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Advances in the pathogenesis and treatment of systemic

juvenile idiopathic arthritis

Colleen K. Correll" and Bryce A. Binstadt'

Systemic juvenile idiopathic arthritis (s-JIA) is clinically distinct
from other types of JIA. Itis typified by extraarticular features such
as quotidian fevers, rash, splenomegaly, lymphadenopathy, lab-
oratory abnormalities (including leukocytosis, thrombocytosis,
anemia, hyperferritinemia, and elevated inflammatory markers),
and a close association with the macrophage activation syn-
drome. Recent investigations have highlighted dysregulation
of the innate immune system as the critical pathogenic driver
of s-JIA. Key innate immune mediators of s-JIA are the macro-
phage-derived cytokines interleukin-1 (IL-1) and IL-6. Increased
understanding of the roles of IL-1 and IL-6 in the pathogenesis
of s-JIA has led to major changes in therapeutic options. Until
recently, the most commonly used medications included cor-
ticosteroids, methotrexate, and tumor necrosis factor (TNF)
inhibitors, which are incompletely effective in most cases. Newer
biologic agents targeting IL-1 and IL-6 have proven very effective
in treating s-JIA and in minimizing corticosteroid exposure. Here
we review recent advances in the understanding of the patho-
genesis of s-JIA and the recent clinical trials that have revolution-
ized the care of children with s-JIA.

CLINICAL CHARACTERISTICS OF SYSTEMIC JIA

ystemic juvenile idiopathic arthritis (s-JIA) has unique

features that differentiate it from other forms of JIA.
Historically, s-JIA has been referred to as Still’s disease because
it was first described in 1896 by George E. Still, who reported
22 children with chronic progressive enlargement of joints,
general enlargement of lymph nodes, enlargement of the
spleen, fever, and often anemia (1). The International League
of Associations for Rheumatology (ILAR) has developed the
following criteria to establish the diagnosis of s-JIA: arthritis
in one or more joints with or preceded by fever of at least 2-wk
duration that is documented to be daily (“quotidian”) for at
least 3 d and is accompanied by one or more of the following:
evanescent (nonfixed) erythematous rash, generalized lymph
node enlargement, hepatomegaly and/or splenomegaly, and
serositis. The ILAR criteria attempt to differentiate the vari-
ous subtypes of JIA based on their primary clinical and labo-
ratory characteristics to improve the homogeneity of research
study subject enrollment and the resulting treatment strate-
gies. Based on the ILAR criteria, exclusions to the diagnosis of

s-JIA are features that are more typical of other subtypes of JIA,
including psoriasis in the patient or a first-degree relative (sug-
gesting psoriatic JIA); human leukocyte antigen B27 positivity
in a male with arthritis starting after the age of 6 y (suggest-
ing enthesitis-related JIA); ankylosing spondylitis, enthesitis-
related arthritis, sacroiliitis with inflammatory bowel disease,
Reiter’s syndrome, or acute anterior uveitis, or a history of one
of these disorders in a first-degree relative (suggesting enthesi-
tis-related JIA); or a positive immunoglobulin M (IgM) rheu-
matoid factor on two occasions at least 3 mo apart (suggest-
ing rheumatoid factor-positive polyarticular JIA; see online
Supplementary Appendix online) (2).

According to studies from European nations, s-JIA accounts
for ~4-9% of all cases of JIA; however, the subjects in these
studies were primarily Caucasian (3,4). In contrast, s-JIA
comprises a much higher proportion of cases of JIA in Asian
epidemiologic studies: e.g., a Japanese study conducted in
1994 revealed that s-JIA accounted for 54% of JIA cases (5).
Additionally, early reports indicated that s-JIA comprised
24% of JIA cases in India (6), but more recent studies put this
number at only 8%, similar to the proportion in most other
countries (7). According to a population study conducted in
Norway, the incidence of s-JIA is ~0.6 per 100,000/y (4). There
is no sex bias, and the typical onset of symptoms is usually
from 1 to 5 y of age, with a peak incidence at 2 y of age (8).

s-JIA is a clinical diagnosis, and several other mimicking
conditions must be excluded. Malignancy, infection, and other
rheumatic diseases can each cause fever, rash, and systemic
inflammation. The most common clinical features of s-JIA
include fever, arthritis, and rash, with at least 80% of patients
presenting with these three features. Lymphadenopathy is
a presenting sign in 30% of patients, and organomegaly and
serositis are even less common. The arthritis can be polyar-
ticular (>4 joints) or oligoarticular (<4 joints) at presenta-
tion but is rarely monoarticular. The most commonly affected
joints are the knees, wrists, and ankles, though any joint can
be involved. Quotidian fevers are a classic feature of s-JIA, but
only 64% of patients actually present with this fever pattern.
Furthermore, according to one study, only 30% of patients with
the clinical diagnosis of s-JIA actually fulfilled the ILAR crite-
ria (8). Common laboratory abnormalities include evidence
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of systemic inflammation such as elevated erythrocyte sedi-
mentation rate (mean 78 mm/h), C-reactive protein (CRP),
white blood count (median 17.6x10° cells/pl), platelet count
(median 539 x 10° cells/ul), and ferritin (usually >500ng/ml).
Mild anemia and elevated levels of transaminases, aldolase,
and D-dimers are also commonly seen (8).

Historically, ~30% of patients with s-JIA eventually developed
destructive polyarthritis (9) often requiring arthroplasty, and 40%
of patients reported at least moderate functional disability (10).

Additionally, the pattern of the disease course is variable.
Approximately 40% of children with s-JIA will follow a mono-
phasic pattern and undergo remission after a single exacerba-
tion, which may last up to 2 y. Approximately 7% will follow
a polycyclic pattern in which patients experience episodes of
disease exacerbation followed by periods of remission. Finally,
up to 50% of patients historically experienced a persistent
pattern, which is defined as persistent disease for at least 2 y.
Predictors of nonmonophasic disease patterns include fevers
and active arthritis at 3 mo and elevated erythrocyte sedimen-
tation rate (>26 mm/h) and corticosteroid use at 6 mo (11).
With the advent of newer biologic therapeutic agents discussed
below, disease outcomes are expected to improve dramatically.

INNATE IMMUNE SYSTEM

Recent evidence supports the idea that s-JIA arises due to dys-
regulation of the innate immune system. This is in contrast
with other forms of JIA, which are driven primarily by the
adaptive immune system. Dysregulation of the innate immune
system in s-JIA results in increased production of inflamma-
tory cytokines, leading to the distinctive clinical features of
the disease. A recent study compared gene expression pro-
files among patients with different subtypes of JIA. Genes that
were found to be uniquely upregulated in s-JIA compared with
other subtypes included innate immune pathways (interleu-
kin-6 (IL-6), toll-like receptor/IL-1 receptor, and peroxisome
proliferator-activated receptor-y (PPARy) signaling). Genes
related to natural killer cells and T-cells were downregulated
(12). This recent understanding of the pathogenesis of s-JIA
and the predominant role of the innate immune system has led
to new therapeutic options that focus on inhibiting the effects
of key proinflammatory cytokines.

CYTOKINES

The macrophage-derived cytokines IL-6, IL-1, and IL-18 pre-
dominate the inflammatory milieu in s-JIA (13). Gene expres-
sion profiles have shown increased expression of IL-6 in blood
monocytes (and B-cells) in patients with active s-JIA compared
with the expression in healthy controls (14). Additionally,
serum IL-6 levels are significantly elevated in s-JIA patients
compared with the same in healthy, age-matched controls.
IL-6 levels correlate significantly with the extent and severity
of joint symptoms and platelet count levels, and IL-6 levels
decrease as patients enter remission (15). Studies in humans
and animals have indicated that chronically elevated IL-6 lev-
els can lead to both microcytic anemia and impaired growth,
common findings among patients with s-JIA (16-18).
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IL-1fB is a key contributor to the pathogenesis of s-JIA.
Activated peripheral blood mononuclear cells from patients
with s-JIA produce large amounts of IL-1B. Furthermore,
serums from patients with s-JIA can induce transcription of
innate immune genes, including the IL-1 locus, in peripheral
blood mononuclear cells of healthy controls. In this early study
of nine patients with active s-JIA treated with recombinant IL-1
receptor antagonist, all of the subjects experienced a partial or
complete response to treatment, further supporting the idea
that IL-1 plays a key pathogenic role (19). This study contrasts
slightly with others that did not find increased gene expression
of IL-1f in the peripheral blood mononuclear cells of patients
with s-JIA but did find upregulation of IL-1-initiated signaling
pathways (14,20). Although the exact cellular source of IL-1 in
s-JIA remains an open question, the clinical experience with
IL-1-blocking agents, discussed below, confirms the important
role of IL-1 in disease pathogenesis.

Cytokine profile studies have suggested that IL-18 levels also
correspond to disease activity status of s-JIA (13). IL-18 levels
in both serum and synovial fluid positively correlate with CRP
level, the number of active joints, radiological score, and lev-
els of IL-6, IL-1, and IL-1 receptor antagonist. Although IL-18
levels were elevated in children with active JIA of all subtypes,
these levels were markedly higher in the synovial fluid and
serums of those with s-JIA compared with those children with
the other JIA subtypes (21). A recent study evaluated whether
differences in clinical features among s-JIA patients could be
correlated with a predominance of IL-6 vs. IL-18. This study
found that patients with IL-6-predominant disease were more
likely to have a greater number of active joints, whereas those
with IL-18-predominant disease were more likely to develop
macrophage activation syndrome (MAS) (22).

Thus, macrophage-derived cytokines are more than simply
markers of disease activity and appear to be key players in
the pathogenesis of s-JIA. This recognition has increased our
understanding of the complications that can arise in s-JIA and
has led to exciting new therapeutic approaches.

MACROPHAGE ACTIVATION SYNDROME

MAS is a form of hemophagocytic lymphohistiocytosis that
occurs in children with rheumatic diseases. MAS is associated
with s-JIA and less commonly with other rheumatic diseases
in children (23). The clinical features of MAS include fever,
hepatosplenomegaly, lymphadenopathy, cytopenias, coagu-
lopathy, and central nervous system inflammation. It can also
be associated with rash, serositis, myositis, renal failure, and
respiratory failure. Laboratory findings include hyperferri-
tinemia (often marked), elevated p-dimer level and prothrom-
bin time, elevated liver enzymes, and decreased fibrinogen and
cell counts (23). The most commonly reported triggers of MAS
are infections and changes in medications, with Epstein-Barr
virus being the most common etiology (24). Morbidity and
mortality among patients with MAS is high, with one study
reporting a mortality rate of 22% (25). MAS is thought to be
caused by uncontrolled and persistent expansion of cytotoxic
lymphocytes that produce inflammatory cytokines, which
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then induce activation of hemophagocytic (CD163*) macro-
phages (26). Early reports suggested that MAS occurs in ~7%
of patients with s-JIA (25);however, more recent studies have
suggested that occult MAS is much more common in children
with s-JIA than previously recognized. One such study ana-
lyzed the bone marrow of 15 patients with a known diagnosis
of s-JIA and found that 8 of them (53%) had histopathologic
findings consistent with MAS, but only 2 of them had clinically
diagnosed MAS. There were no significant differences in the
laboratory values of those patients with s-JIA who did and did
not have evidence of MAS in the bone marrow (27).

Soluble IL-2 receptor a (sIL-2Ra, sCD25) has been found to
correlate with the degree of T-cell activation, and soluble CD163
(sCD163) correlates with the degree of macrophage activation.
The levels of soluble IL-2Ra and sCD163 were determined in
7 patients with new-onset s-JIA and 16 patients with MAS.
Median levels of sIL-2Ra and sCD163 were significantly higher
in subjects with MAS compared with those with new-onset
s-JIA; however, in 5 of the 16 patients with s-JIA, the sIL-2Ra
and sCD163 levels were similar to those with MAS. These five
patients were also noted to have higher disease activity, with
higher levels of hemoglobin and serum ferritin and lower plate-
let counts than the other patients with s-JIA; two of these five
patients developed MAS within 1 mo (26). These studies sup-
port the concept that s-JIA and MAS represent a spectrum of
disease with common pathogenic mechanisms. Further support
of this notion comes from genetic studies in patients with s-JIA
and MAS. One form of familial hemophagocytic lymphohis-
tiocytosis (FHL3) arises due to mutations in the gene encoding
Muncl3-4 (UNC13D), a protein involved in cytotoxic lympho-
cyte granule exocytosis. An initial case report highlighted a girl
with s-JIA without MAS who was found to have compound het-
erozygous mutations of UNCI3D (28). A larger study assessed
UNCI3D sequence alterations among patients with s-JIA and
MAS. This study determined that 2 of 18 patients with s-JIA
and MAS had a mutation in the UNCI13D gene. Furthermore, 9
(56%) of the remaining 16 patients with s-JIA and MAS had an
identical combination of 12 single-nucleotide polymorphisms
in the UNCI3D gene compared with 12% of healthy controls
and 8.2% of patients with s-JIA and without MAS (29). These
studies, in concert with other studies demonstrating decreased
natural killer cell function and decreased expression of perfo-
rin protein (encoded by the gene responsible for FHL2) among
patients with s-JIA, suggest that s-JIA/MAS and hemophago-
cytic lymphohistiocytosis are pathogenically related (30).

High-dose i.v. methylprednisolone is the usual initial treat-
ment for MAS (31). Cyclosporine A is another important
therapeutic agent, particularly for individuals unresponsive
to corticosteroids (32). Etoposide may also be used to treat
MAS but is generally reserved for those who fail corticoste-
roid and cyclosporine A therapy as this treatment is associated
with serious toxicity, including bone marrow suppression and
serious infections (33). An alternative therapy to etoposide is
antithymocyte globulin; however, this treatment is also less
commonly used in those with MAS (34). More recently, the
IL-1 blocking agent, anakinra, has been successfully used to
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treat MAS (35); however, it should be noted that some patients
with s-JIA have developed MAS while being managed with
anakinra (36). Immunoglobulin (i.v.) and rituximab have also
been used successfully, particularly in the setting of MAS trig-
gered by Epstein-Barr virus (37,38). Greater detail regarding
treatment strategies for MAS can be found in the HLH-2004
therapeutic guidelines (39).

THERAPY

The new advances in understanding the pathogenesis of
s-JIA have revolutionized therapy for affected children. Until
recently, the mainstay of therapy consisted of corticosteroids
and disease-modifying antirheumatic drugs with the goal of
sparing corticosteroid use. One of the most commonly used
disease-modifying antirheumatic drugs is methotrexate.
Although methotrexate monotherapy has been shown to be
beneficial for other types of JIA, no significant overall improve-
ment was noted among s-JIA patients treated with methotrex-
ate in a randomized, placebo-controlled crossover study (40).
Other therapies that have been tried with variable success and
with limited available data include cyclosporine A (41,42), i.v.
immunoglobulin (43,44), thalidomide (45), and intraarticular
triamcinolone hexacetonide (46).

Anti-tumor necrosis factor (TNF) agents also have poor
response rates among patients with s-JIA, especially compared
with their effectiveness in other JIA subtypes. A prospective
cohort study conducted in 2009 evaluated the effectiveness
of anti-TNF agents among 45 patients with s-JIA. The study
showed that 24% of patients entered remission, but remis-
sion was sustained in only 13%. The TNF agents evaluated
included etanercept (Amgen, Thousand Oaks, CA), infliximab
(Janssen Biotech, Horsham, PA), and adalimumab (AbbVie
North Chicago, IL) (47). Thankfully, greater success has been
achieved with newer biologic agents, particularly those target-
ing IL-1 and IL-6 (Table 1). Current therapeutic options for
other JIA subtypes have recently been reviewed elsewhere (48).

IL-1 Blockade

The IL-1 inhibitor, anakinra (Amgen), was the first biologic
medication to revolutionize treatment of s-JIA. Anakinra is a
recombinant IL-1 receptor antagonist approved by the US Food
and Drug Administration for the treatment of active rheumatoid
arthritis in adults and autoinflammatory cryopyrin-associated
periodic syndromes, including Muckle-Wells syndrome, famil-
ial cold autoinflammatory syndrome, and neonatal-onset mul-
tisystem inflammatory disease (49-51). The effectiveness of
anakinra in s-JIA was first reported in 2004 in two patients
who had refractory disease despite treatment with corticoste-
roids, methotrexate, and various TNF-inhibitors. Both patients
responded quickly and fully to anakinra (52).

In 2011, two larger and more comprehensive studies reported
the efficacy of anakinra in s-JIA. The first was a multicenter,
double-blind, placebo-controlled trial including 24 patients.
The primary objective of this study was to compare the effi-
cacy of 1 mo of treatment with anakinra vs. placebo. Each
group included 12 patients, and efficacy was defined as a 30%
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Table 1. New biologic agents used to treat s-JIA

| Review

Biologic treatment for s-JIA Class Typical dosing FDA approvalin children

Anakinra (Amgen) IL-1 inhibitor 1-2mg/kg/d; s.c. (max: 100 mg/dose) CAPS (NOMID)

Canakinumab (Novartis) IL-1 inhibitor 4 mg/kg/mo; s.c. (max: 300 mg/dose) CAPS (FCAS, MWS)

Rilonacept (Regeneron) IL-1 inhibitor Loading: 4.4 mg/kg (max: 320 mg/dose) CAPS (FCAS, MWS)
Maintenance: 2.2 mg/kg/wk (max: 160 mg/dose)

Tocilizumab (Genentech) IL-6 inhibitor <30kg: 12mg/kg; g2 wk s-JIA

>30 kg: 8 mg/kg; g2 wk (max: 800 mg/dose)

Modulates the
CD80/CD86:CD28
costimulatory signal

Abatacept (Bristol-Myers
Squibb)

<75kg: 10mg/kg
75-100kg: 750 mg

Polyarticular JIA

>100 kg: 1,000 mg
Giveni.v.at weeks 0, 2,4 then g4 wk

CAPS, cryopyrin-associated periodic syndromes; FCAS, familial cold autoinflammatory syndrome; FDA, US Food and Drug Administration; IL, interleukin; MWS, Muckle-Wells syndrome;
NOMID, neonatal-onset multisystem inflammatory disease; s-JIA, systemic juvenile idiopathic arthritis.

improvement in criteria of American College of Rheumatology
for pediatric response (ACR Pedi 30) (53), resolution of sys-
temic symptoms, and at least a 50% decrease in CRP and
erythrocyte sedimentation rate. After 1 mo, there was a signifi-
cant difference in response rates, with 67% (8/12) of anakinra-
treated subjects achieving the primary end point compared
with 8% (1/12) in the placebo group. Gene expression profiling
demonstrated normalization of previously dysregulated genes
and upregulation of interferon (IFN)-inducible genes among
the anakinra-treated subjects (54). The second study was a
multicenter international observational trial analyzing 46
s-JIA patients treated with anakinra. The primary goal of this
study was to analyze the safety and efficacy of anakinra as first-
line therapy in the early disease phase (in contrast with other
studies in which anakinra was introduced after multiple other
therapies had been incompletely effective). This study showed
resolution of systemic symptoms and prevention of refractory
arthritis in 90% of the study participants. In addition, at 2 mo,
the majority of subjects no longer required corticosteroids
(36). These studies highlight the effectiveness of IL-1 antago-
nism with anakinra in treating s-JIA. A practical drawback of
anakinra is the need for daily s.c. injections, prompting the
investigation of other IL-1-blocking agents in s-JIA.

A newer IL-1 inhibitor used to treat s-JIA is canakinumab
(Novartis International AG, Basel, Switzerland), a fully human-
ized monoclonal antibody that binds selectively to IL-1(,
inactivating its signaling. Similar to anakinra, canakinumab
is administered by s.c. injection, but it has a longer half-life
and thus needs to be given only once monthly (55). A recent
report described two phase III trials that demonstrated the
effectiveness of canakinumab in treating s-JIA. The first trial
was a double-blind, placebo-controlled study with a primary
outcome measure of adapted JIA ACR 30 response with reso-
lution of fever within 15 d of receiving the medication; in this
trial, 33% of participants achieved inactive disease within 15
d of the first dose of canakinumab. Furthermore, 84% of the
treatment group achieved an ACR 30 response compared with
10% in the placebo group. These statistically significant results
support the notion that canakinumab is effective and produces
a rapid clinical response. The second trial was a two-phase
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trial. The first phase was an open-label one, in which all sub-
jects received canakinumab with the goal of tapering cortico-
steroids. Forty-five percent of patients on canakinumab were
able to taper their corticosteroid doses, and 33% of the patients
were able to discontinue corticosteroids altogether. The sec-
ond phase was a double-blind, placebo-controlled withdrawal
study with the primary outcome of time to flare. Seventy-five
percent of the subjects in the canakinumab group did not
have a flare, whereas only 25% of the subjects in the placebo
group did not have a flare, a statistically significant differ-
ence. Infections were more common among subjects receiving
canakinumab. Additionally, neutropenia and thrombocytope-
nia were noted; however, in most cases, this occurrence was
transient and resolved without intervention (56).

Rilonacept (“IL-1 trap’; Regeneron Pharmaceuticals,
Tarrytown, NY) is another IL-1 antagonist that might prove
useful in s-JIA. It is a fusion molecule composed of the extracel-
lular component of the IL-1 receptor and the Fc portion of the
IgG1, which binds circulating IL-1p and IL-1a with high affinity.
Rilonacept was first shown to be safe and effective in the treat-
ment of cryopyrin-associated periodic syndromes in 2008. The
first study was a small pilot study including five patients with
familial cold autoinflammatory syndrome and who had sig-
nificant reduction in erythrocyte sedimentation rate, CRP, and
serum amyloid A levels while on rilonacept (57). The second
study was a larger two-step placebo-controlled trial evaluating
the response of 47 patients with cryopyrin-associated periodic
syndromes (including familial cold autoinflammatory syn-
drome and Muckle-Wells syndrome). In this study, rilonacept
significantly reduced symptom scores, CRP and serum amyloid
A levels, and the physician and patient global assessment of dis-
ease compared with placebo. Rilonacept was well tolerated, with
the most common adverse effect being injection site reactions
(58). A more recent, small, placebo-controlled study also found
rilonacept promising in the treatment of Familial Mediterranean
Fever, another genetic autoinflammatory syndrome in which
IL-1 is an important mediator of disease (59). Although to date
there have not yet been any published results from random-
ized controlled trials of rilonacept in s-JIA, a small case series
showed promising results in the treatment of three patients with
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refractory adult-onset Still's disease. All three patients in this
series had inadequate control of disease on anakinra treatment
but responded favorably to rilonacept (60). Additionally, prelim-
inary data reported from a double-blind placebo-controlled trial
of rilonacept in children with s-JIA suggest promising results;
however, the study is not yet complete (61).

IL-6 Blockade

Tocilizumab (Genentech, South San Francisco, CA) isahuman-
ized anti-human IL-6 receptor antibody that blocks both mem-
brane-bound and soluble receptors. The first studies showing
efficacy of tocilizumab in s-JIA were published in 2005. The
first study was a small study that showed rapidly reduced dis-
ease activity in 10 of 11 Japanese children with active s-JIA (62).
The second study was a small open-label single-dose phase II
trial of 18 Caucasian children with s-JIA. This study found that
11 of the 18 subjects had at least a 30% improvement in symp-
toms within 48h of a single dose, and this improvement was
sustained for up to 8 wk (63). In 2008, a larger, double-blind,
placebo-controlled phase III trial including 56 children with
s-JIA showed the efficacy and safety of tocilizumab. The study
began with a 6-wk open-label lead-in phase. Fifty-one (91%)
of the 56 children in the open-label lead-in phase achieved at
least an ACR Pedi 30 response, and 38 patients (68%) achieved
ACR Pedi 70 responses. Subjects who achieved at least an ACR
Pedi 30 response and a CRP level less than 5mg/l were able
to enroll in a 12-wk double-blind, placebo-controlled, ran-
domized withdrawal phase. Forty-three subjects entered the
double-blind phase of the trial in which the primary end point
was ACR Pedi 30 response and CRP less than 15mg/l. Eighty
percent (18/20) of those in the tocilizumab group compared
with 17% (4/23) of those in the placebo group maintained their
ACR Pedi 30 response and CRP level less than 15mg/l. The
most common adverse events were mild gastroenteritis and
nasopharyngeal and upper respiratory infections. Elevated
transaminases were also noted at the initiation of tocilizumab
but gradually decreased as treatment continued (64). A more
recent randomized, placebo-controlled study evaluated the
safety and efficacy of tocilizumab among 112 children who had
had s-JIA for at least 6 mo and whose disease was refractory
to nonsteroidal anti-inflammatory drugs and corticosteroids.
The primary end point was absence of fever and ACR Pedi 30
response at the end of 12wk of treatment. Eighty-five percent
(64/75) of those in the tocilizumab group compared with 24%
(9/37) of those in the placebo group achieved the primary end
point. The patients then entered an open-label phase, and at 1
¥, 80% of the participants had achieved at least an ACR Pedi
70 response without fever, 59% had at least an ACR Pedi 90
response, 48% had no joints with active arthritis, and 52% were
able to discontinue corticosteroids. Similar to the previous
study, the most common adverse events related to tocilizumab
were infections, neutropenia, and elevated transaminases (65).

CONSENSUS TREATMENT PLANS
With the advent of these new biologic agents, many therapeu-
tic options exist for patients with s-JIA. In 2012, the Childhood

180 Pediatric RESEARCH Volume 75 | Number 1 | January 2014

Arthritis and Rheumatology Research Alliance published con-
sensus treatment plans and standardized assessment sched-
ules to begin to understand the comparative effectiveness of
the available treatment options in s-JIA. The four standard-
ized treatment plans developed for the treatment of new-
onset s-JIA included glucocorticoids only or treatment with
methotrexate, anakinra, or tocilizumab, each with optional
glucocorticoid use. Implementing these treatment plans and
standardized assessment schedules is designed to allow for the
evaluation of each treatment regimen’s comparative effective-
ness (66). Data from the utilization of the consensus treatment
plans continue to be collected at this time. It should be noted
that these consensus treatment plans were developed before
the publication of the results of the recent phase III trials of
IL-1- and IL-6-blocking agents mentioned above (56,64), and
that the consensus treatment plans do not specifically include
canakinumab. In view of the successful results of those tri-
als, it is likely that for patients with active systemic disease,
most pediatric rheumatologists will recommend treatment
regimens that include IL-1- or IL-6-blocking agents relative to
those that include only corticosteroids and/or methotrexate.
It should also be highlighted that despite the great improve-
ment in s-JIA management with these new agents, they do not
offer full protection against MAS. According to one study, up
to 20% of patients receiving anakinra developed MAS (36),
whereas three patients were reported to develop MAS while
receiving tocilizumab therapy (65).

Other Therapeutic Strategies

Abatacept (Bristol-Myers Squibb, Princeton, NJ) is a soluble
fusion protein consisting of the extracellular domain of human
cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) linked
to a modified Fc portion of human IgG1. It is the first in a class
of agents that selectively modulate the CD80/CD86:CD28
costimulatory signals needed for full T-cell activation (67).
Abatacept has been shown to be beneficial in some cases of
s-JIA; however, the majority of the subjects in this retrospec-
tive study had arthritis but not active systemic features (e.g.,
fever, rash). Because the mechanism of action (costimulatory
molecule blockade) is different from that of the other biologic
agents used to treat s-JIA (cytokine blockade), some investi-
gators feel that abatacept may be safely used in combination
with other biologics in patients with severe s-JIA (68). Further
studies evaluating the efficacy of abatacept in certain clinical
subgroups of s-JIA patients would be helpful.

Lastly, autologous T-cell depleted hematopoietic stem cell
transplant has been used in the treatment of s-JIA since 1997.
This approach is typically reserved for those patients who
have an inadequate response to aggressive treatment with bio-
logic and other therapies. Although patients may experience
marked improvement or complete remission after autologous
stem cell transplantation, there are real risks of severe mor-
bidity and mortality (69). In a study evaluating the safety and
efficacy of autologous stem cell transplantation in 22 children
with severe and progressive systemic or polyarticular JIA, 15 of
the 22 patients had complete or significant response to therapy.

Copyright © 2014 International Pediatric Research Foundation, Inc.
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However, generally, the recovery of CD4+/CD45RA+-naive
T-cells was prolonged, and patients experienced many viral
infections. These viral infections may have contributed to the
development of MAS, resulting in the death of two patients.
In response to these concerns, the protocol was changed to
improve T-cell recovery; no additional deaths occurred after
this change. Two additional patients died later due to infec-
tions attributed to their ongoing immunosuppressive therapy,
and five patients experienced relapse of s-JIA disease (70).
A second study published in 2009 from the United Kingdom
evaluated seven children with s-JIA who also received T-cell
depleted autologous stem cell transplant. Four of the seven
children had a marked and sustained response (followed for
up to 8 y) and were able to discontinue anti-inflammatory and
immunosuppressive medications; however, one patient died
within months after transplantation and two patients relapsed
(71). With the advent of newer, more effective biologic thera-
pies, today only rare patients with s-JIA are considered to be
candidates for autologous stem cell transplantation.

CONCLUSION

In conclusion, recent studies have demonstrated that s-JIA is
a disease stemming from dysregulation of the innate immune
system characterized by production of macrophage-derived
proinflammatory cytokines, namely IL-1, IL-6, and IL-18.
Additional investigations have highlighted the potential links
between s-JIA and hemophagocytic lymphohistiocytosis.
Understanding the pathogenic mechanisms underlying s-JIA
has generated great interest in newer biologic agents designed
to block IL-1 and IL-6, which have revolutionized the treat-
ment of s-JIA. As additional mechanistic insight is generated
regarding the pathogenesis of s-JIA, we anticipate that addi-
tional therapeutic targets will emerge, further increasing the
likelihood of inducing disease remission in children who suffer
from this disease.
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