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Abstract: Uveitis, a group of conditions characterized by intraocular inflammation, is a major 

cause of sight loss in the working population. Most uveitis seen in Western countries is non-

infectious and appears to be autoimmune or autoinflammatory in nature, requiring treatment 

with immunosuppressive and/or anti-inflammatory drugs. In this educational review, we outline 

the ideal characteristics of drugs for uveitis and review the data to support the use of current 

and emerging therapies in this context. It is crucial that we continue to develop new therapies 

for use in uveitis that aim to suppress disease activity, prevent accumulation of damage, and 

preserve visual function for patients with the minimum possible side effects.

Keywords: clinical trials, immunomodulatory therapeutic agents, immunosuppression, 

inflammation, uvea

Background
Uveitis, a significant cause of blindness worldwide, is a term applied to a wide range of 

conditions that are characterized by intraocular inflammation. Many cases of “uveitis” 

do indeed involve inflammation of the uvea (which comprises the iris, ciliary body, 

and choroid), but may also involve adjacent structures such as the retina or vitreous. 

Uveitis is highly heterogeneous, varying in etiology, pattern, tissue involved, and 

extent. The uveitis specialist may be confronted by a small, localized area of inflam-

mation in a single tissue in a non-sight-threatening location, or widespread blinding 

inflammation involving almost all ocular tissues. Visual impairment is common, 

affecting between 2.8% and 10% of patients,1–3 and may result directly from damage 

to uveal tract structures, or may occur due to secondary effects on neighboring tissues: 

for example, accelerated cataract formation, glaucoma, and macular edema.4 

The Standardization of Uveitis Nomenclature (SUN) working group classifies 

uveitis according to the site of primary inflammation.5 Anterior chamber inflammation 

is categorized as “anterior uveitis”, and includes iritis, iridocyclitis, and anterior cyclitis. 

Inflammation primarily affecting the vitreous is referred to as “intermediate uveitis”, 

and includes pars planitis, posterior cyclitis, and hyalitis. “Posterior uveitis” describes 

inflammation of the retina or choroid. Finally, “pan-uveitis” describes the situation where 

inflammation is seen throughout the anterior chamber, vitreous, and retina or choroid. 

According to the SUN criteria, disease is further classified according to onset (sudden or 

insidious), duration (limited or persistent), and course (acute, recurrent, or chronic). 

Pathophysiology
Uveitis can be either infectious or noninfectious; whilst both may present with similar 

clinical features, they are best considered as distinct disease entities since the underly-

ing pathophysiology and treatment strategies are very different. 
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Whilst common in the developing world, infectious 

causes account for the minority of uveitis cases presenting 

to tertiary referral centers in the West. Infectious causes 

include organisms such as toxoplasma, cytomegalovirus, 

syphilis, and herpes viruses.6,7  Local infection results in 

foreign antigen presentation to ocular immune cells, with 

appropriate immune activation aimed at clearing the invad-

ing organism. Uveitis occurs as a secondary effect of this 

immune activation.

Noninfectious uveitis is thought to result from inappro-

priate activation of the immune system8 and it is therefore 

not surprising that it is often associated with systemic auto-

immune or autoinflammatory diseases such as ankylosing 

spondylitis (AS), sarcoidosis, or Behçet’s Disease (BD). 

In the remainder, however, no such systemic association is 

identified; these cases are generally labeled as “idiopathic” in 

recognition of the fact that the autoimmune/autoinflammatory  

origin of most of these cases is presumed rather than proven. 

Human data and experimental models indicate parallel 

changes in the inflammatory milieu of the intraocular 

microenvironment. Uveitis may be induced in animal models 

by a range of mechanisms that cause differentiation of naïve 

CD4+ T-cells to pathogenic effector cells, resulting in tis-

sue damage.9–13 Although similar pathogenic effector cells 

have been recovered from ocular fluids and tissue in human 

uveitis, the evidence for autoreactive T-cells (such as seen 

in the animal models) is much more limited.14,15

Such idiopathic cases account for the largest cohort of 

patients seen in most clinical practices in the West. In a retro-

spective study of all uveitis cases presenting to a tertiary center, 

Rodriguez et al reported 34% to be idiopathic, 10.4% to be 

associated with seronegative spondyloarthropathies, and 9.6% 

to be associated with sarcoidosis,16 although it should be noted 

that certain conditions are typically associated with particular 

anatomical groups, such as anterior uveitis with seronegative 

spondyloarthropathies. It is also of interest to note that, in a report 

from the Systemic Immunosuppressive Therapy for Eye Dis-

eases (SITE) retrospective study of US tertiary uveitis services, 

the leading systemic associations in 4,911 patients with uveitis 

were sarcoidosis (7%), seronegative spondyloarthropathy (5%), 

juvenile idiopathic arthritis (JIA) (5%), and BD (3%).17

Brief overview of treatment strategies
For infectious causes, treatment is aimed at eradicating the 

pathogenic organism with appropriately targeted antimicro-

bial therapy. In severe cases, such agents may be delivered 

directly to the eye by intravitreal injection, or are more fre-

quently administered systemically by an oral or intravenous 

route. Once the infectious agent is considered to be under 

control, immunosuppressive agents such as corticosteroids 

may be used judiciously to limit tissue damage.

For noninfectious causes, treatment involves suppres-

sion of the local immune response. It is useful to consider 

the concept of disease activity versus damage when treating 

inflammatory disease.18,19 “Activity” refers to the ongoing 

immune response, which may be acute or chronic, but is 

usually reversible. “Damage” refers to the effect of active 

inflammation on native tissues; it is usually irreversible. In 

simple terms, persistent activity will lead to accumulation 

of damage. In theory, effective therapy should suppress all 

activity and prevent or halt accumulation of damage.

Therapy in noninfectious uveitis is aimed at suppress-

ing the immune system, and ranges from topical therapy 

(commonly corticosteroid eye drops) to systemic immu-

nosuppression with either high-dose corticosteroids (oral, 

intravenous, intramuscular, or subcutaneous) or a wide range 

of corticosteroid-sparing immunomodulatory therapeutic 

(IMT) agents.20,21  Ideally, treatment should be targeted to 

the mechanism and localized to the tissue to maximize the  

efficacy/side-effect profile. However, this is often not 

achieved and new therapies should therefore aim to suppress 

disease activity, prevent accumulation of damage, and pre-

serve visual function for patients with the minimum number 

of possible adverse events.22–24 

Introduction to the epidemiology  
of uveitis
Uveitis is considered a rare disease,25  with an estimated 

incidence between 17  and 52 people per 100,000  popula-

tion in Europe and the USA,1,7,26,27  although a higher inci-

dence of disease may be observed in Chinese and Japanese  

populations.28 Despite this rarity, it is a disproportionately 

common cause of legally-recognized visual impairment, and is 

the fourth most common cause of blindness in the working-age 

population in the developed world.2,29,30 Uveitis can occur in 

any age group; however, it is particularly prevalent in younger 

people, with a mean age at onset of less than 40 years.30

Epidemiological studies in uveitis are particularly prone 

to bias. Most notably, a range of criteria exist for diagnosis 

and categorization of different uveitis entities; the relatively 

recent introduction of SUN working group anatomical clas-

sification has helped standardize practice; however, clinical, 

etiological, and pathological classification criteria have been 

used variably throughout the literature, and it is often dif-

ficult to compare published data from multiple sources.29,31–34 

In addition, since the majority of research in uveitis is 
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generated from tertiary referral centers with relatively little 

data from community-based practice, there is bias towards 

severe disease and a relative under-representation of more 

straightforward cases.35 Furthermore, given the heterogeneity 

of uveitis entities and the wide geographic variation in both 

clinical features and disease etiology, comparison between 

different regions is difficult.6

Disease etiology shows significant variation with age, 

with some forms of uveitis affecting specific groups. For 

example, in European populations, uveitis due to JIA occurs 

almost exclusively in children;36,37 human leucocyte antigen 

(HLA)-B27-positive disease is seen in young adults;38 and 

masquerade syndromes and lymphoma are more commonly 

seen in the elderly.25 

Infectious uveitis is relatively rare in developed coun-

tries, accounting for 13%–21% of cases, and is thought to 

be mostly due to infection by herpes viruses.6,25 This is in 

stark contrast with developing countries, where up to 50% 

of uveitis is thought to have an infectious etiology. The 

most common infectious causes in these populations are 

toxoplasmosis, tuberculosis, onchocerciasis, cysticercosis, 

leprosy, and leptospirosis.39 

In Western countries, anterior uveitis accounts for at least 

half of all cases,40 of which idiopathic disease accounts for 

approximately 50%.27 The most common clinical associa-

tions in those countries are HLA-B27-positive disease, AS, 

and Fuchs heterochromic iridocyclitis.6 It is estimated that 

up to 55% of Caucasian patients with acute anterior uveitis 

are HLA-B27 positive, compared to only 5%–10% in the 

general population.41 In contrast, the prevalence of anterior 

uveitis is much lower in Asian populations, which is thought 

to be due to the lower frequency of HLA-B27 positivity and 

AS.42 Despite this, it should be noted that HLA-B27 positiv-

ity remains the most common association with acute anterior 

uveitis in most Asian populations.40,42

Intermediate uveitis is the least common form of 

disease across all geographic regions, with an estimated 

incidence of 1.5–2.08 per 100,000 population in Western 

populations.6  There is thought to be a strong association 

with human T-cell lymphotropic virus type 1,43 and several 

authors have noted an association between pars planitis and 

multiple sclerosis (MS), although this has yet to be fully 

characterized.44,45

Posterior uveitis accounts for 15%–30% of diagnoses. 

The most common cause worldwide is toxoplasmosis, fol-

lowed by idiopathic disease.6,40,42  It follows that posterior 

uveitis is more common in developing countries, owing 

to the higher prevalence of infectious diseases in these 

populations.39  BD and Vogt–Koyanagi–Harada (VKH) 

disease are two rare but important noninfectious causes of 

posterior uveitis.46,47 Cytomegalovirus retinitis is associated 

with human immunodeficiency virus infection, but its inci-

dence is decreasing with the use of modern highly active 

anti-retroviral therapy.6

It is difficult to accurately estimate the prevalence of 

panuveitis; in one recent large-scale review of epidemiologi-

cal studies, the prevalence varied from 1% to 69% depend-

ing on geographic location.6 It is probable that panuveitis is 

more heavily affected by the biases described above than 

other types of uveitis, particularly referral bias skewing 

patient populations towards more severe disease in tertiary 

referral centers, and, as a result, these figures are unlikely 

to be representative of the general population. Idiopathic 

disease is most common in Europe, USA, Australia, and 

India, whilst infectious causes are again more common in 

most developing countries, and BD is an important cause in 

Asia and countries along the historic “silk route” (Middle 

East and Mediterranean regions).30,48–51

Current treatment options
Any treatment strategy for uveitis needs to consider a number 

of factors.52 First, the etiology (ie, infectious versus noninfec-

tious), which will define the type of treatment required (anti-

microbial versus anti-inflammatory/immunosuppressive).  

Second, the extent of uveitis and associated inflammation –  

this includes: 1) anatomical location within the eye (as per 

SUN classification);5  2) unilaterality or bilaterality; and  

3) presence of systemic disease. These factors are impor-

tant considerations when deciding whether topical, local, 

or systemic treatments are likely to be required. Third, the 

severity of disease, which may necessitate “rescue” therapy 

or additional treatment. Fourth, potential complications of 

either the disease itself or of treatments of the disease.

Infectious versus noninfectious uveitis
One of the most important (and sometimes difficult) challenges 

to confront the uveitis specialist is whether the inflammatory 

process is the result of an infectious agent. Establishing or 

excluding this may sometimes be possible on clinical appear-

ance alone,53 but is often supplemented by investigations on 

the peripheral blood (commonly serology, interferon gamma 

release assays for Mycobacterium tuberculosis, and hema-

tological and biochemical markers) or ocular fluids (poly-

merase chain reaction for suspected microbes; less commonly 

Goldmann–Witmer coefficient); imaging is also commonly 

used to characterize associated systemic disease.54,55
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In some cases, treatment may need to be started before 

the results of such investigations are available. For example, 

in the presence of suspected acute retinal necrosis, samples 

of aqueous humor and vitreous humor should be taken and 

sent for polymerase chain reaction concurrently with starting 

treatment (commonly intravitreal foscarnet and either oral 

valacyclovir or intravenous acyclovir).56 This situation also 

highlights another issue: that some cases of infectious uveitis 

may provoke a strong inflammatory reaction both at the time 

and sometimes beyond the infectious component of disease; 

this may in turn require cautious immunosuppression to limit 

tissue damage and maximize visual potential following treat-

ment. The focus of the remainder of this review will be on 

noninfectious uveitis. Although this noninfectious group is 

markedly heterogeneous, the apparent overlap in etiology 

(autoimmune or autoinflammatory) leads to an overlap in the 

strategies for treatment and in the types of drugs used.

Extent and severity of uveitis  
and associated inflammation
In general, isolated uncomplicated anterior uveitis (whether 

unilateral or bilateral) can often be managed by topical therapy 

alone; frequent topical corticosteroids are used for rescue treat-

ment, and then titrated down to complete cessation (in acute 

disease) or to a low frequency maintenance regimen (chronic 

disease or frequent recurrences); a mydriatic is commonly 

prescribed to reduce the risk of posterior synechiae.54 

In cases of posterior segment uveitis (intermediate, pos-

terior, or panuveitis), the topical route provides inadequate 

penetration to the inflamed tissue, although topical therapies 

may still have an adjunctive role. For these cases, the choice 

of treatment will depend on whether the disease is unilateral 

or bilateral, and whether it is isolated or is a manifestation of a 

systemic inflammatory process. Unilateral and, increasingly, 

bilateral disease may be treated by local therapies (peribulbar, 

sub-Tenon’s, or intravitreal routes); corticosteroids are the 

most common drugs given by these routes although the role 

of other agents (see “Update on drugs currently in develop-

ment stages for uveitis treatment” section for further details) 

are also being assessed. Local therapy may be sufficient to 

control the disease, but in more severe inflammation, or in 

the presence of systemic disease, systemic therapy is likely 

to be necessary. In addition, there may be contraindications 

to the use of local therapies in some cases.57

Recognition and treatment of any associated systemic 

disease is a priority. Therapy initiated for coexistent sys-

temic inflammatory disease may ameliorate any active 

uveitis, reducing the need for direct ophthalmic intervention.  

Once again, rescue therapy is traditionally performed with 

corticosteroids (either intravenous or oral), with maintenance 

therapy comprising either a lower dose of corticosteroid or a 

steroid-sparing IMT agent.57 The range of steroid-sparing IMT 

agents available (including biologics) is steadily increasing, 

although the evidence of their efficacy and safety in uveitis 

is often lacking.22 Current options include antimetabolites 

(such as methotrexate and mycophenolate mofetil), T-cell 

inhibitors (such as cyclosporine), and alkylating agents (such 

as cyclophosphamide). More recently, biological therapies 

(such as infliximab) have been utilized in the management 

of severe and refractory uveitis.21,23,58–60 A brief discussion 

of such agents is included in the next section.

Comparative safety, efficacy,  
and tolerability of the drugs 
available for uveitis treatment
When considering the drugs currently available for use 

in the treatment of ocular inflammation, it is important to 

recognize the limitations in the evidence that supports their 

role in uveitis.22 For many agents there are no randomized 

controlled trials in uveitis and, thus, justification of their use 

is based on open-label cohort studies, uncontrolled case-

series, extrapolation from their use in other inflammatory 

conditions, and expert opinion. As a result, it is not yet pos-

sible to provide a definitive account of which treatment is 

“best” for any particular variant of uveitis. Similarly, given 

the acknowledged limitations in the evidence base, there 

is no clear line between those drugs that are “established” 

and those that are still “in development”. For the purposes 

of this review, we have included within the “established” 

group those agents that are commonly used by specialists in 

uveitis services (this includes many second-line agents and 

the older anti-tumor necrosis factor [TNF] agents). Within 

the “in development” group, we consider both those agents 

that are in early phase of development and those agents that 

have established efficacy in other diseases, but have as yet 

limited evidence for their role in uveitis.

Please refer to Table 1 for a summary of the therapeutic 

agents discussed in this review. Further guidance for the 

monitoring of these agents may be found from a number of 

external resources;61,62 however, it should be noted that guid-

ance varies between institutions and, thus, all such advice 

should be checked against local protocols.

Corticosteroids
Corticosteroids are well known for their potent anti-

inflammatory effects and have been used to treat uveitis 
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since 1950.63,64 Their anti-inflammatory mechanism is com-

plex, and only partly understood:65 key components appear 

to include: direct binding of the glucocorticoid/receptor 

complex to genes involved in the inflammatory cascade; 

indirect effects on other transcription factors such as activat-

ing protein-1 or nuclear factor-kappa B; inhibitory effects on 

many inflammation-associated molecules such as cytokines, 

chemokines, arachidonic acid metabolites, and adhesion 

molecules; and upregulation of many anti-inflammatory 

mediators. 

Whilst this diverse mechanism of action drives an 

excellent anti-inflammatory response, it also causes sig-

nificant unwanted side effects.23 Ocular side effects (more 

common with topical or local administration) include 

accelerated cataract formation and increase in intraocular 

pressure.66,67  Systemic side effects (more common with 

systemic administration) include hypertension, diabetes, 

Cushing’s syndrome, osteoporosis, and disorders of sleep, 

mood, and appetite.57

Corticosteroids continue to have a vital role in terms of 

“rescue” therapy, but their use as a maintenance therapy 

is limited by their associated side effects. The American 

Uveitis Society expert consensus recommendations suggest 

a maintenance dose of no more than 10 mg oral prednisolone 

equivalent per day, and this is broadly in line with guidelines 

from other inflammatory diseases.57 However, in a survey 

study among physicians who manage patients with uveitis, it 

was learned that such guidelines are not always followed.68

Table 1 List of therapeutic agents discussed in review

Category Class Subtypes Examples

Corticosteroids Corticosteroids – Prednisolone
Methylprednisolone
Iluvien
Ozurdex
Retisert

Second-line agents T-cell inhibitors Calcineurin inhibitor Cyclosporine 
Tacrolimus 
Voclosporin

mTOR inhibitor Everolimus
Sirolimus

Antimetabolites Purine antagonist
DHFR inhibitor
IMPDH inhibitor

Azathioprine 
Methotrexate
Mycophenolate mofetil 

Alkylating agents – Chlorambucil
Cyclophosphamide

Biologics Anti-TNF Anti-TNFα Adalimumab
Certolizumab
Golimumab
Infliximab

Anti-TNFα and β Etanercept
Other biologic agents Anti-CD11a

Anti-CD20
Anti-CD28
Anti-CD52
Anti-IL1
Anti-IL1β

Efalizumab
Rituximab
Abatacept 
Alemtuzumab 
Anakinra 
Canakinumab 
Gevokizumab 

Anti-IL2
Anti-IL6
Anti-IL17A
Interferons
S1P inhibitor
VEGF inhibitors

Daclizumab
Tocilizumab
Secukinumab 
Interferon α/β
Fingolimod 
Aflibercept
Bevacizumab
Ranibizumab

Other agents Other – IVIG

Abbreviations: CD, cluster of differentiation; DHFR, dihydrofolate reductase; IL, interleukin; IMPDH, inosine monophosphate dehydrogenase; IVIG, intravenous immunoglobulin; 
mTOR, mammalian target of rapamycin; S1P, sphingosine-1-phosphate; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor.
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There is thus a desire to develop treatments with simi-

lar anti-inflammatory effects to corticosteroids, but with 

fewer side effects; this concept of “steroid-sparing agents” 

describes any anti-inflammatory medication/IMT agent 

which may be used in place of corticosteroids, or which 

may allow reduction of corticosteroid dose and attenuation 

of steroid-induced side effects.

T-cell inhibitors
Cyclosporine was initially developed for use in solid organ 

transplantation and is known to reversibly bind to and inhibit 

calcineurin, which in turn inhibits the activity of circulating 

T-cells.69,70 It is fast acting, reaching peak efficacy within 

7–15 days of initiation of therapy. It is administered orally 

and in uveitis is commonly given at 2.5–5  mg/kg twice 

daily, although it should be noted that, within the retro-

spective multicenter SITE study, it appeared that the dose 

range of 150–250 mg/day appeared to have equal effect, but 

with lower rates of side effects, than doses of greater than 

250 mg/day.71 Cyclosporine has demonstrated efficacy in 

various forms of posterior uveitis. In uveitis secondary to 

BD, Masuda et al conducted a randomized controlled trial 

of cyclosporine versus colchicine in 96 patients, demon-

strating that both frequency and severity of disease flares 

were reduced in the cyclosporine group.72 Smaller noncon-

trolled studies by Nussenblatt et al73  and Graham et al74 

reported apparent benefit in mixed cohorts of patients with 

severe refractory posterior uveitis that included sarcoidosis, 

idiopathic retinal vasculitis, and BD. Side effects include 

hypertension, renal impairment, gingivitis, and hirsutism. 

In the retrospective multicenter SITE study, there were 

373  patients who received cyclosporine for uveitis, of 

whom 11% had to cease the drug within 1 year due to side 

effects.71

Tacrolimus (FK-506) is a macrolide antibiotic with 

a similar mechanism of action to cyclosporine.69,70  It is 

orally administered and, in uveitis, is commonly given at 

0.03–0.08  mg/kg/day, but requires trough-level monitor-

ing (aiming for 8–12 ng/L). Like cyclosporine, it has been 

used extensively in solid organ transplantation. It appears 

to have equivalent efficacy and better tolerability than 

cyclosporine. In a randomized but nonmasked controlled 

trial of 37 patients with refractory posterior segment uveitis 

(including idiopathic, BD, and sarcoidosis), Murphy et al 

reported equivalent “success” in the two groups, but signifi-

cantly lower rates of hypertension and hypercholesterolemia 

in the tacrolimus group; there was a 5% discontinuation rate 

for renal impairment in both groups.75  Other side effects 

include neurological symptoms, gastrointestinal symptoms, 

and hyperglycemia.

Antimetabolites
Azathioprine interferes with purine incorporation into DNA, 

resulting in synthesis of nonfunctional DNA sequences 

and blocking protein synthesis in lymphoid cells. It is also 

known to selectively inhibit T-cell function, suppress hom-

ing in circulating T-cells, decrease development of mono-

cyte precursors, and suppress the role of natural killer cells 

in antibody-dependent cytotoxic reactions.76,77  It is orally 

administered at a starting dose of 2–3  mg/kg/day, before 

being titrated according to response and side effects,21 achiev-

ing efficacy within 4–12  weeks. It has been suggested 

to be effective in management of a wide range of ocular 

inflammatory conditions including: scleritis secondary to 

relapsing polychondritis;78 ocular cicatricial pemphigoid;79  

JIA-associated iridocyclitis unresponsive to corticosteroids;80 

intermediate uveitis;81 and sympathetic ophthalmia.82 It has 

also been shown to be useful in controlling ocular inflamma-

tion in the context of BD.83 The SITE retrospective review 

reported control of inflammation in 62% and steroid-sparing 

effect in 47% of patients using azathioprine for ocular 

inflammatory disease at 1 year.84 Side effects include gas-

trointestinal upset, affecting up to 12% of patients,85  and 

myelosuppression for which regular monitoring of blood 

count is required.86 In the aforementioned SITE retrospec-

tive review, discontinuation due to side effects occurred at 

a rate of 0.16 per person year.84 Despite numerous reports 

suggesting an increased risk of neoplasia with long-term 

use of azathioprine,87,88  a recent critical appraisal of the 

literature concluded there was no significant increase in the 

incidence of malignancy associated with its use for ocular 

inflammation.89

Methotrexate is a folic acid analogue and inhibitor 

of dihydrofolate reductase, and therefore inhibits DNA 

reproduction.77 It is administered weekly either orally or by 

intramuscular injection at a starting dose of 2.5–10 mg/week  

and is titrated to effect with a maximum dose of 50 mg/week,21  

with one study demonstrating control of ocular inflamma-

tion in 76% of patients at a mean dose of 12.3 mg/week.90 

It has a lag time of 3–6 weeks from initiation of treatment 

to full therapeutic effect. Its efficacy has been demonstrated 

in a variety of uveitis entities in several retrospective 

reviews,91–94  and, in the SITE retrospective cohort study 

of 384  patients, ocular inflammatory disease was sup-

pressed in 66% of patients at 1 year, allowing for tapering 

of steroids to 10  mg/day in 58%.95  Successful outcomes 
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were again observed in a variety of conditions, with highest 

rates observed in anterior uveitis and scleritis. Side effects 

include gastrointestinal symptoms, cytopenia, and hepato-

toxicity, with abnormal liver function observed in 15% of 

patients.96 No increased risk of neoplasia has been demon-

strated with long-term use.89

Mycophenolate mofetil is an inosine monophosphate 

dehydrogenase inhibitor that disrupts purine synthesis, and 

preferentially inhibits DNA synthesis by B- and T-cells.97 It is 

administered orally at a starting dose of 500 mg twice daily, 

and is increased to 1 g twice daily after 2 weeks provided 

that side effects are acceptable21 with regular monitoring of 

blood count and liver-function tests.57 Efficacy is achieved 

within 2–12  weeks after commencing treatment. In one 

study, 65% of patients achieved control of ocular inflamma-

tion on monotherapy, with steroid-sparing effects in 54% of 

patients.98 In another case series of patients with uveitis and 

scleritis intolerant to methotrexate, 47/85 patients achieved 

control of inflammation on mycophenolate, with five patients 

achieving complete remission and being able to discontinue 

all immunosuppression.99 These findings are concordant with 

the retrospective SITE review, which demonstrated control of 

ocular inflammation in 73%, and steroid-sparing effects in 55% 

of patients.100 The most frequent side effects are those of gastro-

intestinal disturbance. Elevation of liver enzymes, leukopenia, 

and thrombocytopenia are less commonly reported.77

Alkylating agents
Cyclophosphamide exerts a cytotoxic effect on rapidly prolif-

erating cells by alkylating nucleophilic groups on DNA bases. 

This results in cross-linking of DNA bases, abnormal base 

pairing, and strand breakage. Immunosuppressive effects are 

thought to be mediated by these cytotoxic effects on immu-

nocompetent lymphocytes.101 It may be administered either 

orally or as intravenous pulses. Some authors have demon-

strated greater efficacy with oral administration; however, 

pulsed intravenous dosing is widely regarded to have a more 

preferable side-effect profile than oral dosing.102,103 A load-

ing course of infusions is usually commenced at 2-weekly 

intervals; since the degree of immunosuppression is reflected 

by the degree of lymphopenia, dosage is titrated to a leuko-

cyte count of 3,500–4,500 cells/µL. Therapeutic efficacy is 

usually achieved within 2–8 weeks, and frequency of infu-

sions is reduced as the inflammatory disease stabilizes.57,104 

In one widely-used protocol in the UK, cyclophosphamide 

is administered by intravenous infusion at an initial dose of 

15 mg/kg at 2, 4, 7, 10, and 13 weeks, with monthly infusions 

thereafter to a maximum of nine pulses.105 This protocol has 

been reported to successfully treat both refractory sclerokera-

titis and uveitis, achieving control of inflammation in 71% 

and 41% of patients, respectively.106 In the SITE retrospec-

tive review of 215 patients, 76% achieved control of ocular 

inflammation, and a steroid-sparing effect was demonstrated 

in 61%.107 There are a number of potentially serious side 

effects, including leukopenia, hemorrhagic cystitis, second-

ary malignancy, and sterility; however, treatment benefits 

are thought to outweigh risks when used as short-term 

intravenous therapy.108–110 

Chlorambucil has a similar action to cyclophosphamide, 

replacing hydrogen ions with alkyl groups on DNA bases, 

resulting in disruption of DNA synthesis in rapidly divid-

ing cells.111  It is orally administered at a starting dose of  

0.1  mg/kg/day, with dosage titrated to response and side 

effects to a maximum dose of 6–12  mg/day.21 Therapeutic 

efficacy is usually achieved within 4–12 weeks of onset, 

but it is less predictable than that of cyclophosphamide.  

In a review of 44 patients with refractory uveitis secondary 

to BD, Mudun et al demonstrated resolution of inflammation 

in 66% of patients with short-term chlorambucil therapy.112 

In another review of 53 patients with refractory uveitis due to 

a range of etiologies, 70% achieved remission with an average 

dose of 20 mg chlorambucil daily for an average of 16 weeks’ 

duration.113 Furthermore, in a review of 28 patients with refrac-

tory uveitis secondary to BD, JIA, pars planitis, sympathetic 

ophthalmia, idiopathic uveitis, Crohn’s disease, and HLA-

B27-positive disease, a positive response was observed in 68% 

with a median daily dose of 8 mg, over a median duration of 

12 months.114 The main side effect is bone marrow suppression, 

which, whilst usually reversible, may progress to irreversible 

aplastic anemia. It is also associated with an increased inci-

dence of cutaneous malignancy, and in patients with preexisting 

neoplastic disease may lead to an increase in secondary hema-

tological malignancy.57 Chlorambucil is not used as often as 

cyclophosphamide by uveitis specialists who wish to employ 

alkylating agents to control the inflammation.

Anti-TNFα
Infliximab (Remicade; Janssen Biotech, Inc., Horsham, 

PA, USA) is a chimeric immunoglobulin (Ig)G monoclonal 

antibody that binds to TNFα and inhibits its biological func-

tion. It is composed of a human constant region, and murine 

variable region.115–117 As is common to all anti-TNFα therapy, 

patients with evidence of acute infection are excluded from 

treatment, and, prior to commencing treatment, all patients 

should be screened for latent tuberculosis infection, in addition 

to hepatitis B virus if there are any known risk factors. Patients 
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with moderate to severe heart failure are also excluded, and 

those with mild cardiac disease should be closely monitored. 

Blood count and liver function are checked at baseline and 

monitored monthly for the duration of therapy.118 Infliximab 

is administered intravenously, usually with a short “loading 

course” of three doses at 2-weekly intervals at a dose of 

3–5 mg/kg, then maintenance doses are administered every 

4–8 weeks at 5–10 mg/kg.57,119,120 Treatment is usually contin-

ued for up to 2 years after disease quiescence is achieved.121

Infliximab has been used successfully to treat uveitis 

associated with BD unresponsive to other therapies,122–124 

and also in uveitis secondary to birdshot chorioretino

pathy (BSCR),125  JIA,126,127  AS, sarcoidosis, and Crohn’s 

disease.128,129 In a 2-year prospective study by Suhler et al 

of 31  patients with refractory uveitis, 77% were deemed 

to have achieved clinical success within 10 weeks of com-

mencing treatment with infliximab.130,131 In another review 

of 25 patients with BD-related uveitis, Sfikakis et al dem-

onstrated resolution of vitritis, macular edema, retinitis, and 

retinal vasculitis in over 90% of patients within 4 weeks of 

commencing treatment.124 

Reactions during infusion are common and are thought to 

be largely due to the presence of the murine variable region, 

but can usually be managed successfully with antihistamines 

and analgesics. Potentially, fatal opportunistic infections 

have been observed in patients treated with infliximab, and, as 

a result, infliximab is contraindicated for patients with active, 

clinically significant infections, and should be used with cau-

tion in those with a history of chronic or recurrent infections. 

Caution is also required in patients with preexisting heart 

disease and neurological disease.119 Studies of infliximab in 

ocular inflammatory disease have shown increased incidence 

of thromboembolism, drug-induced lupus-type reactions, and 

possibly solid malignancy.131

Adalimumab (Humira; AbbVie, Inc., North Chicago, 

IL, USA) is a humanized monoclonal IgG antibody to 

TNFα,132 which is administered subcutaneously 2-weekly at 

a typical dose of 40 mg133 and has been shown to be effective 

in the management of refractory uveitis due to a range of 

etiologies.133–137 In a recent retrospective review of 60 patients 

with noninfectious uveitis across three centers, adalimumab 

was administered at a dose of 40 mg every other week for 

a mean duration of 87.9 weeks. Overall, 81.7% of patients 

were deemed to have shown improvement in their clinical 

condition, as judged by reduction in macular edema, increase 

in visual acuity, reduction in anterior chamber cells, reduced 

frequency of disease flares, or by steroid-sparing effect.134 In 

another open-label, uncontrolled review of 274 patients with 

anterior uveitis secondary to AS, disease flare frequency was 

reduced by 51%, and when they did occur, disease flares 

were deemed to be less severe than prior to commencing 

adalimumab therapy.133 It has a similar mechanism of action 

and side effect profile to infliximab, with the advantage of 

fewer injection site reactions, owing to the fact that it is 

completely humanized.23  Currently, the VISUAL studies 

are being conducted worldwide to evaluate the potential role 

of adalimumab in the management of noninfectious uveitis 

(VISUAL I: NCT 01138657; VISUAL II: NCT 01124838; 

VISUAL III: NCT 01148225).

Etanercept (Enbrel; Immunex Corporation, Thousand 

Oaks, CA, USA) comprises a soluble TNF receptor and 

a human IgG Fc fragment, which is able to block the 

activity of both TNFα and TNFβ.115,116,138  It is adminis-

tered subcutaneously twice per week at a typical dose of 

25 mg.57 Whilst early studies showed favorable outcomes of 

etanercept therapy,139–141 subsequent studies were generally 

disappointing. Quartier et al demonstrated that whilst there 

was an initial improvement in uveitis secondary to JIA, this 

was maintained in only 50% of patients at 1 year.142 In a 

randomized controlled trial of the use of etanercept in JIA-

associated uveitis, Smith et al found no benefit of etanercept 

over placebo.143 Similarly Foster et al found that etanercept 

was no better than placebo in preventing uveitis relapses in 

previously controlled patients when tapering methotrexate 

therapy.144 When compared to infliximab, etanercept has 

been shown to be inferior in controlling and preventing 

recurrence of ocular inflammation.145  Side effects are 

similar to infliximab and adalimumab.21 Because of low 

efficacy, etanercept is rarely used to manage uveitis.

Other biologic agents
Rituximab (Rituxan; Genentech, Inc., South San Francisco, 

CA, USA) is a human/murine chimeric monoclonal IgG anti-

body directed against cluster of differentiation (CD)20 on the 

surface of B-cells. CD20 regulates the early differentiation 

and maturation of B-cells, and inhibition results in cell death 

by apoptosis.146 Rituximab therapy results in depletion of 

B-cells and reduction of IgG and IgM levels for 6–12 months 

following therapy.147  It is commonly administered as 

two infusions, 2-weeks apart, at a quoted dose of either  

375 mg/m2 body area,21,148 or 1,000 mg per infusion.149,150 It 

has been demonstrated to be effective in the management 

of refractory uveitis secondary to BD,149,150  JIA,148,151  and 

BSCR.152  Side effects are potentially fatal, and include 

severe sepsis, infusion reactions with severe adult respiratory 

distress syndrome, bronchospasm, pulmonary edema, 
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angioedema, Steven–Johnson syndrome, and toxic epidermal 

necrolysis.153

Abatacept (Orencia; Bristol-Myers Squibb, New York, 

NY, USA) is a fusion protein that inhibits costimulation 

of T-cells through blockage of the interaction between 

CD28 and CD80/86.154  It is administered intravenously at 

monthly intervals.155  Current data in uveitis is limited to 

case reports and case series; however, it has been repeatedly 

demonstrated to successfully treat uveitis in JIA.156–158 Side 

effects include pneumonia and malignancy.23

Daclizumab (Zenapax; Hoffman-La Roche Ltd., Basel, 

Switzerland) is a humanized monoclonal antibody to the 

alpha subunit of the IL-2 receptor on the surface of T-cells. 

It binds CD25 on the IL-2 receptor of activated human lym-

phocytes, thus blocking the activity of autoreactive T-cells 

without suppressing the function of the immune system.159 

It is administered intravenously, usually at a starting dose 

of 1 mg/kg once every 2 weeks, with dose and frequency 

titrated to response and side effects to a maximum dose of 

200 mg.160 It has been shown to be well tolerated by patients 

in the management of uveitis,161,162 with side effects includ-

ing lymphadenopathy, psoriasiform rashes, mild peripheral 

edema, and infections. There appears to be no increased risk 

of malignancy associated with its use.163 In one open label 

trial of daclizumab for various etiologies of intermediate and 

posterior uveitis, 4-weekly infusions resulted in improved 

inflammation and increased visual acuity in 80% of patients 

at 1  year,164  which was maintained at 4  years.165  Other 

reviews have shown daclizumab to be effective in uveitis 

secondary to BSCR, JIA, VKH, and idiopathic intermediate 

and posterior uveitis.162,166,167 Data for BD has been equivo-

cal, with one double-masked, randomized controlled trial 

finding daclizumab less effective than placebo.168 Despite 

showing promise in the treatment of uveitis, daclizumab was 

discontinued by the manufacturer in 2009 due to decreasing 

market demand.155

Interferons (IFNs) are a group of cytokines synthesized 

by a variety of cell types with immunomodulatory, anti-

proliferative, and antiviral properties. The type I interfer-

ons (IFNα and IFNβ) act to increase expression of major 

histocompatibility complex class 1 molecules, and activate 

macrophages and natural killer cells.60,169 They are typically 

administered subcutaneously at a dose of 3–6 million IU/day, 

at a frequency between three times weekly and once daily.119 

Interferons have been used to treat ocular inflammation since 

1994, with strong evidence of efficacy in the management 

of uveitis secondary to BD170,171 and MS.172,173 Kötter et al 

performed a large scale systematic review of 36  studies 

assessing the use of interferons for uveitis secondary to BD; 

182 of 338 patients were commenced on interferon therapy, 

of which 94% showed partial or complete resolution of 

inflammation within 2–4  weeks.171  Common side effects 

include a flu-like illness and mild leukopenia, whilst mood 

disturbance such as depression and suicidal ideation have 

been less frequently reported.169,171

Intravenous Ig (IVIg)
IVIg contains 97%–98% intact human IgG with subclass 

distribution similar to normal plasma. Donations originate 

from a large number of donors (7,000–10,000) and therefore 

provide a broad spectrum of antibodies against pathogens.174 

IVIg is thought to have a multifactorial mechanism of action, 

including: blockage of IgG Fc fragment receptors on mac-

rophages; modulation of cytokine synthesis and release; 

modulation of compliment; selection of B- and T-cell rep-

ertoires; neutralization of circulating autoantibodies; and 

interaction with other B- and T-cell surface receptors.175 IVIg 

is administered intravenously at a dose of 1–2.5 g/kg/cycle 

of treatment divided over 3 days. Infusions are repeated at 

2- to 4-weekly intervals until inflammation is controlled, after 

which infusions are repeated every 5–6 weeks for at least 

2 years after remission has been achieved.176 Side effects 

include aseptic meningitis, thromboembolism, and risk of 

transmission of blood-borne disorders.147 It has been shown 

to be effective in treatment of cases of uveitis secondary to 

BSCR,177 BD,178 and VKH.179

Vascular endothelial growth factor 
(VEGF) inhibitors
VEGF has been implicated in the induction of inflammation 

in uveitic eyes,180,181 and, as a result, intravitreal VEGF inhibi-

tors have been used in the management of persistent macular 

edema secondary to inflammatory disorders. Currently avail-

able VEGF inhibitors include ranibizumab (Lucentis; Novartis 

International AG, Basel, Switzerland), bevacizumab (Avastin; 

Hoffman-La Roche Ltd./Genentech, Inc.), and aflibercept 

(Eylea; Regeneron, Tarrytown, NY, USA, and Bayer AG, 

Leverkusen, Germany). Treatment usually involves a course 

of three intravitreal injections at monthly intervals, followed 

by further injections depending on treatment response. Most 

data suggests that whilst such agents may successfully reduce 

macular thickness, the reduction in edema does not correspond 

to an increase in visual acuity.180,182–184 When direct compari-

sons have been made, macular thickness and visual outcomes 

in uveitic macular edema are in fact better with intravitreal 

triamcinolone injections than with anti-VEGF agents.185–187 
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This is likely to be due to the increased anti-inflammatory 

effect of steroids compared to VEGF inhibitors.188  There 

are potential risks associated with the injection procedure 

itself: intravitreal injection may cause increased intraocular 

pressure, and also carries the infrequent but serious risk of 

infectious endophthalmitis. Whilst systemic side effects are 

rare, the risk of serious cardiovascular events remains a topic 

of debate.189,190

Update on drugs currently  
in development stages  
for uveitis treatment
Therapeutic agents are very rarely developed for the primary 

purpose of treating ocular inflammatory disease; instead, 

most advances in treatment occur when drugs previously 

used to successfully manage systemic inflammatory diseases 

are adapted for use in ophthalmology. Most immunomodula-

tory therapy is thus first used in conditions such as transplant 

medicine, rheumatoid arthritis (RA), psoriasis, or MS before 

being trialed in patients with uveitis, and is then usually used 

off-label, being documented as case reports or case series in 

the medical literature.

Corticosteroids
Intravitreal injection of triamcinolone acetonide is com-

monly used in control of uveitic macular edema, since it 

allows higher concentrations of corticosteroid to be delivered 

directly to the posterior pole than can be achieved with topical 

or systemic therapy.191 Duration of action is, however, limited 

to 3–4 months at best, necessitating frequent repeat therapy 

and carrying risks of complications for the patient.192 As a 

result, there has been a drive to develop longer-acting corti-

costeroid implants, which provide similar anti-inflammatory 

activity over a prolonged period of time.

Ozurdex (Allergan, Inc., Irvine, CA, USA) is a “bio-

erodible” dexamethasone implant using a solid polymer 

delivery system, in which dexamethasone is combined with 

biodegradable material in the form of a small rod, which is 

injected into the vitreous cavity using a specific injector.20 

Dexamethasone is released in a biphasic manner over 

6 months, with higher concentrations released for the first 

6 weeks, followed by lower concentrations for the following 

months.193 After this time, the implant dissolves to CO
2
 and 

H
2
O leaving no residue within the eye.194 It is licensed for 

use in uveitis in USA and Europe.

The license for Ozurdex is primarily based on HURON, 

a Phase III posterior segment uveitis study. This study, 

published in 2011, was a double-masked, randomized, 

controlled trial that compared the effect of two implant 

doses (0.7  mg and 0.35  mg) with sham injection. Both 

implant doses proved effective in controlling vitreous 

inflammation and improving visual acuity with reduction 

in cystoid macular edema, but the higher-dose implant had 

a longer duration of action without a significant increase 

in side effects, and is the implant now available. A total 

of 47% of patients treated with the 0.7 mg implant had a 

vitreous haze score of zero at 8 weeks (versus 12% for the 

sham injection group). The implant was still effective at the 

6-month time point. Ozurdex was found to be safe with a 

low incidence of cataract reported over the 26-week period 

(15% of patients developed clinically evident lens opacity, 

but none sufficient to require surgery). The key potential side 

effect of raised intraocular pressure (IOP) was also low with  

IOP 25 mmHg occurring in less than 10% of patients.195 

Ozurdex 0.7 mg implants have also been shown to be effective 

in reducing macular thickness and increasing visual acuity 

in uveitic macular edema in vitrectomized eyes,196 and have 

been shown to be effective in cases of pediatric uveitis.197

Given the success of these implantable therapies, there has 

been a desire to develop similar implants with an extended 

half-life. Fluocinolone acetate (FA) is significantly less 

soluble than dexamethasone in aqueous humor, and thus has 

potential to persist for far longer within the eye.198 Retisert 

(Bausch & Lomb Incorporated, Bridgewater, NJ, USA) 

contains 0.59 mg FA, which is surgically placed into the 

vitreous cavity, where it persists for 30 months.199 It was 

approved for use in noninfectious uveitis by the US Food and 

Drug Administration (FDA) in 2005, and several large-scale 

studies have documented its efficacy.200–202 It is, however, 

associated with significant side effects. In one large scale 

review, all phakic patients were observed to develop cataract 

within 3 years of implantation, and significant IOP increases 

requiring trabeculectomy were observed in 40%.200 

Iluvien (Alimera Sciences, Alpharetta, GA, USA; and 

pSivida Corp, Watertown, MA, USA) is an alternative FA 

insert that has been licensed for usage in diabetic macular 

edema203–205  and is currently under evaluation in uveitis 

(Phase III trial ongoing, NCT 01694186). It has advantages 

over Retisert of being injectable via a 25-gauge injector 

system, and is thought to cause fewer corticosteroid side 

effects due to the release of a lower dose of the drug (0.2 or 

0.5 µg/day compared to 0.59 µg/day with Retisert), although 

there still appears to be significant cataract progression 

following implantation.204,205 Phase III clinical trials of FA 

inserts in eyes with noninfectious uveitis are currently under-

way, being led by pSivida Corp.206 
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T-cell inhibitors
Everolimus (Zortress [USA]/Certican [Europe and other 

countries]; Novartis International AG) is a mammalian tar-

get of rapamycin (mTOR) inhibitor, which inhibits T-cell 

proliferation and differentiation by blocking IL-2  signal 

transduction. mTOR inhibitors act at a later stage in the 

IL-2 signaling pathway than the commonly used calcineurin 

antagonists, and as a result are thought to have differential 

effects on different classes of CD4  T-cells, preserving 

regulatory T-cell responses whilst blocking development of 

other more pathogenic CD4+ T-cells.207–209 For this reason, 

mTOR inhibitors are thought to be particularly useful in 

autoimmune disease where a regulatory T-cell effect may 

be beneficial, and as such have been used in the treatment of 

RA.210 Everolimus is thought to have a preferable side effect 

profile to other mTOR inhibitors,211,212 with higher bioavail-

ability and shorter half-life than other agents.213 

Given these qualities, there has been interest in Everoli-

mus as an alternative therapy in uveitis refractory to cor-

ticosteroids and other calcineurin inhibitors. Heiligenhaus 

et al performed a nonrandom, open-label, prospective 

pilot study of 12 patients with endogenous uveitis refrac-

tory to corticosteroids and cyclosporine (nine patients 

with anterior and intermediate uveitis, three patients with 

panuveitis).214 Everolimus was initiated at an oral dose of 

0.75  mg twice daily and adjusted from week 1  to obtain 

trough serum levels in the range of 3–8 ng/mL, with a maxi-

mum daily dose of 2.5 mg. On review at 3 months, uveitis 

was deemed inactive in all patients; however, by 12 months, 

inflammation had returned in four patients in whom therapy 

had been tapered or withdrawn. Visual acuity was stable 

throughout the period of observation, macular thickness 

was reduced, and a 50% reduction in dose of steroids or 

cyclosporine was achieved for all patients. Disease recur-

rence was observed in 50% of patients within 1 month of 

terminating everolimus therapy. No significant adverse 

events were documented.

Everolimus therefore appears as an attractive option in 

the management of disease where other calcineurin inhibitors 

have failed, or where there is thought to be an autoimmune 

etiology. Further studies are required in this area. 

Sirolimus (Rapamune; Pfizer, Inc., New York, NY, USA) 

is another mTOR inhibitor with a proven track record in 

controlling inflammation.215  Systemic administration of 

sirolimus has been approved in multiple, diverse clinical 

applications including prevention of organ rejection,216 pre-

vention of coronary restenosis,217 and treatment of advanced 

renal cell carcinoma218 in the US, Japan, and European Union.  

Systemically delivered sirolimus has also been used in cases 

of refractory uveitis.219,220 A proprietary formulation of siroli-

mus for local (intravitreal or subconjunctival) injection has 

been developed.221 The SAVE (Sirolimus as a Therapeutic 

Approach for UVEitis) study has reported the safety and 

bioactivity of subconjunctival and intravitreal sirolimus in 

noninfectious uveitis.222 The SAVE-2 Phase II study is being 

conducted to evaluate two different doses of intravitreal 

sirolimus for uveitis (NCT 01280669). In addition, SAKURA 

studies are two Phase III multicenter, randomized, interna-

tional clinical trials that are being performed at this time to 

seek indication for intravitreal sirolimus in the management 

of noninfectious uveitis of the posterior segment.223

Voclosporin (Luveniq; Lux Biosciences, Inc., New Jersey 

City, NJ, USA) is a calcineurin inhibitor with a similar 

structure to cyclosporine, with the exception of a functional 

group in an amino acid.224 It has been associated with less 

nephrotoxicity than cyclosporine225 and used successfully in 

the management of plaque psoriasis.226,227 The LUMINATE 

(Lux Uveitis Multicenter Investigation of a New Approach 

to Treatment) trials sought to assess the safety and efficacy 

of voclosporin for treatment, maintenance, and control of all 

forms of noninfectious uveitis, and took the form of three 

randomized, double-blind, placebo-controlled Phase II/III tri-

als in patients with severe, sight-threatening disease.228 Initial 

results were promising, with a 50% reduction in inflammation 

in patients with active uveitis compared to 29% in placebo at 

16 and 24 weeks, a reduction in recurrence of inflammation in 

quiescent disease of 50%, and reduction of oral prednisolone 

to 5 mg/day or less in 96%–98% of patients.229,230 Unfortu-

nately, subsequent Phase III trials did not meet the primary 

end point of change from baseline in vitreous haze at 

12 weeks or at the time of treatment failure, if earlier, and 

the manufacturers did not seek regulatory approval for use 

of voclosporin in uveitis in USA or Europe.231

Anti-TNFα
Golimumab (Simponi; Janssen Biotech, Inc.) is a human 

monoclonal antibody to TNFα with the advantage of requir-

ing only monthly subcutaneous injection; it is administered 

at a dosage of 50 mg. Published case reports have demon-

strated treatment success in refractory uveitis secondary to 

BD,232  JIA,233,234  idiopathic retinal vasculitis,235  seronega-

tive spondyloarthropathy-associated disease,236  and HLA-

B27-positive disease.234 In one series including 34 eyes of 

17  patients (13  patients with JIA-associated disease and 

four with HLA-B27-positive disease), an initial response 

was observed in 14  patients, with 12  patients achieving 
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cessation of active inflammation at their most recent clinic 

visit. Mean follow-up time was 21.9 months, during which 

time visual acuity remained stable in 26 eyes, improved in 

seven eyes, and worsened in one eye. Mean oral predniso-

lone dose was 12.5 mg/day prior to commencing treatment, 

and had reduced to 3.5 mg/day at the end of the period of 

observation.234  In another recent series of three patients 

with JIA-associated disease, one patient achieved long-term 

quiescence with golimumab therapy, one showed an initial 

improvement but developed recurrent disease, and the final 

patient showed significant improvement without achiev-

ing complete quiescence.233 No controlled trials have been 

published, and no direct comparisons against cyclosporine 

have yet been made.

Certolizumab (Cimzia; UCB, Inc., Smyrna, GA, USA) 

consists only of the pegylated humanized Fab fragment of 

a monoclonal antibody directed against TNFα. It is admin-

istered subcutaneously at a dose of 400  mg once every 

2 weeks.237 There is a single case report documenting success-

ful treatment of RA-associated scleritis, in which quiescence 

was achieved at 6 months;238 however, there are currently no 

studies reporting outcomes in noninfectious uveitis.

Other immune modulators
Anakinra (Kineret; Swedish Orphan Biovitrum AB 

[publ], Stockholm, Sweden) is a recombinant interleukin 

(IL)-1 receptor antagonist that has been approved for use in 

RA.239 There is experimental evidence to suggest that IL-1 is 

involved in the pathogenesis of uveitis,240 and anakinra has 

thus been suggested as a potential agent for management of 

refractory inflammation.241  Interestingly, the only clinical 

data for use in uveitis is a case report of a patient with chronic 

infantile neurological cutaneous articular (CINCA) syn-

drome, which is thought to be an IL-1 mediated condition. In 

this report, a 4-year old boy with bilateral CINCA-associated 

panuveitis unresponsive to corticosteroids, methotrexate, and 

etanercept achieved quiescent anterior uveitis, and resolution 

of vitritis and papillitis, at a dose of 1 mg/kg/day.240

Gevokizumab (XOMA 052; XOMA Corporation, 

Berkeley, CA, USA) is a humanized monoclonal antibody 

to IL-1β, which is a proinflammatory cytokine involved in 

a wide range of pathological processes.242 In an open-label 

pilot study by Gül et al seven patients with BD-associated 

acute posterior or panuveitis resistant to azathioprine and/

or cyclosporine and receiving oral prednisolone at a dose 

of 10 mg/day or less were treated with a single infusion of 

0.3 mg/kg gevokizumab. All immunosuppressive medica-

tion was stopped at baseline, and safety, pharmacokinetics, 

and uveitis status was evaluated. Complete resolution of 

intraocular inflammation was observed in all patients within 

4–21 days (median 14 days), and response was maintained for 

a median duration of 49 days.243 Phase III, double-masked, 

placebo-controlled trials are currently underway for patients 

with BD-associated uveitis (EYEGUARD-B), and for 

patients with active noninfectious and controlled noninfec-

tious intermediate, posterior, or panuveitis (EYEGUARD-A 

and EYEGUARD-C).244

Canakinumab (Ilaris; Novartis International AG) is a 

humanized monoclonal antibody to IL-1β licensed for use in 

systemic JIA and cryopyrin-associated periodic syndromes in 

adults and children 4 years of age or older. It is usually admin-

istered by subcutaneous injection every 4–8 weeks, but can 

also be given intravenously.245 It has been used to successfully 

treat uveitis associated with BD246 and Blau syndrome,247 but 

data is currently limited to case reports only.

Alemtuzumab (Campath; Genzyme Corporation, Cambridge,  

MA, USA) is a humanized monoclonal antibody to CD52  

primarily used in the management of B-cell chronic lympho-

cytic leukemia, which has also shown benefit in conditions 

such as RA and MS.248,249 Studies of its use in ophthalmology 

are limited. An early report by Isaacs et al described a 45-year-

old male with severe panuveitis, with choroiditis and retinal 

vasculitis, that was resistant to therapy with corticosteroids, 

cyclophosphamide, and IVIg. Alemtuzumab was administered 

intravenously at a dose of 12 mg/day for 5 days with an initial 

improvement in inflammation. However, the patient suffered 

a fatal myocardial infarction whilst under follow-up.250 In a 

later, uncontrolled series of ten patients, Dick et al reported 

good initial responses and long-lasting remission in six patients 

with uveitis (four with retinal vasculitis, one with BD, and one 

with sympathetic ophthalmia).251 Side effects include flu-like 

illness and cytopenias.

Efalizumab (Raptiva; Genentech, Inc.) is a human-

ized monoclonal antibody to CD11a, which is a subunit of 

lymphocyte function-associated antigen-1  that is involved 

in antigen presentation and T-cell adhesion to the vascular 

endothelium. It is administered subcutaneously on a weekly 

basis and was originally approved by the FDA for use in pso-

riasis. Initial ophthalmic data was promising, with one case 

report and one prospective noncomparative Phase I/II trial 

both reporting resolution of uveitic macular edema with efali-

zumab therapy.252,253 However, it was later shown to increase 

the risk of progressive multifocal leukoencephalopathy, and, 

thus, the drug was withdrawn from the market.254

Tocilizumab (Actemr; Genentech, Inc.) is a humanized 

monoclonal IL-6 receptor antibody that inhibits downstream 

signaling;255  IL-6  is a cytokine secreted by both B- and 

T-cells, and is known to participate in T-cell activation, 
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Ig secretion, leukocyte recruitment, and the differentiation 

and proliferation of hematopoietic precursor cells.256 IL-6 has 

been shown to be an important inflammatory cytokine in the 

aqueous humor, and is thus an interesting target for thera-

peutic intervention.8,257,258 Tocilizumab has previously been 

used in the treatment of RA, and is usually administered 

intravenously at a dose range of 4–12 mg/kg at 2- to 4-weekly 

intervals.155 It has been demonstrated to successfully control 

refractory uveitis of various etiologies, including JIA, BD, 

BSCR, and Castleman disease.259–263 There is also an evolv-

ing body of literature to suggest that tocilizumab is effective 

at reducing macular thickness and increasing visual acuity in 

uveitic macular edema.262,264,265 A Phase I/II clinical trial of 

tocilizumab in JIA-associated uveitis has been launched (NCT 

01717170). In addition, the multicenter, randomized STOP-

UVEITIS study on the safety, tolerability, and bioactivity of 

two different doses of tocilizumab in intermediate, posterior, 

and panuveitis is currently underway in the United States.155

Interestingly, episodes of paradoxical ocular inflammation 

have been reported in patients receiving tocilizumab therapy 

for systemic disease; Wendling et al reported a first episode 

of uveitis in a 45-year-old male being treated for HLA-B27-

positive AS, and a first episode of peripheral ulcerative kera-

titis in another 65-year-old male being treated for RA.266 Sato 

et al also published a case report of a 72-year-old female with 

RA who, after discontinuing tocilizumab, developed severe 

uveitis associated with hypopyon, requiring rescue therapy 

with corticosteroids.267 Careful observation for similar para-

doxical effects is required as clinical trials progress.

In addition, the SATURN Study, a multicenter, random-

ized clinical trial of sarilumab (another IL-6  inhibitor) in 

intermediate, posterior, and panuveitis, is being conducted 

in Europe and the US.268 

Secukinumab (AIN457; Novartis International AG) is a 

selective, high-affinity, fully human monoclonal antibody 

that binds and neutralizes human IL-17A,269,270 which is an 

inflammatory cytokine secreted by Th17 CD4+ T-cells.271–273 

It has been evaluated in a range of inflammatory conditions, 

including AS, RA, and psoriasis.274 Th17 cells have been 

implicated in the pathogenesis of uveitis in experimental 

models,275,276  and circulating levels of IL-17A have been 

shown to be increased in patients with VKH, BD, and other 

forms of uveitis.277–279

Dick et al recently published the results of three clinical 

trials assessing the effect of secukinumab versus placebo 

in BD-associated posterior and panuveitis (SHIELD study, 

118 patients randomized), non-BD-associated active nonin-

fectious uveitis (INSURE study, 31 patients randomized), 

and non-BD-associated quiescent noninfectious uveitis 

(ENDURE study, 125 patients randomized). After a load-

ing phase, secukinumab was administered subcutaneously 

at a dose of 300 mg 2- or 4-weekly in the SHIELD study, 

and 300 mg 2- or 4-weekly or 150 mg 4-weekly in both the 

INSURE and ENDURE studies. Primary outcome measures 

were reduction of uveitis recurrence or vitreous haze score 

during withdrawal of concomitant immunosuppressive medi-

cation. Unfortunately, on completion of the SHIELD study, 

there was insufficient evidence of efficacy, resulting in the 

early termination of the remaining studies.280

Fingolimod (FTY720, Gilenya; Novartis International 

AG) prevents T-cell migration to inflammatory sites by 

reducing expression of the sphingosine-1 phosphate recep-

tor normally required for egress from secondary lymphoid 

tissues. It is orally administered with once-daily dosing 

of 0.5–1.25  mg, and has been shown to be effective in  

Phase III trials in relapsing MS, for which it has been FDA-

approved.281  In vivo data suggested a beneficial effect in 

experimental models of uveitis,282–284 leading to considerable 

interest in its use for ophthalmic inflammation. Further 

development has been held back by concerns over a potential 

increased risk of developing macular edema. In a pooled 

analysis of 2,615 patients enrolled in three clinical trials in 

MS, 19  patients with no previous history of uveitis were 

observed to develop macular edema.285,286 This was consid-

ered more likely with higher doses of treatment, occurring 

in 15  patients (1.2%) receiving 1.25  mg/day versus four 

patients (0.3%) receiving 0.5 mg/day. A Phase II trial was 

commenced evaluating fingolimod in noninfectious posterior 

segment uveitis, but was terminated early. 

Ultimately, future therapeutic strategies must be based 

upon rigorous scientific research; as our understanding 

of the pathogenesis of uveitis increases, it is likely that 

more mechanism-focused therapies will be developed, for 

example, targeting of IL-15, IL-22, and IL-23.287 It is also 

important to note that considerable in vivo data exists for the 

use of both gene therapy288–290 and RNA interference291–293 

in models of ocular inflammation. Both modalities offer 

the potential of being able to suppress specific genes and 

proteins in the inflammatory cascade, and may provide the 

most targeted treatment, and therefore the fewest side effects 

in the management of refractory ocular inflammation in  

the future.294 

Patient-specific considerations
Uveitis specialists should seek to treat the patient, rather 

than simply suppress the uveitis. As such, it is important 

to take a holistic approach to treatment, and be aware that 

issues of compliance and confidence in the doctor–patient 
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relationship are equally as important as the efficacy of a 

therapeutic intervention. 

Past medical and past ocular history will dictate treat-

ment choice; severe allergies and coexistent disease may be 

absolute contraindications to some medications, for example, 

chronic liver disease and methotrexate.96  Similarly, high-

dose steroids may be avoided in patients known to respond 

with increased intraocular pressure.67 Patients may also have 

uveitis secondary to systemic disease for which they may 

already be receiving IMT agents; it may be necessary to 

consider switching treatment, or deciding on an additional 

therapy, for example, adding oral steroids or methotrexate 

to an anti-TNFα agent.

Method and frequency of administration may also guide 

treatment choice. For example, children may not tolerate 

frequent topical application of eye drops and may be more 

compliant with daily oral medication, and patients of working 

age may find it difficult to attend regular clinic appointments 

for intravenous infusions of therapy. 

There is also the issue of extrapolation of trial data to 

“real-world” settings. Phase I clinical trials usually recruit 

young, healthy patients to assess safety and bioavailability 

of a novel therapeutic agent, whilst Phase II and III trials 

will usually exclude children and pregnant females, and 

may avoid women of child-bearing age. Caution is thus 

required before any medication is used off-label in these 

patient groups. 

Women of child-bearing age require particular caution; 

medications such as methotrexate are teratogenic, whilst oth-

ers such as chlorambucil and cyclophosphamide may cause 

sterility and early menopause.24,57

Patients should be given sufficient information regarding 

the potential risks and benefits of any therapeutic agent, so 

that they can give proper informed consent, and feel confident 

in the proposed course of treatment. 

Conclusion
The increasing choices of immunosuppressives/immu-

nomodulatory therapy and the advent of more targeted 

therapies are both an opportunity and a challenge. The 

clinicians should always consider the patient first and fore-

most. It is vital that one establishes the efficacy and safety 

profile of both established and emerging therapies so that 

treatment decisions can be informed and appropriate to the 

individual. In addition, it is likely that stricter regulatory 

frameworks and tighter budgetary constraints may make it 

even more difficult to navigate the latest hurdles in the drug-

development pathway of licensing and funding approval. 

With such considerations in mind, we need to recognize 

that to some extent the whole uveitis pharmacopoeia is  

“in development”.
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