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Abstract: Juvenile idiopathic arthritis (JIA) is the most common extraocular disease associated with pediatric uveitis. Despite the
growing knowledge about the pathogenetic and clinical characteristics of the disease, it still remains a challenge for both the pediatric
rheumatologist and ophthalmologist. Since uveitis is asymptomatic in most cases, it is generally detected by parents in a late phase of
the disease when complications have occurred with consequent severe vision loss. Improvement in attentive screening and early
treatment initiation to suppress inflammation has considerably reduced the sight-threatening outcomes of JIA-associated chronic
anterior uveitis (JIA-CAU). Initial treatment with topical steroids is effective in most cases. However, more severe cases require the
use of periocular or systemic corticosteroids, possibly leading to long-term complications. These include growth retardation, cataract
and glaucoma. Systemic immunosuppressive agents are then employed in patients resistant to first-line therapy or to reduce steroid-
associated complications. In this review, we will discuss the immunosuppressant agents currently employed for the treatment of the
disease, including anti-tumor necrosis factor (TNF)α biologics approved or not by the regulatory agencies. We will also highlight how
new therapeutic options like biologic targeting cytotoxic T-lymphocyte antigen-4 (CTLA-4) co-stimulatory molecule, interleukin-6
receptor (IL-6R) or B lymphocytes might represent exciting new options for patients resistant to conventional therapy. Finally, the
potential use of janus kinase (JAK) inhibitors recently approved for the treatment of several inflammatory rheumatic diseases in adults
will be also discussed.
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Introduction
Juvenile idiopathic arthritis (JIA) is a progressive rheumatic disease characterized by chronic joint inflammation of
unknown etiology.1 The condition begins typically before the age of 16 and lasts at least six weeks. JIA global prevalence
is about 1:1000.2 Epidemiological studies have shown that the disease occurs more frequently in certain areas including
North America, Scandinavia, United Kingdom and Germany.3

Based on the course of the disease, the International League of Associations of Rheumatology (ILAR) has recognized
7 subtypes:4 a) systemic JIA; b) oligoarthritis; c) rheumatoid factor (RF)-negative polyarthritis; d) RF-positive poly-
arthritis; e) psoriatic arthritis (PsA); f) enthesitis-related arthritis (ERA); g) undifferentiated arthritis (UA).

JIA is by far the systemic disease most frequently associated with anterior uveitis in the pediatric population,
accounting for up to 47% of all types of uveitis seen in children.3,5 With regard to the different subtypes, it has been
reported that about 20% of patients affected by oligoarticular JIA and 10% by RF-negative polyarticular JIA are affected
by CAU. In addition, ERA and PsA subtypes have been found to be at high risk of acute and recurrent forms of uveitis.
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In the remaining JIA subtypes uveitis is rare.1 Both eyes may be affected within the first year of JIA, but in these cases
ocular inflammation is often asymptomatic,6–8 while uveitis precedes arthritis in only 3–7% of cases.9

Patients with antinuclear antibody (ANA)-positive juvenile idiopathic arthritis constitute a homogeneous subgroup
irrespective of the course of joint disease. One-third of ANA-positive, early-onset JIA patients develop CAU within the
first 5 years of the disease.10

A number of risk factors for developing uveitis by JIA patients have been identified. These include: female gender,
the oligoarticular form, early onset, ANA positivity, presence of HLA-DRB1*11 or HLA-DRB1*13 and RF-negative
test.11 Since the disease is asymptomatic in most cases, it can be detected by parents only when complications such as
band keratopathy or strabismus occur or by failed vision screening. Thus, slit-lamp screening is mandatory to prevent
sight-threatening complications, especially in the first two years after diagnosis. The eye may be severely inflamed even
though it appears entirely white. When symptoms are present, they may include eye discomfort, photophobia and
blurring. Clinical signs include bilateral non-granulomatous inflammation with fine keratic precipitates (KP), inflamma-
tory cells and posterior synechiae. Conversely, ciliary injection and hypopyon are rare. Complications resulting from
either CAU or prolonged use of local steroid drops include cystoid macular edema, band keratopathy, amblyopia, cyclitic
membranes, secondary glaucoma and, although less frequently, phthisis. All these events are responsible for the reduction
of visual acuity. Risk of cataract development among children with juvenile idiopathic arthritis-related uveitis treated
with topical corticosteroids is also increased.12 Posterior synechiae, band keratopathy and cataracts are often observed at
presentation, while glaucoma, hypotony and macular edema may be detected during follow-up.13 Therefore, it is of great
import that, while the development of new treatments has markedly improved the prognosis of arthritis in JIA patients,
chronic uveitis may still lead to severe visual impairment in a significant proportion of patients if ocular disease is not
detected at an early stage and is treated properly.14 It has been reported that up to one in four children with JIA may
progress to blindness.15

The purpose of this review is to describe current management and treatment options including promising new
therapies of JIA-CAU in the context of multidisciplinary care from both rheumatologist and ophthalmologist.

Management
As outlined above, CAU is often asymptomatic in JIA patients, or young children may be preverbal and unable to express
discomfort. The classic signs and symptoms of anterior uveitis like red eye, pain, photophobia and blurred vision are
frequently absent. Irregular or infrequent monitoring of children with JIA can lead to serious consequences due to
undetected development or exacerbation of intraocular inflammation.16,17 The frequency of severe and irreversible visual
impairment is still very high in young patients with JIA-CAU. Therefore, accurate screening and early treatment are
needed to avoid sight-threatening complications.18

In 2019 the American College of Rheumatology/Arthritis Foundation (ACR/AF) issued recommendations for the
screening, monitoring and treatment of uveitis in children with JIA.19 Visual acuity testing according to the age of the
patient, slit lamp examination, with evaluation of cells and flare in the anterior chamber, intraocular pressure measure-
ment and dilated examination of the posterior pole are needed in every evaluation.

Ophthalmic screening every three months is also recommended for high-risk children such as those with oligoarti-
cular and RF-negative polyarticular JIA as well as for patients who have psoriatic arthritis or undifferentiated arthritis
with a positive ANA test, are younger than 7 years of age at JIA onset, have JIA duration of 4 years or less and for
children and adolescents with JIA and stable uveitis.

Children who are considered at low to moderate risk, namely those who are ANA-negative, aged 7 years of age or
older at JIA onset, have a JIA duration of more than 4 years and those with systemic JIA, RF-positive polyarthritis and
ERA can be evaluated every 6 to 12 months.

When patients suffer from uncontrolled chronic anterior uveitis, regular monitoring may be needed as frequently as
every 2 to 6 weeks, based on degree of inflammation and presence of other complications.

Table 1 summarizes the recommended frequencies of ophthalmologic screening depending on JIA subtypes and
associated risk to develop CAU.
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Standard Treatment
The main goal of treatment is to reduce or resolve chronic intraocular inflammation while limiting the side effects of
treatment which are the main risk factors for visual impairment.20

Topical glucocorticoids (prednisolone acetate 1%) are the first line of treatment for anterior uveitis and are used in
90% of patients with JIA-CAU. However, long-term steroid use can lead to well-known complications such as ocular
hypertension, glaucoma and cataracts, especially in children with posterior synechiae, anterior chamber (AC) flare ≥1+
and abnormal intraocular pressure (IOP) at presentation.21 Therefore, continued monitoring of IOP is mandatory as well
as thorough screening for the presence of cataract, band keratopathy or macular edema.15

While tapering or discontinuing topical therapy, American College of Rheumatology/Arthritis Foundation (ACR/AF)
strongly advise that an AC assessment must be done within one month after each change in order to detect possible
relapses.

According to ACR/AF guidelines it is preferred to increase topical steroid treatment frequency for a short period of
time rather than administration of systemic glucocorticoids. In general, glucocorticoid injections and implants are not
recommended in children with JIA-CAU. However, the institution of systemic therapy is recommended for those patients
who still require 1–2 drops per day for uveitis control. Systemic immunosuppressive therapy initiation is mostly indicated

Table 1 JIA Subtype Risk of Developing CAU and Ophthalmologic Screening Criteria

JIA Subtype Risk to Develop Uveitis Ophthalmologic Examination Frequency

A. Systemic JIA ● Low or moderate ● Every 6–12 months*

B. Oligoarthritis ● High: ANA+

● Low or moderate: ANA-
● Low or moderate: 7 years or older at JIA onset (ANA+ or

ANA-)

● Low or moderate: JIA duration of more than 4 years (ANA+
or ANA-)

● High risk: every 3 months

● Low or moderate risk: every 6–12 months*

C. RF-negative polyarthritis ● High: ANA+

● Low or moderate: ANA-

● Low or moderate: 7 years or older at JIA onset (ANA+ or
ANA-)

● Low or moderate: JIA duration of more than 4 years (ANA+

or ANA-)

● High risk: every 3 months

● Low or moderate risk: every 6–12 months*

D. RF-positive polyarthritis ● Low or moderate ● Every 6–12 months*

E. Psoriatic arthritis ● High: ANA+

● Low or moderate: ANA-

● Low or moderate: 7 years or older at JIA onset (ANA+ or
ANA-)

● Low or moderate: JIA duration of more than 4 years (ANA+

or ANA-)

● High risk: every 3 months

● Low or moderate risk: every 6–12 months*

F. Enthesitis-related arthritis ● Low or moderate ● Every 6–12 months*

G. Undifferentiated JIA ● High: ANA+

● Low or moderate: ANA-

● Low or moderate: 7 years or older at JIA onset (ANA+ or
ANA-)

● Low or moderate: JIA duration of more than 4 years (ANA+

or ANA-)

● High risk: every 3 months

● Low or moderate risk: every 6–12 months*

Note: *Depending on the combination of risk factors in the child.
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to allow drop tapering when 1–2 drops per day are needed to maintain control of intraocular inflammation for 3 months
or longer with an elevated risk of IOP increase and/or cataract development.19

Methotrexate (MTX), a folate analogue which inhibits the enzyme dihydrofolate reductase, is a well-established first-
line immunosuppressant in pediatric uveitis patients. Simonini et al conducted an extended meta-analysis concluding that
an improvement of intraocular inflammation in children affected by refractory chronic anterior uveitis treated with MTX
can be achieved in around 73% of cases, with the most frequent side effects being gastrointestinal discomfort and more
rarely the elevation of liver enzymes.14

Other conventional disease-modifying anti-rheumatic drugs (cDMARDs) that can be considered for patients with JIA-
CAU are azathioprine, leflunomide, mycophenolate and cyclosporine. Their use remains limited also because of
intolerability due to adverse effects and common inefficacy in patients with refractory uveitis after MTX therapy.22–24

Innovative Treatments
Biologics
Biologics are drugs which have revolutionized the treatment of chronic inflammatory rheumatic diseases. They are
proteins produced through a process of genetic engineering which specifically inhibit the inflammatory response targeting
either cytokines, cytokine receptors, T-cell co-stimulatory molecules or B-cell surface receptors. Their use enabled good
outcomes in many patients affected by rheumatic diseases including rheumatoid arthritis (RA), psoriatic arthritis and
ankylosing spondylitis (AS). Biologics available so far are in different forms including monoclonal antibodies, receptor
antagonists, soluble receptors or fusion proteins.21

In active CAU with sight-threatening complications such as the presence of ocular structural changes or severe side
effects of topical steroid therapy MTX combination with an anti-tumor necrosis factor (TNF)α biologic is recommended
over MTX monotherapy according to ACR/AF recommendation.19 Actually, about 15% to 50% of JIA-CAU patients
under MTX alone are likely to have treatment-refractory uveitis.25

Although the TNFα soluble receptor etanercept was the first biologic approved by the US Food and Drug
Administration (FDA) for the treatment of JIA, this drug has been associated with new-onset uveitis.26 Therefore,
etanercept is not recommended for treatment of JIA-CAU. At present humanized monoclonal antibody adalimumab is the
only biologic approved for treatment of uveitis including children and adolescents. The clinical effectiveness, safety and
cost effectiveness of adalimumab in combination with MTX for the treatment of juvenile idiopathic arthritis-associated
uveitis (SYCAMORE) randomized controlled trial established that treatment with adalimumab and MTX significantly
delayed the time to treatment failure as compared with MTX alone.27

In a meta-analysis aimed to evaluate the efficacy and safety of anti-TNFα therapy for JIA-CAU, adalimumab was
shown to be significantly more efficacious than infliximab and etanercept in the control of intra-ocular inflammation. No
statistical difference between infliximab and etanercept was found.28 According to the SHARE guidelines,29 adalimumab
is recommended over infliximab as the first-line biologic DMARD (bDMARD), although randomized controlled clinical
trials were performed only for adalimumab.30,31 Head-to-head studies between infliximab and adalimumab are difficult to
carry out due to the high variation in dose and frequency commonly required for infliximab administration. However,
adalimumab was found to perform better than infliximab in improving or stabilizing visual acuity and in maintaining
uveitis remission during 40 months of follow-up in an open-label comparative study.32 These results have been confirmed
by other studies showing that adalimumab had a better efficacy and safety profile than infliximab for the treatment of
JIA-CAU.33,34

Importantly, anti-TNFα agents have been shown to have a satisfactory safety profile with rare adverse reactions. For
example, to the best of our knowledge, development of malignancy during the JIA-CAU treatment due to their
immunosuppressive activity has not been yet reported.32,35

One of the main causes of treatment failure is the development of anti-drug antibodies (ADA) with consequent
adalimumab or infliximab neutralization. Therefore, the combination of biologic therapy with MTX or another cDMARD
is recommended to minimize this possibility.36 Moreover, data from studies of patients with HLA B27-associated uveitis
demonstrated that both infliximab and adalimumab are efficacious in the treatment of ocular inflammation.37
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When treatment with adalimumab fails even at above-standard dose and/or frequency, ACR/AF recommends
changing to another off-label monoclonal anti-TNFα antibody. In addition to infliximab, the newest anti-TNFα human
monoclonal antibody golimumab and humanized monoclonal antibody Fab fragment certolizumab currently have been
shown to be a possible alternative in controlling intraocular inflammation in case of failure of first-line biologics.
Although these biologics have not yet been officially approved by the regulatory international agencies for JIA-CAU
treatment, a significant body of evidence exists indicating that these biologics might be very effective in the disease.35

Another possible option for primary or secondary failure of anti-TNFα treatment is the anti-IL-6R humanized monoclonal
antibody tocilizumab, which has been approved for treatment of rheumatoid arthritis (RA) and more recently of JIA, though
not for uveitis. Although a specific indication for the use of this treatment for JIA-CAU is still lacking, it has been shown in
preliminary studies that tocilizumab is particularly beneficial for treatment of uveitis in the presence of macular edema in
adults who did not respond to anti-TNFα treatments.38 In a case series of 25 patients, it has been reported that intravenous
administration of tocilizumab is efficacious for treatment of severe JIA-CAU refractory to anti-TNFα.39 In the APTITUDE
study, a phase 2 clinical trial which aimed to establish the efficacy of subcutaneous tocilizumab with MTX in children with
JIA-CAU refractory to MTX and anti-TNFα, seven of 21 children showed response to treatment, but the threshold to proceed
to a phase 3 clinical trial was not met. Nevertheless, efficacy signals for inflammation control were reported, including
reduction of macular edema.40 These partially conflicting findings indicate that further studies are needed to determine the
efficacy of both intravenous and subcutaneous tocilizumab for treatment of anti-TNFα refractory JIA-CAU.

CTLA-4 inhibitor abatacept, a selective T-cell co-stimulation modulator, is another molecule that may possibly be
used as second-line alternative after failure of anti-TNFα therapy, as suggested by results from a randomized, double-
blind, placebo-controlled withdrawal trial.41 In other studies, it was found that a significant remission rate and decrease in
frequency of uveitis flares and ocular complications occurred when abatacept was used as first-line or second-line
treatment.42–44

Finally, in few case series the anti-CD20 monoclonal antibody rituximab which specifically depletes B-cells has demon-
strated the ability to achieve remission for some refractory cases of JIA-CAU. In a retrospective, multicenter study one cycle of
rituximab treatment led to uveitis inactivity in 7 out of 10 patients with improvement in macular edema. In the same study,
however, four patients required additional treatment for recurrence of uveitis during the follow-up period. It has been
hypothesized by the authors that relapses possibly occurred after restoration of B-cell number and that poor response in some
patients might be related to the persistence of autoreactive plasma cells that are the predominant source of antibodies.45

It is of note that the use of biologics as observed in adults with rheumatic diseases is associated with an increased risk
of infection including the reactivation of latent tuberculosis and occult hepatitis B. A careful screening of these possible
pre-existing conditions is therefore mandatory before starting therapy with biologics.46 In Table 2, current FDA-approval
for either JIA or non-infectious uveitis (UIA) for all biologics treated in this section has been specified.

Table 2 Current FDA-Approval of Biologics for JIA and/or Non-
Infectious Uveitis (NIU) Treatment

Biologic FDA-Approved for JIA FDA-Approved for NIU

Abatacept Yes No

Adalimumab Yes Yes

Certolizumab No No

Etanercept Yes No

Golimumab Yes No

Infliximab No No

Rituximab No No

Tocilizumab Yes No
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Janus Kinase Inhibitors
Janus kinases (JAKs) are four cytoplasmic enzymes (JAK1, JAK2, JAK3 and TYK2) which are associated with the
intracellular domain of several cytokine receptors. After cytokine/receptor interaction, JAKs are activated and phosphor-
ylate signal transducer and activator of transcription (STATs) proteins. Activated STATs translocate to the nucleus where
they induce transcription of target genes. This eventually leads to amplification of the inflammatory cascade.

A number of synthetic drugs called JAK inhibitors (JAKinhibs) have been developed to block the activation of JAKs
and the consequent intracellular molecular cascade. JAKinhibs have been proven to be highly effective in the treatment
of many inflammatory rheumatic diseases in adults including rheumatoid arthritis (RA), psoriatic arthritis (PsA) and
ankylosing spondylitis (AS). However, their possible use in other inflammatory immune-mediated diseases is under
investigation.47,48

In an experimental autoimmune uveitis model, topical treatment with JAKinhib tofacitinib (0.03%) three times a day
was found to improve uveitis, clinically and histologically, and to reduce the intravitreous levels of inflammatory
cytokines and their gene expression in both the iris ciliary body and the retina/choroid.49 Other findings have provided
evidence that tofacitinib can modulate pro-inflammatory T-cell populations in a uveitis mouse model.50 In the clinical
setting, a single case report has provided evidence for the first time of improvement in JIA-CAU and macular edema
resistant to several conventional and biologic DMARDs when treated with tofacitinib 5 mg twice daily orally.51 Other
case reports have been published suggesting a possible future role of tofacitinib in JIA-CAU.52–54

In a recent case series, Miserocchi et al reported the outcome of four patients with JIA and uveitis refractory to
multiple immunosuppressive agents who were treated with either JAK1/JAK2 inhibitor baricitinib or pan-JAKinhib
tofacitinib. They observed a significant reduction in ocular inflammatory activity by treatment with both drugs within
their cohort with no serious systemic side effects.55

An international, multicenter, open-label, active-controlled study (JUVE-BRIGHT) of the safety and efficacy of
baricitinib for patients with active JIA-associated uveitis is ongoing.56 The use of JAK inhibitors has been recently
related with the onset of drug-specific relevant side effects in adults. These include an increased rate of herpes zoster
virus (HZV) infection, thrombosis and risk to develop lung cancer.57,58 More studies on the safety of these drugs are
therefore necessary also because of their potential use in child populations.

Conclusions
The management of JIA-related uveitis remains a relevant clinical challenge. Since patients are typically asymptomatic,
timely and effective treatment and control of inflammation can improve visual outcomes and prevent vision loss. Regular
ophthalmic screening of children with JIA is highly recommended because of the risk of uveitis. The frequency of
screening should be based on individual risk factors. The prognosis of JIA-CAU has been greatly improved during the
last decade, and current therapies can reduce uveitis recurrences and the need for cataract and glaucoma surgery.59

Topical glucocorticoids should be used as initial treatment to achieve control of inflammation. While MTX is the first-
line corticosteroid-sparing treatment, other therapies must be considered for severe and/or refractory uveitis. Biologics
blocking TNFα activity in combination with MTX are now recommended for the management of severe uveitis in the
case of MTX failure. The timely addition of biologic drugs targeting IL-6R or CTLA-4, namely tocilizumab and
abatacept, respectively, is a promising therapeutic tool to maintain uveitis control in children who are at continued
risk of vision loss and do not respond adequately to anti-TNFα biologic agents. Anti-CD20 monoclonal antibodies
targeting B-cells are also a possible future treatment option of JIA uveitis. JAKinhibs are a promising new frontier for the
treatment of JIA-CAU after failure of biologic therapy. New advanced studies aimed to identify predictive biomarkers of
response could critically help to individualize the optimal therapeutic approach for each patient. In this context, it must
be underlined that a multidisciplinary team of ophthalmologists and rheumatologists is crucial to take care of patients
affected by JIA-CAU. Finally, basic research on the pathogenesis of intraocular inflammation is warranted to identify
new treatment options to satisfy the many unmet needs of this highly debilitating condition.
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