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ABSTRACT

Objective: To explore the efficacy of biologics as mono- or combination therapy with conventional disease modifying
anti-rheumatic drugs (cDMARDSs) in the treatment of juvenile idiopathic arthritis (JIA).

Material and Methods: Medical records of patients with JIA followed-up from January 2020 to 2023 who were treated
either with biologic drugs as monotherapy or with combination of cDMARD were reviewed retrospectively. Data of
demographic features, clinical scores and treatments were assessed.

Results: Two hundred five cases received etanercept, adalimumab, or tocilizumab alone or in combination with a
cDMARD for JIA were included. The male to female ratio of the cohort was almost equal. Oligoarticular was the most
common subtype of JIA.

Majority (=128, 62.4%) of the group received biologic drugs as monotherapy, while the remaining third (n=77, 37.6%)
used a combination of biologic and a cDMARD. Nearly half of the group (57.1%) were treated with etanercept and
etanercept monotherapy was the most commonly used one among all JIA subtypes except juvenile psoriatic arthritis.
Adalimumab combination therapy was prescribed in most of the children with juvenile psoriatic arthritis. Adalimumab,
alone or in combination with methotrexate, was preferred for all 8 patients with uveitis at the onset of the disease.
Adalimumab combined (n=9) and tocilizumab monotherapy (n=4) were the most common biologics in those who
developed uveitis during follow-up.

Conclusion: Etanercept, adalimumab, or tocilizumab are effective and safe biologics in treatment of JIA. Prescribing
biologic drugs timely as combined or monotherapy in certain cases is effective in preventing early and late sequelae of JIA.
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Amag: Juvenil idiyopatik artrit (JIA) tedavisinde konvansiyonel hastalik modifiye edici anti-romatizmal ilaclar (cDMARD’lar)
ile mono veya kombinasyon tedavisi olarak biyolojiklerin etkinligini karsilastirmak.

Gerec ve Yontemler: Ocak 2020- 2023 arasinda kadar izlenen monoterapi olarak biyolojik ilaglarla veya cDMARD
kombinasyonuyla tedavi edilen hastalarin tibbi kayitlari retrospektif olarak incelendi. Demografik 6zellikler, klinik skorlar
ve tedavi verileri degerlendirildi.
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Bulgular: Tek basina veya JIA icin bir cDMARD ile kombinasyon halinde etanersept, adalimumab veya tosilizumab alan 205 vaka dahil
edildi. Grubun kadin erkek orani hemen hemen esitti. Oligoartikiiler JIAnin en yaygin alt tipiydi.

Grubun buyUk ¢cogunlugu (n=128, %62.4) biyolojik ilaglari monoterapi olarak alirken, geri kalan Ugte birlik kisim (n=77, %37.6) biyolojik ve
bir cDMARD kombinasyonu kullanmisti. Grubun yaklasik yarsi (%57.1) etanersept ile tedavi edilmisti ve jlivenil psoriatik artrit disinda tim
JIA alt tipleri arasinda en sik kullanilan etanersept monoterapisiydi. Jivenil psoriatik artritli cocuklarin coguna adalimumab kombinasyon
tedavisi verildi. Hastaligin baslangicinda Uveitli 8 hastanin hepsinde tek basina veya metotreksat ile kombinasyon halinde adalimumab
tercih edildi. Takip sirasinda Uveit gelisenlerde adalimumab kombine (n=9) ve tosilizumab monoterapisi (n=4) en yaygin biyolojik ilaclardi.

Sonug: Etanersept, adalimumab ve tosilizumab JIA tedavisinde etkili ve glivenli biyolojik ilaglardir. Biyolojik ilaclarin zamaninda ve uygun
hastalarda kombine veya monoterapi olarak secilmesi, JIAnin erken ve geg sekellerini dnlemede etkilidir.

Anahtar Sézciikler: Biyolojikler, Hastallkk modifiye edici anti-romatizmal ilaglar, Juvenil idiyopatik artrit

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is the most common cause of
chronic inflammatory arthritis seen under the age of 16 and can
cause severe disability. The incidence of the disease has been
reported as 19.8 per 100,000 children (1, 2).

Currently, treatment strategies of JIA includes non-steroidal
anti-inflammatory drugs (NSAIDs) as the first-line therapy.
Corticosteroids and conventional disease-modifying anti-
rheumatic drugs (cDMARDs) are required in nonresponsive
cases. Treatment response may vary according to the subtype
of the disease and accompanying complications.

The introduction of biologic drugs have revolutionized improving
patients’ quality of life as they reduces the Juvenile Arthritis
Disease Activity Score (JADAS) and the number of joints
affected. In addition, with the widespread use of biologics in the
treatment of JIA, the dose of other conventional medications
used together with biologics drugs can be reduced and the
harmful effects of those with long-term side effects such as
corticosteroids can be prevented (3, 4).

In TUrkiye, etanercept (ETA), adalimumab (ADA), and tocilizumab
(TCZ) are the main licensed biologics and recommended for
children with systemic and non-systemic JIA subtypes in case
of inadequate response or intolerance to DMARDs. Previous
reports have revealed that 80% of children with JIA are treated
by combination of biologics and methotrexate rather than
replacing methotrexate with biologics (3,5,6). According to
the literature, depending on the molecular structure of biologic
drugs, JIA subtype or complications of the disease such as
uveitis, monotherapy of biologics or combination with DMARDs
can be preferred. However, centers continue to determine their
preferences according to their own experiences and the rules
of healthcare systems of countries (7, 8).

The aim of this observational study is to evaluate the efficacy
of combination versus mono-therapy of biologics licensed in
Turkiye for children with non-systemic JIA.

MATERIALS and METHODS

The study was approved by the Istanbul Faculty of Medicine,
Clinical Research Ethics Committee (17.05.2022-871316). All

patients and their parents gave written informed consent in
accordance with the Declaration of Helsinki.

The medical charts of 205 patients treated with biologic agents
out of 856 JIA patients with JIA were reviewed retrospectively.
Patients who were followed-up between January 2019 and
January 2023 enrolled to the study according to being eligible
for the following criteria: 1) Meeting the International Association
of Rheumatology Societies (ILAR) criteria for JIA, 2) No history
of comorbid rheumatologic disease, 3) Negative scanning
results for tuberculosis, and 4) Absence of a systemic symptom
leading to systemic JIA (sJIA). Because sJIA is the only subtype
recognized as an autoinflammatory disease rather than an
autoimmune disease, it is distinguished from other subtypes
by its more severe disease course, different and challenging
treatment strategies. For these reasons, patients with a
diagnosis of sdIA, which is often considered a separate disease,
were excluded from this study. 5) Patients receiving abatacept,
etc., which are relatively less preferred in the treatment of JIA,
were excluded from the study.

Demographic and clinical features, laboratory variables, family
history, received medications, and periodic outcome measures
were collected retrospectively.

Intermittent recording of the juvenile arthritis disease activity
score-27 (JADAS-27) assessed the efficacy of the main
treatment (9). The Wallace criteria was accepted for the
definition of inactive disease. Components of this criteria were
as follows: No active arthritis or uveitis; a physician’s global
assessment indicating no disease activity; no fever, rash,
serositis, splenomegaly, or lymphadenopathy; and no elevated
erythrocyte sedimentation rate (ESR) or C-reactive protein
(CRP) level (10).

The cohort was divided into 2 groups: Those who received
biologic monotherapy (ETA, ADA, or TCZ) and those who
received biologic and cDMARDs combination therapy. All
groups involve patients who had the respective treatments
for at least 3 months and follow-up of >6 months. Firstly,
the main comparison was between TCZ and tumor necrosis
factor (TNF)-alpha inhibitors (TNFi) used as monotherapy or in
combination with a DMARD. Secondly, patients received TNFi
were categorised by concomitant conventional (methotrexate,
sulfasalazine, or leflunomide) therapy. The period of drug
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exposure terminated either at the recorded discontinuation
date, the final available visit, or when switching to another
DMARD or biologic, whichever took place earlier.

Reasons for discontinuation of treatment or resumption of the
discontinued drug were recorded. The corticosteroid sparing
effect of the main treatment was determined by recording
discontinuation data and the duration of steroid use.

Statistical Analysis

Descriptive  statistics were expressed as frequencies or
percentages for categorical variables. Continuous variables
are stated with meanz+standard deviation (SD) or median with
interquartile range (IQR) according to the normality of the
data. To compare groups Pearson’s chi-squared test, Fisher’s
exact test, independent-samples t-test and Mann— Whitney
U test were used depending on type of the data processed.
The p-values less than 0.05 were considered as statistically
significant. Statistical analyses were performed utilizing SPSS
version 26.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Overall, 205 of 856 children with non-systemic JIA aged 2
to 18 years and receiving biologic drugs were enrolled to the
study. The male to female ratio of the cohort was almost equal.
Oligoarticular was the most common subtype of JIA. Patient
characteristics and the distribution of patients by JIA subtype
according to ILAR criteria is summarized in Table I.

As a complication of JIA, uveitis developed in 24 patients during
the course of the disease. Eight (3.9%) of them were diagnosed
incidentally at the onset of JIA, and 16 (7.8%) of them were

diagnosed with uveitis during periodic visits for JIA. ADA alone
or in combination with methotrexate was preferred for all
patients with uveitis at the onset of the disease. ADA combined
therapy (n=9) was the most common, and TCZ monotherapy
(n=4) was the second most common in those who developed
uveitis during follow-up.

Majority (n=128, 62.4%) of the group received biologic drugs as
monotherapy, while the remaining third (n=77, 37.6%) used a
combination of biologic and cDMARD. Nearly half of the group
(567.1%) were treated with ETA in the entire cohort and ETA
monotherapy was the most commonly used drug among all JIA
subtypes except juvenile psoriatic arthritis. ADA combination
therapy was prescribed in most of children with juvenile
psoriatic arthritis. At the last visit, while 20 (9.8%) patients had
discontinued biologic therapy, 185 (90.2%) were still under
biologic therapy. Among the whole group baseline disease
characteristics (median VAS, PGA, CRP, and ESR values) were
slightly more severe in children received either TCZ mono or
TCZ combination therapy than the other groups. Comparison
of the groups by index drugs at study enrolment can be seen
table Il.

Fifteen patients were under systemic corticosteroid therapy at
the time of biologic initiation and at the last visit one case with
juvenile psoriatic arthritis required corticosteroid therapy with
adalimumab and leflunomide.

Methotrexate was the major cDMARD most preferred when
combination of biologics was required. In TCZ combination
group leflunomide and methotrexate were prescribed at similar
rates.

When comparing the medications for discontinuation, the most
common cause was achieving inactive disease (19, 9.3%) for

Table I: The demographic features and the distribution of disease subgroups

Features
Gender (female/male)* 101/104 (49.3 / 50.7)
Age, yearst 14.2 (10.6-18)

Age at diagnosis, years'’
The delay in diagnosis, months’
Follow-up period, yearst
Age at biologic onset, years’
The disease duration at initiation of biologic therapy, months’
The duration of biologic therapy usage, monthst
Family history of rheumatologic disease*
Rheumatoid arthritis
Psoriazis
JIA
JIA subtypes
Oligoarticular JIA*
Persistent*
Extended*
RF-negative polyarticular JIA*
Enthesitis-related arthritis JIA*
Psoriatic arthritis*
RF-positive polyarticular JIA*

9 (4.2-12.6)
2.4 (1-8.5)
3.8 (2-6.9)
11 (6.7-14.5)
23.7 (10.5-40.5)
20.7 (10.2-40.7)

21(10.2)
5 (2.4)
3(1.4)

115 (56.1)
107 (52.2)
8 (3.9)
35(17.1)
35 (17.1)
11 (5.4)
9 (4.4)

*n(%), t: (median, IQR), JIA: juvenile idiopathic arthritis, RF: rheumatoid factor, IQR: interquartile range
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Table Il: Comparison of the groups by index drugs at study enrolment

Index drug at study enrolment

ETA ETA ADA ADA TCZ TCZ
mono (n=81) combo (n=36) mono (n=31) combo (n=35) mono (n=16) combo (n=6)
JIA category*
Oligoarticular
Persistent 46 (43) 22 (20.6) 16 (15) 17 (15.9) 5(4.7) 1(0.9)
Extended 3(37.5) 2 (25) 0 1(12.5) 2 (25) 0
RF-negative polyarticular 16 (45.7) 2 (5.7) 4 (11.4) 4(11.4) 6(17.1) 3(8.6)
Enthesitis-related 11 (31.4) 7 (20) 8 (22.9) 7 (20) 1(2.9) 1(2.9
Psoriatic 2(18.2) 1(9.1) 2(18.2) 4 (36.4) 1(9.1) 1(9.1)
RF-positive polyarticular 3(33.3) 2 (22.2) 1(11.1) 2(22.2) 1(11.1) 0
ANA positivity* 28 (41.2) 1(34.4) 12 (41.4) 17 (54.8) 3 (20) 2 (33.3)
Seropositivity (RF and/or anti-CCP)* 3(3.7) 3(8.3) 2 (6.4) 3(8.5) 1(6.2) 1(16.6)
HLA-B27 positivity* 6 (7.4) 3(8.3) 5 (16) 4 (11.4) 0 1(16.6)
ESR (mm/hour)t 10 (23) 8 (19) 18 (19) 10 (24) 20 (40) 7.5 (30)
CRP (mg/L)* 1.7 (6.4) 1.8 (6.4) 3.7 (18.5) 2 (13.6) 7.4 (57.5) 6.6 (23.1)
Patient/parent global assessment’ 6 (2) 5(3) 6 (3) 5 (4) 8 (3) 6.5 (3)
Physician global assessmentt 5(2) 5(2) 5 (3) 5(3) 6 (3) 6 (5)
Concomitant cDMARD*
MTX 27 (75) 27 (77.1) 3 (50)
SAZ - 5(13.8) - 3(8.5) - 0
LEF 2 (5.5) 4 (11.4) 3 (50)

* n(%), t: median (IQR), DMARDs: Disease-modifying antirheumatic drugs, JIA: juvenile idiopathic arthritis, RF: rheumatoid factor, IQR:
interquartile range, ETA: Etanercept, ADA: Adalimumab, TCZ: Tocilizumab, ANA: Antinuclear antibody, CCP: Cyclic citrullinated peptide,
HLA: Human leukocyte antigen, ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein, MTX: Methotrexate, SAZ: Sulfasalizne, LEF:

Leflunomide

all groups. TCZ-mono (31.3%) and ETA-monotherapy (11.1%)
groups were the two in which treatments were stopped most
frequently due to inactive disease. Patients’ failure to comply
with follow-up periods and drug administration (10, 4.9%) were
among the other reasons for discontinuation. Discontinuation
was usually noted for adverse events in children treated with
TCZ mono- and ADA combination therapy (4% vs. 3%). Shorter
disease duration, RF- polyarticular JIA subtype, concomitant
steroid treatment and higher JADAS-27 levels at baseline were
significantly associated with greater risk of discontinuation.

Ineffectiveness (29, 14.1%) and uveitis (8, 3.9%) were the
leading causes of switching biologic therapies. TCZ mono-
(7%, 43.8%) and combination (5%, 83.3%) treatments were
switched significantly more often than other groups due to poor
efficacy (p=0.01).

At the first year evaluation, significant improvement in disease
activity parameters was observed in patients in all groups.
Remission in JADAS-27 was achieved in 65%, 61.2%, and
50.7% in the ETA, ADA, and TCZ combination cohorts,
respectively. In monotherapy cohorts JADAS-27 remission
rates were 60%, 58%, and 41.7% for ETA, ADA, and TCZ
groups, respectively. Although less improvement was observed
in the JADAS-27 scores of the patients who received TCZ
monotherapy, there was no significant difference between
groups (p=0.7).

DISCUSSION

This is a comprehensive retrospective observational study
comparing ETA, ADA, and TCZ, which are currently used in
the treatment of JIA. Previous reports are mostly associated
with effectiveness of cDMARD monotherapy and combination
of them with biologic medications in JIA. Our study stands out
for comprehensively comparing the use of the most commonly
used biologics as monotherapy and in combination with
cDMARDs.

Within a span of decade, biologic medications became
widespread in treatment of JIA. In cases where cDMARDs
are insufficient to provide remission, bDMARDs are preferred
as both mono- and combination therapy. In clinical practice,
TNFi such as ETA are the first-line biologics that are the most
frequently used in JIA (11,12). Data of the German registry
regarding ETA use in JIA revealed that ETA is safe and effective
for treatment of JIA (13). A prospective, open-label, multicenter
registry evaluating the long-term safety and efficacy of ETA
mono- or in combination with methotrexate reported that
all these drugs might be preferred in JIA because they are
effective (14). In another study comparing combination versus
monotherapy of ETA, cases receiving combination therapy with
methotrexate showed greater ACR Pedi 70 response at the end
of the first year, than patients receiving ETA alone (62% vs 45%;
p < 0.010) (15). In the present study, there was no significant
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difference between ETA mono- and combination therapies in
terms of median JADAS-27 scores, PGA, or VAS. Patients
who received ETA and methotrexate concomitantly and ETA
monotherapy showed significant improvement in JADAS-27
scores at the end of first year (p<0.001). However, there is still
insufficient evidence about the accurate time of discontinuation
of ETA in JIA.

ADA, a fully human monoclonal anti-TNFi, is accepted for being
effective and safe in the treatment of JIA. In German BIKER
registry, long-term data was reported regarding ADA versus
ADA and methotrexate for JIA management. In patients with
ADA monotherapy, ERA (p = 0.004) was documented more
often. No differences in treatment response or adherence to
treatment between groups were declared (16). ADA is frequently
preferred in JIA associated uveitis. A study determining the role
of ADA in the treatment of JIA-uveitis in children showed that
the combination of ADA with methotrexate is safe and effective
(17). ADA was the second most common bDMARD prescribed
in all groups of our cohort following ETA. It was the most
important choice in our cases that develop uveitis during the
course of the disease and at the onset of the disease. All uveitis
subjects were in remission under ADA mono- and combination
therapy in our study at the first year of biologic initiation.

It is known that the neutralizing antibody against bDMARDs
may have a negative effect on the functional drug level indirectly
by increasing drug clearance through the formation of immune
complexes (18, 19). Secondary failure and adverse events of
bDMARDSs can be related to the anti-drug antibodies. ETA is a
non-immunogenic anti-TNFi. Although antibodies are produced
in the immune system against ETA, they are not neutralizing
and do not affect drug efficacy or safety. However, the use of
ADA carries the risk of developing anti-drug antibodies leading
to neutralization and related effects (19). Studies have shown
that methotrexate has a protective effect on the formation of
anti-drug antibodies, which is a major challenge especially
for the use of anti-TNFi. In our study, methotrexate was the
most common cDMARD prescribed for combination with
biologics. Although we did not evaluate anti-drug antibody
levels, our study shows that the combination of bDMARDS
with methotrexate is as effective as monotherapy and is often
preferred by rheumatologists in clinical practice.

TCZ is a recombinant humanized monoclonal antibody whose
mechanism of action is an interleukin-6 receptor antagonist. It
has been frequently prescribed for the treatment of systemic
and polyarticular forms of JIA (20). Moreover, recent literature
provides promising outcomes regarding the efficacy of
intravenous and subcutaneous TCZ in the management of
JIA associated uveitis (21, 22). In previous studies, in contrast
with anti-TNFi, no improvement in outcome has been observed
by combining TCZ with cDMARD. So, TCZ was identified as
being highly effective as a monotherapy (6, 23). In this study,
TCZ mono- and combination therapies were most commonly
preferred for the treatment of RF-polyarticular JIA and JIA-
associated uveitis, and were effective and well tolerated.
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Because our data included a small number of cases receiving
TCZ, it was difficult to make comparisons for the TCZ alone and
the combined treatment groups.

This study also has some limitations. Clinical data were
collected retrospectively from patient records and this was
not an inception cohort. At the same time, it was very difficult
to make an optimal evaluation because there was not a
homogeneous number of patients in all groups. However, such
data are valuable for clinicians as they are real-life data.

In conclusion, bDMARDs, which can be used in combination
or alone, are critically important drugs in the treatment of JIA.
Considering their cost-effective properties, choosing them as
combined or monotherapy timely is effective in preventing early
and late sequelae of JIA. Prospective, controlled randomized
studies based on real-life data with larger patient groups on
these drugs would be of great value.
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