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ABSTRACT

Juvenile idiopathic arthritis is a broad term that

describes a clinically heterogeneous group of

arthritides of unknown cause, which begin

before 16 years of age. This term encompasses

several disease categories, each of which has

distinct presentation, clinical manifestations,

and, presumably, genetic background and

etiopathogenesis. Although none of the

available drugs has curative potential,

prognosis has greatly improved as a result of

substantial progresses in disease management.

The most important new development has been

the introduction of the biologic medications,

which constitute a valuable treatment option

for patients who are resistant to conventional

antirheumatic agents. Further insights into the

disease pathogenesis and treatment will be

provided by the continuous advances in

understanding of the mechanisms related to

the immune response and inflammatory

process, and by the development of new drugs

that are capable of selectively inhibiting single

molecules or pathways.

Keywords: Biologics; Biomarkers; Drug safety;

Imaging; Juvenile idiopathic arthritis; Outcome
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INTRODUCTION

Juvenile idiopathic arthritis (JIA) is a

heterogeneous group of conditions which

encompasses all forms of arthritis of unknown

etiology lasting for at least 6 weeks and with

onset before the age of 16 years [1]. As a result of

the lack of pathognomonic features, the

diagnosis of JIA is one of exclusion among all

possible causes of chronic arthritis in

childhood.

The aim of this review is to provide a

summary of the epidemiology, clinical

features, diagnosis, and treatment of JIA. This

article was based on previously conducted
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studies and did not involve any new studies of

human or animal subjects performed by any of

the authors.

EPIDEMIOLOGY

JIA is the most common chronic rheumatic

disease of childhood and a leading cause of

short- and long-term disability. Its reported

incidence and prevalence in European and

North American populations range from 2 to

20 and from 16 to 150 per 100,000,

respectively [1]. However, remarkable disparity

in the frequency of JIA subtypes has been

noticed in different geographical areas or

ethnic groups. In Western countries

oligoarthritis is the most common subtype,

while polyarthritis predominates in Costa Rica,

India, New Zealand, and South Africa [2, 3]. In

Asia, systemic arthritis accounts for a greater

proportion of childhood arthritis [2, 4]. In

India, Mexico, and Canada, a greater incidence

of enthesitis-related arthritis (ERA) has been

registered, reflecting, at least in part, the high

frequency of the human leukocyte antigen

(HLA)-B27 in these populations [2].

Rheumatoid factor (RF)-positive polyarthritis

is the less common subtype. Distinct

distributions of age at onset and sex

characterize each onset type. Broader insights

into the worldwide variability of JIA

phenotypes will come out of the

multinational study of the EPidemiology,

treatment and Outcome of Childhood

Arthritis (EPOCA Study [5]), which has

enrolled thus far around 9000 patients from

42 countries in five continents. The potential

role of phenotypic variability of JIA across

races or ethnic groups in explaining genetic

predisposition and pathogenesis has been

recently discussed [6].

CLASSIFICATION

Over the last few decades, several classification

systems for chronic arthritis in childhood have

been proposed [7]. The current scheme, based

on the criteria created by the Pediatric Task

Force of the International League of

Associations for Rheumatology (ILAR) [8],

introduced the unifying term of JIA and

outlined seven disease categories (Table 1) [7],

on the basis of the clinical and laboratory

features present in the first 6 months of illness

[9]. Although the ILAR classification has served

well to harmonize the terminology across

Europe and North America and the criteria

used to enroll patients in research studies and

clinical trials, it has recently been subject to

several criticisms [10–19]. In particular, some

concerns have been raised about the use of the

number of affected joints and the presence of

psoriasis as parameters to define homogeneous

disease entities [17]. Furthermore, it has been

shown that the presence of antinuclear

antibodies (ANA) identifies a homogeneous

disease subset across various ILAR categories

Table 1 International League of Associations for
Rheumatology (ILAR) classification criteria for chronic
arthritis in childhood

Systemic arthritis

Oligoarthrtitis

Persistent

Extended

Polyarthritis RF-negative

Polyarthritis RF-positive

Psoriatic arthritis

Enthesitis-related arthritis

Undifferentiated arthritis

RF rheumatoid factor
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[18, 19]. The rationale underlying a proposal for

a new classification of JIA has been recently

discussed [20].

CLINICAL MANIFESTATIONS

Systemic arthritis accounts for 5–15% of

children with JIA in North America and

Europe [21]. The ILAR criteria for systemic

arthritis require the presence of arthritis

accompanied or preceded by a documented

quotidian fever of at least 2 weeks’ duration,

plus at least one of the following: characteristic

rash (Fig. 1), generalized symmetrical

lymphadenopathy, enlargement of liver or

spleen, or serositis (pericarditis, pleural or

pericardial effusion, rarely peritonitis). The

fever has a typical intermittent pattern, with

one or two daily spikes, up to 39 �C or higher,

followed by rapid return to baseline. The

erythematous, salmon pink, evanescent

macular rash usually appears with fever [2].

Arthritis is often symmetrical and polyarticular,

but may be absent at onset and develop much

later. In these cases, diagnosis cannot be

considered definite until arthritis is present.

There are always signs of systemic

inflammation, but no specific laboratory

abnormalities. A sharp rise of ferritin, together

with a drop in platelet count, an increase in

serum transaminases, and a decrease of

fibrinogen level, in conjunction with a change

in the fever pattern from intermittent to

continuous, may herald the occurrence of

macrophage activation syndrome (MAS). In

2005, preliminary diagnostic guidelines for

MAS in patients with systemic JIA were

published [22, 23]. A multinational

collaborative effort aimed at developing new

classification criteria for the syndrome has been

recently accomplished [24–27] (Table 2).

Rheumatoid factor (RF)-negative

polyarthritis is defined as an arthritis that

affects five or more joints during the first

6 months of disease in the absence of

immunoglobulin (IgM) RF. This is a

heterogeneous category that may manifest

with at least three different phenotypes [2, 3].

The first is very similar to early-onset

oligoarthritis; the second subtype is more

similar to RF-negative rheumatoid arthritis

(RA) of the adults, with symmetric arthritis of

large and small joints, later onset, and negative

ANA; the third subset, known as ‘‘dry synovitis’’,

exhibits negligible joint swelling but prominent

stiffness and flexion contractures. This subset is

often poorly responsive to treatment and may

pursue a destructive course [28].

Oligoarthritis accounts for 50–80% of all

children with chronic arthritis in North

Fig. 1 Salmon-
macular rash in
systemic juvenile
idiopathic arthritis
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American and European white populations [2]

and affects four or fewer joints during the first

6 months of disease (Fig. 2). The ILAR

classification distinguishes two further subsets:

persistent, if arthritis remains confined to four

or fewer joints during the whole disease course;

or extended, if arthritis spreads to more than

four joints after the initial 6 months of illness.

Most of these children display a characteristic

phenotype, with asymmetric arthritis, early

disease onset (\6 years), female predilection,

high frequency of positive ANA, and high risk of

iridocyclitis [2, 3]. Oligoarthritis predominantly

affects the joints of the lower extremities, with

the knee being most frequently involved

(30–50% of the cases), followed by the ankle.

The main complication is chronic uveitis

(20–30% of patients), with ANA positivity

(70–80% of patients) representing the most

important risk factors for its occurrence

[18, 19]. Wrists and ankle arthritis and high

erythrocyte sedimentation rate (ESR) at onset

have been identified as predictors for an

extended course [29–31].

Enthesitis-related arthritis (ERA) mainly

affects male patients older than 6 years and is

characterized by the association of enthesitis

and arthritis [2, 3]. Most of the patients are

HLA-B27 positive and have negative RF and

ANA. The onset of ERA may be insidious, as

intermittent osteoarticular pain and stiffness

may be present, with or without objective

inflammation of peripheral joints. The

presence of enthesitis, especially at the

calcaneal insertions of the Achilles tendon, the

plantar fascia, and the tarsal area, is the most

helpful diagnostic feature. The joints of the

lower extremities and the hip are

predominantly affected. Sacroiliitis, mono- or

bilateral, may be a clinical feature of ERA, as a

part of the axial skeleton involvement. A plain

Table 2 New classification criteria of macrophage activation syndrome From Ravelli et al. [26, 27]

A febrile patient with known or suspected systemic juvenile idiopathic arthritis is classified as having macrophage

activation syndrome if the following criteria are met:

Ferritin[684 ng/ml

and any 2 of the following:

Platelet count B 181 9 109/l

Aspartate aminotransferase[48 units/l

Triglycerides[156 mg/dl

Fibrinogen B 360 mg/dl

Fig. 2 Arthritis of the right knee in a child with
oligoarticular juvenile idiopathic arthritis
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radiograph does not exclude the diagnosis of

sacroiliitis, and in that case magnetic resonance

imaging (MRI) is very helpful. In some cases the

disease progresses to the clinical picture of

ankylosing spondylitis (AS) [2]. ERA is often

remitting and mild. Nevertheless, limitation in

the expansion of thorax or back may occur and

for this reason should be documented early.

Patients with ERA may also develop

cardiopulmonary and cerebrovascular

complications, which are also a leading cause

of shorter life expectancy. Amyloidosis and

renal sequelae more frequently occur in

adult-onset AS, but little information is

actually available in children. The diagnosis of

juvenile psoriatic arthritis (JPsA) by the ILAR

criteria requires the coexistence of arthritis and

a typical psoriatic rash or, when the rash is

missing, the presence of arthritis and any two of

the following: family history of psoriasis in a

first-degree relative, dactylitis (sausage-like

swelling of individual digits that extends

beyond the joint margins), and nail pitting or

onycholysis. There is increasing evidence that

JPsA is not a homogeneous disease entity, but

includes at least two distinct subgroups: one

shares the same characteristics as early-onset

ANA-positive JIA, the other belongs to the

spectrum of spondyloarthropathies [32].

Undifferentiated arthritis includes patients

who do not meet the criteria for any category,

or who meet the criteria for more than one.

Several proposals for revision of this category

have been put forward [16, 31].

DIAGNOSIS

Juvenile idiopathic arthritis (JIA) is a diagnosis

of exclusion that, when suspected, requires a

complete clinical evaluation, including family

to personal history and recent pathologic

events, and specific attention to pain and

morning stiffness. A detailed physical

examination should always be performed to

examine all body joints at both first evaluation

and follow-up visits [33]. At the end of the visit,

the physician is asked to provide his/her global

rating of the overall level of disease activity on a

visual analog scale (VAS), ranging from 0 (no

activity) to 10 (maximum activity) [33, 34]. The

differential diagnosis of JIA is wide (Table 3).

The identification of systemic JIA may be

challenging as arthritis is often not present at

onset.

Table 3 Differential diagnosis of systemic juvenile
idiopathic arthritis

Infections

Septicemia

Bacterial endocarditis

Brucellosis

Typhoid fever

Leishmaniosis

Viral infections

Malignancy

Leukemia

Lymphoma

Neuroblastoma

Acute rheumatic fever

Connective tissue diseases

Systemic lupus erythematosus

Kawasaki syndrome

Systemic vasculitides

Inflammatory bowel disease

Castleman’s disease

Sarcoidosis

Autoinflammatory syndromes
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Updates on Outcome Measures and Future

Outcomes

The incorporation of patient-reported or

parent-reported outcomes (PRCOs), when

measuring the health state of patients with

pediatric rheumatic diseases, has become crucial

in the last few years [35–38]. These tools may

help the physician to improve the patient

management through the identification of the

most salient clinical issues and to focus the

attention on the most relevant matters for the

patient management. Conversely, this may

improve adherence of the patient to treatment

by actively participating in shared

decision-making [35, 38]. PCROs in JIA may be

assessed by different tools, including a VAS for

rating a child’s overall well-being and intensity

of pain, and questionnaires for the evaluation of

functional ability and health-related quality of

life (HRQoL) [34–37, 39]. Recently, the Juvenile

Arthritis Multidimensional Assessment Report

(JAMAR) was created with this aim [34],

introducing a new approach to clinical care for

children with JIA, through quantitative data

collected at each visit as a standardized

procedure in order to guide the physician in

monitoring the patient over time [40].

A recent physician-centered outcome

measure in JIA is the Juvenile Arthritis Disease

Activity Score (JADAS). JADAS is a composite

disease activity index that is made up by

pooling four individual measures: physician’s

global assessment of disease activity (PGA),

parent’s/patient’s assessment of child’s

well-being (PPGA), count of joints with active

arthritis (assessed in 71, 27, or 10 joints,

depending on the version), and ESR [33].

Recent studies have shown that the ESR can be

replaced by the C-reactive protein without

altering the performance of the instrument

[41]. In addition, a three-item version (clinical

JADAS, cJADAS), which excludes the acute

phase reactant, was found to correlate closely

with the original tool [42]. The cutoff values of

JADAS that correspond to the main disease

activity states of JIA have been recently

established [36, 37, 39]. The care of JIA

patients cannot be possible without

appropriate and validated outcome measures,

for which further work is required [41].

Imaging

Conventional radiography remains the gold

standard for the detection of structural joint

damage and growth and maturation

disturbances of bones in JIA patients [43, 44].

In recent years, a great deal of effort has been

made to develop new radiographic scoring

systems or to adapt adult methods for use in

JIA [45–51]. However, the poor sensitivity of

plain radiographs in identifying active synovitis

and its limited ability to disclose erosive

changes early in the disease course has raised

interest in alternative imaging methodologies.

MRI is the only tool that has the ability to

simultaneously assess all features of synovial

disease and is exquisitely suited for the

evaluation of disease activity in the

temporomandibular, hip, sacroiliac, and

vertebral joints [52–55] (Fig. 3). The main

advantage of MRI over conventional

radiography is the direct visualization of

synovitis, cartilage, and early erosive lesions.

Dynamic contrast-enhanced MRI (DCE-MRI)

enables the analysis of the time course of

signal changes following gadolinium

administration [56]. A peculiar lesion

detectable by MRI is periarticular bone marrow

edema. This abnormality represents a key

predictor of erosive joint damage in adults

with arthritis [57], but its meaning is still

debated in JIA, as some studies have shown
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that bone abnormalities on MRI resembling

bone marrow edema can be seen in healthy

subjects [58]. MRI identifies early changes in

both sacroiliac joints and spine, especially in

ERA and AS patients, as the most sensitive

indicator of inflammation on these sites. This

imaging cannot be used routinely in children,

but should be always considered when back

pain is present, because demonstration of an

earlier involvement of the sacroiliac joints

could influence the therapeutic approach.

Ultrasonography has several advantages over

other imaging modalities, including

noninvasiveness, rapidity of performance,

relatively low cost, ability to scan multiple

joints at one time, repeatability, safety, and

high acceptability among patients.

Ultrasonography is well suited for the

diagnosis and assessment of synovitis and

related abnormalities, with color and power

Doppler ultrasonographic techniques being

considered superior to grayscale

ultrasonography in identifying active disease

[59, 60]. However, it is an operator-dependent

technique and requires training and a careful

interpretation of the abnormalities [61].

Recently, age- and sex-related normal

standards in cartilage thickness in small and

large joints on ultrasonographic images have

been established [62]. The capacity to assess

joints dynamically, and in real time, and to

capture bone erosions [63, 64], as well as its

usefulness to guide local injections into joints,

tendons, or other periarticular structures [65],

are additional advantages of this technique.

Biomarkers

A number of biomarkers have been tested or are

under development for defining JIA subtypes,

measuring disease activity, and predicting

disease course, response to therapy, or risk for

complications [66]. Hunter et al. [67] found

remarkable differences in cell frequencies,

inflammatory protein levels, and gene

expression in the affected joints between

children with extended oligoarthritis sampled

before extension and children who had a

persistent oligoarthritis. Similar results were

found by Gibson et al. [68] in the proteome

profiles in the synovial fluid of these two

subgroups of patients. The serum levels of

matrix metalloproteinase-3 (MMP-3), an

endopeptidase that may directly damage

cartilage and bone, were shown to be higher

in children with ERA than in healthy subjects

Fig. 3 T1-weighted
magnetic resonance
imaging of left
sacroiliitis in a patient
with enthesitis-related
arthritis
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[69] and to correlate with various clinical

measures of disease activity, suggesting that

this protein may be a marker of disease severity

[70] and progression of structural joint damage

[71]. Two pro-inflammatory S100 proteins, the

S100A8/9 [or myeloid-related protein (MRP)

8/14] and the neutrophil-derived S100A12,

were shown to be sensitive measures of disease

activity in JIA [72–75] and may help to identify

patients who are more likely to respond to

antirheumatic therapies, such as methotrexate

[76] or IL-1 or tumor necrosis factor (TNF)

inhibitors [73]. The presence of higher MRP8/

14 concentrations was associated with risk of

relapse after treatment discontinuation, which

led to the hypothesis that the measurement of

these proteins may support the decision to

discontinue the medication [77] and predict

an earlier disease relapse [78]. IL-18 is a

candidate biomarker for response to therapy in

systemic JIA [79], as demonstrated by Vastert

et al. [80]. Biomarkers may facilitate the

diagnosis and prediction of MAS in patients

with systemic JIA. The serum levels of soluble

interleukin-2 receptor a (sIL-2Ra, also known as

CD25) and soluble CD163 (sCD163), which

reflect the degree of activation and expansion

of T cells and phagocytic macrophages,

respectively, were found to represent valuable

diagnostic parameters for MAS and to identify

patients with subclinical forms [81–83]. Gorelik

et al. [84] showed that serum levels of

follistatin-like protein 1, a glycoprotein

overexpressed in certain inflammatory

diseases, were markedly elevated during acute

MAS and returned to normal after treatment.

Treatment

The optimal approach to the management of a

child with JIA is based on a multidisciplinary

team comprising a pediatric rheumatologist,

ophthalmologist, orthopedic surgeon, specialist

nurse, physical therapist, occupational therapist,

and psychologist [2]. Non-pharmacological and

pharmacological interventions may aid in the

management of JIA patients.

Non-Pharmacological Interventions

An important aim of themanagement of JIA is to

foster the normal psychosocial and social

development of the child and to tackle possible

difficulties caused by the disease or its

consequences on family life [85, 86].

Participation in peer-group activities and

regular attendance at school should be strongly

encouraged, as well as sporting activities, like

swimming and cycling. Appropriate attention to

psychosocial issues, with the help of a pediatric

psychologist, whenever needed, can have a

positive impact on the well-being of the child.

Physiotherapy and occupational therapy,

with the aim to keep or restore joint function

and alignment as much as possible and to

achieve a normal pattern of mobility, are

important components of the therapeutic

approach to any patients with JIA [85].

Orthotic devices can be useful in selected

patients (i.e., those with flexion contractures).

Surgical approaches to irreversible joint

contractures, dislocations, or joint replacement

maybe indicated, althoughthe roleoforthopedic

surgery in JIA is much more limited than in the

past. The long-term outcome of children with

joint disease is not altered by prophylactic

synovectomy. However, arthroscopic

synoviectomy may prolong the duration of

remission in a frequently relapsing joint [87].

Pharmacological Interventions

Nonsteroidal anti-inflammatory drugs (NSAIDs)

have traditionally been the mainstay treatment

194 Rheumatol Ther (2016) 3:187–207



for all forms of JIA. However, their use as

monotherapy for more than 2 months is

discouraged if arthritis is still active [88].

NSAIDs are not disease modifying, but merely

symptomatic medications. Only a few NSAIDs

are approved for use in children: the most

common are naproxen, ibuprofen, and

indomethacin. They are usually better

tolerated by children than adults, and the role

of antiacids and proton pump inhibitors to

reduce gastrointestinal complications in

pediatric subjects is unclear. Experience with

cyclooxygenase (COX)-2 inhibitors in children

is scarce [89, 90]. Meloxicam, an inhibitor of

both COX-1 and COX-2, has proven to be

effective and safe in a controlled trial [89].

Intra-articular corticosteroid (IAC) injections

are widely used in the management of children

with JIA, particularly in those with

oligoarthritis, to induce rapid relief of

inflammatory symptoms and for functional

improvement as well as to obviate the need

for regular systemic therapy [65, 91]. The

strategy of performing multiple IAC injections

is used by some pediatric rheumatologists in

children with polyarticular JIA to induce

prompt remission of synovitis, while

simultaneously initiating therapy with

disease-modifying antirheumatic drugs

(DMARDs) and/or a biologic agent [92, 93].

Triamcinolone hexacetonide (TH) is the

medication of choice in JIA [65]. Although

there are no established guidelines for this

practice, most rheumatologists will limit the

frequency of reinjections to three times per

year. Subcutaneous atrophic skin changes at the

site of injection, periarticular calcifications,

crystal-induced synovitis, and septic arthritis

are potential complications of IACs. The

potential role of IAC injections in the hip in

causing avascular necrosis of the femoral head is

uncertain [94, 95].

The administration of systemic

corticosteroids is mainly restricted to the

management of the extra-articular

manifestations of systemic arthritis (high fever

unresponsive to NSAIDs, severe anemia,

myocarditis or pericarditis, and MAS)

[86, 96, 97]. High-dose ‘‘pulse’’ intravenous

methylprednisolone (10–30 mg/kg/day to a

maximum of 1 g/day on 1–3 consecutive days)

is effective in controlling these features, but the

effect is often short-lived. Therefore, continued

corticosteroid therapy with oral prednisone

(1–2 mg/kg/day to a maximum of 60 mg/day

in a single or divided daily doses) is frequently

necessary. A short course of low-dose

prednisone (e.g., 0.5 mg/kg/day) may be

considered for severe polyarthritis refractory to

other therapies or while awaiting the full

therapeutic effect of a recently initiated

second-line or biologic agent.

Conventional DMARDs

Methotrexate (MTX) remains the most widely

used conventional DMARD in the management

of JIA because of its effectiveness at achieving

disease control and acceptable toxic effects

[98, 99]. Its efficacy was established in a

controlled trial in 1992 at a dosage of 10 mg/

m2 per week given orally [100]. A subsequent

randomized study has shown that MTX exerts

its maximum therapeutic effect with parenteral

administration of 15 mg/m2 per week. There

was no additional advantage in giving higher

doses up to 30 mg/m2 per week [101]. MTX can

be given both orally and subcutaneously, with

some studies reporting no differences in

effectiveness [102]. However, there is an

increased bioavailability of the subcutaneous

route at higher doses [103], and other

investigators have found increased efficacy

after switching from oral to subcutaneous

administration [104]. The greatest efficacy of
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MTX has been seen in patients with extended

oligoarthritis. A decrease in the rate of

radiographic progression has been reported in

two small uncontrolled studies [105, 106].

Recently, no advantage in prolonging MTX

administration for 12 instead of 6 months

after the achievement of disease remission was

seen [77]. Tests to monitor complete blood

counts, liver enzymes, and renal function are

recommended during MTX treatment, although

the optimal frequency of testing is not

established [107]. The supplementation of folic

or folinic acid may help to prevent the

occurrence of liver enzyme abnormalities, oral

ulcerations, and nausea [108].

Leflunomide may have similar effectiveness

and safety as MTX and is an alternative option

to it in case of intolerance [109]. However,

experience with this medication in childhood

arthritis is still limited.

Biologic DMARDs

Etanercept, a fully human TNF inhibitor, is the

first biologic agent registered for use in JIA. Its

efficacy at a dosage of 0.8 mg/kg weekly was

demonstrated in a controlled trial on 69

patients refractory or intolerant to MTX [110].

Long-term extension studies of the original trial

cohort and several national registries have

subsequently confirmed the sustained clinical

benefit and acceptable safety profile of the drug

[111–113]. Etanercept in JIA has been

demonstrated to improve ability and quality of

life [114], growth velocity and bone status

[115, 116] and reduce the progression of

radiographic joint damage [117]. Complete

disease quiescence can be achieved in half of

the patients [118, 119].

Infliximab, a chimeric TNF-a inhibitor, failed

to show a statistically significant difference in

its primary outcome at 3 months in a

placebo-controlled trial [120]. However, after

1 year the response to infliximab was

comparable to that observed with etanercept.

Paradoxically, despite similar efficacy, patients

treated with 3 mg/kg of infliximab experienced

a greater frequency of serious adverse events

and autoantibodies than those given 6 mg/kg.

Infliximab is not approved for use in JIA.

The efficacy of adalimumab, a recombinant

human anti-TNF agent, was established in a

controlled trial including patients who were

either MTX naive, resistant, or intolerant [121],

with 94% of patients treated with MTX

responding at week 16, versus 74% who did

not receive concomitant MTX. Recently,

adalimumab was found to be highly effective

in children and adolescents with JIA who had

been previously treated with other biologic

agents [122]. Adalimumab is registered for use

in JIA both in the USA, at a fixed dosage of 20 or

40 mg every 2 weeks for children less than 30 kg

or at least 30 kg, respectively, and in Europe, at

a dosage of 24 mg/m2 (maximum 40 mg) every

2 weeks.

A clinical trial on a second recombinant

human TNF inhibitor, golimumab [123], in 173

children with active arthritis despite MTX

therapy for at least 3 months showed a rapid

response to the medication after 16 weeks of

open-label treatment, resulting in achievement

of an American College of Rheumatology (ACR)

Pediatric 30 response and the state of inactive

disease in 87.3% and 36.1% of the patients,

respectively. However, no differences in flare

rates between golimumab and placebo arms

were seen from week 16 to 48 among responders

to golimumab in the open-label phase, and the

primary endpoint of the trial was not met. The

safety profile was acceptable and injections were

well tolerated. This drug has not yet been

approved for use in JIA.

TNF inhibitors are more effective if

administered early in the disease [124], in
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combination with MTX [125] and/or

prednisone [126]. Recent data indicate that

TNF inhibitors are efficacious and safe in

juvenile spondyloarthropathies and PsA

[127, 128].

Abatacept is a soluble, fully human fusion

protein that comprises the extracellular portion

of human CTLA4 and a fragment of the Fc

region of a human IgG1. The binding between

abatacept and the CD80/86 molecules prevents

their interaction with the CD28 receptor and,

therefore, blocks the second signal necessary for

T cell activation [129]. The efficacy of abatacept

in JIA has been documented in a double-blind

randomized controlled withdrawal trial in 190

patients with polyarticular course JIA and an

inadequate response or intolerance to at least

one DMARD [130]. During the double-blind

treatment, flares of arthritis were observed in

53% patients on placebo versus 20% of patients

on abatacept (p = 0.0003), who showed a lower

risk of flares (hazard ratio 0.31, 95% CI

0.16–0.95). The median time to flare was

6 months for patients given placebo, while

insufficient events occurred in the abatacept

group (p = 0.0002). The frequency of adverse

events did not differ in the two treatment

groups. Drug effectiveness was found to be

durable in the long-term open-label extension

phase of the trial and was noticed also in

patients who were initially nonresponders

[131]. The improvement was also recorded in

HRQoL [132]. Abatacept is registered for JIA

patients older than 6 years at the dosage of

10 mg/kg intravenously every 28 days.

A randomized controlled trial on the IL-6

receptor inhibitor tocilizumab in

polyarticular-course JIA [133] has enrolled 188

patients placed on tocilizumab at 10 mg/kg if

less than 30 kg or 8 mg/kg if at least 30 kg. In

the second part of the study, 163 patients were

continued with tocilizumab or switched to

placebo. Disease flare occurred in 48.1% of

patients on placebo versus 25.6% continuing

tocilizumab (p = 0.0024). At the end of the

second part, 64.6% and 45.1% of patients

receiving tocilizumab had ACR Pediatric 70

and 90 responses, respectively. Infection was

the most common serious adverse event (4.9/

100 patient/years). Tocilizumab has been

approved by the US Food and Drug

Administration (FDA) for the treatment of

polyarticular JIA in children aged 2 years and

older.

A growing body of evidence suggests that in

active systemic JIA the proinflammatory

cytokines that play a major pathogenic role

are IL-6 [134, 135] and IL-1 [136], rather than

TNF-a. Excellent responses of patients with the

systemic subtype of JIA to the IL-1 receptor

antagonist anakinra have been observed in

uncontrolled studies [136, 137]. Despite the

efficacy of the drug in the adult equivalent of

systemic JIA (Still’s disease), anakinra has not

been registered for the treatment of systemic JIA

yet. Two double-blind placebo-controlled trials

of canakinumab, a novel monoclonal antibody

against IL-1, in children with systemic JIA and

active systemic features, have been completed,

which showed good efficacy and safety

[138, 139]. Canakinumab has been approved

for the treatment of active systemic JIA in

children aged 2 years and older both in Europe

and the USA. A 24-week randomized trial of

another IL-1 antagonist, rilonacept, in 71

children with active arthritis in at least two

joints demonstrated a shorter time to drug

response and good tolerance [140]. A potential

advantage of canakinumab and rilonacept over

anakinra, which has a short half-life and

requires a daily injection, is a longer half-life,

which enables the administration at longer
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intervals (every 4 weeks and weekly,

respectively). A retrospective analysis of 46

patients who received anakinra as first-line

therapy led to the conclusion that

introduction of anti-IL-1 therapy early in the

course of systemic JIA may help to prevent

refractory arthritis [141]. In a prospective cohort

study of 20 patients with new-onset systemic

JIA, excellent responses were seen in nearly all

patients within 3 months of anakinra as

first-line therapy. In the majority of

responding patients, treatment could be

stopped within 1 year, with remission being

maintained during follow-up [80]. Based on

these observations as well as on data from

animal studies, a biphasic model of systemic

JIA has been theorized. It has been speculated

that early treatment with biologics may take

advantage of this ‘‘window of opportunity’’, in

which disease pathophysiology may be altered

to prevent chronic arthritis [142].

Uncontrolled studies [143, 144] and a

controlled withdrawal trial performed in

Japan [145] have shown impressive clinical

responses to the administration of the IL-6

blocker tocilizumab in patients with

refractory systemic JIA. These findings were

confirmed in a double-blind controlled trial

of tocilizumab against placebo in patients

with or without systemic manifestations,

which showed at the end of the 12-week

double-blind phase as an ACR Pediatric 30

response plus absence of fever in 85% of

patients on tocilizumab and in 24% of

patients on placebo (p\0.001) [146].

Anecdotal studies have reported the

effectiveness of rituximab, a humanized

chimeric monoclonal antibody to the

B lymphocyte CD20 antigen, in severe

resistant systemic JIA [147]. However, so far

the information on the use of this agent is very

limited.

SAFETY OF BIOLOGICS

Most data on the safety of etanercept come

from a drug-specific registry [112] and several

national registries [113, 148, 149]. In the 594

patients included in the drug-specific registry,

the rates of adverse events (AEs), serious adverse

events (SAEs), medically important infections,

and autoimmune events were similar in those

treated with MTX alone, etanercept alone, and

MTX and etanercept in combination [112]. No

case of TB, demyelinating disease, malignancy,

or death was observed. However, the ongoing

national registries have reported less favorable

data. Among 322 patients who received

etanercept in the German registry (592

patient-years of exposure) there were 12 SAEs

and treatment was permanently stopped due to

AEs in 11 patients, of whom one developed

thyroid carcinoma and one demyelination. No

opportunistic infection or lupus-like syndrome

was detected [113]. Five malignancies out of

1260 patients treated with etanercept were

reported in a subsequent publication from the

same registry [149]. In the Dutch registry, which

included 146 patients (313 patient-years of

exposure), nine SAEs, and six permanent

discontinuations due to AEs were recorded.

Three new-onset autoimmune diseases

(sarcoidosis, Crohn’s disease, and ulcerative

colitis) and one case of TB were noticed, but

there was no demyelinating disease,

opportunistic infection, malignancy, or death

[150]. Twenty-one of the 483 patients enrolled

in the British registry (941 patient-years of

exposure) discontinued etanercept because of

toxic events: five had infections, 10 central

nervous system adverse manifestations, and six

other events. One patient developed

inflammatory bowel disease but no

opportunistic infections or deaths were

observed [148].
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Fewer data are available on the safety of

adalimumab. In the registrative trial of 171

patients who received this medication for up to

104 weeks, 14 patients had SAEs, including

seven major infections, and 12 patients were

discontinued from therapy because of toxicity.

No malignancies, TB, opportunistic infections

or demyelinating diseases, new autoimmune

diseases, or deaths were reported [121].

Twenty-six SAEs, including six serious

infections, were observed in a randomized

controlled trial of infliximab [120]. The greater

frequency of SAEs, infusion reactions,

antibodies to infliximab, and newly produced

ANA and anti-DNA antibodies in patients

treated with 3 mg/kg rather than in those who

were given 6 mg/kg has been discussed above.

In clinical practice, it is important to

consider that the administration of anti-TNF

agents has been associated with an increasing

risk of TB infection onset or reactivation. For

this reason, an accurate screening for TB during

baseline assessment and a careful monitoring

for the entire duration of treatment are

mandatory [151].

The potential of anti-TNF agents to induce

malignancy is still uncertain. In 2010, the US

FDA reported 48 malignancies in pediatric

patients who had been treated with TNF

inhibitors [152]. However, only 19 of the 48

cases had chronic arthritis and the study was

affected by a number of confounding biases,

which hampered the interpretation of its

findings [153]. The subsequent studies

suggested that JIA itself is associated with an

increased risk of malignancy and that treatment

with TNF blockers does not augment this risk

[154–157]. Amore definite answer to these safety

concerns will be provided by a large-scale effort

aimed at collecting safety data related to biologic

agents in a multinational population of children

with JIA, which is underway.

SAEs reported for other biologics mostly

include serious non-opportunistic infections

for abatacept, and reaction in the injection

site and cases of hepatitis [158] for anakinra.

The tolerability profile of tocilizumab has been

studied in different trials over the last few years,

but a pivotal role is to attribute to the TENDER

and CHERISH studies for systemic JIA and

polyarticular JIA, respectively [133, 146]. The

TENDER trial showed that most of the AEs

during tocilizumab treatment are mild or

moderate in intensity, not depending on the

different dosage, and mostly represented by

infections with a rate of 3.4 per patient-year

with tocilizumab versus 2.9 with placebo.

Streptococcal sepsis, pulmonary hypertension,

neutropenia, thrombocytopenia, and high

transaminases were also reported. A few years

later Yokota et al. described similar AEs, also

reporting two cases of MAS possibly due to

tocilizumab [159], although further studies are

necessary to clarify the real correlation with the

biologic treatment. Similar results were reported

in polyarticular JIA by Brunner et al. [133] and

Imagawa et al. [160]. The safety data collected

in the two trials by Ruperto et al. in 2012 [139]

confirmed the good safety profile of

canakinumab in systemic JIA patients, with

the rate of infection during treatment similar

to the placebo group. Transient neutropenia

and thrombocytopenia were reported, with no

higher risk of infections in patients. Seven cases

of MAS were reported, with two associated

deaths. The mortality rate was not increased

compared to other systemic JIA patients.

CONCLUSIONS

Over the past 15 years, there have been major

advances in the management of JIA, particularly

the introduction of the biologic medications,

which have dramatically improved the
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prognosis for children with this disease.

Although the studies performed so far have

shown that biologic agents are generally safe,

only large-scale data collections will define their

long-term safety profiles, in particular the risk of

malignancy. The genetic and immunologic

research that is ongoing will help link the

immunopathogenesis to the clinical

phenotypes, which should aid in the revision

of classification criteria. The identification of

new biomarkers, together with the

development of more effective outcome

measures and the refinement of imaging

techniques, may foster the implementation of

targeted therapies and personalized therapeutic

interventions, with the ultimate goals of

improving the remission rates while

minimizing disease damage and

treatment-related side effects.
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103. Tuková J, Chládek J, Němcová D, Chládková J,
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