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Abstract: Objective: Tocilizumab, an anti-IL-6 receptor antibody, was shown efficacious and safe in persistent systemic-onset juvenile idiopathic arthritis (SoJIA) when infused every 2 weeks, which generated financial burdens in
developing countries. This study is to evaluate the curative effects of tocilizumab every 4 weeks (8 mg/kg) in the
treatment of refractory SoJIA. Methods: This prospective intervention study was conducted for 1.5 years. The refractory SoJIA patients with 1-year and more illness courses were treated with tocilizumab every 4 weeks (8 mg/kg/
dose). We assessed the effects of tocilizumab on clinical symptoms, inflammatory indicators, number of patients
achieving the Wallace criteria for inactive disease, and the corticosteroids dosage before each infusion. Adverse
events were reported throughout the treatment process. Continuous variables were compared using the MannWhitney U test. Results: All clinical symptoms of 12 patients disappeared except fevers in 2 patients after 3 infusions. Inflammatory indicators all declined gradually to normal levels. Percentage of patients meeting the Wallace
criteria increased from 8% at baseline to 100% after 4 doses. The prednisone dosage significantly reduced after
5 infusions. The 2 patients not attaining inactive disease status were precisely who discontinued cyclosporine immediately after the first tocilizumab. All adverse events disappeared when we stopped tocilizumab and gave symptomatic treatments. Conclusions: We concluded that 8 mg/kg every 4 weeks was a suitable dosage for tocilizumab
in refractory SoJIA in developing countries, based on effectiveness, safety, and financial factors. Simultaneously
administered disease modifying anti-rheumatic drugs (DMARDs) should be reduced gradually based on the dosedependent half-life of tocilizumab.
Keywords: Systemic-onset juvenile idiopathic arthritis (SoJIA), interleukin 6 (IL-6), tocilizumab, wallace criteria for
inactive disease, prospective intervention study

Introduction
Systemic-onset juvenile idiopathic arthritis
(SoJIA), manifested by chronic arthritis, systemic manifestations (quotidian fever, rash, hepatosplenomegaly, lymphadenopathy, and serositis), and obviously elevated inflammatory markers, is the most severe subtype of JIA [1]. A
number of patients have an unremitting course
of spiking fever and chronic arthritis; some children even progress to macrophage activation
syndrome (MAS) [2, 3]. Therefore, effective and
tolerable treatments are needed. However, disease modifying anti-rheumatic drugs (DMARDs)
such as methotrexate (MTX) and leflunomide

(LEF), and tumor necrosis factor α (TNF-α)
inhibitors have limited efficacy [4, 5]. Besides,
long-term use of systemic corticosteroids and
DMARDs leads to various side effects.
Therefore, the treatment for SoJIA remains
challenging.
In SoJIA, increased interleukin 6 (IL-6) and IL-6
receptor in serum and synovium play a part as
inflammatory mediators, and are related to
many clinical and laboratory features [6, 7].
Tocilizumab is a recombinant, humanized, antihuman IL-6 receptor monoclonal antibody,
which could block soluble and membranebound receptors. There have been double-
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blind, placebo-controlled, randomized phase III
trials showing that tocilizumab is efficacious
and safe in persistent SoJIA [8, 9]. The United
States Food and Drug Administration (FDA) has
approved tocilizumab for the treatment of
active SoJIA in patients of 2 years and older.
The recommended dosage is 12 mg/kg for
patients weighing less than 30 kg and 8 mg/kg
for those more than 30 kg intravenously every
2 weeks. In Japen, tocilizumab is also approved
for the treatment of SoJIA, and the recommended dose is 8 mg/kg intravenously at 2-week
intervals.

infusion if this medication had good effects
and the conditions were stable. We defined that
the first tocilizumab was given at 0 week (the
second dose given at 4th week, and so on), and
patients were followed up from the first to the
last infusions. Treatment plans of corticosteroids and DMARDs were adjusted based on
their disease activities. This study was approved
by the Ethic Committee of PUMCH, Peking
Union Medical College, Chinese Academy of
Medical Sciences. Written informed consent
was obtained from the participants and their
parents.

However, in some developing countries like
China, a number of families of SoJIA patients
could not afford the huge expenses in consideration of the high price of tocilizumab and the
fact that this drug was not covered by insurance. The aim of this study is to evaluate the
curative effects of tocilizumab every 4 weeks
for the treatment of refractory SoJIA, which
could obviously reduce the financial costs.

We assessed the effect of tocilizumab on
patients’ clinical conditions before each dose
from 0 week to 20th week (when the 6th tocilizumab was given) or to the time point when
tocilizumab was withdrew for adverse events or
other possible reasons: fever, rash, number of
active joints, erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), ferritin (Fer) levels, white blood cell (WBC) count, hemoglobin
(HGB), and platelet (PLT) count. Efficacy was
assessed by the proportion of patients achieving clinically inactive disease before each dose
according to the preliminary Wallace criteria for
inactive disease of JIA [10]. The Wallace criteria
defines inactive disease of SoJIA as no joints
with active arthritis, no features (fever, rash,
serositis, splenomegaly, and generalized
lymphadenopathy) attributable to SoJIA, normal ESR and CRP, and physicians’ global
assessment of disease activity indicating no
disease activity [10]. The corticosteroids dosages were recorded before each infusion.
Meanwhile, adverse events, such as infusion
reactions, anaphylactic reaction, liver damage,
infections and respiratory disorders, and so on,
were reported throughout the course of the
therapy process.

Methods
Patients
This prospective intervention study was conducted in the Department of Pediatrics in
Peking Union Medical College Hospital (PUMCH)
from May 1st 2014 to October 30th 2015 (1.5
years). The diagnosis of SoJIA was established
according to the International League of
Association for Rheumatology (ILAR) diagnostic
criteria [1]. The patients with refractory SoJIA,
who experienced relapses and persistent
inflammation, but whose conditions could not
be sufficiently controlled by glucocorticoids,
immunosuppressants, and even TNF-α inhibitors, were given tocilizumab. Those were also
included, who suffered from great side effects
of multiple medications even if their conditions
were stable. The patients whose illness courses were less than 1 year, or who were being
complicated with MAS, were excluded.
Demographics, clinical and laboratory data,
and medications were collected.
Treatment and assessments
Tocilizumab was administered intravenously
every 4 weeks (8 mg/kg of body weight per
dose) for 6 doses, and the intervals between
dosing were extended to 6-8 weeks from the 7th
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Statistical analysis
Continuous variables were expressed as medians and interquartile ranges (IQR), and compared using the Mann-Whitney U test. ESR,
CRP, and Fer before the 3rd infusion (at the 8th
week) were compared with those at baseline (at
the 0 week); WBC, HGB, and PLT before the 4th
infusion (at the 12th week) were compared with
those at baseline. The doses of prednisone
before the 6th infusion (at the 20th week) were
compared with those at baseline. In this analysis, p values less than 0.05 were considered as
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Table 1. Demographics and baseline characteristics of the 12 patients.
Values are median (IQR) unless otherwise specified
Characteristics
Values
Demographic features
Female, n (%)
7 (58)
Age at disease onset, yrs
4 (2.9-4.8)
Age at receiving tocilizumab, yrs
9.2 (6.5-11.7)
Number of active arthritis (any time point), n (%)
8 (67)
Number of no obvious arthritis symptoms (any time point), n (%)
4 (33)
MAS before tocilizumab administration (any time point), n (%)
2 (17)
Previous biologics, n (%)
4 (33)
Baseline features
SoJIA related systemic symptoms, n (%)
9 (75)
SoJIA related arthritis, n (%)
5 (42)
Heart involvement, n (%)
1 (8)
Interstitial lung disease, n (%)
1 (8)
Concomitant glucocorticoids, n (%)
12 (100)
Concomitant DMARDs, n (%)
12 (100)
Concomitant CsA, n (%)
6┼┼ (50)
Concomitant FK506, n (%)
1┼ (8)
Concomitant MTX, n (%)
1 (8)
Concomitant LEF, n (%)
1┼ (8)
Concomitant CsA + MTX, n (%)
1 (8)
Concomitant CsA + LEF, n (%)
1┼┼┼ (8)
Concomitant MTX + LEF, n (%)
1 (8)

the course of disease.
Two patients had been
complicated with MAS
before receiving tocilizumab. Twelve patients were all refractory
SoJIA, who were treated
by kinds of DMARDs
and corticosteroids; 4
patients had received
anti TNF-α agent.

At baseline, there were
9, 3, 5, 1, and 1 patients having fever, rash,
active arthritis, heart
disease, and interstitial
lung disease respectively. Inflammatory indicators of disease activity (ESR, CRP, Fer, WBC,
and PLT) all increased.
All 12 patients received glucocorticoids and
DMARDs treatments simultaneously, and the
dose of prednisone was
0.77 mg/kg/day (IQR
┼
The patients also took hydroxychloroquine (HCQ) simultaneously. ┼┼One of the patients
0.36-1.21). Cyclosporialso took HCQ simultaneously. ┼┼┼The patient was also given HCQ and tripterygium wilfordii
ne (CsA) was the most
simultaneously. CsA, cyclosporine; DMARDs, disease modifying anti-rheumatic drugs;
common DMARD; other
FK506, tacrolimus; IQR, interquartile ranges; LEF, leflunomide; MAS, macrophage activaDMARDs included tation syndrome; MTX, methotrexate; SoJIA, systemic-onset juvenile idiopathic arthritis.
crolimus (FK506), MTX,
and LEF. Three patients
even had two or more
DMARDs, one of whom received 4 DMARDs
statistically significant. The software SPSS verand achieved clinically inactive disease.
sion 19.0 was used for data analysis.
Results

Tocilizumab treatment schedules

Study population

Among 12 patients at follow-up, only 5 patients
received 6 and more doses of tocilizumab every
4 weeks; 3 patients were given 4 doses at the
study endpoint. Four patients withdrew tocilizumab because of great side effects or financial burden: 2 of them received 2 doses, and
the other 2 were given 3 doses. One patient
withdrew after 6 doses for financial burden;
the other 4 patients extended the intervals
between doses to 6-8 weeks. One patient suffered from disease flare when infused every 8
weeks, who withdrew after 8 doses (altogether). The second one experienced increased
ESR and CRP when infused every 8 weeks, who
could achieve inactive disease status every 6-7

Demographic features, clinical manifestations,
and medications (corticosteroids and DMARDs)
at baseline were shown in Table 1. Clinical
symptoms, laboratory indicators, and the doses
of prednisone at baseline are shown in Table 2,
which also showed tocilizumab treatment
schedules. We evaluated 12 patients (5 boys, 7
girls) with a median age at disease onset and
at tocilizumab treatment of 4 years (IQR 2.94.8) and 9.2 years (IQR 6.5-11.7) respectively.
All patients experienced repeatedly systemic
features (particularly fever and rash), but 4
patients had no obvious arthritis features in

14134

Int J Clin Exp Med 2016;9(7):14132-14140

Tocilizumab every 4 weeks in refractory SoJIA
Table 2. Disease activity measures and prednisone dosage at baseline and follow-up visits before each tocilizumab. Values are median (IQR)
unless otherwise specified
Characteristics

Baseline (0th week)

4th week

8th week

12th week

16th week

20th week

12

12

10

8

5

5┼┼

Fever, n (%)

9 (75)

5 (42)

2 (20)

2┼ (25)

0

0

Rash, n (%)

3 (25)

2 (17)

0

0

0

0

Number of active joints, n (%)

5 (42)

3 (25)

1 (10)

0

0

0

69 (34-83)

16 (6.8-24.5)

5 (3.3-9.5)

2.5 (1.8-7)

2 (1-2)

2 (1-2)

CRP (mg/L)

84.5 (44-95.3)

20.5 (3.8-88.3)

7 (1.5-14)

1 (1-8.3)

1 (1-1)

1 (1-1)

Fer (ng/ml)

1529 (182-2033)

131 (41-397.5)

36 (24.5-130)

38 (14-50.5)

35 (13-60)

48 (33-92)

WBC (×109/L)

16.15 (14.44-17.85)

15.13 (9.67-18.63)

10.61 (7.31-17.25)

8.18 (5.88-11.34)

7.71 (6-8.83)

7.53 (6.02-7.94)

HGB (g/L)

112.5 (104.5-125.5)

129 (117-133)

133 (128.8-136)

135.5 (127.3-140.5)

137 (132-143)

145 (140-148)

PLT (×109/L)

387.5 (323.8-539.5)

325 (255.8-381.5)

230 (198-404.5)

279.5 (207.8-321.5)

229 (212-262)

217 (215-241)

1┼┼┼ (8)

3 (25)

7 (70)

6 (75)

5 (100)

5 (100)

0.77 (0.36-1.21)

0.61 (0.35-0.8)

0.52 (0.32-0.58)

0.46 (0.22-0.63)

0.38 (0.14-0.58)

0.29 (0.1-0.38)

0

0

2*

2**

0

0

Patients at follow-up, n

ESR (mm/h)

Patients who achieved inactive disease, n (%)
Prednisone dosage, mg/kg of body weight
Patients who withdrew, n

These 2 patients received 4 doses of tocilizumab, but still suffered from fevers and increased inflammatory indicators preceding the 4th dose. ┼┼These 5 patients received 6 doses of tolicizumab every
4 weeks. ┼┼┼The patient achieved inactive disease status before the use of tolicizumab on condition that she received prednisone (25 mg/d) and 4 disease modifying anti-rheumatic drugs (DMARDs),
which produced many side effects. *Two patients withdrew tocilizumab after 2 doses: one suffered from aminotransferase increase; one experienced allergic reaction (urticaria). **Two patients withdrew
tocilizumab after 3 doses: one suffered from aminotransferase increase; one experienced financial difficulty. CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; Fer, ferritin; HGB, hemoglobin; IQR,
interquartile ranges; PLT, platelet count; WBC, white blood cell.
┼
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Figure 1. Laboratory inflammatory indicators of disease activity (ESR, CRP, Fer, WBC, HGB, and PLT) at baseline and
follow-up visits before each tocilizumab. #P<0.05, ##P<0.01 compared with the inflammatory indicators respectively at baseline (before the first tolicizumab). CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; Fer,
ferritin; HGB, hemoglobin; PLT, platelet count; WBC, white blood cell.

weeks (13 doses at the study endpoint).
Another 2 patients could still keep clinically
inactive when infusion intervals were extended
to 6 weeks: one of them withdrew for financial
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burden after 7 doses; the other could still keep
stable when the intervals were prolonged to 7-8
weeks gradually (10 doses at the study
endpoint).
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Figure 2. Percentage of patients who achieved the
criteria of inactive disease at baseline and follow-up
visits before each tocilizumab. The effects of the last
dose of tolicizumab were not evaluated here.

Efficacy
Clinical symptoms, laboratory indicators, number of patients achieving inactive disease, and
the doses of prednisone at follow-up visits
before each tocilizumab were shown in Table 2.
Proportion of patients who suffered from fever,
rash, or active arthritis all fell gradually when
tocilizumab was given. All features disappeared
except fevers in 2 patients after 3 doses. As
shown in Figure 1, inflammatory indicators
including ESR, CRP, Fer, WBC, and PLT all
declined gradually to normal levels, and HGB
increased gradually. After 2 tocilizumab infusions, the changes of ESR, CRP, and Fer were
statistically significant (P<0.01, P<0.01, and
P<0.01 respectively); after 3 infusions, WBC,
HGB, and PLT were significantly changed
(P<0.05, P<0.01, and P<0.05 respectively). In
Figure 2, percentage of patients who met the
criteria for inactive disease increased from 8%
at baseline to 100% after 4 doses. There were
70% and 75% of patients achieving inactive
disease after 2 and 3 infusions respectively,
and the proportion remained 100% after 5
doses.
Tocilizumab infusions could help the dosage
reduction of systemic glucocorticoids. As
shown in Figure 3, the doses of prednisone
were decreased gradually from 0.77 mg/kg/
day (IQR 0.36-1.21) at baseline to 0.29 mg/kg/
day (IQR 0.1-0.38) after 5 infusions, which was
statistically significant (P<0.05). Among the 10
patients given more than 2 tocilizumab infusions, 2 patients receiving 4 infusions did not
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Figure 3. Doses of prednisone (mg/kg/day) at baseline and follow-up visits before each tocilizumab.
#P<0.05 compared with the prednisone dosage at
baseline (before the first tolicizumab).

attain clinically inactive disease after 3 doses.
One patient stopped CsA immediately after the
first tocilizumab and experienced very fast
prednisone reduction, who received MTX after
the second infusion. The other stopped CsA
immediately after the first dose, who still
received MTX. They changed for the better after
each infusion both in clinical symptoms and
laboratory indicators, but could only keep clinically stable for 3 weeks. In general, their inflammatory indicators decreased gradually at follow-up visits. However, fevers and slightly
increased inflammatory indicators always happened about 1 week before each infusion.
Safety
Upper respiratory tract infections (URTI) were
the most common adverse events in our study,
which were not more frequent than those when
tocilizumab was not given. URTI were not so
serious that symptomatic treatments and
sometimes antibiotics could cure. Other recorded events were aminotransferase increase and
anaphylaxis (urticaria), because of which 3
patients withdrew tocilizumab. They returned to
normal when tocilizumab was stopped and
symptomatic treatments were given.
Discussion
As we all know, patients with SoJIA are variable
in disease course and severity, which range
from a benign monocyclic course to a relapsing
and persistent course with severe articular and
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extra-articular damage [11]. More than 50% of
SoJIA patients develop severely persistent
inflammation, who need continuous application
of high-dose corticosteroids and prolonged
immunosuppressants [12]. To date, only 2
kind of biologicals, anti-IL-1 agents (anakinra,
canakinumab, and rilonacept) and anti-IL-6
agents (tocilizumab), have been demonstrated
effective in the treatment of SoJIA [8, 13-15].
Improvement in SoJIA course and achievement
of the inactive disease status allow the tapering and even discontinuation of corticosteroids
and DMARDs. Unfortunately, in some countries
such as mainland China, the IL-1 blockers are
still unavailable and tocilizumab is the only
option of biologicals in the treatment of refractory SoJIA. We attempted to lighten the financial burden of patients in developing countries
by means of lower dosage or longer dosage
intervals. To our knowledge, this study is the
first prospective intervention study about the
effectiveness of tocilizumab in the treatment of
refractory SoJIA every 4 weeks (8 mg/kg).
We chose 8 mg/kg of body weight every 4
weeks as the dose of tocilizumab in refractory
SoJIA mainly for the successful experience of
tocilizumab in the treatment of refractory adultonset Still’s disease (8 mg/kg every 4 weeks in
22 patients) [16]. What is more, in Japen,
another east Asian country, 8 mg/kg (not 12
mg/kg) is chosen for SoJIA patients of all body
weights [9]. There has been one study that evaluated the effectiveness of tocilizumab in SoJIA
every 4 weeks, but this schedule was only
applied to mild SoJIA (lower disease activity
group) [17]. Our study paid attention to patients
with refractory SoJIA, 70% of which achieved
inactive disease after 2 tocilizumab infusions
every 4 weeks, and the proportion increased to
100% after 4 infusions. Furthermore, no serious adverse events were reported during the
follow-up visits.
It is known that achievement of the inactive disease status allows the tapering of glucocorticoid and DMARDs. However, we should clarify a
fact that DMARDs should be reduced step by
step after tocilizumab infusions, in consideration of the fact that the half-life of tocilizumab
was dose-dependent and prolonged when the
number of doses increased through repetitive
treatments [18]. Otherwise, the clinical symptoms and/or inflammatory indicators of SoJIA
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might flare less than 4 weeks. The results of
our study demonstrated this point of view: the
only 2 patients who did not attain clinically
inactive disease were precisely who discontinued CsA immediately after the first tocilizumab
infusion. Another viewpoint worth being noticed
was that the dosage intervals of tocilizumab
might be extended to 6-8 weeks after 6 infusions. However, this process should be realized
step by step in order to ensure the inactive disease status.
This was a prospective intervention study that
did not include control groups. After all, nearly
all the refractory SoJIA patients suffered from
persistent systemic inflammation and/or
adverse drug reactions, and it is against ethics
that some refractory SoJIA patients were
grouped as controls and did not receive tocilizumab (the only probably effective therapy in
China). Comparing the effects of different
usage of tocilizumab (once every 4 weeks and
every 2 weeks) was not the key point of our
study. What is more, we did have a relatively
small sample size. Therefore, we just evaluated
the effectiveness of tocilizumab every 4 weeks
(8 mg/kg) in the treatment of refractory SoJIA
patients, and we only conclude whether this
usage was suitable in consideration of effectiveness and financial factors, but not whether
this was the best usage.
In the statistical analysis, we compared ESR,
CPR, and Fer after 2 tocilizumab infusions with
those at baseline, WBC, HGB, and PLT after 3
infusions, and the doses of prednisone after 5
infusions. In fact, the choice of different time
point was just based on our clinical observations and clinical experience: inflammatory indicators often changed faster than blood routine
indicators after tocilizumab infusions, and the
doses of prednisone changed more slowly. We
had described the change trend of these indicators, and we just wanted to show that the
changes were statistically significant. As we all
know, multiple comparisons would increase the
odds of statistical mistakes, therefore, we
made only one comparison for each variable.
We proposed several separately statistical
hypotheses and verified them. In fact, if statistical analysis was given, there was the possibility
that ESR and Fer were significantly decreased
after one tocilizumab in Figure 1, and that HGB
was significantly increased after 2 doses.
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Our study is a single-center study about refractory SoJIA, and the majority of patients have
more severe fevers than arthritis at baseline.
There is no doubt that clinical symptoms,
including fever, rash, and active arthritis, could
all recover as soon as tocilizumab was given [8,
9]. However, the improvement of active joints
was not shown as fully as fever was in our study.
The other limitation of our study is that the
effects of the last dose of tocilizumab were not
evaluated. We assessed patients’ clinical
symptoms, laboratory indicators, percentile of
patients achieving the status of inactive disease, and the prednisone dosage before each
tocilizumab, all of which were impacts of the
previous infusions. We did not evaluate patients
in this study once they discontinued infusions,
because they were not at follow-up visits any
more.
We have shown that the dose of prednisone
tapered when tocilizumab was given. However,
we did not evaluate the reduction or discontinuation of DMARDs, which was another weakness
of our study. The follow-up period was relatively
not long enough to obviously reduce the dose
of DMARDs. The SoJIA patients were only able
to achieve the tapering of glucocorticoid, or discontinuation of the weaker DMARDs when
more than two categories were given, or occasionally slight reduction of DMARDs. What is
more, some patients did not achieve inactive
disease when CsA was stopped after the first
tocilizumab infusion. Therefore, it is inappropriate to estimate the tempering of DMARDs in
our study. A multi-center study with a larger
simple size and a longer follow-up period need
to be performed to assess more comprehensively the reduction or discontinuation of
DMARDs when tocilizumab was given every 4
weeks (8 mg/kg) in refractory SoJIA.

Acknowledgements
We would like to thank Ms. Haiyu Pang in Peking
Union Medical College Hospital for her help in
the statistics of the data.
Disclosure of conflict of interest
None.
Address correspondence to: Dr. Hongmei Song,
Department of Pediatrics, Peking Union Medical
College Hospital, Peking Union Medical College,
Chinese Academy of Medical Sciences, No. 1,
Shuaifuyuan, Dongcheng District, Beijing 100730,
China. E-mail: songhm1021@hotmail.com

References
[1]

[2]

[3]
[4]

[5]

Conclusions
In our study, we concluded that 8 mg/kg every
4 weeks was a suitable dosage and usage for
tocilizumab in the treatment of refractory SoJIA
patients in the developing countries, based on
the effectiveness, safety, and financial factors.
DMARDs should be reduced step by step after
tocilizumab was administered in consideration
of the dose-dependent and prolonged half-life
of tocilizumab through repetitive infusions.

14139

[6]

[7]

Petty RE, Southwood TR, Manners P, Baum J,
Glass DN, Goldenberg J, He X, MaldonadoCocco J, Orozco-Alcala J, Prieur AM, SuarezAlmazor ME, Woo P; International League of
Associations for Rheumatology. International
League of Associations for Rheumatology classification of juvenile idiopathic arthritis: second revision, Edmonton, 2001. J Rheumatol
2004; 31: 390-392.
Lomater C, Gerloni V, Gattinara M, Mazzotti J,
Cimaz R and Fantini F. Systemic onset juvenile
idiopathic arthritis: a retrospective study of 80
consecutive patients followed for 10 years. J
Rheumatol 2000; 27: 491-496.
Cortis E and Insalaco A. Macrophage activation syndrome in juvenile idiopathic arthritis.
Acta Paediatr Suppl 2006; 95: 38-41.
Woo P, Southwood TR, Prieur AM, Dore CJ,
Grainger J, David J, Ryder C, Hasson N, Hall A
and Lemelle I. Randomized, placebo-controlled, crossover trial of low-dose oral methotrexate in children with extended oligoarticular
or systemic arthritis. Arthritis Rheum 2000;
43: 1849-1857.
Prince FH, Twilt M, ten Cate R, van Rossum MA,
Armbrust W, Hoppenreijs EP, van SantenHoeufft M, Koopman-Keemink Y, Wulffraat NM
and van Suijlekom-Smit LW. Long-term followup on effectiveness and safety of etanercept in
juvenile idiopathic arthritis: the Dutch national
register. Ann Rheum Dis 2009; 68: 635-641.
De Benedetti F and Martini A. Is systemic juvenile rheumatoid arthritis an interleukin 6 mediated disease? J Rheumatol 1998; 25: 203207.
de Benedetti F, Massa M, Robbioni P, Ravelli A,
Burgio GR and Martini A. Correlation of serum
interleukin-6 levels with joint involvement and
thrombocytosis in systemic juvenile rheuma-

Int J Clin Exp Med 2016;9(7):14132-14140

Tocilizumab every 4 weeks in refractory SoJIA

[8]

[9]

[10]

[11]

[12]

[13]

[14]

toid arthritis. Arthritis Rheum 1991; 34: 11581163.
De Benedetti F, Brunner HI, Ruperto N,
Kenwright A, Wright S, Calvo I, Cuttica R, Ravelli
A, Schneider R, Woo P, Wouters C, Xavier R,
Zemel L, Baildam E, Burgos-Vargas R,
Dolezalova P, Garay SM, Merino R, Joos R,
Grom A, Wulffraat N, Zuber Z, Zulian F, Lovell
D, Martini A; PRINTO; PRCSG. Randomized trial
of tocilizumab in systemic juvenile idiopathic
arthritis. N Engl J Med 2012; 367: 2385-2395.
Yokota S, Imagawa T, Mori M, Miyamae T,
Aihara Y, Takei S, Iwata N, Umebayashi H,
Murata T, Miyoshi M, Tomiita M, Nishimoto N
and Kishimoto T. Efficacy and safety of tocilizumab in patients with systemic-onset juvenile
idiopathic arthritis: a randomised, doubleblind, placebo-controlled, withdrawal phase III
trial. Lancet 2008; 371: 998-1006.
Wallace CA, Ruperto N, Giannini E; Childhood
Arthritis and Rheumatology Research Alliance;
Pediatric Rheumatology International Trials
Organization; Pediatric Rheumatology Collaborative Study Group. Preliminary criteria for
clinical remission for select categories of juvenile idiopathic arthritis. J Rheumatol 2004; 31:
2290-2294.
Bruck N, Schnabel A and Hedrich CM. Current
understanding of the pathophysiology of systemic juvenile idiopathic arthritis (sJIA) and
target-directed therapeutic approaches. Clin
Immunol 2015; 159: 72-83.
DeWitt EM, Kimura Y, Beukelman T, Nigrovic
PA, Onel K, Prahalad S, Schneider R, Stoll ML,
Angeles-Han S, Milojevic D, Schikler KN, Vehe
RK, Weiss JE, Weiss P, Ilowite NT and Wallace
CA. Consensus treatment plans for new-onset
systemic juvenile idiopathic arthritis. Arthritis
Care Res (Hoboken) 2012; 64: 1001-1010.
Quartier P, Allantaz F, Cimaz R, Pillet P,
Messiaen C, Bardin C, Bossuyt X, Boutten A,
Bienvenu J, Duquesne A, Richer O, Chaussabel
D, Mogenet A, Banchereau J, Treluyer JM,
Landais P and Pascual V. A multicentre, randomised, double-blind, placebo-controlled trial
with the interleukin-1 receptor antagonist
anakinra in patients with systemic-onset juvenile idiopathic arthritis (ANAJIS trial). Ann
Rheum Dis 2011; 70: 747-754.
Ruperto N, Brunner HI, Quartier P, Constantin
T, Wulffraat N, Horneff G, Brik R, McCann L,
Kasapcopur O, Rutkowska-Sak L, Schneider R,
Berkun Y, Calvo I, Erguven M, Goffin L, Hofer M,
Kallinich T, Oliveira SK, Uziel Y, Viola S, Nistala
K, Wouters C, Cimaz R, Ferrandiz MA, Flato B,
Gamir ML, Kone-Paut I, Grom A, Magnusson B,
Ozen S, Sztajnbok F, Lheritier K, Abrams K,
Kim D, Martini A, Lovell DJ; Printo and Prcsg.
Two randomized trials of canakinumab in systemic juvenile idiopathic arthritis. N Engl J Med
2012; 367: 2396-2406.

14140

[15] Ilowite NT, Prather K, Lokhnygina Y, Schanberg
LE, Elder M, Milojevic D, Verbsky JW, Spalding
SJ, Kimura Y, Imundo LF, Punaro MG, Sherry
DD, Tarvin SE, Zemel LS, Birmingham JD,
Gottlieb BS, Miller ML, O’Neil K, Ruth NM,
Wallace CA, Singer NG and Sandborg CI.
Randomized, double-blind, placebo-controlled
trial of the efficacy and safety of rilonacept in
the treatment of systemic juvenile idiopathic
arthritis. Arthritis Rheumatol 2014; 66: 25702579.
[16] Ortiz-Sanjuan F, Blanco R, Calvo-Rio V, Narvaez
J, Rubio Romero E, Olive A, Castaneda S,
Gallego Flores A, Hernandez MV, Mata C, Ros
Vilamajo I, Sifuentes Giraldo WA, Caracuel MA,
Freire M, Gomez Arango C, Llobet J, Manrique
Arija S, Marras C, Moll-Tuduri C, PlasenciaRodriguez C, Rosello R, Urruticoechea A,
Velloso-Feijoo ML, Del Blanco J, Gonzalez-Vela
MC, Rueda-Gotor J, Pina T, Loricera J and
Gonzalez-Gay MA. Efficacy of tocilizumab in
conventional treatment-refractory adult-onset
Still’s disease: multicenter retrospective openlabel study of thirty-four patients. Arthritis
Rheumatol 2014; 66: 1659-1665.
[17] Kostik MM, Dubko MF, Masalova VV, Snegireva
LS, Kornishina TL, Chikova IA, Isupova EA,
Kuchinskaya EM, Glebova NI, Buchinskaya NV,
Kalashnikova OV and Chasnyk VG. Successful
treatment with tocilizumab every 4 weeks of a
low disease activity group who achieve a drugfree remission in patients with systemic-onset
juvenile idiopathic arthritis. Pediatr Rheumatol
Online J 2015; 13: 4.
[18] Nishimoto N and Kishimoto T. Humanized antihuman IL-6 receptor antibody, tocilizumab.
Handb Exp Pharmacol 2008; 151-160.

Int J Clin Exp Med 2016;9(7):14132-14140

