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Severe infusion reactions to tocilizumab
in young children with systemic juvenile
idiopathic arthritis

Objective: Tocilizumab (TCZ) is the first-line agent against systemic juvenile idiopathic arthritis (sJIA)
refractory to glucocorticoids. However, some patients discontinue TCZ because of severe infusion
reactions (IRs). This study aimed to demonstrate the characteristics of patients with sJIA who develop
severe IRs to TCZ, and investigate its risk factors.

Method: Thirty-one patients with newly diagnosed sJIA (boys-16; girls-15) who received at least one
infusion of TCZ were enrolled.

Results: Four patients presented with TCZ-induced severe IRs. IRs appeared in the early phase of
treatment, especially within the 10th infusion of TCZ. All of these patients were girls (IR group vs. non-IR
group, p=0.043) and younger than 3 years old. The median age at initiation of TCZ in the IR group was
significantly younger than that in the non-IR group (p=0.001). At disease onset, more patients in the IR
group (75%) were complicated by macrophage activation syndrome than those in the non-IR group
(11%, p=0.016). The dose of TCZ per kg was not different between the groups. However, the dose per m?
was less in the IR group than in the non-IR group (212 vs. 252 mg/m?, p=0.052). In the IR group, except
for one patient, anti-TCZ IgG and/or anti-TCZ IgE antibodies were detected.

Conclusions: Risk factors of TCZ-induced severe IRs are female sex, age younger than 3 years old, and
onset with macrophage activation syndrome. An optimal regimen of induction of remission with TCZ in
such patients should be established.
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Introduction unfortunately, some patients need to have

.. g g . .. . TCZ treatment discontinued because of serious
Systemic juvenile idiopathic arthritis (sJIA) is a

chronic inflammatory disease, characterized by
remittent fever, rheumatoid rash, and arthritis [1].
During the clinical course of sJIA, approximately
7% of patients suffer from macrophage activation
syndrome (MAS), which can be life-threatening
[2,3]. Although glucocorticoids (GCs) have
been the mainstay of treatment against sJIA,
45-66% of patients take a refractory course and
require long-term treatment with GCs [4-6].
However, since the introduction of biologics,
outcomes of such difficult patients have greatly
improved. Tocilizumab (TCZ), a humanized
anti-interleukin  (IL)-6 receptor monoclonal
antibody, can inhibit IL-6 from binding to
its receptor and block signal transduction of
IL-6 through gp130, which suppresses the pMethods
inflammartory response [7,8].

infections or other adverse events. Similar to
other biologics, anti-drug antibodies (ADAs)
develop a reduced therapeutic response and
immediate or delayed hypersensitivity. Biologic-
induced hypersensitivity is mostly immediate
infusion reactions (IRs), which occur during or
within 1 hour after starting infusion, frequently
resulting in discontinuation of the agents. Some
previous studies have reported such a clinical
issue associated with anti-TCZ antibodies in
patients with rheumatoid arthritis [9,10], but
there have been no reports in patients with sJIA.
Therefore, this study aimed to demonstrate the
characteristics of patients with sJIA who develop
severe IRs to TCZ, and investigate its risk factors.

Patients
Although TCZ is efficacious and generally

well tolerated in patients with refractory sJIA,
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electronic medical charts of 42 patients (21 boys
and 21 gitls, with a median age at diagnosis
of 6.0 years; range, 0.5-15.8 years) who were
initially diagnosed with sJIA from April 2008 to
April 2015 in our institute. Thirty-one of the 42
patients (16 boys and 15 girls, with a median age
at diagnosis of 6.5 years; range, 0.5-14.3 years)
received at least one infusion of TCZ because
of resistance to conventional therapy, such as
difficulty of induction of remission, high-dose
corticosteroid dependency, and relapse. In
31 patients, the median age at onset of sJIA
and at the first infusion of TCZ was 6.5 years
(range, 0.5-14.2 years) and 7.2 years (range,
1.1-14.3 years), respectively. Four of 31 patients
developed severe IRs to TCZ infusion. This
study was conducted in accordance with the
ethical standards of the Declaration of Helsinki
and approved by the Medical Ethical Committee
of Yokohama City University. All patients and
parents provided written informed consent.

Definitions of infusion reactions and their
severity

IRs was defined as any adverse events that
developed within 24 hours of TCZ infusion,
including allergic reactions. IRs was also
subdivided according to signs and symptoms into
mild, moderate, or severe by physicians. Mild or
moderate reactions were defined as those that
were self-limiting and resolved spontaneously
after temporary cessation of infusion and
reduction of infusion speed. Severe IRs were
defined as reactions that could potentially cause
death or permanent disabilities, and required
discontinuation of TCZ and prompt treatment
with antihistamine and hydrocortisone. Severe
reactions, included hypotension and respiratory
distress, such as wheeze and tachypnea, with or
without severe urticaria.

Clinical Data

We investigated clinical data, including sex, age
at diagnosis with sJIA, age at TCZ initiation,
duration from diagnosis to TCZ initiation,
dose of TCZ (mg/kg and mg/m?), dose of
prednisolone (or equivalent) at initiation of
TCZ, concomitant immunosuppressive drugs,
history of allergies, history of drug allergies,
MAS at an onset of sJIA, and laboratory data
at initiation of TCZ. Laboratory data included
the white blood cell (WBC) count, hemoglobin
(Hb) levels, hematocrit, platelet count, and
levels of alanine aminotransferase, C-reactive
protein (CRP), albumin, ferritin, IL-6, 1L-18,
and immunoglobulin-E (IgE). Anti-TCZ IgE
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and anti-TCZ IgG antibodies were examined in
all patients who were complicated by severe IRs.

Statistical Analysis

Values are presented as median and range
for continuous data, and as proportions for
categorical data. Fisher’s exact test was used for
comparison of categorical data and the Mann-
Whitney U test was used for comparison of
continuous data. Statistical significance was
defined for values of p<0.05. All statistical
analyses were performed using IBM SPSS
Statistics version 23.0 software (IBM, Armonk,
NY)

Results

Baseline characteristics

The patients’ demographic and clinical features
in the IR group (n=4) and non-IR group (n=27)
are shown in Table 1. The proportion of girls in
the IR group (100%) was significantly higher
than that in the non-IR group (41%, p=0.043).
The median age at diagnosis of sJIA and the
median age at initiation of TCZ in the IR group
were significantly younger than those in the non-
IR group (p=0.002 and p=0.001, respectively).
No significant difference in the dose of TCZ
(mg/kg) was observed between the two groups,
but the TCZ dose in mg/m? in the IR group
tended to be lower than that in the non-IR
group (p=0.052). There were no significant
differences in the history of allergies and drug
allergies between the two groups. The proportion
of occurrence of MAS at an onset of sJIA was
significantly higher in the IR group than in the
non-IR group (p=0.016, Table 2).

With regard to laboratory examinations, the
proportion of CRP levels >0.05 mg/dL at 4
weeks after initiation of TCZ was significantly
higher in the IR group than in the non-IR group
(p=0.002).

Serum IL-18 levels tended to be higher in the
IR group than in the non-IR group (median,
70,979 pg/mL wvs 15,921 pg/mL, p=0.076).
Additionally, anemia was significantly more
severe in the IR group than in the non-IR group
(Hb; p=0.027, hematocrit; p=0.013, Table 2)

Clinical courses and outcomes of four
patients with severe IRs due to TCZ

The clinical courses of four patients with severe
IRs are shown in Table 3. Severe IRs appeared in
the early phase of treatment, especially within the
10th infusion of TCZ. Anti-TCZ IgG and IgE
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Table 1. Patients’ demographic and clinical features
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Variables A“aPh)(!"‘:::; group Nt;r:;a:ln:g'hzzl;))us p
Sex (male, female) 0,4 16,11 0.043*
Age at diagnosis of sJIA (years) 1.9 (0.5-2.8) 7.1(2.3-14.3) 0.002*
Age at TCZ initiation (years) 2.3(1.1-2.8) 7.3(3.2-14.3) 0.001*
Duration from diagnosis to TCZ initiation (years) 0.4 (0.1-0.6) 0.3 (0.0-2.2) 0.61
Dose of TCZ (mg/kg) 9.2 (8.0-11.4) 9.3(6.4-10.4) 0.48
Dose of TCZ (mg/m?) 212 (164-250) 252 (162-332) 0.052
Dose of PSL (or equivaleg;;)at TCZ initiation (mg/kg/ 154 (0.57-2.09) 0.81(0.11-2.19) 02
Concomitant immunosuppressive drugs, n 0 MTX 2, CyA 1
History of allergy, n (%) 0(0) 9(33) 0.3
History of drug allergy, n (%) 1(25) 2(8) 0.35
MAS at onset of sJIA, n (%) 3(75) 3(11) 0.016*
sJIA, systemic juvenile idiopathic arthritis; TCZ, tocilizumab; PSL, prednisolone; MTX, methotrexate; CyA,
cyclosporine;
MAS, macrophage activation syndrome.
*significant at p<0.05.

Table 2. Patients’ laboratory data

Variables Anaphylaxis group (n=4) Non-angarr;:ll?:lszr;t)egative P
Laboratory data at TCZ initiation
WBC count (/uL) 30,400 (11,500-57,800) 17,500 (5,700-44,200) 0.77
Hb (g/dL) 9.1 (8.6-9.3) 11.5(8.8-14.4) 0.027*
Hct (%) 27.6 (27.1-29.8) 34.5(27.5-41.6) 0.013*
Plt (x10*/uL) 58.2 (43.7-70.1) 39.3(16.2-72.7) 0.099
ALT (U/L) 37 (36-79) 18 (8-157) 0.1
CRP (mg/dL) 3.32(0.03-8.24) 1.81(0.01-9.61) 0.75
Alb (g/dL) 3.5(3.1-4.0 3.6 (2.5-4.5) 0.81
Ferritin (ng/mL) 85 (21-445) 106 (2-4,566) 0.56
IL-6 (pg/mL) 6.2 (1.6-255.6) 16.0 (1.1-152.0) 0.49
IL-18 (pg/mL) 70,979 (64,200-80,285) 15,921 (357-167,265) 0.076
IgE (U/mL) 211 (70-261) 141 (4-2,534) 0.73
CRP>0.05 mg/dL 4 (100) 4(15) 0.002*

at 4 weeks after TCZ initiation, n (%)

immunoglobulin-E.
*significant at p<0.05.

TCZ, tocilizumab; WBC, white blood cell; Hb, hemoglobin; Hct, hematocrit; Plt, platelet count; ALT, alanine
aminotransferase; CRP, C-reactive protein;
Alb, albumin; IL-6, interleukin-6 (normal range: <4 pg/mL); IL-18, interleukin-18 (normal range: <500 pg/mL); IgE,

antibodies were detected in one patient (Patient
2). Anti-TCZ IgG and anti-TCZ IgE antibodies
were detected in one patient each (Patient 1 and
Patient 4). Although one patient (Patient 3)
did not show anti-TCZ antibodies, her serum
concentration of TCZ decreased to undetectable
levels, even after repeated TCZ infusions.
Only Patient 4 was able to continue TCZ
administration, despite the appearance of anti-
TCZ IgE antibody. Under frequent monitoring
of serum levels of CRP, which is a surrogate
marker of efficacy of TCZ, TCZ was successfully
administered to Patient 4 in conjunction with

antihistamine and hydrocortisone.  Finally,

all four patients required a high dose of GCs,
and consequently developed severe adverse
effects from GCs, such as growth impairment.
Furthermore, GC-induced glaucoma and a
cataract occurred in one patient, and she needed
to have two operations.

Discussion

To the best of our knowledge, this is the first
report to investigate characteristics of patients
with sJIA who developed severe IRs to TCZ
and their risk factors. During the last decades,
various biologics have been developed, and
these have dramatically improved the outcome
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Table 3. Four patients with anaphylaxis due to TCZ treatment

Patient 1
Sex Female
Age at diagnosis (years) 1.2
Age at TCZ initiation (years) 1.8
Number of TCZ doses at the nd
occurrence of anaphylaxis
Total number of TCZ doses (times) 6
Dose of GC at TCZ initiation PSL O'Z;“g/ kg/

Tachycardia,

Symptoms by anaphylaxis cold extremities,

and urticaria
IL-6 levels at TCZ induction (pg/mL) 71.7

IL-18 levels at TCZ induction (pg/mL) Unavailable
IL-6 levels at anaphylaxis (pg/mL) 21.6
Anti-TCZ IgE/IgG antibody -/+
Continuation of TCZ treatment No

Side effects by GC

Growth impairment Yes

Others Osteoporosis

TCZ, tocilizumab; GC, glucocorticoid; PSL, prednisolone; L-DEX, lipo-dexamethasone; IL-6, interleukin-6
(normal range: <4 pg/mL); IL-18, interleukin-18 (normal range: <500 pg/mL); IgE, immunoglobulin-E; IgG,
immunoglobulin-G; MAS, macrophage activation syndrome; sJIA, systemic juvenile idiopathic arthritis.

Patient 2 Patient 3 Patient 4
Female Female Female
0.5 2.7 2.8
1.1 2.8 2.8
3rd -loth 4th
5 10 Continued
PSL 1'9dsa;"9/ K9/ ps| 1.14 mg/kg/day L-DEX 5 mg/day
Tachycardia, Fever, tachycardia, Fever, chills, and
tachypnea, and . L
- and hypotension urticaria
vomiting
6.2 1.6 255.6
70979 64200 80285
<15 4.1 23.2
+/+ -/- +/-
No No Yes
Yes Yes Yes
Glaucoma, None Osteoporosis
cataract

of patients with severe rheumatic diseases.
TCZ has durable efficacy and good tolerability
in long-term treatment for children with sJIA
[11]. However, unfortunately, some patients
experience a reduced therapeutic response and
severe hypersensitivity because of development
of ADAs [12-18]. The immunogenicity of
biologics is affected by various factors, including
molecule-related factors (e.g., mechanisms of
action, molecular structure, and manufacturing)
and patients’ characteristics [10]. Interestingly, a
previous study showed that the immunogenicity
risk of TCZ was lower than that of anti-tumor
necrosis factor-a agents [10]. One possible
mechanism of the low immunogenicity of TCZ
might be explained by downregulation of B
cell activity via blocking of IL-6 signaling [10].
Furthermore, another study suggested that low
immunogenicity of TCZ might be associated
with monoclonal antibody structure (e.g., a
specific molecular structure with an idiotype)
and manufacturing processes [10]. In a phase
III Japanese clinical trial of TCZ therapy for
patients with sJIA, four of 67 (6.0%) patients
were positive for anti-TCZ antibodies and
experienced mild to moderate IRs [11]. Two
of them were withdrawn from the trial. In
postmarketing surveillance of TCZ for patients
with sJIA, a total of 7.2% (n=30) of patients
had IRs and 1.9% (n=8) experienced serious IRs
[19]. Anti TCZ-antibodies were examined in
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six of the eight patients and five (83.3%) were
positive for anti-TCZ antibodies. Additionally,
in the TENDER trial, a randomized trial of
TCZ for patients with sJIA in Western countries,
anti-TCZ antibodies were detected in only two
of 112 (1.8%) patients [20]. Consequently,
both patients withdrew from the clinical trial.
The incidence of IRs in our study is higher than
that in the studies mentioned above [11,19,20].
The median age of the patients in our study, in
those in a phase III Japanese clinical trial, and
in those in postmarketing surveillance was 7.2
years (range, 1.1-14.3 years), 8.0 years (range,
2-19 years), and 10.0 years (range, 0-53 years),
respectively [11,19]. However, details of age
distribution were not shown, except for in our
study. Our study may have included a younger
population than the previous studies.

Therefore, the incidence of severe IRs in our
study could be higher than that of the previous
studies [11,19,20]. Previous reports have
described that patients with early-onset sJIA
tend to exhibit a more aggressive and refractory
clinical course than those with late-onset sJIA
[21,22]. The immune system in young children
may be skewed to innate immunity rather
than acquired immunity compared with older
children or adults [21]. Therefore, because innate
immunity plays a critical role in the pathogenesis
of sJIA, younger patients more frequently
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present with MAS and destructive arthritis
than do older patients [21,23]. Consequently,
blood TCZ concentrations in younger patients
may disappear more rapidly than those in older
patients. Some previous reports have shown that
a considerable decline in blood concentrations
of biologics occurs when blood concentrations
reach a low threshold [24,25]. Maintaining high
blood concentrations of biologics, especially
trough levels, are essential for preventing ADAs.
Some studies have reported that low blood
concentrations of biologics can lead to ADAs
[26-30]. A rapid drop in blood concentrations
of biologics may accelerate drug clearance and
result in development of ADAs.

Drugs can be administered based on three
approaches: fixed dosing, body weight (BW)-
based dosing, or body surface area (BSA)-based
dosing [31]. Biologics in adults and children are
generally dosed based on BW or BSA. However,
the gap in dosage between BSA and BW becomes
more apparent in younger children. Yim et al.
showed that the BW-based dose of etanercept in
patients who weighed < 23 kg tended to result
in lower concentrations compared with patients
who weighed >23 kg [32]. Additionally, BSA-
based dosing is better for adjusting the variability
for clearance than BW-based dosing in younger
children [32]. In fact, our study showed that the
BSA-based dosage in the IR group was less than
that in the non-IR group Table 1. Therefore,
BSA-based dosing of biologics may be more
suitable than BW-based dosing in younger
children. Although the approved dose of TCZ
in Japan is 8 mg/kg, TCZ doses in the EU/USA
are 12 mg/kg in children weighing <30 kg and
8 mg/kg in children weighing > 30 kg. A lower
dose of TCZ was reported to cause lower efficacy
in small children [20]. A lower approved dose
may partly explain the high incidence of IRs,
especially in younger children.

Once anti-TCZ antibody emerges, continuing
TCZ treatment becomes difficult. In two of
our patients who presented with severe IRs,
we attempted to re-administer TCZ, but both
patients could not tolerate TCZ treatment.
Fortunately, a clinical trial of canakinumab for
patients with sJIA is ongoing in Japan. We are
hopeful that canakinumab can be beneficial for
these patients after official approval.

Limitations

There are some limitations to our study, such as
a single-center experience, limited sample size,
variation of use of GCs among patients, various

idiopathic arthritis

follow-up durations, and the retrospective
design. Additionally, we could not measure the
titer of anti-TCZ antibodies and blood TCZ
concentrations in our patients, except for four
patients who developed severe IRs. Monitoring
of blood TCZ concentrations may be helpful
for maintaining effective concentrations, and for
adjusting appropriate doses and the interval of
treatment in each patient.

Conclusion

In conclusion, severe IRs to TCZ are likely to
occur in young patients, especially those younger
than 3 years old. The emergence of anti-TCZ
antibodies increases the risk of loss of clinical
response to TCZ. Induction of TCZ in young
patients with sJIA should be carefully observed
and we need to reconsider the optimal regimen
of treatment.
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