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Abstract

Uveitis encompasses a spectrum of diseases whose common feature is intraocu-

lar inflammation, which may be infectious or noninfectious in etiology

(Nussenblatt and Whitcup 2010). Infectious causes of uveitis are typically
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treated with appropriate antimicrobial therapy and will not be discussed in this

chapter. Noninfectious uveitides are thought have an autoimmune component to

their etiology and are thus treated with anti-inflammatory agents.
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1 Introduction

Uveitis encompasses a spectrum of diseases whose common feature is intraocular

inflammation, which may be infectious or noninfectious in etiology (Nussenblatt

and Whitcup 2010). Infectious causes of uveitis are typically treated with appropri-

ate antimicrobial therapy and will not be discussed in this chapter. Noninfectious

uveitides are thought have an autoimmune component to their etiology and are thus

treated with anti-inflammatory agents.

Uveitis may affect various sites within the eye, and the Standardization of

Uveitis Nomenclature working group has recommended the following

classifications: (1) Anterior uveitis in cases where the anterior chamber is the

primary site of inflammation, (2) intermediate uveitis in cases where the vitreous

is the primary site of inflammation, (3) posterior uveitis in cases where the retina or

choroid are the primary sites of inflammation, and (4) panuveitis in cases where all

of these sites are involved (Jabs et al. 2005). Depending on the primary sites of

inflammation, different routes of anti-inflammatory therapy may be most appropri-

ate. Below, we discuss the various anti-inflammatory agents and various routes of

administration that may be employed in the pharmacologic treatment of noninfec-

tious uveitis.

2 Corticosteroids

The first reports of corticosteroid use in the treatment of noninfectious uveitis were

in the early 1950s (Woods 1950; Gordon et al. 1951). Corticosteroids remain a

critical treatment modality for acute control of inflammation in noninfectious

uveitis because of their rapid onset of action as well as their broad and robust

anti-inflammatory effects. Corticosteroids function to activate anti-inflammatory

genes while suppressing proinflammatory genes (Barnes 2011). Corticosteroids

diffuse across the cell membrane, bind cytosolic glucocorticoid receptor

(GR) alpha, and the corticosteroid/GR complex then translocates to the cell

nucleus. In the nucleus, corticosteroid/GR complexes may act in several ways to

promote anti-inflammatory and suppress proinflammatory responses. GR

homodimers may bind glucocorticoid response elements (GREs) within promoter

regions of corticosteroid-responsive genes, thereby activating anti-inflammatory
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gene transcription in a process known as trans-activation. Rarely, GR homodimers

interact with GREs to suppress proinflammatory gene transcription in a process

known as cis-repression. Corticosteroid/GR complexes may also interact with and

suppress the signaling pathways activated by proinflammatory transcription factors,

such as nuclear factor-kB (NF-kB), thereby blocking gene transcription of

proinflammatory genes in a process known as trans-repression. The downstream

effects of these gene interactions include inhibition of cytokine, chemokine, and

adhesion molecule expression, which in turn leads to reduced chemotaxis and

function of immune cells. In addition, corticosteroids have been shown to

upregulate proteins involved in tight junction formation between retinal endothelial

cells, suggesting a role in stabilizing the blood–retinal barrier and potentially

reducing influx of inflammatory cells and molecules into the normally immune-

privileged intraocular environment (Felinski et al. 2008; Keil et al. 2013). The full

range of molecular mechanisms employed by corticosteroids in suppressing inflam-

mation has yet to be elucidated and remains an active area of investigation.

Given the large number of genes and proteins affected by corticosteroids, it is

not surprising that corticosteroid treatment is accompanied by a variety of side

effects, several of which are potentially very serious. Systemic side effects include

increased risk of infection, Cushing’s syndrome, osteoporosis, hypertension,

dyslipidemia, adrenal insufficiency, insulin resistance, very rarely avascular necro-

sis of the joints, and growth retardation in children. Corticosteroid treatment also

has specific ocular side effects, namely, development or progression of cataract and

elevation of intraocular pressure (IOP) potentially leading to glaucoma, when

administered locally in or around the eye. These adverse effects limit the long-

term use of corticosteroids.

As mentioned above, corticosteroids may be administered systemically or

locally to eye. Multiple formulations are available for both systemic and local

ocular use (Table 1). In general, the location and severity of intraocular

Table 1 Corticosteroids commonly used in the treatment of noninfectious uveitis

Route of

administration

Generic

corticosteroid name

Available formulations

(name, company) Typical dosing in uveitis

Topical Prednisolone

acetate

Generic Pred Forte

(Allergan)

Four times daily – every

1 h

Difluprednate Durezol (Alcon) Four to eight times daily

Periocular Triamcinolone Kenalog (preserved;

Bristol-Myers Squibb)

20–40 mg

Intravitreal Triamcinolone Triesence

(non-preserved; Alcon)

2–4 mg

Dexamethasone

implant

Ozurdex (Allergan) 0.7 mg

Fluocinolone

acetonide implant

Retisert (Bausch &

Lomb)

0.59 mg

Oral Prednisone Multiple including

generic

1 mg/kg/day with taper

Intravenous Methylprednisolone Multiple including

generic

1,000 mg/day for 3 days

followed by oral taper
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inflammation dictates the mode and specific corticosteroid used. The different

corticosteroid formulations and routes of delivery are discussed in detail below.

2.1 Local Corticosteroids

Various options currently exist for local ocular corticosteroid administration,

including topical formulations, preparations for injection in the sub-Tenon’s

space, inferior orbit, or vitreous cavity, as well as sustained release intraocular

implants placed in the posterior segment. Topical formulations are primarily used

for treatment for anterior uveitis, although they may also be utilized for mild

vitreous inflammation and uveitic macular edema. The goal of topical corticoste-

roid treatment of anterior uveitis is to eliminate the cellular and inflammatory

protein (flare) responses in the anterior chamber to prevent irreversible inflamma-

tory damage to the eye in addition to reducing patient symptoms of ocular pain and

light sensitivity. Unfortunately, long-term use and higher corticosteroid potency

often result in complications of cataract formation or progression and elevation of

intraocular pressure (Becker and Mills 1963; Urban and Cotlier 1986). Systemic

side effects are rare but have been reported with topical corticosteroid treatment

(Sendrowski et al. 2008).

Many topical corticosteroid formulations are available, and they vary in their

potency and dosing regimens. While much research has been conducted

investigating bioavailability and relative anti-inflammatory effects for these

medications, most of these studies focused on ocular surface disease (Sendrowski

et al. 2008). For effective treatment of anterior uveitis, the corticosteroid must

penetrate the cornea and reach therapeutic levels within the anterior chamber. The

size and chemical composition of the corticosteroid molecule, as well as the topical

formulation (e.g., solution, suspension, or emulsion), are factors that may affect

corneal penetration and access to the anterior chamber. Studies investigating topical

dexamethasone administration have shown that suspensions penetrate the anterior

chamber better than solutions (Cagini et al. 2016) and that vitreous concentrations

of dexamethasone after hourly dosing were negligible (Weijtens et al. 2002).

Few well-conducted clinical trials exist comparing the efficacy of different

topical corticosteroid formulations and doses in noninfectious anterior uveitis.

Prednisolone acetate ophthalmic suspension 1.0% (Pred Forte, Allergan, Irvine,

California) was shown to have superior anti-inflammatory activity in terms of

resolving anterior chamber cell and flare compared to loteprednol etabonate oph-

thalmic suspension 0.5% (Lotemax, Pharmos Corporation and Bausch and Lomb

Pharmaceuticals, Tampa, Florida) in patients with acute anterior uveitis (The

Loteprednol Etabonate US Uveitis Study Group 1999). Fewer patients experienced

IOP elevations �10 mmHg in the loteprednol etabonate group compared to the

prednisolone acetate group; however, statistics comparing the groups were not

provided. Difluprednate is a high-potency difluorinated prednisolone corticosteroid.

The 0.5% difluprednate ophthalmic emulsion (Durezol, Alcon Laboratories, Fort

Worth, TX) has high glucocorticoid receptor affinity, tissue penetration, and
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bioavailability (Foster et al. 2010). Studies in patients with endogenous anterior

uveitis have shown non-inferiority of difluprednate 0.05% dosed four times daily

compared to prednisolone acetate 1% dosed eight times daily for 14 days (Foster

et al. 2010; Sheppard et al. 2014). Clinically important IOP elevations were

observed in 8.9–12% of eyes that received difluprednate compared to 3.7–5% of

eyes that received prednisolone acetate 1%. However, other studies have reported

IOP elevations �10 mmHg in 39–50% of eyes, with some eyes experiencing

increases of over 30 mmHg (Birnbaum et al. 2011; Slabaugh et al. 2012). These

studies also suggest that IOP elevation with topical difluprednate may be worse in

the pediatric population.

As mentioned above, most topical corticosteroid formulations do not achieve

sufficient concentrations in the posterior segment to be clinically useful for inter-

mediate or posterior uveitis (Weijtens et al. 2002). The 0.5% difluprednate ophthal-

mic emulsion may be effective in treating some forms posterior uveitis (Onishi

et al. 2015). In general, periocular or intravitreal injection of corticosteroids are

required to achieve therapeutic levels in the posterior segment and are effective in

the treatment of both active inflammation and macular edema (Sen et al. 2014).

Clinically, these injections are most useful in cases of unilateral disease, in patients

who are pseudophakic given the risk of cataract development, or in patients who are

unable to tolerate systemic corticosteroids, such as poorly controlled diabetic

patients.

Periocular treatments may be injected into the sub-Tenon’s space or

transcutaneously into the orbital floor. Typically, 40 mg of methylprednisolone or

triamcinolone is injected (Ferrante et al. 2004). The half-life of triamcinolone after

a single posterior sub-Tenon’s injection in humans has been estimated at 25 days in

the vitreous cavity (Shen et al. 2010). Injections can be repeated every 1–3 months

as needed to control intraocular inflammation. In a retrospective review of 1,192

eyes that received at least one periocular corticosteroid injection, clinically mean-

ingful cataract formation occurred in 20.2% of eyes (Sen et al. 2014). In the same

study, intraocular pressure elevations to �24 and 30 mmHg occurred in 34% and

15% of eyes, respectively, and glaucoma surgery was required in 2.4% of eyes.

Additional potential side effects of periocular corticosteroids injections include

ptosis, orbital fat atrophy or prolapse, and inadvertent entrance into the globe

(Lafranco Dafflon et al. 1999; Giles 1974; Dal Canto et al. 2005).

Intravitreal triamcinolone injection is another option for treating posterior seg-

ment inflammation or uveitic macular edema (Habot-Wilner et al. 2011). Typically,

2–4 mg of preservative-free triamcinolone is injected (Cunningham et al. 2008).

Triamcinolone has been detected in the vitreous of non-vitrectomized eyes up to

2.75 months following a single 4 mg intravitreal injection (Mason et al. 2004). As

with periorbital injections, intravitreal injections may be repeated for recurrent

disease with close monitoring for side effects. In addition to development or

progression of cataract and elevation of intraocular pressure, potential adverse

effects of intravitreal steroid injections include vitreous hemorrhage, retinal detach-

ment, as well as infectious or sterile endophthalmitis (Marticorena et al. 2012).
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Two sustained release intravitreal corticosteroid implants have been approved

by the US Food and Drug Administration (FDA) for the treatment of noninfectious

uveitis. The dexamethasone intravitreal implant (Ozurdex, Allergan, Inc., Irvine,

CA; 0.7 mg), which is administered in an office-based procedure, provides

sustained release of dexamethasone via poly(lactic acid-co-glycolic acid) (PLGA)

matrix material, which dissolves completely in vivo (Chang-Lin et al. 2011a).

Studies in animal eyes have shown detection of dexamethasone in the vitreous

and retina for up to 6 months, with peak concentrations in the first 2 months,

without significant differences in concentrations between vitrectomized and

non-vitrectomized eyes during the first month (Chang-Lin et al. 2011a, b). The

0.7 mg dexamethasone intravitreal implant was shown to significantly improve

visual acuity and reduce vitreous haze scores in a multicenter randomized con-

trolled clinical trial of patients with noninfectious intermediate or posterior uveitis

compared to sham injection over 26 weeks (Lowder et al. 2011). 7.1% of eyes

experienced intraocular pressure elevation �25 mmHg, and 15% of phakic eyes

developed cataract. The median duration of therapeutic effect for first injections has

been estimated to be 6 months, consistent with pharmacokinetic studies

demonstrating detection of dexamethasone in the vitreous and retina for up to

6 months (Chang-Lin et al. 2011a; Tomkins-Netzer et al. 2014), and the mean

time to second injections was estimated at 6.6 months (Zarranz-Ventura

et al. 2014). Repeated insertions of the dexamethasone intravitreal implant have

been reported without complication; (Querques et al. 2013) however, the number of

applications that can be safely delivered to an eye remains unknown. Recently,

results of a retrospective study showed the 0.7 mg dexamethasone intravitreal

implant to be safe and effective in pediatric patients with noninfectious uveitis

(Tomkins-Netzer et al. 2016).

The fluocinolone acetonide (FA) intravitreal implant (Retisert, 0.59 mg), which

requires surgical implantation via sclerotomy in the operating room, provides

sustained release of FA for approximately 30 months (Callanan et al. 2008). The

Multicenter Uveitis Steroid Treatment (MUST) trial was designed to compare the

efficacy of the FA intravitreal implant against systemic corticosteroid therapy, in

addition to other systemic immunosuppressive medications when indicated, in

patients with noninfectious intermediate uveitis, posterior uveitis, or panuveitis

(Multicenter Uveitis Steroid Treatment Trial Research Group et al. 2010). Through

54 months of the study, visual acuity did not significantly differ between the groups

at any time point; however, visual acuities were overall very good at the start of the

trial, thereby limiting the potential for improvement with treatment (Multicenter

Uveitis Steroid Treatment Trial Research group et al. 2015). While both treatments

reduced the percentage of patients with active uveitis, the FA implant was signifi-

cantly better at controlling inflammation at all time-points assessed. The FA

implant was also significantly better at resolving macular edema through the first

2 years of treatment, after which systemic therapy showed equal efficacy. Cataract

surgery was required significantly more often in the implant group through

54 months (87.7% vs 43% in the FA implant vs systemic treatment groups,

respectively) with most surgeries occurring in the first 2 years (Multicenter Uveitis
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Steroid Treatment Trial Follow-up Study Research Group 2015). Elevation of

intraocular pressure and IOP-lowering surgeries (31.1% vs 4.5% in the FA implant

vs systemic treatment groups, respectively, through 2 years) were also significantly

more common in the implant. However, systemic adverse events were not different

between the groups.

2.2 Systemic Corticosteroids

For severe cases of intraocular inflammation, especially bilateral disease, systemic

treatment with corticosteroids is often employed. Oral prednisone at a dose of 1 mg/

kg/day is a common starting dose, with gradual taper as inflammation subsides

(Jabs et al. 2000). For particularly severe cases of sight-threatening ocular inflam-

mation, such as Behçet’s retinitis (Reed et al. 1998), corticosteroids may be

administered intravenously (e.g., methylprednisolone dosed at 1,000 mg/day,

which can be divided into four equal doses, for 3 days followed by high-dose oral

prednisone with taper). Steroid-sparing immunosuppressive therapy (as discussed

in following sections of this chapter) should be initiated if intraocular inflammation

persists or recurs during steroid taper.

High doses of corticosteroids (e.g., 30 mg/day or more of prednisone) are

associated with numerous adverse effects, and doses should be reduced as quickly

yet safely as possible (Jabs et al. 2000). Adverse effects may occur anytime during

corticosteroid treatment but are more common with higher doses and longer

duration of use. Systemic side effects include, but are not limited to, osteoporosis,

avascular necrosis, myopathy, hyperglycemia, weight gain, hypertension, hyperlip-

idemia, atherosclerosis, impaired wound healing, infection, psychological distur-

bance, and peptic ulcer disease. Supplementation with calcium and vitamin D

should be prescribed to patients taking systemic corticosteroids, especially those

on treatment for more than 3 months. Also, patients with a history of gastritis or

gastroesophageal reflux disease or those who are concomitantly on non-steroidal

anti-inflammatory drugs (NSAIDs) should be prescribed histamine-2 receptor

blockers or proton pump inhibitors to reduce the risk of peptic ulcer disease.

3 T-Cell Inhibitors

Although corticosteroids remain a mainstay of treatment for uveitis, concern

stemming from the side effects associated with their long-term use has prompted

additional use of corticosteroid-sparing agents, such as the T-cell inhibitors cyclo-

sporine and tacrolimus (Table 2). These agents decrease inflammation by

interfering with signaling pathways involved in the function and proliferation of

T cells (Knickelbein et al. 2015).
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3.1 Cyclosporine

Cyclosporine was first isolated as an antifungal agent in 1970 by Borel and

co-workers in Switzerland (De Smet and Nussenblatt 1993). Although as an

antifungal agent it proved to be too narrow in its spectrum of activity, it was

incidentally found to have potential as an immunosuppressant through its effects

on T cells. When cyclosporine enters T cells, it binds to cyclophilin A, increasing its

affinity for calcineurin and thereby preventing calcineurin’s ability to dephosphor-

ylate proteins called nuclear factor of activated T cells (NFAT). Without dephos-

phorylation, NFAT proteins are unable to become activated and thus do not

translocate to the nucleus, where they would normally influence the transcription

of numerous inflammatory cytokines, including IL-2, IL-4, IL-10, IL-17, as well as

tumor necrosis factor alpha (TNFα) and interferon gamma (IFN-γ) (Barbarino

et al. 2013).

Initially, cyclosporine was primarily utilized to prevent and treat solid organ

transplant rejections; however, in 1983, Nussenblatt et al. introduced a pilot study

exhibiting the effectiveness of cyclosporine A in the treatment of ocular inflamma-

tion (Nussenblatt et al. 1983a), which was subsequently supported by several

controlled and uncontrolled trials (Nussenblatt et al. 1983b, 1991; Masuda

et al. 1989). More recently, a retrospective cohort study of 373 patients with

noninfectious uveitis treated with cyclosporine in the Systemic Immunosuppressive

Therapy for Eye Diseases Cohort Study (SITE Study) found that 51.9% of patients

had achieved complete control of inflammation by 12 months and that

corticosteroid-sparing success was achieved by 36.1% by 12 months. 8.2%

achieved control without the need for systemic corticosteroids by 12 months

(Kacmaz et al. 2010).

Although cyclosporine has been established as a useful alternative to corticoste-

roid monotherapy, its use has been limited due to concern for side effects associated

with long-term use. Nephrotoxicity is one of the primary concerns, and even low

doses of cyclosporine over the long term can significantly impair renal function,

with decreases in glomerular filtration rate and irreversible kidney damage assessed

by biopsy (Isnard Bagnis et al. 2002). Therefore, regular monitoring of serum

creatinine and urea is essential, and patients should avoid concomitant NSAID

use. Hypertension is seen in 15–20% of patients, and while it can be treated with

antihypertensives, potassium-sparing diuretics should be avoided as cyclosporine

may induce hyperkalemia (Kashani and Mearza 2008). Hepatotoxicity also may

occur; however, it is of less concern as perturbations in liver enzymes are transient

and patients tend to be asymptomatic. It also is important to monitor for the

development of infection or malignancy (De Smet and Nussenblatt 1993), although

Kempen and colleagues found that calcineurin inhibitors do not increase cancer risk

to a degree that outweighs the expected benefits of therapy (Kempen et al. 2008).

Adult patients are treated with 3–5 mg/kg by mouth, divided into twice daily

equal doses (Knickelbein et al. 2015). The dose should be decreased if blood

pressure or creatinine levels rise, and treatment should be discontinued if values

fail to normalize following dose adjustment. Children are also dosed at 3–5 mg/kg/

day divided into two equal doses.
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Cyclosporine use during pregnancy has been associated with increased rates of

prematurity and other complications including preeclampsia (Bung and Molitor

1991); however, it does not appear to be a major teratogen (Bar Oz et al. 2001).

Contraindications include severe infection, uncontrolled hypertension, or current

malignancies (Kashani and Mearza 2008).

3.2 Tacrolimus

Tacrolimus was isolated from Streptomyces tsukubaensis in 1984 and is used

widely to prevent rejection in solid organ transplant recipients (Gul et al. 2013).

Like cyclosporine it functions as a T-cell inhibitor; however, it binds to the

immunophilin FK-binding protein 12 rather than cyclophilin A. The downstream

effects are the same, resulting in decreased transcription of inflammatory cytokines

associated with T-cell activation (Barbarino et al. 2013). Although the mechanism

of immunosuppression is similar, tacrolimus is thought to be associated with fewer

adverse effects as lower doses are possible due to its increased potency up to

100 times that of cyclosporine (Barbarino et al. 2013).

In 1988, Kawashima and colleagues found that the capacity of tacrolimus to

prevent experimental autoimmune uveitis induction in rats was 10–30 times more

intense than that of cyclosporine (Kawashima et al. 1988). A decade later, another

study examined the effects of low-dose tacrolimus in a small cohort of patients with

endogenous posterior uveitis who had failed cyclosporine therapy and found that

visual improvement was achieved for 3 months or more with a mean maintenance

dose of 0.06� 0.02 mg/kg/day without development of nephrotoxicity, the primary

reason for discontinuing cyclosporine A therapy (Kilmartin et al. 1998a). More

recently, a randomized trial of tacrolimus versus cyclosporine in the treatment of

posterior and intermediate uveitis also demonstrated similar efficacy with improved

safety profile in tacrolimus versus cyclosporine (Murphy et al. 2005). Despite its

improved safety profile, tacrolimus is associated with several adverse effects

similar to cyclosporine, including nephrotoxicity, neurotoxicity, hypertension, gas-

trointestinal disturbances, infections, and malignancy (Barbarino et al. 2013). Both

tacrolimus and cyclosporine also have been associated with the development of

new-onset diabetes mellitus in renal transplant recipients; however, several studies

have demonstrated improved glucose metabolism with cyclosporine compared to

tacrolimus (Ghisdal et al. 2008; Mora 2010; Ramos-Cebrian et al. 2007; Wyzgal

et al. 2003). This finding was further supported by a recent study of 67 patients with

new-onset diabetes after renal transplantation randomized to receive either contin-

uation of tacrolimus or conversion to cyclosporine (Rathi et al. 2015). HbA1c levels

improved significantly only in the cyclosporine group, and the decline in fasting

plasma glucose and insulin requirement was more significant in subjects on

cyclosporine.

Tacrolimus therapy is typically started at a dose of 0.05–0.15 mg/kg/day with a

maximum dose of 0.3 mg/kg/day (Jabs et al. 2000). While 95% of tacrolimus

metabolites are removed via the biliary tract, renal excretion accounts for 2%
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(Moller et al. 1999). Weekly laboratory assessments should include complete blood

count and complete metabolic panel as well as assessment of blood pressure

monthly at initiation of treatment and subsequently every 3 months after stable

dosing has been achieved (Jabs et al. 2000).

Tacrolimus use during pregnancy has been associated with an increased risk of

preterm birth and low birth weight; however, most studies involve its use in solid

organ transplantations, and thus results may have been confounded by maternal

condition (Nevers et al. 2014). According to the National Transplantation Preg-

nancy Registry, the incidence of major malformations associated with tacrolimus

use was not much higher than in the general population (McKay and Josephson

2008). However, the available data are limited, and concerns have been raised about

more subtle defects that may go unrecognized at birth, such as neurocognitive

deficits. Calcineurin and FK-binding protein 12 are known to be increased in the

fetal brain, and stimulation with tacrolimus may contribute to alterations in fetal

cognitive development (Victor et al. 1995; Avramut et al. 2001).

4 Antimetabolites

Antimetabolites, including methotrexate, azathioprine, and mycophenolate mofetil,

comprise another class of corticosteroid-sparing agents used in the treatment of

ocular inflammation (Table 2). These drugs inhibit the proliferation of rapidly

dividing cells, such as T and B lymphocytes, by antagonizing or competing with

a metabolite needed for nucleotide synthesis (Kim and Foster 2006).

4.1 Methotrexate

Methotrexate was used initially as an antineoplastic agent in 1948 and for treatment

of rheumatoid arthritis four decades later (Farber et al. 1948; Gangaputra

et al. 2009). It was first implemented in the treatment of ocular inflammation in

1965 (Wong and Hersh 1965). Methotrexate functions as a potent inhibitor of

dihydrofolate reductase, a key enzyme in the production of tetrahydrofolate,

thereby decreasing the production of purines and pyrimidines required for DNA

synthesis (Chan and Cronstein 2013). Just as it targets the rapidly proliferating cells

of malignancy, its success in the treatment of uveitis is due to its ability to diminish

the high turnover rate of inflammatory cells. In addition, methotrexate is thought to

increase the rate of T-cell apoptosis and alter cytokine production (Wessels

et al. 2008).

While methotrexate is most commonly administered orally, it can also be given

via subcutaneous or intravitreal injections. When given orally, up to 35% of the

dose is metabolized by intestinal flora prior to absorption; however, when parenter-

ally administered, it is fully absorbed (Gangaputra et al. 2009; Larson et al. 2011).

Gangaputra and colleagues retrospectively reviewed the records of 384 patients

identified from the Systemic Immunosuppressive Therapy for Eye Diseases (SITE)
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Study and found no significant difference in the effectiveness of subcutaneous

versus oral routes of administration (Gangaputra et al. 2009). Among patients

with anterior uveitis, intermediate uveitis, posterior or panuveitis, complete sup-

pression of inflammation sustained for �28 days was reached in 55.6%, 47.4% and

38.6%, respectively, and corticosteroid-sparing success was achieved in 6 months

among 46.1%, 41.3%, and 20.7%, respectively. When considering scleritis, ocular

mucous membrane pemphigoid, and other forms of ocular inflammation in addition

to uveitis, the overall success within 12 months was 66% and 58.4% for sustained

control and corticosteroid-sparing, respectively.

Intravitreal administration of methotrexate was first used in the treatment of

uveitis in 2006 and was found to achieve a faster onset of action than systemic

administration (Hardwig et al. 2006; Taylor et al. 2009), which typically takes up to

6 months to reach its full effect (Gangaputra et al. 2009). When given intravitreally,

the mechanism of action is thought to be primarily mediated by the release of

adenosine into the extracellular space, ultimately inhibiting the activity of

neutrophils, macrophages, and T lymphocytes (Cronstein et al. 1993; Chan and

Cronstein 2002; Bouma et al. 1994; Constantin et al. 1998). The largest series to

date of intravitreal methotrexate reported improvement in vision and control of

inflammation in 79% of 38 eyes from 30 patients (Taylor et al. 2013). Furthermore,

73% of those who responded to treatment achieved a period of extended remission

for a median of 17 months after a single intravitreal injection of methotrexate.

However, adverse effects, including elevated intraocular pressure (Taylor

et al. 2013) and corneal epitheliopathy (Smith et al. 2002), have been reported,

and intravitreal methotrexate is rarely used in the routine management of noninfec-

tious uveitis.

Systemic administration of methotrexate has the potential to cause several

serious side effects, including hepatotoxicity, bone marrow suppression, and inter-

stitial pneumonia (Jabs et al. 2000). Concomitant administration of folic acid can

mitigate these effects at the recommended dose of 1 mg by mouth daily, excluding

the day that methotrexate is taken (Knickelbein et al. 2015). Patients should also be

advised to abstain from alcohol use during treatment. In addition to the side effects

mentioned above, others more commonly seen include gastrointestinal upset with

associated anorexia, nausea and vomiting, as well as stomatitis, alopecia, and rash

(Jabs et al. 2000; Durrani et al. 2011).

Prior to initiation of therapy, the following should be obtained: complete blood

count, serum chemistry profile, hepatitis B surface antigen, and hepatitis C anti-

body. Regular monitoring should occur every 1–2 months and should include

complete blood count and liver function tests (Jabs et al. 2000). If liver enzymes

are elevated to �2-times the upper limit of normal on two separate occasions, the

dose should be reduced. Liver biopsy is warranted if enzyme abnormalities con-

tinue despite discontinuation of the drug. Treatment should be terminated if the

following conditions occur: WBC <2,500 μl, platelet count <75,000/μl, or liver
enzymes �5 times the upper limit of normal (Knickelbein et al. 2015).

In adults, systemic methotrexate is typically started at 2.5–10 mg/week, which is

then increased to an average of 15 mg/week (ranging from 7.5 to 25 mg) after
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several weeks if well tolerated (Jabs et al. 2000; Knickelbein et al. 2015).

Intravitreal injections are dosed at 400 μg in 0.1 mL (Taylor et al. 2013). Guidelines

for the dosage in children are less clear, but a recent systematic review and meta-

analysis indicated 15 mg/m2 was the most common dose based on body surface area

(Simonini et al. 2013).

Methotrexate is a known teratogenic and abortive agent, and thus pregnancy and

lactation should be avoided at any dose. Both men and women should be advised to

discontinue treatment at least 3 months before attempting to conceive (Knickelbein

et al. 2015; Visser et al. 2009).

4.2 Azathioprine

Azathioprine was introduced in the 1960s as an antileukemic agent (Elion 1989)

and was soon utilized in solid organ transplantation (Murray et al. 1963; Danovitch

1999) as well as rheumatologic diseases such as systemic lupus erythematosus

(Abu-Shakra and Shoenfeld 2001) and psoriatic arthritis (Lee et al. 2001). Its use in

ophthalmic disease was first in the treatment of corneal graft rejection (Polack

1967) and later for noninfectious ocular inflammatory conditions (Pasadhika

et al. 2009) such as active chronic iridocyclitis (Mathews et al. 1969), Behçet’s

disease (Yazici et al. 1990), and retinal vasculitis (Greenwood et al. 1998).

Azathioprine is a purine nucleoside analog that is metabolized to

6-mercaptopurine (6-MP), which after further metabolism can inhibit the first

step in de novo purine-ring biosynthesis and ultimately become incorporated into

replicating DNA and RNA, rendering it nonfunctional and thereby inhibiting the

division and proliferation of inflammatory cells (Maltzman and Koretzky 2003).

This mechanism targets lymphocytes due to their lack of a salvage pathway.

Azathioprine is also thought to induce T-cell anergy or apoptosis through blockade

of CD28 costimulation (Maltzman and Koretzky 2003; Elion 1993; Tiede

et al. 2003).

Randomized clinical trials of azathioprine in ocular inflammation are limited and

have largely focused on its use in Behçet’s disease (Yazici et al. 1990; Hamuryudan

et al. 1997). The SITE Study retrospectively reviewed the records of 145 patients,

63% of whom had uveitis, and found that 62% of patients initially gained complete

control of inflammation sustained over at least 28 days within 1 year of therapy and

47% were able to maintain control while tapering systemic corticosteroids to

�10 mg/day (Pasadhika et al. 2009). Patients with intermediate uveitis had the

greatest rate of success, with 90% achieving sustained inflammatory inactivity

within 1 year. However, when compared to other corticosteroid-sparing treatments

for noninfectious ocular inflammation, azathioprine was found to have a longer

median time to treatment success compared to mycophenolate mofetil (MMF) and a

higher rate of side effects compared to both MMF and methotrexate (Galor

et al. 2008).

Side effects associated with azathioprine most commonly include gastrointesti-

nal intolerance, myelosuppression, and, less often, liver toxicity (Jabs et al. 2000;
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Knickelbein et al. 2015; Clunie and Lennard 2004). Rarely, interstitial pneumonitis,

pancreatitis, stomatitis, and alopecia have also been reported. Variations in metab-

olism of 6-MP can cause increased toxicity of the drug. For example, thiopurine

methyltransferase (TPMT), a key enzyme in the methylation of 6-MP to an inactive

metabolite, is controlled by a genetic polymorphism inherited as an autosomal

codominant trait (Clunie and Lennard 2004; Weinshilboum and Sladek 1980).

Decreased activity of TPMT leads to elevated cytotoxicity, possibly even within

days of initiating azathioprine therapy (Clunie and Lennard 2004). Genetic testing

or an assay of TPMT activity in red blood cells should be performed prior to starting

treatment to allow for dose adjustment when necessary (Knickelbein et al. 2015;

Durrani et al. 2011). Allopurinol, a strong xanthine oxidase (XO) and TPMT

inhibitor, is known to interfere with the metabolism of azathioprine (Broekman

et al. 2015). Consequently, the dose of azathioprine should be reduced by 25% for

patients treated simultaneously with both drugs (Durrani et al. 2011).

Prior to initiating azathioprine, complete blood count with differential, serum

creatinine, and liver enzymes should be obtained and repeated every 1–3 months

throughout treatment (Jabs et al. 2000; Knickelbein et al. 2015; Durrani et al. 2011).

In adults, 2 mg/kg/day is the most common dose, with ranges from 1 to 3 mg/kg/

day. Patients are typically started at lower doses, and the dose is escalated if well

tolerated. Doses can be given daily or twice daily when divided equally (Jabs

et al. 2000; Knickelbein et al. 2015; Larson et al. 2011). Treatment should be

discontinued if the following conditions occur: WBC �2,500/μl, platelet count
<75,000/μl, liver enzymes �5 times the upper limit of normal, or an absolute

neutrophil count below 1,000/μl (Knickelbein et al. 2015). If liver enzymes increase

to�3 times the upper limit of normal, the dose should be reduced and liver enzymes

should be retested 2 weeks later.

Azathioprine is pregnancy category D, meaning that the benefits of use during

pregnancy may outweigh the potential teratogenic risks; however, most studies

were based on its use in renal transplantation and inflammatory bowel disease

(Caprilli et al. 2006; Ostensen and F€orger 2013; Gerosa et al. 2014). A recent

systematic review and meta-analysis on fetal outcomes after thiopurine use found

that exposure in women was associated with preterm birth but not low birth weight

or congenital abnormalities, and exposure in men at the time of conception was not

associated with congenital abnormalities (Akbari et al. 2013). Nevertheless, due to

the potential risk, contraception is important with the use of azathioprine and

ideally, patients should not attempt to conceive for 3–4 months following the

discontinuation of treatment (Knickelbein et al. 2015; Teruel et al. 2010).

4.3 Mycophenolate Mofetil

Mycophenolate mofetil (MMF) was initially introduced in 1946 as an antibiotic

from Penicillium brevicompactum (Florey et al. 1946) and was first used as an

immunosuppressant in the 1970s to treat psoriasis (Spatz et al. 1978). Two decades

later it was utilized in solid organ transplant recipients as an alternative to other
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immunosuppressive agents associated with undesirable side effects due to their

non-selective antiproliferative mechanism (Allison and Eugui 1993). MMF is the

prodrug of mycophenolic acid, an inhibitor of the rate-limiting enzyme in de novo

synthesis of guanosine nucleotides, inosine monophosphate dehydrogenase

(Allison and Eugui 2000). MMF preferentially inhibits the type II isoform of this

enzyme, allowing it to specifically target activated lymphocytes, which express this

form, thereby inhibiting the division and proliferation of inflammatory cells. By

decreasing guanosine nucleotides, MMF also suppresses the expression of vascular

endothelial adhesion molecules, which decreases recruitment of lymphocytes and

monocytes to sites of inflammation.

MMF use in ocular inflammation was first explored in animal models of experi-

mental autoimmune uveoretinitis (Chanaud et al. 1995), leading to a number of

studies supporting its use in refractory human inflammatory eye diseases, including

noninfectious uveitis and scleritis (Kilmartin et al. 1998b; Larkin and Lightman

1999; Sen et al. 2003; Greiner et al. 2002; Lau et al. 2003; Baltatzis et al. 2003;

Siepman et al. 2006; Thorne et al. 2005; Teoh et al. 2008). Doycheva and

colleagues conducted a retrospective case series of 60 uveitis patients treated

with MMF for at least 5 years and found that control of inflammation was achieved

in 72% of patients after 1 year of treatment and in 82% after 2 years (Doycheva

et al. 2011). Rates of long-term side effects were similar to those reported in studies

of short-term use (Siepman et al. 2006; Thorne et al. 2005). In a retrospective cohort

study, MMF was found to have a more rapid time to control of ocular inflammation

than methotrexate and an improved side effect profile compared to azathioprine

(Galor et al. 2008). A recent randomized clinical trial in patients with noninfectious

intermediate uveitis, posterior uveitis, or panuveitis did not find a statistically

significant difference in corticosteroid-sparing control of intraocular inflammation

between patients receiving mycophenolate mofetil or methotrexate; however, there

was a trend toward higher treatment success in the methotrexate group (Rathinam

et al. 2014). There was no difference in the time to treatment effect between

mycophenolate mofetil and methotrexate.

Side effects associated with MMF most commonly include gastrointestinal

upset, malaise, fatigue, headaches, and infection (Jabs et al. 2000; Doycheva

et al. 2011). Bone marrow suppression and liver toxicities are less common but

routine laboratory monitoring is essential and patients should limit alcohol con-

sumption (Jabs et al. 2000; Knickelbein et al. 2015). In 2008, the FDA warned of

the potential association of progressive multifocal leukoencephalopathy (PML)

with MMF use (FDA 2008). However, further studies, including a retrospective

cohort study of 32,757 renal transplant recipients as well as the SITE study with

over 200 patients with ocular inflammation treated with MMF, failed to support this

potential association (Daniel et al. 2010; Neff et al. 2008).

Prior to initiating therapy, complete blood count, serum creatinine, and liver

function tests should be obtained and subsequently repeated every 1–3 months

during treatment (Knickelbein et al. 2015; Durrani et al. 2011). In adults, orally

administered MMF is typically initiated at 500 mg twice daily for 1–2 weeks, which

is increased to 1 g twice daily if well tolerated. Once control of inflammation is
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achieved, patients should continue therapy until they have been free of disease

recurrences for 1–2 years. Treatment should be discontinued if the following

conditions occur: WBC <2,500/μl, platelet count <75,000/μl, liver enzymes �5

times the upper limit of normal, or an absolute neutrophil count below 1,000/μl
(Jabs et al. 2000). The dose should be reduced if liver function tests exceed �2–3-

times the upper limit of normal or if there is a milder decrease in platelet count

(Knickelbein et al. 2015). Patients should avoid simultaneous ingestion of antacids

containing magnesium and aluminum hydroxide, as these reduce the bioavailability

of MMF (Durrani et al. 2011).

MMF is a known teratogenic agent and has been found to decrease the effec-

tiveness of oral contraceptives (Ostensen and F€orger 2013; Gerosa et al. 2014;

Sifontis et al. 2006). Therefore, two forms of contraception are needed, and male

and female patients should avoid conception for at least the first 6 weeks but

preferably 3–4 months after discontinuation of treatment (Knickelbein

et al. 2015; Ostensen and F€orger 2013).

5 Alkylating Agents

Alkylating agents, including cyclophosphamide and chlorambucil (Table 2), are

derived from sulfur mustard or mustard gas, which was synthesized in 1860 and

utilized in chemical warfare during the First World War (Frunzi 2007). In the

1940s, its ability to cause profound lymphopenia and myeloid suppression led to

its introduction as a novel chemotherapeutic agent (Goodman et al. 1946). A decade

later, the nitrogen mustard-derivative cyclophosphamide was first utilized in the

treatment of ocular inflammation (Perez 1951), and another, chlorambucil, was

added to the armamentarium in the 1970s (Patel et al. 2014). These agents inhibit

the rapidly dividing cells of inflammation through disruption of DNA replication

(Gallego-Pinazo et al. 2013). In general, their use has declined since the introduc-

tion of biologic agents.

5.1 Cyclophosphamide

Cyclophosphamide is comprised of a nitrogen mustard group attached to an

oxazaphosphorine ring, which upon enzymatic activation functions as an alkylating

agent to form DNA cross-links and DNA protein cross-links which inhibit DNA

replication and lead to cell death (de Jonge et al. 2005). This results in a cytotoxic

effect, particularly of the rapidly proliferating cells of malignancy as well as T and

B lymphocytes involved in inflammation (Pujari et al. 2010). Thus, in addition to its

use in chemotherapy, cyclophosphamide has also been utilized in the treatment of

autoimmune diseases such as systemic lupus erythematosus and granulomatosis

with polyarteritis (GPA, previously known as Wegener’s granulomatosis) (Jabs

et al. 2000). It was first introduced in the treatment of ocular inflammation in 1951

(Perez 1951).
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Although cyclophosphamide has been found to be effective in the treatment of

ocular inflammation, its risk of associated toxicities has limited its use. The SITE

Study retrospectively reviewed the records of 215 patients with ocular inflamma-

tion and found that 49.2% and 76% of patients achieved sustained control of

inflammation for at least 28 days within 6 and 12 months, respectively (Pujari

et al. 2010). However, the authors cautioned that given the substantial risk of

serious side effects, use of the drug should be limited to the most severe sight-

threatening cases.

The most common side effects include reversible bone marrow suppression,

nausea, vomiting, alopecia, and gonadal damage (de Jonge et al. 2005; Kruh and

Foster 2012). Bladder injury potentially leading to hemorrhagic cystitis or malig-

nant transformation is another concern and is thought to be due to the formation of

acrolein, a highly reactive aldehyde metabolite excreted in the urine (Yazici

et al. 1990; de Jonge et al. 2005; Cox 1979). To minimize the risk of bladder injury,

patients should hydrate with 3–4 L of fluid per day to promote frequent voiding

throughout the day (Knickelbein et al. 2015). In addition, patients should be advised

to take cyclophosphamide in the morning to limit retention of harmful metabolites

in the urine overnight (Monach et al. 2010). Sodium 2-mercaptoethane sulphonate

(Mesna) may also be prescribed, as it binds to acrolein to promote its safe excretion

(Manz et al. 1985). Increased risk of infection due to leukopenia can be treated

prophylactically with trimethoprim-sulfamethoxazole (Bactrim) if needed (Jabs

et al. 2000; Knickelbein et al. 2015). Other side effects include hepatic injury and

interstitial pneumonitis (de Jonge et al. 2005). Concern has also been raised over

possible increased risk of cutaneous malignancy as well as myeloproliferative

disorders (Jabs et al. 2000; Yazici et al. 1990). Cyclophosphamide relies on the

CYP enzymes for its degradation. Therefore, genetic polymorphisms of CYPs or

concomitant use of drugs that inhibit CYPs may result in increased bioavailability

and toxicity of the drug (de Jonge et al. 2005).

Cyclophosphamide may be administered orally or intravenously, and several

studies have investigated whether pulsed IV delivery could offer rapid control of

inflammation while avoiding prolonged bladder exposure and neutropenia

(Wakefield 2014). Results have been conflicting, but most studies have reported

IV therapy to be less effective than oral (Jabs et al. 2000; Rosenbaum 1994;

Ozyazgan et al. 1992), while a small number have concluded that IV pulse alone

or in combination with low-dose corticosteroid treatment is as effective as oral with

fewer side effects and decreased mortality (Khan et al. 2013; Suelves et al. 2013).

The SITE Study demonstrated a trend for increased cancer-related mortality,

leading to the authors’ suggestion that even though IV delivery may be less

effective for inflammation control, it may be preferable in order to reduce the risk

of malignancy (Kempen et al. 2008; Pujari et al. 2010; Martin et al. 1997).

The dosing of oral cyclophosphamide for ocular inflammation is typically

1–3 mg/kg/day (Jabs et al. 2000; Knickelbein et al. 2015; Larson et al. 2011; Yazici

et al. 1990) and should be titrated for a target WBC of 3,000–4,000/mm3

(Knickelbein et al. 2015). IV pulse therapy may be dosed at 1 g/m2 body surface

area every 3–4 weeks (Larson et al. 2011; Durrani et al. 2004). Upon initiation of
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treatment, complete blood count, platelet count, and urine analysis should be

checked weekly and eventually monthly, once values have stabilized (Knickelbein

et al. 2015). Treatment should be discontinued if WBC falls below 2,500/mm3 or if

hematuria occurs, which should prompt a urology consult (Jabs et al. 2000;

Knickelbein et al. 2015).

Cyclophosphamide is contraindicated in pregnancy as it is a known teratogen

that has been associated with increased risk of skeletal and central nervous system

abnormalities (Ostensen and F€orger 2013). Lactation should also be avoided as the

drug can be excreted in breast milk. Patients should be counseled on methods of

fertility preservation as cyclophosphamide leads to infertility in both men and

women due to disruption of oogenesis and spermatogenesis (Knickelbein

et al. 2015). Simultaneous use of gonadotropin-releasing hormone treatment may

increase the chance of continued fertility after completing treatment with cyclo-

phosphamide (Knickelbein et al. 2015; Durrani et al. 2011; Blumenfeld and Haim

1997; Slater et al. 1999).

5.2 Chlorambucil

Chlorambucil is a nitrogen mustard alkylating agent introduced in 1953 as a more

stable and less toxic derivative than cyclophosphamide (Miserocchi et al. 2002).

Similar to cyclophosphamide, chlorambucil creates DNA cross-links that interfere

with replication and transcription; however, its onset of action is slower (Larson

et al. 2011). Although initially developed for treatment of malignancies, it was later

utilized as an immunosuppressant to combat rheumatologic disorders. Since the

1970s, it has also been used to treat a variety of ocular inflammatory conditions

such as Behçet’s disease and sympathetic ophthalmia (Patel et al. 2014; Goldstein

et al. 2002; Tessler and Jennings 1990).

The use of chlorambucil has been limited due to its potential to cause serious

side effects such as bone marrow suppression, infections, sterility, and malignancy

(Miserocchi et al. 2002). Other less common side effects include skin rash, gastro-

intestinal upset, nausea, vomiting, anorexia, and alopecia (Tessler and Jennings

1990; Godfrey et al. 1974; Andrasch et al. 1978). Unlike cyclophosphamide, it is

not associated with hemorrhagic cystitis or malignant transformation of the bladder

epithelium (Goldstein et al. 2002).

Several studies have demonstrated an increased risk of malignancy, particularly

acute leukemia, associated with cumulative dose and duration of treatment (Khan

et al. 1979; Berk et al. 1981; Palmer et al. 1984). Khan and colleagues retrospec-

tively reviewed the records of 2006 patients treated for chronic inflammatory

rheumatic conditions and found that development of acute leukemia was uncom-

mon when duration of therapy was fewer than 6 months or total cumulative dose

was less than 1.0 g (Khan et al. 1979). More recently, several studies have found

that high-dose, short-term therapy may offer sustained control of inflammation

while minimizing the risk of associated side effects (Patel et al. 2014; Goldstein

et al. 2002). At the low doses used in long-term therapy, chlorambucil acts as an
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inhibitor of protein synthesis, specifically of histones, while at high doses, it acts as

a DNA alkylator leading to apoptosis (Sourlingas and Sekeri-Pataryas 1997).

Disruption of histones causes structural instability and increased rate of mutations

of the p53 gene leading to secondary malignancies (Sturm et al. 2003). Thus, short-

term high-dose therapy may offer a way to circumvent the process of malignant

transformation. Although further studies are needed, the use of chlorambucil may

be warranted in patients with severe disease refractory to other forms of treatment.

For ocular inflammation, chlorambucil is typically dosed at 0.1–0.2 mg/kg/day

and continued for 1 year following control of inflammation (Knickelbein

et al. 2015). Alternatively, high-dose therapy may be offered, consisting of 2 mg

per day for 1 week followed by 2 mg per day each week until quiescence is

achieved, the WBC count decreases to 2,400 cells per microliter or the platelet

count drops below 100,000 cells per microliter (Larson et al. 2011; Tessler and

Jennings 1990; Mamo 1976). Upon initiation of treatment, complete blood count

should be checked weekly and eventually monthly, once values have stabilized.

Chlorambucil is a known teratogen and is contraindicated in pregnancy. Patients

should be counseled on fertility preservation as it has been associated with testicular

hypotrophy and azoospermia in men and premature ovarian failure in women (Patel

et al. 2014; Blumenfeld et al. 2000).

6 Biologic Agents

Antibodies and other proteins that target specific components of the immune

cascade to downregulate the immune response have become an important treatment

modality for ocular inflammatory disease (Table 2), especially in cases of refractory

uveitis or patient intolerance to conventional immunomodulatory therapy. In fact,

an expert panel advocates using biologics as first-line agents in vision-threatening

ocular Behçet’s disease and second-line agents for many other types of chronic,

vision-threatening ocular inflammatory disease (Levy-Clarke et al. 2014). Anti-

tumor necrosis factor α (TNFα) agents are the most frequently used biologic agents

for ocular inflammation, and other classes of biologic agents are emerging as

potentially effective as well. The use of biologics for uveitis is considered

off-label in the USA, given the lack of applicable randomized, controlled clinical

trials. However, TNF inhibitors, for example, are approved for the treatment of

uveitis in Japan and some European countries.

Since anti-inflammatory biologic agents downregulate the immune system,

infections and an increased risk for malignancy are potential side effects. In

addition to an increased frequency of upper respiratory infections, there is an

increased risk for serious opportunistic infections and reactivation of latent

infections. Current recommendations include screening for tuberculosis,

hepatitis B, and hepatitis C prior to biologic administration (Selmi et al. 2015).

Patients receiving biologic therapy should be vaccinated against influenza

(inactivated vaccine), pneumococcal disease, and hepatitis B; these patients should

not receive live vaccines. The biologic agents used in ocular inflammatory disease
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have been developed relatively recently, so the long-term safety of these

medications is unclear, especially given the possibility of an increased risk for

malignancy.

Side effects that may limit biologic agent tolerance include systemic infusion

reaction, injection site reaction, sustained liver function test abnormality, severe

neutropenia, and severe thrombocytopenia. Also, cost is a major limitation to the

use of biologic agents. Analysis of a US claims database using data from 2007 to

2011 showed that the average yearly cost per patient treated with an anti-TNFα
agent ranged from $17,767 to $24,273, depending on the agent used (Schabert

et al. 2013). Insurance companies differ in their coverage of these medications,

especially for off-label use as in uveitis. Also, many biologic agents are

administered intravenously, which further increases costs and inconveniences the

patient by requiring visits to an infusion center. Notable exceptions that may be

administered subcutaneously by the patient or a family member in a more flexible

setting are adalimumab, golimumab, and certolizumab.

6.1 TNFa Antagonists

TNFα is a potent proinflammatory cytokine implicated in the primary pathogenesis

of uveitis. TNFα levels are increased in both serum and aqueous of patients with

active uveitis (Santos Lacomba et al. 2001). Intravitreal injection of TNFα in

rabbits was shown to cause ocular inflammation by disrupting the blood-ocular

barrier (Rosenbaum et al. 1988). Systemic TNFα administration conferred suscep-

tibility to ocular inflammation in an experimental autoimmune uveitis (EAU)

mouse model (Nakamura et al. 1994), and blocking TNFα in an EAU model

suppressed the ocular inflammation (Sartani et al. 1996).

Anti-TNFα agents are biologically derived products first approved for the

treatment of rheumatoid arthritis (Woodrick and Ruderman 2011) and now are

the most commonly used biologic agents for uveitis (Levy-Clarke et al. 2014).

Among the TNFα antagonists, infliximab has the most evidence for efficacy in

ocular inflammatory disease, followed by adalimumab. Golimumab and

certolizumab are newer anti-TNFα agents that also are potentially useful for

treating ocular inflammatory disease. However, etanercept, the first anti-TNFα
agent developed, is not recommended in uveitis. Substituting agents within the

anti-TNFα class even if there is lack of response to the initial anti-TNFα agent may

be beneficial in uveitis: a meta-analysis of anti-TNFα agent use in pediatric chronic

autoimmune uveitis showed that among children who did not maintain disease

remission with the initially prescribed anti-TNFα agent, 75% responded to a second

anti-TNFα agent (Simonini et al. 2014).

Known multiple sclerosis (MS) is a contraindication to anti-TNFα therapy. Both

patients in a case series of two patients with rapidly progressive MS treated with

anti-TNFα antibody infusions showed increased numbers of gadolinium-enhancing

brain lesions (van Oosten et al. 1996), and a randomized controlled clinical trial of
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relapsing-remitting MS patients showed more frequent disease exacerbations in

patients undergoing TNF blockade (Group TLMSSGaTUoBCMMA 1999).

Anti-TNFα therapy has been associated with other paradoxical autoimmune

manifestations, including new cases of sarcoidosis with infliximab, adalimumab,

etanercept, and certolizumab (Tong et al. 2012; Moisseiev and Shulman 2014).

Psoriasiform rashes (Nguyen et al. 2013) and alopecia areata (Tauber et al. 2014)

also have been reported with anti-TNFα therapy.

An early observational study suggested that the risk of lymphoma is higher in

rheumatoid arthritis patients treated with anti-TNFα agents compared to conven-

tional immunomodulatory therapy, but after subsequent analysis with an increased

number of patients and follow-up duration the authors concluded that anti-TNFα
agent use was not associated with an increased risk of lymphoma (Wolfe and

Michaud 2007). Increased rates of lymphoma development have been found in

other observational studies of TNFα antagonists compared to placebo (Geborek

et al. 2005; Wong et al. 2012), but this finding is not consistent, and in all studies the

number of lymphomas is small. Such analysis is further complicated by the

increased risk of lymphoma in severe rheumatoid arthritis (Ekstrom et al. 2003).

Although a theoretical risk for increased risk of various malignancies with biologic

therapy persists, and further follow-up is indicated to definitively address this

possibility, the studies to date do not support an increased risk for systemic

malignancy.

The use of TNFα antagonists during pregnancy is generally avoided, but a

prospective observational study showed no significant difference in the rate of

congenital abnormalities in pregnancies with anti-TNFα exposure in the first

trimester compared to disease-matched control pregnancies without anti-TNFα
exposure and other pregnancies in normal controls (Diav-Citrin et al. 2014).

TNFα antagonist exposure during early pregnancy may be less concerning since

placental transfer of IgG antibodies is minimal during the first trimester, but

placental transfer of IgG antibodies does become more efficient as pregnancy

progresses, with case reports showing that infliximab is present in neonatal serum

if the mother has been treated during the third trimester (Djokanovic et al. 2011).

Infliximab (Remicade, Janssen Biotech, Titusville, NJ, USA) is a chimeric

(human-murine), monoclonal anti-TNFα IgG1k antibody. Multiple, relatively

large case series show that infliximab is efficacious and well tolerated in Behçet’s

disease-associated uveitis (Arida et al. 2011; Calvo-Rio et al. 2014a; Takeuchi

et al. 2014; Vallet et al. 2015), leading to the recommendation that it be considered

a first-line agent for ocular Behçet’s disease (Levy-Clarke et al. 2014).

Case series, observational studies, and open-label prospective clinical trials

show that infliximab is efficacious for uveitis refractory to conventional immuno-

suppressive therapy in the context of scleritis, JIA-associated anterior uveitis,

HLA-B27-associated anterior uveitis, ocular sarcoidosis, birdshot

retinochoroidopathy, Vogt–Koyanagi–Harada disease (VKH), and idiopathic uve-

itis (Simonini et al. 2014; Murphy et al. 2004; Suhler et al. 2009; Sen et al. 2009;

Ragam et al. 2014; Kruh et al. 2014). An open-label study examining the efficacy of

infliximab for noninfectious uveitis refractory to at least one standard
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immunosuppressive medication showed a 77% response rate at 10 weeks and a 48%

response rate at 50 weeks (Suhler et al. 2009).

Adalimumab (Humira; AbbVie, North Chicago, IL, USA) is a fully humanized

monoclonal anti-TNFα IgG1 antibody. Multiple studies show that adalimumab is

efficacious in Behçet’s-associated uveitis (Arida et al. 2011; Calvo-Rio et al. 2014a;

Vallet et al. 2015; Dı́az-Llopis et al. 2012), leading to the recommendation that it be

considered a first-line agent for ocular Behçet’s disease (Levy-Clarke et al. 2014).

Case series, observational studies, and open-label prospective clinical trials

show that adalimumab can be efficacious for uveitis refractory to conventional

immunosuppressive therapy in the context of scleritis, JIA-associated anterior

uveitis, HLA-B27-associated anterior uveitis, tubulointerstitial nephritis and uveitis

syndrome (TINU), ocular sarcoidosis, birdshot retinochoroidopathy, VKH, and

idiopathic uveitis (Simonini et al. 2014; Ragam et al. 2014; Dı́az-Llopis

et al. 2012; Restrepo and Molina 2010; Suhler et al. 2013). An open-label study

examining the efficacy of adalimumab for noninfectious uveitis refractory to at

least one standard immunosuppressive medication showed a 68% response rate at

10 weeks and a 39% response rate at 50 weeks (Suhler et al. 2013).

An open question in uveitis is whether infliximab and adalimumab are equiva-

lent in terms of efficacy and safety. Comparisons of early studies suggested that

infliximab may be more effective but have more serious side effects than

adalimumab (Knickelbein et al. 2015), but these comparisons were limited by

small sample size and often were indirect. For instance, the prospective, open-

label study of infliximab in refractory uveitis showed a more favorable response

rate and more toxicity compared to adalimumab (Suhler et al. 2013), but these

studies were not performed concurrently and thus were not designed to be directly

compared. A systemic review and meta-analysis did not find a significant difference

in response to infliximab versus adalimumab in pediatric chronic noninfectious

uveitis (Simonini et al. 2014). A recent patient series examining outcomes in

Behçet’s disease showed no difference in efficacy or safety between infliximab

and adalimumab (Vallet et al. 2015).

Golimumab (Simponi; Janssen Biotech, Titusville, NJ, USA) is a fully

humanized monoclonal anti-TNFα antibody that first was reported to be useful

for uveitis treatment in a series of two cases published in 2011 (Cordero-Coma

et al. 2011). Additional case reports and retrospective case series show that

golimumab can effectively control noninfectious intraocular inflammation (Faez

et al. 2014; Miserocchi et al. 2014; Cordero-Coma et al. 2014; Calvo-Rio

et al. 2014b). A recently published 3-year safety update shows that the safety profile

of golimumab is similar to that of other TNFα antagonists (Kay et al. 2015).

Certolizumab pegol (Cimzia; UCB, Smyrna, GA, USA) is a humanized mono-

clonal anti-TNFα antibody Fab’ fragment that has been PEGylated to prolong its

half-life. Of the available anti-TNFα agents, certolizumab has the least amount of

published data to document its efficacy in uveitis, although the available data are

promising. The first case reporting efficacy of certolizumab in uveitis was published

in 2015 and showed a clinical response in HLA-B27 spondylarthropathy-associated

anterior uveitis with certolizumab, after failing infliximab and adalimumab (Maiz

Pharmacologic Treatment of Noninfectious Uveitis 253



Alonso et al. 2015). A recent case series showed that certolizumab had a response

rate of 71.4% in cases of autoimmune uveitis that previously failed other anti-TNFα
therapy (Llorenc et al. 2015).

Etanercept (Enbrel; Amgen, Thousand Oaks, CA, USA) is a recombinant fusion

protein consisting of two copies of the soluble portion of the human TNF receptor

fused to the human IgG1 Fc domain, and it downregulates TNFα signaling by

binding free TNFα and preventing it from binding to cell surface TNFα receptors.

Etanercept effectively treats inflammatory arthritis, but it appears to be less effec-

tive than other anti-TNFα agents in treating uveitis and scleritis (Smith et al. 2001,

2005; Doycheva et al. 2014; Galor et al. 2006). Etanercept use has been associated

with new-onset uveitis and scleritis in challenge–dechallenge–rechallenge cases

(Reddy and Backhouse 2003; Gaujoux-Viala et al. 2012), and a review of adverse

drug events databases showed a significantly higher risk of uveitis with etanercept

than with infliximab or adalimumab (Lim et al. 2007). As a result, etanercept use is

avoided in uveitis patients, even in those with quiescent uveitis who may potentially

benefit from its effects on inflammatory joint disease. This idea is evident in the

prescribing patterns for juvenile idiopathic arthritis in the UK: the initially pre-

scribed biologic agent in JIA patients with a history of chronic anterior uveitis is

much more likely to be adalimumab or infliximab rather than etanercept, even

though only etanercept and the interleukin-6 (IL-6) antagonist tocilizumab are

approved for use in JIA by the National Institute for Health and Care Excellence

(Kearsley-Fleet et al. 2016).

6.2 Anti-IL6 Agents

Elevated levels of IL-6, a proinflammatory cytokine, also have been demonstrated

in serum (Kramer et al. 2007), aqueous (Murray et al. 1990), and vitreous (Perez

et al. 2004) of uveitis patients. Yoshimura and colleagues have shown that IL-6

expression is necessary for ocular inflammation in an EAU mouse model and that

IL-6 blockade ameliorates ocular inflammatory disease in that same EAU model

(Yoshimura et al. 2009).

Tocilizumab (Actemra; Genentech, South San Francisco, CA, USA), a

humanized monoclonal antibody that targets the IL-6 receptor, is becoming more

widely used in noninfectious uveitis refractory to anti-TNFα treatment (Lin 2015),

with case reports describing therapeutic success of tocilizumab in refractory

birdshot chorioretinopathy (Muselier et al. 2011; Papo et al. 2014), idiopathic

granulomatous panuveitis, juvenile idiopathic arthritis-associated uveitis

(Tappeiner et al. 2012), Behçet’s disease (Deroux et al. 2015), Castleman’s

disease-associated anterior uveitis and retinal vasculitis (Oshitari et al. 2012), and

atypical Cogan’s syndrome-associated anterior uveitis (Shibuya et al. 2013).

Tocilizumab also may be effective in treating uveitic macular edema. Case series

show improvement in refractory uveitic macular edema with tocilizumab

(Mesquida et al. 2014), even in the absence of obvious active uveitis (Muselier

et al. 2011; Deuter et al. 2016).
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Safety studies of tocilizumab have shown an increased risk of serious infections

comparable to that of anti-TNFα agents (Nishimoto et al. 2009), relatively uncom-

mon and usually mild transfusion reactions, neutropenia, thrombocytopenia, trans-

aminase elevations, and serum lipid elevations. Initial clinical trials identified

18 cases of gastrointestinal perforation in rheumatoid arthritis patients treated

with tocilizumab (Gout et al. 2011). Subsequent analysis showed that gastrointesti-

nal perforation occurred in the setting of diverticulitis in the majority of these cases,

and the risk of gastrointestinal perforation with tocilizumab was not significantly

different than the risk with anti-TNFα agents and was significantly lower than the

risk with corticosteroids. Postmarketing studies in rheumatoid arthritis and juvenile

idiopathic arthritis patients confirm that tocilizumab is well tolerated and identify

opportunistic infections and bone marrow suppression with varying degrees of

neutropenia and/or thrombocytopenia as the most common adverse effects

(Genovese et al. 2013; Koike et al. 2014; Yokota et al. 2015).

Other anti-IL6 agents include clazakizumab (Alder BioPharmaceuticals,

Bothell, WA, USA), olokizumab (UCB, Brussels, Belgium, and R-Pharm, Moscow,

Russia), sarilumab (Regeneron Pharmaceuticals, Tarrytown, NY, USA), siltuximab

(Janssen Biotech, Titusville, NJ, USA), and sirukumab (Janssen Biotech, Titusville,

NJ, USA). Ongoing clinical trials assess the effectiveness of tocilizumab in juvenile

idiopathic arthritis-associated uveitis (phase I/II); tocilizumab in noninfectious

intermediate, posterior, and panuveitis (phase I/II); and sarilumab in noninfectious

intermediate, posterior, and panuveitis (phase II) (clinicaltrials.gov).

6.3 Anti-CD20 Agents

Rituximab (Rituxan; Genentech, South San Francisco, CA, USA) is a chimeric

(human/murine) monoclonal antibody against CD20, a cell surface molecule found

only on the surface of mature B lymphocytes. A single treatment series, given as

two infusions separated by 2 weeks, depletes mature B cells for 4–6 months. Of

note, plasma cells do not express CD20 and thus are not depleted by rituximab. The

exact mechanism of action for rituximab in autoimmune disease is unclear but may

include prevention of plasma cell formation, alteration of B-cell–T-cell

interactions, and/or diversion of immune effector cells toward rituximab–B-cell

complexes and away from disease-specific immune complexes within affected

tissues (Taylor and Lindorfer 2007). In addition to the side effects shared by the

other biologic agents discussed in this chapter, a rare but daunting potential side

effect of rituximab treatment is progressive multifocal leukoencephalopathy (PML)

in the absence of human immunodeficiency virus infection. This potentially fatal

outcome of JC virus reactivation occurred at an estimated rate of 1 in 25,000 in a

rheumatoid arthritis population (Clifford et al. 2011).

A prospective interventional trial of 12 patients (Suhler et al. 2014) and a

retrospective case series of 15 patients (Cao et al. 2016) both showed that rituximab

can effectively treat noninfectious scleritis refractory to other treatment modalities.

A pilot study in Behçet’s disease showed that rituximab was more efficacious than
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cytotoxic therapy (Davatchi et al. 2010). A case series showed that rituximab may

achieve long-term quiescence in severe JIA-associated uveitis refractory to anti-

TNFα agents (Miserocchi et al. 2015). Additionally, there are case reports

documenting efficacy of rituximab in recalcitrant VKH (Caso et al. 2015) and

diffuse subretinal fibrosis uveitis syndrome (Cornish et al. 2015). Of note, with its

more favorable side effect profile, rituximab has essentially replaced cyclophos-

phamide in the treatment of GPA (Lally and Spiera 2015).

6.4 Other Biologic Agents

Other biologic agents that show promise in the treatment of ocular inflammatory

disease include the anti-IL1 agents anakinra, canakinumab, and gevokizumab as

well as the anti-IL17 agent secukinumab. Both IL-1β (Wan et al. 2016) and IL-17

(Amadi-Obi et al. 2007) are thought to be involved in the primary pathogenesis of

human uveitis and EAU, with IL-1β acting upstream of IL-17. Case studies have

shown efficacy of the recombinant IL-1 receptor antagonist anakinra (Kineret; Sobi,

Stockholm, Sweden), the human monoclonal anti-IL1β antibody canakinumab

(Ilaris; Novartis, Basel, Switzerland), and the human monoclonal anti-IL1β anti-

body gevokizumab (XOMA, Berkeley, CA, USA) in Behçet’s disease; the poten-

tially lower risk of tuberculosis reactivation with these medications compared to

anti-TNFα agents suggests an advantage to using the anti-IL1 agents in

tuberculosis-endemic areas (Cantarini et al. 2015). Studies of the human anti-

IL17A monoclonal antibody secukinumab (Cosentyx; Novartis, Basel,

Switzerland) in uveitis document both treatment success and treatment failure,

perhaps because of differences in bioavailability based on administrative route. A

recent randomized controlled trial of secukinumab in noninfectious active interme-

diate, posterior, or panuveitis showed an acceptable response rate of 72.7% and low

relapse rates with high-dose intravenous administration; however, subcutaneous

administration produced a response rate of only 33.3% (Letko et al. 2015).

7 Conclusions

Multiple therapeutic options currently exist for the treatment of noninfectious

uveitis. Both local as well as systemic medications with various mechanisms of

action may be utilized to combat intraocular inflammation. A common paradigm

for treating chronic or recurrent noninfectious uveitis involves the “step-ladder”

approach (Foster et al. 2016). This approach involves rapidly achieving disease

quiescence with either local or systemic corticosteroids along with early initiation

of traditional steroid-sparing therapy, such as mycophenolate, methotrexate, or

cyclosporine. If these medications fail to control the disease, biologic agents are

then added to the regimen. In especially recalcitrant cases, intraocular surgery in the

form of pars plana vitrectomy may be indicated. As advancements are made in the

understanding of inflammatory diseases, such as noninfectious uveitis, new
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therapeutic targets will be discovered and additional treatment options will become

available.
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