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Abstract: Juvenile idiopathic arthritis-related uveitis is the most common type of uveitis in 
childhood and one of the main causes of visual impairment in children. The introduction of 
biological treatment has widened the range of therapeutic options for children with uveitis refrac-
tory to standard nonbiologic immunosuppressants. Data from clinical trials suggest that both 
adalimumab and infliximab have demonstrated effectiveness and safety in open-label studies, 
although no large, randomized, controlled trials have been reported so far. The role of etanercept 
in treating juvenile idiopathic arthritis-related uveitis is not yet well defined. In our experience, 
anti-tumor necrosis factor therapy has been shown to be more effective than steroids and/or 
methotrexate in treating uveitis. Up to now, tumor necrosis factor blocking compounds have been 
reserved for the treatment of the most severe cases of refractory uveitis, and larger prospective 
clinical trials are required in order to better assess the safety of these new compounds.
Keywords: adalimumab, etanercept, infliximab

Introduction

Juvenile idiopathic arthritis (JIA) is a term that describes a heterogeneous group of 
disorders of unknown etiology and constitutes the main connective tissue disease in 
childhood and adolescence. It encompasses several disease categories, each one of 
which has distinct methods of presentation, clinical signs, and symptoms, and, in some 
cases, genetic background, occurring in children younger than 16 years. The cause of 
disease is still poorly understood but seems to be related to both genetic and environ-
mental factors, which result in the heterogeneity of the illness. It represents a major 
cause of functional disability and ocular pathology in childhood.1 JIA-related uveitis 
accounts for the majority of identifiable causes of childhood-onset uveitis in North 
America and Europe, representing between 20% and 40% of most pediatric uveitis 
cohorts.2,3 It is the most severe complication of JIA and is observed in 30% of patients 
with antinuclear antibody (ANA)-positive titers.4 It typically involves the anterior 
chamber, is asymptomatic and bilateral, and follows an indolent chronic course, with 
60%–80% of cases lasting over 3 months. Although atypical, granulomatous inflam-
mation and involvement of the posterior segment of the eye have also been described.5,6 
JIA-related uveitis may develop before, at the same time as, or after the arthritis onset.7 
Risk factors for the development of uveitis in children with JIA are early onset of 
the disease, oligoarticular subtype, ANA-positive titers, female sex, specific human 
leukocyte antigen markers, and short duration of disease.8,9 It is associated with a high 
rate of complications,5,10 including posterior synechiae, cataract, glaucoma, and band 
keratopathy, causing visual impairment in the affected children. Moreover, in many 
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cases, the significant ocular morbidity carried by this disease 
lasts well into adulthood.

Treatment of JIA-related uveitis remains a significant 
clinical challenge. The course is often persistent, with 
periods of improvement and flares, leading to significant 
 morbidity. Initial therapy starts with topical corticosteroids 
and mydriatics, using systemic medications in the event of 
poor clinical response or if side effects of the topical agents 
are  experienced. Systemic therapy typically includes corti-
costeroids, methotrexate, mycophenolate mofetil, azathio-
prine, and chlorambucil. There is increasing recognition that 
anti-tumor necrosis factor (TNF)-A agents hold promise in 
the treatment of JIA-associated uveitis, bringing an important 
addition to the pharmacological options for treatment of this 
particular form of uveitis.

TNF-]
Human TNF-A is an inflammatory cytokine with numerous 
functions, translated as a 26 kDa protein.11 Newly synthesized 
pro-TNF-A, expressed on the plasma membrane, is cleaved 
in the extracellular domain thanks to the action of matrix 
metalloproteinases, releasing a mature soluble 17 kDa protein 
with a length of 157 amino acids. Trimerization is required for 
both forms to develop biological activity. The cell-associated 
form is thought to be responsible for juxtacrine signaling 
secondary to cell-to-cell contact.12 The specific functions of 
cell-associated and secreted TNF-A are not yet fully under-
stood, although it is clear that the two forms have both over-
lapping and distinct biological activities. TNF-A-converting 
enzyme (TACE, also known as ADAM-17) is the primary 
enzyme producing a secreted form of TNF-A by processing 
cell-associated TNF-A.13 TACE is an adamalysin, a member 
of a class of membrane-associated enzymes endowed with 
both disintegrin and matrix metalloproteinase domains. These 
enzymes are essential for the processing of several membrane-
associated proteins, including TNF-A, Fas ligand, the TNF 
receptors (TNFRs), and the epidermal growth factor  receptor. 
The biological responses to TNF-A are mediated by two 
receptors: type 1 (TNFR1, also known as p60, p55, CD120a) 
and type 2 (TNFR2, also known as p80, p75, CD120b). Both 
receptors are transmembrane glycoproteins with multiple 
cysteine-rich repeats in the extracellular N-terminal domains. 
Although their extracellular domains share structural and 
functional homology, their intracellular domains are distinct, 
and transduce their signals through both overlapping and 
distinct pathways. TNFR1 differs from TNFR2 because it 
contains a death domain absent in TNFR2. The death domain 
is a sequence of approximately 70 amino acids necessary for 

TNF-A to trigger cellular apoptosis. It provides a docking site 
for a number of accessory proteins, including Fas-associated 
death-domain-containing protein, TNFR1-associated death-
domain-containing protein, and TNFR-associated factor 2. 
TNFR1-associated death-domain-containing protein and 
TNFR-associated factor 2 provide the branching points for 
the proapoptotic and inflammatory signaling pathways that 
are characteristic of TNFR1. Under physiological conditions, 
signaling through TNFR1 seems to be primarily responsible 
for the proinflammatory and shock-producing properties of 
TNF-A. In contrast, other biological responses to TNF-A 
seem to be dependent on signaling through both receptors. 
All nucleated cells express TNFRs, although their distribution 
varies with cell type. TNFR1 is expressed constitutively on 
most cell types, whereas expression of TNFR2 can be induced. 
In addition, TNFR2 is restricted to certain cell types and can 
discriminate TNF-A from different species.14 The receptors 
differ significantly in their binding affinities for homotrimeric 
TNF-A. In fact, binding of homotrimeric TNF-A to TNFR1 is 
thought to be essentially irreversible, while binding to TNFR2 
is associated with both rapid on and off kinetics.15 TNF-A sig-
naling through TNFR2 seems to have a dual action in T-cells. 
In the absence of TNFR1 signaling, TNF-A promotes the 
proliferation of naïve T-cells through the actions of TNFR217. 
Moreover, despite the absence of a death domain, TNFR2 
induces apoptosis in activated CD8� T-cells independent of 
TNFR1 signaling.16,17 Both TNFRs on the cell surface can be 
cleaved by members of the matrix metalloproteinase family in 
response to inflammatory signals. Most organs of the body are 
affected by TNF-A, and the cytokine exerts various biological 
functions that will contribute towards the modulation of local 
inflammation in a cell-to-cell contact manner, as well as in a 
cell-type-specific fashion; however, many of the functions of 
TNF-A are not yet fully understood. The cytokine possesses 
both growth-stimulating and growth-inhibitory properties, 
and it appears to have self-regulatory features as well. For 
example, TNF-A induces neutrophil proliferation during 
inflammation, but it also induces neutrophil apoptosis upon 
binding to the TNF-R55 receptor.18 The cytokine is produced 
by several types of cells, but especially by macrophage. 
Tracey and Cerami19 suggested two reasons for TNF-A to be 
continuously expressed. First, the low levels of the cytokine 
may aid in maintaining homeostasis by regulating the body’s 
circadian rhythm. Furthermore, low levels of TNF-A promote 
the remodeling or replacement of injured and senescent tissue 
by stimulating fibroblast growth. Other beneficial functions 
of TNF-A include its role in the immune response to bacterial 
and certain fungal, viral, and parasitic invasions, as well as 
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its role in the necrosis of specific tumors. Second, it acts as a 
key intermediary in the local inflammatory immune response. 
TNF-A is an acute-phase protein that initiates a cascade of 
cytokines and increases vascular permeability, recruiting 
macrophages and neutrophils to the site of infection. TNF-A 
secreted by macrophages promotes blood clotting, which 
helps contain the infection.

Although TNF-A is required for normal immune 
responses, as described above, its chronic overexpression 
has severe pathological consequences.

Role of TNF-] in JIA-related uveitis

A controlled study20 on the profile of cytokines in patients 
suffering from uveitis associated with JIA has shown that the 
aqueous humor samples of patients with uveitis, compared 
to controls, had increased levels of certain cytokines, such as 
interleukin (IL)-2, IL-6, IL-10, IL-13, IL-18, interferon-G, and 
TNF-A. The levels of IL-8 and IL-10 were lower in patients 
with uveitis in the quiescent phase and in those treated with 
methotrexate, compared to the patients with active uveitis 
or without treatment. There were no significant differences 
between patients who used topical and/or systemic steroids 
and patients who did not. The authors found, in children with 
uveitis, an increase in the aqueous humor levels of cyto-
kines, chemokines, and soluble adhesion factors, even in the 
absence of apparent inflammation. Another controlled study21 
demonstrated high levels of TNF-A in the aqueous humor 
and serum of patients with recurrent uveitis, as compared to 
healthy controls. Such levels were higher in the serum than in 
the aqueous humor. Some authors have suggested that TNF-A 
participates actively in the pathogenesis of uveitis, although 
it seems to have a more important role systemically rather 
than locally. In animal models, it has been demonstrated that 
experimentally induced autoimmune uveoretinitis is CD4� 
Th1 dependent.22 A chronically activated T-cell produces, 
directly and indirectly, not only TNF-A, but also IL-1, IL-6, 
chemokines such as IL-8, inhibiting factors of macrophages, 
and metalloproteinases. A rise in tissue concentrations of TNF 
induces increased responsiveness of T-cells and macrophage 
activation, both events eventually causing tissue damage. 
These effects can be suppressed by anti-TNF agents.

Use of anti-TNF-] agents for the  

treatment of JIA-related uveitis

Anti-TNF-A agents used for the treatment of inflammatory 
ocular diseases include monoclonal antibodies directed 
against TNF-A, such as infliximab and adalimumab, and 
fusion proteins obtained by recombinant DNA technology, 

like etanercept, a soluble TNF-A receptor with greater  binding 
affinity than TNFR1 and TNFR2. Two other TNF-A inhibi-
tors, golimumab and certolizumab pegol, have just recently 
been brought into the market, hence there is still limited 
evidence of their use in the treatment of uveitis.23

The molecular structure, posology, side effects, and 
clinical application of each of these agents in respect of 
JIA-related uveitis are presented below.

Infliximab
Infliximab was the first commercially available agent for 
blocking TNF-A. It is a 149 kDa chimeric immunoglobulin 
(Ig) G1 monoclonal antibody, composed of the constant 
regions of the human IgGl K spliced to the murine variable 
antigen-binding region of a high-affinity human anti-TNF-A 
antibody.24 Infliximab (Remicade; Janssen Biotech, Inc,  
Horsham, PA, USA) neutralizes the functional activity of 
TNF-A by blocking its binding to the receptors,25 but it 
does not neutralize a related cytokine, TNF-B.26 Infliximab 
is administered as intravenous infusions up to 10 mg/kg 
at 4- to 8-week intervals after loading doses at baseline 
and at 2 weeks. Adverse effects include development of an 
infusion reaction; opportunistic infections, including latent 
tuberculosis; malignancies; lupus-like reactions; and rise of 
autoantibodies and transaminases. Patients must be screened 
for hepatitis B and C as well as tuberculosis with chest X-ray 
and the tuberculin skin test.27 Infliximab is not approved by 
the US Food and Drug Administration (FDA) for use in JIA 
patients; however, it is approved for treating pediatric Crohn’s 
disease in patients of 6 years or older, hence it has been used 
off-label also for JIA-related uveitis.

The efficacy of infliximab for treating uveitis has been 
extensively reviewed in adult patients suffering from Behçet 
disease and ankylosing spondylitis, in whom infliximab has 
proved to be a valid therapeutic option controlling ocular 
inflammation in most cases. Publications regarding the use 
of infliximab for treating JIA-related uveitis are certainly 
fewer and, with some exceptions, include smaller numbers 
of patients. In 2003, Mangge et al28 suggested a beneficial 
effect of infliximab in controlling severe uveitis in a pediatric 
patient with prolonged polyarticular JIA. Later, Richards 
et al29 stated that, using infliximab, it was possible to reduce 
the dose or withdraw some glaucoma, steroid, or other immu-
nomodulatory drugs. In their experience, infliximab proved 
to achieve better uveitis control and a simpler drug regimen, 
as well as possibly improving safety of surgical intervention. 
Three retrospective series of pediatric patients with uveitis, 
treated with infliximab, showed good results, with control of 
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ocular inflammation in all cases and without serious adverse 
events.30–32 Beneficial results of infliximab infusions for 
uveitis were also reported in a prospective study investigating 
its effects on refractory childhood uveitis.33,34

Etanercept
Etanercept (Enbrel; Amgen Inc, Thousand Oaks, CA, USA) 
is a recombinant fusion protein combining two human soluble 
p75 TNF receptors with an Fc domain of human IgG1 which 
binds both TNF-A and TNF-B. It is a large and complex mole-
cule, with a molecular weight of 150 kDa. It functions as a 
soluble receptor for TNF-A and possesses a binding affinity 
higher than that of other soluble receptors. Due to its long 
half-life of 98 to 300 hours, it is administered with a subcuta-
neous weekly injection at a dose of 0.8 mg/kg. Common side 
effects include a local reaction at the injection site, which usu-
ally does not require special care. Other undesired effects as a 
consequence of etanercept’s anti-inflammatory and immuno-
suppressive activity, which interferes with the host’s defense 
against infections, include respiratory infections, reactivation 
of tuberculosis, and sepsis. FDA approved etanercept for the 
treatment of moderate-to-severe polyarticular-course JIA in 
patients of 2 years of age and older.35

A few studies have evaluated etanercept in the treat-
ment of uveitis in children. A retrospective report of 
three JIA patients, a randomized, placebo-controlled trial 
(n�12), and a questionnaire-based survey failed to show a 
treatment effect.36–38 On the contrary, a mild improvement 
of ocular inflammation during etanercept therapy was 
found in 60% of ten children for up to 3 months,39 and in 
40% for up to 1 year,40 Other research reported that etan-
ercept was not superior to placebo in preventing uveitic 
relapses in previously controlled patients attempting to 
taper methotrexate use.41

Adalimumab
Adalimumab (Humira; Abbott Laboratories, Abbott Park, IL, 
USA), is a recombinant IgG1 monoclonal antibody contain-
ing only human peptide sequences targeting TNF-A and is 
classified as a fully humanized antibody. Adalimumab has a 
highly specific affinity to TNF-A, providing a tight binding to 
soluble and cell-surface TNF-A and blocking the interaction 
with its receptors.26 Being a highly specific agent targeting 
TNF-A, adalimumab does not inhibit the lymphotoxin TNF-B, 
which is produced by lymphocytes and which activates a 
variety of cellular signals. It is administered subcutaneously 
at the dosage of 40 mg every 1 to 2 weeks. Since adali-
mumab is fully humanized, there is less risk of developing 

autoantibodies and severe allergic reactions; otherwise, the 
side effect profile is similar to that of infliximab.42 In February 
2008, adalimumab received FDA approval for the treatment 
of moderate-to-severe active polyarticular JIA in patients 
aged 4 years and older.43

So far, adalimumab has generally shown a good safety 
and efficacy profile. Two small case series reported that 
it induced regression of ocular inflammation in almost 
80% of cases.44,45 A retrospective observational study 
of 20 patients with JIA and chronic uveitis treated with 
adalimumab reported that 7/20 (35%) patients had an 
improvement, 1/20 (5%) worsened, and 12/20 (60%) did 
not show a significant change in the activity of uveitis. The 
mean number of recurrences/year decreased from 1.9 to 
1.4 during adalimumab treatment.  Serious adverse events or 
side effects were not significant, so that adalimumab can be 
considered a potential treatment option in JIA-associated 
uveitis, even in patients nonresponsive to previous other 
anti-TNF therapy. Nevertheless, seven patients in this 
study discontinued adalimumab during the follow-up: 
six because of inefficacy and one because of inactive 
uveitis.46 A prospective observational study of 26 Greek 
children with JIA demonstrated that adalimumab was safe 
and efficacious during the study period in the majority 
of patients, controlling recurrent uveitis and radiological 
progression of disease.47 More recently, adalimumab was 
used in 94 patients with JIA to treat active arthritis and/or 
active associated uveitis. At the end of the study, uveitis 
was under control in two-thirds of 54 patients (31% did 
not need any local treatment and 35% used only one to 
two corticosteroid drops per day), while one-third had 
active uveitis (at least three corticosteroid drops per day). 
According to the Standardization of Uveitis Nomenclature 
(SUN) criteria, adalimumab treatment for uveitis showed 
improvement (a two-fold decrease in uveitis activity) in 
28% of patients, with a moderate response in 16 patients, no 
change in a further 16 patients, and worsening (a two-fold 
increase in uveitis activity) in 13% of patients. The overall 
proportion of patients with active arthritis decreased. At 
the beginning of the study, 69% of patients with uveitis 
had more than two active joints, and at the end of the study 
only 27% had active joint disease. In 27 patients with JIA 
without uveitis on adalimumab, the number of active joints 
decreased from 93% to 59%. Systemic corticosteroid treat-
ment could be stopped in 22% of patients with uveitis and 
in 11% of those without uveitis. Most of the patients had 
received methotrexate, other immunosuppressive therapy, 
or other biological drugs before initiating adalimumab.48
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Some comparisons between different TNF-A blockers 
have been performed, suggesting that infliximab causes bet-
ter clinical responses than etanercept.49,50 In 2011, Simonini 
et al51 directly compared adalimumab and infliximab in a pro-
spective multicenter cohort study of childhood  noninfectious 
chronic uveitis. The authors suggest that, even if limited to a 
relatively small group (16 patients, 12 of whom were affected 
by JIA-related uveitis), over 3 years of treatment, adalimumab 
is more effective than infliximab in maintaining remission of 
chronic childhood uveitis.

Golimumab
Golimumab is a completely humanized monoclonal anti-TNF 
antibody for subcutaneous administration at the dose of 50 
mg once per month. It binds both soluble and membrane-
bound forms of TNF-A.52 In preclinical studies, golimumab 
was shown to have a high affinity for TNF and neutralized 
TNF effectively.53 It is the subject of studies in and is approved 
for the treatment of rheumatoid arthritis, psoriatic arthritis, 
and adult ankylosing spondylitis, while a controlled multi-
center trial in JIA is still ongoing.54 The first report on the use 
of golimumab in uveitis included an adult patient with JIA-
related uveitis who failed other TNF-inhibitor therapies and 
responded to golimumab.55 Recently, William et al56 published 
a small retrospective case series of three patients affected 
by JIA-related uveitis treated with golimumab, reporting 
good results, thus concluding that golimumab appears to be 
safe and provides an alternative treatment in refractory JIA 
uveitis, even for patients who have not responded to other 
TNF inhibitors.

Other anti-TNF-A agents
Certolizumab pegol is a PEGylated Fab fragment of a 
 humanized anti-TNF antibody. The PEGylation of the 
antibody delays the elimination and thus provides a longer 
half-life. It was tested in Phase III trials in Crohn’s disease 
and in rheumatoid arthritis.57,58 Certolizumab pegol does not 
 possess an Fc-region. Therefore, cell-mediated cytotoxicity 
is not possible. This could possibly result in a decreased risk 
for infectious diseases compared with full TNF-A antibodies. 
To the best of our knowledge, it has not yet been used for the 
treatment of uveitis.

A new topical TNF blocker for topical use is under 
 development for the treatment of anterior uveitis (ESBA105; 
NCT00823173).59 Topical administration seems to avoid 
systemic side effects,  complications, and inconveniences 
during application. Its efficacy, however, has not yet been 
evaluated.60

Our experience

We have used anti-TNF-A agents for treating 12 patients,  
the majority of whom were female (four males, eight 
females). Their mean age was 9.7 years, ranging from 2 
to 17 years old. According to the literature, nine patients 
out of 12 (75%) were found positive for ANA (antinuclear 
antibodies), confirming ANA positivity as a risk factor for 
uveitis development. The mean interval between the diagno-
sis of JIA and uveitis was 4 months; in one patient, uveitis 
preceded the onset of JIA. Moreover, all of them were  
suffering from oligoarticular JIA, the subtype known to be 
associated with ocular disease. The patients’ uveitis proved 
to be refractory to topical therapy and second-line agents, 
being, in our case, corticosteroids and methotrexate. Nine 
patients received subcutaneous injections of adalimumab 
at the dose of 24 mg/m2 every other week with a maximum 
of 40 mg every 2 weeks. Three patients who would not 
have been compliant with adalimumab, received intrave-
nous infliximab at the dose of 5 mg/kg at baseline, after 2 
and 6 weeks, and then every 6 to 8 weeks. Before starting 
therapy with anti-TNF agents, all patients underwent chest 
X-ray, full blood count, and Mantoux test, which proved 
to be negative in all cases. During the treatment, patients 
underwent routine assessment consisting of a physical 
examination, laboratory evaluation with full blood count 
and inflammation parameters, and kidney and liver function 
test – every 30 to 45 days for those receiving adalimumab 
and before each infliximab infusion for the  others. All 
patients underwent ophthalmological evaluation with slit-
lamp biomicroscopy assessing cells and flare every 8 to 12 
weeks. The mean follow-up time was 22 months (standard 
deviation 15.5 months), ranging from 1 to 42 months.

The efficacy of anti-TNF agents as compared to standard 
treatment, represented in our case by systemic prednisone 
and methotrexate, was evaluated on the basis of two main 
outcome measures: the incidence of uveitis relapses and the 
occurrence of new complications. The number of relapses 
was significantly lower (P�0.001, Student’s t-test), a 
mean of 0.3 relapses for patients during the observational 
period using anti-TNF therapy, compared to the number 
of relapses during standard treatment, represented by a 
mean of 5.25 relapses per patient treated with steroids 
and methotrexate or methotrexate alone (Figure 1). When 
comparing the length of disease-free  intervals during stan-
dard and anti-TNF therapy, Mantel–Cox test (logrank test; 
C2�13.24; P�0.001) proved a higher  survival probability, as 
in absence of disease, during anti-TNF treatment (Figure 2). 
Considering that complications, such as synechiae,  cataract, 
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 glaucoma, band keratopathy, and macular edema, are related 
to the number of uveitis episodes, it is not surprising that 
their occurrence was also lower during the follow-up time 
when using TNF blockers. The most frequent type of 
complication in our case series were synechiae, followed 
by cataract formation, band keratopathy, and glaucoma, 
glaucoma affecting only one patient (Figure 3).

Discussion

JIA-related uveitis is a chronic disorder, the course of 
which is characterized by the alternation of periods of 
relative quiescence with periods of exacerbations, that 
tend to result in a higher incidence of complications such 
as cataracts, glaucoma, band keratopathy, and cystoid 
macular edema, which, in turn, may cause severe visual 
loss. Therefore, the primary therapeutic goal is to com-
pletely eradicate the active intraocular inflammation and 
the secondary one is to minimize and possibly eliminate 
the use of topical steroids, the use of which may also cause 
long-term complications. At present, there are no encoded 
therapeutic protocols that help in establishing an optimal 

treatment for this type of uveitis. Anti-TNF agents have 
revolutionized the treatment of JIA, as they achieve better 
control of the disease than previously possible with all 
other disease-modifying anti-rheumatic drugs. The stud-
ies conducted so far, including ours, are in favor of the 
efficacy of treatment, efficacy that is well supported by 
the results: the percentages of remission of uveitis patients 
vary between 40% and 80%. It is important to emphasize 
that biological agents are not, as yet, an alternative to con-
ventional therapy, and that their use should be considered 
only in patients with the most severe and refractory forms 
of uveitis. The latter are constituted by uveitis with a real 
risk of developing complications that may cause irrevers-
ible visual impairment or by cases that the need a prolonged 
steroid or immunosuppressive therapy to control the dis-
ease. Furthermore, since the number of patients reported 
to date is still relatively limited, more studies are needed 
to define more precisely the toxicity profile of the various 
compounds and, at the same time, to determine whether 
these therapies can be administered for long times without 
risk in pediatric patients. TNF-blocking agents allow us to 
gain better control of the disease, but the main problem is in 
understanding if and when it is appropriate to discontinue 
their administration. Clinicians must, in fact, always take 
account of the possibility that their prolonged use may 
result in the appearance of significant side effects; knowing 
that patients suffering from JIA are already, per se, more at 
risk of developing leukemia and lymphomas makes their 
use even more challenging. Last but certainly not least, we 
need to be aware of the high costs of these therapies. This 
makes necessary, at the time of prescription, an accurate 
assessment of the cost/benefit ratio.
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Figure 1 Patients treated with tumor necrosis factor (TNF)-blocking therapy show 
a significantly lower number of relapses than those receiving methotrexate and/or 
steroids (traditional therapy).
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Figure 2 Survival curves representing, on the x-axis, the time (in days) to the first 
uveitis relapse, with the y-axis representing the percentage of relapses.
Note: The slope of the MTX curve demonstrates how the survival rate is lower as 
the patients experience more relapses (P�0.001).
Abbreviations: MTX, methotrexate; TNF, tumor necrosis factor.
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Figure 3 Complication frequency using traditional therapy and with anti-tumor 
necrosis factor (TNF) agents.
Notes: The majority of patients undergoing traditional therapy, in our case steroids 
and/or methotrexate, presented a higher frequency of complications (cataract, 
synechiae, band keratopathy, glaucoma, and macular edema). Lower values resulted 
in the anti-TNF sample, in which one patient developed synechiae.
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Conclusion

So far, JIA-related uveitis remains one of the main causes 
of visual impairment in children. Therapy of uveitis typi-
cally follows a stepladder approach, beginning with topical 
corticosteroid drops and mydriatics, with a move to systemic 
immunosuppressive drugs in case of poor clinical response. 
Anti-TNF agents bring an important addition to the treatment 
options for childhood uveitis, in particular adalimumab and 
infliximab rather than etanercept, the results of which, in 
the management of JIA-related uveitis, are controversial: 
some reports even relate the development of uveitis dur-
ing etanercept therapy in adult patients.61–63 Although TNF 
blockade has beneficial effects in JIA-related uveitis, lack 
of evidence from randomized controlled studies limits the 
understanding of when to start therapy, which agent to choose, 
and how long to continue treatment. In addition, high cost 
and potential side effects of these drugs have limited their 
use to uveitis refractory to traditional immunosuppression. 
Anti-TNF compounds require long-term data to assess their 
safety, and more prospective, large comparative studies are 
needed to optimize the treatment of this disease.
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