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Background: Systemic Juvenile Idiopathic Arthritis (sdIA) is a unique category of juvenile
arthritis in which interleukin 6 plays a major pathogenic role. This study aimed to describe
the therapeutic short-term outcomes among patients with sJIA starting tocilizumab (TCZ2)
therapy and to identify possible predictors of treatment response.

Methods: We conducted a prospective observational study including 65 patients with
sJdIA meeting ILAR classification criteria with active disease despite conventional therapy
that were treated by TCZ between August 2019 and October 2020 as the first-line
biological therapy. Clinical and serological parameters were recorded at baseline and
after 1 year of TCZ therapy.

Results: After 1 year, 25% of the patients achieved minimal disease activity and 35%
achieved clinically inactive disease. A significant reduction of the 10-joint juvenile arthritis
disease activity score and acute phase reactants was also observed. Patients with
younger age (<7 years), shorter disease duration (<3 years), lower disease activity, and
higher serum ferritin and systemic manifestations showed more favorable results.

Conclusion: Patients with sJIA showed favorable disease outcomes with TCZ treatment
for 1 year, especially if the drugs were administered earlier in the disease course and in
younger patients with a more pronounced inflammatory status. Our results may help to
define the profile of patients with sJIA who are more likely to benefit from IL-6 blockade.

Keywords: systemic juvenile idiopathic arthritis, tocilizumab, inflammation, ¢ reactive protein, erythrocyte
sedimentation rate, ferritin

INTRODUCTION

The term juvenile idiopathic arthritis (JIA) encompasses all forms of arthritis that occur before 16
years of age and persists for at least 6 weeks with other causes of arthritis being ruled out. It occurs
in a frequency of 3 in 10,000 among children (1-5) and according to the ILAR classification it is
classified into seven variants (6, 7). Systemic JIA (sJIA) represents a clinically distinct category that
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accounts for 10-20% of JIA patients with no gender
predominance; systemic involvement including fever, rash,
and enlarged lymph nodes; hepatosplenomegaly; and serositis
(8). Genetic studies have shown marked variation in the loci
associated with sJIA compared to other ILAR categories (7). In
addition, a marked activation of the innate immune system was
demonstrated and specific pro-inflammatory cytokines (e.g.,
IL-1 and IL-6) contribute to the multisystem inflammation and
may ultimately lead to 5-8% of patients having the most severe
complication of sJIA, the macrophage activation syndrome
(MAS) (8). On this basis, the treatment approach of sJIA
has been shifted from the use of TNF inhibitors (TNFi) to
that of IL-6 inhibitors [such as tocilizumab (TCZ)] and IL-1
blockers (such as Anakinra or Canakinumab) (9-13). The 2015
National Health Service England treatment pathway, American
College of Rheumatology/Arthritis Foundation (ACR), as well
as Childhood Arthritis and Rheumatology Research Alliance
Consensus (CARRA) recommended that patients with sJIA
should be prescribed TCZ or Anakinra as a first biologic therapy
following failure of conventional therapy (14-16). TCZ, a
humanized monoclonal antibody directed against IL 6 receptor,
is the first biological drug approved in Japan for treatment of
sJIA alone or with methotrexate (MTX) (17-21). A number
of possible predictors of the therapeutic effectiveness of IL-1
inhibitors have been reported, and these include less severe
joint disease, increased neutrophil or white blood cell count,
shorter disease duration, older age at disease onset, and use of
IL-1 blockade as first-line therapy, particularly in patients with
new-onset disease and not yet exposed to steroid or disease-
modifying anti-rheumatic drugs (DMARDs) (21-27). However,
the experience gained on IL-6 inhibitors in sJIA is still limited;
hence, there is a need to better characterize the profile of patients
with sJIA who are more likely to respond to IL-6 blockade. This
study aimed to describe the therapeutic short-term outcomes
among patients with sJIA treated with TCZ and to investigate
the possible therapeutic predictors of treatment response.

MATERIALS AND METHODS
Study Design and Population

We conducted a prospective observational study including
patients with sJIA according to the ILAR classification criteria
(2), who were starting TCZ in Tanta & Kafr El Sheik
Health Insurance Hospitals, as well as Outpatient & inpatient
clinics of Physical Medicine, Rheumatology & Rehabilitation
Department, Tanta University Hospitals, between August
2019 and October 2020. Patients with other rheumatic or
autoinflammatory diseases were excluded. A previous or
concomitant treatment was allowed for NSAIDs, systemic or
intra-articular glucocorticoids, and conventional synthetic (cs)
DMARD:s (e.g., MTX). Corticosteroids were standardized for all
patients and given at a median dose of 0.5 (0.2-1) mg/kg/day.
Patients were excluded if they were in minimal disease activity
(MDA) at the start of TCZ with no systemic features present
or if received any biologic (b) DMARDs before the start of
the study. TCZ was given at a dose of 8-12 mg/kg slow
intravenous infusion every 2 weeks. At baseline and after 1 year,

TABLE 1 | Systemic manifestation score.

Fever = 37-38°C 1 point
Fever = 38-39°C 2 point
Fever = 39-40°C 3 point
Fever >40°C 4 point
Rash 1 point
Generalized lymphadenopathy 1 point
Hepatomegaly and/or splenomegaly 1 point
Serositis 1 point
Anemia (hemoglobin <9 g/dl) 1 point
Platelet count > x10%/L or ferritin >500ng/ml 1 point

a detailed questionnaire on patient demographics, clinical and
laboratory disease characteristics, as well as all current and past
DMARD:s and changes in the therapeutic strategy were collected.
Quantitative measurement of the activity of systemic disease was
performed using a systemic manifestation score (SMS) (Table 1)
devised by weighting extra-articular features (27). It was decided
to assign a greater weight to fever owing to its greater effect on
a child’s well-being and major importance in driving treatment
decisions. The SMS ranges from 0 to 10, (where 0 = absence of
systemic manifestations) and 10 = maximum activity of systemic
manifestations). The study was conducted in accordance with the
declaration of Helsinki (28) and written informed consent was
obtained by the parents or, if not possible, by the next of kin. We
followed the recommendations of STROBE guidelines during the
preparation of this manuscript (29).

Baseline disease characteristics were assessed, including the
10-joint juvenile arthritis disease activity score (JADAS-10) that
ranges from 0 to 40. It is a composite score resulting from
the addition of four values: physician’s global assessment (PGA)
on a 0-10 visual analog scale (VAS) (0 = no activity; 10 =
maximum activity); patient (or parent) global evaluation of well-
being (PGE) on a 0-10 VAS scale (0 = no activity; 10 =
maximum activity); active joint count (AJC), up to 10 joints,
irrespective of their type, censored at 10; and normalized ESR
(value in mm/h —20)/10, where values 20 mm/h are converted
to 0 and values of more than 120 mm/h are converted to
120 (30).

Study Outcomes

Primary outcome measures were investigated at 1 year after
start of biologic therapy and included proportion of patients
achieving MDA or clinically inactive disease (CID). Patients
with sJIA were defined as achieving MDA if the PGA was
not >3.4cm, the PGE was not >2.1cm, with a maximum
of one active joint (31). Patients were defined as achieving
CID if they had no active joints, no systemic features, no
active uveitis, and a PGA of zero (9, 32). Secondary efficacy
outcomes included the change in active joint count, PGA,
PGE, JADAS-10, systemic disease score, laboratory results, and
drug doses. A complete clinical response (CCR) was defined
according to the following five criteria, which should all be
present: (1) absence of fever; (2) PGA of the overall disease
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TABLE 2 | Baseline demographic and clinical data of all systemic JIA patients including the responders and non-responders to tocilizumab therapy.

All patients (n = 60) Non-responders (n = 24) Responders (n = 36) p-value
Age, years, Median (IQR) 6.5 (2-15) 7.25 (2-15) 6.0 (2-13) 0.327
Age at onset, years, Median, (IQR) 3.75 (1-13) 5.5 (1-13) 3.0 (1-11) 0.047
Disease duration, years, Median (IQR) 2.5(1-7) 5.0 (1-7) 2.0 (1-5) <0.001
Corticosteroid dose (mg/kg/day), Median (IQR) 0.5 (0.2-1) 0.9 (0.5-1) 0.5 (0.2-1) 0.010
Systemic manifestations score, Median (IQR) 3.5 (2-5) 2.0 (2-4) 4.0 (3-5) <0.001
AJC, Median (IQR) 6.5 (4-9) 7.0 (6-8) 5.5 (4-7) 0.053
JADAS10, Median (IQR) 26.65 (18.5-36) 26.4 (18.5-36) 23.8 (18.5-32.7) 0.006
PGA, Median (IQR) 7.0 (3-10) 8.0 (4-10) 8.6 (2.5-10) 0.022
PGE, Median (IQR) 7.5 (4-9) 7.0 (4-9) 7.5 (5-9) 0.795
ESR (mm/h) 8.0 (2.5-10) 5.6 (2.5-10) 8.6 (2.5-10) 0.027
CRP (mg/dl), Median (IQR) 54.85 (14.5-112) 46 (24-87) 54.85 (14.5-112) 0.399
HB (<9 g/dl), Median (IQR) 9.60 (8.2-10.8) 9.2 (8.2-10.1) 9.7 (8.3-10.8) 0.047
WBC (count x 109/L), Median (IQR) 7.70 (3.5-12.2) 5.6 (3.5-8.9) 8.5(5.1-12.2) <0.001
Platelet count (>600 x 10%/L), Median (IQR) 487 (323-975) 367 (323-730) 520 (365-975) <0.001
Serum ferritin (ng/ml), Median (IQR) 400 (160-480) 156 (44-570) 1,257.5 (200-2,000) <0.001

Data are expressed as median (IQR).

p-value indicates the comparison between non-responders and responders. AJC, active joint count; PGA, physician global assessment of overall disease activity; PGE, patient (parent)
assessment of overall well-being; JADAS10, 10-joint juvenile arthritis disease activity score; ESR, erythrocyte sedimentation rate; CRF, C-reactive protein; Hb, hemoglobin; WBC, white

blood cell; Systemic manifestation score (0—10 points).

activity < 1; (3) count of active joints < 1; (4) negative
CRP; and (5) >75% reduction of dosage of corticosteroid
therapy from baseline. In line with the intention-to-treat
principle, patients who discontinued TCZ before reaching 1
year or had treatment for any reasons other than disease
remission were classified as non-responders. Patients who
discontinued TCZ before 1 year because of disease remission
and had remained in such a state until 1 year were considered
responders (33).

Statistical Analysis

The statistical package used was IBM-SPSS version 21.
Descriptive statistics are presented as medians and interquartile
range (IQR) for continuous variables, and mean and standard
deviation for discrete variables, and number and percentages
for categorical variables. Comparisons of quantitative variables
between responder and non-responder groups were made
by Mann-Whitney U test. Multivariable logistic regression
analysis was performed, entering baseline variables that
showed significant results in univariate tests (p < 0.05)
or were considered to be of foremost importance for
the study outcome, with CID as the outcome variable.
Before the application of logistic regression procedures,
some quantitative variables were dichotomized to binary
variables, using the cut points obtained through the receiver
operating characteristic (ROC) curve analysis. Variables
that were significantly associated with the study outcomes
were identified and expressed as odds ratio (OR) and 95%
confidence interval (CI); statistical significance was tested
by likelihood ratio test; p-values <0.05 were considered
significant. The area under the ROC curve of the best-fitting
model was used as an indicator of the predictive ability of
the model.

RESULTS

A total of 65 sJIA patients (44 females and 21 males) with
a median age at baseline of 6.5 years receiving TCZ as first-
line bDMARD were enrolled in the study. Five patients (7.7%)
withdrew from the study due to either hypersensitivity at the first
TCZ administration (N = 2) or loss to follow-up (N = 3). The
baseline demographic, clinical, and laboratory features of the 60
patients completing the study also divided according to response
to TCZ are presented in Table 2.

At 1 year after the start of tocilizumab, 25% of the
patients achieved MDA and 35% achieved CID. Corresponding
unadjusted and propensity adjusted OR (95% CI) are shown in
Table 3.

Notably, 35% of the included patients had a reduction of their
TCZ dose, 30% remained on the same dose, while 35% increased
their dose at the end of 1-year follow-up. In addition, 25%
stopped corticosteroid concomitant treatment and the remaining
75% reduced the dose along the course of treatment. The median
(IQR) dose of prednisone at the beginning of treatment was
0.9 (0.5-1.0) mg/kg/day and 0.5 (0.2-1.0) mg/kg/day in non-
responders and responders, respectively, and at 1 year it was
0 (0-0.16) mg/kg/day and 0 (0-0.14) mg/kg/day and in non-
responders and responders, respectively. Regarding csDMARDs,
of the 20 patients receiving MTX at baseline, 45% of patients
stopped therapy by 1 year of follow-up. Moreover, 27 (45%) of
our patients met the criteria for CCR at 1 year after the start
of TCZ, whereas 33 patients (55%) did not. Of the 33 patients
who were non-responders, 15 had the medication withdrawn
before the study endpoint for inefficacy (7 patients), adverse
events or intolerance (5 patients), and difficulty in the delivery
of the drug by the local pharmacy (3 patients). The two latter
patients were kept in the analysis as non-responders in line with
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TABLE 3 | Primary outcomes after 1 year of Tocilizumab therapy.

N (%) Unadjusted OR Propensity
(95% Cl) adjusted OR
(95% ClI)
Minimal disease activity 15 (25%) 1.20 (0.45-3.91) 1.20 (0.35-4.41)
Clinically inactive disease 21 (35%) 2.6 (0.84-8.3) 2.7 (0.64-11.39)
Active disease 24 (40%) 1(0.57-7.6) 1.8(0.47-7.7)

Propensity score included gender, age, disease duration, concomitant methotrexate,
concomitant steroids, active joint count, physician global assessment of overall disease
activity (PGA), patient (parent) assessment of overall well-being (PGE), ESR, and JADAS-
10: 10-joint juvenile arthritis disease activity score.

TABLE 4 | Secondary outcomes absolute values and change from baseline after
1 year of tocilizumab therapy.

Variable Absolute value, Change from p-value
mean (SE) baseline, mean (SE)

PGA, (0-10cm VAS) 1.23(0.15) —5.75(0.11) <0.001
PGE, (0-10cm VAS) 1.71(0.15) —5.54 (0.02) <0.001
AJC 0.76 (0.09) —6.1(0.04) <0.001
JADAS 10 3.84 (0.47) —23.34 (0.11) <0.001
ESR (normalized) (mm/h) 0.51(0.11) —6.32 (0.24) <0.001
CRP (mg/dl) 6.30 (0.75) —49.79 (2.8) <0.001
Serum ferritin (ng/ml) 112.70 (8.76) —604.18 (65.84) <0.001
Hb (g/dI) 10.83 (0.12) 1.41 0.63
Platelet count (n/mmc) 285.61 (12.95) 241.21 (12.85) <0.001

AJC, active joint count; PGA, physician global assessment of overall disease activity;
PGE, patient (parent) assessment of overall well-being; JADAS 10, 10-joint juvenile arthritis
disease activity score; ESR, erythrocyte sedimentation rate; CRF, C-reactive protein;
Hb, hemoglobin.

the intention-to-treat principle. The median time to withdrawal
was 0.79 months (IQR 0.39-1.35). Of the 27 patients who
had CCR at 1 year, 20 (74%) were still receiving TCZ but
had discontinued all other medications, the median time to
withdrawal of corticosteroids was 0.93 months (IQR 0.55-1.77)
and 7 patients (26%) were still taking low-dose corticosteroids
and/or synthetic DMARD in combination with TCZ. Table 4
shows the change from baseline and p-values of the secondary
outcome variables.

Multivariable logistic regression analysis of the treatment
response showed that younger age at disease onset (<5 years),
lower disease duration (<3 years), and lower disease activity
with higher serum ferritin and systemic manifestations were
associated with more favorable response (Table 5).

Assessment of Adverse Effects

Adverse events to TCZ were reported for five patients:
one developed MAS, which led to treatment discontinuation.
Two patients were discontinued from treatment for moderate
elevation of liver enzymes (they were also taking MTX), and
hepatotoxicity resolved in both patients after withdrawal of TCZ.
Moreover, two patients could not continue therapy because of
severe injection site reactions.

TABLE 5 | Logistic regression of predictors for effective response to tocilizumab

therapy.

Variables OR 95% ClI AUC p-value*
Age at onset <5 years 211 1.63-27.40 0.47 0.002
Disease duration <3 years 6.50 1.28-34.21 0.46 0.003
JADAS10 <10 8.10 1.27-47.10 0.53 0.05
Systemic manifestations score >3 5.42 1.35-24.64 0.92 <0.001
Serum ferritin >400 4.40 1.19-19.74 0.82 <0.001

JADAS10, 10-joint juvenile arthritis disease activity score. Non-adjusted R? = 0.78,
adjusted R? = 0.54. AUC, the area under the receiver operating characteristic curve of
the patient sample; by likelihood ratio test. OR, odds ratio; 95% Cl, confidence interval.

DISCUSSION

Many studies reported that patients with sJIA have poorer
outcome in comparison to non-systemic JIA patients. Notably,
most of these studies have investigated TNFi that do not target
the pro-inflammatory cytokines, typically present in sJIA (24).
In our study, we investigated TCZ as first-line bDMARD in
patients with sJIA after failure of csDMARDs and observed
that after 1 year of treatment, 25% of the patients achieved
MDA and 35% achieved CID. Furthermore, although 40% still
had active disease, all these patients had lower active joints,
PGA, PGE, and acute phase reactants and had no systemic
manifestation at 1 year after the start of tocilizumab. Notably, we
evaluated treatment outcome at 1 year to minimize the influence
of initial high-dose corticosteroid administration. The rate of
CID observed in our study is in the low range of the percentage
of excellent response, if compared to the results reported in
prior analyses of the effectiveness of IL-6 antagonists, which
varies from 31 to 85% (34-36). Similar results were found in
a study of 112 sJIA patients on TCZ in which 59% achieved
an ACR Pedi 90 response at 1 year (20). On the other side,
data from the German biologics register BIKER found a lower
percentage since only 27% of the 44 patients treated with TCZ
achieved an ACR Pedi 90 response at 1 year. Importantly, this
study compared the effectiveness of IL-1 and IL-6 inhibitors and
reported no statistical difference between the two drug cohorts
(36). A recent study of the outcome of both anakinra and TCZ
reported similar results to ours: 51% had achieved MDA and 39%
CID of course counting those who achieved CID as primarily
achieved MDA (37). The large variability of treatment response
across studies may depend on differences in disease activity and
severity, therapeutic protocols, timeline of response evaluation,
concomitant therapies, and criteria used to assess response.
Nevertheless, the varying susceptibility to IL-6 inhibition may
also be explained by the pathophysiologic heterogeneity of sJTA
where two distinct sJIA patient subsets based on their serum
IL-6 and IL-18 levels have been postulated. The IL-6-dominant
subset has a more severe polyarthritis and higher serum levels
of matrix metalloproteinase, whereas the IL-18-dominant subset
was more prone to develop MAS (37). This may also partially
explain reduction of active joint count and JADAS-10 in our
patients after tocilizumab therapy. IL-6 is a cytokine that induces
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fever, leukocytosis, thrombocytosis, chronic disease anemia, and
increased acute phase reactants, including CRP, ESR, and serum
amyloid A (37). Hence, its inhibition will result in consistent
improvement in these markers. Vilaiyuk et al. (38) reported that
serum IL-6 levels correlated with disease activity parameters
in all sJIA patients, and this provides the etiological relation
between disease activity, IL-6, and its inhibition (37). Similar
results were reported in the German biologics register BIKER
(35). Furthermore, among patients with active joints at treatment
start, patients treated with TCZ had a higher likelihood of
controlling the systemic symptoms compared to others (35). This
fits with the results of our study demonstrating a significant
improvement of serum ferritin levels, ESR, and CRP along
with a consequent improvement of all clinical outcomes after
1-year follow-up.

We also identified that younger patients (<7 years) with
shorter disease duration (<3 years), lower disease activity,
higher serum ferritin levels, and greater systemic manifestations
showed more favorable results. Similar results, except those
pertaining to age, were recently reported by De Benedetti et
al. (19) regarding anakinra in sJIA patients. These observations
are consistent with the window of opportunity hypothesis
proposing that IL-6 and IL-1 blockade may be more effective
in the earlier stages of sJIA, when the disease is characterized
by more prominent systemic manifestations and less severe
joint disease (39). Likewise, Alexeeva et al. (40) found that
earlier age, at initiation of TCZ therapy in patients with
polyarticular JIA, was associated with higher chances of
reaching ACR90 and pharmacological remission (40). On the
other hand, the same authors reported that a higher number
of swollen joints and joints with limited range of motion
were associated with higher chances of remission, but in
the multivariate analysis, they found that only earlier age at
initiation of TCZ therapy was a statistically significant factor
associated with reaching the best response to therapy in all the
models (40).

It is well-known that around 40% of patients with sJIA have
a monocyclic course with spontaneous remission (4, 40). Thus,
the results of open studies on patients with early disease may
be biased toward patients destined to a milder course. Owing to
the observational nature of our study, we cannot exclude the fact
that the responder group included a greater proportion of cases
with more benign disease. However, our sample was composed
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of consecutive patients with inadequate response to csDMARDs
seen in a tertiary care referral center, most of whom were resistant
to or dependent on corticosteroid therapy. We acknowledge that
the small sample size and the lack of a control group are the
main limitations of our study. However, we believe that it adds
to the knowledge on IL-6 inhibition in sJIA and may be helpful
to support therapeutic decisions along with existing studies.

Limitation Points in This Study

Almost all patients enrolled in this study were in moderate to
severe disease activity, and they were taking corticosteroids as
concomitant therapy, so we have to standardize the dose to
avoid the effect of high doses of corticosteroids in the first phase
of the disease. Secondly, various results yielded by the present
study would have been more significant if a large sample had
been included to overcome the effect of escaped follow-up and
medication withdrawal before the study endpoint for inefficacy.
So, larger studies are needed to shed additional light on this
matter and ultimately improve the care of patients with sJIA.

In conclusion, we demonstrated that patients with sJIA,
mainly those with shorter disease duration, younger age, and
more pronounced inflammatory status, may benefit from TCZ
treatment as first-line bDMARDs after failure of csDMARDs
therapy. These findings may help to define the profile of patients
with sJIA who are more likely to benefit from IL-6 blockade.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by The local ethics committee of Tanta University
Hospital with approval code 34194/8/19. Written informed
consent to participate in this study was provided by the
participants’ legal guardian/next of kin.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication.

Rheumatology, 6th ed. Philadelphia, PA: Elsevier Saunders (2011). p. 236-
48. doi: 10.1016/B978-1-4160-6581-4.10014-7

5. Ravelli A. Handbook of Juvenile Idiopathic Arthritis. Urdorf: Adis (2015). p.
1-124. doi: 10.1007/978-3-319-08102-1_1

6. Foeldvari I, Bidde M. Validation of the proposed ILAR classification criteria
for juvenile idiopathic arthritis. International League of Associations for
Rheumatology. ] Rheumatol. (2000) 27:1069-72.

7. Ombrello M]J, Arthur VL, Remmers EFE Hinks A, Tachmazidou I,
Grom AA, et al. Genetic architecture distinguishes systemic juvenile
idiopathic arthritis from other forms of juvenile idiopathic arthritis:
clinical and therapeutic implications. Ann. Rheum. Dis. (2017) 76:906-
13. doi: 10.1136/annrheumdis-2016-210324

8. Lin YT, Wang CT, Gershwin ME, Chiang BL. The pathogenesis of
oligoarticular/polyarticular vs systemic juvenile idiopathic arthritis.
Autoimmun. Rev. (2011) 10:482-9. doi: 10.1016/j.autrev.2011.02.001

Frontiers in Medicine | www.frontiersin.org

May 2021 | Volume 8 | Article 665028


https://doi.org/10.1016/S0140-6736(07)60363-8
https://doi.org/10.3899/jrheum.160173
https://doi.org/10.1016/B978-1-4160-6581-4.10014-7
https://doi.org/10.1007/978-3-319-08102-1_1
https://doi.org/10.1136/annrheumdis-2016-210324
https://doi.org/10.1016/j.autrev.2011.02.001
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Nada et al.

Tocilizumab in Systemic Juvenile Idiopathic Arthritis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Quartier P, Allantaz F, Cimaz R, Pillet P, Messiaen C, Bardin C, et al.

A multicentre, randomised, double-blind, placebo-controlled trial with the
interleukin-1 receptor antagonist anakinra in patients with systemic-onset
juvenile idiopathic arthritis (ANA]JIS trial). Ann. Rheum. Dis. (2011) 70:747-
54. doi: 10.1136/ard.2010.134254

Yokota S, Imagawa T, Mori M, Miyamae T, Aihara Y, Takei S, et al. Efficacy
and safety of tocilizumab in patients with systemic-onset juvenile idiopathic
arthritis: a randomised, double-blind, placebo-controlled, withdrawal phase
III trial. Lancet. (2008) 371:998-1006. doi: 10.1016/S0140-6736(08)60454-7
Grevich S, Shenoi S. Update on the management of systemic juvenile
idiopathic arthritis and role of IL-1 and IL-6 inhibition. Adolesc. Health Med.
Ther. (2017) 8:125-35. doi: 10.2147/AHMT.S109495

Horneff G, Schmeling H, Biedermann T, Foeldvari I, Ganser G, Girschick
H]J, et al. The German etanercept registry for treatment of juvenile idiopathic
arthritis. Ann. Rheum. Dis. (2004) 63:1638-44. doi: 10.1136/ard.2003.014886
Kimura Y, Pinho P, Walco G, Higgins G, Hummell D, Szer I, et al. Etanercept
treatment in patients with refractory systemic onset juvenile rheumatoid
arthritis. J. Rheumatol. (2005) 32:935-42.

NHS England. Clinical Commissioning Policy Statement: Biologic Therapies
for the treatment of Juvenile Idiopathic Arthritis (JIA). 2015. Contract No.:
NHS England E03X04 E03/P/d Biologics for Juvenile Idiopathic Arthritis in
Children and Adults.

Ringold S, Angeles-Han ST, Beukelman T, Lovell D, Cuello CA, Becker ML,
et al. American College of Rheumatology/Arthritis Foundation Guideline for
the treatment of junenile idiopathic arthritis:therapeutic approaches for non-
systemic polyarthritis, sacroiliitis, and enthesitis. Arhritis Rheumatol. (2019)
71:717-34. doi: 10.1002/art.40884

Ringold S, Weiss PE, Colbert RA, DeWitt EM, Lee T, Onel K, et al. Childhood
Arhritis and Rheumatology Research Alliance consensus treatment plans for
new-onset polyarticular juvenile idiopathic arthritis. Arthritis Care Res. (2014)
66:1063-72. doi: 10.1002/acr.22259

EMA. CHMP post-authorisation summary of positive opinion for Actemra.
European Medicines Agency (2011). EMEA/CHMP/288328/2011.

NICE. TA238: Tocilizumab for the treatment of systemic juvenile idiopathic
arthritis. National Institute for Health and Care Excellence (2011).
Technology Appraisal Guidance: TA238.

De Benedetti F, Brunner HI, Ruperto N, Kenwright A, Wright S, Calvo I, et al.
Randomized trial of tocilizumab in systemic juvenile idiopathic arthritis. N.
Engl. J. Med. (2012) 367:2385-95. doi: 10.1056/NEJMoal112802

Yokota S, Itoh Y, Morio T, Origasa H, Sumitomo N, Tomobe M,
et al. Tocilizumab in systemic juvenile idiopathic arthritis in a real-
world clinical setting: results from 1 year of postmarketing surveillance
follow-up of 417 patients in Japan. Ann. Rheum. Dis. (2016) 75:1654-
60. doi: 10.1136/annrheumdis-2015-207818

Pacharapakornpong T, Vallibhakara SA, Lerkvaleekul B, Vilaiyuk S.
Comparisons of the outcomes between early and late tocilizumab treatment
in systemic juvenile idiopathic arthritis. Rheumatol. Int. (2017) 37:251-
5 doi: 10.1007/s00296-016-3595-z

Ruperto N, Brunner HI, Quartier P, Constantin T, Wulffraat N,
Horneff G, et al. Two randomized trials of canakinumab in systemic
juvenile idiopathic arthritis. N. Engl. J. Med. (2012) 367:2396-406.
20. doi: 10.1056/NEJMoa1205099

Pardeo M, Pires Marafon D, Insalaco A, Bracaglia C, Nicolai R, Messia V, et al.
Anakinra in systemic juvenile idiopathic arthritis: a single-center experience.
J. Rheumatol. (2015) 42:1523-7. doi: 10.3899/jrheum.141567

Nigrovic PA, Mannion M, Prince FH, Zeft A, Rabinovich CE, Van Rossum
MA, et al. Anakinra as first-line disease-modifying therapy in systemic
juvenile idiopathic arthritis: report of forty-six patients from an international
multicenter series. Arthritis Rheum. (2011) 63:545-55. doi: 10.1002/art.
30128

Saccomanno B, Tibaldi ], Minoia F, Bagnasco F, Pistorio A, Guariento A, et al.
Predictors of effectiveness of anakinra in systemic juvenile idiopathic arthritis.
J. Rheumatol. (2019) 46:4. doi: 10.3899/jrheum.180331

Haar NM, van Diikhuizen EH, Swart JE van Roven-Kerkhof A, El Idrissi
A, Leek AP. Treatment to target using recombinant Interleukin-1 receptor
antagonist as first-line monotherapy in new-onset systemic juvenile idiopathic
arthritis: results from a five-year follow-up study. Arthritis Rheumatol. (2019)
71:1163-73. doi: 10.1002/art.40865

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Pardeo M, Rossi MN, Pires Marafon D, Sacco E, Bracaglia C, Passarelli
C, et al. Early treatment and ILIrn snps affect response to anakinra in
systemic juvenile idiopathic arthritis. Arthritis Rheumatol. (2020) 72(suppl.
10). doi: 10.1002/art.41612

JAVA. Declaration of Helsinki world medical association declaration of
Helsinki. Bull. World Health Organ. (2013) 79:373-4.

Elm E Von, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP,
etal. The strengthening the reporting of observational studies in epidemiology
(strobe) statement: guidelines for reporting observational studies. Int. J. Surg.
(2014) 12:1495-9. doi: 10.1016/j.ijsu.2014.07.013

Consolaro A, Ruperto N, Bazso A, Pistorio A, Magni-Manzoni S, Filocamo
G, et al. Development and validation of a composite disease activity
score for juvenile idiopathic arthritis. Arthritis Rheum. (2009) 61:658-
66. doi: 10.1002/art.24516

Magni-Manzoni S, Ruperto N, Pistorio A, Sala E, Solari N, Palmisani E, et al.
Development and validation of a preliminary definition of minimal disease
activity in patients with juvenile idiopathic arthritis. Arthritis Rheum. (2008)
59:11207. doi: 10.1002/art.23916

Wallace CA, Ruperto N, Giannini E. Preliminary criteria for clinical
remission for select categories of juvenile idiopathic arthritis. J. Rheumatol.
(2004) 31:2290-4.

Tibaldi J, Pistorio A, Aldera E, Puzone L, El Miedany Y, Pal P, et
al. Development and initial validation of a composite disease activity
score for systemic juvenile idiopathic arthritis. Rheumatology. (2019)
59:3505-14.

Vastert SJ, de Jager W, Noordman BJ, Holzinger D, Kuis W, Prakken BJ,
et al. Effectiveness of first-line treatment with recombinant interleukin-1
receptor antagonist in steroid-naive patients with new-onset systemic juvenile
idiopathic arthritis: results of a prospective cohort study. Arthritis Rheumatol.
(2014) 66:1034-43. doi: 10.1002/art.38296

Horneff G, Schulz AC, Klotsche J, Hospach A, Minden K, Foeldvari I,
et al. Experience with etanercept, tocilizumab and interleukin-1 inhibitors
in systemic onset juvenile idiopathic arthritis patients from the BIKER
registry. Arthritis Res. Ther. (2017) 19:256. doi: 10.1186/s13075-017-
1462-2

Kearsley-Fleet L, Beresford MW, Davies R, De Cock D, Baildam E, Foster
HE, et al. Short-term outcomes in patients with systemic juvenile idiopathic
arthritis treated with either tocilizumab or anakinra. Rheumatology. (2019)
58:94-102. doi: 10.1093/rheumatology/key262

Yasin S, Schulert GS. Systemic juvenile idiopathic arthritis and macrophage
activation syndrome: update on pathogenesis and treatment. Curr.
Opin.  Rheumatol. (2018) 5:514-20. doi: 10.1097/BOR.0000000000
000526

Vilaiyuk S, Lerkvaleekul B, Soponkanaporn S, Setthaudom C,
Buranapraditkun S. Correlations between serum interleukin 6, serum
soluble interleukin 6 receptor, and disease activity in systemic juvenile
idiopathic arthritis patients treated with or without tocilizumab. Cent. Eur. J.
Immunol. (2019) 44:150-8. doi: 10.5114/ceji.2019.87066

Nigrovic PA. Review: is there a window of opportunity for treatment of
systemic juvenile idiopathic arthritis? Arthritis Rheumatol. (2014) 66:1405-
13. doi: 10.1002/art.38615

Alexeeva E, Dvoryakovskaya T, Soloshenko M, Denisova R, Isaeva K,
Mamutova A. AB0431 earlier age at therapy initiation is associated
with better response to therapy in patients with
juvenile idiopathic polyarthritis, Ann. Rheum. Dis. (2018) 77(Suppl.
2):1378. doi: 10.1136/annrheumdis-2018-eular.6487

tocilizumab

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Nada, Moghazy, Allam, Alunno and Ibrahim. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Medicine | www.frontiersin.org

May 2021 | Volume 8 | Article 665028


https://doi.org/10.1136/ard.2010.134254
https://doi.org/10.1016/S0140-6736(08)60454-7
https://doi.org/10.2147/AHMT.S109495
https://doi.org/10.1136/ard.2003.014886
https://doi.org/10.1002/art.40884
https://doi.org/10.1002/acr.22259
https://doi.org/10.1056/NEJMoa1112802
https://doi.org/10.1136/annrheumdis-2015-207818
https://doi.org/10.1007/s00296-016-3595-z
https://doi.org/10.1056/NEJMoa1205099
https://doi.org/10.3899/jrheum.141567
https://doi.org/10.1002/art.30128
https://doi.org/10.3899/jrheum.180331
https://doi.org/10.1002/art.40865
https://doi.org/10.1002/art.41612
https://doi.org/10.1016/j.ijsu.2014.07.013
https://doi.org/10.1002/art.24516
https://doi.org/10.1002/art.23916
https://doi.org/10.1002/art.38296
https://doi.org/10.1186/s13075-017-1462-2
https://doi.org/10.1093/rheumatology/key262
https://doi.org/10.1097/BOR.0000000000000526
https://doi.org/10.5114/ceji.2019.87066
https://doi.org/10.1002/art.38615
https://doi.org/10.1136/annrheumdis-2018-eular.6487
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Short-Term Outcomes and Predictors of Effectiveness of Tocilizumab in Systemic Juvenile Idiopathic Arthritis: A Prospective Cohort Study
	Introduction
	Materials and Methods
	Study Design and Population
	Study Outcomes
	Statistical Analysis

	Results
	Assessment of Adverse Effects

	Discussion
	Limitation Points in This Study

	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


