor) and soluble
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TNF-α. This might not apply to other anti-TNF agents, as another
study found that TNF-α and interleukin-17 (IL-17) levels during
the first 6 months of treatment were significantly higher amongst
JIA patients treated successfully with etanercept (n � 6) compared
to adalimumab (n � 7) (Walters et al., 2016).

CELL BIOMARKERS AS PREDICTORS OF
RESPONSE TO BIOLOGIC TREATMENT

In RA, there is evidence of an increased percentage of regulatory
T-cells (Treg) in responders to adalimumab compared to non-
responders, therefore the Treg subpopulation has been
suggested as a potential biomarker of response (McGovern
et al., 2012; Nguyen et al., 2018). A study in polyarticular
JIA, including 30 patients treated with etanercept,
methotrexate and prednisolone, explored the different Treg
subsets in patients with active vs. inactive disease status and
found that patients with active disease had a higher percentage
of human leukocyte antigen-D related (HLA-DR) + Treg cells
compared to patients with inactive disease (Rossetti et al., 2017).
Interestingly, these Treg clonotypes were more closely related to
synovial rather than circulating Treg cells and remained
suppressive. Moreover, polyarticular and oligoarticular JIA
patients on remission were found to have a significantly
lower increase in the percentage of switched memory B-cells
compared to active patients, during treatment with TNF
inhibitors and methotrexate. On the other hand, patients on
methotrexate alone had a similar rise in the frequency of this cell
subset, irrespective of disease activity (Marasco et al., 2018),
suggesting that switched memory B-cells could be a potential
biomarker of response to biologic treatment in JIA.

GENETIC AND TRANSCRIPTOMIC
BIOMARKERS OF RESPONSE TO
BIOLOGIC TREATMENT IN JIA
Various genetic biomarkers have been investigated to assess their
potential as predictor biomarkers of clinical response in JIA, with
the majority of studies focused on response to methotrexate
treatment as first line therapy in JIA (Hinks et al., 2011;
Ramsey et al., 2019). Human leukocyte antigen B27 (HLA-
B27) positivity in JIA patients was associated with double the
odds of not being in clinical remission of treatment at the end of
8 years follow-up irrespective of treatment (Berntson et al., 2013).
Despite previous studies identifying numerous single nucleotide
polymorphisms (SNPs) at distinct loci associated with systemic
JIA, only the high expression of IL1RN (the gene encoding IL1
receptor antagonist) alleles correlated strongly with lack of
response to anakinra therapy (Arthur et al., 2018).

Analysis of gene expression profiles from SJIA achieving the
adapted ACR JIA response criteria following initiation of
treatment with canakinumab (including IL-1β, IL-1 receptors
(IL1-R1 and IL1-R2), IL-1 receptor accessory protein (IL1-RAP),
and IL-6) found the strongest clinical response was observed in
patients with higher baseline expression of dysregulated genes

and a strong early transcriptional response (Brachat et al., 2017).
This suggests that successful treatment with canakinumab led to
downregulation of innate immune response genes.

However, gene transcriptional profiling of peripheral blood
mononuclear cells (PBMCs) of patients with polyarticular JIA
with active disease vs. remission (on methotrexate monotherapy
or methotrexate combined with biologic treatment) revealed
underlying biologic differences which seem to represent a
disease signature, as even JIA patients with well controlled
disease had persistent transcriptomic differences compared to
healthy children (Knowlton et al., 2009; Moncrieffe et al., 2010).
The hepatocyte nuclear factor 4 alpha (HNF4α), which is
expressed by T cells and granulocytes, emerged in another
study as a key factor in controlling genes associated with JIA
remission on treatment (including biologic therapies) (Jiang et al.,
2013).

IMAGING BIOMARKERS OF RESPONSE TO
BIOLOGIC TREATMENTS

Imaging is most commonly used to confirm diagnosis, evaluate
disease activity and response to therapy (Magni-Manzoni et al.,
2009; Muller et al., 2009; Rebollo-Polo et al., 2011; Brown et al.,
2012; Bugni Miotto e Silva et al., 2014). There is very little
published on the use of imaging biomarkers to predict
response and outcome of therapy. Ultrasound and magnetic
resonance imaging (MRI) are the most commonly used
imaging modalities/biomarkers to assess disease as they are
sensitive to identifying inflammation and use non-ionizing
radiation.

As far as ultrasound is concerned, one study with 42 JIA
patients used a comprehensive (44-joint) power Doppler
ultrasound (PDUS) assessment at 0, 3 and 6 months of
starting additional DMARD or biologic treatment, in order to
measure treatment response. A reduced 10-joint PDUS was
deducted and found to have good sensitivity to change at
6 months of treatment (Collado et al., 2013). Another
prospective study reported that the number of ultrasound
positive joints (out of 28) decreased significantly after
24 weeks treatment with etanercept. The same study concluded
that a higher number of ultrasound positive joints at baseline was
seen in patients who achieved ACRPedi50 response compared to
patients who did not, and that it was an independent predictive
factor of response (odds ratio –OR � 1.438, 95% CI: 1.091–1.897)
(Zhou and Gu, 2019). On the other hand, there are conflicting
results as to whether positive ultrasound findings in JIA patients
with inactive disease can predict flares, although it should be
noted that a minority of patients were on biologic treatment in
these studies (Magni-Manzoni et al., 2013; Miotto et al., 2017; De
Lucia et al., 2018; Zhao et al., 2018).

Conventional MRI has been used in clinical trials to assess
treatment response in RA (Woodworth et al., 2017), psoriatic
arthritis (NCT03783026) and axial spondyloarthritis (van der
Heijde et al., 2018). More specifically, the Outcome Measures in
Rheumatology Clinical Trial (OMERACT) RA MRI score
(RAMRIS), which evaluates the wrist and second to fifth
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metacarpophalangeal joints for osteitis, synovitis, erosions and
joint space narrowing, is a valid biomarker in RA. It has
demonstrated responsiveness, as early as 2 weeks post
treatment (Conaghan et al., 2014) and is predictive of
radiographic progression (Baker et al., 2014; Conaghan et al.,
2014; Conaghan et al., 2019).

In a similar way, the Juvenile Arthritis Magnetic Resonance
Imaging Score (JAMRIS) derives from MRI knee examination.
Synovial hypertrophy, a component of the score, changed
significantly in 15 consecutive JIA patients who were treated
for 12 months with DMARDs and/or TNF-α blockers (Hemke
et al., 2013). The Spondyloarthritis Research Consortium of
Canada (SPARCC) scoring system for the assessment of
sacroiliac joints has also been evaluated in juvenile
spondyloarthritis; the standardized response mean calculated
from paired MRI examinations before and after treatment (18/
35 on biologic treatment) was moderate (Panwar et al., 2019).
Moreover, a retrospective analysis of serial MRI scans of the
sacroiliac joints in ERA patients, before and after initiation of
TNF inhibitors, using again the SPARCC score, showed reduction
of inflammation after treatment, but progression of structural
damage (Bray et al., 2019). In addition to the aforementioned
semi-quantitative scores, apparent diffusion coefficient (ADC) is
a potential quantitative MRI biomarker for sacroiliitis (Vendhan
et al., 2016). A study in patients with ERA treated with biologics
showed that the reduction in ADC values after biologic treatment
was greater in responders vs. non-responders (Bray et al., 2017).

There are inherent limitations in the usefulness of semi-
quantitative scores as biomarkers of treatment response. The
main drawback of ultrasound and MRI derived inflammation
scores is that they are based on subjective interpretation of images
by radiologists, which introduces bias and measurement error.
This is more complicated when children are assessed, as the
distinction between true inflammation and skeletal immaturity is
challenging. On the other hand, quantitative imaging biomarkers
are less operator-dependent and therefore have better
reproducibility. Importantly, they offer a numerical value to
facilitate comparison between serial scans. Although further
work is needed for the technical and clinical validation of such
biomarkers (Barendregt et al., 2019; Hall-Craggs et al., 2019;
European Society of Radiology, 2020), they provide an
opportunity for more robust measurement of treatment
response and the ability to establish thresholds that guide
clinical treatment.

VARIOUS PREDICTOR BIOMARKERS FOR
SUCCESSFUL WITHDRAWAL OF
BIOLOGICS TREATMENT IN JIA
The ultimate goal for patients with JIA, as with other chronic
diseases, is to achieve remission off medications, with obvious
benefits for the patient as well as society, through improved
productivity and reduced costs of health care. A systematic review
of treatment withdrawal in JIA patients in remission described
that the frequency of flares ranged from 30 to 100% in different
studies (Halyabar et al., 2019). Data from a Canadian inception

cohort showed that the probability of flare (defined as no longer
fulfilling the criteria of inactive disease) within 12 months of
attaining inactive disease was 42.5% and that of requiring
treatment intensification was 26.6% (Guzman et al., 2016).
After treatment withdrawal the corresponding numbers were
31.7 and 25%, although specifically for SJIA the risks were
significantly lower, 6.2 and 3%, respectively. The identified risk
factors for flares were RF positive polyarthritis, positive
antinuclear antibodies (ANA) and features of severe disease
before achieving inactive disease status, such as joint count
over four or use of biologic treatment. In terms of long-term
prognosis, results from the Nordic JIA study, an inception cohort
study, suggested that only 32.8% (108/329) of participants
achieved clinical remission (CR) defined as inactive disease
without medications for 12 months, after 18 years of follow-up
(Glerup et al., 2020). Patients with persistent oligoarticular and
systemic-onset JIA achieved CR at the highest rate (54.2 and
53.8% respectively), in contrast to ERA, where only 8.1% of
patients were successful. The systemic-onset category
demonstrated also the highest probability of maintaining
remission off biologic treatment, in comparison with other
categories, in a multi-centre retrospective analysis (Simonini
et al., 2018). In terms of the polyarticular JIA phenotype, a
prospective study revealed that a significantly higher
proportion of patients with RF positive polyarticular disease
(7/17 or 40%) on anti-TNF therapy failed to maintain
clinically inactive disease (CID) at 6 months, compared to
patients with extended oligoarticular (1/18 or 6%) and RF
negative polyarticular JIA (19/102 or 18%) (Lovell et al.,
2018). Out of 107 patients who remained inactive for
6 months, 67 (63%) flared within 8 months of discontinuation
of the biologic. Older age at disease onset, (hazard ratio–HR 0.92;
95%-CI 0.85–0.99), shorter disease duration (HR 1.12;
1.04–1.21), shorter duration from disease onset to achieving
CID (HR 1.1; 95% CI 1.01–1.20) and shorter CID duration
prior to discontinuation of biologic therapy (HR 1.16; 95%
1.01, 1.33) were associated with a reduced likelihood of flaring.
In a retrospective analysis which included only RF negative
polyarticular and oligoarticular JIA types, positive ANA, male
sex and raised CRP were identified as risk factors for flaring after
discontinuation of etanercept, but could account only for 14% of
the variability of the prediction (Aquilani et al., 2018). Shorter
duration of etanercept treatment (6.1 vs. 15.8 months) before
discontinuation and faster attainment of CID were recorded in
patients who did not relapse after discontinuation of etanercept,
compared to relapsers (Su et al., 2017). However, data from the
Dutch Arthritis and Biologicals in Children (ABC) registry
depicted the opposite association, which is that shorter
duration of treatment (28.6 vs. 45 months) was recorded in
the 15/39 patients who flared after stopping etanercept
treatment as in remission (Otten et al., 2011a). In addition,
data from a German biologic registry, showed that 11.7% of
patients achieved drug-free remission at a mean follow-up of
9.1 years (Minden et al., 2019). In this study, they discovered that
patients who initiated biologic treatment (etanercept in 91%
cases) within 2 years of disease onset had higher chance of
achieving remission off drugs (defined as clinical JADAS-10
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score, assessing up to 10 active joints ≤1) at last follow-up,
compared to others who started treatment between 2 and
5 years (OR: 0.28; 95% CI 0.12–0.64) or after 5 years (OR:
0.12; 95% CI 0.05–0.27) of disease onset. The researchers also
demonstrated that earlier biologic treatment (<2 years) was
associated with a higher proportion of patients with no
functional limitations and optimal well-being in young
adulthood compared to late treatment (>5 years). Furthermore,
shorter disease duration (0.5 vs. 1.1 years) was associated with a
successful gradual discontinuation of adalimumab in 29/35
patients with ERA, who had attained inactive disease and been
on treatment for at least 2 years (Papailiou S et al., 2020). In
contrast to the hopeful results of this retrospective study, data
from the ABC registry revealed that despite the high rates of good
response to etanercept in psoriatic JIA patients, 5/6 patients who
ceased treatment at 22 months flared at a median of 2 months
(Otten et al., 2011b). Finally, longer retention of the first biologic,
as well as increased frequency of treatment suspension due to
remission was observed in patients aged less than 16 years at the
initiation of biologic therapy, as per data from a Spanish biologic
registry (Bethencourt Baute et al., 2018).

As far as laboratory markers are concerned, the S100 proteins
have been reported to not only predict response to biologic
treatment, but also the risk of flaring post methotrexate and
biologic treatment withdrawal (Foell et al., 2010; Anink et al.,
2015). MRP8/14 above 720 ng/ml predicted flares within 6 months
of discontinuation of etanercept in 26 patients with non-systemic
JIA with an AUC of 0.75 (Anink et al., 2015). Moreover, higher
levels of vascular endothelial growth factor (VEGF) and S100A12
were found in 9/22 of patients who relapsed after achieving
remission, defined as absence of arthritic findings, disease
activity score assessing 28 joints in RA (DAS-28) < 2.6, low
CRP and matrix metalloproteinase-3 (MMP-3), on methotrexate
and/or biologic treatment (Yamasaki et al., 2016).More specifically,
S100A12 > 177 ng/ml and VEGF >158 pg/ml predicted relapse
with 92.3 and 76.9% sensitivity, respectively and 77.8% specificity
for both markers. Furthermore, raised levels of S100A12 during
inactive disease was found to predict relapse with an AUC of 0.77
(Foell et al., 2004). On the other hand, two subsequent studies did
not replicate these findings. In the first study,MRP8/14 or S100A12
were not significantly different between 39 patients with extended
oligoarticular of polyarticular disease who flared within 8 months
of anti-TNF treatment withdrawal and 67 patients who remained
clinically inactive off biologic treatment (Hinze et al., 2019). In the
other study, MRP8/14 was tested in two cohorts of non-systemic
JIA patients, including 88 patients (27 on anti-TNF treatment) with
inactive disease after 12 months of treatment (Barendregt et al.,
2020). Levels of MRP8/14 did not predict the development of joint
inflammation defined as an active joint count ≥1 at 6 or 12months
post treatment cessation on either cohort. A summary of evidence
regarding MRP8/14 in non-systemic JIA created by the authors of
the last study uncovered the discrepancies that exist between the
published predictive models, which might be explained by the
inconsistent definition of outcomes, dissimilar representation of
JIA subtypes and treatments, as well as different assays used to
measure serological biomarkers (Barendregt et al., 2020). With
regards to systemic-onset JIA subtype, a study with 15 patients who

stopped anakinra treatment after achieving an adapted ACRPedi90
response at 3 months, demonstrated that S100A12 levels were
significantly raised in eight patients who relapsed later (Vastert
et al., 2014). There is also limited evidence that higher MRP8/14
levels can predict relapse after anakinra withdrawal, based on two
patients flaring and two who remaining inactive (Holzinger et al.,
2012). Levels of the autoantibody targeting the oncoprotein DEK
(anti-DEK) were found to be significantly elevated in 30 patients
with polyarticular JIA who flared within 8 months after ceasing
anti-TNF treatment, compared to 59 patients who did not flare.
The difference in the anti-DEK levels between the groups was
significant based on samples taken after patients flared, whilst anti-
DEK levels at the time of discontinuation could not predict the
outcome (Mor-Vaknin et al., 2018). Finally, an increased
population frequency of an inflammatory CD4 memory subset
(CD3+CD4+CD45RA−TNFα+) predicted relapse at 8 months after
discontinuation of biologic therapy (AUC � 0.939) in polyarticular
JIA patients with inactive disease prior to treatment cessation
(Leong et al., 2019).

POTENTIAL CLINICAL USE OF BIOLOGIC
TREATMENT-RELATED BIOMARKERS IN
SJIA
Biologic treatments have improved significantly the outcomes in
SJIA. Controlling disease activity in SJIA is especially important, as
active disease is associated with a higher risk for development of
macrophage activation syndrome (MAS), which is a life-threatening
complication. The treatment choices include the use of non-steroidal
anti-inflammatory drugs (NSAIDs), glucocorticoids, methotrexate,
anakinra, canakinumab, tocilizumab andTNFα blockers. There is no
consensus on the treatment strategy, although anakinra is the
biologic of choice when there are features of MAS (Ringold et al.,
2013; Specialised Commissioning Team, 2015). Therefore,
biomarkers predictive of response are needed to inform treatment
decisions, in order to reduce the risk of complications related to the
disease, but also diminish drug-related toxicity, particularly from
steroids.

Several studies have reported clinical and laboratory
findings that are associated with the achievement of inactive
disease, the majority of them concerning therapy with
anakinra (Table 2). Several biomarkers have been identified
as useful in predicting the response to treatment with anakinra:
early initiation of treatment increased the odds of achieving
inactive disease and high neutrophil count at baseline was
associated with good clinical response, whereas increased
number of active joints at baseline was a negative
prognostic factor for clinical improvement on treatment.
Early treatment response appears to predict long-term
response to both IL-1 and IL-6 blockers.

The proinflammatory proteins MRP8/14 and S100A12 can be
useful as diagnostic and therapeutic prognostic: both markers rise
in active disease. The diagnostic accuracy of MRP8/14 exceeded
the accuracy of established inflammatory markers such as CRP
and ESR (Holzinger et al., 2012), whereas S100A12 can help
differentiate between SJIA and other causes of systemic
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inflammation (Wittkowski et al., 2008). Moreover, their values
decreased sharply in patients who displayed significant clinical
improvement with treatment, such as fulfilling the ACRPedi90
criteria of response or the Wallace criteria of inactive disease
(Holzinger et al., 2012; Vastert et al., 2014). Importantly, low
levels during inactive disease were associated with successful
tapering of anakinra, whilst levels of MRP8/14 above a cut-off
were predictive of relapse (based on limited number of patients)
(Holzinger et al., 2012; Vastert et al., 2014).

DISCUSSION

There have been previous reviews exploring the broad subject of
biomarker identification in JIA (Consolaro et al., 2015; Gohar
et al., 2016; Shoop-Worrall et al., 2019). This review exposed a
diverse group of potential biomarkers, including inherent patient
characteristics, clinical, laboratory, genetic, transcriptomic and
imaging features, which are associated with short-term and

long-term therapeutic goals, such as the attainment of inactive
disease on biologic treatment and the sustainment of clinical
remission after treatment withdrawal.

The JIA clinical phenotype, as defined by the ILAR
classification is an important prognostic factor for long-
term disease outcome as patients with persistent
oligoarticular and systemic JIA subtypes are more likely to
achieve remission without medications. However, JIA
phenotype also influenced the response to biologic
treatment as patients with persistent oligoarticular JIA had
a higher chance to respond to etanercept than patients with
polyarticular subtypes, whereas RF positive polyarticular
category was associated with a higher risk of flares on anti-
TNF treatment. As discussed above, longer disease duration at
the onset of biologic treatment, higher CHAQ scores,
concurrent steroid administration and previous use of
multiple DMARDs are negative predictive factors of
response to anti-TNF agents, suggesting that the timing of
initiation of biologic treatment is crucial. Biologic treatment

TABLE 2 | Predictors for biologic treatment response in SJIA.

Ref Medication Study design N patients Results

Gattorno et al. (2008) ANA Prospective 22 (10 responders) Complete responders had a lower number of active joints vs. non responders
(median 3.5 vs. 7) and a higher number of neutrophils (median 19.3 vs. 9.1 ×
103/mm3),

Nigrovic et al. (2011) ANA Retrospective, multi-centre 46 Incomplete responders were younger at onset vs. complete responders
(median age 5.2 vs. 10.2 years), (OR 1.5 per year; 95% CI 1.1–2.0)

Holzinger et al. (2012) ANA, ETN Prospective 52 12 on biologics • MRP8/14 decreased markedly in responders to biologic treatment (12/12)
and in responders (6/12) to methotrexate

• MRP8/14 detects flares vs. inactive disease with outstanding diagnostic
accuracy (AUC: 0.957 ± 0.019)
•MRP8/14 > 740 ng/ml can predict relapse in next 6 months (AUC: 0.91),
13/26 inactive patients relapsed

Vastert et al. (2014) ANA Prospective single-centre 20 (15 responders) • S100A8/9 (MRP8/14), S100A12 and IL-8 decreased markedly in
responders (ACR Pedi 90) at 3 months

• Lower levels of IL-8, S100A12, S100A8/9 at 3 months in 7/15 patients with
ID who succeeded to discontinue treatment within a year (significant only for
S100A12)

Pardeo et al. (2015) ANA Retrospective, single-centre 25 (14 responders) Earlier treatment from disease onset associated with ID at 6 months (median
1.9 vs. 24.5 months).

Saccomanno et. al.
(2019)

ANA Retrospective single-centre 62 (24 responders) Predictors of complete clinical response at 1 year included:
•Disease duration ≤3.9 years (OR 6.78; 95% CI 1.30–35.27),
•Active joint count ≤10 (OR 8.25; 95% CI 1.26–53.91),
•Ferritin >444 ng/ml (OR 4.75; 95% CI 1.16–19.50),
•Systemic manifestation score >3 (OR 6.44; 95% CI 1.38–24.62), AUC: 0.83

Kearsley-Fleet et al.
(2019)

ANA, TCZ Prospective, multi-centre 76 Baseline characteristics not associated with response (ACR Pedi 90, MDA
or ID)

Ter Haar et al. (2019) ANA Prospective, single-centre 42 (32 ID at 1 year) • ID at 1 month after ANA treatment predicted ID at 1 year (OR 27; 95% CI
4.17–539.74), AUC: 0.84

• Neutrophils>9 × 109/L at baseline predict ID at 1 year (OR 38.67; 95% CI
6.53–362.73), AUC: 0.85

Ruperto et al. (2018) CAN Open-label, long-term
extension study

144 (96 early
responders)

Early responders (completed glucocorticoid tapering in part I of trial 2)
achieved greater decrease in JADAS during the study as compared with late
responders (mixed model; p < 0.01)

Bielak et al. (2018) TCZ Prospective, multi-centre 46 • 7/17 (41%) patients showing inactive disease at the last visit had a response
to TCZ within 5 weeks

• Polycyclic course was associated with greater odds of clinical response (OR
7.0; 95% CI 1.8–27.2) compared to monocyclic or polyarticular course of
SJIA

ANA, Anakinra; ACR, American college of Rheumatology; AUC, area under the curve; CAN, canakinumab; CI, confidence interval; ETN, etanercept; ID, clinically inactive disease; MDA,
minimal disease activity; MRP, myeloid-related protein; OR, odds ratio; Pedi, pediatric; SJIA, systemic juvenile idiopathic arthritis; TCZ, tocilizumab.
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initiation early in the disease course was associated not only
with better clinical response to etanercept and anakinra (the
latter for patients with SJIA), but also with a higher chance of
treatment discontinuation due to remission and better
functional outcomes in young adulthood. This is an
important observation as this is a factor that can be
influenced by clinicians, whereas the same does not apply
for the age of disease onset and JIA subtype. Moreover, clinical
improvement within weeks from biologic initiation in patients
with SJIA, but also in polyarticular JIA patients on
adalimumab, is predictive of a future well-controlled disease.

All things considered, it should be noted that there is limited
information about clinical predictors of response to biologics
other than etanercept and anakinra, as there is longer experience
with these biologic treatments in JIA, which is reflected in the
available information from national JIA registries. This is also the
reason for focusing our review on detailing biomarkers of
response to etanercept across various JIA phenotypes and to
anakinra in SJIA.

Nonetheless, there is no doubt that data from national
registries have deepened our understanding about long-term
outcomes of patients with JIA and have allowed us to assess the
efficacy and safety of various biologic treatments and discover
predictors of treatment success. There is immense potential
from the development of national registries. Their growth will
ensure that more extensive data can be collected, as efficiently
as possible, while also expanding the collaboration and data
sharing between nations as treatment recommendations and
access to biologic treatment differ world-wide. One of the
major challenges is ensuring that data collection is continued
without interruptions during transition of JIA patients to adult
care. The COVID-19 Global Rheumatology Alliance is a recent
example of successful international collaboration resulting in
the accumulation of important knowledge related to the risk of
COVID-19 infection in immunosuppressed patients, which
has informed the management of rheumatology patients
during the pandemic (Robinson and Yazdany, 2020).

In terms of laboratory tests, MRP8/14 and S100A12 have
emerged as the most promising biomarkers for predicting
treatment response to methotrexate and bDMARDs, as well
as indicating whether there is an increased risk of flare during
inactive disease, which might deter clinicians from tapering
treatment. However, not all studies have confirmed their
ability to predict flares for non-systemic JIA patients and
there was a small number of SJIA patients included.
Moreover, the added value of MRP8/14 to the prediction
model for treatment response based on clinical features
alone was small; R2 increased from 0.50 to 0.54 (Anink
et al., 2015), raising further questions about their clinical
utility. Further prospective studies with larger number of
patients are needed to ratify these encouraging results. The
findings from the interventional study PREDICT-JIA, which
used S100A12 and high sensitivity CRP for treatment
withdrawal stratification are expected in the near future
(ISRCTN69963079).

More studies are also required to delineate the
pharmacokinetics of biologics and examine whether the

proactive measurement of trough levels, along with dose
titration can improve patient outcomes and drug retention
or support a safer tapering strategy. The presence of
neutralizing ADA appears to be linked with potential loss of
efficacy or infusion reactions, in the cases of adalimumab,
infliximab and tocilizumab. However, many questions remain
unanswered, such as if proactive monitoring of ADA and
trough levels can reduce the risk of loss of response due to
dose titration, or if in the light of secondary inefficacy, drug
level and immunogenicity to biologic agents can aid the choice
of the subsequent biologic treatment.

As far as imaging is concerned, there is paucity of validated
imaging biomarkers in JIA, compared to RA. This might be
explained by the different distribution of joint inflammation in
JIA, often involving multiple large joints, which are more
difficult to image, compared to the small joints of hands or
feet alone often affected in RA. In addition, it is less feasible to
organize scans for younger children with JIA. An imaging
technique which offers whole-body coverage could be a logical
option for assessment of JIA patients with different clinical
presentation for the detection of subclinical synovitis. Whole-
body MRI (WBMRI) with contrast has been used to assess for
musculoskeletal inflammation in studies for RA, PsA and
ankylosing spondylitis (AS) (Axelsen et al., 2014;
Poggenborg et al., 2015), therefore we propose that this
imaging technique could potentially have wide imaging
biomarker utility across all JIA phenotypes. The value of
MR imaging has been better appreciated in ERA. The
presence of sacroiliitis on MRI is not only diagnostic, but
helps to shape therapeutic decisions, as axial inflammation
responds better to bDMARDs than conventional therapy.
Moreover, improvement of sacroiliitis with treatment can be
detected by MRI, suggesting that MRI is a sensitive to change
imaging biomarker for response to biologic treatment. More
recently, the use of quantitative imaging MRI techniques to
objectify change in inflammation offers additional benefits
(Hall-Craggs et al., 2018). More specifically, these measures
are objective and reproducible as they are less dependent on
the radiologist experience.

Ultrasound examination of multiple (eight) large joints
using Power Doppler (PD) was feasible for assessment of
patients with JIA, taking on average 30 min to complete
(Zhao et al., 2018). Ultrasound should be able to provide a
clear distinction between chronic synovitis defined as
hypoechoic synovial hypertrophy commonly found in
patients with longstanding disease and joint damage, and
active synovitis, diagnosed by the presence of PD signal
within the joint. However, in the above studies (Magni-
Manzoni et al., 2013; De Lucia et al., 2018; Zhao et al.,
2018), researchers compared clinical findings in JIA with
positive ultrasound findings, which included gray scale and/
or PD signal abnormalities. Interestingly, Magni-Manzoni
et al. reported that PD signal was seen more frequently in
the patients who stayed inactive than in patients who flared
during follow-up (Magni-Manzoni et al., 2013). In comparison
with adults, physiological intra-articular vascularity is a
common finding in young people who are still to complete
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their growth, which makes the interpretation of joint
inflammation in the context of JIA more challenging. In
order to minimize over-reporting of active synovitis, the
ultrasound OMERACT initiative amended the definitions of
ultrasound-detected joint pathology in children (Collado et al.,
2018). Although there is some evidence that ultrasound can
detect reduction in joint inflammation after treatment, further
research is needed to validate ultrasound as a tool to guide
clinical management in patients with clinically inactive
disease.

In conclusion, specific clinical features, serum
proinflammatory proteins, selected cellular subsets and
newly emerging transcriptomic signatures, in addition to
imaging outcomes have been identified as potential positive
or negative prediction markers of response to biologic
treatment, as well as achievement of remission without
treatment. Further research studies are needed to develop
and validate individual or composite biomarkers with
clinical applicability that could improve biologic treatment
management in patients with JIA, as well as personalized
treatment strategies. We propose some potential predictive
biomarkers related to biologic treatment response in JIA which
could be associated with patient benefit and optimization of
treatment strategies (Figure 1).
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FIGURE 1 | Potential predictive biomarkers of response to biologic treatment.
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