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Predictors of juvenile idiopathic arthritis course
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Abstract

Introduction: Juvenile idiopathic arthritis (JIA) is a heterogeneous group of inflammatory diseases
of joints in children with various and often unfavourable prognosis. It is possible to improve the out-
come of the disease in patients with JIA by a correct therapeutic choice made at disease onset —one
that enables fast achievement of an inactive disease state and remission.

The aim of the investigation was to develop a model/application for automatic calculation of risk
of treatment-refractory JIA taking into account the combined action of clinical and cytokine factors.
Material and methods: Disease subtype was determined in 105 patients with JIA, as well as the
number of poor prognostic factors and disease activity level. Blood serum cytokine levels (IL-1B,
IL-4, IL-6, IL-8, IL-10, IL-17, TNF-a., IFN-y) and their soluble receptors and agonists — interleukin 1 re-
ceptor agonist (IL-1Ra), soluble interleukin 2 receptor (sCD25), interleukin 6 (sIL6R), soluble tumour
necrosis factor receptor 1 (STNFR1) — were determined in these patients using immunoenzymatic
laboratory methods.

Results: The following prognostic factors were taken into account in the study: JIA subtype, disease
activity, presence of clinically unfavourable factors and cytokine characteristics. We determined that
systemic subtype of JIA, moderate and high disease activity, presence of factors of poor disease
course and sCD25 and IL-6 levels are statistically significant factors of treatment-refractory dis-
ease course. A Microsoft Excel application was developed for automatic calculation of risk of treat-
ment-refractory JIA in a specific patient based on 10 factors.

Conclusions: Use of an application for automatic calculation of risk of treatment-refractory JIA en-
ables prediction of JIA disease course in patients at disease onset and personalization of the treat-

ment protocol.
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Introduction

Juvenile idiopathic arthritis (JIA) is a heterogeneous
group of inflammatory diseases of joints in children with
various and often unfavourable prognosis. It is possible
to improve the outcome of the disease in patients with
JIA by a correct therapeutic choice made at disease on-
set — one that enables fast achievement of an inactive
disease state and remission. Not without reason is the
concept of a “window of therapeutic opportunity”, which

defines a time frame within which an inactive state of
the disease should be achieved in order to secure its
favourable outcome, used in adult rheumatology. In-
vestigations made over recent years proved that early
beginning of aggressive treatment of the disease pro-
vides a better therapeutic response and outcome [1].
Early treatment of systemic JIA with interleukin-1 (IL-1)
inhibitors appeared to be more successful than system-
ic steroid therapy [2]. In paediatric rheumatology time
of methotrexate (MTX) therapy introduction proved to
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be an important predictor of therapeutic response in
patients with JIA [3]. Early commencement of aggres-
sive therapy may improve long-term prognosis in JIA
patients. On the other hand, application of aggressive
treatment in children with JIA may produce a string of
side effects, while the use of biological therapy is high-
ly expensive. It should also be emphasized that not all
children with JIA require aggressive treatment, as many
of them may have favourable prognosis of the disease.
As we see, for patients with JIA it is reasonable to de-
fine an individual prediction at the disease onset, which
may enable an optimal choice of further treatment. It is
important to create such methods of objective estima-
tion of outcome and disease course in a particular JIA
patient that may help, by evaluation of combined action
of clinical and cytokine predictors, to forecast JIA course
in certain patients.

The aim of the investigation was to develop a mod-
el/application for automatic calculation of risk of treat-
ment-refractory JIA taking into account the combined
action of clinical and cytokine factors.

Material and methods

Disease subtype was determined in 105 patients
with JIA [4], as well as the number of poor prognostic
factors and disease activity level according to the “Uni-
fied clinical protocol of medical help to children with

juvenile arthritis in Ukraine” [5] and American College
of Rheumatology (ACR) recommendations [6]. Blood
serum cytokine levels (IL-1B, IL-4, IL-6, IL-8, IL-10, IL-17,
TNF-a, IFN-y) and their soluble receptors and agonists
— interleukin 1 receptor agonist (IL-1Ra), soluble inter-
leukin 2 receptor (sCD25), interleukin 6 (sIL-6R), soluble
tumour necrosis factor receptor 1 (STNF-R1) — were de-
termined in these patients. Cytokine determination was
performed using the immunoenzymatic method in the
laboratory of immunology located at the Public Institute
of Paediatrics, Midwifery and Gynaecology, NAMSc of
Ukraine. Commercial test systems by BD Biosciences
Pharmingen, San Diego, USA were used.

Two groups of patients were composed depending
on the time of remission achievement. The first group
consisted of 33 JIA patients with treatment-refractory
JIA who did not achieve remission within 6 months of
treatment with methotrexate at a dose of 15-20 mg/m?
(Table ). The second group consisted of 72 patients with
JIA who achieved remission within the first 6 months of
the disease.

All patients and their parents/guardians were informed
about the aim of the study and gave consent to its conduc-
tion. The project of the study received a positive opinion
of the Bioethical Committee at the Institute of Paediatrics,
Midwifery and Gynaecology, NAMSc of Ukraine.

The software package STATISTICA 8.0 was used for
statistical analyses of data. Comparison of rank and

Table I. Clinical features of JIA patients with refractory and non-treatment-refractory disease course

Factors Patients with refractory JIA Patients with non-refractory JIA
N =33 N=72
Gender, M/F 14/19 39/33
Age at disease onset, median (min—-max) 5.1(0.5-17.4) 8.8 (0.9-16.0)
[lower-upper quartiles] [3.0-11.6] [4.0-14.0]
Age at time of investigation, median (min—-max) 12.0 (1.3-26.0) 13.0 (1.4-20.0)
[lower-upper quartiles] [5.0-15.7] [9.0-15.1]
Systemic arthritis, number, % 15 (93.8) 1(6.2)
Polyarthritis, RF—, number, % 7 (36.8) 12 (63.2)
Oligoarthritis, number, % 3(7.9) 35(92.1)
Enthesitis-related arthritis, number, % 6(22.2) 21 (77.8)
Polyarthritis, RF+, number, % 1(50.0) 1(50.0)
Average number of arthritis at time of investigation, 3.0 (0.0-32.0) 1.5 (0.0-29.0)
median (min—max) [lower-upper quartiles] [1.0-11.0] [1.0-2.0]
Low activity, number of cases 3 47*
Moderate activity, number of cases 15 16
High activity, number of cases 12" 2
One unfavourable prognostic criterion, number of cases 11 28
Two or more unfavourable prognostic criteria, number 20* 10
of cases

» < 0.05
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Table II. Laboratory investigations in patients with refractory and non-treatment-refractory JIA disease course

Factors Patients with refractory JIA Patients with non-refractory JIA
N =33 N=72

sCD25, pg/ml 465.3 (24.3-4140.8) [360.1-970.7]* 373.6 (0-1870) [264.5-523.7]

sIL-6R, pg/ml 8167.6 (793.2-11425.4) [7652.3-8594.2] 8336.6 (6649.5-13215) [7757.6-8900.3]

IL-1, pg/ml 1.9 (0.5-90.4) [1.1-3.5] 1.2 (0.5-56.5) [0.8-2.8]

IL-6, pg/ml 66.2 (0-852.2) [33.3-152.5]* 6.1 (0-299.1) [0-23.9]

IL-17, pg/ml 7.8 (0-595.7) [0-28.3] 0 (0-4944.7) [0-7.2]

IL-10, pg/ml 7.5 (0-63.5) [4.2-11.9] 7.8 (0-180) [2.4-18.4]

IL-4, pg/ml 1.4 (0.2-1378.4) [0.4-32.6] 1.3 (0.2-2160.6) [0.5-10.2]

IL-8, pg/ml 7.3 (0-435.1) [2.1-14.1] 6 (0.1-467.4) [2.3-14.9]

IFN-y, pg/ml 6.1 (0-49.9) [0-12.2] 3.1 (0-501.2) [0-13.6]

TNF-a, pg/ml 1.1 (0-130.1) [0-22.3] 2.3 (0-1325.8) [0-16.9]

IL-1Ra, pg/ml 2039.7 (451.2-23683.8) [1164.1-7758.5]* 1077.8 (189.8-9852) [566.3-1983.1]

STNF-R1, pg/ml

1826.3 (838.7-17650.8) [1343.7-3715.8]*

1516.2 (579.7-2800.2) [943.5-1765.7]

*p< 0.05

parametric data was done with the Mann-Whitney test,
which does not require a check for normality of distri-
bution and is suitable for comparison of small samples.
The Spearman method was used for calculation of pair
correlation coefficients. Statistical data analysis was
conducted at the Chair of Social Medicine, Economics
and Healthcare Management of the Lviv Danylo Ha-
lytsky National Medical University. For construction of
the treatment-refractory JIA course probability prognos-
tic model, a logistic regression method was used. This
method allows detection of dependency of the charac-
teristic of interest (formation of treatment-refractory
disease course) on a combined action of a set of oth-
er variables (factors) and prediction of its change with
changes in other variables (factors) included in the re-
gression model.

Probability of treatment-refractory course formation
(p), subject to factors chosen by us, was calculated us-
ing the formula (1):

1 .
p=1757"100% (1)

where e = 2,72... —the base of the natural logarithm,
Z—avalue calculated according to formula (2):

Z=bx,+bx,+..bx +K )

where b, - coefficients of independent factors,
x, —independent factors,
K —aconstant.
Theoretically p may have a value between 0% (an
impossible event) to 100% (an event that always hap-
pens).

Results of investigation

Clinical and laboratory characteristics of investigat-
ed groups are presented in Table I. The comparison of
groups of JIA patients with a refractory and a non-treat-
ment-refractory disease course revealed that a refracto-
ry course develops in patients with high JIA activity at
disease onset (p = 0.006). Children with a low level of JIA
activity have a favourable prognosis of disease course
(p = 0.000004). The analysis of results showed that
a treatment-refractory disease course developed in
patients who had two or more factors of a poor dis-
ease course at the disease onset (p = 0.0001) (Table I).
Patients with a treatment-refractory disease course
showed a statistically significantincrease in levels of IL-6,
IL-1Ra, sTNF-R1 and sCD25 in comparison with group
of patients with a non-treatment-refractory JIA disease
course (Table I1).

Overall during this study 20 factors were selected
which, according to literature data and personal ob-
servations, can influence formation of a treatment-re-
fractory JIA disease course. Spearman’s paired cor-
relation coefficient between the named factors and
development of a treatment-refractory disease course
was calculated and data are depicted in Table IIl. It was
established that 8 factors out of 20 analysed have a sta-
tistically significant correlation with the development of
a treatment-refractory disease course, although none of
these factors showed a strong correlation. Additionally
it was established that just two factors have a statisti-
cally significant preventive role in the development of
a treatment-refractory disease course, namely the oli-
goarticular subtype of JIA and low disease activity, while

Reumatologia 2015; 53/3



122

Jaryna J. Bojko, Ludmyla I. Omelczenko, Wiktor P. Czernyszow

Table lIl. Correlation between refractory JIA disease
course and risk factors

Table IV. Regression coefficient values for development
of treatment-refractory JIA disease course, according to
logistic regression method

six other factors have a provocative role. It was proved
that systemic disease subtype, moderate and high dis-
ease activity, and presence of factors of poor prognosis
have a statistically significant link with development of
a treatment-refractory disease course. Statistical analy-
sis with calculation of Spearman’s paired correlation co-
efficients between named factors and development of
a treatment-refractory JIA course revealed the existence
of a statistically significant link between treatment-re-
fractory disease course and cytokine levels, namely
sCD25 and IL-6.

The logistic regression method was used to deter-
mine statistically significant risk factors of develop-
ment of a treatment-refractory JIA disease course, gen-
erated by combined action of the named factors. All
above-mentioned clinical factors were included in the
logistic model, plus CD25 and IL-6 — two biomarkers,
out of the whole group of laboratory factors, which had
a statistically significant provocative link with increased
risk of treatment-refractory JIA development. Regres-
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No. Risk factors of Rank Statistical
refractory disease  correlation reliability No. Factors Symbolic Regression
course formation coefficient (p value) character coefficient
1 Systemic JIA 0.63 < 0.05 1 Systemic A 37.774
iti arthritis
5 JIA, polyarthrltls, 5 0.05
RF-negative 0.05 2 JIA, polyarthri- B 0.512
3 JIA oligoarthritis -0.38 < 0.05 tis, RF-negative
Enthesitis-related 3 JIA, oligoar- c -0.773
¢ JIA —0.12 > 0.05 thritis
Presence of poor < 0.05 4 Enthesitis-relat- D 0.085
> prognostic factors 0.52 edJIA
6 Low activity -052 <0.05 5 Presence of E 0.590
Mod — poor prognostic
7 oderate activity 0.24 < 0.05 factors
8 High activity 0.46 < 0.05 6 Low activity 16.781
9 sCD25, pg/ml 0.25 <0.05 7 Moderate G 18.974
10 IL-6R, pg/ml -0.09 > 0.05 activity
11 IL-1, pg/ml 0.17 > 0.05 8 High activity H 19.260
12 IL-6, pg/ml 0.55 < 0.05 9 sCD25, pg/ml | 0.0001
13 IL-17, pg/ml 0.17 > 0.05 10 IL-6, pg/ml ) 0.007
14 IL-10, pg/ml -0.02 > 0.05 11 Constant -20.043
15 IL-4, pg/ml -0.02 > 0.05
16 IL-8, pg/ml 0.01 > 0.05 ) fici les ; hined acti
17 IFN, pg/ml 0.06 5 0.05 sion cF)e icient va ués ‘or ten. ac.t.ors, combined action
of which have a statistically significant effect on devel-
18 TNF pg/ml -0.04 > 0.05 .
opment of treatment-refractory JIA disease course, are
19 IL-1 RAG, pg/ml 0.11 > 0.05 shown in Table V.
20 TNF-RI, pg/ml 0.12 > 0.05 After inserting the results obtained by logistic re-

gression method into the formula, a Z-value was ob-
tained — one that enables calculation of probability of
treatment-refractory JIA disease course:

7 =37.774*A + 0.512*B - 0.773*C + 0.085*D + 0.5907E +
+16.781"F + 18.974*G + 19.260*H + 0.0001*1 + 0.0077J —
—20.043

The validity of calculated coefficients was checked
with the Wald test and the validity of the entire model
with the chi-square test. The obtained value of 78.151
indicates that the model is valid with the probability of
a mistake less than 0.1% (p < 0.001). At the same time
the obtained value of Nagelkerke R square, which is
0.737, indicates that factors included in the model pre-
condition formation of a refractory JIA course for 73.7%,
while for 26.3% formation of the named pathology is
caused by other factors.

Based on the obtained Z-value, using the formula, an
individual risk of treatment-refractory JIA course can be
calculated for any specific patient.
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Two examples of individual risk (IR) calculations for
development of a treatment-refractory JIA course are
provided. Patient 1, diagnosis: JIA, oligoarticular subtype,
number of poor prognostic factors at disease onset — 0,
activity — moderate, value of sCD25 = 1597.5 pg/ml, and
IL-6 = 15.8 pg/ml. Prognostic risk of refractory JIA develop-
ment: IR = 17.32%. This result coincides with the results
of clinical follow-up: patient 1 did not develop a treat-
ment-refractory disease course.

Patient 2, diagnosis: JIA, polyarticular subtype with
negative rheumatoid factor, number of poor prognostic
factors at disease onset -2, activity — moderate, value of
sCD25 = 418.0, pg/ml, and IL-6 = 32.7 pg/ml. Prognostic
risk of refractory JIA: IR = 70.81%. This result coincides
with the results of clinical follow-up: patient 2 devel-
oped treatment-refractory JIA.

For calculation of risk of treatment-refractory JIA
course a Microsoft Excel application was developed,
which enables one to establish the probability of a re-
fractory JIA course in any specific patient, based on
10 factors. The application automatically calculates the
risk of a treatment-refractory disease course and pres-
ents it graphically (Figs. 1, 2).

Discussion

The aim of this study was to develop an application
for automatic calculation of individual risk of treat-
ment-refractory JIA disease course formation. The fol-

[%]
80.0

50.0

40.0

10.0

0.0
Individual risk of refractory to treatment disease
course formation, %

Fig. 1. Application for calculation of treat-
ment-refractory JIA disease course risk based
on 10 factors (example 1).

lowing disease predictors were included in the study: JIA
subtypes, disease activity, presence of clinical factors of
poor prognosis and cytokine profile data. Current stud-
ies, investigating predictors of therapeutic outcome in
JIA patients, search not just for clinical characteristics of
the disease course, but also for gene expression profil-
ing in peripheral blood as a prognostic test for these pa-
tients. Technological spin-offs from the Human Genome
Project studying gene expression profiling in peripheral
blood promise that individualized therapies can be de-
veloped in future, based on genomic data [7]. However,
current medical practice still awaits the development
of affordable, easy to use methods that can predict dis-
ease course in JIA patients, based on clinical data. It has
been shown in a number of studies that prognosis de-
pends on the disease subtype. In particular, it was found
that polyarticular and systemic variants, in compari-
son to other JIA variants, have unfavourable sequelae
[8, 9], which correlates with the results of our study. In
our study we did not take into consideration other im-
portant factors, in particular age at start of the disease
treatment and disease duration before commencement
of treatment. The results of the Geikowski et al. study
[9] showed that parameters predicting a high-grade re-
sponse to a 6-month course of etanercept in JIA patients
were younger age at disease onset and shorter duration
of the disease at commencement of treatment. The Al-
barouni et al. study [10] revealed a statistically signifi-

(%]
80.0

70.0 +

60.0

50.0

40.0

30.0 ~

20.0 +

10.0 +

0.0
Individual risk of refractory to treatment disease
course formation, %

Fig. 2. Application for calculation of treat-
ment-refractory JIA disease course risk based
on 10 factors (example 2).
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cant correlation between disease duration of less than
1 year, higher numbers of active joints, lower numbers
of tender joints, presence of morning stiffness, and
a strong therapeutic response to MTX in JIA patients
12 months after beginning MTX treatment. Our study
takes into account clinical factors of poor prognosis,
which are presented in the American College of Rheu-
matology (ACR) 2011 recommendations [6]. Another
predictor of poor prognosis included in our study was
JIA activity, which we defined according to ACR recom-
mendations and the Unified clinical protocol of medical
care to children with juvenile arthritis in Ukraine [5]. The
results obtained confirm the existence of statistically
significant link between disease activity and JIA prog-
nosis. The current study revealed that a treatment-re-
fractory disease course was seen in JIA patients with
moderate and high disease activity levels. Apart from
clinical predictors of JIA course, two cytokines included
in our model —IL-6 and sCD25 — appeared to have a sta-
tistically significant link with poor disease prognosis. As
a consequence of our study an application for automatic
calculation of the percentage reflecting risk for devel-
opment of treatment-refractory JIA disease course was
developed. Use of this application enables prediction of
JIA disease course at the time of the JIA diagnosis. It may
serve as a basis for making a personalized treatment
choice in children with JIA.

Conclusions

In patients with a treatment-refractory JIA dis-
ease course a high disease activity at onset was found
(p=0.006), presence of two or more poor prognostic crite-
ria at onset of the disease (p = 0.0001) and a statistically
significant increase in levels of IL-6 (> 66.2 pg/ml), IL-1Ra
(> 2039.7 pg/ml), STNF-R1 (> 1826.3 pg/ml) and sCD25
(> 465.3 pg/ml).

We determined that systemic subtype of the dis-
ease, moderate and high disease activity, presence of
factors of poor disease course and sCD25 and IL-6 levels
are statistically significant factors of treatment-refracto-
ry disease course development.

A Microsoft Excel application was developed for au-
tomatic calculation of risk of treatment-refractory JIA
disease course formation in a specific patient based on
10 factors.

Use of an application for automatic calculation of
risk of treatment-refractory JIA development enables
prediction of JIA disease course in patients at disease
onset and to personalize the treatment protocol.

The authors declare no conflict of interest.
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