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Abstract

Background: Systemic juvenile idiopathic arthritis (sJIA) is determined by prominent multisystemic
involvements with onset before the age of 16 years, of which IL-6 has a significant role in the inflammatory
process. Tocilizumab (TCZ) is a human anti-IL-6 receptor monoclonal antibody, which modulates IL-6
activity by blocking its binding to the soluble and membrane-bound IL-6 receptor. No comprehensive study
has been done regarding the use of IL-6 inhibitors in the treatment of sJIA patients in Iran. This study was

conducted with the aim of investigating the effectiveness and outcome of IL-6 inhibitor treatment in Iranian
children with sJIA.

Methods and Materials: This is a case-control study including twenty patients diagnosed with sJIA divided
equally into two groups of case and control who received TCZ and corticosteroids, respectively. Subsequently,
various clinical and laboratory features were compared among these two groups.

Results: A significant difference before and after TCZ has been seen in terms of height increase, weight gain,
decrease in leukocytosis, thrombocytosis and ESR, CRP negativity, and arthritis improvement.

Conclusion: Considering the favorable effects of TCZ in the control of sJIA, by producing this drug in the
country and making it available to patients at a lower cost, it is possible to better control the disease and
reduce the harmful effects caused by the disease and reduce the long-term use of corticosteroids.
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Introduction inent systemic characteristics such as rash, fever,

Systemic juvenile idiopathic arthritis (sJIA) is serositis, lymphadenopathy, hepatomegaly or sple-
a severe subtype of JIA patients with no gender nomegaly, and onset before the age of 16 years (2,
predominance (1). sJIA is determined by prom- 3). sJIA is also associated with developmental de-
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lay, erosive arthritis, cardiovascular and pulmo-
nary complications, as well as amyloidosis (4, 5).

This disease, in addition to long-term treat-
ment, requires high doses of corticosteroids,
which itself leads to an increase in the risk of dis-
ability(6). Non-steroidal anti-inflammatory med-
ications alone cannot improve the symptoms of
sJIA. For example, methotrexate is one of the dis-
ease-modifying antirheumatic drugs (DMARD:)
with the lowest level of toxicity, which is available
as an adjuvant treatment, but it takes about 6-12
weeks to see the effects of it. Failure of treatment
with methotrexate alone indicates the need to add
a biological drug (7, 8). Several cytokines play a
role in the pathogenesis of rheumatoid arthritis,
including tumor necrosis factor-alpha (TNF-a),
Interleukin-1 (IL-1), and Interleukin-6 (IL-6)
(9), and many clinical studies have reported the
pivotal role of IL-6 in the inflammatory process
of sJIA (10). IL-6 is a pro-inflammatory cytokine
that is elevated in peripheral and synovial fluid
and signals through the inflammatory biomarker
C reactive protein (CRP) (11). IL-6 has an effect
on the immune system, including the stimulation
of fibroblasts, osteoclasts, macrophages, T-help-
er cells, differentiation, and activation of B cells.
Moreover, it plays a vital role in the adhesion of
neutrophils to fibroblasts and, as a result, causes
inflammation and the process of creating pan-
nus in the synovium (12). Of note, IL-6 has an
inhibitory effect on growth hormone, which leads
to short stature in these patients. Therefore, the
necessity of using IL-6 blockers in these patients
seems quite logical (13).

In patients with sJIA, IL-6 expression has been
correlated with the extent and severity of joint in-
volvement, with fever and platelet counts (11, 14).
Tocilizumab (TCZ) is a human anti-IL-6 receptor
monoclonal antibody (10), which modulates IL-6
activity by blocking its binding to the soluble and
membrane-bound IL-6 receptor, thereby reducing
CRP levels (15, 16). The results of several clinical
trials have shown that TCZ has improved symp-
toms such as fever, skin rash, and inflammatory
parameters in patients with sJIA (16, 17). TCZ
is used in many countries for moderate to severe
types of rheumatoid arthritis that do not respond
well to DMARDs, and it is effective in rapidly re-
ducing disease activity and the use of high doses
of corticosteroids in these patients. Considering

that in our country, no comprehensive study has
been done regarding the use of IL-6 inhibitors
in the treatment of sJIA patients. Therefore, the
current study was conducted with the aim of in-
vestigating the effectiveness and outcome of IL-6
inhibitor treatment in sJIA patients.

Method and materials

This case-control study was conducted on pa-
tients with sJIA based on the International League
of Associations for Rheumatology (ILAR) classi-
fication criteria (18), referred to the rheumatol-
ogy clinic of Mofid Children's Hospital, Tehran,
Iran, between 2021-2022. According to the ILAR
criteria, sJIA patients are defined as having arthri-
tis in one or more joints with or following fever
for at least a two-week period, which is constant
for at least three days or daily, and accompanied
by one or more of one of the following symptoms:
1- Erythematous rash that fades 2- Diffuse en-
largement of lymph nodes 3- Hepatomegaly or
splenomegaly or both 4- Serositis. Patients who
did not have an indication to receive the biolog-
ical medication and were unable to continue the
treatment for any reason were excluded from the
study. Our case group included 10 children under
16 years old with systemic type of JIA who were
treated with IL-6 inhibitor tocilizumab (TCZ) at
the rate of 8-10 mg/kg intravenously every two
weeks, then one month and 2 months. The con-
trol group included 10 other systemic JIA patients
who were treated with one to two pulse doses of
methylprednisolone (30 mg/kg) and did not re-
ceive any biological therapy. In the meantime, all
the patients in both groups underwent treatment
with prednisolone 1mg/kg/day as the mainte-
nance therapy. A questionnaire was designed to
collect patients' demographic, clinical, and labo-
ratory data. Two groups were compared in terms
of weight, height, fever, arthritis, serositis, rash,
leukocytosis, thrombocytosis, erythrocyte sedi-
mentation rate (ESR), C-reactive protein (CRP),
Lactate dehydrogenase (LDH), Aspartate trans-
aminase (AST), Alanine transaminase (ALT)
and triglyceride (TG). The clinical response rate
under TCZ at week 8 measured the effective-
ness of TCZ and was determined as follows: no
symptoms and normal inflammation parameters
at that time. Written informed consent was ob-
tained from all patients, their parents, or legal
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guardians. This study was approved by the ethical
committee of the Shahid Beheshti University of
Medical Sciences.

Statistical analysis

Data were analyzed using SPSS software version
16. Descriptive statistics were presented as mean
+ standard deviation (SD) for quantity values
and frequency (percentage) for qualitative values.
Kolmogorov-Smirnov test was applied to test for
the data normality. Differences were compared
by using the paired sample t-test or Mann-Whit-
ney U test. The McNemar test was used to com-
pare qualitative variables between two groups. A
P-value less than 0.05 was considered significant.

Results

The patients in the two studied groups matched
each other in terms of age and sex. There are 10
patients in each group, including 5 girls and 5
boys with an average age of 5.3 years old. Ac-
cording to the results outlined in Table 1, it is
revealed that intervening with tocilizumab pro-
vides a statistical difference in increasing height
(P-value=0.005) and weight (P-value= 0.020).

Additionally, in this group, a significant reduction
in clinical findings such as fever (P-value=0.002)
and arthritis (P-value =0.006) is visible, as well
as lab variables such as WBC counts (P-val-
ue=0.005), ESR (P-value=0.008), platelet count
(P-value=0.020), and CRP (P-value=0). Whilst in
the control group, obvious alterations are demon-
strated in weight gain (P-value=0.030) and ECR
decline (P-value=0.015) before and after the in-
tervention by methylprednisolone. Furthermore,
some clinical variables (rash and serositis) and
paraclinical ones (LDH, AST, ALT, TG) had no
confounder effect before and after interventions
in both case and control groups. Regarding sero-
sitis in this study, only one of the patients in the
control group had pericarditis before receiving
methylprednisolone, which disappeared follow-
ing the intervention. In contrast, none of the sub-
jects in the case group had serositis either before
or after the intervention.

In the TCZ group, 40% of patients do not need
a maintenance dose of corticosteroids (P-val-
ue=0.2). In the methylprednisolone group, 10% of
patients stopped maintenance treatment (P-val-
ue=0.125), illustrated in Figure 1.

Table 1. Differences in clinical findings between the two groups of patient

Variables

Methylprednisolone group (N=10)

Tocilizamab group (N=10)

Before After p-value?  before After p-value P
Height (Centimeter) 103.22+£2.6 10822 +£2.2 0.18 95.14+ 6.8 107.10£ 5.5 0.005
‘Weight (kilogram) 14.6 £ 4.0 17.9+0.3 0.03 16.5+1.9 20.8 £3.7 0.021
WBC (mm3) 147+ 31.0 11.5+11.58 0.44 18.8£29.0 7.4+ 65.72 0.005
ESR (mm/hr) 68.32+84 39.31+6.8 0.015 4722453 10.5 £3.1 0.008
Platelet 450000+ 11 410000 £2 0314 430000+11 330000+8 0.021
LDH (IU/L) 547268 £ 6.7 588.237+7.2 0.249 433.192+3.0 401.171+1.7 0.285
Aspartate transaminase 36.31 = 8.6 29428 0.310 3820+ 7.5 26568 0.681
Alanine transaminase 33.54+1.0 13.6x74 0.236 2528+ 5.6 16.7+x9.0 0.858
Triglycerides 227.175+£9.0 222.89+3.2 1.000 175.89+£ 5.8 179.84 £ 5.1 1.000
Fever 8 (80%) 3 (30%) 0.125 7 (70%) 0 (0%) 0.002
Rash 5 (50%) 0 (0%) 0.250 1 (10%) 0 (0%) 1.000
Arthritis 10 (100%) 5 (50%) 0.250 10 (100%) 2 (2%) 0.006
Serositis 1(10%) 0 (0%) 1.000 0 (0%) 0 (0%) 1.000
CRP (mg/L) 10 (100%) 5 (50%) 0.250 10 (100%) 0 (0%) 0.000

P-value * Mean comparison before and after the intervention in the
after the intervention in the Tocilizumab group.

Methylprednisolone group, P-value ®: Mean comparison before and

Discussion

sJIA is a severe multiorgan disease of unknown
etiology. Classification and diagnostic criteria are
currently under debate because sJIA is not a clas-
sic autoimmune disease like other JIA subtypes
(19, 20). IL-6 is involved in the pathogenesis of
sJIA and its comorbidities(14). TCZ is used in

many countries for moderate to severe types of
sJIA that do not respond well to DMARD:s or can-
not tolerate other drugs well. Therefore, this study
assessed the effectiveness of interleukin-6 inhibi-
tor treatment in sJIA.

In the study of Yokota et al. in Japan, the effects
of TCZ were investigated on 417 patients with
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Figure 1. Comparison of corticosteroid discontinuation in two groups of patients

sJIA. The medication was given to the patients at a
dose of 8 mg/kg every two weeks, and the patients
were followed up for 52 weeks. Based on the re-
sults, an improvement in CRP was observed,
reaching a normal level in 99% of patients with-
in 52 weeks. In addition, the corticosteroid dose
in the fourth week was reduced from 0.9 mg/kg/
day to 0.2 mg/kg/day in the 52nd week. The main
symptoms of the disease, such as fever, decreased
from 54.6% to 5.6% and rash from 43% to 5.6%
within 52 weeks (2). In our study, before and after
taking TCZ, improvement in CRP (P-value=0)
and fever (P-value=0.002) was observed, simi-
lar to the results of Yokota's study, although no
significant alterations in the presentation of rash
were noticed in both groups, as a result of small
sample size.

In the study by Aoki et al., 40 patients with sJIA
who received TCZ intravenously at a dose of 8
mg/kg every two weeks, clinical symptoms, and
radiographic changes of the hand and large joints
were evaluated before and during treatment. Af-
ter 4.5 years of therapy, the clinical symptoms
had clearly improved, and on average, one out of
three radiographic criteria had improved (21).
The clinical findings of this study are in line with
the results of the current study.

In the study of Alekseeva et al., 212 patients
were treated with TCZ, and 75 of these 212 pa-
tients were followed up for two years. The study's
results showed that with the increase in the du-
ration of treatment, the rate of improvement of

disease symptoms increased according to ACR
criteria. Our study aimed to investigate the drug's
implications regardless of the duration of treat-
ment. In addition, Alekseeva et al. reduced the
oral corticosteroid dose from 9.5 mg/day at the
beginning of the study to 0.5-1 mg/day in week
52. In 5 patients, corticosteroid treatment was
completely stopped in the 104th week (21). In
comparison, 40% of our case individuals ended
up in cessation of maintenance treatment after
one year (P-value=0.2). Furthermore, Alekseeva
et al. assessed complications caused by TCZ use,
including pharyngitis, upper respiratory tract in-
fections, and gastroenteritis, and there were no
reports of opportunistic infection, malignancy, or
death (21). In contrast, we did not evaluate such
complications.

Another study was conducted by Yokota et al.
in 2008 with the aim of investigating the effec-
tiveness of TCZ in 43 patients aged 2 to 19 years,
of which 23 patients were in the TCZ-receiving
group, and 20 patients were in the placebo-re-
ceiving group. In the group receiving placebo, 4
patients (17%) had CRP decreased to less than 5
mg/dl, while in the group receiving TCZ, 16 pa-
tients (80%) had a decrease in CRP. The results of
their study showed that TCZ is very effective in
treating patients who hardly respond to treatment
(22). Our study revealed a significant decline in
CRP (P-value=0) as well. Similar to our study, in
another study, it was reported that in sJIA patients
with high fever, the fever subsided, and inflam-
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matory markers returned to normal levels (23). In
our study, only one of the patients in the Methyl-
prednisolone group had serositis before receiving
Corticosteroid, which disappeared after receiving
the pulse therapy, and none of the patients in the
TCZ group had serositis either before or after re-
ceiving the medication. Therefore, it is impossible
to judge the effect of either drug on reducing the
amount of serositis in these patients.

Conclusion

This study shows a significant difference before
and after TCZ in height increase, weight gain, de-
crease in leukocytosis, thrombocytosis and ESR,
CRP negativity, and arthritis improvement. Con-
sidering the favorable effects of TCZ in the control
of sJIA, by producing this drug in the country and
making it available to patients at a lower cost, it is
possible to control the disease better, reduce the
harmful effects caused by the disease, and reduce
the long-term use of corticosteroids. One of the
limitations of the study is the small sample size. It
is suggested that further multi-center studies with
larger sample sizes and longer follow-up periods
should be conducted in order to evaluate the ef-
fectiveness of TCZ treatment and investigate the
possible side effects of its utilization.
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