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Abstract Autoimmune uveitis (AU), an inflammatory

non-infectious process of the vascular layer of the eye, can

lead to visual impairment and, in the absence of a timely

diagnosis and suitable therapy, can even result in total

blindness. The majority of AU cases are idiopathic,

whereas fewer than 20 % are associated with systemic

diseases. The clinical severity of AU depends on whether

the anterior, intermediate, or posterior part of the uvea is

involved and may range from almost asymptomatic to

rapidly sight-threatening forms. Race, genetic background,

and environmental factors can also influence the clinical

picture. The pathogenetic mechanism of AU is still poorly

defined, given its remarkable heterogeneity and the many

discrepancies between experimental and human uveitis.

Even so, the onset of AU is thought to be related to an

aberrant T cell-mediated immune response, triggered by

inflammation and directed against retinal or cross-reactive

antigens. B cells may also play a role in uveal antigen

presentation and in the subsequent activation of T cells.

The management of AU remains a challenge for clinicians,

especially because of the paucity of randomized clinical

trials that have systematically evaluated the effectiveness

of different drugs. In addition to topical treatment, several

different therapeutic options are available, although a

standardized regimen is thus far lacking. Current guidelines

recommend corticosteroids as the first-line therapy for

patients with active AU. Immunosuppressive drugs may be

subsequently required to treat steroid-resistant AU and for

steroid-sparing purposes. The recent introduction of bio-

logical agents, such as those targeting tumor necrosis fac-

tor-a, is expected to remarkably increase the percentages of

responders and to prevent irreversible sight impairment.

This paper reviews the clinical features of AU and its

crucial pathogenetic targets in relation to the current

therapeutic perspectives. Also, the largest clinical trials

conducted in the last 12 years for the treatment of AU are

summarized and critically discussed.
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Introduction

Uveitis is an inflammatory disorder involving the pig-

mented vascular coat of the eyeball. This term, however, is

now used more extensively to describe many forms of in-

traocular inflammation affecting not only the uveal tract

but also the retina and its vessels, the optic nerve, and the

vitreous. Uveitis is a major cause of severe visual impair-

ment and accounts for 10–15 % of all cases of total

blindness in the USA [1]. Its prevalence is estimated to be

115 cases per 100,000 people, with an incidence in the

USA of 52.4/100,000 person-years [1]. Uveitis is more

frequently diagnosed in younger adults: In our own expe-

rience, 48 out of 104 (46.1 %) difficult-to-treat patients

with AU, followed up at a single tertiary reference center,

were of\40 years at presentation [2]. There is a slightly

higher prevalence in females (M/F ratio 0.68 to 0.95) [3–6],

with few exceptions (M/F ratio 1.06 to 1.08) [7, 8].
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The disease is classified as: (a) infectious, when an

obvious infectious agent is recognized (e.g., Herpes

viruses, Toxoplasma gondii, Candida albicans, Borrelia

burgdorferi, Mycobacterium tuberculosis, Chlamydia tra-

chomatis); (b) non-infectious, when it is believed to be

autoimmune or immune-mediated in origin. Although the

distinction between autoimmune and immune-mediated is

vague, the former is linked to an autoimmune reaction to

self-proteins (autoantigens), while the latter is primarily

due to an aberrant activation of the innate inflammatory

response to environmental triggers (microbial) or to au-

tologous immune changes (tissue damage) [9]. Thus, the

term autoimmune uveitis (AU) indicates an isolated type of

autoimmune uveal inflammation that can occur without

other autoimmune manifestations (idiopathic autoimmune

uveitis: I-AU) or in the context of a known systemic au-

toimmune disease (systemic disease-associated autoim-

mune uveitis: SDA-AU) [10]. Sometimes, mainly in

elderly patients, uveitis is the first presentation of an occult

malignancy (‘‘masquerade syndrome’’), e.g., a central

nervous system lymphoma [11, 12].

In a large cross-sectional study comprising 2619 patients

with uveitis, 62.8 % of them had I-AU, 18.5 % had SDA-

AU, and the remaining 18.7 % infectious uveitis [6]. These

results are consistent with our cohort of 104 difficult-to-

treat patients AU patients [2], with a higher prevalence of

I-AU (72.1 %) compared with SDA-AU (27.9 %). Owing

to this heterogeneity, the diagnosis and the treatment of AU

are frequently challenging.

The aim of this paper is to provide an overview of the

clinical features, pathogenetic clues, and therapeutic ap-

proach to AU.

Nosographic setting and epidemiological data

The most widely used classification of uveitis was devised

by the International Uveitis Study Group (IUSG) since

1987 [13], based on the anatomic location of the inflam-

matory process. It includes (a) anterior uveitis (iritis, iri-

docyclitis, and anterior cyclitis), (b) intermediate uveitis

(pars planitis, posterior cyclitis, and hyalitis), (c) posterior

uveitis (focal, multifocal, or diffuse choroiditis, choriore-

tinitis, retinitis, and diffuse neuroretinitis), and (d) panu-

veitis (involving the anterior chamber, the vitreous, the

retina, and the choroid). Several years later, the Stan-

dardization of the Uveitis Nomenclature (SUN) Working

Group [14] emphasized the validity of the anatomic

classification and added new standards for grading ana-

tomic location and inflammatory activity. These may be

useful in clinical trials for testing the effectiveness of

novel treatments. Nevertheless, ambiguities remain, such

as in pars planitis, neuroretinitis, and anterior/intermediate

uveitis [15].

Because the patterns of AU differ in various geographic

regions according to race, genetic background, and envi-

ronmental factors, it is hard to establish a universal clas-

sification system [16]. In the already-mentioned cross-

sectional study [6] of 2619 patients with uveitis, the most

common anatomic form was anterior uveitis (59.9 %),

followed by posterior (18.3 %), intermediate (14.8 %), and

panuveitis (7 %). Anterior and intermediate AU account

for the majority of idiopathic forms in both Eastern and

Western countries and may be associated with Behçet’s

disease [17], spondyloarthropathies [18, 19], and juvenile

idiopathic arthritis [20]. Posterior AU is mainly idiopathic

in Western countries [21] and is associated with Behçet’s

disease in Turkey [22] and Iran [23]. In our own experience

with 104 difficult-to-treat patients, the different systemic

diseases that were associated to AU are reported in Fig. 1.

Clinical features

Obviously, the clinical picture of AU varies according to

which part of the uvea is involved. Symptoms can range

from eye redness and pain to light sensitivity, blurred vi-

sion (distinctive of anterior uveitis) or declining visual

acuity (retinitis or neuroretinitis). Some patients (often

those with childhood posterior uveitis) may be asymp-

tomatic. Symptoms usually occur suddenly and worsen

rapidly, although sometimes they develop gradually and

become chronic or recurrent [24]. They may affect one eye

or both eyes. Based on the observation of 104 difficult-to-

treat patients with AU, who had been referred to our ter-

tiary reference center and had been followed up for a

median of 4.8 years, the most frequent complications, at

disease onset or later, were cataract (24 %), retinal neo-

vascularization (16.3 %), chorioretinal scars (10.6 %),

cystoid macular edema (8.6 %), glaucoma/hypertension

(7.7 %), epiretinal membranes (4.8 %), and retinal de-

tachment (3.8 %) [2]. AU can involve only the eye, or it

can be part of a systemic disease whose identification is

helpful for the choice of treatment.

Several conditions can be related to AU: Some are

known systemic diseases, while others are rare syndromes

restricted to the eye. One first example is birdshot chori-

oretinopathy, a rare posterior bilateral uveitis characterized

by distinctive, multiple, hypo-pigmented choroidal and

retinal areas of inflammation. At least 96 %, and possibly

all patients, share the major histocompatibility antigen

HLA-A29 [25]: Patients who are HLA-A29 carriers exhibit

a relative risk ratio of 49.9 for birdshot chorioretinopathy

[26]. Another example is sympathetic ophthalmia, also

called sympathetic uveitis, a rare bilateral granulomatous

panuveitis that occurs following a penetrating injury to one

eye. Its pathophysiology is still unclear, but it has been

hypothesized that the disrupted integrity of the injured eye
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leads to an autoimmune hypersensitivity reaction against

the exposed ocular antigens in the injured eye as well as in

the sympathizing eye [27].

Many systemic rheumatologic disorders can be associ-

ated with uveitis: It is known, for example, that the most

frequent extra-articular manifestation in spondyloarthritis

is eye involvement, which occurs in percentages ranging

from 25 to 30 % in patients with psoriatic arthritis to

approximately 33 % in those with ankylosing spondylitis

[28, 29]. The occurrence of AU usually precedes systemic

involvement [30], and its prevalence increases with the

duration of disease in HLA-B27-positive patients [31, 32].

Typical eye involvement is sudden-onset, unilateral, an-

terior uveitis (iridocyclitis), characterized by painful red

eye with photophobia and blurred vision together with a

strong tendency for recurrent attacks, also in the con-

tralateral eye.

Eye involvement in Behçet’s disease occurs in 30–70 %

of patients, with a more severe progression in male and

young patients (disease onset \40 years). Generally, eye

involvement appears 2–3 years after recognition of the

disease; only in a quarter of cases, it is the first presenting

feature [33, 34]. The typical form is a chronic, relapsing,

bilateral uveitis affecting both anterior and posterior seg-

ments of the uvea (panuveitis). Retinal vasculitis and vit-

reitis are the most frequent findings in posterior uveitis,

while anterior uveitis with hypopyon is peculiar to ocular

Behçet’s disease, although it is diagnosed in only one-third

of patients [33]. Ocular involvement in Behçet’s disease is

characterized by explosive attacks of severe inflammation,

and about 25 % of patients with retinal involvement de-

velop serious complications (hemorrhage, thrombosis,

macular disease), leading to blindness. Loss of visual

acuity in association with neurological disease is the major

cause of morbidity and disability in Behçet’s disease.

Pediatric uveitis affects around 10 % of children with

juvenile idiopathic arthritis, with a strong prevalence

among girls (80 %) [35]. Among the different phenotypes

of juvenile idiopathic arthritis, the oligoarticular type is

most frequently associated with anterior uveitis, positivity

of antinuclear antibodies, and the presence of DRB1*0801

(DRw8) allele [36]. The majority of patients usually pre-

sent a bilateral iridocyclitis within 4 years from the onset

of the disease, with a typically indolent and chronic course

that is defined as ‘‘white uveitis’’ [35, 37]. Both asymp-

tomatic and untreated forms can progress to total blindness

[38]. The most frequent complications of uveitis associated

with juvenile idiopathic arthritis are band keratopathy,

posterior synechiae, and ocular hypertension [37].

AU is a frequent complication of systemic sarcoidosis,

occurring in 20–50 % of these patients [39]. Because an

isolated ocular sarcoidosis rarely develops in older patients,

it is often misdiagnosed as primary intraocular lymphoma

[40]. Sarcoidosis can involve any part of the eye, including

the orbit and the lacrimal gland. It usually presents with

bilateral fat keratic precipitates, iris nodules, and anterior

and posterior synechiae. Long-term complications are

common, and cystoid macular edema is the worst

consequence.

Vogt–Koyanagi–Harada syndrome is a systemic au-

toimmune disease characterized by a bilateral, chronic,

diffuse, granulomatous panuveitis that is frequently asso-

ciated with other systemic disorders, including those with

neurological, auditory, and tegumentary manifestations

[41, 42]. It is also one of the most common forms of uveitis

among Chinese and Japanese patients [7]. More rarely, AU

is associated with other autoimmune diseases, such as

systemic lupus erythematosus, rheumatoid arthritis,

Wegener’s granulomatosis, Sjögren’s syndrome, pol-

yarteritis nodosa, primary anti-phospholipid syndrome
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Fig. 1 Schematic

representation of the

distribution of idiopathic and

systemic disease-associated

autoimmune uveitis in a cohort

of 104 difficult-to-treat patients

followed up at a tertiary

reference center
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[43], autoimmune hepatitis [44], multiple sclerosis [45],

inflammatory bowel diseases [46], and celiac disease [47].

Finally, several drugs with indications in diseases per-

taining to different areas of medicine (such as cidofovir,

anti-mycobacterial antibiotics, bisphosphonates, sulfon-

amides, tumor necrosis factor-a inhibitors, oral fluoro-

quinolones, and anti-vascular endothelial growth factor

monoclonal antibodies) may uncommonly be associated

with uveitis [48, 49]. Often overlooked or misdiagnosed in

the past, drug-induced uveitis is now increasingly recog-

nized, thus becoming an important step of the uveitis di-

agnostic algorithm. Although the mechanisms underlying

drug-induced intraocular inflammation are poorly under-

stood, direct or immune-mediated toxic effects may be

involved [50]. In 1981, Naranjo et al. [51] established

several criteria to determine the potential causal relation-

ship between medication and adverse reaction. These cri-

teria are still used to distinguish four categories of causal

likelihood (i.e., definite, probable, possible, and doubtful)

according to a numerical score (0–13). Patients with drug-

induced uveitis commonly present with moderate-to-severe

non-granulomatous anterior uveitis, scleritis and episcleri-

tis that develop 1–3 weeks after the administration of a

systemic, intraocular, or topical drug. Discontinuation of

the suspected drug(s) and/or addition of topic corticos-

teroids and cycloplegic therapy is usually followed by

resolution of the ocular inflammation [48].

Pathogenetic clues

The delicate nature of the ocular tissues has greatly limited

the use of invasive techniques aimed at obtaining tissue

specimens, and this has obviously hampered the studies of

the pathogenetic mechanisms underlying the heteroge-

neous spectrum of AU. In addition, the experimental

models of AU, in spite of their undisputable usefulness, do

not reproduce exactly the complex relationships between

the immune system and the eye [9]. Nevertheless, it has

been hypothesized that a number of inflammatory pro-

cesses may induce an aberrant T cell-mediated immune

response that breaks down the blood–retinal barrier and

acts against retinal antigens or cross-reactive antigens [52,

53]. The retinal antigens involved are most probably

components of melanocytes or tyrosinase or tyrosinase-

related proteins [54, 55], such as retinal arrestin (S-anti-

gen), inter-photoreceptor retinoid-binding protein, recov-

erin, melanin proteins and their products, and rhodopsin

[56].

Retinal antigen-specific CD4? T cells account for the

pivotal role of inflammation in the development and

maintenance of the disease [54]. Clinical studies in humans

and in animal models have shown specific roles for several

T cell effector phenotypes and their cytokine pathways:

T helper 1 (producing interleukin-2 and interferon-c) and T

helper 2 cells (producing interleukins 4, 5, and 13) exert

both pathogenetic and protective roles, whereas T helper 9

(interleukins 9 and 10) and T helper 17 cells (interleukins

17A, 21, and 22) play exclusively pathogenetic roles [53].

Recently, T helper 17 cells have been implicated in the

uveal pathology based on the observation that, in mice, the

deletion of signal transducers and activators of transcrip-

tion 3 (STAT 3) and retinoic acid receptor-related orphan

nuclear receptors (RORct and RORa) in CD4? T cells

abrogates T helper 17 cell differentiation and prevents the

onset of posterior AU [57]. Moreover, CD4? T cells iso-

lated from experimental AU exhibit high levels of death

receptor 3, which promotes the increase in interleukin-17

[58] and serum interleukin-17A levels in active uveitis

[59]. Particularly, T helper 17 cells seem to be involved in

the end phase of experimental AU, in which blockade of

interferon-c and interleukin-4 in wild-type mice resulted in

the exacerbation of AU at a later phase marked by in-

creased interleukin-17 production, whereas AU severity

was significantly reduced in interleukin-17(-/-) mice

[60]. Although either the Th1 or the Th17 effector response

can independently drive uveitis, it is likely that in human

uveitis, the conditions related to the early events play a

pivotal role in determining the dominant effector T cell

response [61]. Additional studies on the pathogenesis of

AU have been focused on the involvement of innate im-

mune response, especially during the first phase of anterior

AU. This evidence and the absence of specific autoantigens

suggest that AU can be considered an auto-inflammatory

condition [52].

Toll-like receptors 2 and 4 (TLR2 and TLR4) have been

shown to be constitutively expressed by antigen-presenting

cells of normal uvea, retina, sclera, and conjunctiva [62]

and to serve as the link between innate and cell-mediated

immune response [63]. In secondary lymphoid tissues,

bacterial components such as the peptidoglycan of gram-

positive bacteria and lipopolysaccharides of gram-negative

bacteria bind to TLR2 and TLR4, respectively, leading to

the activation of the nuclear factor kappa light chain en-

hancer of activated B cells (NF-kB) pathway and to the

production of pro-inflammatory cytokines IL-1, IL-2, IL-6,

and TNF-a [64, 65]. These responses induce naı̈ve T cells

to differentiate into two main subsets of autoreactive ef-

fector CD4? T cells, namely T helper 1 and T helper 17

[53, 65]. Importantly, in TLR4 gene-deficient mice, ex-

perimental anterior AU cannot be induced, as shown by

clinical manifestations, histological changes, and expres-

sion of the downstream signal transduction molecules

MyD88 and NF-kB, all of which are absent in these ani-

mals [65]. The possible implications of TLR2 and TLR4

polymorphisms in the Caucasian populations have not yet

been clarified [63].
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Following activation and polyclonal expansion, T helper

1 and T helper 17 cells escape peripheral tolerance

mechanisms and move to the eyes, where they probably

reduce and inhibit CD4?CD25? regulatory T cells (Tregs)

[66, 67]. This is likely to occur especially in patients with

Behçet’s disease [68] and Vogt–Koyanagi–Harada syn-

drome [69]. An increase in the frequency and im-

munoregulatory activity of Tregs has been demonstrated

during the development of experimental AU, in which

Tregs are able to induce the regression of inter-photore-

ceptor retinoid-binding protein-induced AU in mice [70].

In addition, in a series of AU patients the Treg lymphocyte

population increased and the functional state of these cells

was restored following therapy-induced improvement [71].

Experimental models indicate that the complement

pathway and complement regulatory proteins (Cregs), in-

cluding Crry (complement-related gene/protein y, 512

antigen), are involved in AU. In fact, antibodies against

factor B prevent the development of anterior AU in mice,

inhibiting specific CD4? T cell proliferation in vitro and

reducing tumor necrosis factor-a and interferon-c produc-

tion [72]. Furthermore, complement inhibition by recom-

binant Crry linked to the Fc fragment of rat

immunoglobulin G (Crry-Ig) reduces the levels of C3, the

membrane attack complex, chemokines (IFN-c), and ad-

hesion molecules (ICAM-1, LECAM-1, and IP-10) in the

eye and rapidly improves experimental anterior AU [73].

Similarly, C3-/- mice are less susceptible of developing

AU [74]. Complement (via C5a) can also activate macro-

phages; studies in mice have indeed demonstrated the hy-

per-expression of CD200 receptors on retinal resident

macrophages, which promote a permanent inhibitory state

[75]. The AU that develops in CD200-/- mice is char-

acterized by extensive macrophage infiltrates with IFN-c-
mediated nitric oxide and IL-6 production [76]. Specific

polymorphisms of complement components are also asso-

ciated with the development of AU, such as complement

factor H gene in posterior and intermediate AU [77] and C2

component and complement factor B in anterior AU [78].

Finally, adhesion molecules promote T cell migration

into the eyes through the blood–retinal barrier, as shown by

the administration of monoclonal antibodies against

ICAM-1, LFA-1 [79], VLA-4, and VCAM-1 [80] and of

anti-a4-integrin inhibitor peptide [81], all of which prevent

the development of experimental AU. T cells move into the

eye also following breakdown of the blood–retinal barrier,

in response to the actions of vascular endothelial growth

factor, tumor necrosis factor-a, and interleukin-1b on the

tight junctions between endothelial cells [82].

The role of B cells in AU is poorly understood [9]. B

cell depletion induced by the administration of an anti-

CD20 monoclonal antibody (rituximab) has been shown to

be effective in patients with chronic anterior uveitis

resistant to corticosteroids and conventional immunosup-

pressive therapy [83], in Behçet’s disease-associated

uveitis [84], and in juvenile idiopathic arthritis [85]. These

observations suggest that B cells may be involved in uveal

antigen presentation and the subsequent activation of T

cells.

Treatment of autoimmune uveitis

The abovementioned pathogenetic pathways provide the

rationale for the therapeutic use of immunosuppressants,

cytokines, and biological drugs at various levels in AU

(Fig. 2). The most commonly used drugs act on one or

more key points in the proposed pathogenetic pathway: (1)

Corticosteroids and cyclophosphamide block NF-kB sig-

naling activated by TLR2 and TLR4 (peripheral lymph

nodes) in addition to acting on activated CD4? cells; (2)

anakinra (IL-1 receptor antagonist) and tocilizumab (anti-

interleukin-6) neutralize specific cytokines of the innate

immune response (peripheral lymph nodes); (3) cy-

closporin A, tacrolimus, and voclosporin inhibit CD4? T

cells and the nuclear factor of activated T cells; azathio-

prine, methotrexate, and mycophenolate mofetil suppress T

cells and activate B cells (peripheral lymph nodes); (4)

interferon-a has anti-proliferative activity on T cells; (5)

fingolimod, by modulating the sphingosine-1-phosphate

receptor, is able to halt T cell discharge by lymph nodes;

(6) natalizumab (anti-a4-integrin) prevents T cell migra-

tion through the endothelium in experimental AU; (7) anti-

tumor necrosis factor-a (infliximab, adalimumab, cer-

tolizumab, and etanercept) and anti-interleukin-2 (da-

clizumab) inhibit, respectively, tumor necrosis factor-a and

interleukin-2 produced by activated T helper 1 cells (pe-

ripheral lymph nodes); (8) secukinumab specifically targets

interleukin-17 produced by T helper 17 cells; and (9)

ustekinumab targets the p40 subunit common to both IL-12

and IL-23 that are involved in Th1 and Th17 responses,

respectively; (10) anti-vascular endothelial growth factor

antibodies (e.g., bevacizumab, ranizumab) neutralize vas-

cular endothelial growth factor derived from the nuclear

factor of activated T cell pathway as a consequence of the

production of hypoxia-induced factor 1.

A standard therapeutic regimen for the treatment of AU

has yet to be assessed in large, randomized, controlled

clinical trials [86]. Current guidelines for the use of im-

munosuppressive drugs [87] recommend corticosteroids as

the first-line therapy for patients who present with active

uveitis and the subsequent addition of immunosuppressive

agents in the management of resistant AU, also with ster-

oid-sparing purpose.

Table 1 summarizes the largest clinical trials published

in the last 10 years [88–102] on systemic immunosup-

pressive treatment of AU, excluding those with \20
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patients. The selected trials include I-AU and SDA-AU,

in adults and children. The response to treatment was

assessed in terms of percentages of patients achieving

disease control/inactivity, significant improvement in

clinical parameters such as visual acuity, and the most

frequent adverse events that occurred during treatment.

The following conclusions can be drawn from these

studies:

(a) Most of the available studies (11/15) were retrospec-

tive non-comparative analyses [88–96, 100, 102], and

only four were prospective clinical trials [97–99, 101].

(b) Eight studies enrolled more than 100 patients [88,

90, 92–95, 99, 101], the two largest consisting of 682

[101] and 384 patients [92].

(c) Out of 15 studies, four focused on SDA-AU

(juvenile idiopathic arthritis, Behçet’s disease [91,

96, 98, 101]); three dealt with idiopathic AU, defined

as ‘‘non-infectious’’ or ‘‘autoimmune’’ [93–95], and

the remainder considered both I-AU and SDA-AU

(Behçet’s disease, juvenile idiopathic arthritis, Vogt–

Koyanagi–Harada syndrome, spondyloarthropathy,

inflammatory bowel disease, and sarcoidosis) [88–

90, 92, 97, 99, 100, 102].

(d) With the exception of five studies [88, 89, 91, 100,

101], the average study length was only 6 or

12 months. At 6 months, cyclophosphamide and

mycophenolate mofetil seemed to be the most

effective immunosuppressive drugs, achieving dis-

ease control in 49.2 % [94] and 53.1 % [95] of

patients, respectively. At 12 months, the use of

azathioprine, cyclosporin A, cyclophosphamide, my-

cophenolate mofetil, methotrexate, and infliximab

resulted in disease control in 49 % or more of the

patients enrolled in the various trials [90–98]. In

particular, among patients with SDA-AU, 76.5 %

achieved inactivity with azathioprine alone within

1 year [96]; in those with I-AU, 76.4 % reached

disease control with cyclophosphamide [94] and

73.1 % with mycophenolate mofetil [95].

(e) At 12 months, anti-tumor necrosis factor-a antibod-

ies were found to be effective drugs in the control of

disease activity (from 69.0 to 93.7 % with infliximab

[97, 98, 102] and from 61.8 to 94.1 % with

adalimumab [97, 99, 100]).

(f) All immunosuppressants and monoclonal antibodies

allowed a reduction in steroid administration, but at
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loosely inspired to that proposed by Dr. Caspi [9]. The potential
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that migrate into the eye. Biological drugs are included in the rounded

blocks, anti-inflammatory, and immunosuppressive drugs in the

rectangular block. IFN-a2, interferon-a2; Th1, T helper cells 1;

Th17, T helper cells 17; APC, antigen-presenting cells; Treg, T

regulatory cells; nTreg, naturally occurring T regulatory cells, VEGF,

vascular endothelial growth factor; PMN, polymorphonuclear leuko-

cytes; anti-S1p R, anti-sphingosine-1-phosphate receptor; anti-IL-1R,

anti-interleukin-1 receptor; anti-IL-2 Ra, anti-interleukin-2 receptor

a; anti-IL-6, anti-interleukin-6
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12 months, the major steroid-sparing effect was

obtained with anti-tumor necrosis factor-a antibodies

[97], followed by cyclophosphamide [94],

methotrexate [92], and mycophenolate mofetil [95].

(g) The incidence of overall side effects ranged from

11.8 % with mycophenolate mofetil to 46 % with

infliximab. Azathioprine was mainly associated with

gastrointestinal effects [90, 96]; cyclosporine A with

renal toxicity and hypertension [91, 93]; cyclophos-

phamide with fatigue, nausea, headache, leukopenia,

and cystitis/hematuria [89, 94]; and methotrexate

and mycophenolate mofetil with gastrointestinal side

effects, an increase in liver enzymes, and myelo-

toxicity [88, 92, 95]. In the only comparative clinical

trial, anti-tumor necrosis factor-a infliximab had a

higher percentage of associated side effects than

adalimumab. Adalimumab, on the other hand, was

found to have a higher safety profile in childhood

AU, based on the absence of severe complications

(with the only reaction at the injection site) [97],

whereas the reversibility upon discontinuation of

therapy shifted the risk benefit in favor of infliximab.

A five-step protocol based on sequential therapeutic

stages was recently discussed [103]. It recommends the

invariable use of topical, periocular, and systemic corti-

costeroids in the treatment of non-infectious uveitis. Im-

munosuppressive drugs may enhance their anti-

inflammatory effects and act as steroid-sparing agents.

However, among the immunosuppressive drugs, cy-

closporin A and methotrexate should be used as second-

line treatment; azathioprine, mycophenolate mofetil, and

tacrolimus as third-line treatment; anti-tumor necrosis

factor-a monoclonal antibodies (such as adalimumab or

infliximab) as fourth-line treatment, with cyclophos-

phamide and chlorambucil administered only if the other

drugs failed to provide improvement.

Two final points should be underscored. The first is a

potentially higher risk of malignancies in AU patients re-

ceiving systemic immunosuppressive therapy [104].

Nonetheless, given that the clinical advantages largely

outweigh the risks, immunosuppressive therapy should be

administered whenever it is deemed beneficial, and the

potential risk for the later occurrence of a tumor should not

be a hindrance to its use. However, for a more reliable risk

assessment, multicenter, prospective, cohort studies on a

large number of patients with a long and accurate follow-

up are required.

The second point is the need, of careful reviewing all

current and previous drugs that the AU patient has been

given, in which systemic, periocular, intravitreal, and

topical medications have long been recognized as poten-

tially responsible for drug-induced ocular inflammation

[48–50]. The prompt recognition of drug-induced uveitis

and the consequent discontinuation of the inciting drug

usually result in regression of the ocular inflammatory

process, thus avoiding the administration of additional,

unnecessary drugs and the possible irreversible impairment

of the visual function.

Several main issues remain unresolved: (1) The clas-

sification of AU is poorly defined, such that most studies

consist of heterogeneous groups of patients with more

than one specific diagnosis, thus making it difficult to

assess their therapeutic responses. (2) Additional large

randomized controlled prospective trials are required to

evaluate the safety and efficacy of immunosuppressive

drugs, given that most studies have been retrospective and

few studies have compared the efficacy of the various

therapeutic agents, thus accounting for the lack of a

standard definition of success for biologics. (3) Informa-

tion about the risks and benefits of systemic treatment for

AU not associated with systemic diseases is still scanty,

especially for pediatric patients. (4) A critical assessment

of the individual systemic therapies currently available is

strictly related to a number of problems which have been

recently reviewed [105] and include the small target

population, the already-mentioned heterogeneous disease

groups, the poorly defined phenotypes, and the diagnostic

inconsistencies in the classification of the various types of

uveitis between clinicians. (5) Delivery systems to ad-

minister potent drugs locally remain to be developed;

their availability would avoid the risk of the severe

complications that may occur following systemic treat-

ment of patients whose disease is confined to the eye

[106].
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CS, Jabs DA, Levy-Clarke GA, Nussenblatt RB, Rosenbaum JT,

Suhler EB, Thorne JE. Systemic Immunosuppressive Therapy

for Eye Diseases Cohort Study Research Group: risk factors for

loss of visual acuity among patients with uveitis associated with

juvenile idiopathic arthritis: the Systemic Immunosuppressive

Therapy for Eye Diseases Study. Ophthalmology. 2013;120(1):

186–92.

38. Thorne JE, Woreta F, Kedhar SR, Dunn JP, Jabs DA. Juvenile

idiopathic arthritis-associated uveitis: incidence of ocular com-

plications and visual acuity loss. Am J Ophthalmol. 2007;

143(5):840–6.

39. Jamilloux Y, Kodjikian L, Broussolle C, Sève P. Sarcoidosis and
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