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Abstract

Anterior uveitis (AU), inflammation of the iris, choroid, or ciliary body, can cause significant eye 

morbidity, including visual loss. In the pediatric age group, the most common underlying 

diagnosis for AU is juvenile idiopathic associated uveitis and idiopathic AU, which are the focus 

of this paper. AU is often resistant to medications such as topical corticosteroids and methotrexate. 

In the past 15 years, biologic agents (biologics) have transformed treatment. In this review, we 

discuss those in widespread use and those with more theoretical applications for anterior uveitis. 

Tumor Necrosis Factor alpha inhibitors (anti-TNFα) have been available the longest and are used 

widely to treat pediatric uveitis. The effects of anti-TNFα in children are described mostly in small 

retrospective case series. Together, the literature suggests that the majority of children treated with 

anti-TNFα achieve decreased uveitis activity and reduce corticosteroid burden. However, many 

will have disease flares even on treatment. Only a few small studies directly compare outcomes 

between alternate anti-TNFα (infliximab and adalimumab). The use of different uveitis grading 

systems, inclusion criteria, and outcome measures, makes cross-study comparisons difficult. 

Whether the achievement and maintenance of inactive disease occurs more frequently with certain 

anti-TNFα remains controversial. Newer biologics that modulate the immune system differently 

(e.g., interfere with TH17 activation through IL-17a and IL-6 blockade, limit T lymphocyte 

costimulation, and deplete B lymphocytes), have shown promise for uveitis. Studies of these 

agents are small and include mostly adults. Additional biologics are also being explored to treat 

uveitis. With their advent, we are hopeful that outcomes will ultimately be improved for children 

with AU. With many biologics available, much work remains to identify the optimal inflammatory 

pathway to target in AU.

Introduction

Anterior uveitis (AU), inflammation of the iris, choroid, and/or ciliary body, can be 

idiopathic or secondary to an underlying autoimmune condition. It carries significant 

morbidity, most importantly the risk of decreased visual acuity or blindness. While 
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corticosteroids (CS) and methotrexate (MTX) have historically been primary treatment 

options, in the past 15 years biologic agents (biologics) have transformed our approach to 

treatment. In this review, we discuss those biologics currently in widespread use and those 

with more theoretical applications for juvenile idiopathic arthritis (JIA)-associated and 

idiopathic anterior uveitis.

Uveitis may be restricted anatomically to the anterior chamber (anterior uveitis), 

intermediate chamber (intermediate uveitis, IU) or posterior chamber (including the retina) 

or can involve multiple regions (panuveitis) (1). In 2000, Cunningham described posterior 

uveitis as the most prevalent type in children (40%–50%), but it is now recognized that AU 

is the most prevalent type (56.9%–58.4%) (2–4). Some of this discrepancy may depend on 

the population (posterior more prevalent in tertiary-care facilities) and the age group studied 

(5). In a British study, chronic AU was the most common in children <7 years old, posterior 

uveitis in 8–15 year olds, and acute AU in 16–19 year olds (5).

In addition to being classified by anatomic location, there are other clinically important 

descriptors of uveitis. As described by the Standardization of Uveitis Nomenclature (SUN) 

Working Group (see below), uveitis is classified as: unilateral or bilateral, sudden or 

insidious in onset; limited (≤3 months) or persistent (>3 months) in duration; and acute, 

recurrent or chronic (1). When disease relapses within 3 months of discontinuing treatment, 

it is classified as chronic (1). Unique patterns are associated with underlying systemic 

diseases. For example, uveitis associated with JIA is most often an insidious (because it is 

asymptomatic), chronic relapsing, AU that affects both eyes over time (6) whereas other 

types of non-JIA associated uveitis may more frequently be acute and symptomatic (eye 

pain, redness, and/or change in vision). Idiopathic, or undifferentiated, uveitis may also be a 

chronic and bilateral, although it more often primarily affects the intermediate chamber. 

Notably, uveitis localized to a particular segment may also “spill over” to involve other 

areas.

There has historically been great variation in the assessment of AU activity. What defined 

inactive disease varied in the literature, as did assessment of degree of inflammation. Neither 

was there uniformity in the assessment of change in uveitis activity (7–10). This resulted in 

difficulty comparing outcomes between studies. In an attempt to address this and facilitate 

more interpretable data for research, a group of experts formed the SUN Working Group. In 

2005, they published uveitis consensus guidelines (1). These included grading scales for 

Anterior Chamber (AC) cell (based on the number of cells in 1 mm slit-lamp beam) and AC 

flare (Table 1). The guidelines include terminology descriptors for inactive disease, 

worsening disease, improving disease and remission (1) (Table 1). Subsequently, clinicians 

and researchers have worked to integrate these definitions. Over time, universal adoption of 

a single grading language will help comparative effectiveness research in uveitis. The SUN 

Working Group deferred to previously published guidelines to describe intermediate 

(vitritis) and posterior uveitis (11). As AU can be associated with posterior involvement that 

is not detected by the slit lamp exam, all patients with chronic uveitis should be screened for 

macular edema and epiretinal membranes through the use of optical coherence tomography 

(1,12,13).
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Comprehensive incidence studies of childhood uveitis are lacking, and reported incidences 

vary. Most studies have been performed in geographically-restricted or non-ethnically 

diverse populations. These have described the incidence of non-infectious uveitis to range 

from 4–6/100,000 in children younger than fifteen or sixteen years old, but to rise to 3–

11/100,000 in adolescents (5,14,15). Possibly the largest and most ethnically diverse 

population-based study utilized the database of a large Northern California HMO (Kaiser 

Permanente) (16). This estimated the incidence of any type of eye inflammation (not 

restricted to non-infectious uveitis) in children younger than fifteen as 7/100,000 and 

27/100,000 in adolescents (16).

Uveitis can be infectious, related to an underlying disease, or be idiopathic (a diagnosis of 

exclusion). Associated systemic illnesses include JIA, tubulointerstitial nephritis and uveitis 

(TINU), sarcoidosis, Behçet disease, Vogt–Koyanagi–Harada syndrome, Cogan syndrome, 

juvenile xanthogranuloma, post-transplant lymphoproliferative disease, and leukemia (2,17). 

While idiopathic uveitis may be the most common overall (21.5–78%) (4,5), JIA is the most 

common identifiable cause of AU, especially in younger children, comprising 19–67% of 

uveitis, depending on whether the study population is based in primary care or referral 

centers or population-based (2–5). Amongst those with JIA, 12%–20% of children develop 

uveitis (6,18–20), most frequently chronic AU (6). While some studies of uveitis therapies 

are restricted to children with JIA-U, others include children with all non-infectious uveitis 

types. Amongst these, idiopathic uveitis is the most frequent. We will focus our discussion 

on these most common causes of pediatric non-infectious anterior uveitis, JIA-associated 

and idiopathic uveitis.

Risk Factors for Uveitis in JIA

The rate of uveitis is highest amongst children with extended oligoarticular JIA (25%) (18). 

Various risk factors for uveitis in JIA have been reported: JIA subtype, female sex, younger 

age at onset of arthritis, and anti-nuclear antibody (ANA)-positivity (20–23). These factors 

are reflected in the American Academy of Pediatrics screening guidelines in which ANA-

status, JIA subtype, and age of onset drive the recommended frequency of uveitis screening 

in children with JIA (24). More recent work suggests that interactions between features may 

be most important, in that development of uveitis under three years at JIA-onset in females 

(but not in males) and ANA-positivity (rather than subtype) were risk factors for uveitis 

(19), while newer work supports the notion that only younger age of onset and ANA status 

are risk factors, but not subtype or sex (18,25).

Potential Complications

AU can result in numerous eye complications. While posterior synechiae (3,18,26) and band 

keratopathy (3,18,26) are the most common, others, that may be sight threatening, include: 

cataracts (3–5,18,26), increased intra-ocular pressure (3–5,18,26), cystoid macular edema 

(2,3,26), neovascularization of the retina, and amblyopia (2,27). Complications can be 

caused by inflammation and/or by CS used to treat disease (e.g., glaucoma, cataracts). 

Relative to adults with uveitis, children may be at increased risk for developing CS-induced 

cataracts and increased intra-ocular pressure as well as at unique risk for systemic CS-
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induced growth retardation (2). Loss of visual acuity is a result of these complications and is 

the most dire outcome of uveitis.

Certain factors have been positively associated with the development of complications. 

Amongst all uveitis, those with a diagnosis of JIA have the highest risk (4). This may be 

attributable to JIA associated uveitis’ (JIA-U) asymptomatic nature and delay in coming to 

medical attention, as well as the chronic nature of this disease (5). In studies of children with 

JIA-U, 67% had complications at the outset (28), and 37%–56% of patients had 

complications at some time during follow up (6,18).

Amongst those with JIA-U, the following factors have been associated with increased risk of 

complications and/or disease severity: complications at the outset (18); male sex (29); severe 

disease (30); AC cell ≥1+ at presentation (31); ≥1+ AC flare (28,32); positive ANA (28); 

shorter duration between the diagnosis of arthritis and uveitis (29,33,34); and uveitis before 

arthritis (18). In particular, posterior synechiae, active uveitis, and the use of topical CS 

(tCS) are risks factors for the development of cataracts (35). The incidence of cataract, 

during three years of follow up, was decreased by 87% with use of ≤3 drops per day (gtt/

day) of tCS relative to >3 gtt/day (36). Because the point estimate of cataract was 0/EY 

using ≤2 gtt/day (36), many uveitis experts use this as a cut-off for a tolerable level of 

chronic tCS use.

Historically up to a third of children with uveitis were reported to be visually impaired (2). 

In 1967, 36% of children with JIA in a Toronto clinic had vision worse than 20/200 (37). 

Final visual acuity was worse than 20/200 in 26% of eyes in patients with JRA in patients 

from the Massachusetts Eye and Ear Infirmary (1982–1994) (4). In a Baltimore based cohort 

of JIA-U, 36% of children had visual impairment (20/50 or worse), and 24% had vision loss 

(20/200 or worse) at presentation (1984–2005) (28). However, estimates, even for less 

severe vision impairment, have been lower in other recent cohorts - between 3.4% of 

children with JIA to 17% of all children with uveitis have had visual acuity worse than 

20/40 (5,6). Improved visual outcomes most likely reflect earlier identification of disease, 

through implementation of JIA ophthalmological screening, as well as improved 

therapeutics.

Non-biologic Uveitis Treatment

Topical corticosteroids are the first line of treatment for AU (38,39); intermediate and 

posterior uveitis require peri-ocular or intra-ocular CS injections/depots or systemic CS. Yet 

tCS are frequently inadequate to control disease chronically, either from lack of efficacy, 

inability to taper, or development of adverse effects. When uveitis persists despite tCS (CS 

resistant), children develop CS side-effects (CS intolerant), or uveitis worsens with attempts 

at tCS taper (CS dependent), immunomodulators are added. Specific guidelines for when to 

add these immunomodulators do not currently exist. Most aim to avoid systemic CS unless 

there is severe inflammation causing vision loss, lack of adherence to topical regimens, 

and/or if the posterior segment is involved, as tCS do not reach the posterior segment. 

Conventional immunomodulators include antimetabolites such as MTX (40–45), 

mycophenolate mofetil (MMF) (46), azathioprine (AZA) (47), leflunomide (48,49), and, less 
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frequently, cyclosporine (CsA) (50,51). Unless there are specific contraindications 

(decreased renal function or liver abnormalities), MTX is the most common and oldest 

immunomodulatory agent used for AU (38,39) and is moderately effective (40–45). While 

the true effectiveness of methotrexate in comparison to untreated controls is not reported, 

studies evaluate success in individuals whose uveitis was unable to be controlled on, were 

CS dependent, or who developed CS toxicity, and have shown benefit from methotrexate. In 

adults, 56–76% of those with chronic uveitis achieved control, where control was defined as 

<1+ cellular reaction for ≥6 months (AU) (44) or no inflammation sustained over 2 visits at 

least 28 days apart (41), although children were a third as likely as adults to achieve control 

(41). It is recognized that methotrexate has a delayed onset of action and may take over 6 

months to achieve full efficacy (52). Reports focusing on the pediatric age group have been 

hampered by small numbers, different dosing regimens of MTX, and their retrospective 

nature. Foeldvari described no uveitis activity off all tCS a mean of 4.25 months after 

initiation of MTX in 21/25 children (84%) with JIA-AU (Foeldvari 2005}. Malik described 

10 children treated with MTX for AU, with improvement in 6/10 (60%) (no AC cells in 

4/10) and decreased tCS use (43). Heiligenhaus reported that 21/31 children (68%) with 

JIA-associated uveitis had no inflammation after initiation of MTX without need for 

initiation of tCS or addition of another immunomodulating agent (42). Kalinina Ayuso 

reported 18/22 children (82%) with JIA-associated uveitis had improvement (SUN criteria) 

in uveitis 1 year after initiation of MTX, with 15 (68%) achieving no AC cells by a median 

of 6 months (53). In 13 of these children MTX was stopped due to inactive disease and 9/13 

developed a relapse of inflammation a mean of 7.5 months after discontinuation of MTX. 

Relapses were less common in children older than 8 years of age, those had had been treated 

for longer than 3 years, or those who had been in remission for at least 2 years.

A recent meta-analysis of 9 retrospective case series encompassing 135 children with 

chronic AU (majority JIA associated) resistant to steroid therapy calculated that 73% (95% 

CI 66–81%) of children responded to MTX, where response was assessed utilizing SUN 

criteria, although data was not available to calculate the effect estimate for its steroid-

sparing benefit (54). Recently published German guidelines recommended either MTX or 

AZA as first line immunomodulation (38,39). However, when uveitis is not controlled on 

tCS and one IMT, children develop cataracts or glaucoma in response to CS, children are 

unable to tolerate IMT due to side effects, or there is severe sight threatening inflammation 

or eye complications early on, it has become standard of care to initiate treatment with a 

biologic medication, most often a tumor necrosis factor alpha inhibitor (anti-TNFα). This 

review will describe the clinical experience to date with biologics (Table 2). Searches were 

performed with the search terms “uveitis” and “pediatric or juvenile” crossed with: “tumor-

necrosis factor inhibitor,” “anti-TNF” “etanercept,” “infliximab,” “adalimumab,” 

“abatacept,” “rituximab,” “tocilizumab,” “IL-17,” “TH-17,” “secucinumab,” “IL-12,” 

“IL-23,” “IL-1,” “anakinra,” “canakinumab.” Papers were selected that discussed treatment 

of JIA-U and idiopathic uveitis.

As the reader critically interprets the literature on uveitis treatment, it is critical to keep in 

mind that studies use different uveitis grading systems (1,7–10), inclusion criteria, and 

outcome measures. Some studies include any child or adolescent with uveitis while others 

are restricted to patients with JIA-AU. In some studies, all patients had active uveitis at the 
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onset of treatment, whereas in others uveitis was not active – because of the use of high 

doses of concomitant therapies (CS and IMT). Accordingly, the outcome measures in some 

studies only include uveitis activity, sometimes measured indirectly, while in others they 

take into account the ability to taper other therapies. Alternatively, visual acuity and 

complications are included along with uveitis activity as an outcome measures in some but 

not other studies.

Tumor Necrosis Factor-alpha Blockade

Since Federal Drug Administration (FDA) approval in the United States in the late 1990’s, 

physicians have used tumor necrosis factor alpha inhibitors (anti-TNFα) to treat uveitis that 

is resistant to steroids and other conventional IMT. Tumor necrosis factor-alpha (TNFα) was 

initially identified as an inducer of apoptosis, but has since been recognized to have 

pleiotropic roles – including in proliferation, inflammation, angiogenesis, adhesion molecule 

expression, and even inhibition of regulatory T cells (Treg) (55,56). Produced by 

macrophages, NK cells, and B and T lymphocytes, it exerts its affects through interaction 

with TNF-Receptors. TNFα may be elevated in the serum and synovial fluid of patients with 

Rheumatoid arthritis (RA). Anti-TNFα therapy is recommended for both RA and JIA 

treatment by the American College of Rheumatology (57,58). While the use of anti-TNFα to 

treat uveitis may have been a de facto outgrowth of its use in arthritis, there is a biologic 

rationale to TNF blockade in uveitis. For example, when TNF-receptor-IgG was 

administered in a murine model of experimental autoimmune uveitis, it limited damage to 

the experimentally-targeted retinal rods (59). Moreover, in humans with uveitis, levels of 

TNF have been shown to be elevated intra-ocularly and in the peripheral serum (60).

This is a constantly expanding medication class. The three anti-TNFα that have been used in 

pediatric uveitis are etanercept, infliximab, and adalimumab. Etanercept is a soluble 

receptor, comprised of a dimeric fusion protein of the human p75 TNF receptor linked to the 

Fc end of human IgG1. Etanercept binds to, and sequesters, soluble TNFα. Conversely, the 

other two are monoclonal antibodies to TNFα which block both membrane bound and 

soluble TNF. Infliximab is a chimeric anti-TNFα antibody (human Fc and murine variable 

region). Adalimumab is a fully humanized IgG1-antibody to soluble and transmembrane 

TNFα. Both etanercept and adalimumab are administered by subcutaneous injection while 

infliximab is administered intravenously.

Etanercept

The earliest reports of anti-TNFα for pediatric uveitis examined the usefulness of etanercept 

(Table 3). Reiff described 10 children with AU (16 eyes) who were treated with twice 

weekly etanercept, after having failed treatment with tCS and MTX (or CsA) (61). Using the 

Hogan classification system (includes AC cell and flare, vitreous cell, degree of cataract), by 

three months 63% of eyes (36% by 6 months) had decreased AC cell, although very few 

were inflammation free. The effect was less robust in a study of 16 individuals treated with 

etanercept and methotrexate. Inflammation only improved in one of the three children (one 

JRA-AU, one idiopathic AU, one JRA-panuveitis) (62). Of concern, amongst individuals 

who had begun etanercept for their joint disease, five developed eye inflammation. 

Development of uveitis in children on etanercept was also shown by another group in which 

Lerman and Rabinovich Page 6

Paediatr Drugs. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



two of 48 children treated with etanercept for articular disease developed uveitis (63). 

Finally, a small RCT was performed in which, after six months, the achievement of 

improvement in AC inflammation (SUN inflammation <1+ with <3 drops tCS per day or 

decrease in immunosuppression by 50%) was the same in seven children treated with 

etanercept as in the five treated with placebo (standard of care with tCS, oral CS and MTX) 

(64). Etanercept is no longer considered a suitable treatment for JIA-U.

Infliximab

Researchers were concurrently examining the utility of infliximab in uveitis (Table 4). In 

2005, Richards reported that inflammation resolved (Nussenblatt system, similar to SUN) in 

six children with JIA-AU treated with infliximab (5–10 mg/kg week 0,2,4 and then every 6–

8 weeks); children were also able to decrease other IMT (65). That year, Rajamaran 

described six children in whom inflammation (uveitis, pars planitis and papillitis) resolved 

entirely to an AC and vitreous activity of 0.5 or less, according to Foster and Vitale criteria, 

after treatment (infliximab 5–10 mg/kg) (66). In almost all, inflammation improved after the 

first dose of infliximab, and disease remained quiet after discontinuing both oral and topical 

CS (83%).

Four larger series in 2006–2007, described success in about three-quarters of those treated 

with infliximab. Kahn described 17 patients with uveitis (anterior, intermediate or 

panuveitis) treated with higher dose infliximab (10–20 mg/kg) (67). Response was 

considered to be elimination of inflammation (<5 cells in AC, no vitreous haze or cell 

according the scoring system of BenEzra) but did not take into account an assessment of CS 

use (7). All of the patients responded by the seventh dose, 76% responded within the first 

two. Because CS were weaned as uveitis improved, 88% of patients were able to discontinue 

tCS by the end of follow-up (median 13 mo, range 3–34 months) as did 5/5 patients on oral 

CS. Those with the slowest responses were treated initially with ≤10 mg/kg, whereas those 

treated with 15–20mg/kg responded after the first dose. Sobrin also described a good 

response to infliximab in 27 adults and children with ocular inflammatory disease (AU, 

panuveitis, and scleritis) (infliximab, 5 mg/kg every 2–8 weeks, after loading) (68). Using an 

outcome measure of inflammation based on SUN, 78% patients achieved improved activity 

(to no inflammation) (eight of the eight individuals with AU initially achieved control, but 

three relapsed). Of the entire cohort, 26% of patients were able to achieve improved 

inflammation and stop other IMT and 33% were able achieve improved inflammation and 

decrease IMT; the authors do not comment on the use of tCS. In life-table analysis, a 

majority of eyes (81–84%) achieved control by nine months.

Ardoin reported that 64% of 16 children with active uveitis (50% AU), or on oral CS for 

uveitis, achieved zero inflammation within one year after initiation of infliximab (median 

maintenance dose of 8.2 mg/kg q 5.6 weeks) (69). Although this response rate is lower than 

that in the two studies above, the outcome measures were more stringent; when success was 

defined as no inflammation or a two-step decrease in inflammation, 79% achieved success at 

one year. This group specifically addresses tCS use, as 69% of patients were able to 

completely stop them by 1 year. TugalTutkun also described a similar success in a group of 

17 Turkish children with AU, in whom 76% of achieved disease inactivity by 10 weeks 
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(82% achieved inactivity or a 2 step decrease in steroids) (70). While infliximab was 

administered at 5 mg/kg week 0, 2 and 6 and then every 8 weeks, in order to maintain 

control the dosing interval was shortened to every 4–6 weeks in four patients.

Sharma was the first to describe the success of infliximab even in children with AU who had 

failed alternate anti-TNFα (5/6 children) (71). At three months, 50% had achieved no 

inflammation (SUN criteria) and 83% had achieved either improved or inactive 

inflammation. While systemic steroid doses were decreased, all patients remained on 

systemic steroids (3 on 5 mg/day); the doses of tCS are not described. While three patients 

had JIA, none had oligoarticular JIA, rather all three had the psoriatic subtype; the 

remainder had HLA B27 positivity without a JIA diagnosis, Sarcoid disease or idiopathic 

granulomatous uveitis.

While Simonini reported similarly positive outcomes in 15 Italian children with chronic 

uveitis (by AC cell and/or vitreous haze), the authors concluded that infliximab had limited 

durability in controlling uveitis (72). Eighty-seven percent of children (13/15) achieved 

complete remission within one year (10 week median), and all thirteen were able to 

discontinue systemic steroids within three months of initiation of infliximab (tCS use was 

not described). Once remission was achieved, the interval between infliximab doses was 

increased. Each child who achieved complete remission relapsed after 1 year. This rate of 

relapse is higher than that reported by two other groups in which, after achievement of 

control, uveitis reactivated by one year in only 25% (70) or 42% (69). The higher relapse 

rate in the Italian cohort may be attributable to the use of lower doses of infliximab at 

increasingly less frequent intervals, a risk factor for the development of human anti-chimeric 

antibodies (HACA) and subsequent drug tolerance (73–75). This highlights one of the 

difficulties posed by the use of differing outcome measures in studies of uveitis therapeutics. 

For example, readers must distinguish whether a study analyzes the percentage of patients in 

quiescence at one year or who have achieved quiescence by one year. The former outcome 

does not convey whether patients have been in and out of quiescence multiple times, and the 

latter outcome does not evaluate whether patients achieved quiescence at three months and 

then relapsed before one year.

Adalimumab

After adalimumab was approved by the FDA for use in JIA, there was interest in using the 

drug to treat uveitis (Table 5). In the first prospective trial describing the use of adalimumab 

for pediatric AU, inflammation improved, mostly to quiescence, in 81% of eyes (93% of 14 

patients) with a rapid median response of six weeks (76). The response was maintained in 

65% of eyes for the duration of the follow-up period. Many children were able to decrease 

their IMT, and 79% decreased, and 29% discontinued, tCS. The study’s outcome measure 

was distinct from that in many others in that definition of inflammation included either AC 

cell or AC flare. Utilization of flare as an outcome measure has been controversial, mainly 

because it is difficult to assess clinically (32,77), and most other studies have focused on AC 

cell alone. In another study of 18 patients with AU (17 JIA-U), 13 of who had previously 

failed other anti-TNF, adalimumab was “effective” in 83% of patients – who were also able 

to discontinue systemic steroids (78). Again, the outcome measure was problematic as it 
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connoted the percentage of patients who achieved a decrease in the number of uveitis 

relapses while on adalimumab relative to before treatment, rather than any description of eye 

inflammation. A similar level of success was also reported in a study of 14 Spanish children 

with active uveitis (most AU) in which 12 (86%) had improvement, by SUN criteria, in 

uveitis within four weeks (median), although patients’ ability to wean systemic medications 

or tCS is not described (79).

Other studies show less success. When five children with uveitis (location not specified) 

were treated with adalimumab, only 50% of eyes improved, when the outcome measure was 

≥ 1 grade improvement in the Foster and Vitale definition (inactivity: <0.5 AC cell and flare 

and vitreous cells, each on 0–4 scale with gradations of 0.5); neither complete resolution of 

inflammation nor weaning of CS were included as endpoints (80). In a study of 20 Finnish 

children, Tynjala reported an even less impressive response - only 20% of 40 eyes with AU 

(35% of patients) improved with adalimumab therapy (SUN criteria) and were able to stop 

systemic CS (81). In another larger Finnish study of 54 children with AU, after two years of 

treatment only one third were under “good control,” 31% by paper-specific criteria (<3 

cell/hpf and no tCS) or 28% with improved activity by SUN criteria (82). Another third 

were under “moderate control” by paper-specific criteria (35%, 3–9 cell/hpf and ≤3 tCS/

day). Oral CS were only discontinued in 22%, and most children remained on at least one 

additional form of IMT. To achieve control, almost one half of patients had increased from 

fortnightly to weekly adalimumab. Five patients stopped due to inefficacy or adverse effects. 

It is unlikely that these less promising results are because patients had already failed 

treatment with other TNF - this had also been the case in the Biester cohort (78). However, 

none of the studies evaluate whether the response rate to adalimumab varies by previous 

TNF exposure (confounding by indication).

The study by Biester suggested that adalimumab did not only help control uveitis but that it 

was beneficial in sustaining that response (78). Despite less than promising results regarding 

achievement of control, Tynjala also reported that there was a statistically significant 

decrease in the mean number of disease flares per year while on adalimumab relative to 

before treatment, from 1.9 to 1.4 (p=0.039) (81). In contradistinction, in a study of 17 

children with AU in which 31% achieved no active inflammation by 3 months (and 50% of 

eyes had improved inflammation by SUN criteria), almost a third of eyes had relapsed at 12 

months, and there was a high requirement for systemic CS, periocular steroids, or the 

addition of conventional IMT (MMF) (83). While many Spanish children relapsed less often 

while on adalimumab than they had before treatment, this was not the case in 40% of 

children (79). As a result, the authors suggest that adalimumab becomes less effective over 

time.

Is one anti-TNFα preferable over the other?

As the outcome measures utilized vary between studies, it is challenging to compare the 

effectiveness of different agents (Table 4). There is general consensus that etanercept is not 

effective for uveitis, and, as such, it will not be further considered in this section (84–86). In 

the previously described Gallagher study, 13 children were treated with infliximab and five 

with adalimumab (80). Inflammation improved in 20/26 (77%) of eyes on infliximab (700–
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100mg q 6–8 weeks) vs. 5/10 (50%) on adalimumab. Similarly, infliximab treatment 

resulted in improved visual acuity in more patients (62% vs. 40%). Despite infliximab’s 

apparent benefit, the speed to response was more rapid with adalimumab, median time to 

decreased inflammation 3.9 vs. 10 weeks. Importantly this study was not powered to 

compare drug effectiveness, and patients were not randomized; the authors do not claim 

superiority of either drug.

Conversely, authors of a study using the National Italian Registry compared outcomes of 

children with JIA-AU treated with both medications (n=48 infliximab, n=43 adalimumab), 

and concluded that adalimumab worked better in the “medium-term period” (one year) (87). 

Using descriptive statistics, the authors reported that a greater percentage of children 

achieved remission on adalimumab (67.4% vs. 42.8%), as defined by no activity for six 

months on systemic medications (IMT and/or systemic CS) and on fewer the one drop/day 

tCS. Notably, only 16/35 patients were able to discontinue systemic, and 38/91 topical, CS. 

In a smaller, prospective study also conducted in an Italian cohort, the authors examined 

whether either drug had a greater ability to sustain quiescence once it was achieved (n=17 

infliximab, and n=16 adalimumab) (88). They suggest, using survival analysis, that 

adalimumab leads to a more durable control. At 40 months, a greater percentage of children 

treated with adalimumab remained in quiescence (60% vs. 18.8%), while such differences 

were not present at the 12-month time point. Notably, the median follow up was 

significantly shorter in the adalimumab group (22 vs. 31 months) with a maximum follow up 

of 36 months. There were no significant differences in the time to attain quiescence or to 

quiescence-with-discontinuation-of-steroids (median three months for both), although the 

authors do not clarify whether they are including discontinuation of tCS in this measure. In a 

small study with two years of follow-up, Docheyva also reported an improved control of 

uveitis (0 AC cells while on ≤2 drops/day tCS) in children with ANA-associated AU under 

adalimumab (18/23 patients, 78%) relative to infliximab (2/5, 40%) (84). In all three studies, 

patients were treated with low dose infliximab (3–5 mg/kg week 0,2, 6 and then every 6–8 

weeks), whereas higher doses of infliximab, up to 20 mg/kg every 4 weeks, were used in 

previous studies. Lower doses and increased intervals may limit the benefits from infliximab 

(89) and increase the likelihood of HACA development (67,73,90) subsequently decreasing 

safety (90) and increasing medication tolerance (73,75).

The issue of which anti-TNFα was preferable was not resolved by a meta-analysis (86). The 

analysis included 23 published studies, and synthesized data on the utility of TNF alpha as 

the first biologic for steroid and IMT resistant pediatric chronic AU. The authors only 

included studies utilizing SUN like outcome measures. They created pooled outcomes for 

“positive response to treatment” according to SUN as its primary outcome. Etanercept was 

inferior to infliximab and adalimumab. Although the point estimate of positive response to 

treatment for adalimumab was greater than that of infliximab, the difference was not 

statistically significant (87%, 95% Confidence interval (CI) 75–98% vs. 72%, 95% CI 64–

79%). The authors acknowledge that limitations include limited applicability for non-JIA-U 

and the wide variation in infliximab dosing.

The comparative safety of the medications must be considered alongside their ability to 

control disease. Short-term adverse effects of TNF inhibition may include the development 
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of cytopenias, serious infections, rashes, infusion reactions and anaphylaxis. Few studies 

reported more than minor infusion reactions in children on infliximab, and, for the most part, 

these did not necessitate discontinuation of the medication (66–69,71). Infliximab is often 

co-administered with MTX, to limit HACA development, and it is possible that some of the 

minor adverse reactions, such as transient leukopenia and transaminitis were due to MTX 

rather than infliximab. Notably, in the Italian cohorts, one patient in the Simonini study 

(5.9%) (88) and 3 in the Zannin study (6.3%) (87) developed infusion reactions that resulted 

in treatment discontinuation. These percentages are even lower than those shown in recent 

retrospective studies of children treated with infliximab (for all causes), in which 10–17% 

developed infusion reactions, most were minor or moderate (91,92). Adalimumab was quite 

well tolerated, without serious adverse events (81,87,93). Therefore, short-term adverse 

events were rare with either treatment.

There is an emerging literature suggesting that patients may achieve better uveitis control, or 

relief from side effects, by switching from one anti-TNFα to another. In one small series, 

five children with JIA-U switched from infliximab (5 mg/kg every 8 weeks for maintenance) 

to adalimumab. The four who switched for persistent uveitis, achieved control on 

adalimumab (94). The one who switched for worsening psoriasis, had worsening joint 

disease on adalimumab, and switched back to infliximab. In a meta-analysis of children who 

switched anti-TNFα for poor uveitis control, Simonini found that 75% (30/40) were able to 

achieve control (95% CI 51–100%) (95). Children switched from etanercept to adalimumab 

(11) or infliximab (6) or from infliximab to adalimumab (23), but no children switched from 

adalimumab to infliximab due to failure.

Predictors of Response to anti-TNFα

Despite the encouraging results with anti-TNFα for uveitis, not all patients achieve uveitis 

inactivity. While rheumatology and ophthalmology experts recommend that anti-TNFα be 

used as second-line agents, after tCS and MTX (or AZA) (38), there are multiple newer 

biologic options available or in development. It would be useful to have clinical decision 

tools that would help predict a patient’s likelihood of response to anti-TNFα. In a 

retrospective cohort that included 56 children, the rate of achievement of quiescence (≤0.5+ 

AC cell and on ≤2 gtt/day tCS) was 75% (95% CI 62%–87%) in one year (96). Rate of 

quiescence was 20–25% higher in patients with both JIA and AU. In contrast, when a 

sensitivity analysis was performed restricted to patients with JIA, the success rate was not 

altered from that of the entire cohort (88).

Safety of anti-TNFα

In addition to the short-term risk of infusion reactions, increased risk of malignancy and 

serious infection have been posited as theoretical long-term risks of anti-TNFα treatment. A 

meta-analysis of the use of anti-TNFα for RA suggested an increased risk of malignancy 

and serious infection following treatment, with a dose dependent affect. When other authors 

repeated this analysis, including data from an additional study, the odds ratios were lower, 

bringing into question whether the risk of malignancy was indeed increased. However, in 

2009, the FDA placed a Black Box warning on anti-TNFα because 48 cases of malignancies 

in children treated with anti-TNFα, for JIA or inflammatory bowel disease, had been 
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reported through the Adverse Events Reporting System (99). Subsequent database studies of 

adults with RA and children with JIA, were unable to demonstrate an increased risk of 

cancer in individuals treated with anti-TNFα (100,101). Moreover, one population-based 

study in Sweden study demonstrated a small, but increased, risk of malignancy in biologic-

naïve children with JIA when compared to the general population, suggesting that the cancer 

risk might be associated with uncontrolled inflammation from disease rather than treatment 

itself (102). Similarly, studies in adults have not consistently demonstrated an increased risk 

of serious infections with anti-TNFα (103). In a Medicaid based study of children treated 

with anti-TNFα, the rates of hospitalization for serious infections were not increased in 

children treated with anti-TNFα for JIA relative to children with Attention Deficit 

Hyperactivity Disorder, although they were increased in children with JIA treated with high 

dose CS (104). Overall, the data available suggest that anti-TNFα are relatively safe 

medications.

Summary of anti-TNFα

In summary, anti-TNFα, both infliximab and adalimumab, have been extremely valuable, 

and relatively safe additions to our clinical armamentarium to treat uveitis. Patients who 

have failed other treatment regimens are most often able to achieve control on anti-TNFα. 

Frequently children are able to dramatically reduce, or discontinue, tCS. However, uveitis 

will reactivate in many of these children, and whether the effectiveness of one drug wanes 

over time more than the other remains controversial. Overall, anti-TNFα have spared 

children uveitis complications and cumulative doses of steroids.

A variety of short-term outcome-measures should be considered in evaluating treatment 

success, including: percent of patients who achieve inactive disease; rate of achievement of 

inactive disease; ability to “steroid-spare”; and maintenance of inactive disease in a “steroid-

sparing” fashion. Because studies have assessed different outcomes, inter-study comparisons 

are challenging. Even when looking at the same measure, e.g. percent who achieve control, 

studies have used different ways to score uveitis activity as well as different definitions of 

control, SUN nomenclature have helped with the latter, but developing consensus on the 

outcome measures to be used in research will be crucial for the former (105).

Other longer-term outcome measures may be even more clinically relevant. These include 

the number of complications and best visual acuity following treatment. Long term follow 

up studies to examine whether children treated with anti-TNF have better ocular outcomes 

than did children in the pre-TNF era have not yet been performed. Similarly, studies have 

not compared the long-term outcomes of children treated with different anti-TNF modalities. 

Such studies will be important in directing future therapy.

Blockade of other pro-inflammatory cytokines

Interference with TH17 driven inflammation

T-helper 17 (Th17) cells are important producers of pathogenic inflammatory cytokines. The 

TH17 pathway may be particularly important in uveitis, as numbers of Th17 cells rose in 

peripheral blood mononuclear cells during active uveitis in both people and in mice with 

EAU (106). A number of cytokines play an intertwining role in stimulating and maintaining 
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TH17 activation, including interleukin-17 (IL-17), IL-6 and IL-12/23. Below we discuss the 

therapeutic role of biologics that modulate the TH17 pathway.

IL-17 blockade—AIN457 (secukinumab), a subcutaneous injectable that is still being 

tested for approval, is a human monoclonal that binds to, and interferes with IL-17A 

signaling. IL-17A, an important driver of T cell mediated inflammation, is produced by and 

stimulates TH17 CD4+ T cells. In the initial trial of secukinumab, patients with RA or 

psoriasis were treated with drug or placebo, and secukinumab was safe and effective (107). 

In this trial, 16 adults with non-infectious uveitis (both AU and posterior uveitis) were 

treated with secukinumab but without a placebo-control group. Of these, 11 achieved 

decreased inflammation by 8 weeks. Three of five adult patients with AU achieved no 

inflammation (off topical or systemic CS). Subsequently three larger placebo-controlled 

studies focusing on uveitis were initiated but ultimately were terminated early when the arm 

examining Behçet-associated posterior or pan-uveitis (SHIELD) failed to meet its primary 

endpoints.. While phase III trials for its effectiveness for plaque psoriasis, and its superiority 

to etanercept, were reported in late 2014, there are no other reports of its use in uveitis (108). 

Other monoclonal agents that interfere with IL-17 pathways are being developed, focusing 

on their effectiveness in psoriasis. There are no active clinical trials for its use in uveitis.

IL-6 blockade—Tocilizumab is a humanized monoclonal antibody that binds to the IL-6-

receptor, blocking IL-6 signaling. In experimental models of uveitis, IL-6, in conjunction 

with TGF-β, has been important in both generating TH17 cells and in interfering with Treg 

development (109,110). Despite its theoretical utility, very little has been published on 

tocilizumab for uveitis in children. It has been shown to treat inflammatory eye disease in 

adults, including uveitis (111,112). Two case reports have described its benefit in 

maintaining quiescence in a total of four patients with recalcitrant JIA-U. Each had 

persistent activity despite CS, conventional immunosuppressants and TNF inhibitors (one 

had also failed abatacept and rituximab) (113,114). A clinical trial is currently underway to 

examine its utility.

IL-12/IL-23 Blockade—Ustekinumab is a human monoclonal antibody that interferes with 

IL-12/IL-23 signaling. It binds to the p40 subunit of free IL-12/IL-23 and interferes with 

their binding to membrane bound receptors. Ustekinumab is FDA approved to treat 

moderate to severe plaque psoriasis. While there is a biologic rationale for IL-12/IL-23 

blockade in uveitis, and the authors have seen good response in a child with severe psoriasis 

associated uveitis (personal communication, MAL), there are no published reports of its use 

for uveitis. A clinical trial is being developed.

Interfering with IL-1 Signaling

A number of biologics agent exist that interfere with IL-1 signaling. The more commonly 

used agents for the pediatric age-group include anakinra (analogue of the natural IL-1 

Receptor antagonist) and canakinumab (monoclonal antibody to IL-1β). These are primarily 

used to treat systemic JIA, cryopyrinopathies, macrophage activating syndrome. There is 

evidence that IL-1 signaling may play a role in uveitis. Lack of regulation of IL-1 signaling 

in a murine knockout of IL-1-receptor antagonist was associated with worse LPS-induced 
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uveitis than in wild type mice (115). Its blockade has been used for Behçet disease, which 

has a high incidence of uveitis, and there are case reports of its success in Behçet-associated 

uveitis (116,117). Gevokizumab (XOMA-052), an IL-1β specific monoclonal antibody, is 

being actively studied for its use in adults, with and without Behçet’s, with non-anterior 

uveitis.

Inhibition of IL-2R signaling

Daclizumab binds CD25 (IL-2 Receptor-alpha) to block IL-2 Receptor signaling. It was 

used primarily as a transplant drug, but also for lymphoma, graft vs. host disease, multiple 

sclerosis, and uveitis. Although vision improved, uveitic flares were less frequent, and the 

need for IMT decreased in patients on daclizumab, it did not gain widespread use (118). 

Production was halted in the US in 2009, although it is gaining momentum towards 

returning to market for multiple sclerosis.

Co-stimulatory Blockade

Abatacept interferes with T cell activation by inhibiting costimulation. T cells require two 

signals for activation. The first is an interaction between T-Cell receptor (TCR) and its 

cognate antigen/MHC complex on the antigen-presenting cell (APC). The presence, and 

type, of the second signal, impacts whether T cells are activated (CD28/B7.1 or B7.2), 

inhibited (CTLA4/B7), or anergized (no signal 2). Abatacept is a fusion protein between the 

extracellular portion of CTLA4 and the Fc of IgG1. It binds to B7 on APC and limits the 

APC’s ability to provide continued stimulation to T cells, thereby dampening autoimmune 

responses. Abatacept was FDA-approved in 2005 for treatment of MTX and TNF-inhibitor 

resistant adult RA and is one of the few medications that can be administered either 

intravenously or subcutaneously (subcutaneous use approved for use in adults in 2011). In a 

randomized double-blinded placebo controlled withdrawal design study of children with 

MTX-resistant or anti-TNF-resistant JIA, abatacept was shown to be safe, and at least 

partially effective, in decreasing joint disease activity (119). Children with active uveitis 

were excluded.

While the effect on uveitis was not addressed in this large cohort, case reports are being 

published suggesting its effectiveness for JIA-U (Table 5). In 2008, Angeles-Han reported 

that abatacept (10 mg/kg) quieted uveitis in a child with recalcitrant psoriatic arthritis, IgA 

deficiency and uveitis whose uveitis had been resistant to conventional immunomodulatory/

immunosuppressive therapies (IMT) (MTX, MMF, and CsA), CD25 inhibition, TNF 

inhibition, and B cell depletion (120). While the child subsequently required continued low 

dose prednisone (5 mg/day) and CsA, the uveitis remained quiet for 18 months of follow up. 

Abatacept resulted in decreased uveitis activity in 6/7 patients with severe bilateral JIA-U 

who had failed greater than two anti-TNFα (121). The mean frequency of uveitis ”flares” 

(two degree increase in the level of AC cell) was decreased following treatment (3.7/6 mo 

prior vs. 0.7/6 mo following). However, only two patients achieved full control (<1+ cell), 

and one of those remained on daily oral steroids (12.5 mg/day). Two more case series, each 

including two patients with JIA-U (122,123) demonstrated abatacept’s utility in patients 

with anti-TNFα-resistant uveitis. In one case, cystoid macular edema resolved and vision 
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improved (five Snellen lines). Interestingly, arthritis continued to be active in one patient 

whose uveitis was controlled (123).

In total, 12 patients treated with abatacept have been described. While it allowed systemic 

CS discontinuation in six of 10, tCS use was not addressed. Dosing regimens were similar. 

Most patients were treated with 10 mg/kg at week 0, 2 and then every 4 weeks thereafter. 

The time to achievement of uveitis control, albeit by varying definitions, ranged from two 

weeks to six months. Elhai described maintenance of uveitis control while spacing abatacept 

infusions to every six or seven weeks, but attempts to decrease frequency of infusions have 

not been described by other groups. No studies have explored the durability of the uveitis 

response following abatacept withdrawal. However, in a murine EAU model, while 

costimulatory blockade limited T cell activation it did not result in long-term tolerance 

(124). To date, there are no published data on subcutaneous abatacept for JIA-U. Neither 

descriptive studies nor randomized controlled trials have described the comparative 

effectiveness of abatacept as a second line agent (after steroids and MTX) relative to TNF 

inhibitor. There is currently a clinical trial evaluating abatacept for uveitis.

B cell depletion

Rituximab is a chimeric antibody to CD20, which is expressed on B lineage cells, save pro-

B cells and long lived plasma cells in the bone marrow. It was FDA approved in 1997 to 

treat resistant lymphoma but since then was also approved to treat RA, Granulomatosis with 

polyangiitis and Microscopic polyangiitis. Numerous small series have shown it to benefit 

patients with retinal vasculitis, keratitis, scleritis and orbital inflammatory disease, 

associated with ANCA-associated vasculitides, and Behçet’s (125,126). It has also, been 

used with some success in JIA-U uveitis resistant to conventional IMTs and anti-TNFα 

(Table 6). In 2008, Angeles-Han described one patient whose uveitis was resistant to 

rituximab (and later responded to abatacept). Conversely, two larger retrospective case 

series reported benefit in children with active JIA-U resistant to CS, conventional IMT and 

anti-TNFα. Heiligenhaus treated 10 females with JIA-U resistant to both topical and 

systemic CS, ≥1 IMT, and ≥1 anti-TNFα with rituximab (365 mg/m2 in two doses). Uveitis 

improved to <0.5+ AC in seven of ten patients within a mean of 3.1 months (127). It 

recurred in four patients (within a mean of 7.5 months), but improved with retreatment in 

three. The authors suggest that reactivation correlated with CD19 B cell repletion. Both 

topical and systemic medications were decreased, although absolute final doses are not 

reported. All of the patients who responded had ANA+/RF-/HLA B27- oligoarticular JIA. 

Miserocchi reported that seven of eight Caucasian children with active ANA+ JIA-U, 

resistant to previous conventional IMTs and 2–3 anti-TNFα, achieved complete disease 

control following the addition of rituximab (1000 mg two weeks apart; with repeat infusions 

at month 12 and 21) (125). Uveitis activity improved within 4–5 months of rituximab. The 

authors followed SUN criteria (but it is not clear if “no” activity meant no cells or ≤0.5). All 

of the children were able to decrease their systemic steroids (4/6 remained on low dose oral 

CS), tCS (most remained on 1–2 gtt/day), and to decrease their conventional IMT. In neither 

study did vision improve, but it stabilized in both. Therefore, there may be a role for 

rituximab in children who have failed other biologics. Rituximab is appealing in that it 
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requires much less frequent dosing than anti-TNFα agents. Whether it might be more useful 

earlier in the treatment paradigm after tCS and MTX has not been studied.

Other Novel Therapeutics

The immune system can be manipulated in a myriad of ways, besides blocking pro-

inflammatory cytokine signaling. Other new therapeutics that enhance anti-inflammatory 

cytokines (e.g. IL-10), block small molecule signaling (phosphodiesterase and tyrosine 

kinase inhibition), and interfere with lymphocyte adhesion and migration (e.g. blockade of 

the Sphingosine-1-phosphate receptor by fingolimod) (128) are in development, or in use, 

for other inflammatory indications. It is appealing that many are oral medications. Some are 

being explored for their potential to treat uveitis. For example, the Janus kinase inhibitor 

tofacitinib is an oral medication that was FDA approved in 2012 to treat RA. Although it is 

currently being studied to treat dry eyes, there are no published, or registered, trials for 

uveitis (129). Apremilast, an oral inhibitor of phosphodiesterase 4 was FDA approved in 

2014 for psoriatic arthritis. It is currently being tested for its use for other inflammatory 

diseases, including in Behçet disease. However, a safety and efficacy trial for uveitis was 

discontinued after apremilast was not effective in 3 patients.

Treatment approaches

There are no set guidelines for treatment of pediatric AU, and treatment practices vary by 

experience and center. However, there are some treatment principals that experts generally 

agree on. Many experts are concerned that initiation of conventional IMT or biological 

therapy frequently occurs too late in children when practitioners are not comfortable with 

non-CS therapies. For AU, tCS is first line therapy, and systemic corticosteroids are most 

often not needed, as long as there is no posterior segment involvement. Initiation of 

immunomodulatory therapy should be considered in children who develop or have eye 

complications at first evaluation, as it has been shown that the presence of one complication 

(posterior synechia being the most common in JIA-AU) increases risk of the second 

complication (18). IMT should also be considered when there is ongoing need for tCS 

beyond 2 drops a day for persistent uveitis (>3 months) (38). Methotrexate is the most 

common first non-steroid drug used in pediatric AU. Dosing can be oral or by subcutaneous 

injection, is weekly, but should be aggressively dosed. Doses up to 1 mg/kg, to a max of 25–

30 mg weekly, are used by pediatric rheumatologists. Consideration of initiation of biologic 

therapy should be entertained in the setting of eye complications with severe inflammation, 

or partial or non-response to conventional IMT therapy, or CS dependence > 2 drops per 

day, or development of eye complications on IMT therapy.

Conclusion - Who’s on next?

To date, physicians follow a sequential pathway of tCS, then conventional IMT (most often 

MTX), followed by anti-TNFα. Despite widespread use of biologic agents for uveitis by 

experts, lack of FDA indications for uveitis provides a considerable challenge as this 

translates into difficulty obtaining insurance coverage for these drugs. Furthermore, once 

patients are resistant to one anti TNFα drug, there is little research to direct their subsequent 

choices between an alternate anti-TNFα (switching), or a biologic that targets a different 
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pathway, such as abatacept, rituximab, or tocilizumab. In the future, biomarkers may help 

clinicians to better tailor their drug choices. Anti-TNFα agents have been on the market the 

longest, and are seen as the best options for methotrexate resistant disease, but this may 

change as well. A recent study demonstrated that patients with TRAF-5 mutations are at 

increased risk of developing uveitis; these patients might benefit most from TNF blockade 

(130). Conversely, in certain experimental models, and patients, intravitreous levels of TH17 

cells and cytokines (such as IL-6) were elevated. If we could determine those individuals 

with TH17 predominant responses in the clinical setting this would provide increased 

rationale to target the TH17 pathway. Unfortunately local (intravitreous) and systemic 

cytokine profiling may not correlate. While we may be far from identifying biomarkers to 

predict response, studies in large cohorts may help identify whether the optimal agent 

depends on the underlying cause of the inflammation, e.g. JIA vs. Behçet’s. What we do 

know is that after many years in which uveitis treatment options were quite limited, there are 

now numerous systemic options for treatment. We should now practice with the hope – and 

expectation – of the addition of new therapies, making this an exciting time for those who 

treat children with uveitis.
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Key Points

• Tumor Necrosis Factor-α Inhibitors have been used successfully to treat steroid 

and methotrexate resistant uveitis

• The comparative effectiveness of different Tumor Necrosis Factor-α Inhibitors 

has not been well described

• Newer biologics are expected to play a growing role in the treatment of pediatric 

uveitis.
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Table 1

SUN Working Group Definitions

SUN GRADE Anterior Chamber Cell (per 1 mm slit beam)* Anterior Chamber Flare*

0 <1 None

0.5+ 1–5 --

1+ 6–15 Faint

2+ 16–25 Moderate

3+ 26–50 Marked

4+ >50 Intense

Uveitis Activity Terminology*

Inactive Grade 0 cells

Worsening Activity Two step increase in level of inflammation or increase from grade 3+ to 4+

Improved Activity Two step decrease in level of inflammation or decrease to grade 0

Remission Inactive disease for ≥ 3 months after discontinuing all treatments for eye disease

*
Adapted from SUN Working Group definition (1).
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Table 2

Pathways Blocked in Uveitis

Recognizes Mechanism Name Type of Biologic Studies in JIA-U

Tumor Necrosis Factor-α 
(TNF α)

Blocks inflammation mediated by TNF α Etanercept Soluble receptor Y*

Infliximab Chimeric mAb* Y

Adalimumab Humanized mAb Y

IL-17α Interferes with TH17 function Secukinumab Humanized mAb N*

IL-6-receptor Interferes with TH17 function and 
promote Treg function

tocilizumab Humanized mAb Y

IL-12/IL-23 Interfere with TH1 differentiation NK, 
CD8+ T cell function

Ustekinumab Humanized mAb N

IL-1 receptor Blocks IL-1 function Anakinra, IL-1 R antagonist N

IL-1beta Canakinumab mAb N

IL-2R-alpha (CD25) Blocks IL-2 signaling Daclizumab§ Humanized mAb C*

B7 T cell/APC co-stimulation Abatacept CTLA4Ig fusion protein C

CD20 Depletes B cells (save pro-B and plasma 
cells)

Rituximab Chimeric mAb C

*
mAb, monoclonal antibody; Y, yes; N, no, C, case reports.

Not yet on the market.

§
Withdrawn from US market.
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