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Purpose: To identify a serum biomarker signature that can help predict response to
conventional synthetic disease-modifying antirheumatic drug (csDMARD) therapy in
pediatric noninfectious uveitis.

Methods: In this case-control cohort study, we performed a 368-plex proteomic analy-
sis of serum samples of 72 treatment-free patients with active uveitis (new onset or
relapse) and 15 healthy controls. Among these, 37 patients were sampled at diagnosis
before commencing csDMARD therapy. After 6 months, csDMARD response was evalu-
atedandcaseswere categorizedas “responder”or “nonresponder.”Patientswere consid-
ered “nonresponders” if remission was not achieved under csDMARD therapy. Serum
protein profileswere used to train random forestmodels to predict csDMARD failure and
compared to amodel basedoneight clinical parameters at diagnosis (e.g.,maximumcell
grade).

Results: In total, 19 of 37 (51%) cases were categorized as csDMARD nonresponders.
We identified a 10-protein signature that could predict csDMARD failure with an overall
accuracy of 84%, which was higher compared to amodel based on eight clinical param-
eters (73% accuracy). Adjusting for age, sex, anatomic location of uveitis, and cell grade,
cases stratified by the 10-protein signature at diagnosis showed a large difference in risk
for csDMARD failure (hazard ratio, 12.8; 95% confidence interval, 2.5–64.6; P= 0.002).

Conclusions: Machine learning models based on the serum proteome can stratify
pediatric patients with uveitis at high risk for csDMARD failure.

Translational Relevance: The identified protein signature has implications for the
development of clinical decision tools that integrate clinical parameters with biological
data to better predict the best treatment option.

Introduction

Noninfectious pediatric uveitis accounts for 5%
to 10% of all patients with uveitis.1 Despite this
relatively small proportion, it has often a severe disease
course and a disproportionately large disease burden
due to the young age of onset.2,3 Direct evidence is
lacking, but an immune-mediated etiology is strongly
suspected in noninfectious pediatric uveitis.4–9 Over
half of cases have chronic disease and consequently
require long periods of treatment with immunosup-
pressive agents, most often conventional synthetic
disease-modifying antirheumatic drugs (csDMARDs)

such as methotrexate or mycophenolate mofetil.10–12
Of note is that early start of csDMARD therapy
is generally associated with a more beneficial disease
outcome.13–15 Nevertheless, in approximately a third
of cases, csDMARDs fail to control uveitis, and
adding therapy with biologics—usually tumor necrosis
factor α inhibitors—is required.10,16–25 It is currently
not possible to objectively predict the response to
csDMARD in advance; thus, with the current treat-
ment guidelines, it may take a considerable amount of
time for a group of patients to receive their optimal
therapeutic regimen, all while being exposed to the
visual-threatening risks of undertreatment or potential
side effects of overtreatment. The early identification
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of patients in whom csDMARDs will not sufficiently
control eye inflammation will help mitigate these risks.
Identification of these casesmay be achieved by discov-
ery of predictive immune-related protein signatures
in cases that require biologics (csDMARD failure)
versus cases that do not. Studies in patients with
other inflammatory diseases have shown that blood
protein profiling has the potential to predict treatment
response before commencing treatment.26 In this study,
we performed immune profiling of a cohort of children
with noninfectious uveitis with ophthalmologic follow-
up to identify key proteomic profiles that can stratify
response to csDMARDs in advance on a personalized
basis.

Methods

Patient and Material Collection

The study was approved by the Medical Ethical
Research Committee of the University Medical Center
Utrecht in concordance with the Declaration of
Helsinki principles. Written informed consent was
obtained from all patients aged ≥18 years, from both
parents and patients in cases between 12 and 18 years
of age, as well as from parents in cases <12 years old.
Peripheral blood samples (BDVacutainer serum tubes;
BD, USA) were obtained from patients with juvenile
idiopathic arthritis–associated uveitis (JIA-U, n = 14),
idiopathic chronic anterior uveitis (i.e., no JIA) (n= 7),
(HLA-B27 positive) acute anterior uveitis (n= 7), inter-
mediate uveitis (n= 11), and panuveitis (n= 33). Serum
samples of 15 healthy controls (i.e., without a history of
inflammatory eye disease) were collected from children
without uveitis during surgery indicated for strabismus.
Samples were collected at the outpatient department
(uveitis biobank, n = 48) or were the remainder of
samples obtained for diagnostic purposes (diagnostic
laboratory, n = 39). All patients had active uveitis (new
onset or relapse), and none of the patients received
immunomodulatory treatment at the time of sampling.
The diagnosis of uveitis was established by a trained
uveitis specialist according to the standardization of
uveitis (SUN) criteria.27 All cases were recruited at the
University Medical Center Utrecht, the Netherlands
(tertiary referral center and National Uveitis Center of
Excellence). All samples were obtained from patients
with a diagnosis of noninfectious uveitis before the
age of 18 years. JIA was diagnosed according to the
criteria of the International League of Associations for
Rheumatology or by former criteria (e.g., European
League Against Rheumatism).28,29 Patients with JIA
were screened by an ophthalmologist according to the

guidelines of the Academy of Pediatrics.30,31 Patients
with one or more cells in the anterior chamber and
treated with at least topical steroids were diagnosed
with JIA-U. Patients using csDMARDs (n = 37) were
categorized as responders and nonresponders. Patients
were considered “responders” if inactive disease was
achieved by csDMARD therapy (i.e., ≤1+ cells in
aqueous humor and/or vitreous body after 6 months
and with systemic corticosteroids ≤7.5 mg). Patients
were considered “nonresponders” if remission was not
achieved under csDMARD therapy and addition of
a biological was indicated. This was defined as the
presence of any of the following features:

1) ≥3+ cells in aqueous humor and/or vitreous
body after 4 months

2) ≥2+ cells after 6 months and/or disease activity
on fluorescein angiography

3) Necessity of use of systemic corticosteroids ≥7.5
mg/d)32

Serum Proteomic Olink Analysis

After blood withdrawal, serum tubes were kept
for 30 minutes at room temperature and immedi-
ately centrifuged at 2000 × g for 10 minutes at room
temperature. Serumwas collected and stored directly at
−80°C. Frozen serum samples were shipped on dry ice
to Olink Proteomics (Uppsala, Sweden) without prior
thawing and measured using the proximity extension
assay (PEA) technology based on Proseek Multiplex
panel (Olink Proteomics).33,34 In short, PEA technol-
ogy uses a set of antibodies that are linked with
matching DNA-oligonucleotides per protein. After
binding the protein, the oligonucleotides hybridize
when brought into proximity and are extended by
DNA polymerase, forming polymerase chain reaction
(PCR) targets. Using next-generation sequencing, the
PCR targets are quantified. The Olink Explore 384
inflammation panel was used to measure 368 proteins
associated with inflammatory responses. The serum
protein expression data from the Olink platform are
expressed as an arbitrary unit (Normalized Protein
eXpression [NPX]) representing the relative protein
concentration based on a log2 scale. The full list of
protein targets (n = 368) is provided in Supplementary
Table S1.

Data Analysis and Statistics

Statistical analyses were performed in R (version
3.6.1). The statistical analysis of proteomic data was
performed on protein expression data (NPX units).
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We used the k-nearest neighbors algorithm to impute
missing values (6.9%; interquartile range, 5.7–8.0) with
k = 5 with the R packageHmsic. Principal component
analysis was performed using the factoextra package in
R, and batch effects (uveitis biobank versus diagnos-
tic laboratory) were removed by the ComBat (empir-
ical Bayes) method implemented in the sva package
in R (Supplementary Fig. S1).35,36 Differential expres-
sion analyses on batch-corrected data were conducted
using a likelihood ratio test, and the proteins with
a nominal P < 0.05 were considered differentially
expressed proteins. Fisher’s exact test or Pearson’s χ2

test was used to compare categorical variables between
patients with uveitis and controls, or between respon-
ders and nonresponders. The Wilcoxon rank-sum test
was used for continuous variables.

Prediction of csDMARD Response by
Machine Learning Models

We built supervised machine learning models to
predict response to csDMARDs (responders versus
nonresponders). Four machine learning models were
built based on the random forest algorithm using
the randomForest R package.37 The first model was
designed using ophthalmologic clinical data at diagno-
sis (model 1). (1) Age of uveitis onset, (2) sex,
(3) laterality of uveitis, (4) maximum cell grade in
the aqueous humor and/or vitreous body (depend-
ing on site of inflammation), (5) a complication at
diagnosis (i.e., band keratopathy, posterior synechiae,
or cataract), (6) antinuclear antibody (ANA) seroposi-
tivity, (7)measurement of the centralmacular thickness
(CMT) in micrometers on optical coherence tomogra-
phy (OCT) imaging, and (8) measurement of retinal
nerve fiber layer thickness (RNFL) in micrometers on
OCT imaging were included as features (i.e., predic-
tors), and the response to csDMARD was considered
as output of the random forest model. The cell grade in
the aqueous humor was scored according to the SUN
criteria by an ophthalmologist specialized in pediatric
uveitis.27 The identical scale was applied for grading
cells in the vitreous body through a dilated eye (i.e.,
vitreous cell grade based on SUN criteria for aqueous
humor scoring with a 1-mm× 1-mm slit beam). In case
of bilateral uveitis, the eye with the worst score was
used for the model. Missing values in ANA seropos-
itivity (n = 1), measurement of CMT (n = 6), and
measurement of RNFL (n = 13) were imputed using
the randomForest package in R.37 A second model
was based on the full serum protein profile (n = 368
proteins) of responders and nonresponders (model 2).
The 10 most important features (feature importance

metric) were selected and used to run a third random
forest model (model 3). The last model was a combi-
nation of model 1, the clinical parameters, and model
3, the 10-protein signature (model 4). The number of
variables used at each split (mtry) with the lowest out-
of-bag error was selected for each model (mtry = 3,
19, 4, and 4, for models 1, 2, 3, and 4, respectively).
The number of trees was set at 5000 for all models.
The performance of the models was evaluated using
leave-one-out cross-validation (i.e., the number of folds
equals the number of samples, and for every fold, one
sample is used as the test set and the rest as the training
set). The overall accuracy, true-positive rate, and true-
negative rate are evaluated based on the test set.

To establish the relative difference in risk profiles
captured by the 10-protein signature, we stratified the
37 patients with csDMARD into two clusters based
on the first principal component of the expression
profile of the 10 proteins. To determine the optimal
cutoff value, we used the surv_cutpoint function of
the survminer R package with a minimal proportion
of observations of 0.4.38 The cumulative hazard was
plotted using the survivalRpackage and analyzed using
coxph and ggforest from the survival and survminer R
packages, respectively.38,39

Results

In total, 72 cases with pediatric uveitis were included
in this study. Demographic characteristics of the study
patients are shown in Table 1.No significant differences
in sex and age were observed between patients with
uveitis and healthy controls. Targeted proteomics of
serum was conducted in all cases and control samples.
In total, 368 unique proteins were used for analysis.

Comparison of the serum proteome of uveitis cases
versus controls identified 62 differentially expressed
proteins (P < 0.05), of which ARHGEF12 (rho
guanine nucleotide exchange factor 12), PRKAB1
(protein kinase AMP-activated noncatalytic subunit
beta 1), andDECR1 (2,4-dienoyl-CoA reductase) were
the most differentially expressed (Supplementary Table
S2 and Fig. 1A). However, the levels of these proteins
varied substantially between cases regardless of uveitis
subtype (Fig. 1B), suggestive of molecular heterogene-
ity linked to features beyond uveitis entity (i.e., treat-
ment response).

To explore this in more detail, we assessed the
proteomic differences between csDMARD respon-
ders and nonresponders. First, we filtered for patients
who were sampled at diagnosis (46/72) and started
csDMARD treatment after sampling (37/46). Of the
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Table 1. Demographics and Baseline Characteristics of the Study Patients (n = 87)

Characteristic Uveitis Cases Controls P Value

N 72 15
Male, n (%) 26 (36) 6 (40) 0.78
Age at sampling, median (IQR), y 13 (10–15) 12 (5–27) 0.87
ANA seropositivity, n (%) 35 (50) NA NA
Age at uveitis diagnosis, median (IQR), y 11 (8–14) NA NA
Duration of uveitis, median (IQR), y 0.13 (0.01–0.70) NA NA

ANA, antinuclear antibody; IQR, interquartile range; NA, not applicable.

Figure 1. Serum protein analysis of pediatric uveitis (n = 72) and healthy controls (n = 15). (A) Scatterplots and boxplots of the top four
most significantly different serum proteins between uveitis cases and healthy controls. Protein expression data and details on statistical
analysis for each protein analyte (n = 368) are shown in Supplementary Table S2. (B) Heatmap of the 62 differently expressed proteins
between uveitis cases and controls. The levels for each protein analyte are shown for each of the samples in the study and are color-coded
from low (cyan) to high (yellow). ARHGEF12, rho guanine nucleotide exchange factor 12; DBNL, drebrin-like protein; DECR1, 2,4-dienoyl-CoA
reductase 1; PRKAB1, protein kinase AMP-activated noncatalytic subunit beta 1.

37 patients who started csDMARD during follow-up,
19 of 37 (51%) cases required anti–tumor necrosis
factor ɑ (TNFɑ) therapy in addition to csDMARD for
disease control, which we considered “nonresponders”
to csDMARD therapy (see Methods and Fig. 2A).
There was a moderate difference in the time to start
with csDMARD nonresponders and the other 18
“csDMARD responders” (1 month versus 2.6 months,
P = 0.049, Table 2). In addition, as expected, the cell
grade in aqueous humor and/or vitreous body was
higher in nonresponders (1+ cells versus 3+ cells, P
= 0.003). No other differences were observed between
the two groups (Table 2). The proteomic profile of
csDMARD responders versus nonresponders was

compared. The protein expression data of responders
and nonresponders are shown in Supplementary Table
S3. We built four machine learning models based on
the random forest algorithm to predict csDMARD
response using the clinical parameters at diagnosis,
serum proteome (n = 368), a top 10-protein signa-
ture (i.e., the 10 most important features in the serum
proteome random forest model), and a model using the
clinical parameters and the top 10-protein signature.
A 10-protein model showed an overall accuracy of
84% (95% confidence interval [CI], 68–94%), which
was higher compared to a model based on the clinical
parameters (Figs. 2B, 2C). The true-positive and true-
negative rates of this model were 78% and 89%,
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Figure 2. Random forest models performance for classification of csDMARD response in pediatric uveitis. (A) A flowchart indicating the
selection of patients for analysis of csDMARD response at diagnosis (new-onset uveitis). (B) The accuracy, true-negative rate, and true-
positive rate of the random forestmodels based on eight clinical parameters (model 1), the serumproteome (model 2, n= 368 proteins), the
10-protein signature (model 3), and the combination of clinical parameters and the 10-protein signature (model 4). The horizontal dotted
line indicates a threshold accuracy of 80%. (C) Boxplots of top 10 most important proteins that distinguish responders from nonrespon-
ders identified by random forest model 2. The proteins are sorted based on importance from left to right (feature importance metric). The
asterisk indicates a P < 0.05 from the likelihood ratio test between csDMARD responders and nonresponders. TNR, true-negative rate; TPR,
true-positive rate.

respectively. Among the proteins, the top three
proteins that drove this signature were osteomod-
ulin, oncostatin M (OSM), and the plasmacytoid
dendritic cell–associated protein C–type lectin domain
family 4 member C (CLEC4C). Adding the top 10-
protein signature to the model with clinical parameters
improved the overall accuracy from 73% to 92%,
indicating improvement of adding proteins into a
classification model based on clinical features only
(Fig. 2B).

To establish the relative difference in risk profiles
captured by this 10-protein signature, we split the 37
patients with csDMARD into two clusters based on
the levels of the 10 proteins (using the first princi-
pal component of the expression data) (Fig. 3A and
Supplementary Table S4). Cluster 1 consisted primar-
ily of nonresponders (15/17) and cluster 2 mainly of
responders (16/20). Survival analysis showed that cases
stratified upon the 10-protein signature differed signif-
icantly in their probability for csDMARD failure (log
rank test = 2.28 × 10−5). At 9 months after diagno-
sis, half of the cases in cluster 1 failed on a csDMARD
compared to 15% cases in cluster 2 (Fig. 3B). Multi-
variate Cox proportional hazard analysis adjusting for
age, sex, anatomic location of uveitis, and cell grade
in aqueous humor and/or vitreous body (as a proxy
for uveitis activity) revealed that patients in cluster 1
(n = 17) had an substantially increased risk for being
a “nonresponder” compared to cases in cluster 2 (n =
20) (hazard ratio, 12.8; 95% CI, 2.5–64.6; P = 0.002)

(Fig. 3C). These data indicate that a proteomic
profile can be harvested to predict risk categories for
csDMARD failure in patients with pediatric uveitis.

Discussion

Here we used targeted proteomic profiling of serum
samples drawn from children with active noninfec-
tious uveitis in order to identify a protein signature
by diagnosis that stratifies cases that have a high risk
for csDMARD failure during follow-up. These results
show that a 10-protein signature was highly predictive
for csDMARD failure in children with noninfectious
uveitis. The identified protein signature will guide us
to the realization of personalized medicine for children
with noninfectious uveitis.

Treatment guidelines for pediatric uveitis, except for
JIA-U, are sparse and heavily dependent on individ-
ual clinical monitoring of disease.18,22–25 This is in
part due to the limited number of clinical trials in this
patient population and the lack of biomarker studies
for the prediction of treatment response.19–21 Ideally,
clinical decision tools (i.e., algorithms) integrate clini-
cal parameters with biological data to better predict
the best treatment option, which considers prompt
disease control, the least adverse drug effects, and
the possibility to reduce the disease burden. Here, we
provide a proof of concept for stratifying the response



Proteomic Profiling in Children With Uveitis TVST | February 2022 | Vol. 11 | No. 2 | Article 4 | 6

Table 2. Baseline and Clinical Characteristics at Diagnosis of Responders (n = 18) and Nonresponders (n = 19)

Characteristic Responder Nonresponder P Value

N (%) 18 (49) 19 (51)
Male, n (%) 4 (22) 8 (42) 0.20
Age at uveitis onset, median (IQR), y 13 (11–15) 10 (8–13) 0.08
Bilateral, n (%) 16 (89) 12 (63) 0.12
Location of uveitis, n (%) 0.80
Anterior uveitis 5 (28) 6 (32)
Nonanterior uveitis 13 (72) 13 (68)
Maximum cell grade aqueous humor
and/or vitreous body,a median (IQR)

1 (1–3) 3 (3–4) 0.003

Measurement of central macular
thickness, median (IQR), μm

296 (265–338) 348 (266–399) 0.17

Measurement of retinal nerve fiber layer
thickness, median (IQR), μm

193 (123–204) 197 (168–219) 0.32

Complications,b n (%) 9 (50) 9 (47) 0.87
ANA seropositivity, n (%) 6 (35) 10 (53) 0.24
Type of csDMARD, n (%) 0.40
Methotrexate 10 (53) 11 (61)
Mycophenolate mofetil 9 (47) 7 (39)
Time to start csDMARD, median (IQR), mo 2.6 (0.7–3.4) 1.0 (0.4–2.0) 4.99 × 10−2

aIn patients with anterior uveitis (n= 11), the cell grade in the aqueous humor was scored according to the SUN criteria and
was used for the analysis.27 For patients with nonanterior uveitis (n= 26), the identical scale (i.e., SUN criteria) was applied for
grading cells in the aqueous humor and in the vitreous body. The site with the highest cell grade was used for the analysis. In
10 of 26 patients with nonanterior uveitis, the maximum cell grade in the vitreous body was used for the analysis.

bComplications at diagnosis: band keratopathy, posterior synechiae, or cataract.

to csDMARD in children with noninfectious uveitis
using a blood protein signature.

There are, however, a number of considerations and
limitations of the current study, which we outline in
detail. In our cohort, half of cases had an indication for
anti-TNFɑ therapy in addition to a csDMARD, which
is higher than reported in literature (∼30%).10,16,17
However, patients referred to a tertiary center hospital,
as in our study, are 1.6 times more likely to be treated
with biological therapy when compared to patients
referred to primary care, which may explain the higher
rate.40 In addition, biological therapy can also be initi-
ated to prevent long-term use of systemic corticos-
teroids. The high number of patients with refractory
uveitis and the beneficial therapeutic effect of biolog-
ics in these cases emphasize the unmet need for early
identification of csDMARD failure.19–21,41 A parsi-
monious model based on the 10 most discriminative
proteins showed the highest overall accuracy. Patients
stratified by the expression levels of these 10 proteins
showed a large difference in risk for csDMARD failure.
Although the proportion of each uveitis subtype in
our cohort did not reflect the population at larger (i.e.,
anterior uveitis is by far the most common type seen in

clinics), our analysis revealed that the protein signature
stratified patients independent of anatomic location
of uveitis. We therefore consider that these results
are applicable to the wider population of noninfec-
tious uveitis cases. Although we observed the influence
of panuveitis and treatment response to csDMARD
as an interacting covariate in a multivariate Cox
model (including also age, sex, and cell grade) (Fig.
3C), Cox proportional analysis assessing the overall
relationship between anatomic location of uveitis and
csDMARD response did not support an association
with panuveitis (P = 0.76). Also, the median time to
csDMARD was shorter in nonresponders compared
to responders (1 month versus 2.6 months). When
adding the time to csDMARD as a covariate to the
Cox model (Cox proportional hazard analysis adjust-
ing for age, sex, anatomic location, cell grade, and time
to csDMARD), we found the predictive capacity of
the serum 10-protein signature to be modestly affected
(CoxP10-protein + age + sex + location + cell grade = 0.002, Cox
P10-protein + age + sex + location + cell grade + time to csDMARD
= 0.08), which supports that the 10-protein signature
has clinical potential to predict csDMARD response.
Four of 19 nonresponders (21%) were clustered with
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Figure 3. A 10-protein signature stratifies cases with high risk for csDMARD failure at pediatric uveitis diagnosis. (A) Two clusters are identi-
fied based on the first principal component of the expression of the 10 serum proteins identified by random forest model 2 (dotted line).
The relative levels of the 10 serum proteins for each case in both clusters are color-coded from low (cyan) to high (yellow). (B) The cumula-
tive event curve for csDMARD failure for each of the two 10-protein clusters identified in panel A. The dotted line indicates the time to 50%
csDMARD failure in cluster 1. (C) A forest plot of the multivariate Cox model used to assess the proportional hazard for csDMARD failure for
each cluster identified in panel A.Hazardwas adjusted for age, sex, anatomic location of uveitis, and cell grade in the aqueous humor and/or
vitreous body. *p value < 0.05 and **p value < 0.01.

responders, illustrating that, although a vast improve-
ment over current state of the art (i.e., unable to predict
csDMARD response), our algorithm is not perfect
and requires prospective validation to determine the
precise accuracy and robustness in a “real-life” setting.
Regardless, it is of interest to note that this signa-
ture contained proteins linked to uveitis biology and
treatment response in other inflammatory diseases. For
example, OSM is reported as a biomarker for treat-
ment response in patients with inflammatory bowel
disease, and CLEC4C is a hallmark protein of plasma-
cytoid dendritic cells that are implicated in noninfec-
tious uveitis.42,43

Although we determined that the 10-protein signa-
ture was found to be higher than the clinical model,
we would like to emphasize that the model based on
eight clinical parameters was also relatively accurate for
prediction of csDMARD failure. These eight clinical
parameters are also part of the now widely used SUN
criteria for noninfectious uveitis assessment. However,
we deliberately left out posterior segment imaging,

such as fluorescein angiography scores, because these
imaging data would not be available for most patients
with anterior uveitis. The lack of an objective disease
severity marker available across all types of nonin-
fectious uveitis makes predictive modeling challeng-
ing. To overcome this, we considered taking a param-
eter with a relatively similar context of information
that is available for most cases (vitreous haze was
not scored in all patients). In our opinion, “number
of cells” at diagnosis may serve as a solution to this
problem where we used the highest cell score in either
aqueous or vitreous fluid to be able to conduct analy-
ses for all cases of noninfectious uveitis. Consequently,
for anterior uveitis, this means that the disease sever-
ity was scored according to the SUN criteria (i.e.,
number of cells in the anterior chamber), while vitre-
ous cell score for nonanterior uveitis deviated from
these criteria. Regardless, we demonstrate that this
parameter (i.e., the maximum cell grade in the anterior
chamber and/or vitreous body at diagnosis) was the
most discriminative clinical feature for csDMARD
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response according to random forest analysis. Also, we
noted a relationship between csDMARD response and
cell grade using multivariate Cox proportional hazard
analysis (Fig. 3C). It is tempting to speculate that a
higher intraocular cell grade reflects a high disease
activity and severity, which requires more often biolog-
ical therapy to control inflammation. These results
underscore that the standardized SUN criteria can
stratify patients at high risk for csDMARD failure. In
this study, however, we extend this and show proof
of concept that blood biomarkers can further (i.e.,
independently) improve the prediction of csDMARD
failure at diagnosis. A model based on the clinical
parameters and the 10-protein signature improved the
detection of csDMARD failure from 73% to 92%,
and this supports that adding molecular biomarkers in
blood can significantly improve early detection of treat-
ment failure in pediatric uveitis. Future studies should
aim to integrate a wider variety of clinical parameters
with precise cutoff levels for the protein biomarkers
to generate a clinical decision algorithm for the strat-
ification of patients with a high risk for csDMARD
failure.

In conclusion, we showed that a proteomic signa-
ture detectable at diagnosis could accurately strat-
ify csDMARD response. Future studies should be
focusing on the clinical implication of the use of
proteomics in combination with the clinical observa-
tions in predicting treatment response and understand-
ing the mechanism of how different patients respond
to immunosuppressive therapy, paving the path toward
personalized medicine.
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