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Abstract

This review summarizes the immunological
consequences of biological therapies used in juvenile
idiopathic arthritis (JIA). For every frequently used
biological agent the characteristics are clearly specified
(molecular target, isotype, registered indication for

JIA, route of administration, half-life, contraindication,
very common side effects, expected time of response
and average cost in the first year). The emphasis of

this review is on the immunological side effects that
have been encountered for every separate agent in

JIA populations. For each agent these adverse events
have been calculated as incidence per 100 patient-
years for the following categories: serious infections,
tuberculosis, malignancies, response to vaccination,
new-onset autoimmune diseases and development

of anti-drug antibodies. There are large differences in
side effects between various agents and there is a clear
need for an international and standardized collection
of post-marketing surveillance data of biologicals in the
vulnerable group of JIA patients. Such an international
pharmacovigilance database, called Pharmachild, has
now been started.

Introduction

Juvenile idiopathic arthritis (JIA) is the most common
chronic rheumatic disease in children, with an incidence
in Europe of about 16 to 150 per 100,000 per year, and an
important cause of short-term and long-term disability
[1]. The International League of Associations for Rheu-
matology has defined JIA as arthritis with no apparent
cause lasting more than 6 weeks with disease onset prior
to age 16 [2]. Seven different subtypes of JIA are
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recognized that differ in genetic susceptibility,
distribution and severity of arthritis. One subtype, called
systemic onset JIA (SJIA), representing 4 to 17% of all JTA
cases, concerns a totally different disease entity in which
innate immunity has been shown to be involved much
more than adaptive immunity as seen in the other
subtypes [1,3].

In the past 10 years the implementation of adequate
legislation fostering controlled clinical trials in children
and the availability of new potent medications such as
the biologicals have led to a dramatic improvement in the
treatment of systemic and non-systemic JIA [4]. A
biologic medical product (biological or biologic) is a
medicinal product that is produced by biologic processes
rather than chemical synthesis. In 2011 an American
College of Rheumatology recommendation published on
the treatment of JIA mentioned six different biologicals:
three types of TNF-a inhibitors (etanercept, adalimumab
and infliximab), CTLA4-immunoglobulins (abatacept),
anti-CD20-antibodies (rituximab) and an anti-IL1
receptor antagonist (anakinra) [5]. In fact, despite belong-
ing to our standard of care, only half of these are
registered for use in JIA (etanercept, adalimumab and
abatacept). Another drug, an anti-IL6 receptor antibody
(tocilizumab) has been registered for use in active SJIA
by the US Food and Drug Administration (FDA) and
several European countries in 2011. Long-acting anti-
IL1p antibodies (canakinumab) have recently been shown
to be successful for treatment of SJIA [6].

For registration of a biological the efficacy on the
specific indication has to be shown. However, safety
issues other than very common adverse events can hardly
be addressed in JIA studies since the study population
would be too small and the follow-up mostly too short.
Comparisons with placebo are of limited value in most of
these studies because of the short duration of the placebo
phase [7]. Moreover, a double-blind, controlled, random-
ized withdrawal design is used in nearly all randomized
clinical trials for JIA therapy, where a control cohort
never having used that drug is missing [8]. In this design
eligible children are treated in an open-label fashion with
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the experimental therapy for a few months, after which
responders are randomized in a double-blind fashion
either to continue the experimental therapy or to switch
to placebo [4]. Furthermore, the placebo-controlled
phase is often shorter than the lead-in open-label phase,
which could potentially introduce bias owing to latent
adverse events initiated in the lead-in phase not being
reported until the placebo-controlled phase [7].

Clinical immunological consequences of long-term
use of biologicals in JIA patients

The features of the biologicals used in JIA are summar-
ized in Table 1. Registered indications can differ between
countries, and for this table we use the Dutch situation.

Clearly there are many immunologic differences
between biologicals that act on varying targets, but even
drugs that antagonize the same target - for example,
TNFa - have been shown to differ quite a bit in this
regard. The different origins and constructions of the
anti-TNF agents infliximab, adalimumab and etanercept
result in slightly different affinities and avidities for
soluble TNFa. Nevertheless, all three have a high potency
to bind TNF and form complexes [9,10]. These agents
also bind to the membrane bound form of TNFa
(mTNFa); however, only one molecule of etanercept
binds to each trimer of mTNFa, while adalimumab and
infliximab can bind with one molecule to each monomer
of the mTNF« trimer [9-11]. Furthermore, the fact that
etanercept is a fusion protein means that the first part of
the constant region (CH1) of the antibody is absent; this
part is important in the induction of complement-
dependent cytotoxicity or apoptosis of the cells to which
the antibody is bound. Complement-3 has to bind to the
CH1 part of the antibody in order to form the membrane
attack complex and absence of this results in a premature
stop of the cascade. This suggests that only infliximab
and adalimumab induce complement-dependent cyto-
toxicity. Indeed, in vitro experiments show this pheno-
menon for infliximab and adalimumab when cell lines are
used that over-express mTNFa [12]. Nevertheless, when
activated, untransformed peripheral blood monocytes
were tested, no lysis was found with either adalimumab
and infliximab, nor with etanercept, probably due to low
expression of mTNF [9]. Another difference found
between the agents is their capacity to induce immuno-
suppressive regulatory T-cell (Treg) populations. Induc-
tion of Tregs by monocyte-derived dendritic cells has
been shown in the presence of adalimumab, but not with
etanercept [13].

The half-lives of the different agents also reflect the
necessary frequency of administration. Adalimumab has
a half-life of 2 weeks and needs to be injected every
2 weeks, and anakinra with a half-life of 4 to 6 hours
needs to be injected daily. However, the frequency of
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administration might change over time since etanercept,
with a half-life of 70 hours, was meant originally to be
injected twice weekly at a dose of 0.4 mg/kg body weight
but it appeared to be as effective when administered once
weekly at a dose of 0.8 mg/kg [14,15].

Contraindications involve mainly serious active infec-
tions, more specifically tuberculosis (TB) in the setting of
anti-TNF therapy. Furthermore, heart failure is a contra-
indication for several anti-TNF-agents. Hypersensitivity
to xenogenic proteins may constitute a contraindication
for use of chimeric biologicals. In case of a previous
diagnosis of cancer, it might be wise to refrain from anti-
TNE-therapy until further data appear.

Very common side effects - those affecting more than
10% of patients - are different for every agent but mostly
concern (upper) respiratory tract infection, headache and
injection site reaction.

The expected time of response is normally within 3 to
4 months, which should be the time to consider a change
of therapy if no beneficial response is seen. For anakinra
and canakinumab the effect in SJTA is much swifter and is
expected to occur within days.

The average cost per year is calculated for a 30 kg
(66 1b) child in 2010 purchase price (excluding VAT) for
pharmacies in the Netherlands. The content per vial is
usually too high to administer to a typical JIA patient
with the low bodyweight that (young) children normally
have and, therefore, much of the material must be
discarded. In the Netherlands only four out of these ten
biologicals (abatacept, etanercept, rituximab and tocili-
zumab) have vials that prevent annual spillage of
thousands of euros per pediatric patient.

Since biologicals antagonize cytokines or receptors
involved in the immune system, one could fear that their
(long-term) use might affect the quality of the immune
system, leading to a defective defense mechanism against
infections and tumors, an insufficient response to vacci-
nations, or a flawed immunoregulation resulting in auto-
immunity or autoinflammation (Table 2). Finally, a bio-
logical agent itself can be handled as an antigen by the
immune system, producing antibodies against the
biological.

Serious infections
The recombinant therapeutic proteins directed against
molecules of the immune system could induce infections
in JIA patients treated with these biologicals that may
display some similarities to those in patients with
primary immunodeficiency of the corresponding biologic
target [16]. Therefore, some side effects may be foreseen
by analyzing primary immunodeficiency [16].

For most of the trials reviewed, ‘serious bacterial
infections’ are defined as those requiring antibiotics or
hospitalization. Biologicals (for example, anakinra and
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tocilizumab) and high-dose corticosteroids may affect
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Table 2. Inmunological consequences of biologicals in juvenile idiopathic arthritis: incidence rates per 100 patient-years

(weighted per study)
Serious
Generic name infections Malignancies Autoimmune disease® Antibody formation
Normal childhood 1.0017] 0.032 [53,54,56] 0.0069 new onset uveitis [77] -
population 00083 18D [78]
0.00015 optic neuritis [79]
0,0001 multiple sclerosis [80]
JIA without MTX, 22[17] 0.025 [53,56] 2.5 new onset uveitis® [81,82] -
steroids or anti-TNF
JIA with MTX 33[17] 0.033 [56] to 0.83 uveitis [83] -
0.046¢ [54]
JIA with steroids 6.9 [17] No data No data -
Abatacept 1.3[57] No data 0.22 uveitis flare (1 per 448 EY) [19] 23 (no adverse events) [57]
0.22 multiple sclerosis (1 per 448 EY) [19]
Adalimumab 2.9 [28-30] No data 0 demyelinating diseases (0 per 348 EY) 7.6 with MTX within year; 15 after first year
[28,30] (no adverse events) [28,30]
25.3 without MTX within first year; 60 after
first year (no adverse events) [28,30]
Anakinra 8.7 [20-22] No data No data 75.0 non-neutralizing antibodies within
first year; 81.8 after first year [73]
6.3 neutralizing antibodies within first year;
0 after first year [73]
Etanercept 2.71[17,31-34] 0.015[59] 0.44 new onset uveitis [32,34] and 2.9 non-neutralizing antibodies [74]
0.57 flares of uveitis [33,35]
0.31 newly diagnosed IBD [35,70]
0.15 optic neuritis [31-35]
0.11 new onset lupus [31,34,35]
0.64 newly diagnosed sarcoidosis [32]
Infliximab 1.0[36,37] No data 5.1 new onset uveitis [36] 36.6 positive and 32.4 inconclusive
259 new ANA (21:320) without (infusion-reaction-related) [36]
symptoms [36]
6.6 new anti-double-stranded DNA
antibodies without symptoms [36]
Rituximab 14.59124] No data No data No data
Tocilizumab 11.6°[38-40] No data No data 7.1 (one anaphylactoid reaction without anti-IgE

antibody) [38]

20nly mentioned if at least 100 exposure years (EY) available. ®Majority of these patients did not use MTX, steroids or anti-TNF agents. This study used biologic naive
patients who might have used MTX. ¢Majority of these patients also used MTX and cyclosporine and half of them also used steroids. °Majority of these patients
concomitantly used steroids. EY, exposure years; IBD, inflammatory bowel disease; JIA, juvenile idiopathic arthritis; MTX, methotrexate.

Anakinra

Three out of 45 patients with SJIA treated with anakinra
for a median duration of 1.1 years developed a serious
infection, resulting in 6.1 per 100 patient-years [20]. Two
of these three explicitly used steroids as well and all three
could safely restart anakinra after clearance of infection
[20]. Corticosteroids were used at an initial dose of 0.6 mg/
kg/day in 67% of all the study patients and 33% of patients
also used other disease-modifying anti-rheumatic drugs

(DMARD:s), while only 22% of patients used anakinra
monotherapy [20]. Another study documented 32 SJIA
patients taking anakinra for a median duration of
0.5 years with 84% using steroids and 85% also non-
biological DMARDs at the start of anakinra without
observing serious infections [21]. A third study involved
24 SJIA patients who were treated with anakinra for
1 year concomitant with a rather high dose of steroids
(0.5 to 0.6 mg/kg/day) and found that 4 patients developed
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a serious infection during 15.2 patient-years of follow-up,
resulting in 26.4 serious infections per 100 patient-years
[22]. Monotherapy anakinra, however, seems much safer,
since in our own center we did not experience any serious
infection in 24 new-onset SJIA patients treated with
monotherapy anakinra [23].

Rituximab

Serious infections were seen in 14.5 per 100 children
(pneumonia) in 55 children with JIA (46 with SJIA) who
were treated with rituximab administered as weekly
intravenous infusion for 4 successive weeks (375 mg/m?2
per dose) [24]. Because of efficacy, intolerance or in-
efficacy, only 25 patients received all 4 courses, 41
received 3 courses and 44 patients received 2 courses.
MTX was taken by 100% concomitantly at a mean weekly
dose of 16.4 mg/m? 87% also used cyclosporine (4 mg/
kg/day) and 45% even used prednisolone (0.3 mg/kg/
day). The pneumonias were caused in 62% by Preumo-
cystis  jirovecii and associated pneumocystic and
mycoplasma infections [24]. Since multiple drugs were
taken, it is hard to discriminate which adverse effect was
caused by rituximab per se.

For rheumatoid arthritis (RA) the overall serious
infection rate was 4.31 per 100 patient-years [25]. Infec-
tions and serious infections over time remained stable
across 5 courses at 4 to 6 events per 100 patient-years.
Four cases of the often fatal progressive multifocal leuko-
encephalopathy (PML) caused by the JC virus in patients
with RA treated with rituximab have been reported [26].
This would be equivalent to an incidence of one case of
PML per 25,000 individuals with RA being treated with
rituximab [26]. A recent study, using a Freedom of Infor-
mation Act request for all cases of PML within the Food
and Drug Administration (FDA) Adverse Event Report-
ing System database, selected autoimmune rheumatic
diseases for further analysis [27]. They found a specific
signal emerging with regard to rituximab and PML;
although this is a rare adverse event associated with
rituximab therapy, the devastating nature of PML
mandates continued vigilance, particularly in patients
with current or prior exposure to an alkylating agent [27].

TNF inhibitors

Adalimumab

Serious infections (pneumonia and severe viral infec-
tions) were observed in 2.2 per 100 exposure years during
319 adalimumab exposure years [28]. Another study
found serious infections in 2.8 per 100 patient-years or 2
of the 26 JIA patients with 71.6 patient-years of adalimu-
mab exposure (fatal sepsis and severe skin abscesses
requiring surgery) [29]. In a third study serious infections
were seen in 11.1 per 100 exposure years or 3 of 25
(mainly rheumatoid factor-positive) JIA patients with an
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average duration of adalimumab of 1.1 years (acute
pharyngitis, pneumonia, and hepatitis B infection) [30].

Etanercept

No increase in hospitalized infections was seen in the
16% of 8,479 JIA patients using a TNF inhibitor (90%
etanercept) compared to JIA patients without medication
or with MTX for over a year [17]. The incidence of
hospitalized infections in this anti-TNF group was 3.5
per 100 patient-years, but doubled when there was
concurrent use of corticosteroids [17]. The most common
hospitalized infections seen in that study were upper
respiratory tract (30%), pneumonia (24%), bacteremia/
septicemia (18%), urinary tract/pyelonephritis (18%), and
skin and soft tissue (12%). In an open-label extension
study of etanercept in JIA patients, serious infections
were seen in 3 per 100 patient-years among the 58
patients with 318 patient-years of etanercept exposure
[31]. The exposure-adjusted rates of infections that led to
hospitalization or treatment with intravenous antibiotics
remained low over the period of study [31]. Another
study found only 1.2 cases per 100 patient-years or 4
serious infections during 312 patient-years of etanercept
use in JIA patients (3 cases with gastroenteritis and 1
urosepsis) [32]. A German study reported 3.2 serious
infections per 100 patient-years or 26 infectious serious
adverse events occurring in 604 etanercept-using JIA
patients with 1,149 patient-exposure years [33]. Another
German biologic register found 2.1 severe infections per
100 patient-years in 346 JIA patients ever on etanercept
(45% still using) during the observation period compri-
sing 598 patient-years [34]. Permanent discontinuation of
etanercept because of serious infection (Epstein-Barr
meningoencephalitis, pyelonephritis, recurrent urinary
tract infection, gingival infection, sepsis) was noted in
only 5 JIA patients during 941 patient-years [35].

Infliximab

In an open-label extension study, an occurrence of
pneumonia of 1.2 per 100 patient-years was reported as it
was seen in 2 out of 78 JIA patients receiving initially
3 mg/kg infliximab plus MTX during 2.2 years of average
follow-up [36]. A smaller study with 20 JIA patients
taking infliximab plus MTX during one year showed no
infections requiring hospitalizations [37].

Tocilizumab

A serious infection risk of 9.3 per 100 patient-years for
tocilizumab in SJIA with concomitant steroid use was
seen [38]. Two cases of bronchitis and two cases of
gastroenteritis were considered to have serious adverse
events in 48 SJIA patients using both 2-weekly 8 mg/kg
tocilizumab and prednisolone at a dose of 0.4 to 0.5 mg/
kg/day during a 0.9 year open-label extension study [38].
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Another study found a serious infection risk of 11 per
100 patient-years during a 0.23 year double-blind phase
(2 events in 75 SJIA patients randomized to tocilizumab)
versus no serious infections in the 37 patients receiving
placebo [39]. The same serious infection risk of 11 per
100 patient-years was found in the 112 SJIA patients with
a median tocilizumab exposure of 1.4 year [39].

For polyarticular JIA, a serious infection risk of 19.6
per 100 patient-years was found in 17 JIA patients (half of
them rheumatoid factor-positive) followed for 0.9 years
using monthly 8 mg/kg tocilizumab [40]. During the
study period, no patient was withdrawn due to adverse
events, but three patients required hospitalization
because of serious infectious events (two cases of
gastroenteritis and one case of pneumonia) [40].

The downregulatory effect of tocilizumab on the acute-
phase reactant C-reactive protein may limit the useful-
ness of C-reactive protein as a diagnostic indicator for
infections. Tocilizumab should not be given in the
presence of serious or opportunistic infections [41].

Tuberculosis

Soon after a report showing that active and even
disseminated tuberculosis (TB) developed in 48 patients
after three or fewer infusions of infliximab even in
countries with low incidence of tuberculosis, it was
realized that TNF inhibitors should not be given to
patients with latent TB infection (LTBI) [42]. Indeed, for
JIA patients the same risk applies, as was shown by the
report of a fatal extra-pulmonary TB infection in a SJIA
patient who was treated with infliximab [43]. Testing for
LTBI is now a prerequisite before a TNF inhibitor can be
started. However, the tuberculin skin test (TST), measur-
ing the Thl cell-type response to purified protein
derivative, is significantly lower in bacillus Calmette-
Guerin (BCG)-vaccinated children with JIA compared to
healthy children [44]. These results show that the purified
protein derivative response that has been used for years
in screening for TB will not be accurately informative in
cases of JIA; these therefore would require the application
of more sensitive tests [44]. A Mycobacterium tubercu-
losis-specific interferon gamma enzyme-linked immuno-
sorbent assay (IGRA) is not affected by BCG vaccination,
but it was not known if it is affected by the illness itself or
the immunosuppressive drugs used. Such an IGRA test,
the QuantiFERON-TB Gold In-Tube, was therefore com-
pared with the TST for detection of latent tuberculosis
infection in patients with JIA in a cross-sectional study of
39 children with JIA and 40 healthy controls in [zmir,
Turkey [45]. Also in this study the median TST
induration was significantly lower for the JIA group
(5.8 mm) than for the control group (10.7 mm). The rate
of patients who, despite BCG, showed no reaction to TST
(0 mm) was 38%, of which 93% had active JIA [45].
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Overall agreement between TST and IGRA was low in
both the JIA and control group. The IGRA may be useful
to identify false negative TST response in cases with
latent M. tuberculosis infection, since there were two
patients who had positive IGRA (>0.35 IU/ml) but nega-
tive TST results (<10 mm) [45]. The usefulness of TST
and IGRA for monitoring TB during anti-TNF treatment
has been shown as well, since treatment with TNF-a
antagonists did not cause a significant change in the TST
or IGRA positivity rate [46]. For JIA patients there are no
specific guidelines for TB screening or monitoring when
starting biologicals but in 2012 an update of the 2008
American College of Rheumatology recommendations
for the use of DMARDs and biologic agents in the
treatment of RA was published, which can be used for
JIA patients as well [47]. The panel recommends the TST
or IGRA as the initial test in all RA patients starting
biologic agents, regardless of risk factors for LTBIL It
recommends the use of the IGRA over the TST in
patients who have previously received a BCG vaccination,
due to the high false positive test rates for the TST. The
panel recommends that RA patients with a positive initial
or repeat TST or IGRA should have a chest radiograph
and, if suggestive of active TB, a subsequent sputum
examination to check for the presence of active TB. RA
patients with a negative screening TST or IGRA may not
need further evaluation in the absence of risk factors
(Centers for Disease Control list) and/or clinical sus-
picion for TB. Since patients with RA may have false
negative TST or IGRA results due to immunosuppression,
a negative TST or IGRA should not be interpreted as
excluding the possibility that a patient has LTBI. Accord-
ingly, in immunosuppressed RA patients with risk factors
for LTBI and negative initial screening tests, the panel
recommends that a repeat TST or IGRA could be con-
sidered 1 to 3 weeks after the initial negative screening.
The panel recommends annual testing in RA patients
who live, travel, or work in situations where TB exposure
is likely while they continue treatment with biologic
agents. Patients who test positive for TST or IGRA at
baseline can remain positive for these tests even after
successful treatment of TB. These patients need
monitoring for clinical signs and symptoms of recurrent
TB, since repeating tests will not help in the diagnosis of
recurrent TB [47].

Abatacept

There were no reports of tuberculosis during the
448 exposure years in 153 JIA patients using abatacept
who were pre-screened for TB [19].

Anakinra
No TB cases have been described in JIA patients using
anakinra. To date, there is no indication that use of
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anakinra is associated with an increased incidence of TB
[48].

Rituximab

No TB cases have been described in JIA patients using
rituximab. There is no evidence of an increased incidence
of TB in patients with non-Hodgkin lymphoma treated
with rituximab. There are insufficient data to make a
determination about the necessity to screen for TB before
starting treatment [48].

TNF inhibitors

No cases of TB were reported during studies with JIA
patients, who were pre-screened and did not have active or
untreated LTBI, using adalimumab [28,29] or etanercept
[31]. For infliximab therapy, despite negative TST
screening at baseline, one patient was diagnosed with
asymptomatic TB (pulmonary infiltration, TST of 13 mm
and polymerase chain reaction test of a sputum sample
that was positive for Mycobacterium tuberculosis complex)
following routine repeat screening at week 108 [49]. This
patient had resolution of the interstitial infiltrates as well
as negative follow-up skin test results following quadruple
anti-TB therapy and cessation of infliximab therapy.

Tocilizumab

No TB was seen in 65 SJIA using tocilizumab during
0.9 years, nor in 112 SJIA patients during 1.4 years who
were all prescreened to not have LTBI or active TB before
the start of tocilizumab [38-40].

Malignancies

Between 2001 and 2008, the FDA received reports of 48
malignancies occurring in children and adolescents
exposed to TNF blockers (31 infliximab, 15 etanercept, 2
adalimumab), of which 15 occurred in patients aged
younger than 18 years with JIA [50]. It was suggested that
an elevated rate of malignancy, particularly lympho-
proliferative cancers, was observed in patients with JIA
treated with TNF antagonists, which led to a black box
warning for these drugs by the FDA [51].

To appreciate the additional risk of a drug, however, it
is necessary to know the background rate of malignancies
in patients with JIA and the role of other immuno-
suppressants they are taking (for example, MTX). Indeed,
all five cases of malignancies that were documented from
2001 to 2009 in the German JIA biologics registry
(covering 1,260 patients at the time) had been exposed to
a number of cytostatic and cytotoxic drugs, including
MTX, leflunomide, azathioprine and ciclosporin-A,
before institution of TNF-a blockers [52]. Three studies
have investigated the background rate of malignancy in
JIA patients. The cancer occurrence at three Canadian
pediatric rheumatology centers was studied by linking
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the subjects of JIA registries to regional tumor registries
in order to determine the occurrence of invasive cancers
over the observation period (spanning 1974 to 2006) [53].
The study sample consisted of 1,834 JIA patients
(majority Caucasian females) observed for an average of
12.2 years. Only 0.0045 cancers per 100 patient-years
were found (1 Hodgkin’s lymphoma in 22,341 patient-
years) compared to 0.031 per 100 patient-years (7.9 cases
expected), which leads to a protective standardized
incidence ratio (SIR) of 0.12 (95% confidence interval
(CI) 0.0 to 0.70) [53]. In Sweden, through linkage with the
Swedish Patient Register, a national JIA cohort
(n =9,027) was identified and each JIA case was matched
with five general population comparators [54]. This
biologics-naive JIA cohort included 0.046 cases per 100
person-years (60 malignancies observed during 131,144
person-years of follow-up) versus 0.040 cases per 100
person-years in the general population. Patients with JIA
identified before 1987 were not at increased risk of
cancer, whereas JIA identified in 1987 and thereafter was
significantly associated with incident lymphoproliferative
malignancies (relative risk 4.2, 95% CI 1.7 to 10.7) and
cancers overall (relative risk 2.3, 95% CI 1.2 to 4.4). This
increased risk was not explained by the introduction of
biologic therapies, since the association was similar in
analyses ending in 1999 when biologics became available,
but it is important to note that in 1986 the first report
was published of MTX use in JIA [55,56]. Another study
also found an increased risk for malignancies in JIA
patients without biologicals using national Medicaid data
from 2000 through 2005 [56]. The JIA cohort included
7,812 children with a total follow-up time of 12,614
person-years and the referent group included 321,821
children with ADHD with 391,984 person-years of
follow-up [56]. Probable and highly probable malignancies
occurred in 0.055 per 100 person-years among JIA
children compared to 0.013 per 100 person-years for the
comparator group, leading to a significantly increased SIR
of 4.4 (95% CI 1.8 to 9.0). For those taking MTX without
TNF inhibitor use, the SIR was 3.9 (95% CI 0.4 to 14). It
should be noted, however, that the rate of incidence of
malignancies in the comparator ADHD group was much
lower than that seen in the other studies [56].

Abatacept

One acute lymphoblastic leukaemia was diagnosed on
day 89 in a randomized controlled trial of abatacept in
polyarticular JIA [57]. This patient had been anemic at
enrolment, with progressively decreasing hemoglobin
concentrations as early as day 19 [57].

Adalimumab
No malignancies were reported in JIA clinical trials
encompassing over 6 years of adalimumab exposure [58].
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Etanercept

In the USA, 0.015 malignancy cases per 100 etanercept
exposure-years were confirmed in patients aged 4 to
17 years (5 cases among 33,409 exposure years) [59]. In
another USA JIA cohort including 1,484 JIA children and
2,922 person-years of TNF inhibitor exposure (90%
etanercept) no probable or highly probable malignancies
were identified [56].

Rituximab
There is no evidence that rituximab is associated with an
increased incidence of solid tumors in RA [48].

Tocilizumab

No malignancies were seen in 65 JIA patients using
tocilizumab followed for 0.9 years, nor in the 112 SJIA
patients followed for 1.4 years [38-40].

Vaccination

Recently, European League Against Rheumatism recom-
mendations for safe and efficacious vaccination in
pediatric patients with rheumatic diseases have been
published [60]. Generally, the immunogenicity of vaccines
is good in JIA patients. There are some exceptions,
depending on the type and dose of immunosuppressive
treatment and the type of vaccine [60].

Non-live vaccines seem to be safe while using gluco-
corticosteroids (2.5 to 40 mg/day), MTX 7 to 25 mg/
week, other DMARD:s such as azathioprine, or biological
agents. However, MTX reduces responses to T-cell-inde-
pendent polysaccharide pneumococcal vaccine, while T-
cell-dependent responses to conjugate vaccines are good
[60].

Limited data so far indicate that live attenuated booster
vaccines are safe in patients on regular MTX dosages,
low-dose glucocorticosteroids and anti-TNF« therapy.
No increase in disease activity or medication use was
seen in the 6 months after measles, mumps and rubella
(MMR) booster vaccination in 207 JIA patients, including
in patients using MTX (n = 49) [61]. In patients on high-
dose immunosuppressive drugs and biological agents,
live attenuated vaccines, especially booster vaccinations,
are not contraindicated, but no firm conclusions on
safety in these patients can be drawn. Responses to
various vaccines (VZV) were reduced in patients on
high-dose glucocorticosteroids or azathioprine, while the
responses to live-attenuated vaccines are good in JIA
patients using MTX [60]. Primary vaccines are generally
administered before the onset of rheumatic diseases, and
booster vaccines may be administered when essential
with or without temporary discontinuation of certain
immunosuppressants [60]. In patients on high-dose
immunosuppressants or biologicals, one should individu-
ally weigh the risk of primo-infection (unvaccinated
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exposure), the possible side effects of live-attenuated
vaccination during medication and the risk of disease

exacerbation during temporary withholding of
immunosuppressants.
Abatacept

There are no data on the immunogenicity and adverse
effects of vaccination in JIA patients using abatacept.

Anakinra

One child receiving corticosteroids and anakinra at
1.4 mg/kg/day inadvertently received the live MMR
vaccine without evident harm [20]. Patients who were
naive for anti-pneumococcal immunization received
23-valent pneumococcal polysaccharide immunization
on the first day of anakinra treatment in order to assess
the effect of anakinra treatment on anti-pneumococcal
antibody response to five capsular polysaccharides at 1
and 12 months [22]. At 1 month the levels of post-
vaccination antibodies against five pneumococcal capsular
polysaccharide serotypes were not significantly different
between the anakinra- or placebo-treated patients. At
12 months 11 of the 12 anakinra-treated patients ade-
quately responded to all serotypes and the 12th patient
had a normal response to 3 of the 5 serotypes [22].

Rituximab

There are no data on the immunogenicity and adverse
effects of vaccination in JIA patients using rituximab.
However, it is known that rituximab significantly
decreased the immune response to neoantigen and
pneumococcus as well as to flu vaccination, whereas
responses to tetanus and delayed-type hypersensitivity
responses were unchanged [62]. After rituximab adminis-
tration, humoral responses to flu vaccination were
modestly restored at 6 to 10 months. It is recommended
that any vaccinations required by the patient, such as
those to prevent pneumonia and flu, should be given
before the start of treatment [63]. The use of live
attenuated vaccines should only be given before the use
of rituximab until further data are available.

TNF inhibitors

The immunogenicity of the attenuated live vaccine
against MMR was tested in five JIA patients treated with
etanercept compared to 22 healthy children [64].
Etanercept treatment given simultaneously with revacci-
nation did not interfere markedly with generation of
long-lived virus-restricted T cells and protective levels of
virus-specific IgG antibodies [64]. No increase in disease
activity or medication use was seen within 6 months after
MMR revaccination [64]. A larger study examined the
immunogenicity and safety of two doses of 7-valent
conjugate pneumococcal vaccine in 31 JIA patients with
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median age 12.9 years treated with anti-TNF agents plus
DMARDs and 32 age-matched children treated only with
DMARDs [65]. After the first vaccine dose, geometric
mean titers (GMTs) were significantly increased for all
vaccine serotypes (P < 0.0001) in both groups and were
found to be protective in 87 to 100% of all children,
depending on the serotype. A four-fold or more increase
of the baseline titers to five or more vaccine serotypes
was observed in 50% of the anti-TNF-treated and in 75%
of the control patients (P = 0.0697). Children receiving
anti-TNFs achieved significantly lower GMTs against
serotypes 4, 14 and 23F (P < 0.05). No patient developed
vaccine-associated serious adverse events or disease flares
[65]. The MF-59 adjuvanted seasonal influenza vaccine
was evaluated for immunogenicity, safety, and tolerability
in 60 pediatric patients with JIA (30 treated with
etanercept and 30 with DMARDSs) compared to 30 healthy
controls of similar gender and age [66]. The JIA patients
treated with etanercept showed significantly lower GMTs
against the A/HIN1 strain than those treated with
DMARDs (P < 0.05) and the healthy controls (P < 0.05),
who had similar GMTs. Furthermore, the seroconversion
and seroprotection rates were all significantly lower in JIA
patients treated with etanercept than those of the subjects
in the other two groups (P < 0.05). The safety and
tolerability of the vaccine were good and similar between
the groups [66]. Another study, however, showed normal
seroconversion and seroprotection rates 21 days after
vaccination against the HIN1 influenza virus in the 16
patients using anti-TNF therapy and these were
significantly higher than in the 79 patients not using anti-
TNF agents [67]. Regarding vaccine safety, no deterioration
was observed in the number of active joints and acute
phase reactants during the study period [67].

Tocilizumab

The efficacy of influenza vaccination did not differ
significantly between the 27 patients in the SJIA group and
the 17 healthy controls [68]. The duration of tocilizumab
administration did not affect the response of the sJIA
patients to the influenza vaccination. None of the sJIA
patients experienced either severe adverse reactions or
disease exacerbation after the influenza vaccination [68].

Autoimmune disease

The development of new autoimmune diseases while
using biological response modifiers could be the
surfacing of an already underlying or associated disease
entity. Uveitis, for example, is a common complication of
JIA and in 1.3% of patients with Crohn’s disease the
chronic arthritis was prevalent before the diagnosis of the
intestinal disease was made [69]. However, it could also
be a new association now seen with the use of biologicals.
Indeed, multiple reports of demyelinating diseases
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developing in patients using anti-TNF agents appeared,
which in 2010 led to an update in the Warnings and
Precautions section of the labeling of all of the TNF
blockers to include peripheral demyelinating neuro-
pathies. So far data are not sufficiently compelling to
recommend screening for certain autoimmune diseases
in JIA patients on specific biologicals, although the
occurrence of new symptoms should make one consider
a newly developed autoimmune disease.

Abatacept

Uveitis was reported in only 0.22 patients per 100
patient-years (1 case during 448 exposure years of
abatacept, which resolved with topical prednisone with-
out a need to discontinue abatacept) [19]. Multiple
sclerosis developed in a 12-year-old boy on day 593 and
he discontinued abatacept treatment [19].

Adalimumab

No demyelinating diseases or lupus-like reactions were
reported during a study with 319 adalimumab exposure
years in JIA patients [20]. Another study did not find any
development of persistent new autoantibodies in the
sequential immunology work-up during 71.6 patient-
years of adalimumab [29]. Also, a third study found no
demyelinating disease, allergic reactions or lupus-like
syndrome after 29 exposure years [30].

Anakinra

One patient with SJIA using anakinra for over 1 month
was diagnosed as having Morbus Crohn [22]. The
diagnosis of SJIA is one by exclusion of other diagnoses
and it is very well known that inflammatory bowel
diseases (IBDs) can simulate SJIA with fever and arthritis.
Therefore, it is not sure whether this case with IBD can
be attributed to anakinra or just surfaced under anakinra
treatment.

Etanercept

The IBD incidence in JIA patients while using etanercept
was 0.36 per 100 patient-years under etanercept, about
43 times higher than in the general pediatric population
[70]. The time between the start of etanercept and the
first appearance of IBD symptoms was between 9 days
and 4.5 years [70]. During 941 JIA patient-years with
etanercept use in 483 patients, IBD-associated arthritis
was found in 0.11 per 100 patient-years [35]. Uveitis flare
and optic neuritis were found with the same incidences
in that study [35]. In an open-label extension study of
etanercept in JIA patients no cases of demyelinating
disorders or lupus were observed in 58 patients with 318
patient-years of etanercept exposure [31]. Neither
demyelinization nor new cases of uveitis were reported
during 312 patient-years of etanercept use in 146 JIA
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patients in a Dutch JIA biological registry [32]. However,
in that study two patients were diagnosed with sarcoidosis
when receiving etanercept treatment, although this
disease might be hard to differentiate from JIA when
arthritis is the main feature, so it could be that this was
the underlying diagnosis all the time [32]. In a German
JIA biologic registry, 0.96 flare-ups of uveitis per 100
patient-exposure years were reported in 604 etanercept-
using JIA patients (11 incidents in 1,149 patient-exposure
years) [33]. Optic nerve papillitis was confirmed in 0.17
per 100 patient-years (2 cases) and another patient
experienced diminished color discrimination possibly
indicative of retrobulbar neuritis [33]. Another German
study found 1.7 new-onset autoimmune events per 100
patient-years in 346 JIA patients who used etanercept
during the observation period, comprising 10 events in
598 patient-years: 2 new manifestations of IBD (also
included in [70]), 2 new psoriasis cases, 4 new uveitis
cases, one de novo systemic lupus erythematosus and one
case of neuromyelitis nervi optici were reported [34].

In a prospective study, 14 patients were followed for
2 years after the start of etanercept for JIA in order to
register newly developed autoantibodies and their clinical
significance [71]. During etanercept treatment adminis-
tration, 5 out of 14 patients developed new autoanti-
bodies (4 patients with anti-reticulin antibodies and one
with anti-thyroid peroxidase antibodies), which persisted
for 12 to 50 months. Only the patient with the anti-
thyroid peroxidase antibodies developed clinical
symptoms, which was a goiter (because of Hashimoto’s
thyroiditis) 9 months after initiation of etanercept treat-
ment and 6 months after the development of the anti-
thyroid peroxidase antibodies [71].

Infliximab

New-onset uveitis was reported in 5.1 cases per 100
exposure-years during one year of the open-label extension
phase of infliximab (4 cases in 78 patients) [36]. Newly
positive antinuclear antibodies (>1:320) occurred in 25.9
cases per 100 exposure-years and anti-double stranded
DNA in 6.6 cases per 100 exposure-years of patients
during 58 to 61 exposure years of infliximab in JIA patients
[36]. No patient exhibited clinical signs or symptoms
suggesting lupus or lupus-like syndrome. During a
prospective study with 2-year follow-up of newly
developed autoantibodies after the start of infliximab, only
1 of 12 JIA patients developed anti-smooth muscle
antibodies at a low titer (1:80), which lasted 12 months but
did not involve any relevant clinical entity [71].

Tocilizumab

In one study, 1 of 112 SJIA patients developed chronic
panniculitis and had to discontinue tocilizumab [39].
None of the 17 polyarticular JIA patients had persistent
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elevation in autoantibodies (including antinuclear and
anti-DNA antibodies) and no signs or symptoms of any
other autoimmune disease were seen during 16 exposure
years [40].

Anti-drug antibody-formation

Immunogenicity against therapeutic monoclonal anti-
bodies (especially against infliximab and adalimumab)
has been shown to be clinically important: it is associated
with shorter response duration because of diminishing
concentrations in the blood and with infusion reactions
[72]. Concomitant immunomodulators in the form of
MTX or azathioprine reduced the immunogenicity of
therapeutic antibodies in RA, Crohn’s disease, and
juvenile idiopathic arthritis [72]. The occurrence of
adverse events does not increase when immunomodu-
lators are added to therapeutic antibodies. The mecha-
nism whereby MTX and azathioprine influence immuno-
genicity remains unclear [72].

Abatacept

Twenty-three percent of JIA patients (44 of 189) using
abatacept were seropositive at least once for anti-
abatacept or anti-CTLA-4 antibodies; 59% (26 of 44) of
these patients were positive only once [57]. In no case did
seropositivity correlate with a clinical finding such as an
adverse event, infusion reaction, or inefficacy [57].

Anakinra

Just one study mentions development of anti-IL-1ra
antibodies in 86 polyarticular course JIA patients (only
17% with SJIA) using anakinra during 3 months followed
by a 4-month placebo-controlled phase and afterwards a
12-month open-label extension phase [73]. In the first
3 months 75% of all patients were positive for non-
neutralizing anti-IL-1ra antibodies and 6% had neutraliz-
ing antibodies. In the blinded phase 44% of placebo-
treated patients and 72% of anakinra-treated patients
were positive for antibodies, with only one patient (in the
placebo group) positive for neutralizing antibodies. In
the extension study, 82% had confirmed presence of anti-
IL-1ra antibodies but none tested positive for neutralizing
antibodies [73].

Adalimumab

At least one positive test for anti-adalimumab antibody
was found in 16% (27 of 171) of JIA patients during the
16-week open-label phase and following the 32-week
double-blind phase [28]. Among the concomitant MTX
users this was only 6%, while it was 26% in patients not
receiving MTX [28]. Development of anti-adalimumab
antibody did not lead to a greater rate of discontinuation
of the study drug, nor did it increase the incidence of
serious adverse events [28]. Another study showed that at
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least one anti-adalimumab-positive serum sample was
found in 15% of patients concomitantly using MTX (3 of
20) at both week 24 and week 60, but for patients using
adalimumab and not using MTX this was 20% (1 of 5) at
week 24 and increased to even 60% (3 of 5) at week 60
[30]. Trough concentrations of adalimumab below 2 g/
ml were seen in three of the four patients in whom the
anti-adalimumab-antibodies were detected at week 24,
but were transient only [30].

Etanercept

Two of 68 (2.9%) JIA patients tested positive for non-
neutralizing antibodies against etanercept in a random-
ized controlled trial for etanercept in polyarticular JIA
during 7 months [74].

Infliximab

Antibodies to infliximab were detected in 37% (26 of 71)
of JIA patients and in 31% the test was negative while
32% had an inconclusive status during the open-label
extension phase of a randomized controlled trial [36]. At
least one infusion-related reaction was seen in 32% (25 of
78) of treated patients, with a higher occurrence (58%)
among patients classified as positive for antibodies to
infliximab. One antibody-positive patient even had a
possible anaphylactic reaction. There were no delayed
hypersensitivity reactions [36].

Tocilizumab

In one study, 7.1% (4 of 56) of SJIA patients followed for
0.9 years developed anti-tocilizumab IgE antibodies [38].
One anaphylactoid reaction was seen in a patient who
tested negative for IgE-type anti-tocilizumab antibodies
and previously had had allergic reactions to aspirin and
infliximab [38]. Another study found that 1.8% (2 of 112)
of the SJIA patients developed anti-tocilizumab anti-
bodies [39]. One patient experienced an anaphylactic
reaction of life-threatening angioedema during the week
8 infusion. This event was preceded by urticaria directly
after the week 4 infusion, which required treatment with
intravenous corticosteroids. The second patient received
partial infusions at weeks 4 and 6 because of infusion
reaction-like symptoms such as back pain, shortness of
breath, and changes in blood pressure. To manage the
symptoms the infusions were stopped, and the patient
was administered paracetamol [39].

Future perspectives

To date, it is hard to make clear statements on the inci-
dence of adverse events that can be attributed to specific
drugs in JIA patients. A lot can be learned about the role
of medication in JIA complicated by serious events, as
has been shown recently in a selected group of SJIA
patients who developed pulmonary artery hypertension,
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interstitial lung disease and alveolar proteinosis [75].
These three conditions are under-recognized compli-
cations of sJIA that are frequently fatal. They may be the
result of severe uncontrolled systemic disease activity,
and may be influenced by medication exposure [75].

Unfortunately every study uses different definitions of
adverse events (for example, serious infections defined as
requiring antibiotics versus requiring hospitalization)
and in many studies it is difficult to extract the exposure-
years to a specific drug since only duration of follow-up
of patients is mentioned. International post-marketing
surveillance will be necessary to adequately address
safety signals that might be encountered after prolonged
exposure. Furthermore, the consequences of the use of
sequential multiple biologicals in the same patient
(switching) and even combination therapy of biologicals,
as has been described in SJIA for anakinra and abatacept
[76], are largely unknown. Since it became clear that
spontaneous reporting and separate (national) cohorts
do not have enough power to address important ques-
tions about potential adverse events of this fast growing
list of new drugs, an international initiative called
Pharmachild was started with funding from the European
Union (FP7 grantno.260353). This is a uniform web-
based register that will provide better insight into the real
immunological consequences of separate drugs used in
JIA. This register has been set up to uniformly register
twice yearly clinical data such as medication use (includ-
ing switches and concomitant medication), disease
subtype, disease severity, and standardized MedDRA-
coded (moderate to serious) adverse events as well as
events of specific interest such as malignancies, serious
infections, TB, IBD, systemic lupus erythematosus and
demyelination. This will allow early detection, assessment
and understanding of long- and short-term side effects of
the use of biologics and will support regulatory decisions
on marketing authorizations for these products. The
European Network of Centres for Pharmacoepidemiology
and Pharmacovigilance (ENCePP) has been created by
the European Medicines Agency with a view to
strengthening the available expertise and resources in
Europe in the area of pharmacoepidemiology and
pharmacovigilance. Its goal is to further strengthen the
post-authorization monitoring of medicinal products in
Europe by facilitating the conduct of multi-center,
independent, post-authorization studies across Europe. A
key element of ENCePP is to uphold high standards
throughout the research process based on the principles of
transparency and scientific independence. The ENCePP
Seal has been awarded to the Pharmachild register.

Conclusion
Multiple biological response modifiers are used for
treatment of JIA patients. Many of these drugs are not
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registered for this indication and uniform, international,
post-marketing surveillance will be the only way to
collect good quality safety data since JIA comprises a
relatively small group of patients. The immunological
consequences of the long-term use of biologicals differ
per agent and are highly dependent on concomitant
medication. Infection risk is mainly associated with JIA
itself and moderate to high doses of steroids and not the
use of a biological, although tocilizumab might be an
exception to this rule. Malignancies do not seem to occur
more in JIA patients using anti-TNF therapy, although
the background rate of JIA patients might be higher than
that of the general population. Generally, the immuno-
genicity of vaccines is good in JIA patients, but one
should be cautious when administering new live attenu-
ated vaccines in patients with high dose immuno-
suppressants, including biologicals. There is an increased
incidence of demyelinating diseases, IBD and develop-
ment of mostly clinically irrelevant auto-immune anti-
bodies in JIA patients on anti-TNF. The occurrence of
uveitis does not seem to be increased in patients with
etanercept or abatacept. Anti-drug antibody formation is
seen in many patients with monoclonal antibodies,
especially when they do not use concomitant MTX, but
these antibodies are mostly not correlated to clinical
events.

This article is part of the series on Childhood rheumatic diseases,
edited by Patricia Woo. Other articles in this series can be found at
http://arthritis-research.com/series/childhood
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