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Juvenile Idiopathic Arthritis
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UVENILE IDIOPATHIC ARTHRITIS (JIA) ENCOMPASSES A GROUP OF PEDIATRIC

inflammatory arthritides that includes oligoarticular JIA, polyarticular JIA, sys-

temic JIA, psoriatic JIA, and enthesitis-related arthritis. Before the 2000s, 25 to
40% of children in whom JIA was diagnosed had moderate-to-severe disease, with
lifelong complications."? Fortunately, since 1999, new antiinflammatory, biologic
disease-modifying antirheumatic drugs (DMARDs) have transformed the therapeu-
tic landscape, substantially mitigating the joint destruction, joint deformities, and
disease-related disability previously seen in patients with JIA. This review focuses
on our current understanding of the clinical features, biology, and genetics of each
of the distinct JIA categories. We also review the major treatment advances that have
improved disease outcomes for patients with JIA.

CLASSIFICATION AND GENERAL MANAGEMENT
OF CHILDHOOD ARTHRITIS

Although JIA is a common chronic childhood illness, its incidence and prevalence
are unclear. Estimates vary, depending on research methods, geographic location,
and the racial and ethnic compositions of study populations (Table 1).>° The preva-
lence of JIA is approximately 30 cases per 100,000 children in Europe and North
America but may be higher in other regions.*’

The International League of Associations for Rheumatology (ILAR)® developed a
classification system for JIA 20 years ago and grouped patients into distinct cat-
egories to facilitate trial enrollment. Recent pathobiologic insights have led to the
development of revised classification systems, which remain to be finalized and
validated.”"® Here we use the ILAR classification categories with key modifications
from the proposed newer systems (Table 1).

The clinical manifestations of JIA depend on the patient’s age and the JIA cat-
egory (see Fig. S1 in the Supplementary Appendix, available with the full text of this
article at NEJM.org) and reflect the effects of genetics, epigenetics, and environmen-
tal and infectious exposures.’ Since definitive diagnostic tests for JIA are lacking,
entities that mimic the disorder, including cancer, infections, and other autoimmune
or autoinflammatory diseases, must be ruled out (Table 2).3

Nonsteroidal antiinflammatory drugs (NSAIDs) are commonly used to relieve mus-
culoskeletal pain, but most patients require treatment with conventional synthetic
DMARDs, biologic DMARDs, newer targeted synthetic DMARDs, or a combination
of DMARDs for disease control. Systemic glucocorticoids are generally avoided
except as bridging therapy during the initiation of DMARD therapy in patients
with severe JIA.!>'® On the basis of mechanistic studies, new treatment strategies
aim to induce early control and sustained suppression of inflammation in order
to prevent additional joint involvement, joint damage, nonarticular complications,
and disease flares.'* Tumor necrosis factor (INF) inhibitors were the first bio-
logic DMARDs shown to decrease disease activity in most JIA categories.> More
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KEY POINTS

JUVENILE IDIOPATHIC ARTHRITIS

« Juvenile idiopathic arthritis (JIA) encompasses at least five clinically and biologically distinct categories

of childhood-onset chronic arthritis.

« Most categories of JIA exist on a disease continuum that includes corresponding adult inflammatory

arthritides.

« Asymptomatic chronic anterior uveitis and skeletal deformities (including deformity of the

temporomandibular joint) are hallmarks of JIA.

- Systemic JIA differs from other JIA categories with respect to biologic and phenotypic features and is
associated with a risk of life-threatening complications.

« New targeted treatments have profoundly improved outcomes for patients with JIA, but treatment-free
remission is uncommon, and many patients require continued care in adulthood.

« Collaborative research networks have had a key role in advancing our knowledge of JIA and its

treatment.

targeted therapies, such as interleukin-1 and in-
terleukin-6 inhibitors for systemic JIA and inter-
leukin-17 inhibitors for enthesitis-related arthritis,
have been developed on the basis of the distinc-
tive pathogenesis of each JIA category (Fig. 1).°8
Local intraarticular or intraocular glucocorticoid
therapy may be appropriate as initial therapy for
limited disease. Specific treatment approaches
based on studies and consensus guidelines are
described below and in Table S1.123192! Table 3
lists commonly used medications and their po-
tential side effects.

OLIGOARTICULAR JIA

Oligoarticular JIA, the most common category
of JIA, is characterized by the involvement of
four or fewer joints in the first 6 months of dis-
ease’® and predominantly affects girls between 1
and 5 years of age, who often have positive tests
for antinuclear antibodies (ANA). Fifty percent
of affected patients present with monoarthritis,
most often of the knee.®> Approximately half of
patients with oligoarticular JIA have a persistent
oligoarticular course, with four or fewer joints
involved and a high likelihood of medication-
free remission. The other 50% of patients have
extended oligoarticular JIA (polyarthritis involv-
ing five or more joints) 6 months after disease
onset and are less likely to have remission. Early
involvement of the wrist or ankle and an elevated
erythrocyte sedimentation rate are associated
with an increased risk of extended oligoarticular
JIA.? Chronic anterior uveitis, a cause of com-
plications, develops in 30% of all patients with
oligoarticular JIA (Fig. 2A and 2B), as discussed
below.?>? In contrast to other JIA categories, there

does not appear to be an adult-onset counterpart
of persistent oligoarticular JIA (Table 1).>1°

First-line treatment of oligoarticular JIA usu-
ally involves intraarticular glucocorticoid injec-
tions, which may eliminate inflammation and
prevent joint and bone damage. Conventional syn-
thetic DMARDs (e.g., methotrexate), with or with-
out biologic DMARDs (e.g., TNF inhibitors) are
generally administered if glucocorticoid injections
fail to control symptoms or prevent complications
such as chronic anterior uveitis, temporomandibu-
lar joint arthritis, or extended oligoarticular JIA
(Table 3).

RHEUMATOID FACTOR—NEGATIVE
POLYARTICULAR JIA

Rheumatoid factor—negative polyarticular JIA ac-
counts for 15 to 20% of JIA cases. The incidence
peaks between 1 and 3 years of age and again
after 8 years of age. Most patients are girls pre-
senting with arthritis that involves more than
four joints.? Like patients with oligoarticular JIA,
those with rheumatoid factor—negative polyar-
ticular JTA who are under the age of 6 years are
at high risk for the development of chronic ante-
rior uveitis.”> A test for ANA is positive in up to
50% of patients, but a test for rheumatoid factor
is by definition negative.> Many patients have a
relapsing or chronic course. Newer classification
proposals consider extended oligoarticular JIA,
rheumatoid factor-negative polyarticular JIA, and
adult seronegative rheumatoid arthritis as a con-
tinuum, given clinical, biologic, and genetic simi-
larities (Table S2).* In oligoarticular and polyar-
ticular JIA, activated type 1 and type 17 helper T
lymphocytes drive inflammation at the synovium,
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Table 1. Epidemiology and Clinical Classification of Juvenile Idiopathic Arthritis (JIA).*

Most Common Age

Proportion of JIA Cases

40-50%; highest among
patients of European
ancestry®*

15-20%

5% among White patients
with European ancestry,
higher in non-White
cohorts?

9-19%; 33% in parts of
eastern and southeast-
ern Asia*®

2-5%?

Adult Correlate

None for early-onset, ANA-
positive oligoarthritis
with uveitis

Seronegative rheumatoid
arthritis

Seropositive rheumatoid
arthritis

Spondyloarthritis, includ-
ing ankylosing spon-
dylitis

Psoriatic arthritis

Clinical Category at Onset Female:Male Ratio
Oligoarticular JIA 1-3yr 31
Polyarticular JIA, RF-negative Bimodal: 1-3 yr 2-4:1
and >8 yr
Polyarticular JIA, RF-positive >8 yr 4-13:1
Enthesitis-related arthritis, includ- >9yr Depends on cohort
ing juvenile spondyloarthritis but approximately
and juvenile ankylosing 1:1.4-9
spondylitis
Psoriatic JIA Bimodal: 2—4 yr 3:1 for onset at younger
and >9 yr age, 1:1 for onset at
older age
Systemic JIA Any age, but some- 1:1

what more fre-
quent at 1-5 yr

10-20% in Europe, United Adult-onset Still’s disease
States, and Canada;

higher in Asia, Latin

America, Africa, and

the Middle East**

* Data are from Petty et al.,® with modifications based on reports by Martini et al.
and RF rheumatoid factor.

and Nigrovic et al.** ANA denotes antinuclear antibody,

164

activating macrophages and fibroblast-like syn-
oviocytes to produce TNF and interleukin-6. The
role of B cells and autoantibodies is less well
characterized (Fig. D).

Treatment with conventional synthetic DMARDs
such as methotrexate should be initiated soon
after the diagnosis of rheumatoid factor-nega-
tive polyarticular JIA. If the conventional syn-
thetic DMARD is not effective within 2 to 3
months, a biologic DMARD (usually a TNF in-
hibitor) is added. If the biologic DMARD does
not lead to disease control after 3 to 6 months,
a targeted synthetic DMARD or a different bio-
logic DMARD may be substituted for the origi-
nal biologic DMARD with continued use of the
conventional synthetic DMARD.

RHEUMATOID FACTOR—POSITIVE
POLYARTICULAR JIA

Rheumatoid factor—positive polyarticular JIA ac-
counts for only 5% of JIA cases and is uncommon
in children under 9 years of age.> The diagnosis
requires a positive test for rheumatoid factor.
Anti—citrullinated protein antibodies (ACPAs) are
often present, and a test for ANA may also be

positive. Like adult rheumatoid factor—positive
and ACPA-positive rheumatoid arthritis, rheu-
matoid factor—positive polyarticular JIA can be
aggressive and destructive if left untreated. Ex-
traarticular involvement (e.g., rheumatoid nod-
ules) can be present. Rheumatoid factor—positive
polyarticular JIA is genetically and clinically simi-
lar to, or even the same disease as, adult sero-
positive rheumatoid arthritis, given the prominent
B-cell and plasma-cell activation, autoantibody
generation, and immune complex formation
(Fig. 1).>% The therapeutic approach is similar to
that for patients with rheumatoid factor-negative
polyarticular JIA, although earlier treatment with
conventional synthetic DMARDs and biologic
DMARD:s is more often initiated because of the
poor prognosis.

ENTHESITIS-RELATED ARTHRITIS

The presence of enthesitis (inflammation at the
entheses, where tendons and ligaments attach
to bone) defines enthesitis-related arthritis.>?’
Enthesitis and synovitis of peripheral joints (e.g.,
upper and lower extremities) often coexist,”® with
the peripatellar and calcaneal entheses most fre-
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Table 2. Differential Diagnosis of JIA.

Diagnostic Category

Lyme arthritis

Postinfectious disorder

Acute leukemia
Neuroblastoma
Lymphoma
Histiocytosis

Oncologic or neoplastic disease

Autoimmune disease

Sarcoidosis

Celiac disease

Autoinflammatory disorder

Noninflammatory disorder

Bone disease

Primary immunodeficiency

Pain amplification

Infection Bacterial endocarditis
Septic arthritis (including kingella in young children)
Bacterial osteomyelitis
Viral infections (e.g., parvovirus, Epstein—Barr virus, hepatitis B virus, rubella
virus, chikungunya virus)

Acute rheumatic fever
Poststreptococcal reactive arthritis
Other reactive arthritis (transient synovitis, postdysenteric reactive arthritis)

Benign and malignant bone and synovial tumors

Systemic lupus erythematosus

Mixed connective-tissue disease

Sjogren’s syndrome

Juvenile dermatomyositis

Vasculitis (including Kawasaki's disease and IgA vasculitis)

Arthritis related to inflammatory bowel disease

Monogenic periodic fever syndromes
Nonbacterial osteomyelitis (chronic, recurrent multifocal osteomyelitis)

Trauma (accidental and nonaccidental)
Overuse syndromes

Osteochondrosis

Hypermobility syndromes

Avascular necrosis

Osteochondritis dissecans

Skeletal dysplasias

Vitamin C and other vitamin deficiencies

Inborn errors of immunity

Juvenile fibromyalgia
Complex regional pain syndrome type 1

Conditions

quently affected (Fig. 2C). Enthesitis-related ar-
thritis is on a spectrum of diseases that includes
juvenile spondyloarthritis and juvenile anky-
losing spondylitis. The clinical manifestations
depend on the patient’s age at the onset of the
disease. The disorder is more common in boys
than in girls and is uncommon before the age of
6 years.” Symptomatic axial involvement (e.g.,
sacroiliitis, inflammatory spine disease, or both)
develops in 40 to 60% of patients with enthesi-
tis-related arthritis, usually during adolescence,
although in one study, magnetic resonance im-
aging (MRI) identified asymptomatic sacroiliitis
in 30% of patients at the time of disease onset.”

HLA-B27 positivity is associated with more
severe disease, sacroiliitis, juvenile ankylosing
spondylitis, and acute anterior uveitis.***3 The

HLA-B27 molecule probably presents arthritogenic
antigens to CD8+ T cells (Fig. 1).3 In spondylo-
arthritis, local T cells and innate immune cells
produce interleukin-17 and TNF-«, resulting in
inflammation of tendons, entheseal fibrocar-
tilage, subchondral bone marrow, and adjacent
synovium.”® Along with mechanical stress, these
inflammatory processes lead to pathologic bone
alterations.?

NSAIDs are usually helpful for relief of en-
thesitis-related arthritis symptoms, and sul-
fasalazine or a TNF inhibitor is an option for
uncontrolled enthesitis. However, if sacroiliitis is
present, treatment with a biologic DMARD (usu-
ally a TNF inhibitor) should be initiated.>* Inhibi-
tors of interleukin-17 may be used for disease that
is refractory to treatment with a TNF inhibitor.’®
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Figure 1. Shared and Divergent Pathogenesis of Arthritis
in Juvenile Idiopathic Arthritis (JIA).

Panel A shows oligoarticular and rheumatoid factor
(RF)—negative polyarticular JIA as a model, with activa-
tion and recruitment to the synovium of type 1 helper
(Thl) and type 17 helper (T17) T lymphocytes and
monocytes, leading to the production of inflammatory
cytokines, including tumor necrosis factor (TNF) and
interleukin-6. This process drives activation of fibro-
blast-like synoviocytes (FLS) toward an aggressive,
proinflammatory phenotype with the production of
matrix metalloproteinases, pannus formation, and os-
teoclast activation, leading ultimately to bone erosion.
CD8 lymphocytes are also recruited and persist in the
joint as tissue-resident memory lymphocytes (Trm),
which drive joint-specific memory and flares that pre-
dominantly involve previously affected joints. Although
many patients have antinuclear antibodies (ANA), the
role of B cells and autoantibodies is unknown. The
pathogenesis of RF-positive polyarticular JIA, shown in
Panel B, is similar but more closely resembles that of
seropositive rheumatoid arthritis. Activation of Thl
cells but also B cells leads to the development of plas-
ma cells and production of autoantibodies, including
anti—citrullinated protein antibodies (ACPA) and RF,
with immune complex formation. The release of neu-
trophil extracellular traps (NETosis) serves to amplify
these autoantibody responses. Panel C shows the
pathogenesis of systemic JIA; this form of JIA is char-
acterized by marked expansion and activation of neu-
trophils and monocytes, which is amplified by S100
alarmins and leads to inflammasome activation and
the production of interleukin-1-related cytokines, in-
cluding interleukin-1B and interleukin-18. Interleukin-18
is thought to be the key driver of interferon-y production
and macrophage activation syndrome. Late in the dis-
ease course, systemic JIA can be associated with more
autoimmune features, including activation of Th17 and
8 T cells. Enthesitis-related arthritis and juvenile spon-
dyloarthritis, shown in Panel D, are associated with acti-
vation of Thl, Thl7, and ¥ T cells and a cytokine envi-
ronment dominated by interleukin-12, interleukin-23,
and interleukin-17. Many patients carry the HLA-B27
allele, which encodes a protein that presents arthrito-
genic antigens to CD8 cells and drives more innate
immune inflammatory responses. Inflammation can
occur at both entheses and the synovium. Psoriatic JIA
has an overlapping pathogenesis that more closely re-
sembles that of juvenile spondyloarthritis or early-onset,
ANA-positive disease (Panel A).

PSORIATIC JIA

The incidence of psoriatic JIA peaks at 2 to 4
years of age and then again after the age of 10
years. In younger children, the disorder is clini-
cally similar to early-onset oligoarticular and
rheumatoid factor—negative polyarticular JIA, with
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Table 3. Medications Commonly Used for JIA.*

Medication Category Examples of Agents

NSAID Ibuprofen, naproxen, meloxicam, celecoxib,

indomethacin

Prednisone, prednisolone, methylpredniso-
lone

Systemic glucocorticoids

Topical glucocorticoids Prednisolone eye drops

Intraarticular glucocorticoids ~ Triamcinolone hexacetonide (preferred),

triamcinolone acetonide

Methotrexate (most common), sulfasala-
zine, leflunomide

Conventional synthetic
DMARD

Biologic DMARD Cytokine inhibitors: TNF, interleukin-6, in-
terleukin-1, interleukin-17, interleukin-12
and -23, and interferon-vy inhibitorsT;

T- or B-cell-modulating agents: abata-

cept and rituximab

Targeted specific DMARD Janus kinase inhibitors: tofacitinib, upa-
dacitinib (United States) and baricitinib

(Europe)

Potential Safety Concerns

Gastritis and interstitial nephritis

Long-term therapy not recommended because of potential
growth failure, osteoporosis, cushingoid features, weight
gain, immunosuppression, hypertension, avascular ne-
crosis, and diabetes mellitus

Increased intraocular pressure, glaucoma, and cataracts

Repeated TM] injections not recommended because of ques-
tionable efficacy and potential effects on bone growth'®

Methotrexate: nausea, aphthous ulcers, liver injury, and
teratogenicity; leflunomide: liver injury and teratogenicity;
sulfasalazine: gastrointestinal symptoms; methotrexate
and leflunomide contraindicated in patients using alcohol

Opportunistic infections and demyelinating CNS lesions
(specific to TNF inhibitors); increased risk of cancer not
confirmed, events are very rare

Serious infections, major adverse cardiovascular events,
thromboembolic disease, and increased cancer rates
reported among adults with rheumatoid arthritis using

these agents

* CNS denotes central nervous system, DMARD disease-modifying antirheumatic drug, NSAID nonsteroidal antiinflammatory drug, TMJ tem-

poromandibular joint, and TNF tumor necrosis factor.

7 Biologic DMARDs currently approved for JIA include the TNF inhibitors etanercept, adalimumab, golimumab, and certolizumab pegol; the
interleukin-6 inhibitors tocilizumab and sarilumab; the interleukin-1 inhibitors canakinumab and anakinra (the latter approved in Europe but
not in the United States); the interleukin-17 inhibitor secukinumab; the interleukin-12 and -23 inhibitor ustekinumab; and the interferon-y

inhibitor emapalumab (approved for children with primary hemophagocytic lymphohistiocytosis).

a female predominance, ANA positivity, and a risk
of chronic anterior uveitis.? Psoriasis occurs in
half of affected children but may not develop
until later in the disease course. However, dac-
tylitis, nail pits (Fig. 2D), or a family history of
psoriasis can support an earlier diagnosis of
psoriatic JIA. Manifestations of psoriatic JIA in
older children and adolescents may be similar to
those of psoriatic arthritis in adults, with en-
thesitis, peripheral polyarthritis, and sacroili-
itis.”” HLA-B27 is present in 10 to 12% of pa-
tients.

Treatment for early-onset oligoarticular or
polyarticular psoriatic JIA is generally similar to
treatment for oligoarticular and polyarticular
JIA, and older children with enthesitis and sacro-
iliitis receive the same treatment administered
in patients with enthesitis-related arthritis. Bio-
logic medications targeting psoriasis and psori-
atic arthritis, such as interleukin-17 inhibitors
and inhibitors of interleukin-12 and -23, are ap-
proved for use in patients with psoriatic JIA.183*

N ENGL J MED 393;2

SYSTEMIC JIA

Unlike patients with other categories of JIA,
those with systemic JIA present with markedly
elevated levels of inflammatory markers, fevers,
and rashes (Fig. 2E and 2F). Arthritis may not
be present initially.* Lymphadenopathy, hepa-
tosplenomegaly, and serositis may be present,
along with life-threatening macrophage activa-
tion syndrome.* Infection and cancer must be
considered and ruled out before treatment is
initiated for systemic JIA, especially if arthritis
is absent at presentation (Table 2). Early in the
disease course, systemic JIA resembles mono-
genic autoinflammatory syndromes such as fa-
milial Mediterranean fever.”” During this stage,
activation of the innate immune system occurs,
with high levels of proinflammatory cytokines;
treatment with interleukin-1 and interleukin-6
inhibitors at this time may produce a remark-
able clinical response and even remission.!>?13%3
However, chronic arthritis later in the course of
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systemic JIA suggests the eventual involvement
of adaptive immunity, with specific lymphocyte
activation signatures, as well as a strong asso-
ciation with HLA-DRBI*11, a major histocompat-
ibility complex (MHC) class II allele (Fig. 1).3840-%

After the diagnosis of systemic JIA has been
established, treatment with an interleukin-1 or
interleukin-6 inhibitor is typically started, ideally
during the early autoinflammatory phase.!>?*
Targeted synthetic DMARDs are emerging thera-

pies for refractory systemic JIA.* Glucocorticoids
are reserved for patients with severe systemic in-
flammation or macrophage activation syndrome,
as discussed below.”» DMARDs such as metho-
trexate and TNF inhibitors are generally not ef-
fective in early systemic JIA, although these and
similar agents may be effective if chronic dis-
ease develops.®® Systemic JIA and adult-onset
Still’s disease probably represent the same dis-
ease entity, and recent guidelines from an expert

Figure 2. Common Clinical Manifestations of JIA.

temic JIA.

Panel A shows synechiae (scarring resulting from adhesions of the iris to the lens) in a patient with oligoarticular JIA
and chronic anterior uveitis. Extensive synechiae and early cataract formation, shown in Panel B, are the hallmarks
of poorly controlled chronic anterior uveitis. Panel C shows calcaneal enthesitis in a patient with enthesitis-related
arthritis. Panel D shows psoriatic nail pitting and onycholysis in a patient with psoriatic JIA. Skin psoriasis devel-
oped in this patient years later. The typical salmon-colored, evanescent, maculopapular rash of systemic JIA, shown in
Panel E, often worsens during quotidian fevers and spares the face. This patient’s rash was precipitated by scratch-
ing of the skin (Koebner’s phenomenon). The rash is often subtle and can be missed in patients with dark skin tones.
It may be more extensive and appear urticarial, as shown in Panel F, and is extremely pruritic in a minority of patients.
Panel G shows micrognathia due in part to destruction of the mandibular condyle in a teenager with temporoman-
dibular joint arthritis. Temporomandibular joint arthritis is often unrecognized until the damage has already occurred.
Panel H shows clubbing of the fingers, a feature often associated with lung disease, in a young patient with sys-
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joint task force of the European Alliance of As-
sociations for Rheumatology and the Pediatric
Rheumatology European Society propose using
the term “Still’s disease” to denote this apparent
continuum.?»*

SPECIAL CONSIDERATIONS
IN PATIENTS WITH JIA

UVEITIS

Chronic anterior uveitis (Fig. 2A and 2B), a dis-
tinctive complication of JIA that can lead to blind-
ness, is seen most often in patients with oligoar-
ticular, rheumatoid factor-negative polyarticular,
or psoriatic JIA.>» The prevalence ranges from 10
to 30%, depending on the JIA category, with girls
under the age of 6 years who have ANA-positive
disease at highest risk.** Chronic anterior uve-
itis is less common in older patients and is rare
in those with systemic JIA, rheumatoid factor—
positive polyarticular JIA, or enthesitis-related ar-
thritis. Approximately 90% of cases of chronic
anterior uveitis occur within 4 years after the on-
set of JIA, but JIA can precede the appearance of
arthritis.® Because chronic anterior uveitis is typi-
cally asymptomatic initially, proactive ophthalmo-
logic screening every 3 to 6 months is recom-
mended for several years after the diagnosis of
JIA, with specific screening intervals depending
on risk factors.*?? Glucocorticoid eye drops can
be used initially, but more than 40% of patients
eventually require systemic therapy, usually with
methotrexate, a TNF inhibitor, or both.*

Acute anterior uveitis, which occurs in 11 to
13% of patients with JIA and is usually seen in
those with enthesitis-related arthritis, is charac-
terized by a rapid onset of eye pain, conjunctival
erythema, and photophobia. Patients are often
positive for HLA-B27. However, since up to 40%
of patients with enthesitis-related arthritis have
asymptomatic uveitis,” regular ophthalmologic
screening is recommended.’*® The response to
topical glucocorticoids is prompt, but systemic
DMARDs should be considered if a patient has
more than two or three annual episodes of acute
anterior uveitis.*®

GROWTH ABNORMALITIES

Before the development of biologic DMARDs,
many children with JIA had generalized growth
failure in association with uncontrolled inflam-

mation and prolonged glucocorticoid use. Poor-
ly controlled JIA is also associated with limb
length discrepancies, which are related to dispro-
portionately rapid growth at epiphyseal growth
plates due to inflammatory hyperemia,® as well
as joint contractures, abnormal mandibular
growth related to temporomandibular joint ar-
thritis (Fig. 2G), and other deformities.*® Early
detection of temporomandibular joint arthritis
with the use of contrast-enhanced MRI and timely
treatment may prevent severe micrognathia, fa-
cial deformities, heterotopic calcification, and jaw
dysfunction.’>>!

MACROPHAGE ACTIVATION SYNDROME ASSOCIATED

WITH SYSTEMIC JIA

Macrophage activation syndrome, a life-threaten-
ing acquired form of hemophagocytic lympho-
histiocytosis (HLH), occurs in at least 10% of
patients with systemic JIA.3*>? Primary (e.g., fa-
milial) HLH is caused by rare defects in the
perforin pathway, which leads to severe inflam-
mation and death in early childhood.”® Acquired
HLH can be triggered by infection, cancer, or
rheumatic disease flares. When HLH is associ-
ated with rheumatic disease, it is labeled macro-
phage activation syndrome.>* This disorder can
occur at any point in the progression of systemic
JIA. Affected patients present with fever, coagu-
lopathy, cytopenias, hyperferritinemia, liver inju-
ry, and central nervous system dysfunction.”*
Variants in HLH-related genes have been found in
up to one third of patients with systemic JIA in
whom macrophage activation syndrome devel-
oped.”®>” Patients with systemic JIA and macro-
phage activation syndrome often have markedly
elevated levels of interleukin-18.>® Interferon-y
production induced by interleukin-18% is proposed
to play a critical pathogenic role in macrophage
activation syndrome, as indicated by the effective-
ness of interferon-y inhibitors in the treatment of
macrophage activation syndrome (Fig. 1).°° Ad-
vances in the recognition and treatment of mac-
rophage activation syndrome, including the use of
high-dose glucocorticoids, high-dose interleukin-1
inhibitors, and interferon-y inhibitors, have great-
ly reduced mortality.?!-*

LUNG DISEASE ASSOCIATED WITH SYSTEMIC JIA
A serious complication in patients with systemic
JIA is lung disease, which can cause hypoxic respi-
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ratory failure and even death.*%? The prevalence
of lung disease among patients with systemic JIA
is increasing and appears to be temporally associ-
ated with the increased use of interleukin-1 and
interleukin-6 inhibitors. Children with systemic
JIA and lung disease are generally younger at
diagnosis and have more severe systemic disease
(including macrophage activation syndrome) than
children who have systemic JIA without lung
disease. Other common features of systemic JIA—
associated lung disease include adverse reactions
to biologic DMARDs, atypical rashes, and acute
finger clubbing (Fig. 2H). The cause of lung
disease associated with systemic JIA is unclear,
but these features® ®® suggest a distinct systemic
JIA subtype.®* There may be an association with
the HLA-DRB1*15 allele.®%® Several hypotheses
involving treatment with interleukin-1 and inter-
leukin-6 inhibitors have been proposed, includ-
ing cytokine-related lymphocyte plasticity and
an unusual pulmonary complication of drug-
induced hypersensitivity syndrome (also known
as drug reaction with eosinophilia and systemic
symptoms [DRESS]).® Studies are urgently need-
ed to determine the pathogenesis of lung disease
associated with systemic JIA, as well as effec-
tive approaches to identification, screening, and
management.>6467.68

STRATEGIES FOR THE TREATMENT
OF JI1A

Advances in the treatment of JIA have resulted
in meaningful disease control for up to 70% of
patients. Clinicians have traditionally adopted a
step-up treatment approach (i.e., the sequential
addition of a conventional synthetic DMARD,
followed by a biologic DMARD, to attain disease
control). However, newer approaches that more
rapidly control disease, such as initiating thera-
py with a biologic DMARD, with or without a
conventional synthetic DMARD, are becoming
more common. Two studies of these newer ap-
proaches for specific JIA categories showed im-
proved outcomes and a reduction in disease
burden in the short and long term.”>” In a single-
group, single-center study involving patients with
systemic JIA who received early treatment with
an interleukin-1 inhibitor, more than 70% of
the patients had medication-free remission at 5

years, indicating a possible window of opportu-
nity early in the disease course for preventing
the development of chronic systemic JIA.1>3%3

In STOP-JIA (Start Time Optimization of Bio-
logics in Polyarticular JIA), a large, nonrandom-
ized, prospective study involving 400 patients
with polyarticular JIA,® patients treated early
with a combination of conventional synthetic
DMARDs and biologic DMARDs had better out-
comes at 3 years than patients treated with tra-
ditional step-up therapy.”? The patients in the
combination DMARD group had significantly
longer periods of inactive disease, on the basis
of validated measures (e.g., the American Col-
lege of Rheumatology criteria for clinically inac-
tive disease, clinical remission during receipt of
medications,” and the clinical Juvenile Arthritis
Disease Activity Score 10).”>” In addition, patients
who received a biologic DMARD within 2 months
after diagnosis were almost 3 times more likely
than those who did not receive biologic DMARDs
within that time frame to have a rapid-improve-
ment trajectory and sustained periods of disease
inactivity.”>7

After disease activity has been reduced, ongo-
ing disease control may be refined with the use
of the treat-to-target strategy, in which therapy
is modified at defined intervals to achieve clini-
cal targets.”” The randomized BeST-for-Kids trial
compared three initial treatment combinations
and a treat-to-target strategy in 90 children with
JIA.”>7® Most patients (70%) had clinical remis-
sion at 2 years, regardless of the initial treat-
ment assignment. However, patients in the early
combination group had the most rapid improve-
ment and were most likely to have sustained re-
sponses, findings that are consistent with data
from the STOP-JIA study.”* The results of these
trials suggest that initiating therapy early in the
disease course with a biologic DMARD or with
combination treatment, along with a treat-to-
target strategy for ongoing disease control, may
further improve outcomes. The STARS (Step-up
and Step-down Therapeutic Strategies in Child-
hood Arthritis) trial is testing this approach by
assessing step-up treatment intensification cou-
pled with a treat-to-target framework as com-
pared with early combination therapy without a
treat-to-target framework in patients with oligo-
articular or polyarticular JIA.”
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Other important treatment components in-
clude physical and occupational therapy for pa-
tients at risk for functional limitations, shared
decision making, and attention to the adverse
effects of chronic disease, pain, and disability
on a child’s physical, emotional, and social de-
velopment. As patients mature, facilitating the
transition from pediatric to adult care is essen-
tial for favorable long-term health outcomes.®
Limited global access to rheumatologic care and
to advanced treatments are common barriers to
disease control throughout the lifetime of a pa-
tient with JIA.47

CLINICAL RESEARCH IN PEDIATRIC
RHEUMATOLOGY

Over the past decade, the development and ap-
proval of new targeted biologic DMARDs (e.g.,
inhibitors of interleukin-17, interleukin-12 and
-23, and interferon-y) and targeted synthetic
DMARDs with new mechanisms of action (e.g.,
Janus kinase inhibitors) have advanced the treat-
ment of JIA (Table 3). Networks of pediatric rheu-
matologists committed to performing robust clin-
ical studies have been key to this progress.
Through these networks, the long-term efficacy
of early aggressive therapy, long-term safety of
the medications, and personalization of treat-
ment are being addressed. Quantification of the
incidence of rare adverse events such as opportu-
nistic infections and cancer is being performed
through research registries.®"®* These registries
also provide data and matched controls for large,
observational comparative-effectiveness trials.3*
The Childhood Arthritis and Rheumatology Re-
search Alliance LIMITJIA trial is currently ex-
ploring whether early biologic DMARD treatment
in patients with oligoarticular JIA can prevent ex-
tension to polyarthritis or uveitis (ClinicalTrials.
gov number, NCT03841357).

Despite the availability of many new and ef-
fective treatments, questions about which treat-
ment to choose and when it is safe to stop treat-
ment in individual patients are critical and
remain unanswered. A systematic review showed
that 30 to 100% of patients with JIA have disease
flares after their medication is discontinued,®
and in 50% of patients with flares after stop-
ping a DMARD, disease control cannot be re-

gained."*® Treatment personalization is being
addressed by two international studies. The UCAN
CAN-DU (Canada—Netherlands Personalized Med-
icine Network in Childhood Arthritis and Rheu-
matic Disease) study (NCT06560600) is designed
to discover biologic predictors of treatment re-
sponse, disease course, and remission. The ran-
domized SMART-IA trial (NCT06654882), a col-
laboration between the Pediatric Rheumatology
European Society and the Childhood Arthritis and
Rheumatology Research Alliance, will assess four
medications with different mechanisms of action
in patients with polyarticular JIA that is not re-
sponsive to initial TNF-inhibitor therapy. These
studies represent critical global collaborations that
will move the field forward.

SUMMARY

The effects of inflammatory arthritis in children
and adolescents differ from those in adults be-
cause of the way the disease affects the growing
musculoskeletal and immune systems in young
persons. JIA consists of at least five biologi-
cally distinct phenotypes. New treatments and
targeted therapies show promise for improving
long-term outcomes of these disorders. The in-
duction of rapid disease control with earlier
initiation of biologic DMARDs and targeted syn-
thetic DMARDs, as well as treat-to-target strate-
gies to sustain inactive disease, may further
reduce damage and the disease burden. Man-
agement of JIA includes recognizing and treat-
ing issues specific to childhood arthritis and
ensuring an effective transition from pediatric
to adult care as patients mature. More research
is needed to identify specific predictors of treat-
ment response, as well as biomarkers of true
remission that may enable discontinuation of
treatment.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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