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The history of the therapeutic approach to inflammation, in general, and to 
uveitis, in particular, contains many curios. Aspirin was synthesized in 1897, 
and for decades, it was virtually the only known pill that reliably treated 
inflammation. In the 1930s, the theory that uveitis resulted from an occult 
infection inspired some to recommend hysterectomy or prostatectomy as 
treatment for uveitis [1]. Another popular approach during this era was fever 
therapy as could be induced by typhoid vaccine [2]. Philip Hench from the 
Mayo Clinic began to use adrenal derivatives to treat rheumatoid arthritis in 
1948 and received the Nobel Prize for this discovery only 2 years later. Hench 
died of suicide, and many believe that much of his depression resulted from 
the realization that cortisone therapy was fraught with toxicities that he had 
never appreciated on the basis of the short-term studies for which he was 
appropriately honored. Methotrexate is now a popular immunosuppressive 
whose mechanism of action is partially due to poisoning leukocytes. It was 
developed to treat leukemia. The suggestion that methotrexate should be used 
to treat inflammation was greeted by many with skepticism.

In the 1950s, growing up in Portland, Oregon, I would make hospital 
rounds with my father. He had been trained by Hench and then came west to 
become arguably the first rheumatologist in the state. But his bag of therapeu-
tic magic for rheumatoid arthritis was nearly empty. A mainstay was the 
injection of gold, based in part on the concept that heavy metals could be 
toxic to bacteria like tuberculosis. As I write today, the contribution of tuber-
culosis to certain inflammations within the eye still often provokes heated 
debate. My father’s most effective therapies might have been bedrest and his 
ever optimistic personality which continually encouraged improvement. Our 
current rheumatology fellows have never met a patient who received gold 
therapy even though that was standard of care when I did my rheumatology 
fellowship in the late 1970s.

Editors, Phoebe Lin and Eric Suhler, have assembled a collection of manu-
scripts which thoroughly describe the state of the art for noninfectious uveitis 
therapy in 2018. Each contribution is written by an expert or experts. It is 
impossible for me to hold the volume without thinking how much has changed 
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since I founded a uveitis clinic in a tertiary medical center in 1985. Even 
more pleasant to imagine is how much more will change thanks to the careers 
of the editors, authors, and readers of this collection.

James T. Rosenbaum, M.D.Portland, OR, USA

March, 2018
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The field of uveitis is considered by many ophthalmologists to be among the 
most challenging to deal with among the broad panoply of ophthalmic dis-
eases. While uveitic differential diagnoses are broad and require consider-
ation of systemic diseases infrequently considered or encountered by 
ophthalmologists, we would submit that perhaps the most intimidating aspect 
of uveitis care to those not well-steeped in it would be the treatment aspect of 
uveitis, especially when systemic therapy is required. Many patients, and 
some providers, are very fearful of the use of systemic “poisons,” and the 
monitoring of these patients for potential toxicity gives pause to providers not 
well versed in their use.

This book was carefully designed to fill a previously unmet need: to pro-
vide one single reference for all of the reader’s questions on the treatment of 
noninfectious uveitis. From topical treatment to locally administered therapy, 
including drug-releasing implants, to systemic immunosuppressive treat-
ments both tried and new, as well as surgical management, this reference 
expertly covers all of it. Each chapter highlights important practice pearls as 
well as provides an easy-reference dosing table, side effects, and lab monitor-
ing pertinent to the agents discussed. Treatment of Non-infectious Uveitis 
provides salient information for the resident or fellow as well as practice tips 
and higher-level information that comprehensive ophthalmologists and sub-
specialists in uveitis and retina will also appreciate.

We had the very distinct pleasure in the production of this text to work 
with respected leaders in the field of uveitis and clinical ocular immunology, 
many of whom were former fellows at our institution, Oregon Health and 
Science University, or who have been longtime friends and collaborators, and 
we thank and honor them for their scholarly contributions.

While no volume can be completely comprehensive in this rapidly chang-
ing field, we hope this text will find a home on the shelves of uveitis- interested 
medical providers and that its well-referenced chapters will serve as a primer 
for those wishing to learn more about the topical, local, and systemic treat-
ment of uveitis.

Portland, OR, USA Phoebe Lin, MD, PhD
  Eric Suhler, MD, MPH  

Preface
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Introduction

Phoebe Lin and Eric Suhler

The heterogeneity of uveitis is a much talked- 
about conundrum that ophthalmologists face 
when diagnosing and managing uveitis patients. 
The etiology of most clinical uveitic entities 
has yet to be fully elucidated, and each of these 
disease classifications likely has diverging trig-
gers and possibly different intraocular cytokine 
profiles (as a single potential example of their 
heterogeneity). That said, one necessary and 
practical trend has been to identify the overlap-
ping characteristics of uveitis that can allow us to 
study treatment in clinical trials and, also, iden-
tify successful treatment for the uveitis patient 
that presents to us in the clinic. Over the past 
decade, significant advances in how we study 
treatment for uveitis have been made, with the 
advent of uveitis clinical trials utilizing multi- 
faceted combined imaging and clinical end-
points to include several anatomic subtypes of 
uveitis and to more powerfully investigate treat-
ment efficacy. What these well-designed studies 
have taught us is that while we still have yet to 

understand the basic mechanisms of many types 
of non-infectious uveitis, we can successfully 
plunge forward with disease-modifying, sight- 
sparing treatment. At the same time, impactful 
developments in both systemic immunosuppres-
sive therapy, particularly in the biologic realm, 
as well as advancements in surgical technology, 
have occurred. These developments have added 
greatly to our treatment armamentarium and 
have given us needed alternatives to the chronic 
use of corticosteroids, which if not tapered suc-
cessfully may reduce the quality and sometimes 
the quantity of our patients’ lives. Collaborative 
studies such as the Systemic Immunosuppressive 
Therapy for Eye Diseases (SITE) cohort and the 
Multicenter Uveitis Steroid Treatment (MUST) 
trial have provided us with valuable informa-
tion to guide us on how to treat and counsel our 
patients. What remains a challenge is how we 
generalize this evidence to the patient sitting in 
front of us, every day.

We encourage the reader to use this book 
as a one-stop reference for treatments for uve-
itis ranging from anterior uveitis to interme-
diate, posterior, and panuveitis. We hope that 
it will provide an up-to-date knowledge base 
from which to make the complex decisions for 
you and your patient. Included is information 
regarding drug mechanism, drug dosing for 
children and adults, as well as evidence for effi-
cacy based on studies that utilize visual acuity, 
inflammatory control, as well as complications 
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such as cystoid macular edema and retinal neo-
vascularization, as outcomes. Practice pearls 
are highlighted in each chapter, and convenient 
drug tables are provided for quick reference. 
Treatment for infectious uveitis is not covered 
in this book, and any use of the medications 
covered in this manuscript presupposes that the 
treating clinician has ruled out infectious causes 
before treating uveitis patients with depot local 
steroids or systemic immunosuppression in 
order to prevent causing sight- threatening exac-
erbations of infectious disease. In addition, we 
have included a chapter on novel and emerg-
ing therapies on the horizon for uveitis, an 
area which, by its very definition, is constantly 
changing and expanding.

While this reference includes detailed infor-
mation on individual therapies and evidence for 
each therapy, special scenarios should be high-
lighted. We have all encountered the refractory 
patient who cannot taper down to a safe dosage 
of systemic steroids without recurrent sight- 
threatening inflammation. Adjunctive therapies 
can be tried in the latter scenario including 
combination systemic therapy such as adding 
cyclosporine to an anti-metabolite or co-treat-
ment with an anti-metabolite and a biologic 
such as a TNF-alpha inhibitor. The latter com-
bination is often used to decrease the rate of 
anti- adalimumab or anti-infliximab antibody 
formation, but can also be dosed for treatment 
effect. While simultaneous treatment with mul-
tiple biologics is not recommended outside the 
context of a clinical trial, switching from one 
biologic to another is commonly necessary 
after failure of one biologic. If multiple biolog-
ics from a single class have already been tried 
without treatment response, or if class-specific 
toxicity is encountered, then one can switch to 
another class of biologic. In our practices, as 
long as there are no contraindications for their 
use, TNF blockers are the first biologics that are 
initiated after anti- metabolites fail or are only 
partially effective. If TNF blockers fail, then 
tocilizumab, rituximab, or other agents can be 
tried. Other treatments such as interferon ther-
apy can be effective, alternatively. Another 
strategy would be to pair local corticosteroid 

adjunctive treatment with systemic immuno-
suppressive therapy, which can be effective as 
well.

Other special scenarios pertain to treatment 
of pediatric uveitis (which is highlighted in a 
separate chapter), as well as considerations of 
treatment in pregnant and lactating women. In 
children, the clinician should pay special atten-
tion to dosing and special concerns for side 
effects that might impact growth and/or future 
fertility. While there is no separate chapter in 
this reference for pregnant and lactating 
women, we would like to summarize and high-
light several pearls: systemic corticosteroids 
are used in pregnancy and lactation despite its 
category C status; cyclosporine is also category 
C but is used in low doses during pregnancy, 
taking care to pay attention to blood pressure 
and renal function; the anti-metabolites are cat-
egory D or X drugs. Among this latter class, 
azathioprine has not definitely shown evidence 
of increased rates of miscarriage or congenital 
malformation; however, methotrexate and 
mycophenolate are known teratogens. The TNF 
inhibitors are category B drugs and can be con-
sidered in pregnancy although to be safe, one 
might consider holding until the start of the 
third trimester [1].

Quality of life in uveitis is another topic that 
is pertinent to treatment of uveitis patients, and 
is not covered as a separate topic in this book. 
We would like to highlight several recent stud-
ies showing the impact of treatment in quality of 
life in uveitis patients. The MUST study has 
shown similar significant improvements in 
vision- related quality of life measures in patients 
treated with either a surgical steroid implant or 
systemic immunosuppressive therapy [2], 
although the steroid implant group experienced 
immediate improvements compared to the grad-
ual improvement in the systemic therapy group. 
It should be noted, however, that a separate 
study showed that while both methotrexate and 
mycophenolate equally improved the vision-
related quality of life in patients (similar to the 
MUST study), the overall health-related quality 
of life measures including the mental health 
component declined over the treatment course 
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[3], suggesting the burden of treatment side 
effects (such as due to headache, nausea, diar-
rhea, fatigue, and vomiting, all side effects that 
are not necessarily identified as serious adverse 
events in larger trials such as the MUST trial). 
The importance of treatment and the dogma of 
sustained control of inflammation to achieve the 
best visual acuity results must thus always be 
tempered by assessing the patient’s overall qual-
ity of life.

We and the international group of experts who 
have authored these chapters hope that you will 
find the detailed information about each type of 
uveitis treatment illuminating and as a helpful 
guide in treating your non-infectious uveitis 
patients, of course not to be supplanted by the 

irreplaceable value of consultation with your col-
leagues and continuing educational efforts.
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Topical Therapy in Uveitis

Andrew W. Francis and Andrea D. Birnbaum

 Introduction

Treatment of ocular inflammation is often initi-
ated during the diagnostic stage, before poten-
tial infectious etiologies have been identified or 
a diagnosis is assigned. Therapy at this stage is 
intended to control symptoms, decrease inflam-
mation, and reduce the risk of structural damage 
and permanent vision loss. Initial management 
of the most common uveitic disorders typically 
includes topical therapy, which may be the only 
treatment required in cases of anterior uveitis. For 
more severe disease involving the posterior seg-
ment, topical therapy is used in conjunction with 
periocular or systemic treatment. Corticosteroids, 
nonsteroidal anti-inflammatory drugs (NSAIDS), 
and cycloplegic agents are the most commonly 
prescribed topical medications.

 Corticosteroids

Corticosteroids have been the mainstay of ther-
apy for ocular inflammatory disease since the 
early 1950s [1]. They are effective in control-
ling inflammation and reducing symptoms of 
pain, photophobia, and redness associated with 
inflammation of the anterior segment. Reducing 
anterior segment inflammation decreases the risk 
of synechiae formation and permanent structural 
damage. Some topical corticosteroids penetrate 
the anterior chamber, providing targeted therapy 
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Pearls
• Topical prednisolone acetate 1% and 

difluprednate are the most effective top-
ical treatments for anterior uveitis in the 
United States in the absence of infec-
tious keratitis.

• Intraocular pressure should be moni-
tored at 1–2 weeks after initiating topi-
cal steroids.

• Twice daily or less of prednisolone ace-
tate 1% contributes minimally to com-
plications such as cataract.

• NSAIDs are not usually effective in 
treating anterior uveitis.

• Cycloplegics are important adjunctive 
topical therapy in moderate to severe 
anterior uveitis.
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and reducing the risks associated with systemic 
corticosteroids. Although short-term applica-
tion of topical corticosteroids is relatively safe, 
potentially serious side effects may occur with 
long- term use, including cataract formation and 
elevation in intraocular pressure [2, 3]. There 
are several different corticosteroid preparations 
available for topical administration with varying 
potencies and ocular penetration. The most com-
mon topical ophthalmic corticosteroids utilized 
clinically are listed in Table 2.1 [4, 5]. It should 
be noted that prednisolone acetate and diflupred-
nate are the only topical steroids available in the 
United States that appear to penetrate the ante-
rior chamber effectively enough to treat anterior 
uveitis.

 Indications

Specific indications for topical corticosteroid 
therapy are numerous, although general con-
siderations include anterior segment inflam-
mation, posterior synechiae in an inflamed eye, 
and cystoid macular edema. To rapidly reduce 
intraocular inflammation, many clinicians begin 
treatment with frequent dosing of topical cor-
ticosteroids. The medication can then either be 
tapered, with the goal of utilizing the lowest pos-
sible dose required to control inflammation, or 
completely discontinued, depending on whether 
the disease process is acute or chronic in dura-
tion. During the course of treatment, patients 
should undergo frequent examinations to check 

Table 2.1 Topical corticosteroid agents

Generic name Trade name Strength Treatment frequencya

Dexamethasone sodium 
phosphate

Maxidex Suspension, 
0.1%

4–6 times daily

Ocu-Dex Ointment 
0.05%

Generic Solution 0.1%
Difluprednate Durezol Emulsion, 

0.05%
4–6 times daily (used at approximately half the 
frequency of prednisolone)

Fluorometholone FML S.O.P Ointment, 0.1% 4–6 times daily in first 24–48 h; 1–3 times daily after
FML 
Liquifilm

Suspension, 
0.25%

4–6 times daily

Fluor-Op Suspension 
0.1%

Gemeroc Suspension 
0.1%

Fluorometholone acetate Flarex Suspension, 
0.1%

4–6 times daily

Medrysone HMS Suspension, 1% 4–6 times daily
Prednisolone acetate Econopred 

Plus
Omnipred
Pred Forte
Generic

Suspension, 1% 3–4+ cell: every 1 h to every 2 h
2+ cell: at least 4–6 times daily

Prednisolone sodium 
phosphate

Inflamase 
Forte
Prednisol
Generic

Solution, 1% 4–6 times daily

Rimexolone Vexol Suspension, 1% Hourly while awake for 1 week; every 2 h while 
awake in second week; taper

aDrops are often tapered rather than abruptly stopped

A. W. Francis and A. D. Birnbaum
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intraocular pressure and level of inflammation. 
As a general rule, treatment courses greater than 
2 or 3 weeks should include a taper of the medi-
cation rather than an abrupt discontinuation to 
prevent rebound inflammation.

 Mechanism

Corticosteroids are potent anti-inflammatory 
agents whose mechanism of action is inhibition 
of the enzyme phospholipase A2, preventing 
production of the two main mediators of inflam-
mation, prostaglandins and leukotrienes [6]. 
Corticosteroids also block the cyclooxygenase/
prostaglandin E2 isomerase (COX-1 and COX-
2) enzymes, which are also inhibited by non-
steroidal anti-inflammatory drugs (NSAIDs). In 
addition to reducing anterior chamber cell, cor-
ticosteroids are thought to reduce vascular per-
meability of the iris and ciliary body [7]. The 
multitude of actions of corticosteroids appear to 
be via the activation of anti-inflammatory gene 
expression downstream of binding to the gluco-
corticoid receptor [8].

 Penetration

Topically applied corticosteroids penetrate the 
eye via the cornea [4, 9]. The rate-limiting step 
for penetration of hydrophilic molecules into 
the anterior chamber is the corneal epithelium, 
whereas the rate-limiting step for penetration 
of hydrophobic molecules is the corneal stroma 
[9–11]. Therefore, for a topical corticosteroid 
to effectively penetrate the cornea, it must be 
both lipophilic and hydrophilic with the rela-
tive potency of a glucocorticoid agent and its 
associated risk for side effects dependent on its 
bioavailability in  vivo. Certain steroids, espe-
cially fluorinated agents, are less potent in vivo 
because their penetration is significantly reduced 
across the corneal epithelium. Additionally, 

acetate- based agents such as prednisolone acetate 
achieve much higher concentrations in the aque-
ous fluid than either alcohol-based agents such as 
dexamethasone or phosphate-based agents such 
as prednisolone phosphate. This is one reason 
that prednisolone acetate at a 1% concentration 
is much more effective in treating anterior uveitis 
than dexamethasone alcohol at a 0.1% concen-
tration despite the fact that it is less potent on a 
molar basis [12].

 Side Effects

A list of ophthalmic and systemic adverse effects 
from long-term corticosteroid therapy is listed in 
Table 2.2. Common side effects include local irri-
tation and blurred vision. Clinically significant 
increases in intraocular pressure can be reported 
as early as 2 weeks after the initiation of treat-
ment in susceptible patients [13, 14] with most 
topical preparations. This response can be seen 
even earlier with difluprednate [15]. The pediat-
ric uveitis population is particularly susceptible 
to difluprednate, with 50% of patients in one 
report experiencing significant intraocular pres-
sure elevation. Prolonged use of topical cortico-
steroid agents may result in cataract formation 
[15]. Patients using topical corticosteroids are at 
increased risk for corneal ulcers, particularly if 
they wear contact lenses; therefore, they should 

Table 2.2 Corticosteroid adverse effects

Ophthalmic Systemic
Glaucoma
Posterior subcapsular 
cataracts
Worsening viral (especially 
herpetic) or fungal infections
Ptosis
Mydriasis
Scleral melt
Eyelid skin atrophy
Central serous retinopathy

Suppression of the 
pituitary-adrenal axis
Osteoporosis and 
muscle wasting
Obesity/weight gain
Insomnia
Aseptic necrosis of hip
Peptic ulcers
Diabetes mellitus
CNS effects, including 
psychosis
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be advised to avoid contact lenses while using the 
medication. All methods of corticosteroid admin-
istration have been linked to central serous reti-
nopathy. Finally, an increased risk of reactivation 
of herpes simplex keratitis [16], worsening fun-
gal keratitis [17], and the development of infec-
tious crystalline keratitis have been reported with 
long-term topical corticosteroid use [18].

 Evidence and Guidelines for Use

Despite the widespread use of topical cortico-
steroids in treating anterior uveitis, there are 
few randomized controlled trials in the pub-
lished literature. Dunne et  al [19] conducted 
a double- blind randomized controlled trial 
comparing the efficacy of betamethasone phos-
phate 0.1% (BP 0.1%), clobetasone butyrate 
0.1% (CB 0.1%), and placebo in the treatment 
of acute unilateral nongranulomatous uveitis. 
They found that BP 0.1% was more effective 
than CB 0.1% in reducing clinical signs of uve-
itis. However, patients treated with BP 0.1% 
were also more likely to develop a significant 
increase in intraocular pressure than those 
treated with CB 0.1%.

More recent studies have compared the com-
monly used prednisolone acetate (PA) 1% to 
other corticosteroids, with a focus on reduction 
of inflammation and elevation of intraocular 
pressure. PA 1% and rimexolone 1% were stud-
ied in patients with acute, recurrent, or chronic 
anterior uveitis. Both drops were shown to be 
effective in decreasing ocular inflammation, but 
patients treated with PA 1% were more likely to 
develop an intraocular pressure response [20]. 
The Loteprednol Etabonate US Uveitis Study 
Group [21] compared topical PA 1% to lotepre-
dnol etabonate 0.5% (LE 0.5%). PA 1% reduced 
anterior chamber inflammation in patients with 
anterior uveitis more effectively than LE 0.5%. 
As in the previous study, patients treated with 
PA 1% were more likely to develop a clinically 
significant increase in intraocular pressure than 
those treated with LE 0.5%.

Difluprednate ophthalmic emulsion (DOE) 
0.05% is a derivative of prednisolone acetate that 

has been modified for increased potency and pen-
etration. Dosing of DOE 0.05% four times a day 
has been shown to be equivalent to dosing PA 1% 
eight times a day [22]. A phase III, multicenter, 
randomized, double-masked non-inferiority 
study of PA 1% dosed eight times a day versus 
DOE 0.05% dosed four times a day demonstrated 
that both medications were equally effective at 
decreasing inflammation in patients with anterior 
uveitis. However, DOE 0.05% was more likely to 
induce a steroid response than PA 1%.

These studies suggest that efficacy and intra-
ocular steroid responses are related. In the future, 
the ophthalmology community would benefit 
from a topical preparation that provides excellent 
control of inflammation without the associated 
local side effects.

 Standard Treatment Approach

Topical prednisolone acetate 1% and diflupred-
nate are the most effective topical treatments 
for anterior uveitis in the United States in the 
absence of infectious keratitis. PA1% is typically 
employed for the initial treatment of anterior 
uveitis starting at 1 drop QID for anterior uve-
itis ≥1+ cell, with an increased frequency to Q1 
h for ≥2+ cell (cell grading designated by the 
Standardization of Uveitis Nomenclature study 
group). The corresponding doses of diflupred-
nate would thus be BID and Q2 h, respectively 
[23]. The tapering schedule of PA1% or diflu-
prednate may differ depending on the chronicity 
and severity of presenting anterior uveitis, with 
the possibility of titrating doses from daily diflu-
prednate down to daily PA1% upon improvement 
of anterior uveitis, prior to stopping [23]. Patients 
should be monitored for local side effects, spe-
cifically elevated intraocular pressure, in 2 weeks 
after initiating PA1% and 1  week for initiation 
of difluprednate, particularly in children. Chronic 
use of topical corticosteroids can also result in 
cataract formation, which can be consequen-
tial especially in the amblyogenic age range in 
children with anterior uveitis. The goal often is 
to maintain quiescence off of topical steroids. 
However, in one study by Thorne et al., ≤3 drops 
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daily of topical steroids (largely PA1%, but a few 
received rimexolone 1%) was associated with an 
87% lower risk of cataract formation in juvenile 
idiopathic arthritis- associated uveitis, with a 0/
eye-year risk in eyes receiving ≤2 drops daily 
[24]. Therefore, long- term low-frequency PA1%, 
particularly BID or less, may be an effective 
means of maintaining quiescence, and in some 
cases, can obviate escalation to systemic immu-
nosuppression. It is unknown whether or not 
these data generalize to elevations in intraocular 
pressure or to other effective topical steroids like 
difluprednate. In general, maintaining control of 
inflammation (either 0 cell or trace or less cells 
in some cases) should be the goal guiding treat-
ment, with close attention to balance the side 
effects of these drugs [23].

 Cycloplegics

Cycloplegic agents serve dual roles in the 
treatment of anterior uveitis. First, inducing 
cycloplegia reduces the symptoms of pain and 
photophobia often present in acute disease. 
Second, these agents help break existing poste-
rior synechiae and prevent the formation of new 
synechiae in acutely inflamed eyes. However, in 
chronic disease, dilating drops are ineffective 
in cleaving synechiae; these adhesions must be 
removed surgically, which often occurs in con-
junction with cataract surgery.

A list of common cycloplegic agents is dis-
played in Table 2.3. The different formulations 
have varying degrees of potency in reducing 
ciliary body spasm, paralyzing accommodation, 
and facilitating pupillary dilation. The most 
common cycloplegic agents utilized clinically 
include tropicamide 0.5% or 1% with a dura-
tion of action up to 6 h; cyclopentolate, avail-
able as 0.5%, 1%, and 2%, with a duration of 
action up to 24 h; homatropine, available as 2% 
and 5% solutions, with a duration of action up 
to 2 to 3 days; and atropine, available as 0.5% or 
1%, with a duration of action up to 14 days. All 
cycloplegic agents are also mydriatic agents; 
however sympathetic agonists have more 
mydriatic action and are poor cycloplegics. 
Phenylephrine is a mydriatic that is available as 
2.5% and 10% with duration of action from 3 to 
6 h. Mydriatics are not often used in treatment 
of uveitis because they do not adequately con-
trol the pain and photophobia associated with 
acute uveitis.

 Mechanism

The iris sphincter muscle is controlled by para-
sympathetic innervation, and the iris dilator 
muscle is controlled by sympathetic innerva-
tion. Anticholinergics, including atropine and 
homatropine, antagonize the muscarinic acetyl-
choline receptors in the eye resulting in sphinc-

Table 2.3 Mydriasis and cycloplegia of common topical mydriatic drops

Agenta

Time to maximum 
effect (min)

Duration of action 
(min) Mechanism 

and effect
Treatment 
frequency Side effectsMydriasis Cycloplegia Mydriasis Cycloplegia

Cyclopentolate 
1%

15–30 15–30 min 12–24 h 12–24 h Iris sphincter 
paralysis, 
moderate 
cycloplegic

2–4 times 
daily

Increased 
sensitivity to 
light, eye 
irritation, 
transient 
conjunctival 
hyperemia

Homatropine 
5%

30–60 30–60 min 1–2 days 1–2 days Iris sphincter 
paralysis, 
strong 
cycloplegic

2–3 times 
daily

Atropine 1% 30–60 1 day 7–10 days 7–14 days Iris sphincter 
paralysis, 
strongest 
cycloplegic

1–2 times 
daily

aPhenylephrine and tropicamide were excluded given their weak cycloplegic properties
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ter paralysis, pupillary dilation, and cycloplegia. 
Because the iris sphincter is a stronger muscle 
than the iris dilator, agents that paralyze the 
iris sphincter have a more prominent effect 
on pupillary dilation than sympathomimetics 
that activate the iris dilator muscle. The cili-
ary muscle controls accommodation and ciliary 
spasm resulting in pain during episodes of uve-
itis. Therefore, cycloplegic agents that exert a 
greater paralytic effect on the ciliary body result 
in reduced accommodation with relief of pain 
from uveitis.

 Side Effects

Routine administration of topical cycloplegic 
agents, including tropicamide 1%, cyclopento-
late 1%, scopolamine 0.25%, and atropine 1%, 
is not associated with significant ocular or sys-
temic side effects in adults, such as alterations 
in heart rate or blood pressure [25, 26]. The 
most common side effect of topical cyclople-
gic agents is sensitivity to the increased amount 
of light passing into the eye. Other innocuous 
side effects include eye irritation and transient 
conjunctival hyperemia. Most topical cyclo-
plegic agents are well tolerated in adults, but 
children younger than 6 years of age are at 
risk of central nervous system impairment fol-
lowing routine administration, possibly due to 
increased plasma  concentrations and smaller 
body mass indices (BMI) [27, 28]. One study 
involving young children compared two drops 
of topical cyclopentolate 1% (C  +  C) versus 
one drop of cyclopentolate 1% and one drop of 
tropicamide 1% (C  +  T). Its findings showed 
moderate drowsiness was more frequent in the 
C  +  C group, suggesting that repeated doses 
of cyclopentolate may not be well tolerated in 
young children. This is particularly true in chil-
dren with a low BMI [29]. Other side effects 
in children taking routine doses of common 
cycloplegic agents include moderate to severe 
excitation, hyperactivity, and behavioral prob-
lems [30].

 Evidence and Guidelines for Use

At the present time, no randomized controlled 
trials have been conducted comparing the rela-
tive efficacies of different dilating agents used 
in the treatment of uveitis. Some uveitis spe-
cialists prefer stronger cycloplegic agents, such 
as atropine, which provide extended dilation 
and relief from pain and photophobia. Others 
prefer shorter acting agents, such as cyclopen-
tolate or homatropine. These agents allow the 
pupil to alter size throughout the day and theo-
retically avoid the development of posterior 
synechiae of the fully dilated pupil. Typically, 
it is recommended to initiate cycloplegic use 
when there is ≥1+ anterior chamber cell, pho-
tophobia, or with progressive synechiae in the 
presence of anterior chamber flare even in the 
absence of anterior chamber cell. Many uve-
itis specialists will avoid atropine to prevent 
synechiae in the dilated position, and alterna-
tive agents are commonly preferred to allow 
for pupillary mobility during acute anterior 
inflammation.

 Nonsteroidal Anti-inflammatory 
Drugs (NSAIDs)

Topical ophthalmic nonsteroidal anti- inflammatory 
drugs (NSAIDs) have a more limited role in the 
treatment of uveitis than topical corticosteroid 
agents. At present, a total of five agents are avail-
able for use in the United States. These agents 
include flurbiprofen, ketorolac, diclofenac, bromf-
enac, and nepafenac. Ophthalmic NSAIDs are 
currently FDA approved to reduce pain and 
inflammation following cataract surgery and cor-
neal refractive surgery, to prevent intraoperative 
miosis, and to treat allergic conjunctivitis. They 
are also frequently used off- label in the treatment 
of postoperative cystoid macular edema. NSAIDs 
are not approved to treat inflammation associated 
with uveitis [31], although animal studies suggest 
that topical indomethacin (not commercially avail-
able in the United States) may prevent vascular 
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leakage [32]. A list of currently available topical 
NSAIDs is listed in Table 2.4.

 Mechanism

NSAIDs inhibit cyclooxygenase (COX) enzymes 
1 and 2, preventing the synthesis of prostaglan-
dins and thromboxanes, both important media-
tors of inflammation.

 Side Effects

NSAIDs for ophthalmic use are generally very 
well tolerated at standard doses with surface irri-
tation and hyperemia being the two most com-
mon side effects reported in controlled trials [33, 
34]. Keratitis and ulceration without loss of tis-
sue, corneal and scleral melting, and corneal and 
scleral perforations have also been reported in 
patients using topical NSAIDs. High-risk patients 
for NSAID use include those with significant dry 
eye syndrome, epithelial surface irregularities, 
and recent keratorefractive surgery [35–37].

 Evidence and Guidelines for Use

Several randomized controlled trials have evalu-
ated topical NSAIDs in the treatment of uve-

itic disorders. Two studies found no difference 
between topical NSAIDs and topical cortico-
steroids for anterior uveitis. In the first study, 
Young et  al [38] carried out a double-masked 
controlled clinical trial of unpreserved tolmetin 
5% (T 5%) versus prednisolone 0.5% (P 0.5%) 
versus placebo in the treatment of acute endog-
enous nongranulomatous anterior uveitis. In the 
second study, Dunne et  al [34] compared the 
anti- inflammatory efficacies of T 5%, predniso-
lone disodium phosphate 0.5% (PD 0.5%), and 
betamethasone disodium phosphate 0.1% (BS 
0.1%) in a randomized controlled trial. In both 
studies, the topical corticosteroid decreased signs 
and symptoms of inflammation better than the 
NSAID, but no significant statistical difference 
was measured after 2 to 3 weeks of treatment.

Sand et  al. [33] carried out a randomized 
controlled clinical trial comparing the effect of 
topical non-steroid versus potent steroid prepara-
tion in acute anterior nongranulomatous uveitis. 
Patients were randomized to either indometha-
cin 1% or dexamethasone 0.1% treatment six 
times a day. They reported a statistically sig-
nificant improvement in the corticosteroid group 
versus the NSAID group during the first week. 
By the end of the second week, no statistically 
significant difference was noted. Most uveitis 
practices rely on topical corticosteroids rather 
than NSAIDs for treatment of anterior uveitis. 
Prednisolone acetate 1% is thought to be more 

Table 2.4 Topical NSAIDsa currently approved for use in the United States

Drug Trade name Concentration FDA indication
Treatment 
frequency Side effects

Diclofenac 
sodium

Voltaren
Ophthalmic

0.1% Postoperative inflammation 
after cataract surgery and 
corneal refractive surgery

4 times 
daily

Surface irritation, 
hyperemia most 
common; keratitis and 
ulceration without loss 
of tissue, corneal and 
scleral melting, corneal 
and scleral perforations 
possible

Ketorolac 
tromethamine

Acular
Acular LS
Acular PF

0.4% Acular 
LS
0.5% Acular 
and PF

Seasonal allergic conjunctivitis, 
postoperative inflammation 
after cataract surgery 
(Acular);inflammation after 
corneal refractive surgery (LS 
and PF)

4 times 
daily

Bromfenac Xibrom 0.07%, 0.09% Postoperative cystoid macular 
edema after cataract surgery

2 times 
daily

aFlurbiprofen and nepafenac are additional topical NSAIDs that are only FDA approved for postoperative inflammation 
after cataract surgery
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effective at controlling intraocular inflammation 
than many of the preparations used in these stud-
ies. Topical NSAIDs are therefore not typically 
used to effectively treat anterior uveitis, but may 
have a role as an adjunctive to topical corticoste-
roids in the treatment of uveitic or post-cataract 
surgery cystoid macular edema.
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Systemic Corticosteroids 
in the Treatment of Uveitis

Sarju S. Patel and Abhiniti Mittal

 Introduction

Corticosteroids are a class of steroid hormones 
produced in the adrenal cortex and include both 
glucocorticoids, like cortisone, and mineralocor-
ticoids, like aldosterone. These hormones regulate 
a wide range of physiologic processes. Synthetic 
corticoids have been created and exploited to 
treat various inflammatory processes, but given 
the wide-ranging physiologic effects, they typi-
cally come with both desired effects and unde-
sired side effects.

Synthetic corticosteroids were first introduced 
in the 1940s with wide spread use in medicine by 
the 1950s. Given the impact of corticosteroids, 
the original scientific work was awarded the 
Nobel Prize in 1950. Within ophthalmology, cor-
ticosteroid use began in the 1950s and is largely 
credited to DM Gordon [1] and given its success 
has expanded into a variety of formulations and 
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Pearls
• Prednisone is still a mainstay for the 

treatment of uveitis and four times more 
potent than cortisol with a biological 
half-life of 18–36 h.

• Long-term steroid use is associated with 
increased mortality rates, while short- 
term steroid use is associated with sig-
nificant morbidity, including bone 
fractures and venous thromboembolism.

• The prescribing ophthalmologist must 
team with other care providers to screen 
and treat the various steroid-associated 
side effects and has the responsibility to 
use corticosteroids safely and limit 
long-term use.

• The most common immediate side 
effects after glucocorticoid initiation are 
fluid retention, blurred vision, mood 
changes, insomnia, and weight gain. 
The more serious gradual effects include 
those related to endocrine metabolism, 

especially hyperglycemia, osteopenia/
osteoporosis, dyslipidemia, obesity, and 
adrenal suppression.

• Calcium intake (including dietary and 
oral supplementation) of 1200–
1500 mg/day and vitamin D supplemen-
tation should be recommended if there 
is anticipated glucocorticoid use at any 
dose with duration of ≥3 months.
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local modes of delivery. Due to the systemic 
nature of uveitis, systemic corticosteroids still 
remain the mainstay in the initial treatment of a 
variety of conditions and a very important part of 
the armamentarium in the treatment of complex 
conditions. Nevertheless, adverse side effects of 
long-term use can be limiting. As such, a thor-
ough understanding of these drugs is necessary 
for judicious use in the treatment of uveitis.

 Mode of Action

Both anti-inflammatory and immunosuppressive 
effects can be mediated by corticosteroids. This 
is primarily accomplished by interrupting pro- 
inflammatory cytokine-mediated signaling path-
ways and by the induction of apoptosis [2, 3], 
which broadly exerts its effect on T cells, macro-
phages, and neutrophils, among others.

At the cellular level, synthetic corticosteroids 
act as agonists and carry out most of their func-
tion by binding to glucocorticoid receptors (GR) 
in the cytoplasm. Upon binding and activation, 
the GR dissociates from the cell membrane and 
translocates to the nucleus where it stimulates or 
inhibits gene expression, affecting translation of 
protein mediators.

Once inside the nucleus, there are two possible 
mechanisms through which corticosteroids coun-
ter inflammation. Transcription activation primar-
ily involves GR subunits interacting directly with 
GRE sequences within DNA, ultimately leading 
to the synthesis of anti- inflammatory molecules 
such as lipocortin-1 and IL-10. In contrast, tran-
scriptional repression leads to the inhibition 
of pro-inflammatory mediators. This process 
mainly relies on direct protein- protein interaction 
between GR subunits and transcription factors 
like NF-kB and AP-1. Consequently, this pre-
vents the synthesis of multiple pro-inflammatory 
cytokines such as TNF- alpha, IL-2, IL-3, IL-6, 
IL-8, and IL-11 [4]. The effects of corticosteroids 
employing GR receptor signaling pathway is evi-
dent in multiple cell types and tissues throughout 
the body. As such, immune cells such as T cells, B 
cells, and dendritic cells have altered expression 
and function as a result of corticosteroids [5].

Corticosteroids also inhibit two key steps in the 
production of prostaglandins, a pro- inflammatory 
molecule. First, the upregulation of lipocortin-1 
prevents the enzyme phospholipase A2 from 
converting phospholipids into arachidonic acid, 
a precursor to prostaglandins. Lipocortin-1 binds 
directly with substrate phospholipids and pre-
vents an enzyme-substrate complex. As such, the 
production of inflammatory molecules such as 
prostaglandins is greatly reduced under the influ-
ence of corticosteroids.

In addition, corticosteroids affect both tran-
scriptional and post-transcriptional aspects 
of pro-inflammatory enzymes such as COX-
2. Studies have shown a 25–40% decrease 
in COX-2 mRNA production, indicating the 
immense role corticosteroids play in blocking 
transcription. Transrepression also induces the 
MAP kinase phosphatase (MKP-1) pathway to 
further destabilize COX-2 mRNA [4]. In addi-
tion, post- transcriptional modification mecha-
nisms like polyadenylation of COX-2 mRNA are 
inhibited, thereby destabilizing mRNA and ren-
dering it useless [6].

Table 3.1 lists various sites and mechanism of 
action of corticosteroids in immunosuppression. 
Table  3.2 highlights the process through which 
corticosteroids enable anti-inflammatory activity.

Altogether, these effects lead to multiple 
effects on the functioning immune system. 
Lymphocyte distribution is altered, with less 
cells being recruited to sites of inflammation 
with a concomitant reduction in T-cell activation. 
Neutrophil migration and bactericidal activity are 
reduced, as is mononuclear phagocytic activity. 
There are additional effects, as well, that lead to 
robust anti-inflammatory and immunosuppres-
sive activity that leads to their immense clinical 
utility.

 Classification of Steroids

Steroids hormones are carbon ring structures 
derived from cholesterol and classified into 
four major categories, including estrogens, 
androgens, progestogens, and corticoids. The 
classification is based on the number of car-
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bons in the backbone and variable side ring 
attachments within each molecule. These 
structural differences contribute to the differ-
ent physiological functions of each class of 
steroid hormones.

Synthesis of steroid hormones is a complex 
process that is primarily controlled by the avail-
ability and transport of free cholesterol from the 
cytoplasm to the mitochondria. Within the mito-
chondria and smooth ER, cholesterol under-
goes multiple enzymatic steps to ultimately 
produce steroid hormones and its intermediates 
(Fig. 3.1).

Steroid hormones are lipid soluble which 
allows them to pass freely through cell mem-
branes. Steroid hormones bind to specific 
carrier proteins like corticosteroid-binding 
globulin to travel through bloodstream. Steroid 
hormones attach to their specific steroid hor-

mone receptors on their target tissue to carry 
out their function.

Corticoids are a class of 21-carbon steroid 
hormones that includes mineralocorticoids, like 
aldosterone, and glucocorticoids (GCs), like 
 cortisol. Synthesis of corticoids occurs primar-
ily in the adrenal cortex via cytochrome P450 
family of enzymes. Cortisol regulates metabo-
lism and mediates anti-inflammatory processes 
like decreasing eosinophil production and 
preventing phospholipid release. Aldosterone 
maintains water and electrolyte balance by tar-
geting kidney function. Synthetic corticoids 
like prednisone and dexamethasone are widely 
used to treat systemic and local inflammation. 
Drugs like prednisone have both mineralocor-
ticoid- and glucocorticoid-like effects, while 
dexamethasone functions only as a glucocorti-
coid analog.

Table 3.1 Various sites and mechanism of action of corticosteroids in immunosuppression

Corticosteroid sites of 
action 
(immunosuppression) Cause Effect
T cells CD4+/CD8+ matured thymocytes within 

thymus
Highly sensitive to apoptosis

Inhibit IL-2 production Reduce # of circulating T cells
B cells Inhibit NF-kB Decrease B cell production and proliferation

Decrease IL-2 and IL-2 receptor Decrease expansion of B cell and antibody 
synthesis

Dendritic cells Inhibit maturation and function

Corticosteroid 
sites of action
(anti- 
inflammation)
Prostaglandins Activate lipocortin-1 synthesis to suppress phospholipase-A2 — >decrease prostaglandin 

production — >decrease leukocyte activity
Inhibit COX-1/COX-2 production

Developed from Refs. [1–8]

Table 3.2 Process through which corticosteroids enable anti-inflammatory activity

Drug type
Potency (relative to 
cortisol) Durationa

Equivalent 
doses

Common route for administration of 
drug

Cortisol 1 S 20 mg Oral
Prednisone 4 I 5 mg Oral
Methylprednisolone 5 I 4 mg Oral

Intravenous
Triamcinolone 5 L 4 mg Periocular/intravitreal injection
Dexamethasone 25 L 0.75 mg Topical, intravitreal implant

Developed from multiple sources
aS, short (8–12 h); I, intermediate (18–36 h); L, long (>36 h) [6]
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 Various Preparations of Synthetic 
Corticosteroids Used to Treat 
Uveitis

Oral Formulations Prednisone is a widely used 
synthetic corticosteroid effective in the treatment 
of non-infectious uveitis among other systemic 
inflammatory conditions. Prednisone is four times 
more potent than cortisol and has a biological half-
life of 18–36 hours. Oral administration of predni-
sone is a common practice in ophthalmology 
especially if the inflammation is resistant to local 
therapy. Oral prednisone is prepared in 1, 2.5, 5, 
10, 20, and 50 mg tablets. Once ingested, it is con-
verted to its active form, prednisolone, in the liver.

Oral prednisolone is also available and is also 
four times more potent than cortisol, but less com-
monly used, as is oral methylprednisolone, which 

is favored by some physicians as it may be bet-
ter tolerated by certain patients. This is because 
methylprednisolone has less mineralocorticoid 
activity and, therefore, may be preferred when 
these effects, like water retention, are particularly 
undesirable [7].

Therapy with prednisone typically starts at 
0.5–1 mg/kg and is slowly tapered as the inflam-
mation is controlled; however in severe, vision- 
threatening disease, doses of 2  mg/kg may be 
required. High-dose steroids are used until a clin-
ical response is seen and then a taper is initiated. 
With the administration of prednisone, or other 
systemic corticosteroids, it is important to moni-
tor the patient’s blood glucose, lipids, and blood 
pressure due to serious side effects, as will be dis-
cussed below [8]. Because of these side effects, it 
is preferable to start steroid-sparing immunother-
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apy for chronic disease with the goal of tapering 
off corticosteroids in 3–4 months. Ideally, corti-
costeroids would be completely stopped, but in 
some patients a low dose may still be required. 
While no particular dose is considered absolutely 
safe, it is currently preferable to get patients to 
doses less than or equal to 5 mg/day if longer- 
term use is necessary.

Intravenous Steroids Intravenous methylpred-
nisolone (five times the potency of cortisol) is 
used in uveitis when vision is immediately threat-
ened such as bilateral serous detachments or nec-
rotizing scleritis, much like it is used in optic 
neuritis. Methylprednisolone sodium succinate is 
administered intravenously over the course of 3 
consecutive days. The dose is typically 250–
1000 mg/day given over 1–2 h and pulsed typi-
cally for 3–4  days and then continued on oral 
preparations with tapering over time.

Other Modes of Steroid Delivery Various topi-
cal and peri-/intravitreal steroid formulations are 
available and will be covered in depth in another 
chapter. Briefly, the most common topical formu-
lations available include dexamethasone, fluoro-
metholone, loteprednol, prednisolone acetate, 
and difluprednate. While dexamethasone is six 
times more potent than prednisolone, topical 
dexamethasone does not penetrate the cornea as 
effectively as prednisolone or difluprednate. The 
ocular side effects of long-term local steroid use 
include elevated intraocular pressure and cataract 
formation.

 Complications in Short- and 
Long- Term Use of Systemic 
Corticosteroids

Numerous undesired physiologic effects typi-
cally occur with the use of corticosteroids. Most 
notably, an increased all-risk mortality has been 
observed with long-term corticosteroid use across 
multiple diseases and indications [9–11]. This 
risk was observed to correlate directly with dos-
age; although, there appeared to be no increased 
risk with long-term doses less than or equal to 

5 mg of prednisone per day [9–11]. Additionally 
the concomitant use of steroid-sparing therapy 
may mitigate this risk in rheumatoid arthritis 
patients, as well [10]. Even short-term steroid use 
of less than 30 days is associated with increased 
morbidity with elevated rates of sepsis, venous 
thromboembolism, and fractures [12]. The glu-
cocorticoid nature of the drugs commonly results 
in secondary Cushing’s syndrome and metabolic 
side effects, while the mineralocorticoid nature 
of the medications can cause hypertension, elec-
trolyte imbalance, and connective tissue changes, 
among other effects.

The most common immediate effects encoun-
tered are fluid retention, blurred vision, mood 
changes, insomnia, and weight gain. The more 
serious gradual effects include those related to 
endocrine metabolism, especially hyperglyce-
mia, osteopenia/osteoporosis, dyslipidemia, obe-
sity, and adrenal suppression.

A more complete list of the most common 
listed side effects include:

 1. Metabolic: sodium and fluid retention, neph-
rolithiasis, metabolic syndrome, and central 
obesity/weight gain

 2. Endocrine: glucose intolerance/diabetes mel-
litus, gonadal dysfunction, hirsutism, growth 
suppression in children, and Cushing’s 
syndrome

 3. Cardiovascular: arterial hypertension and 
hypercoagulability

 4. Gastrointestinal: peptic ulcer disease/nausea 
and increased appetite

 5. Musculoskeletal: osteoporosis, muscle weak-
ness/steroid myopathy, tendon rupture, and 
aseptic necrosis of femoral/humeral heads

 6. Immunological: susceptibility to infections
 7. Neurological: psychiatric disorders, sleep dis-

turbance, and mood lability
 8. Ophthalmic: blurred vision, cataracts, glau-

coma, and central serous chorioretinopathy
 9. Dermatologic: skin thinning, poor wound 

healing, and bruising

Many of these effects are well known among 
practicing physicians, but the less common 
side effects are very important to be aware of 
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as well, as they are just as important to con-
sider and screen for when treating patients on 
corticosteroids.

Hypercoagulability Hypercoagulability is a 
lesser-known effect of systemic corticosteroids. 
The effects were explored when it was discov-
ered that mortality rates in Cushing’s syndrome 
were about two times higher than those in the 
general population and higher in those with car-
diovascular disease [13]. It is thought that the 
activation of the hemostatic system contributes to 
the development of atherosclerosis and subse-
quent cardiovascular morbidity and mortality 
[14]. The mechanisms that are involved in the 
thromboembolic complications in hypercorti-
solism revolve around alterations in Virchow’s 
triad: endothelial dysfunction, hypercoagulabil-
ity, and stasis.

Most studies have demonstrated that the 
hypercoagulable state can be explained by 
increased levels of procoagulant factors, mainly 
factors VIII, IX, and von Willebrand factor, and 
also by an impaired fibrinolytic capacity, which 
mainly results from an elevation in plasminogen 
activator inhibitor-1 [14]. Consequently, there 
is a shortening of activated partial thromboplas-
tin time and increased thrombin generation. For 
these reasons, anticoagulant prophylaxis might 
be considered in patients with Cushing’s syn-
drome with concomitant prothrombotic risk fac-
tors. However, caution must be taken as there can 
be drug interactions that potentiate the effects of 
blood-thinning medications. Patients should be 
managed in conjunction with their primary care 
specialist.

Osteoporosis Corticosteroids are the most com-
mon cause of secondary osteoporosis and the first 
cause in those under the age of 50  years [15]. 
There is a more rapid effect on bone loss and 
fracture rates early after the initiation of steroid 
therapy (within the first 3  months, peaking at 
6  months) and then a more prolonged effect 
related to the dosage and duration of treatment 
[16]. The increase in fracture risk is not fully 
assessed by bone mineral density measurements, 
as bone quality is also altered [16]. Further, 

osteonecrosis develops in 9–40% of adult patients 
receiving long-term glucocorticoid therapy [7].

Inflammatory mediators affect osteoclast 
genesis and thus bone remodeling, which 
accounts for the initial, more rapid effect of cor-
ticosteroids on bone metabolism [16]. At high 
concentrations there is dramatically decreased 
bone formation rate, osteoblast numbers, and 
osteocyte numbers/activity, leading to less 
bone formation and increased resorption [16]. 
Further, steroids have other indirect effects that 
increase fracture rate, such as increased fall risk, 
and effects on calcium metabolism by decreas-
ing gastrointestinal absorption and increasing 
renal excretion [16].

The magnitude of bone loss with steroid 
therapy is variable, and there is no predictor of 
the individual risk of fracture. However, there is 
an immediate increase in fracture risk, as early 
as 3  months after the initiation of therapy, but 
reverses sharply after discontinuation of GCs 
[16]. The goal of the specialist should be to limit 
systemic corticosteroid use as much as possible 
and consider early adoption of steroid-sparing 
therapies if there is an anticipated extended 
course of disease.

Even at low doses of prednisone (2.5–5 mg/
day), patients have increased risk of fractures 
[16]. As such, in all patients treated with systemic 
corticosteroids, the prevention and treatment of 
osteoporosis should be addressed [16]. Current 
international guidelines for the management of 
corticosteroid-induced osteoporosis suggest fol-
lowing height throughout the course of therapy, 
minimizing the required dose of steroid, and sup-
plementing any deficiencies in calcium and vita-
min D. There is level A evidence that one should 
recommend calcium intake (including dietary and 
oral supplementation) of 1200–1500 mg/day and 
vitamin D supplementation if there is anticipated 
glucocorticoid use at any dose with duration of 
≥3 months [17]. Baseline bone scans should be 
obtained if prolonged use is expected, especially 
in those patients with other risk for weak bone, 
and should be followed serially. Pharmacologic 
treatment guidelines of osteoporosis exist, such 
as with bisphosphonates. Physicians regularly 
using these drugs should be familiar with the 
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most current guidelines. Furthermore, physicians 
should encourage exercise that can promote bone 
health.

Diabetes Steroids are the main cause of drug- 
induced hyperglycemia. They not only exacerbate 
hyperglycemia in patients with known diabetes 
mellitus (DM) but also cause DM in patients 
without documented hyperglycemia before the 
initiation of GC therapy [18], with increases in 
glucose levels up to 68% compared to baseline 
[18]. The reported incidence of DM in patients 
without a prior history of hyperglycemia to ste-
roid use varies between 34.3% and 56% [18].

Only oral corticosteroids have demonstrated 
an increased risk of diabetes. There is either 
minimal or no association of incident diabe-
tes with prescribing of GC-containing inhalers, 
topical preparations, eye drops, or infrequent GC 
injections [19]. Oral corticosteroids, on the other 
hand, account for up to 2% of incident cases of 
diabetes in primary care populations [18].

Factors that have been identified as predictors 
of developing diabetes are the type of steroid, the 
dose, the duration of treatment, older age, prior 
HbA1c, and body mass index [18]. In addition, 
there are population groups with a greater risk of 
developing hyperglycemia during treatment with 
GCs. These patients include those with a history 
of gestational DM, a family history of diabetes 
(odds ratio ~10.3), concomitant use of myco-
phenolate mofetil (odds ratio ~4.8), use of calci-
neurin inhibitors, abnormal fasting glucose, and 
impaired glucose tolerance [18].

Mechanistically, GCs provide a substrate for 
oxidative stress metabolism increasing hepatic 
glucose production, lipolysis, and proteolysis 
[4]. They additionally increase glucose intoler-
ance in a similar fashion to that of type 2 DM 
by increasing insulin resistance, which can be 
seen in up to 60%–80% depending on the dose 
and type of steroid used [18]. Steroids induce 
insulin resistance by directly interfering with 
signaling cascades, mainly the GLUT4 trans-
porter within skeletal muscle cells (the largest 
glycogen store in the body where the major-
ity of glucose is deposited) [18]. This results 
in a 30–50% reduction in insulin- stimulated 

glucose uptake and a 70% reduction in insu-
lin-stimulated glycogen synthesis [20]. The 
increase in proteolysis and lipolysis results in 
small molecule mediators that alter muscle cell 
signaling, reducing glucose entry and storage 
of free glucose, further exacerbating insulin 
resistance-like effects [18, 21].

Prednisone and methylprednisolone are clas-
sified as intermediate-acting GCs, with a peak 
of action 4–6 h following administration. Their 
effect on glucose levels is primarily during the 
afternoon and night without affecting fasting 
glucose when they are administered in a single 
dose [18]. On the other hand, they cause per-
sistent hyperglycemia when administered in 
divided doses [18]. The authors favor single daily 
dose administration, but doses can be divided if 
patients have other issues that limit tolerance of 
high doses.

As steroid doses are reduced, their effect on 
endocrine metabolism returns to baseline and 
drug-induced diabetes is expected to resolve 
[4, 18]. However, this is not true in all cases, 
so follow- up after cessation of steroids is 
important.

In general, it is recommended that all patients 
who are started on steroid treatment should have 
baseline glucose measurements and followed 
periodically [18]. Patients should be educated on 
routine daily monitoring if hyperglycemia above 
180 mg/dL is identified on more than one occa-
sion in the presence or absence of symptoms 
associated with hyperglycemia [18, 22].

Since steroid-induced diabetes is detected 
mainly in the postprandial state, the use of fasting 
glucose is not recommended nor the use of the 
glucose tolerance curve, as they are not reliable 
diagnostic methods [18]. If only these measures 
are used, there is a high possibility of missing 
some of the hyperglycemic patients. Other stud-
ies recommend following postprandial glucose 
determinations postprandial glycemic level after 
lunch offers the greatest diagnostic sensitivity, 
especially when intermediate-acting GCs are 
administered in a single morning dose, and/or 
HbA1c levels as screening examinations with 
long-term steroid use [18]. Coordinating with the 
primary care provider for this type of follow-up 
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is essential given the significant rates of steroid- 
induced diabetes.

When selecting the best treatment, the first 
consideration to make is whether to use oral 
hypoglycemic drugs or insulin. In patients with 
fasting glucose levels below 200  mg/dL, with-
out previous diabetes and given low-dose GCs, 
therapeutic emphasis should focus on exercise, 
diet therapy, and oral hypoglycemic agents [23]. 
Insulin is the treatment of choice in patients with 
persistent hyperglycemia ≥200 mg/dL [23].

Psychological and Sleeping Effects Chief among 
these is the development of a more labile mood 
with irritability and bouts of anger that may seem 
relatively unprovoked. Problems with sleep-onset, 
staying asleep throughout the night, and early 
morning awakening are common. Short-term 
memory is impaired, as is mental calculation [24]. 
General psychiatric functioning may also deterio-
rate and can be classically evaluated by history and 
recall of three objects and serial seven subtractions 
in the clinic [24]. Additionally worsening of more 
mild and intermittent depression can occur with 
the development of severe chronic depression with 
GC usage [24]. A family history of depression or 
alcoholism has been reported as a risk factor for 
the development of corticosteroid affective disor-
ders and is important to screen for [7].

Although the research on psychological 
effects in the pediatric population is limited, 
the three most common adverse psychological 
effects in children on oral and IV corticosteroids 
are agitation, excitation, and sleep disturbances 
[25], although decreased mood and tearfulness 
can also be observed. These effects tend to dis-
sipate as patients taper off corticosteroids and 
are thought to be more serious at higher doses 
[25]. Betamethasone was shown to have the most 
serious psychological side effects in children 
followed by prednisolone and prednisone [25]. 
Therefore, it is essential to monitor children’s 
behavior closely while on corticosteroid therapy 
and consider switching to steroid-sparing medi-
cations as a safer alternative.

Obesity Chronic glucocorticoid use induces 
insulin resistance, as described above, and obe-

sity. These factors are further linked to cardiovas-
cular risk and overall decreased survival [24, 26, 
27], as previously explained. Individuals with 
hypercortisolism have a fourfold higher mortality 
rate than the general population because of car-
diovascular complications, in addition to the 
associated obesity and insulin resistance [27]. A 
critical function of steroids is to liberate energy 
substrates of the body as noted above via 
enhanced protein breakdown, increased lipolysis, 
and increased gluconeogenesis, compounded by 
reduction in glucose utilization, thereby elevating 
circulating glucose concentrations. Overexposure 
to steroids eventually alters body composition, 
which includes expansion of trunk adipose tissue 
depots [26]. However, the de novo creation of 
adipose tissue induced by steroids is likely much 
more complicated and is not well understood, but 
it is thought that glucocorticoids regulate other 
factors such as hormones, cytokines, or neuronal 
signals in tissues other than adipose, which indi-
rectly control adipose tissue functionality and 
may override the direct effects of lipolysis on adi-
pose tissue [26].

As such, it is important not only to counsel 
patients on diet and exercise while using cortico-
steroids but equally important to limit their expo-
sure and move them to steroid-sparing therapies.

Infection Risk The risk of infection is well doc-
umented in chronic steroid users. While random-
ized controlled trials of short-term and lower-dose 
steroids have generally shown little to no 
increased risk, observational studies have consis-
tently shown dose-dependent increases in risk for 
serious infections as well as certain opportunistic 
infections [28]. As such, those patients on chronic 
steroid therapy should be appropriately vacci-
nated and screened regularly to reduce this risk.

Hypercholesterolemia Different studies investi-
gating the lipid profile of GC excess subjects 
showed dyslipidemia in 37–71% of CS patients 
[29]. Improvements of dyslipidemia after cure/
remission occur, but an adverse lipid profile can 
persist in approximately 30% of the patients, pos-
sibly due to modifications of adipose tissue [30]. 
Furthermore, other factors such as insulin resis-
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tance also play a role, leading to a complex 
pathophysiology. There are no guidelines on how 
to follow dyslipidemia with GC use. Baseline 
cholesterol screening should be performed prior 
to initiation and followed regularly with chronic 
use and followed for a period of time after 
cessation.

Adrenal Suppression Adrenal suppression 
results from decreased or inadequate cortisol 
production due to treatment with exogenous 
GCs. Duration of GC therapy and doses of GC 
treatment are not reliable predictors of which 
patients will develop adrenal suppression, as it 
has been demonstrated after exposure to even 
5-day treatments with high-dose GC therapy 
[7]. It should be noted that inhaled, topical, and 
intraocular GCs may be absorbed systemically 
to the degree that they can also cause adrenal 
suppression [7]. Higher rates of adrenal sup-
pression are associated with long-acting cor-
ticosteroids [7]. More importantly, exogenous 
corticosteroids are associated with a higher rate 
of adrenal suppression in the pediatric popula-
tion, and this adrenal suppression is associated 
with a higher mortality rate [7]. As such, careful 
attention needs to be given when treating chil-
dren with corticosteroids.

While no official guidelines exist, clinicians 
favor tapering steroid therapy to help prevent 
these effects. Symptoms of adrenal suppression 
are vague and should be screened as patients are 

tapered off medications. Typically patients will 
complain of weakness, dizziness, fatigue, mal-
aise, GI issues, and abdominal pain, as well as 
morning headaches. These patients may require 
more gradual tapering or an endocrine evaluation 
if one cannot wean off corticosteroids.

Myopathy Corticosteroids have direct catabolic 
effects on skeletal muscles that can lead to reduc-
tions in muscle protein synthesis and protein 
catabolism and, ultimately, muscle weakness. 
Myopathy generally develops over several weeks 
to months of GC use [7]. Patients typically pres-
ent with proximal muscle weakness and atrophy 
in both the upper and lower extremities. 
Symptoms generally improve within 3–4 weeks 
of dose reductions, and usually resolve after dis-
continuation of GC therapy [7].

Lastly, there are many drug-drug interactions 
associated with corticosteroids, which are not 
reviewed here. Prescribing physicians should be 
familiar with these interactions and review the 
patient’s concomitant medications for potential 
complications. The patient should be made aware 
of potential drug conflicts and side effects (see 
Dosing table, Table 3.3).

In conclusion, while tremendously beneficial 
in treating inflammatory autoimmune diseases, 
such as uveitis, glucocorticoid therapy is associ-
ated with multiple serious adverse side effects 
involving many systems of the body, which can 
increase the risk of death. Thankfully, many of 

Table 3.3 Dosing table

Drug type Route Formulations

Typical
initial 
dosing Side effects Routine monitoring

Routine lab and 
other testing

Prednisone Oral Tablets, syrup 1–2 mg/
kg/day

Hyperglycemia
Dyslipidemia
Obesity
Osteoporosis
Fluid retention
Cushing’s 
syndrome
Myopathy
Hypertension
Psychiatric
GI

(1)  A directed review of 
systems at each visit 
(must specifically 
ask about mood and 
ability to sleep)

(2)  Initial and 
subsequent BP 
monitoring at each 
visit

(3)  Serial weight and 
height measurements

(4)  Spot glucose 
testing

(1)  Baseline and 
q3month 
lipid panel

(2)  Baseline and 
q3month 
HgB A1c

(3)  Baseline 
Dexa-scan, 
follow-ups if 
abnormal or 
if kept on 
chronic 
dosing

Prednisolone Oral Tablets, 
suspension

1–2 mg/
kg/day

Methyl- 
prednisolone

Oral or 
intravenous

Tablets, 
suspension, IV 
infusion

1–2 mg/
kg/day
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these effects can be minimized through judi-
cious use of GCs, careful patient monitoring, and 
implementation of preventive measures. Patients 
should be informed about the side effects asso-
ciated with systemic corticosteroid use and be 
advised on preventative strategies that may help 
reduce the risk of these events. Nevertheless, 
limiting their exposure and moving patients to 
steroid- sparing therapies remains a priority in 
chronic uveitis, as the timeline of treatment is on 
the order of several years.
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Antimetabolites

John A. Gonzales

While corticosteroids (whether in topical, oral, 
parenteral, periocular, or intraocular) are typi-
cally the first-line agents to be used in managing 
noninfectious uveitis, there are indications for 

the advancement to systemic immunomodulatory 
therapy. For one, corticosteroids have significant 
side effects. While many of the side effects of 
steroids resolve after discontinuation, chronic 
uveitis requires sustained management, and the 
use of moderate to high doses of corticosteroids 
should be avoided. Immunomodulatory agents 
provide a means to manage uveitis while having 
a better side effect profile than corticosteroids. 
Recently, there has been an impressive expansion 
in the therapeutics available to treat uveitis; some, 
such as the biologics, have very specific targets 
in various inflammatory pathways. Nonetheless, 
antimetabolites are still considered the first-line 
therapy for corticosteroid-sparing management 
of uveitis.

Antimetabolites are so named because they 
have effects with metabolic pathways that 
are essential in mediating cellular growth and 
inflammation. Antimetabolites are also known 
as disease- modifying antirheumatic drugs 
(DMARDs) in the rheumatology and immunol-
ogy specialties. Antimetabolites have an even 
earlier history of being employed as chemother-
apy for malignancies and organ transplant rejec-
tion prevention.

There is a significant amount of information 
(mostly in the form of retrospective studies) 
demonstrating that antimetabolites are effective 
in managing uveitis as corticosteroid-sparing 
agents. Past retrospective studies, however, have 
limitations, which include bias with respect to 
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• Antimetabolites are a mainstay of 

steroid- sparing therapy for noninfec-
tious uveitis, allowing for safe sustained 
control of inflammation in many 
patients.

• The SITE study found a 40–70% treat-
ment success rate for antimetabolites.

• Methotrexate 25  mg PO weekly was 
found to be more effective in uveitis 
control than mycophenolate 1 g PO BID 
in a randomized clinical trial.

• For the most part, one should avoid anti-
metabolites in pregnancy or when trying 
to conceive.

• Age-appropriate vaccination should be 
obtained when starting a DMARD, in 
particular, if a live vaccine is required, 
then it should preferably be given prior 
to receiving therapy.
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indications for using one particular antimetabo-
lite over another (including bias of the treating 
center or physician), incomplete follow-up, and 
missing data (including reasons for discontinu-
ing therapy). To date, there has been only one 
randomized clinical trial evaluating the efficacy 
of one particular antimetabolite over another 
for the management of uveitis. One of the burn-
ing questions in the uveitis community is what 
antimetabolite should one turn to first for the 
management of noninfectious uveitis? Most of 
the information available to us regarding this 
question comes in the form of retrospective 
case series and individual physician experi-
ences. When members of the American Uveitis 
Society were surveyed about their practice pat-
terns, 92% of respondents used methotrexate as 
their initial immunomodulatory agent for ante-
rior uveitis, while only 5% used mycophenolate 
[1]. Other antimetabolites were not routinely 
used. For intermediate uveitis, 58% of respon-
dents started with methotrexate as their initial 
corticosteroid- sparing therapy, while 25% relied 
upon mycophenolate mofetil. Azathioprine was 
utilized by 3% of respondents in such a scenario. 
For posterior and panuveitis, 47% of respon-
dents noted they would start with methotrexate, 
while an increasing number of specialists (27%) 
would use mycophenolate mofetil. However, 
when the AUS members were queried as to why 
they would not prescribe a particular medication, 
47% noted that lack of effectiveness was a rea-
son not to prescribe methotrexate, while only 9% 
considered mycophenolate mofetil to be ineffec-
tive. Many members considered mycophenolate 
mofetil to be prohibitively expensive for a first- 
line therapeutic. Even among uveitis specialists, 
practice patterns with respect to the use of anti-
metabolites varied.

Despite the differences in approach to the 
management of uveitis, the antimetabolites are 
a mainstay of therapy. Their use has allowed 
patients to free themselves of the significant side 
effects of corticosteroids in addition to man-
age their inflammation to prevent the sequela of 
uncontrolled uveitis. Antimetabolites are gener-
ally well-tolerated by patients, both young and 
mature. Undoubtedly, the tolerability and efficacy 

of the antimetabolites have led to an improve-
ment in patient outcomes for steroid- dependent 
uveitis.

 Azathioprine

 Pharmacology and Pharmacokinetics

The chemical, or International Union of Pure and 
Applied Chemistry (IUPAC), name for azathio-
prine is 6-[(1-methyl-4-nitro-1H-imidazol-5-yl)
sulfanyl]-1H-purine. Its chemical formula is 
C9H7N7O2S and the chemical structure for aza-
thioprine is:

Azathioprine is a prodrug (an imidazolyl 
derivative) of 6-mercaptopurine (6-MP). 6-MP 
was found to be effective in murine models of 
lymphoma [2], but was extensively metabolized, 
so efforts were made to synthesize derivatives 
with modified metabolism, thereby improv-
ing efficacy; azathioprine was the result of this 
labor [3]. Glutathione S-transferase activity in 
red blood cells converts approximately 88% of 
azathioprine to 6-MP [4]. As a purine nucleoside 
analogue, 6-MP is then metabolized by hypoxan-
thine guanine phosphoribosyl transferase, result-
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ing in two active metabolites, thioinosinic and 
thioguanylic acid. The active metabolites then 
block purine metabolism and halt DNA synthe-
sis. The enzyme thiopurine S-methyltransferase 
(TPMT) metabolizes 6-MP to the inactive metab-
olite, 6-methyl-mercaptopurine. TPMP also 
metabolizes the active metabolites (thioinosinic 
and thioguanylic acid) of 6-MP. In patients with 
certain homozygous mutations of TPMT, the 
enzyme is functionally inactive, which can lead 
to drug toxicity. In patients with heterozygous 
mutations of TPMT, the enzyme is partially func-
tional, and a reduced dose of azathioprine should 
be used. An assay for homo- or heterozygosity 
of TPMT mutations should be performed prior to 
instituting therapy with azathioprine. Those that 
are homozygous for TPMT deficiency should not 
be considered for azathioprine therapy as bone 
marrow toxicity with resultant cytopenias can 
occur early in the commencement of therapy. 
Heterozygous individuals may be dosed lower 
than in those homozygous for TPMT mutations. 
In Han Chinese patients, TPMT mutations are not 
frequently encountered. However, side effects in 
this group of patients, particularly leukopenia, 
may be related to a genotype that leads to higher 
glutathione S-transferase activity [5].

Azathioprine is absorbed in the stomach and 
duodenum. Peak plasma levels (ranging from 
27% to 83%) [4] are reached within 2 hours of 
oral administration and taken up into cells with 
only 30% being protein-bound. Up to 45% of 
azathioprine is excreted into the urine, while 
the remainder is converted to 6-MP in red blood 
cells.

 Efficacy

 Retrospective Studies
A retrospective study of azathioprine’s use in 
34 patients with retinal vasculitis from a single 
center revealed that 56% of eyes exhibited a 
decrease in ocular inflammation and 64% of eyes 
either maintained or improved their visual acu-
ities [6]. Relapse of ocular inflammation was also 
decreased in ten patients who had data available 
prior to treatment with azathioprine. Patients who 

did not require an increase in their dose of pred-
nisone were also considered treatment successes.

In the largest retrospective cohort studies 
evaluating azathioprine’s use for treating nonin-
fectious ocular inflammatory diseases involving 
four uveitis centers, 63% of patients (91 patients) 
had uveitis [7]. More patients with intermediate 
uveitis (90.3%) achieved inactive uveitis using 
the standardization of uveitis nomenclature 
(SUN) criteria [8] compared to anterior (51.4%) 
and posterior/panuveitis (74.4%) when treated 
with azathioprine. Additionally, corticosteroid- 
sparing control (less than 10  mg PO daily of 
prednisone) with azathioprine was most frequent 
in the setting of intermediate uveitis (adjusted 
hazard ratio 4.75, CI 1.23 to 13.58) compared 
to anterior uveitis. Posterior/panuveitis had less 
frequent corticosteroid- sparing control than 
intermediate uveitis when compared to anterior 
uveitis (adjusted HR 2.52, CI 0.64 to 9.86).

In the realm of pediatric uveitis, a study of 
40 children taking a variety of immunomodula-
tory agents over 5  years revealed that azathio-
prine was associated with a 61% improvement in 
visual acuity, which was lower than mycopheno-
late mofetil (91% improvement in visual acuity) 
[9]. Children were also on systemic corticoste-
roids in conjunction with their immunomodula-
tory medication.

 Placebo-Controlled Trials
The first study assessing azathioprine’s efficacy 
in managing uveitis came in 1969 [10]. Mathews 
and colleagues enrolled a total of 16 patients with 
chronic anterior uveitis, and half were random-
ized by the pharmacist to receive azathioprine 
100 mg PO daily or placebo daily and the subjects 
were followed for 3 months. Interestingly, three 
patients from the placebo group (who had their 
data included with the other placebo group sub-
jects) were crossed over to the azathioprine group, 
and their outcomes were included in the azathio-
prine group. Statistically speaking, these maneu-
vers are not typically performed today. The SUN 
criteria had not been developed during Matthews 
et al.’s assessment, and they used a scoring sys-
tem in which a higher score was assigned to less 
cell and less flare. Additionally, they assessed 
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patients’ subjectively reported improvement 
or worsening of their vision. There was a trend 
toward improvement in both patient’s’ reported 
vision and objective features (visual acuity, cell, 
and flare), but there was no statistically significant 
difference between the two groups.

More recently, azathioprine was used in a pro-
spective clinical trial evaluating its efficacy in 
controlling Behçet’s disease-related uveitis in 48 
patients compared to placebo [11]. Mean visual 
acuity remained stable in the azathioprine group 
compared to a statistically significant decline in 
vision in the placebo group. Additionally, there 
were statistically significantly less occurrences 
of hypopyon uveitis in the azathioprine group 
compared to the placebo group. Moreover, in 
25 patients without ocular disease at enrollment, 
eight developed newly diagnosed uveitis in the 
placebo group compared to one in the azathio-
prine group, a statistically significant difference. 
In assessing long-term outcomes of the patients 
randomized to placebo or azathioprine [11], 
becoming blind and experiencing a two-line 
drop in visual acuity occurred more frequently in 
the placebo group compared to the azathioprine 
group [12].

 Comparison with Other Antimetabolites 
and Immunomodulatory Therapies
A non-randomized trial was conducted utilizing 
azathioprine or chlorambucil in anterior uveitis 
[13]. In the 1970s, azathioprine was considered 
to be a cytotoxic agent by some [14], and the 
goal of this particular trial was to compare the 
relative efficacy of these two “cytotoxic” agents 
for chronic anterior endogenous (noninfectious) 
uveitis. Of the 25 patients enrolled, 22 received 
azathioprine, while 3 received chlorambucil. All 
patients were on doses of prednisone ranging 
from 10 to 15 mg daily. All but two patients were 
noted to manifest a response to azathioprine, but 
this included patients who would, by today’s 
standards, still be considered to have active uve-
itis. For example, patients with 1+ anterior cham-
ber cell were still considered to be responsive to 
azathioprine since such patients had exhibited 
more anterior chamber cell prior to enrollment. 
While this study did not fit the mold for an RCT, 

the authors recognized that long-term therapy 
with azathioprine was essential for preventing 
relapses of uveitis.

 Side Effects

Side effects of azathioprine include gastrointes-
tinal upset and cytopenias due to bone marrow 
suppression (leukopenia and thrombocytope-
nia in particular). Testing TPMT enzyme activ-
ity is important prior to utilizing azathioprine. 
Azathioprine is a pregnancy class D medication. 
As such, there is evidence of human fetal risk. 
However, several clinical series and a meta- 
analysis, mostly in the inflammatory bowel lit-
erature, demonstrate that thiopurines such as 
azathioprine and 6-MP can most likely be safely 
given in pregnancy [15–17]. Since azathioprine is 
found at very low levels in breast milk, it has been 
deemed “probably safe” in lactating mothers [18].

 Considerations

While azathioprine has been better at controlling 
inflammation than placebo [11], azathioprine 
may be the most effective for intermediate uve-
itis [7]. Compared to mycophenolate mofetil, 
azathioprine has a slightly longer time to treat-
ment success (4.8  months) but is faster than 
methotrexate’s time (6.5  months). Despite its 
relatively quick time to treatment success (con-
trol of uveitis with prednisone 10 mg PO daily 
or less), it has a higher rate of side effects and 
discontinuation [19]. Azathioprine has been com-
bined with T-cell inhibitors and corticosteroids to 
achieve control of noninfectious uveitis, includ-
ing serpiginous choroiditis [20] and sympathetic 
ophthalmia [21–24].

 Leflunomide

The chemical name for leflunomide is 5-methyl- 
N-{4-(trifluoromethyl)phenyl]-1,2-oxazole- 
4-carboxamide. Its molecular formula is 
C12H9F3N2O2 and its chemical structure is:
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Leflunomide is a synthetic isoxazole deriva-
tive, which is converted to its active metabo-
lite A77 1726  in the liver. Leflunomide was 
synthesized during the 1980s and ultimately 
approved by the FDA for the treatment of rheu-
matoid arthritis in the 1990s. Leflunomide 
has been shown to modulate inflammation via 
antagonizing lymphoproliferation by inhibiting 
dihydroorotate dehydrogenase, which leads to 
a reduction in the de novo synthesis of pyrimi-
dines. A lack of pyrimidines results in halting of 
DNA synthesis and has particular effect on rap-
idly proliferating cells, including activated CD4+ 
T cells that are important in mediating inflamma-
tion. Specifically, proliferating cells are halted in 
G1 phase. Moreover, leflunomide has been shown 
to have an effect on B-cell autoantibody synthe-
sis [25]. A77 1726 modulates inflammation via 
other mechanisms as well. For example, it inhib-
its tyrosine kinase, which is important in medi-
ating the progression of cells from G0 phase to 
G1 phase as well as activating the IL-2 receptor, 
which is involved in inflammation. Additionally, 
A77 1726 prevents degradation of IκB, which is 
the inhibitor of NF-κB [26]. Without activation, 
NF-κB is unable to translocate into the nucleus 
to result in transcription of genes that mediate 
inflammation.

The bioavailability of A77 1726 is not affected 
by the presence of food in the stomach or intes-
tines. It is extensively bound to plasma proteins 
and, as a result, its half-life is between 15 to 
18 days [26]. Most of leflunomide is eliminated 
equally in urine and feces. Because of lefluno-
mide’s metabolism by the liver and its reliance 
upon enterohepatic recirculation for its clear-
ance, those with hepatic dysfunction are not ideal 
candidates for leflunomide. The long half-life of 
leflunomide means that it can take up to 5 months 
for it to reach steady-state plasma concentration.

 Efficacy

Leflunomide has been shown to be effective at 
decreasing ocular inflammation in murine mod-
els of uveitis [27, 28].

 Comparison with Other 
Antimetabolites

While leflunomide has been used in the treat-
ment of uveitis [29–31], it has been associated 
with more frequent rates of recurrences com-
pared to methotrexate when used in the chronic 
anterior uveitis associated with juvenile idio-
pathic arthritis (JIA) [32]. Others have shown 
that leflunomide has been effective at man-
aging the chronic anterior uveitis associated 
with JIA.  Molina and colleagues performed a 
retrospective review of 13 patients with JIA-
associated uveitis using leflunomide for at 
least 7 months [31]. They classified the uveitis 
response to leflunomide as having no response, 
improvement, complete remission, and persis-
tent remission. They found that 50% of patients 
achieved and maintained complete remission, 
25% showed improvement, 25% exhibited 
persistent remission, and 38.5% showed no 
response to leflunomide. Thus, overall, 61% 
of the cohort exhibited a favorable response to 
leflunomide.

 Combination with Other 
Antimetabolites

Leflunomide has been used effectively in com-
bination with methotrexate, particularly in rheu-
matoid arthritis [33]. While A77 1726 affects 
pyrimidine synthesis, methotrexate inhibits 
purine synthesis [34], thereby having a syner-
gistic effect. While antimetabolites are typically 
used with the biologic infliximab, to prevent 
human anti-chimeric antibody (HACA) forma-
tion, using leflunomide with infliximab is asso-
ciated with frequent adverse reactions [35]. Use 
of leflunomide with infliximab is, therefore, not 
recommended.
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 Side Effects

Side effects include nausea, diarrhea, rash, and 
reversible alopecia. Less frequent side effects 
include hypertension [36], upper respiratory tract 
infections, and hepatotoxicity. Additionally, there 
has been an association with increasing total cho-
lesterol and LDL cholesterol with increasing 
length of time patients take leflunomide.

 Other Considerations

Leflunomide has been used as a cheaper alterna-
tive treatment in cytomegalovirus (CMV) infec-
tion, given that it has been shown to be effective 
in the treatment of CMV that is resistant to typical 
antiviral agents [37] (ganciclovir, foscarnet, and 
cidofovir) in organ transplant recipients [38–40]. 
Leflunomide affects the maturation of CMV’s 
capsid [41], which is different than the inhibition 
of viral DNA polymerase that is the mechanism 
employed by other antivirals.

 Methotrexate

The chemical name for methotrexate is N-{4-
[[(2,4-diamino-6-pteridinyl)methyl]methyl-
amino]benzoyl]-L-glutamic acid. Its empirical 
formula is C20H22N8O5. Its structural formula is:

Methotrexate is often employed as the first- line 
corticosteroid-sparing therapy because it is rela-

tively easy to take (once a week by mouth or sub-
cutaneous injection) and relatively well- tolerated. 
Methotrexate (previously known as amethopterin) 
is one of the newer antimetabolites, being synthe-
sized in the 1940s. Initially, there was hope that 
folic acid (a water-soluble B vitamin) and folate 
conjugates could be used in treating acute leu-
kemia, but the use of these therapeutics actually 
potentiated the development of this hematologic 
malignancy. Deficiency in folate, however, was 
noted to effectively decrease peripheral leukemic 
cell count [42]. Thus, methotrexate’s use started as 
a chemotherapeutic. Methotrexate is proved to be 
effective in the 1950s for psoriasis (first-line ther-
apies besides coal tar and ultraviolet light often 
included arsenic and mercury compounds). Cress 
and Deaver described a 27-year-old man with pso-
riatic arthritis [43]. He proved to be recalcitrant to 
numerous therapies, so methotrexate was com-
menced and not only did his psoriasis improve, 
but his arthritis did as well. Methotrexate’s use 
was then extended to rheumatoid arthritis in case 
reports during the 1960s [44–46]. A pilot study in 
the treatment of rheumatoid arthritis involving 32 
patients demonstrated its efficacy in the majority 
of subjects [47, 48] and cemented its role not only 
in the treatment of rheumatoid arthritis but also of 
other rheumatologic conditions.

The enzyme dihydrofolate reductase (DHFR) 
has long been an attractive target for antibiotics, che-
motherapeutics, and immunosuppressives given its 
importance in purine (adenine and guanine) and thy-
midylate synthesis. For example, trimethoprim is an 
antibiotic that targets bacterial DHFR. Methotrexate, 
on the other hand, targets mammalian DHFR. Cells 
that are rapidly growing and dividing, then, utilize 
DHFR more frequently than cells that are more 
senescent. In the case of methotrexate, there will 
be a more profound effect on cancer or inflamma-
tory cells. However, side effects will manifest in 
other tissues that are not malignant or involved with 
immune function. For example, the stomach and 
small intestine epithelium have turnover rates rang-
ing from 2 to 10  days. Neutrophils have turnover 
rates of 1–5 days and cervical epithelium turns over 
every 5–6 days. Lymphomas have higher turnover 
rates [48, 49], so they can be particularly sensitive to 
folate antagonists.
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 Pharmacology and Pharmacokinetics

Methotrexate is polyglutamated after entering 
the cell, which has several functions. One is that 
it allows for the accumulation of intracellular 
methotrexate (as the concentration of mono-
glutamate methotrexate outside of the cell is 
much lower than that inside) [50]. Additionally, 
the polyglutamation of methotrexate increases 
its intracellular life. Finally, polyglutamation 
enhances methotrexate’s enzyme inhibitory 
potency. Methotrexate inhibits DHFR, an enzyme 
that reduces dihydrofolic acid to tetrahydrofolic 
acid, which can be converted to cofactors utilized 
in one-carbon transfer chemistry (one-carbon 
units include methyl, methylene, and formate). 
Tetrahydrofolate is required for the de novo syn-
thesis of purines (important for nucleic acid syn-
thesis) [34], thymidylic acid, and certain amino 
acids. These molecules are, in turn, required for 
cell growth and proliferation. Moreover, metho-
trexate inhibits thymidylate synthase, which 
is involved in the de novo synthesis of pyrimi-
dines. Since methotrexate primarily enters the 
cells that make up various tissues, it is minimally 
bound to plasma proteins. In addition to disrupt-
ing purine synthesis, methotrexate exhibits other 
actions that can be therapeutic. Methotrexate 
inhibits transmethylation reactions [51, 52], 
important in metabolism, and inhibits the forma-
tion of polyamines [53]. Polyamines play a role 
in inflammation as seen in the synovial fluid and 
tissues in patients with rheumatoid arthritis [54]. 
Additionally, methotrexate promotes adenosine 
release [55], which can have anti-inflammatory 
effects [56, 57].

After oral consumption, methotrexate is 
absorbed from the proximal jejunum, and peak 
serum levels are attained in 1–2 hours. The bio-
availability of methotrexate is approximately 
60%–80%. Food does not affect the absorption 
of methotrexate [58], but it can delay absorption 
and reduce peak concentration. When admin-
istered parenterally (e.g., intramuscularly and 
subcutaneously), complete absorption occurs and 
peak serum concentrations are attained in under 
an hour. The half-life of methotrexate varies from 
3 to 10 hours. Methotrexate is eliminated by the 

renal glomerular filtration and active tubular 
secretion, so use in those with renal dysfunction 
should be adjusted according to the creatinine 
clearance. Delayed drug clearance is a major fac-
tor influencing methotrexate toxicity.

 Retrospective Studies

In a retrospective cohort study of 384 patients 
commenced on methotrexate for corticosteroid- 
sparing monotherapy of ocular inflammation 
(including uveitis, scleritis, and ocular cicatri-
cial pemphigoid), 66% of patients were able to 
achieve inactivity of ocular inflammation that 
was sustained for at least 4 weeks within 1 year 
of therapy [59]. Approximately 58% of patients 
were able to achieve corticosteroid-sparing con-
trol of inflammation (being on 10 mg or less of 
daily oral prednisone).

Methotrexate is extensively used in the setting 
of JIA-associated uveitis. In the past, children 
with juvenile idiopathic arthritis (JIA)-associated 
uveitis were noted to achieve control of their ocu-
lar inflammation with systemic corticosteroids 
but also exhibited significant steroid-related side 
effects. Foster’s group performed a retrospective 
review of children with JIA-associated uveitis 
from the late 1970s to late 1980s [60]. Of 26 JIA 
patients, eight used systemic immunomodulatory 
therapy, including three taking methotrexate with 
doses ranging from 5 to 15 mg PO weekly and 
one patient taking both methotrexate and aza-
thioprine. Two of three patients taking metho-
trexate achieved control of inflammation, while 
the patient taking both methotrexate and azathio-
prine did not achieve control. This was a small 
study but important in demonstrating the use and 
tolerance of methotrexate in the pediatric uveitis 
population. In a later retrospective study, Weiss 
et al. reported that six of seven children requiring 
advancement to methotrexate due to active uve-
itis despite topical corticosteroids or occurrence 
of corticosteroid-related side effect were asso-
ciated with improvement of uveitis [61]. Later, 
Foeldvari and Wierk showed that methotrexate 
was effective in treating JIA-associated uveitis in 
84% of their cohort after an average of 4.5 months 
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[62]. The mean dose of methotrexate used in this 
cohort was 15.6 mg/m2. Malik and Pavesio also 
demonstrated that methotrexate was effective 
in the management of JIA-associated uveitis in 
ten children [63]. More recently, Heiligenhaus 
and colleagues assessed 31 patients with JIA- 
associated uveitis with 21 (67.7%) achieving 
control of inflammation (with or without the use 
of concomitant topical corticosteroids) [64].

If ocular inflammation is not responding to 
oral methotrexate, consideration should be made, 
if indicated, for subcutaneous administration. 
Extrapolating from the rheumatoid arthritis litera-
ture [65], and switching from oral administration 
to subcutaneous administration of methotrexate, 
may result in more satisfactory control of uveitis.

 Methotrexate Resistance

Resistance to methotrexate has been noted in 
conditions ranging from the rheumatologic (as in 
rheumatoid arthritis) [66–68] to the ophthalmo-
logic (in the case of primary vitreoretinal lym-
phoma) [69]. Such resistance mediates lack of 
control of inflammation or tumor proliferation. 
Additionally, methotrexate resistance has been 
suggested to be responsible for the side effects 
experienced by some patients [70]. Certain muta-
tions in methotrexate transporters and enzymes, 
such as methylenetetrahydrofolate reductase 
(MTHFR), may additionally be responsible for 
methotrexate-related side effects and/or efficacy 
[71, 72]. In the future, it may become a practice 
to assess each patient’s potential response to dif-
ferent immunomodulatory agents based upon 
their gene expression of proteins involved in ther-
apeutic responses or via a combination of genetic 
testing and gene expression analysis.

 Side Effects

Methotrexate can be hepatotoxic, causing fibro-
sis and cirrhosis. For this reason, liver transami-
nases (including aspartate aminotransferase and 
alanine aminotransferase) should be routinely 
monitored. In psoriasis, liver fibrosis and cir-

rhosis can occur without overt abnormalities in 
serologically assessed liver transaminases. For 
this reason, some recommend performing liver 
biopsies periodically to evaluate for histologic 
evidence of hepatitis. In the rheumatoid arthri-
tis literature, age when methotrexate was com-
menced, duration of use, and cumulative dose 
have been risk factors identified for liver damage 
[73, 74]. Methotrexate can rarely cause a direct 
toxic effect to lung parenchymal tissue, charac-
terized by a nonproductive cough and wheez-
ing. Patients should be assessed for pulmonary 
symptoms while on methotrexate and, should 
complaints arise, be examined with auscultation 
of the lungs and consideration for pulmonary 
radiographic imaging, which can reveal a diffuse 
interstitial pattern [75]. An ulcerative stomatitis/
mucositis can also occur [76]. If gastrointestinal 
side effects pose difficulty for taking methotrex-
ate orally, consideration should be made to give 
it subcutaneously. This route is associated with 
less frequent nausea and has the added benefit of 
increased bioavailability.

Folic acid or folinic acid (leucovorin) is typi-
cally administered to abrogate or abolish the side 
effects of methotrexate without affecting metho-
trexate’s efficacy [77–79]. Folic acid is typically 
dosed at 1  mg orally each day. Some special-
ists will hold folic acid on the day that metho-
trexate is administered, but there is no data that 
suggest that taking folic acid on the day of meth-
otrexate administration decreases the efficacy of 
methotrexate. If side effects continue to persist, 
then the dose of folic acid may be increased to 
3–5 mg daily. Folinic acid may be administered 
for especially recalcitrant side effects (10  mg 
orally taken 12 hours after methotrexate admin-
istration). Methotrexate is absolutely contrain-
dicated in pregnancy (pregnancy class X) and 
can induce teratogenic effects and induce fetal 
death when taken by a pregnant woman. In fact, 
methotrexate is used in high doses as an abortive 
medication. Typically, women wishing to con-
ceive are recommended to wait 3  months after 
cessation of methotrexate. Additionally, men 
planning to have children should ideally be off 
of methotrexate for 3  months prior to trying to 
conceive. Methotrexate can be detected in human 
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breast milk, and breastfeeding should cease if a 
mother is utilizing methotrexate. Occasionally, 
fatal opportunistic infections (Pneumocystis jir-
ovecii pneumonia) might occur with methotrex-
ate. Caution should be practiced when using 
methotrexate in patients experiencing an active 
infection. Additionally, methotrexate can be con-
traindicated in some patients with immunodefi-
ciencies (whether acquired or primary).

 Mycophenolate Mofetil

Mycophenolate mofetil, synthesized in the late 
1980s80, was shown to be effective in preventing 
organ allograft rejection in animal models [81–83], 
and this discovery ultimately led to trials involv-
ing reversal of human allograft rejection [84]. 
The chemical name for mycophenolate mofetil is 
2-morpholinoethyl (E)-6-(1,3-dihydro- 4-hydroxy-
6-methoxy-7methyl-3-oxo- 5-isobenzofuranyl)-
4methyl-4-hexenoate. Its empiric formula is 
C23H31NO7. Its structural formula is:

 Pharmacology and Pharmacokinetics

After oral administration, mycophenolate mofetil 
is absorbed in the small intestine and metabo-
lized to mycophenolic acid, which then under-
goes glucuronidation via glucuronyl transferase 
to yield the phenolic glucuronide of mycopheno-
lic acid (MPAG). MPAG is converted to myco-
phenolic acid during enterohepatic recirculation. 
As the morpholinoethyl ester of mycophenolic 
acid, mycophenolate mofetil exhibits more bio-
availability than mycophenolic acid [80], which 
ranges up to 94% [85]. Carboxylesterases in 
the small intestine then convert mycophenolate 

mofetil to mycophenolic acid [85]. As a noncom-
petitive and reversible inhibitor of inosine mono-
phosphate dehydrogenase, mycophenolate acid 
blocks de novo purine synthesis, thereby hinder-
ing DNA synthesis and affecting proliferation 
of lymphocytes. The mean half-life is approxi-
mately 18 hours.

While food does not affect the absorption of 
mycophenolate mofetil, it does result in a lower 
peak concentration. Thus, it is recommended 
that mycophenolate be taken on an empty stom-
ach. Mycophenolic acid is 97% bound to serum 
albumin. Because mycophenolate mofetil is 
excreted in the urine, renal insufficiency can 
result in a higher bioavailability, which has the 
potential to lead to more untoward side effects. 
Consequently, this medication should be renally 
dosed. As mycophenolate mofetil is not enteric-
coated, it can cause gastrointestinal distress and 
nausea.

 Retrospective Studies

The largest retrospective study involving the 
use of mycophenolate mofetil in uveitis comes 
from Siepmann and colleagues in Germany 
[86]. Of the 106 patients studied, 92 (nearly 
87%) experienced less than or equal to one 
recurrence of uveitis. Follow-up in this cohort 
ranged from 6  months to 41  months. Visual 
acuity was particularly well-preserved in 
patients with anterior and intermediate uveitis 
(vision was either stable or improved). Only 
four patients exhibited a lack of control of their 
uveitis with mycophenolate mofetil. Another 
study from Germany, involving 60 noninfec-
tious uveitis patients, revealed that corticoste-
roid-sparing control (defined as ≤10  mg PO 
daily of prednisolone) of uveitis was achieved 
in 72% of patients after 1  year of treatment 
[87]. Relapses, while occurring in 50% of the 
cohort, exhibited a rate of only 0.23 relapses/
year during the treatment period, and most 
were managed with either increasing the dose 
of prednisone, mycophenolate, or both. This 
particular cohort had a large component made 
up of intermediate uveitis patients (70%), and 
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32% of these patients failed mycophenolate 
mofetil due to inefficacy, most often due to 
uveitic macular edema.

Another large retrospective study involved 
a cohort of patients from North America at the 
Wilmer Eye Institute [88]. Fifty-one patients with 
noninfectious uveitis were included in the study. 
Most patients achieved control of uveitis with 
a total daily dose of 2 g. Most patients who did 
not achieve control with 2 g daily did so with 3 g 
daily. The median time to treatment success with 
mycophenolate mofetil 2 g daily was 3.5 months. 
In those patients requiring 3 g daily, the median 
time to treatment success was 4.7 months, though 
this was not statistically different from the lower 
dosage.

A more recent study involving exclusively 
Hispanic patients (including 21 with uveitis) 
revealed that most patients achieved control of 
ocular inflammation at 6 months after previously 
failing other immunomodulatory medications 
[89]. Five patients (23.8%) had active uveitis at 
6 month’s follow-up. Control of ocular inflamma-
tion, in general (patients with uveitis only were 
not independently assessed though they made up 
the majority of cases), was achieved with doses 
of 10 mg PO daily prednisone or less.

Mycophenolate mofetil is not used as fre-
quently as methotrexate for uveitis in children. 
However, mycophenolate demonstrates effective 
control of pediatric systemic autoimmune dis-
eases including systemic lupus erythematosus 
[90]. Mycophenolate is typically dosed in chil-
dren similar to that used in renal transplantation: 
600 mg/m2 PO BID. In one of the largest retro-
spective studies evaluating the use of mycophe-
nolate mofetil in the setting of pediatric uveitis of 
17 children who were commenced on mycophe-
nolate mofetil, 88% were able to achieve ≤5 mg 
PO daily of prednisolone [91].. While only 24% 
of patients during a mean follow-up of 3  years 
exhibited no relapses, all patients exhibited a 
reduction in relapses compared to the number 
experienced prior to starting mycophenolate 
mofetil.

Mycophenolate mofetil has also been effec-
tive in controlling uveitis in patients failing 
methotrexate. Sobrin and colleagues performed a 

retrospective review of their patients with nonin-
fectious ocular inflammation failing methotrex-
ate (either due to inefficacy or intolerance) [92]. 
Approximately half of their patients were able to 
achieve control of inflammation with mycophe-
nolate. However, the odds of control of uveitis in 
patients with JIA-associated uveitis were lower 
than for those patients without this type of ocular 
inflammation.

 Side Effects

The most common side effects of mycophenolate 
mofetil are gastrointestinal in nature and include 
gastric pain, diarrhea, and nausea [86]. Fatigue 
and pruritus are other common side effects. 
Gastrointestinal bleeding and perforations are 
rarely encountered. These cases have typically 
occurred in the organ transplantation literature. 
Additionally, infections involving opportunistic 
organisms as well as herpetic viral infections 
are more frequent in azathioprine, but again, 
these have been encountered in organ transplant 
patients. There is an increased risk of malig-
nancy, particularly skin cancers, in transplant 
patients taking mycophenolate mofetil. However, 
the Systemic Immunosuppressive Therapy for 
Eye (SITE) diseases retrospective cohort study 
showed no increased risk of cancer (skin or oth-
erwise) in uveitis patients taking most immuno-
suppressive agents, including antimetabolites 
and calcineurin inhibitors [93].

Fetal loss and congenital malformations are 
noted with mycophenolate. Consequently, con-
traception must be practiced while taking myco-
phenolate mofetil. Additionally, patients taking 
oral contraceptives should be made aware that 
mycophenolate mofetil can decrease the serum 
levels of contraceptive hormones with a theoreti-
cally reduced efficacy of the contraceptive.

 Considerations

The use of proton pump inhibitors (PPI) for 
peptic ulcer disease and gastroesophageal 
reflux disease decreases both the serum concen-
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tration and bioavailability of mycophenolate 
mofetil. Patients who are on a PPI and who are 
to commence mycophenolate mofetil for their 
uveitis management should consider switch-
ing to a histamine- 2 receptor antagonist (e.g., 
famotidine).

 Mycophenolic Acid

The chemical name for mycophenolic acid is 
(4E)-6-(4-hydroxy-6methoxy-7-methyl-3-oxo- 
1,3-dihydro-2-benzofuran-5-y)-4-methylhex- 4-
enoic acid. Its chemical structure is:

Mycophenolic acid was originally recog-
nized to have antibiotic properties. Penicillium 
brevicompactum, a mold (recall that the Greek 
root word “myco” means fungus), was noted 
to secrete a substance (mycophenolic acid) that 
inhibited the growth of Staphylococcus aureus. 
Bartolomeo Gosio, an Italian physician, is cred-
ited with this discovery [94]. Gosio was looking 
to implicate different molds as a cause of niacin 
deficiency (pellagra).

 Pharmacology and Pharmacokinetics

After oral consumption, mycophenolic acid is 
absorbed into the small intestine. Because myco-
phenolic acid is enteric-coated, it often exhibits 
better gastrointestinal tolerability than mycophe-

nolate mofetil [95]. Mycophenolic acid inhibits 
inosine 5′-monophosphate dehydrogenase. After 
oral consumption, the bioavailability of myco-
phenolic acid is 72%. As noted for mycopheno-
late mofetil (which is converted to mycophenolic 
acid), 97% of mycophenolic acid is bound to 
albumin. Mycophenolic acid’s mechanism of 
action, metabolism, and excretion is the same as 
that for mycophenolate mofetil.

 Use in Uveitis

Mycophenolic acid has been suggested as a pos-
sible therapy for intraocular use, but this contin-
ues to be entirely experimental and is not being 
utilized in humans. However, toxicity of human 
retinal pigment epithelium and Müller cells was 
not seen for doses of mycophenolic acid at 50 μg/
mL or less [96].

There is a Phase 3 clinical trial aimed at 
determining the efficacy, safety, and tolerabil-
ity of mycophenolic acid in patients with inter-
mediate uveitis (ClinicalTrials.gov Identifier 
NCT01092533).

 Sulfasalazine

While sulfasalazine is not an antimetabolite, it 
bears mentioning since it has certainly been used 
as a DMARD in rheumatology and has been 
used occasionally in the treatment of uveitis. The 
IUPAC name for sulfasalazine is 2-hydroxy- 5-
[[4-(2-pyridinylsulfamoyl)phenyl]diazenyl]ben-
zoic acid. Its molecular formula is C18H14N4O5S 
and its chemical structure is:
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 Pharmacology and Pharmacokinetics

Sulfasalazine is either absorbed in the upper 
gastrointestinal system (up to 30% of the intact 
drug) or is cleaved into sulfapyridine and 
5-amino salicylate by colonic bacteria. The 
cleavage products are thought to be involved 
in inhibiting folate absorption and metabo-
lism [97–99]. Additionally, sulfasalazine and 
5-amino salicylate inhibit in  vitro leukocyte 
motility [100].

 Placebo-Controlled Trials

In a small placebo-controlled trial, 22 patients 
with ankylosing spondylitis-associated recurrent 
anterior uveitis were randomized either to sul-
fasalazine (10 patients) or placebo (12 patients) 
and followed for 3  years. Uveitis activity was 
assessed by fluorophotometry. The number of 
recurrences was less than one for each year in 
the patients taking sulfasalazine (with the high-
est number of mean recurrences during year two 
with 0.6 +/− 0.84 recurrences). In the placebo 
group, the number of recurrences was signifi-
cantly higher (with the highest recurrences occur-
ring during the first year of follow-up at 1.33 
+/− 1.23 recurrences, p = 0.016). Additionally, 
the formation of posterior synechiae was less 
frequently encountered in the sulfasalazine 
group [101]. While this study was and continues 
to be useful, uveitis activity is no longer graded 
in this fashion, and generalizability to the cur-
rent definition of meaningful control of uveitis 
is unknown.

 Prospective Studies

Ten patients with recurrent anterior uveitis were 
commenced on sulfasalazine and followed for 
1 year [102]. In the year prior to the institution of 
sulfasalazine, there was a mean of 3.4 flares, sig-
nificantly more than while on the DMARD (less 
than 1 flare), representing a statistically signifi-
cant difference.

 Retrospective Studies

In a study of chronic uveitis, four Taiwanese 
children with JIA or ankylosing spondylitis 
were placed on sulfasalazine due to failing to 
taper off of steroid drops as well as exhibiting 
a lack of uveitis control with oral nonsteroidal 
anti- inflammatory drugs. Two children with JIA- 
associated uveitis and the child with ankylosing 
spondylitis-associated uveitis showed improve-
ment in their anterior chamber cell and visual 
acuity afterward. The medication was tolerated 
well by all four children [103].

 Side Effects

Common side effects include gastrointestinal 
discomfort and rash. Stevens-Johnson syndrome 
and neutropenia are less frequent but serious side 
effects.

See Table 4.1 for dosing of antimetabolites.

 General Considerations 
with the Antimetabolites

In a large retrospective study in which patients 
with noninfectious ocular inflammatory diseases 
were assessed, three of the most commonly used 
antimetabolites to control ocular inflammation 
(including uveitis) were assessed [19]. The median 
time to treatment success (on ≤10 mg prednisone 
PO daily) with methotrexate (oral and subcutane-
ous routes were included) was 6.5  months com-
pared to that of mycophenolate mofetil (4 months) 
and azathioprine (4.8  months). It was noted that 
methotrexate was frequently started at a low dose 
and increased over time, whereas mycophenolate 
mofetil and azathioprine were typically started at 
more therapeutic doses. After 6 months of therapy, 
the proportion of all ocular inflammation patients 
achieving treatment success with mycophenolate 
was 70% compared to 42% of those on metho-
trexate and 48% of those taking azathioprine. 
Methotrexate seems to manage ocular inflamma-
tion in association with sarcoidosis. Even low-
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dose oral methotrexate (12.5 mg weekly) has been 
shown to result in stability or decrease in inflam-
mation in sarcoid- related uveitis in the overwhelm-
ing majority of patients studied [104]. While these 
results are intriguing, there still remains the issue 
of determining the best antimetabolite to use as the 
first- line therapy for corticosteroid-sparing con-
trol of uveitis in general. To address this impor-
tant issue, Acharya and colleagues compared oral 
methotrexate and mycophenolate mofetil (two of 
the most commonly used antimetabolites) for ini-
tial corticosteroid-sparing control of noninfectious 
intermediate, posterior, and panuveitis. While past 
retrospective studies have suggested that myco-
phenolate mofetil may be more effective in the 
management of uveitis, Acharya’s RCT found that 
a higher proportion of those randomized to metho-
trexate achieved control of their uveitis compared 
to those randomized to mycophenolate mofetil 
[105]. Control of uveitis was defined as less than 
1+ anterior chamber cell or vitreous haze or inac-
tive retinal or choroidal lesions. However, while the 
maximum dose of methotrexate was used (25 mg 
PO weekly), the maximum dose for mycopheno-
late mofetil in the trial was 1 g PO BID rather than 
the higher maximum dose of 1.5  g PO BID.  To 
address this issue, Acharya is currently conduct-
ing a National Eye Institute- sponsored random-
ized controlled trial, which is powered to detect a 
smaller difference (20%) between the two random-
ization groups and utilizing the typical maximum 
doses of these medications. The data gathered from 
this pivotal study will provide uveitis specialists 
with much needed evidence to support the ini-
tial use of either methotrexate or mycophenolate 
mofetil as initial corticosteroid- sparing therapy.

Contraception should be practiced while on 
antimetabolites (particularly with methotrexate 
and mycophenolate mofetil). Developing fetuses 
with their rapid cell turnover are especially vul-
nerable to the effects of antimetabolites that 
affect nucleic acid synthesis. In fact, high-dose 
methotrexate is utilized as an abortive agent. It 
is recommended in both men and women wish-
ing to become pregnant to discontinue using it 
and wait at least 3 months prior to conceiving. 
Azathioprine, however, is considered safe to con-
tinue during conception and during pregnancy.

Antimetabolites can be used in conjunc-
tion with other immunomodulatory agents, par-
ticularly from other classes such as the T-cell 
inhibitors (e.g., cyclosporine [106, 107]) or with 
biologics. In the case of biologics, antimetabo-
lites may help decrease the frequency of devel-
oping antibodies (e.g., human anti-chimeric 
antibodies (HACAs)) against monoclonal anti-
bodies (e.g., rituximab, infliximab, adalimumab).

Much of the information regarding cancer and 
systemic immunomodulatory therapy with antime-
tabolites comes from the transplant literature. For 
example, renal transplant patients on azathioprine 
have 50- to 100-fold increase in the relative risk of 
malignancy. However, it has been noted that rheu-
matoid arthritis carries a background risk of cancer 
development compared to patients without rheu-
matoid arthritis. Rheumatoid arthritis patients have 
been noted to have a fivefold increase in cancer 
compared to the general population. Azathioprine-
treated RA patients have a tenfold increase in can-
cer compared to the general population [108]. The 
most common neoplasias include squamous cell 
carcinoma of the skin, non-Hodgkin’s lymphoma, 
and Kaposi’s sarcoma [109].

In a retrospective cohort study evaluating nearly 
8000 patients with ocular inflammatory diseases 
(1155 patients with uveitis), the antimetabolites 
were not associated with an increased risk in overall 
mortality and were not associated with an increased 
risk in cancer-related mortality [93]. Conveying this 
information to patients or the parents of patients can 
do much to mollify their concerns about starting 
antimetabolite therapy. Oftentimes in uveitis, esca-
lation to systemic immunomodulatory therapy must 
be made, and the knowledge that these medications 
are not only effective, but also safe, can do much to 
treat the mind and body of the person in the uveitis 
specialist’s examination chair.
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T Cell Inhibitors

Russell W. Read

 Introduction

Uveitis is not a single disease, but rather encom-
passes an entire category of diseases, the com-
mon thread of which is an inflammatory attack 
on the inner eye. New-onset disease occurs in 

approximately 52 of each 100,000 individuals 
in the United States per year with a prevalence 
of 112 per 100,00 at any one time [1]. Uveitis is 
a major cause of human visual morbidity [2, 3] 
and is estimated to be responsible for 5 to 20% 
of the blindness in the United States [4, 5]. This 
loss of vision places a large social, physical, and 
economic burden on the United States and other 
countries and emphasizes the need for safe effec-
tive treatments to reduce the level of inflamma-
tion and thus potential complications and visual 
loss. However, because uveitis is not a single dis-
ease, the underlying inflammatory pathophysiol-
ogy encompasses multiple potential processes, 
including trauma, infection, and autoimmunity. 
While at the midpoint of the last century the vast 
majority of uveitis cases were assumed to be of 
an infectious etiology such as syphilis or tubercu-
losis [6], at present greater than 85% of cases are 
assumed to be autoimmune in nature [7]. It is in 
the situation of autoimmune uveitis – and there-
fore the majority of cases –that T cell inhibitors 
may have utility.

 Rationale for Use in Autoimmune 
Uveitis

There is abundant evidence – both from experi-
mental models and clinical studies – that T cells 
are involved and important in the autoimmune 
form of uveitis. While a comprehensive review of 
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Pearls
• T cell inhibitors can be effective therapy 

to treat noninfectious uveitis, but, due to 
potential side effects, are commonly 
used at slightly lower doses as adjunc-
tive therapy with other immunosuppres-
sive agents.

• Cyclosporine does not have an effect on 
primed T cells and, thus, is most likely 
to be effective given systemically, 
although some studies show promise 
when given through a local route as 
well.

• Tacrolimus appears to be a useful agent 
for the treatment of uveitis with at least 
equal efficacy to cyclosporine with a 
more favorable side effect profile.
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the immunologic mechanisms underlying auto-
immune uveitis and the intricate role therein of T 
cells is beyond the scope of this chapter, an under-
standing of basic adaptive immune responses is 
helpful to understand why T cell inhibitors are 
useful in uveitis. For a more complete review, the 
reader is directed to several excellent papers that 
cover this topic [8–10]. In brief, phagocytic cells 
are constantly engulfing material from through-
out the body. Following this phagocytosis of 
antigen, these cells, termed antigen-presenting 
cells, process the material and travel to drain-
ing lymph nodes where the  processed antigen 
is presented in the context of other cell surface 
molecules to T cells in residence. If the processed 
antigen is presented to a T cell with a receptor 
specific to its structure, in concert with appro-
priate additional signals required, then those 
antigen-specific T cells are primed and partially 
activated. It is during this phase that the produc-
tion and release of the proinflammatory cytokine 
interleukin (IL)-2 is crucial. Depending in part 
on the antigen and immunologic environment in 
which the presentation is made, differing sub-
types of T cells result which vary in the profile 
of cytokines produced and cell surface markers 
expressed. The primed T cells proliferate in the 
lymph node and are released into the circulation. 
As they traffic throughout the body, if they are 
again presented with their specific antigen in a 
peripheral location, they become fully activated 
and orchestrate an immune attack in that tissue. 
If that tissue is contained within the eye, then 
uveitis develops. And in fact, various animal 
models of uveitis have been used to explore these 
immune processes leading to ocular autoimmune 
inflammation. The most widely studied model 
is experimental autoimmune uveitis (EAU), 
induced with retinal antigens such as S-antigen 
[11] or interphotoreceptor retinoid-binding pro-
tein (IRBP) [12]. Studies in these models have 
clearly shown the critical role of organ-specific 
T cell-mediated autoimmunity [7, 13–15]. There 
is empirical evidence that T cell inhibition is 
effective in the control of autoimmune uveitis, 
again both from experimental models and clini-
cal studies [16–26]. In addition, clinical studies 
have shown the presence of activated T cells in 

the peripheral circulation [27–29] and intraocular 
fluids [30] of humans with uveitis. Further, there 
is evidence of T cell autoimmunity via their reac-
tion ex  vivo to uveitis-associated antigen [31]. 
Based on existing evidence then, inhibition of the 
processes T cells utilize to mediate uveitis should 
therefore be viable as a therapeutic intervention.

 Specific Agents

The term “T cell inhibitor” potentially encom-
passes a wide variety of therapeutic agents with 
disparate mechanisms of action that by definition 
result in the inhibition of some action of T cells. 
That multiple mechanisms of action could result 
in inhibition of T cell function underscores their 
(and in fact the entire immune system’s) physi-
ological complexity and highlights why such 
agents should not be expected to have universal 
efficacy in a condition as varied as “uveitis.” This 
chapter shall include within its scope agents tradi-
tionally categorized as T cell inhibitors and leave 
more recent therapeutic agents in the biologics 
category to other chapters. The traditional T cell 
inhibitors act on molecules within the T cell cyto-
plasm. These traditional agents include the cal-
cineurin inhibitors cyclosporine and tacrolimus 
and the inhibitors of the “mammalian target of 
rapamycin” or mTOR, sirolimus and everolimus. 
Details on the specific agents discussed below are 
summarized in Table 5.1.

 Calcineurin Inhibitors

Calcineurin is a phosphatase that, in the setting 
of increased cytoplasmic calcium induced by 
engagement of the T cell receptor with antigen, 
dephosphorylates – and thus activates – the T cell-
specific transcription factor nuclear factor of acti-
vated T cells (NF-AT)  [32]. Dephosphorylated 
NF-AT enters the T cell nucleus and participates 
in the regulation of multiple cytokines, primarily 
among these IL-2 (Fig. 5.1), which as described 
above is crucial for the priming and activation of 
T cells after exposure to their specific antigen in 
the lymph node. But in addition to IL-2, NF-AT 
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also regulates IL-4, interferon gamma, and tumor 
necrosis factor alpha [33], all cytokines that are 
also involved in uveitis [34–36]. The inhibi-
tion of calcineurin-mediated dephosphorylation 
of NF-AT therefore inhibits the activation of 
NF-AT, decreasing the activation of T cells and 
production of proinflammatory cytokines. It has 
been increasingly realized that, in addition to 
its effect on T cells, NF-AT is also involved in 
innate immunity, acting on myeloid cells, includ-
ing granulocytes and dendritic cells, promoting 
inflammation, regulating adaptive immunity, 
and affecting these mediators of early immune 
responses [37]. Therefore, inhibition of calcineu-
rin appears to influence both innate and adaptive 
immune responses to produce an immunosup-
pressive effect.

 Cyclosporine A
Cyclosporine (cyclosporin A, CSA) is a lipo-
philic cyclic polypeptide isolated from the fun-
gus Beauveria nivea  [38]. Cyclosporine achieves 

its immunosuppressive effects by complex-
ing with the cytoplasmic protein cyclophilin-1. 
The resulting cyclosporine-cyclophilin com-
plex inhibits calcineurin, the function of which 
is described above. This inhibits T cell activa-
tion by interfering at an early stage in antigen 
receptor- induced differentiation. As suggested 
above, studies in  vitro have shown that cyclo-
sporine inhibits gene transcription of not only 
IL-2 but also other factors produced by antigen-
stimulated T cells [33]. It is important to note 
that cyclosporine does not have an effect on these 
cytokines in already primed T cells nor does it 
block interaction with antigen. This mechanism 
of action would be therefore expected to limit 
the effectiveness of cyclosporine to that achieved 
by actions on T cells in the periphery that have 
yet to be primed and therefore only achievable 
by systemic administration. However, there have 
been efforts to use cyclosporine locally in order 
to reduce systemic side effects (discussed later). 
He and colleagues showed that microspheres 

Table 5.1 T cell inhibitors in clinical use

Agent
Baseline 
evaluation Dosage range Monitoring Side effects

Cyclosporine Serum creatinine, 
BUN, CBC, serum 
magnesium, 
potassium, uric 
acid, lipids, 
screening for 
latent tuberculosis

Orally 2.5–5 mg/
kg/day divided 
into two doses

Serum creatinine, 
BUN, blood pressure, 
CBC, uric acid, 
potassium, lipids, and 
magnesium every 
2 weeks during the 
first 3 months of 
therapy and then 
monthly if stable

Nephrotoxicity, hypertension, 
hyperglycemia, liver dysfunction, 
hyperkalemia, altered mental status, 
seizures, hirsutism, lymphoma, skin 
cancers, progressive multifocal 
leukoencephalopathy, seizures, 
posterior reversible encephalopathy 
syndrome

Tacrolimus Same as for 
cyclosporine

Orally 0.03–
0.08 mg/kg/day 
divided into two 
doses

Same as for 
cyclosporine

Nephrotoxicity, neurotoxicity, 
hyperglycemia, hypertension, 
hyperkalemia, and gastrointestinal 
complaints

Sirolimus Same as for 
cyclosporine

Oral loading dose 
of 6 mg followed 
by 1–4 mg once 
daily consistently 
with or without 
food

Drug trough levels, 
otherwise same as for 
cyclosporine

Myelosuppression (especially 
thrombocytopenia), hepatotoxicity, 
diarrhea, hypertriglyceridemia, 
pneumonitis, hemolytic-uremic 
syndrome, and headache. Renal 
toxicity is less common

Everolimus Same as for 
cyclosporine

Orally 0.75 mg 
two times per day, 
adjusted to obtain 
trough serum 
levels of 3–8 ng/
ml (total daily 
dosage of 2.5 mg)

Drug trough levels, 
otherwise same as for 
cyclosporine

As a derivative, side effects are 
similar to sirolimus

5 T Cell Inhibitors
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loaded with cyclosporine could be safely and 
effectively delivered intravitreally [39]. Others 
have used intravitreal cyclosporine implants in 
animal models and equine uveitis, showing a 
reduction in uveitis severity [40–44]. It is pos-
sible that the effectiveness of locally adminis-
tered cyclosporine is carried out via the agent’s 
effects on non-T cell innate inflammatory cells, 
as described in the calcineurin inhibitor section 
above, or it is also possible that there are yet to 
be understood effects of calcineurin inhibition 
on already primed and activated T cells acting 
in the periphery that modulate their proinflam-
matory activity. Despite this possibility, a recent 
literature search shows no reports on the use of 

intravitreal cyclosporine in human uveitis. A 
topical form of cyclosporine is commercially 
available as a 0.05% concentration and has been 
studied in anterior uveitis. Prabhu and cowork-
ers found that cyclosporine 0.05% instituted dur-
ing a flare-up of acute recurrent anterior uveitis 
concurrent with traditional treatment with cor-
ticosteroids reduced the frequency and duration 
of subsequent flare-ups following discontinua-
tion of the traditional agent [45]. However, the 
study is limited by a small number of patients, 
retrospective nature, and possible regression to 
the mean as an explanation for reduced flares. 
The frequency of administration of cyclosporine 
0.05% was not detailed. A study of topical cyclo-
sporine in experimental uveitis using a different 
formulation than what is commercially available 
suggested effectiveness in anterior uveitis but not 
posterior disease [46].

Based on the above data, cyclosporine is typi-
cally used in uveitis as an oral agent, though it is 
available as an intravenous formulation as well. 
Orally, it is slowly, erratically, and incompletely 
absorbed with large variations in bioavailability 
between individuals. Complicating this further, 
there are multiple formulations of cyclosporine, 
each with a different bioavailability, therefore 
caution must be exercised if a switch from one 
formulation to another is required. The micro-
emulsion formulation improves consistency and 
bioavailability, and unless other considerations 
overrule, it should probably be the default for-
mulation used and the brand name agent speci-
fied, as even the same formulation from different 
generic drug manufacturers could have different 
bioavailabilities.

The clinical usefulness of cyclosporine has 
been limited by its toxicities, which are numer-
ous and include nephrotoxicity, hypertension, 
hyperglycemia, liver dysfunction, hyperkalemia, 
altered mental status, seizures, and hirsutism [47]. 
Lymphoma and other malignancies (especially 
skin cancers) have been observed at a higher rate 
in transplant recipients receiving cyclosporine. 
Patients should be cautioned regarding ultraviolet 
light exposure while on cyclosporine. A particu-
larly devastating complication of cyclosporine 
(as well as other immunosuppressive regimens) 

Fig. 5.1 Mechanism of action of calcineurin inhibitors. T 
cell engagement with processed antigen results in an 
increase in intracellular calcium which stimulates calci-
neurin via calmodulin. Calcineurin dephosphorylates the 
transcription factor nuclear factor of activated T cells (NF- 
AT) which then translocates to the nucleus and activates 
target genes, especially interleukin (IL)-2, resulting in the 
priming and activation of previously naive T cells. 
Calcineurin inhibitors function by binding to a cytoplas-
mic protein, either cyclophilin (illustrated here) or 
FK-binding protein, collectively termed immunophilins. 
The drug-immunophilin complex blocks the phosphatase 
activity of calcineurin so that NF-AT is not dephosphory-
lated and downstream activation of proinflammatory 
genes is inhibited. This inhibition prevents the production 
of IL-2 and IL-2 receptors by T cells and thus inhibits 
priming and proliferation of antigen-specific T cells
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is the development of progressive multifocal leu-
koencephalopathy due to JC virus infection that 
may have serious outcomes. In addition, neuro-
logic toxicity in the form of seizures and posterior 
reversible encephalopathy syndrome (PRES) has 
been described both in post-marketing reports and 
in the literature [47, 48]. Manifestations of PRES 
can include impaired consciousness, convul-
sions, visual disturbances (including blindness), 
loss of motor function, movement disorders, and 
psychiatric disturbances. White matter changes 
have been detected on neuroimaging. The con-
dition has typically been reversible upon discon-
tinuation of cyclosporine [47].

Initial publications on cyclosporine in uve-
itis used up to 10 mg/kg/day, which produced a 
significantly higher rate of these adverse effects 
[18]. Currently, typical starting dosages are 
2.5–5 mg/kg/day divided into two doses (1.25–
2.5  mg/kg per dose) [49]. Cyclosporine use in 
uveitis is off-label. For rheumatoid arthritis, the 
manufacturer recommends an initial dose of 
cyclosporine microemulsion of 2.5  mg/kg/day 
total, divided into two daily doses. If tolerated 
(including serum creatinine less than 30% above 
baseline) but with a need for additional immuno-
suppression, the dose may be increased by 0.5–
0.75  mg/kg/day after 8  weeks and again after 
12 weeks to a maximum of 4 mg/kg/day. Again 
per the manufacturer for rheumatoid arthritis, if 
no benefit is seen by 16 weeks, therapy should be 
discontinued. These recommendations seem rea-
sonable for uveitis as well. Prior to therapy initi-
ation, baseline evaluations should include serum 
creatinine, BUN, CBC, serum magnesium, 
potassium, uric acid, and lipids. Screening for 
latent tuberculosis should be included as well. 
Once therapy is begun, the manufacturer recom-
mends monitoring of serum creatinine, BUN, 
blood pressure, CBC, uric acid, potassium, lip-
ids, and magnesium every 2  weeks during the 
first 3  months of therapy and then monthly if 
stable. A rise of creatinine 25% above the pre-
treatment level should prompt retesting within 
2 weeks with a dose reduction of 25%–50% if it 
remains persistently elevated. A single increase 
of 50% above pretreatment level should prompt 
an immediate 25%–50% dose reduction. If a 

return of serum creatinine to within 25% of base-
line is not achieved after two dose modifications, 
then the drug should be discontinued. Persistent 
hypertension should prompt dosage reductions 
in a similar manner as with serum creatinine 
monitoring. The importance of regular and care-
ful monitoring of cyclosporine effects on renal 
function cannot be overemphasized. The risk of 
nephrotoxicity increases with higher doses and 
with prolonged therapy and may result in per-
manent structural kidney damage and persistent 
renal dysfunction [47].

The absorbed drug is primarily metabolized 
by the cytochrome P450 3A enzyme system 
in the liver resulting in the possibility of mul-
tiple drug interactions [50]. Agents that increase 
cyclosporine levels through competition for 
metabolism include antifungal azoles (ketocon-
azole, voriconazole, itraconazole, osaconazole, 
fluconazole, clotrimazole), protease inhibitors 
(except tipranavir), macrolide antibiotics (eryth-
romycin and clarithromycin, but not azithro-
mycin), calcium channel blockers (diltiazem, 
verapamil, and nicardipine but not nifedipine 
or amlodipine), and grapefruit juice [51, 52]. 
Conversely, agents that activate the cytochrome 
P450 system and therefore decrease cyclosporine 
levels include rifampin, anti-seizure medications 
(carbamazepine, phenobarbital, and phenytoin), 
and St. John’s wort [51, 52]. If patients are on 
these agents concurrently, then careful attention 
to drug levels and toxicity and careful counseling 
to avoid sudden changes in dosages are needed. 
Grapefruit juice, for example, may increase 
cyclosporine bioavailability by as much as 62% 
[50]. Because of these factors, cyclosporine dos-
ing must be individualized. In addition to the 
monitoring of renal function, blood pressure, and 
electrolytes outlined previously, routine monitor-
ing of trough blood levels is common in cyclo-
sporine’s use post transplantation [47, 53–55]. 
It has been suggested that monitoring of trough 
levels is useful in uveitis patients as well [56]. 
Trough levels obtained just before the morning 
dose (T0) are desired to be between 125 and 
225  ng/ml, as measured by a monoclonal-spe-
cific radioimmunoassay [56]. A study in uveitis 
patients of the utility of monitoring trough levels 
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6 hours (T6) after the morning dose with cyclo-
sporine dose adjustments to achieve a T6 level 
of 150–250 ng/ml showed that using this proto-
col, eight of eight patients with chronic, bilateral, 
severe, noninfectious uveitis (two idiopathic pan-
uveitis, two idiopathic retinal vasculitis, two mul-
tifocal choroiditis, one HLA-B27-related uveitis, 
and one Behcet disease) improved clinically. The 
mean dose of cyclosporine was 3.9 ± 1.4  mg/kg/
day. The initial and final serum creatinine, potas-
sium, magnesium, and uric acid serum levels and 
systolic/diastolic blood pressure measurements 
were not statistically different, and there was no 
change in the creatinine clearance, glomerular 
filtration rate, or the effective renal plasma flow 
performed before starting T6 monitoring and at 
13 ± 8 months of follow-up [56].

Keeping all the above in mind, cyclospo-
rine may be used safely and effectively in the 
treatment of uveitis. Cyclosporine may be used 
alone or in combination with other immunosup-
pressants. A number of studies, both prospec-
tive and retrospective, have been conducted 
on the use of cyclosporine in uveitis, mostly 
Behcet disease, Vogt-Koyanagi-Harada disease, 
and serpiginous choroidopathy [19, 57–62]. 
Dosages used vary by the era in which the study 
was conducted, with earlier studies using much 
higher doses than more recent studies. Overall, 
the recommendations given above for dos-
age and monitoring are the same regardless of 
the uveitic syndrome one is treating. As with 
all immunosuppressives, cyclosporine is not 
universally effective. A recent paper reported 
that in 59 patients with widely varying uveitic 
syndromes, the most common being Behcet in 
32%, treated with cyclosporine at a mean start-
ing dose of 4.2 mg/kg/day and a mean mainte-
nance dose of 3.2 mg/kg/day, cyclosporine was 
judged effective in 85% and oral steroid dosage 
was reduced in 73% (by half or more in 51%). 
However, adverse effects were almost univer-
sal, including peripheral paresthesias in 70%, 
fatigue in 67%, systemic hypertension in 27%, 
and elevated serum creatinine leading to dose 
reduction in 30%. Cyclosporine needed to be 
discontinued in 35%, being intolerable in 20% 
and ineffective in 15% [63].

In summary, cyclosporine is a reasonably 
effective immunosuppressive in the treatment 
of noninfectious uveitis. Treatment should be 
avoided in patients with preexisting kidney dis-
ease or poorly controlled hypertension. Initial 
starting doses should be low (~2.5  mg/kg/day) 
and careful monitoring for adverse effects must 
be carried out.

 Tacrolimus
Tacrolimus (FK 506) is a macrolide antibiotic 
with immunosuppressant activity produced 
by Streptomyces tsukubaensis. The mecha-
nism of action of tacrolimus is very similar 
to cyclosporine, despite not being chemically 
related. Tacrolimus binds to the immunophilin 
FK-binding protein (FKBP) rather than 
cyclophilin, which is the target of cyclosporine. 
The tacrolimus-FKBP complex inhibits calcineu-
rin just as cyclosporine-cyclophilin does, result-
ing in the same effects on NF-AT. Tacrolimus is 
10–100 times more potent than cyclosporine in 
inhibiting immune responses [64].

Tacrolimus can be administered orally or 
intravenously and is metabolized primarily by 
cytochrome P450 enzymes in the liver, result-
ing in the potential for drug interactions just as 
with cyclosporine, and therefore these will not be 
detailed again. The toxic effects of tacrolimus are 
also similar to those of cyclosporine, including 
nephrotoxicity, neurotoxicity, hyperglycemia, 
hypertension, hyperkalemia, and gastrointestinal 
complaints, and, again, will not be detailed.

Tacrolimus has been shown to be effective 
in experimental uveitis [65–70]. Clinical stud-
ies in uveitis have also demonstrated its efficacy 
[71–75]. Murphy and colleagues [76] performed 
a randomized prospective unmasked trial of 
tacrolimus versus cyclosporine in 37 patients 
with noninfectious uveitis requiring second-line 
immunosuppression. Patients received either 
tacrolimus (0.03–0.08 mg/kg daily) or cyclospo-
rine (2.5–5.0  mg/kg daily) with doses adjusted 
based on clinical response and blood drug levels. 
Target whole blood trough levels were 8–12 ng/L 
for tacrolimus and 100–225  ng/L for cyclospo-
rine, although the protocol allowed trough levels 
below these ranges if the uveitis was under con-
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trol. Diagnoses included a variety of conditions, 
including idiopathic disease, Behcet disease, 
sarcoidosis, sympathetic ophthalmia, and cho-
roidal inflammations. Approximately two thirds 
of patients in each group responded to treatment. 
A significantly higher number of cyclosporine- 
treated patients experienced adverse effects com-
pared to tacrolimus-treated patients. One third 
of patients on tacrolimus had no adverse effects, 
while only 6% (1 patient) in the cyclosporine 
group had no adverse effects. Perhaps most sig-
nificantly, it appeared that equal effectiveness 
could be achieved with a dose of tacrolimus than 
was used in the study. Since calcineurin inhibi-
tor toxicity is dose dependent, tacrolimus appears 
to have a superior therapeutic index compared to 
cyclosporine [76].

In summary, tacrolimus appears to be a use-
ful agent for the treatment of uveitis with at least 
equal efficacy to cyclosporine with a more favor-
able side effect profile. Patients can be started 
at doses ranging from 0.03 to 0.08 mg/kg daily 
(divided into two doses). Other than dosage, 
which is significantly lower for tacrolimus com-
pared to cyclosporine due to tacrolimus’ greater 
potency, the monitoring requirements, drug inter-
actions, and cautions for tacrolimus do not differ 
from those of cyclosporine, and the reader should 
review that section of this chapter.

 Molecular Target of Rapamycin 
Inhibitors

Sirolimus (rapamycin) and its metabolite evero-
limus constitute a different group of immuno-
suppressives from the calcineurin inhibitors but 
which still have T cell inhibitor effects. Their 
mechanism of action differs in that they bind the 
circulating immunophilin FK506-binding pro-
tein 12, the resulting complex then blocking the 
“molecular target of rapamycin” (mTOR). mTOR 
is a key component of a complex intracellular 
signaling pathway involved in cellular processes 
such as cell growth and proliferation, angiogen-
esis, and metabolism. Thus, blockade of mTOR 
leads to inhibition of interleukin-driven T cell 
proliferation. mTOR inhibitors may also inhibit 

B cell proliferation and immunoglobulin produc-
tion [50]. Toxicities of the mTOR inhibitors can 
include profound myelosuppression (especially 
thrombocytopenia), hepatotoxicity, diarrhea, 
hypertriglyceridemia, pneumonitis, and head-
ache. Renal toxicity is less common with mTOR 
inhibitors, but there appears to be an increased 
incidence of hemolytic-uremic syndrome. The 
mTOR inhibitors are metabolized by the cyto-
chrome P450 3A4 system as with the calcineurin 
inhibitors; thus the same caveats and monitoring 
parameters exist, as detailed previously.

 Sirolimus
Sirolimus (also known as rapamycin) is a mac-
rocyclic lactone produced by Streptomyces 
hygroscopicus [77]. Sirolimus suppresses cyto-
kine-driven (IL-2, IL-4, and IL-15) T cell prolif-
eration, inhibiting the progression from the G1 to 
the S phase of the cell cycle. Sirolimus also inhib-
its antibody production. Sirolimus suppresses 
immune-mediated events associated with a num-
ber of experimental models, including systemic 
lupus erythematosus, collagen-induced arthritis, 
autoimmune type I diabetes, autoimmune myo-
carditis, experimental allergic encephalomyelitis, 
graft-versus-host disease, and, most pertinent 
to the current text, autoimmune uveoretinitis 
[77–79], as well as in patients with uveitis [80]. 
This appears to be dose related, as another group 
found that while sirolimus at high doses reduced 
the severity of experimental autoimmune uveitis, 
low doses actually caused an exacerbation of 
disease severity [81]. Thus, dosing in the use of 
sirolimus may be critical to achieve the desired 
effect of uveitis control while avoiding paradoxi-
cal worsening of disease and also to avoid any 
dose-related adverse side effects. In addition to 
its anti-inflammatory actions, sirolimus has been 
shown to have antiangiogenic actions in murine 
models of choroidal neovascularization and reti-
nal hypoxia [82].

Sirolimus is commercially available as an oral 
drug. It is rapidly but incompletely absorbed, 
and elimination is similar to that of cyclospo-
rine and tacrolimus, being a substrate for both 
cytochrome P450 3A and P-glycoprotein with 
the attendant risk of significant drug and food 

5 T Cell Inhibitors



52

interactions. Details of these risks are reviewed 
in the preceding sections. For organ transplant 
rejection prevention, it is administered once daily 
consistently either with or without food. Loading 
doses are common but not standardized for use 
in uveitis. Monitoring of blood trough levels is 
recommended by the manufacturer when used in 
transplant rejection prevention, but whether these 
levels are appropriate for monitoring in uveitis is 
unknown [77].

In uveitis, sirolimus has been used both sys-
temically and locally. Shanmuganathan and 
colleagues [83] performed an open-label study 
in eight patients with noninfectious uveitis not 
controlled with at least two immunosuppresants. 
Dosing of sirolimus consisted of a loading dose 
of 6 mg followed by initially 2 mg per day (but 
increased to 4 mg per day initial dose later in the 
study due to a slower than desired achievement 
of desired drug levels) with escalation based on 
drug trough levels, though the authors did not 
state what their target trough level was. Five of 
the eight (63%) patients were considered to be 
successes. Those patients that had adverse effects 
did so at high blood trough levels (> 25 ng/ml) 
emphasizing again the need for dose optimiza-
tion. Phillips and Wroblewski [84] looked retro-
spectively at eight patients treated with sirolimus 
at doses between 1 and 4 mg per day and found 
half had successful control of disease, but in 
three of those four only in combination with 
methotrexate. Nussenblatt et  al. [85] reported 
a single case of punctate inner choroidopathy 
complicated by choroidal neovascularization 
successfully treated with sirolimus with minimal 
adverse effects (only a slight rise in serum cho-
lesterol). This case highlights the antiangiogenic 
properties of sirolimus. Because of a relatively 
high rate of systemic side effects, sirolimus has 
been studied as a locally administered agent in 
uveitis as well, using both subconjunctival and 
intravitreal routes of administration. Douglas 
and coworkers [86] found no evidence of ocular 
toxicity in normal horses after subconjunctival or 
intravitreal injections of sirolimus. Sen et al. [87] 
performed a prospective nonrandomized open-
label pilot study of subconjunctival sirolimus in 
chronic anterior uveitis. Five patients received 

a single subconjunctival injection of 1320  μg 
of sirolimus. Three of the five showed at least 
a two-step decrease in disease activity scoring, 
and the other two showed a one-step decrease, 
all without serious adverse events. Mudumba 
and colleagues [88] studied a single intravitreal 
injection of sirolimus in rabbits and humans and 
found good tolerability with only “minor” len-
ticular changes. Nguyen and coworkers [89] per-
formed a prospective, randomized, open-label 
study of sirolimus subconjunctival and intravit-
real administration. They found both routes to be 
well tolerated and showed moderate efficacy in 
reducing vitreous flare measurements. The same 
group [90] reported 1 year data from the study. 
They found continued tolerance to the local 
injections (both subconjunctival and intravit-
real). A reduction in vitreous haze of two steps 
or more was found in 70% of patients who had 
active uveitis at study onset, and 88% of patients 
with inactive disease at study onset did not dem-
onstrate worsening. No statistical differences 
were found in efficacy between the two routes at 
the 1 year time point. These formulations are not 
commercially available and studies are ongoing. 
A phase 3 randomized controlled trial compar-
ing two doses of intravitreal sirolimus (440 μg 
and 880 μg) to an active control (44 μg) pub-
lished in December 2016 demonstrated that only 
the low dose (440 μg) met the primary endpoint 
of vitreous haze 0 at 5 months after 3 injections. 
Best corrected visual acuity did not signifi-
cantly improve compared to the control group, 
although there was a mean gain of 10.5 letters 
at 5 months in the 440 μg group in a post hoc 
analysis of patients with baseline <20/100 visual 
acuity. Elevated intraocular pressure occurred at 
a rate of 16.1%, and cataracts occurred at a rate 
of 6.3% in the 440 μg sirolimus group [91].

In summary, sirolimus shows efficacy in the 
treatment of noninfectious uveitis both systemi-
cally and by local delivery. Systemic use may 
have a tighter therapeutic index than desired, 
and if additional clinical trials end up successful, 
local delivery may be a superior approach with 
good efficacy.
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 Everolimus
Everolimus is a derivative of sirolimus and few 
studies of everolimus in uveitis exist. Hennig 
and colleagues [92] tested the efficacy and 
immunological effects of everolimus on experi-
mental autoimmune uveoretinitis (EAU) in B10.
RIII mice. Everolimus was administered orally 
at 5  mg/kg/d either 2  days before or 14  days 
after EAU induction. Histopathologically graded 
 uveitis scores were significantly reduced com-
pared to sham-treated mice. Delayed-type 
hypersensitivity, humoral immune responses, 
proliferation of splenocytes, and intraocular levels 
of Th1, Th2, and Th17 cytokines were impaired 
after everolimus treatment. Heiligenhaus and 
coworkers [93] then performed a prospective, 
open- label, nonrandomized, phase II pilot study 
of everolimus in 12 patients. These patients with 
noninfectious anterior and intermediate uveitis, 
or panuveitis, had been under at least 3 months 
of treatment with a combination of topical and 
systemic corticosteroids and cyclosporine and 
still had active disease. Patients were treated 
with oral everolimus 0.75 mg two times per day, 
adjusted from week 1 to obtain trough serum 
levels in the range of 3–8 ng/ml, reaching total 
daily dosages of up to 2.5  mg. Corticosteroids 
and cyclosporine were continued until quies-
cence was achieved, and then each was tapered 
per a standardized protocol. At month 3 follow-
ing the addition of everolimus, uveitis was inac-
tive in all patients. By 12  months, uveitis had 
recurred in four patients after tapering or with-
drawing cyclosporine. The authors report that it 
was possible to achieve a 50% reduction in the 
dose of systemic corticosteroid or cyclosporine. 
After withdrawing everolimus at the prescribed 
time point of 12 months, uveitis recurred in 50% 
within 1 month. No serious adverse effects were 
reported.

In summary, everolimus, as a metabolite of 
sirolimus, would logically have similar efficacy 
to its parent compound. No studies are in publi-
cation regarding the use of everolimus in uveitis 
either as sole therapy or in combination with only 
corticosteroids; thus it is difficult at this point to 
determine where in the uveitis treatment para-
digm everolimus should fall, but it appears to be 

moderately effective as an adjunct to ongoing 
cyclosporine therapy.

 Conclusions

The T cell has been shown by decades of research 
to be one of the key drivers of autoimmune uve-
itis. Multiple agents that interfere with T cell 
functions exist, but all are hampered by signifi-
cant drug and food interactions that must be con-
sidered when adding these agents to a preexisting 
medication regimen. Systemic administration has 
shown moderate effectiveness in control of uve-
itic disease. Local delivery has been explored for 
the oldest member of the family, cyclosporine, 
but has not resulted in commercially available 
formulations for local use. Sirolimus is currently 
under study as a locally administered therapy and 
may increase the utility of this therapeutic class 
in uveitis.
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Alkylating Agents

Debra A. Goldstein and Kara C. LaMattina

 Introduction

After sulfur mustard gas was observed to cause 
aplasia of the bone marrow and lymphoid tissue 
during World War I, scientists sought to harness it in 
the treatment of malignancies. Gilman and Philips 
first described such research in 1946, when they 
used intravenous nitrogen mustards in patients with 
lymphoma [1]. Since that time, various analogues 
have been derived from this gas in the pursuit of 
less toxic antineoplastic agents. These intermedi-
ates function by alkylating reactive amines, oxy-
gens, or phosphates on DNA.  Nitrogen mustard 
derivatives possess a 2-chlorethyl side chain, which 
covalently bonds to various targets, including the 
N7 of guanine in DNA. This reaction creates insta-
bility and strand breakage. As nitrogen mustards are 
bifunctional, a second 2-chlorethyl side chain can 
also lead to cross-linking by alkylation of a second 
guanine residue, causing cessation of the cell cycle. 
If cells are unable to repair the alkylated DNA, they 
ultimately undergo apoptosis [2].

While these drugs were originally pioneered for 
oncologic purposes, they have been utilized in life-
threatening rheumatologic conditions and subse-
quently in sight-threatening ocular disease. Nitrogen 
mustard was first described as a treatment for intrac-
table uveitis by Roda in 1951. Roda presented a 
paper at the Ophthalmological Society of Madrid 
describing its use in the treatment of recurrent idio-
pathic uveitis refractory to other available therapies, 
showing that the patient had recovery of visual acu-
ity with improvement in pain and redness [3]. Use 
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Pearls
• Cyclophosphamide has high oral bioavail-

ability, and there is some evidence that 
daily oral therapy is more effective for 
uveitis than pulse monthly IV therapy.

• Risks of cyclophosphamide include 
myelosuppression, hematologic malig-
nancy, sterility, hemorrhagic cystitis, 
and subsequent bladder cancer.

• Chlorambucil carries similar risks to 
cyclophosphamide, but does not 
increase the risk of bladder cancer.

• While the risks of malignancy and sterility 
have been well established in the litera-
ture, alkylating agents remain a valuable 
treatment option for select patients with 
sight-threatening ocular inflammation and 
are among the few agents that can poten-
tially induce drug-free remission.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-22827-9_6&domain=pdf


58

of such agents is limited to severe disease given the 
accompanying risks of malignancy and infertility.

 Cyclophosphamide

 Pharmacokinetics

Cyclophosphamide undergoes metabolic activa-
tion in the liver by cytochrome P450 2B, where it 
is oxidized into 4-hydroxycyclophosphamide and 
aldophosphamide. The 4-hydroxy intermediate is 
oxidized by aldehyde oxidase to inactive metabo-
lites. Aldophosphamide spontaneously cleaves 
into acrolein and phosphoramide mustard and oxi-
dizes into carboxyphosphamide. Phosphoramide 
mustard is the antineoplastic metabolite, while 
adverse effects of hemorrhagic cystitis and bladder 
cancer are largely attributed to acrolein [2]. Studies 
have shown that cyclophosphamide decreases the 
number of B and T cells while also reducing lym-
phocyte proliferation, antibody production, and 
development of delayed-type hypersensitivity 
reactions [4, 5]. It has a half-life of 2–8 hours and 
is excreted by the kidneys [6].

 Dosage and Administration

Cyclophosphamide has high oral bioavailabil-
ity [7]. Standard dosing of cyclophosphamide is 
1–3  mg/kg/day orally over 12  months. If toxic 
effects are observed, such as mild leukopenia, 
it is generally decreased by 25–50 mg. In 1982, 
Dinant and colleagues first proposed intravenous 
(IV) pulsation of cyclophosphamide in the treat-
ment of lupus nephritis [8]. Eleven years later, 
Eiser et  al. showed that IV pulsation had com-
parable efficacy with less renal toxicity than oral 
regimens in patients with lupus nephritis [9]. 
Pulse therapy is administered at 1  g/m2 every 
3–4 weeks until disease in quiescent or the leu-
kocyte count falls below 2500 cells/μl.

 Efficacy in Ocular Inflammation

In 1978, Jampol and colleagues described the use 
of cyclophosphamide in three patients who had 

intractable scleritis with progressive thinning of 
the sclera despite oral corticosteroids. Patients 
received 75–150  mg/day of cyclophosphamide 
over a period of 9 months to 2 years with control 
of inflammation [10]. A report from 2000 found 
cyclophosphamide useful for control of scleri-
tis (most commonly necrotizing scleritis) in 16 
patients who were started on 2 mg/kg/day for fail-
ure to control inflammation or unacceptable side 
effects from systemic prednisone. Inflammation 
was successfully controlled with a median maxi-
mum dose of 150 mg/kg/day (range 100–250 mg/
kg/day) with a median duration of therapy of 
48.5 weeks (range, 12–235 weeks.) [11]

The Systemic Immunosuppressive Therapy 
for Eye Diseases (SITE) group published data in 
2010 on a multicenter retrospective cohort of 215 
patients treated with cyclophosphamide. The 
most common indication for treatment was 
mucous membrane pemphigoid (45.6%) fol-
lowed by scleritis (22.3%) and uveitis (20.4%). 
After 6 months of treatment, 43%, 53.3%, and 
50.2% of patients, respectively, were deemed 
inactive. The percent of patients achieving quies-
cence improved to 68.7%, 82.2%, and 81.3%, 
respectively, at 12 months. Persistent inflamma-
tion led to discontinuation of therapy in 9.7% of 
patients. A secondary outcome of steroid-sparing 
success (defined as inflammation control with 
10 mg/day of prednisone or less) was achieved by 
30.1% of patients at 6 months and 61.2% of 
patients at 12 months. No statistically significant 
differences were detected between oral and IV 
administration in time-to-control of inflamma-
tion or in steroid-sparing success, though daily 
oral administration did show a tendency toward 
higher success in inflammation control than 
monthly pulse IV therapy [12].

In a retrospective case series by Durrani and 
colleagues, pulse IV cyclophosphamide was 
described in 38 patients. The most common indi-
cations for treatment were panuveitis with retinal 
vasculitis (15.8%) and ocular cicatricial pemphi-
goid (15.8%) with rheumatoid arthritis being the 
most common etiology of inflammation (18%). 
Starting with a mean dose of 968 mg, and subse-
quent doses ranging from 500 to 1500 mg, patients 
received a mean cumulative dose of 10.2 g over 
14 months. Twenty-one patients (55%) had reso-
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lution of inflammation, while nine patients (24%) 
had worsening of inflammation during treatment. 
Systemic corticosteroids were discontinued in 9 
of 22 patients and tapered to a mean dose of 
12.5 mg daily in the remaining 13. Visual acuity 
improved by two or more Snellen lines in eight 
patients (21%) and worsened in five (13%) [13].

A study out of Birmingham investigated the 
use of 15  mg/kg pulsed IV cyclophosphamide 
used concurrently with 10 mg/kg IV methylpred-
nisone at intervals of 0, 2, 4, 7, 10, and 13 weeks 
(with a total of up to nine pulses, depending on 
clinical response). Twenty-six patients with 
refractory scleritis, sclerokeratitis, or noninfec-
tious uveitis received a median of six pulses over 
three months. At 6 months, 33% of affected eyes 
were quiescent, improving to 49% of eyes at 12 
months. Nineteen eyes (44%) failed treatment at 
both 6 and 12 months. Median visual acuity at 
baseline was 0.5 LogMAR, with 19% and 16% of 
eyes improving by halving the visual angle at 6 
and 12 months, respectively [14].

Akpek et al. reported on the use of alkylating 
agents (both cyclophosphamide and chlorambu-
cil) in the treatment of eight patients with serpigi-
nous choroiditis. Treated with 2 mg/kg/day of oral 
cyclophosphosphamide for a mean 26.5 months, 
two patients achieved drug-free remission off of 
treatment for more than 90  months and two 
became quiescent with treatment. Visual acuity 
stabilized or improved in all patients [15].

 Adverse Events

Bone marrow suppression is a common adverse 
effect of cyclophosphamide treatment, with 
18.1–37.5% of patients reported to develop sig-
nificant leukopenia and 3.8% developing signifi-
cant thrombocytopenia [11, 12, 14]. Infections 
are a secondary effect of this immunosuppres-
sion, with one study showing 3% of patients 
developing opportunistic infections and another 
showing that 25% of patients developed infec-
tion with herpes zoster virus [12, 15]. Anywhere 
from 7.7–43% of patients develop hemorrhagic 
cystitis with treatment, a concerning side effect 
as it portends a higher risk of bladder cancer 
[11, 12, 16]. Hemorrhagic cystitis is more com-

mon during oral administration, as IV cyclo-
phosphamide is typically co-administered with 
2- mercaptoethanesulfonate, which binds acrolein 
in the urine and limits bladder toxicity [2]. Other 
minor adverse effects include fatigue, nausea, 
headache, and diarrhea [13].

A study of 158 patients with systemic granu-
lomatosis with polyangiitis (GPA, previously 
known as Wegener granulomatosis) treated with 
2  mg/kg/day of cyclophosphamide found that 
43% of patients developed cystitis with 2.8% 
developing bladder cancer. Three patients (2%) 
developed myelodysplasia a mean of 8.1  years 
after treatment, and two patients (1.3%) devel-
oped lymphoma a mean of 5.1 years after treat-
ment. Seventy-three patients had infections at a 
rate of 0.11 infections per patient year, with 
pneumonia and skin infections accounting for 
39% and 26% of all serious infections, respec-
tively. Hair loss affected 17% of patients. Sixteen 
women (57%) developed amenorrhea or other 
signs of premature ovarian failure [16].

While sterility is a concern with any chemother-
apeutic agent, studies have shown that the use of 
concurrent gonadotropin-releasing hormone ago-
nists (GnRH-a) can preserve ovarian function. In 
one study by Blumenfeld and colleagues, all four 
patients receiving cyclophosphamide for lym-
phoma with concurrent GnRH-a therapy resumed 
normal menstrual function after treatment, while 
only four of ten age-matched patients receiving 
cyclophosphamide alone did so [17]. A subsequent 
study investigating the same treatment in patients 
with lupus supported these results, with seven 
patients who received concurrent GnRH-a having 
normal function, whereas four of the eight patients 
receiving cyclophosphamide alone experienced 
premature ovarian failure [18]. The risk of develop-
ing amenorrhea and premature ovarian failure has 
been shown to increase with both age and mean 
cumulative dose of cyclophosphamide [19, 20].

Sterility in male patients is of equal concern. 
Meistrich and colleagues showed that all 11 men 
whose sperm counts were monitored during treat-
ment with cyclophosphamide for Ewing and soft 
tissue sarcomas developed azoospermia. While 
80% of patients had improvement in sperm counts 
after cessation of treatment, only 40% returned to 
normospermic levels after 5 years [21].
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A retrospective series of 75 patients with a 
variety of autoimmune diseases, most commonly 
systemic lupus erythematosus (SLE) and vasculi-
tis, who had received pulsed IV cyclophospha-
mide, found infection to be the most common 
adverse event, affecting 28% of patients and 
resulting in hospitalization in 10%. Alopecia and 
stomatitis were each observed in 2.7% of patients, 
with no patient suffering from hemorrhagic cysti-
tis. None of the 25 female patients suffered from 
amenorrhea. Five patients (6.7%) were diagnosed 
with malignancies between 5 and 14 months after 
the start of treatment [22].

As malignancy is the most serious adverse 
effect of cyclophosphamide, much research has 
been done to assess the risks of secondary malig-
nancies and their effects on survival. One such 
study followed 119 patients treated with cyclo-
phosphamide for rheumatoid arthritis, with a 
mean follow-up of 13.1 years. When compared to 
a control group of matched rheumatoid arthritis 
patients, investigators found that a significantly 
higher percentage of patients in the treatment 
group developed malignancies than in the control 
group (31% and 21%, respectively, p  <  0.05). 
Only the treatment group developed bladder can-
cer (p  <  0.001). Patients who developed malig-
nancy in the treatment group received a mean 
cumulative dose of 79.0 g of cyclophosphamide, 
while those who did not develop cancer received a 
mean cumulative dose of 41.2 g. The mean dura-
tion of treatment was also higher in those patients 
who developed malignancy (45.6 months vs 24. 
8 months, p < 0.001). There was no statistically 
significant difference in the mean age at death, 
although malignancy was the cause of death for 
more patients in the treatment group than the con-
trol group (20% versus 13%, p < 0.001) [23].

 Monitoring

Given the risk of bone marrow suppression and 
urotoxicity, it is recommended that complete blood 
count, platelet count, and urinalysis with micros-
copy be checked weekly until dosing is stable and 
monthly for the duration of treatment. Treatment 
is interrupted in cases of severe bone marrow sup-
pression (less than 2500 white blood cells/μL) 

and may be resumed at a lower dose when counts 
recover. While prophylaxis with hyperhydration 
or sodium-2 mercaptoethanesulfonate may reduce 
its likelihood, any evidence of hematuria war-
rants consideration of discontinuation of treatment 
given the association with bladder cancer.

 Contraindications

Cyclophosphamide is contraindicated in preg-
nancy as it has been shown to have teratogenic 
effects. It was associated with the absence of 
thumbs, cleft palate, low-set ears, and eye anom-
alies (including bilateral blepharophimosis and 
unilateral microphthalmos) in an infant exposed 
during the first trimester [24]. In mouse studies, 
cyclophosphamide exposure in utero is associated 
with synostoses, both poly- and oligodactyly, and 
lethality depending on the stage of exposure [25].

 Chlorambucil

 Pharmacokinetics

Chlorambucil is well absorbed by the GI tract and 
subsequently metabolized by the liver to its primary 
metabolite, phenylacetic acid [26]. It has a half-life 
of approximately 1.5 hours and is excreted renally.

 Dosage and Administration

Chlorambucil is well tolerated orally, with mini-
mal gastrointestinal discomfort. Traditionally, it 
was given at a dosage of 0.1–0.2  mg/kg once a 
day (generally a dose of 6–12 mg) for a year after 
disease control was achieved. Studies, such as that 
by Palmer and colleagues, which showed that the 
damage chlorambucil inflicts on chromosomes 
is both cumulative and dose-dependent, support 
limiting both the duration and total dosage of this 
therapy [27]. This finding has led to some research-
ers advocating the use of short- term, high-dose 
therapy. In this regimen, chlorambucil is adminis-
tered at 2 mg daily for a week with escalation by 
2 mg/day each week. The dose is increased incre-
mentally until bone marrow suppression (white 
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blood cell count less than 2400 cells/μL or platelet 
count less than 100–125,000 cells/μL) is achieved, 
which typically takes 3 to 6 months. An attempt is 
made during this therapy to taper patients off of all 
other steroid and nonsteroid immunomodulatory 
therapy [28–30].

 Efficacy in Ocular Inflammation

Mamo and colleagues first reported the use of chlo-
rambucil in the treatment of ocular Behçet disease 
in 1970. Eleven patients treated with 0.1–0.2  mg/
kg/day of chlorambucil showed cessation of dis-
ease progression, control of active inflammation, 
and maintenance of vision in all cases over a mean 
7 months of follow-up. All patients initially treated 
with topical and systemic corticosteroids were able 
to discontinue these treatments [31]. Using an initial 
dose of 10 to 15 mg daily for 1 to 2 months, followed 
by an adjusted maintenance dose for 6 to 8 months, 
Abdalla et  al. found that chlorambucil was effec-
tive in obtaining quiescence after 6 to 11 months 
without recurrence off of treatment, when followed 
for a total of 40 months in four cases of posterior 
uveitis and three cases of neuroretinitis, although 
there was only partial improvement in one of three 
cases of iridocyclitis [32]. Shortly thereafter, the 
Proctor Foundation published their experience with 
31 patients treated with chlorambucil for a variety 
of etiologies, most commonly Behçet disease and 
sympathetic ophthalmia (16.1% each). Patients were 
started at 2 mg of chlorambucil daily, increasing to a 
maximal dose of 22 mg/day depending on response 
to therapy as well as toxicity. Patients were treated 
for a mean 28.8 weeks (range 4–188 weeks). They 
reported improvement in ten patients (32.3%), with 
the remainder showing minimal or no improvement 
[33]. Elliott and Ballinger reported seven patients 
with Behçet disease treated with 0.1–0.2 mg/kg/day 
of chlorambucil, all of whom had improvement of 
inflammation, with four achieving remission off of 
therapy for greater than 36 months of follow-up [34].

A report from the Massachusetts Eye and Ear 
Infirmary described 28 patients, 26 of whom were 
female, treated with chlorambucil for a variety of eti-
ologies. Patients were started on a dose of 0.1 mg/kg/
day and titrated up to a median dose of 8  mg/day 
(range 4–22 mg/day), which was administered over a 

mean 12  months (range 4–166  months). Nineteen 
patients (68%) maintained improvement in inflam-
mation even after cessation of treatment, while four 
patients (14%) had improvement in inflammation 
with relapse after cessation of treatment, which neces-
sitated using alternative systemic therapies. Two 
patients (7%) showed no improvement in ocular 
inflammation, and three patients (11%) showed no 
improvement in systemic inflammation during treat-
ment with chlorambucil. Seven patients had to discon-
tinue treatment due to adverse effects. Nineteen of 28 
patients (68%) initially taking systemic corticoste-
roids were able to discontinue this treatment, with 9 
patients (32%) still requiring chronic low doses [35].

Tessler and Jennings reported their results with 
high-dose, short-term chlorambucil therapy in 
patients with sympathetic ophthalmia (SO) and 
Behçet disease. Starting at 2  mg daily, treatment 
was increased by 2 mg/day each week with a goal 
of inducing leukopenia below 2.4x109/l, a platelet 
count below 100x109/l, or remission of inflamma-
tion (≤1+ flare, ≤ occasional cells, no active fun-
dus lesions). Twelve patients were included, six 
with SO and six with Behçet disease. They found 
that induction of bone marrow suppression to the 
target level, when causing a 6-week depression in 
blood counts, was followed by a sustained remis-
sion off of therapy. Mean cumulative dose of chlo-
rambucil in patients with SO was 0.85 ± 0.48 g and 
in patients with Behçet disease 2.18 ± 1.10 g, with 
mean duration of treatment 11.2 ± 3.2 weeks and 
22.8 ± 9 weeks, respectively. Final visual acuities 
ranged from 20/20 to 20/400 in eyes with SO (those 
with less than 20/25 had subretinal neovasculariza-
tion in the macula) and 20/50 or better in all patients 
with Behçet disease [28]. A subsequent study also 
from the University of Illinois at Chicago employ-
ing the same treatment protocol included 53 
patients who were treated for a mean of 16 weeks 
(with only four patients receiving more than 
26 weeks of therapy) followed for a mean 4.3 years 
(range, 6 months to 24 years). The mean cumula-
tive dose was 1.416 g (range 0.392–5.2 g,) with 23 
patients receiving more than 1.5 g of chlorambucil. 
At last follow-up, 77% of patients were in remis-
sion without need for systemic treatment. The 
remainder of patients had recurrence requiring 
treatment with systemic corticosteroids and/or 
immunosuppressive treatment. The majority of 
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patients (88.6%) had an improvement in vision by 
at least two Snellen lines, with six patients (11%) 
worsening in vision by an average of two lines. 
Thirty-eight of the 49 patients (78%) on oral corti-
costeroids at the start of chlorambucil therapy were 
able to discontinue this during treatment [29].

Patel and colleagues used the same protocol of 
short-term, high-dose chlorambucil therapy in 
the treatment of 16 patients with SO. Patients 
received a mean cumulative dose of 1.466  g 
(range 0.518–2.002 g) over a mean 14.5 weeks 
(range 12–19 weeks). Best- corrected visual acu-
ity (BCVA) in the sympathizing eye improved by 
two lines or more in nine patients (56%) and 
worsened in none. All patients achieved control 
of inflammation and were able to be tapered off 
of systemic corticosteroids. Only four patients 
(16%) had recurrence of inflammation after dis-
continuation of chlorambucil, three of whom 
were controlled with topical therapy alone and 
the fourth of whom required short-term systemic 
corticosteroids. Ninety-three percent of patients 
achieved drug-free remission for greater than 
5 years.

A study of chlorambucil use in patients with 
Behçet disease from Turkey reported on 44 
patients followed over 51.4 ± 32.5 months. The 
mean duration of chlorambucil use was 
22.4  ±  5  weeks with a mean total dose of 
1.637 ± 0.429 g. Researchers observed a decrease 
in the mean frequency of flares from 4.9 ± 2.3 per 
year to 0.9  ±  1.4 per year with treatment 
(p  <  0.0001). BCVA improved in 32.9% of 
patients and decreased in 34.2%. The majority of 
patients (68.2%) experienced quiescence of lon-
ger than 1 year on treatment, with 31.8% still in 
remission during the 14–86  months follow-up 
after cessation of chlorambucil. Eighteen patients 
(40.9%) were switched to an alternative immuno-
suppressant due to treatment failure [36].

In Akpek’s study on alkylating agents in the 
treatment of serpiginous choroiditis, five 
patients were treated with chlorambucil. All 
patients achieved quiescence with a mean of 
4.3  months of treatment. Four patients had 
improvement in visual acuity, ranging from 1 to 
7 Snellen lines, with no patients experiencing a 
decline in vision [15].

 Adverse Events

Leukopenia is one of the most common adverse 
effects of chlorambucil, affecting anywhere 
from 5.9 to 28.6% of patients [32, 36, 37]. 
Thrombocytopenia is reportedly less common, 
affecting 3.8–7.1% [29, 37]. Infections, including 
both minor infections such as oral mycosis and 
more serious infections such as bronchopneumo-
nia, affect anywhere from 6.3 to 14.3% of patients 
[30, 37]. Herpes zoster virus infection has been 
reported in 11.3–28.6% of patients [29, 34].

Other minor adverse effects include drug 
rashes [32], mild hair loss [36], gastric pain 
[36], nausea and vomiting [15, 30], elevated 
liver transaminases [30], and muscle cramps 
and pain [30].

Sterility is a concern for both men and women 
treated with chlorambucil. Amenorrhea is 
reported to affect 14.3–26% of women [29, 37]. 
Blumenfeld and colleagues reported their results 
on the preservation of ovarian function in a single 
patient treated with chlorambucil and concurrent 
GnRH-a, while a patient who received chloram-
bucil alone suffered premature ovarian failure 
[18]. In a study of prepubescent boys who had 
received a mean cumulative dose of 1.476 g of 
chlorambucil for nephrotic syndrome, significant 
effects were found in gonadal development. Four 
patients (19%) and nine patients (42.9%) were 
below average in penis size and testicular size, 
respectively. Seventeen patients (81.0%) devel-
oped azoospermia, and this was universal in 
patients who received greater than 25 mg/kg of 
chlorambucil [38]. Goldstein and colleagues 
found that 3.8% of patients treated with 
 chlorambucil reported testicular atrophy with 
another 7.7% reporting erectile dysfunction [29].

The most concerning adverse event associated 
with chlorambucil use is malignancy. Reeves 
showed significant increases in chromosomal 
aberrations in patients with uveitis who had been 
treated with chlorambucil, a finding which per-
sisted in some patients many years after the com-
pletion of therapy [39]. The chromosomal 
damage from chlorambucil has been shown to be 
both dose- and duration-dependent [27]. A study 
on the use of chlorambucil in the treatment of 
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chronic lymphocytic leukemia suggested that the 
risk of treatment-related malignancy is highest 
between 5 and 10  years after the initiation of 
treatment [40]. A follow-up study of the 53 uve-
itis patients treated with chlorambucil at the 
University of Illinois found that after an average 
of 8.9 years of clinical follow-up and 14.2 years 
of mortality data, no patients died of cancer. Two 
cases of cancer were reported; one patient devel-
oped renal cell carcinoma, but he had two sib-
lings who also had renal cell carcinoma. One 
patient with a family history of colon cancer 
developed colon cancer. Neither patient died of 
their malignancy [41]. It has been postulated that 
the lower risk of malignancy with the high-dose, 
short-term protocol is due to the induction of 
apoptosis from high-dose administration of chlo-
rambucil, while lower doses are more likely to 
lead to DNA instability and mutagenesis [30].

 Monitoring

The risk of bone marrow suppression has led to 
the recommendation that complete blood counts 
be monitored weekly until dosage is stabilized 
and monthly thereafter until cessation of therapy. 
With high-dose, short-term therapy, CBC is mon-
itored weekly.

 Contraindications

As with cyclophosphamide, pregnancy is con-
traindicated with chlorambucil use. It has been 
associated with renal agenesis in humans, limb 
defects in mice and rats, decreased weight and 
length in mice and rats, and syndactyly and 
encephalocele in rats [42–44].

 Conclusion

While the risks of malignancy and sterility have 
been well established in the literature, alkylat-
ing agents remain a valuable treatment option 
for select patients with sight-threatening ocular 
inflammation. The success of biologic agents, 
with their safer side effect profile, has made the 
latter class a more appealing choice in the man-
agement of refractory uveitis. Patients with severe 
or refractory disease, however, may still benefit 
from the use of alkylating agents, which are one 
of the only classes of drugs that have been shown 
to result in long-term drug-free remission. TNF 
inhibitors have not yet been shown to induce 
prolonged drug-free remission, although studies 
have suggested such success with interferon-α 
[45, 46] [see Table  6.1 for Alkylating Agents 
Dosing Table].

Table 6.1 Alkylating agents dosing table

Route Dosage Side effects Lab monitoring
Cyclophosphamide
  Standard IV/

oral
1–3 mg/kg/day for 1 year Bone marrow 

suppression, infection, 
sterility, hemorrhagic 
cystitis, malignancy

CBC, UA (weekly until 
dosing stable and then 
monthly for duration of 
treatment)

  Pulse IV 1 g/m2 every 3–4 weeks until 
leukocytes <2500 cells/μl

CBC weekly until 
leukocytes <2500 cells/
μl

Chlorambucil
  Standard Oral 0.1–0.2 mg/kg/day for 1 year Bone marrow 

suppression, infection, 
sterility, malignancy

CBC (weekly until 
dosing stable and then 
monthly for duration of 
treatment)

  Short-term, 
high-dose

Oral 2 mg daily for 1 week with 
escalation of 2 mg/day/week 
until leukocytes <2400 cells/μl 
or platelets <125,000 (ad units)

CBC weekly while on 
therapy, continued until 
counts recover

CBC complete blood count, UA urinalysis

6 Alkylating Agents



64

References

 1. Gilman A, Philips FS. The biological actions and ther-
apeutic applications of the B-chloroethyl amines and 
sulfides. Science. 1946;103(2675):409–15.

 2. Goodman LS, Brunton LL, Chabner B, Knollmann 
BC. Goodman & Gilman’s the pharmacological basis 
of therapeutics. 12th ed. New  York: McGraw-Hill; 
2011. xvi, 2084 p.

 3. Roda E. Uveitis treated with nitrogen mustard. Am J 
Ophthalmol. 1952;35(1):114.

 4. Lacki JK, Schochat T, Sobieska M, Leszczynski P, 
Wiktorowicz K, Mackiewicz U, et al. Immunological 
studies in patients with rheumatoid arthritis 
treated with methotrexate or cyclophosphamide. Z 
Rheumatol. 1994;53(2):76–82.

 5. Fauci AS, Wolff SM, Johnson JS. Effect of cyclophos-
phamide upon the immune response in Wegener’s 
granulomatosis. N Engl J Med. 1971;285(27):1493–6.

 6. Bagley CM Jr, Bostick FW, DeVita VT Jr. Clinical 
pharmacology of cyclophosphamide. Cancer Res. 
1973;33(2):226–33.

 7. Katzung BG, Trevor AJ.  Basic & clinical pharma-
cology. New  York: McGraw-Hill Education LLC; 
2015. Available from: http://hdl.library.upenn.
edu/1017.12/1492976 Connect to full text.

 8. Dinant HJ, Decker JL, Klippel JH, Balow JE, Plotz 
PH, Steinberg AD. Alternative modes of cyclophos-
phamide and azathioprine therapy in lupus nephritis. 
Ann Intern Med. 1982;96(6 Pt 1):728–36.

 9. Eiser AR, Grishman E, Dreznin S. Intravenous pulse 
cyclophosphamide in the treatment of type IV lupus 
nephritis. Clin Nephrol. 1993;40(3):155–9.

 10. Jampol LM, West C, Goldberg MF.  Therapy of 
scleritis with cytotoxic agents. Am J Ophthalmol. 
1978;86(2):266–71.

 11. Jabs DA, Mudun A, Dunn JP, Marsh MJ. Episcleritis 
and scleritis: clinical features and treatment results. 
Am J Ophthalmol. 2000;130(4):469–76.

 12. Pujari SS, Kempen JH, Newcomb CW, Gangaputra 
S, Daniel E, Suhler EB, et  al. Cyclophosphamide 
for ocular inflammatory diseases. Ophthalmology. 
2010;117(2):356–65.

 13. Durrani K, Papaliodis GN, Foster CS.  Pulse IV 
cyclophosphamide in ocular inflammatory disease: 
efficacy and short-term safety. Ophthalmology. 
2004;111(5):960–5.

 14. Khan IJ, Barry RJ, Amissah-Arthur KN, Carruthers 
D, Elamanchi SR, Situnayake D, et al. Ten-year expe-
rience of pulsed intravenous cyclophosphamide and 
methylprednisolone protocol (PICM protocol) in 
severe ocular inflammatory disease. Br J Ophthalmol. 
2013;97(9):1118–22.

 15. Akpek EK, Jabs DA, Tessler HH, Joondeph BC, 
Foster CS. Successful treatment of serpiginous cho-
roiditis with alkylating agents. Ophthalmology. 
2002;109(8):1506–13.

 16. Hoffman GS, Kerr GS, Leavitt RY, Hallahan CW, 
Lebovics RS, Travis WD, et al. Wegener granuloma-

tosis: an analysis of 158 patients. Ann Intern Med. 
1992;116(6):488–98.

 17. Blumenfeld Z, Avivi I, Linn S, Epelbaum R, Ben- 
Shahar M, Haim N.  Prevention of irreversible 
chemotherapy- induced ovarian damage in young 
women with lymphoma by a gonadotrophin-releasing 
hormone agonist in parallel to chemotherapy. Hum 
Reprod. 1996;11(8):1620–6.

 18. Blumenfeld Z, Shapiro D, Shteinberg M, Avivi I, 
Nahir M.  Preservation of fertility and ovarian func-
tion and minimizing gonadotoxicity in young women 
with systemic lupus erythematosus treated by chemo-
therapy. Lupus. 2000;9(6):401–5.

 19. Koyama H, Wada T, Nishizawa Y, Iwanaga T, Aoki 
Y. Cyclophosphamide-induced ovarian failure and its 
therapeutic significance in patients with breast cancer. 
Cancer. 1977;39(4):1403–9.

 20. Mok CC, Lau CS, Wong RW. Risk factors for ovar-
ian failure in patients with systemic lupus erythema-
tosus receiving cyclophosphamide therapy. Arthritis 
Rheum. 1998;41(5):831–7.

 21. Meistrich ML, Wilson G, Brown BW, da Cunha MF, 
Lipshultz LI.  Impact of cyclophosphamide on long- 
term reduction in sperm count in men treated with 
combination chemotherapy for Ewing and soft tissue 
sarcomas. Cancer. 1992;70(11):2703–12.

 22. Martin F, Lauwerys B, Lefebvre C, Devogelaer JP, 
Houssiau FA. Side-effects of intravenous cyclophos-
phamide pulse therapy. Lupus. 1997;6(3):254–7.

 23. Radis CD, Kahl LE, Baker GL, Wasko MC, Cash JM, 
Gallatin A, et al. Effects of cyclophosphamide on the 
development of malignancy and on long-term survival 
of patients with rheumatoid arthritis. A 20-year fol-
lowup study. Arthritis Rheum. 1995;38(8):1120–7.

 24. Kirshon B, Wasserstrum N, Willis R, Herman GE, 
McCabe ER.  Teratogenic effects of first- trimester 
cyclophosphamide therapy. Obstet Gynecol. 
1988;72(3 Pt 2):462–4.

 25. Gebhardt DO.  The embryo lethal and teratogenic 
effects of cyclophosphamide on mouse embryos. 
Teratology. 1970;3(3):273–7.

 26. McLean A, Newell D, Baker G, Connors T.  The 
metabolism of chlorambucil. Biochem Pharmacol. 
1980;29(14):2039–47.

 27. Palmer RG, Dore CJ, Denman AM.  Chlorambucil- 
induced chromosome damage to human lympho-
cytes is dose-dependent and cumulative. Lancet. 
1984;1(8371):246–9.

 28. Tessler HH, Jennings T. High-dose short-term chlo-
rambucil for intractable sympathetic ophthalmia and 
Behcet’s disease. Br J Ophthalmol. 1990;74(6):353–7.

 29. Goldstein DA, Fontanilla FA, Kaul S, Sahin O, 
Tessler HH. Long-term follow-up of patients treated 
with short-term high-dose chlorambucil for sight- 
threatening ocular inflammation. Ophthalmology. 
2002;109(2):370–7.

 30. Patel SS, Dodds EM, Echandi LV, Couto CA, Schlaen 
A, Tessler HH, et  al. Long-term, drug-free remis-
sion of sympathetic ophthalmia with high-dose, 

D. A. Goldstein and K. C. LaMattina

http://hdl.library.upenn.edu/1017.12/1492976
http://hdl.library.upenn.edu/1017.12/1492976


65

short-term chlorambucil therapy. Ophthalmology. 
2014;121(2):596–602.

 31. Mamo JG, Azzam SA.  Treatment of Behcet’s 
disease with chlorambucil. Arch Ophthalmol. 
1970;84(4):446–50.

 32. Abdalla MI, el DBN.  Long-lasting remission of 
Behcet’s disease after chlorambucil therapy. Br J 
Ophthalmol. 1973;57(9):706–11.

 33. Godfrey WA, Epstein WV, O’Connor GR, Kimura 
SJ, Hogan MJ, Nozik RA. The use of chlorambucil 
in intractable idiopathic uveitis. Am J Ophthalmol. 
1974;78(3):415–28.

 34. Elliott JH, Ballinger WH. Behcet’s syndrome: treat-
ment with chlorambucil. Trans Am Ophthalmol Soc. 
1984;82:264–81.

 35. Miserocchi E, Baltatzis S, Ekong A, Roque M, 
Foster CS.  Efficacy and safety of chlorambucil in 
intractable noninfectious uveitis: the Massachusetts 
Eye and Ear Infirmary experience. Ophthalmology. 
2002;109(1):137–42.

 36. Mudun BA, Ergen A, Ipcioglu SU, Burumcek EY, 
Durlu Y, Arslan MO.  Short-term chlorambucil for 
refractory uveitis in Behcet’s disease. Ocul Immunol 
Inflamm. 2001;9(4):219–29.

 37. O’Duffy JD, Robertson DM, Goldstein 
NP.  Chlorambucil in the treatment of uveitis and 
meningoencephalitis of Behcet’s disease. Am J Med. 
1984;76(1):75–84.

 38. Guesry P, Lenoir G, Broyer M. Gonadal effects of chlo-
rambucil given to prepubertal and pubertal boys for 
nephrotic syndrome. J Pediatr. 1978;92(2):299–303.

 39. Reeves BR, Casey G, Harris H, Dinning WJ. Long- 
term cytogenetic follow-up study of patients with 
uveitis treated with chlorambucil. Carcinogenesis. 
1985;6(11):1615–9.

 40. Morrison VA, Rai KR, Peterson BL, Kolitz JE, Elias 
L, Appelbaum FR, et  al. Therapy-related myeloid 
leukemias are observed in patients with chronic lym-
phocytic leukemia after treatment with fludarabine 
and chlorambucil: results of an intergroup study, 
cancer and leukemia group B 9011. J Clin Oncol. 
2002;20(18):3878–84.

 41. Birnbaum AD, Oh F, Sahin O, Little DM, Tessler 
HH, Goldstein DA.  Chlorambucil and malignancy. 
Ophthalmology. 2010;117(7):1466–e1.

 42. Shotton D, Monie IW.  Possible teratogenic 
effect of chlorambucil on a human fetus. JAMA. 
1963;186:74–5.

 43. Salder TW, Kochhar DM. Teratogenic effects of chlo-
rambucil on in  vivo and in  vitro organogenesis in 
mice. Teratology. 1975;12(1):71–8.

 44. Murphy ML.  A comparison of the teratogenic 
effects of five polyfunctional alkylating agents 
on the rat fetus. Pediatrics. 1959;23(1 Part 2): 
231–44.

 45. Diwo E, Gueudry J, Saadoun D, Weschler B, LeHoang 
P, Bodaghi B.  Long-term efficacy of interferon in 
severe uveitis associated with Behcet disease. Ocul 
Immunol Inflamm. 2017;25(1):76–84.

 46. Deuter C, Stubiger N, Zierhut M.  Interferon-alpha 
therapy in noninfectious uveitis. Dev Ophthalmol. 
2012;51:90–7.

6 Alkylating Agents



67© Springer Nature Switzerland AG 2019
P. Lin, E. Suhler (eds.), Treatment of Non-infectious Uveitis, 
https://doi.org/10.1007/978-3-030-22827-9_7

Biologics Targeting Tumor 
Necrosis Factor

Laura J. Kopplin and Amde Selassie Shifera

 Introduction

Tumor necrosis factor (TNF), also referred to 
as TNFα, is a pleiotropic cytokine that plays a 
key role in inflammation. Targeting TNF has 
been shown to control inflammation in a num-
ber of immune-mediated systemic and ocular 
inflammatory diseases. Increased TNF levels 
have been demonstrated in the aqueous humor 
and peripheral blood of various animal models 
of uveitis and in patients with uveitis [1–3]. The 
strongest evidence for the role of TNF in uveitis 
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7

Pearls
• There are five commercially  available 

TNF inhibitors available for the treatment 
of inflammatory eye  disease: monoclo-
nal antibodies  (infliximab, adalimumab, 
golilumab and  certolizumab) and decocy 
receptors (etanercept).

• Adalimumab is the only FDA-approved 
TNF inhibitor for the treatment of non-
infectious intermediate posterior and 
panuveitis in adult patients and in pedi-
atric patients 2 years or older.

• There is extensive experience with the use 
of infliximab and adalimumab for treat-
ment of uveitis and other types of ocular 
inflammation; less experience exists for 
the other monoclonal antibodies.

• Etanercept has demonstrated less effec-
tiveness for the treatment of uveitis and 
other types of ocular inflammation than 
monoclonal antibody therapy.

• Prior to use of TNF inhibitors, tubercu-
losis must be ruled out and treated if 
present.

• TNF inhibitors are contraindicated with 
severe heart failure, with demyelinating 
disease, or in the presence of active 
infection.

• Patients with intermediate uveitis or 
unexplained neurologic symptoms 
should be screened for multiple sclero-
sis prior to initiation of treatment with 
TNF blockers.
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comes from the robust and sustained response of 
a number of entities of noninfectious uveitis to 
TNF inhibitors [4]. The TNF inhibitors currently 
in clinical use belong to the category of biologic 
drugs. The biologics that target TNF belong to 
two groups: monoclonal antibodies that neutral-
ize TNF (infliximab, adalimumab, golimumab, 
or certolizumab) and decoy receptors that bind 
TNF (etanercept) (Table  7.1). There is strong 
clinical evidence for the efficacy and safety of 
infliximab and adalimumab in the treatment of 
various types of noninfectious uveitis, whereas 

etanercept appears to be ineffective and is not 
recommended for use in the treatment of uveitis. 
At this writing, there is very limited data on the 
utility of golimumab or certolizumab in the treat-
ment of uveitis.

 Tumor Necrosis Factor (TNF)

TNF is a cytokine that was initially discovered as 
a protein that exhibited cytotoxicity on a number 
of murine and human transformed cell lines and 

Table 7.1 Currently available biologics that target TNF

Category Drug
FDA-approved 
indications

Route of 
administration Dosing

Therapeutic 
monitoring

Neutralizing 
antibodies

Infliximab Crohn’s disease
Rheumatoid 
arthritis
Ulcerative colitis
Ankylosing 
spondylitis
Psoriatic arthritis
Plaque psoriasis

Intravenous 
infusion

Crohn’s disease:
  5 mg/kg at 0, 2, and 

6 weeks and then every 
8 weeks. 10 mg/kg in 
adults with initial response 
who later lose their 
response

Ulcerative colitis, psoriatic 
arthritis, plaque psoriasis:
  5 mg/kg at 0, 2, and 

6 weeks and then every 
8 weeks

Rheumatoid arthritis:
  3–10 mg/kg at 0, 2, and 

6 weeks and then every 
4–8 weeks

Ankylosing spondylitis:
  5 mg/kg at 0, 2, and 

6 weeks and then every 
6 weeks

Prior to initiation of 
treatment:
  Tuberculosis 

screening
  Hepatitis B 

serology
  Baseline complete 

blood count, 
hepatic function 
and renal function 
testing

  Consider screening 
brain MRI to assess 
for any 
demyelinating 
diseases in patients 
with intermediate 
uveitis

After initiation of 
treatment:
  Repeat complete 

blood count, 
hepatic function 
and renal function 
testing 4–6 weeks 
after starting 
therapy and 
following any 
significant dose 
modifications

  Interval complete 
blood count, 
hepatic function 
and renal function 
testing every 
3–6 months in 
absence of other 
immunosuppressive 
therapy or hepatic/
renal risk factors
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Table 7.1 (continued)

(continued)

Category Drug
FDA-approved 
indications

Route of 
administration Dosing

Therapeutic 
monitoring

Adalimumab Noninfectious 
intermediate 
uveitis, posterior 
uveitis, and 
panuveitis
Rheumatoid 
arthritis
Ulcerative colitis
Crohn’s disease
Psoriatic arthritis
Plaque psoriasis
Ankylosing 
spondylitis
Juvenile 
idiopathic 
arthritis
Hidradenitis 
suppurativa

Subcutaneous 
injection

Noninfectious intermediate, 
posterior and panuveitis in 
adult patients
  Initial dose: 80 mg
  40 mg every other week 

starting 1 week after initial 
dose

Rheumatoid arthritis, 
psoriatic arthritis, ankylosing 
spondylitis:
  40 mg every other week. 

May increase dose to 40 mg 
every week in patients with 
rheumatoid arthritis not on 
methotrexate

Juvenile idiopathic arthritis 
or noninfectious intermediate 
uveitis, posterior uveitis, and 
panuveitis in pediatric 
patients 2 years or older:
   10 kg to <15 kg: 10 mg 

every other week
  15 kg to <30 kg: 20 mg 

every other week
  ≥30 kg: 40 mg every other 

week
Adult Crohn’s disease and 
Ulcerative colitis:
  Initial dose: 160 mg
  Day 15: 80 mg
  Day 29: start 40 mg every 

other week
Pediatric Crohn’s disease:
  17 kg to <40 kg:
    Initial dose: 80 mg
    Day 15: 40 mg
    Day 29: start 20 mg 

every other week
  ≥40 kg:
    Initial dose: 160 mg
    Day 15: 80 mg
    Day 29: start 40 mg 

every other week
Plaque psoriasis
  Initial dose: 80 mg
  40 mg every other week 

starting 1 week after initial 
dose

Hidradenitis suppurativa:
  60 kg or more
    Initial dose: 160 mg
    Day 15: 80 mg
    Day 29: start 40 mg 

every week
  <60 kg
    Initial dose: 80 mg
    Day 8 and then every 

other week: 40 mg
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70

that induced necrosis of tumors in some murine 
tumor models [5]. Subsequently, TNF was shown 
to be a pleiotropic cytokine with both physiologi-
cal and pathological roles that are executed via 
autocrine and/or paracrine interactions [6]. TNF 
is primarily produced by activated macrophages, 
although several other cell types synthesize the 
protein in smaller amounts. It is secreted as a 
transmembrane homotrimeric protein, from 
which a soluble homotrimeric form is released 

after cleavage that is catalyzed by the TNF con-
verting enzyme [5].

The functional form of TNF is the TNF 
homotrimer, either in a membrane-bound form 
or as a soluble protein. The TNF homotrimer 
exerts its effects on target cells by binding to and 
activating TNF receptors (TNFR) expressed on 
the surfaces of those cells. There are two types 
of TNF receptors, named TNFR1 (p55) and 
TNFR2 (p75) [5]. TNFR1 is widely expressed 

Category Drug
FDA-approved 
indications

Route of 
administration Dosing

Therapeutic 
monitoring

Golimumab Rheumatoid 
arthritis
Psoriatic arthritis
Ankylosing 
spondylitis
Ulcerative colitis

Subcutaneous 
injection

Rheumatoid arthritis, 
psoriatic arthritis, and 
ankylosing spondylitis:
  50 mg monthly
Ulcerative colitis:
  Initial dose: 200 mg
  Day 15: start 100 mg 

every 4 weeks
Certolizumab Crohn’s disease

Rheumatoid 
arthritis
Psoriatic arthritis
Ankylosing 
spondylitis

Subcutaneous 
injection

Crohn’s disease:
  Initial dose: 400 mg
  Day 15: 400 mg
  Day 29: 400 mg, if 

response continue 400 mg 
every 4 weeks

Rheumatoid arthritis, 
psoriatic arthritis, ankylosing 
spondylitis and non-
radiographic ankylosing 
spondyloarthritis:
  Initial dose: 400 mg
  Day 15: 400 mg

Non-
radiographic 
axial ankylosing 
spondyloarthritis
Plaque psoriasis

Day 29: 400 mg and then 
200 mg every other week or 
400 mg every 4 weeks
Plaque psoriasis: 400 mg 
every other week

Decoy 
receptors

Etanercept Rheumatoid 
arthritis
Polyarticular 
juvenile 
idiopathic 
arthritis
Psoriatic arthritis
Ankylosing 
spondylitis
Plaque psoriasis

Subcutaneous 
injection

Rheumatoid arthritis, 
psoriatic arthritis, ankylosing 
spondylitis:
  50 mg weekly
Adult plaque psoriasis:
  50 mg twice weekly for 

3 months and then 50 mg 
weekly

Pediatric plaque psoriasis 
and polyarticular juvenile 
idiopathic arthritis:
  0.8 mg/kg weekly, 

maximum dose 50 mg 
weekly

Table 7.1 (continued)
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throughout the body in a constitutive manner, 
while TNFR2 is typically expressed in cells of 
the immune system in a highly regulated manner 
[5]. TNFR1 is the key mediator of TNF responses 
in most tissues, whereas TNRF2 appears to be 
the major receptor in the lymphoid system [5]. 
Both receptors can bind both the soluble and the 
membrane forms of TNF, but only the membrane 
form can cause full activation of TNFR2, while 
TNFR1 can be fully activated by either soluble 
or membrane-bound TNF.  Activation of TNFR 
in turn leads to the activation of intracellular sig-
naling pathways that result in cellular responses 
by directly modulating cellular processes or by 
altering the expression of target genes.

One of the major functions of TNF is that of 
being a key mediator of inflammation. TNF is 
produced in large quantities at tissue sites where 
there is a trigger of inflammation such as an infec-
tious pathogen or an autoimmune reaction [7]. 
The mechanisms by which TNF induces inflam-
mation include the upregulation of cell adhesion 
molecules on the endothelial cells of nearby 
blood vessels, thus facilitating the migration of 
neutrophils and monocytes to sites of inflam-
mation [6]. Additionally, TNF promotes inflam-
mation by activating CD4 T cells that respond 
by activating multiple signaling pathways and 
secreting a number of cytokines, including inter-
feron γ and lymphotoxin α. It is important, how-
ever, to note that apart from TNF, other cytokines 
such as IL-1 and IL-6 also have potent proinflam-
matory activities and can promote inflammation 
in the absence of TNF.

 The Role of TNF in Noninfectious 
Uveitis

The pathogenesis of the majority of uveitis 
cases seen in clinical practice does not appear to 
involve an infectious pathogen and is believed to 
be immune-mediated with innate and/or adaptive 
immune mechanisms playing a role in the induc-
tion of the inflammatory processes [8]. There is a 
substantial amount of evidence from both experi-
mental and clinical observations that supports the 
involvement of TNF in the pathogenesis of non-
infectious uveitis. In the endotoxin-induced rat 

model of uveitis in which acute anterior uveitis is 
induced by a footpad injection of lipopolysaccha-
ride (LPS), the level of TNF in the aqueous humor 
showed an early rise 4 hours after LPS injection 
with another larger increase at 22 hours after LPS 
injection concomitant with maximal uveitis [1]. In 
addition, the level of TNF in the peripheral blood 
was increased to a maximum level 2 hours after 
LPS injection with another smaller increase occur-
ring at 18–20 hours after injection. Increased TNF 
activity has also been demonstrated in the experi-
mental autoimmune uveitis model [9]. In addition, 
intravitreal injection of TNF in rats and rabbits has 
been shown to induce acute uveitis, characterized 
by increase in aqueous humor protein content and 
infiltration of the anterior chamber with polymor-
phonuclear leukocytes [10, 11].

In patients with active uveitis, increased lev-
els of TNF have been demonstrated in the aque-
ous humor and in peripheral blood. In a study of 
23 patients with active uveitis and 16 controls, 
analysis of aqueous humor and peripheral blood 
specimens showed significantly higher levels of 
TNF in the aqueous humor and peripheral blood 
of patients with active uveitis compared to con-
trols [2]. In addition, a significant association 
was found between the serum levels of TNF and 
recurrent uveitis. In a prospective study involv-
ing 43 patients with ocular Behçet’s disease, the 
serum levels of TNF were found to be signifi-
cantly higher in the 20 patients who had active 
posterior uveitis compared to the 23 patients 
who did not have active ocular inflammation at 
the time of the study [3]. In addition, the robust 
response of various forms of noninfectious uve-
itis to TNF inhibitors supports the importance of 
TNF in the pathogenesis of this disease [4].

 Infliximab

Infliximab (Remicade, Janssen Biotech, Horsham, 
PA) is a chimeric IgG1κ monoclonal antibody 
against human TNF produced using recombinant 
DNA technology. The immunoglobulin mole-
cule is composed of human constant regions and 
murine variable regions. It binds to both soluble 
and membrane-bound TNF and prevents it from 
binding to TNF receptors. Infliximab was first 
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approved by the Food and Drug Administration 
(FDA) in 1998 for the treatment of Crohn’s dis-
ease. Subsequently, infliximab was also approved 
for the treatment of rheumatoid arthritis, ulcerative 
colitis, ankylosing spondylitis, psoriatic arthritis, 
and plaque psoriasis. Infliximab is administered 
by intravenous infusion over a period not less than 
2 hours. It is given as a loading regimen at 0, 2, 
and 6 weeks followed by maintenance doses given 
typically every 8 weeks, though the interval may 
be reduced to 4–6 weeks for more refractory dis-
ease. The typical starting dose is 3–5 mg/kg, but 
in adult patients with Crohn’s disease, the dose 
can be increased to 10 mg/kg in those who lose 
their response to the initial lower dose. In rheu-
matoid arthritis, the recommended dose is 3 mg/
kg in conjunction with methotrexate, but the dose 
can be increased to up to 10 mg/kg and can also be 
given every 4 weeks.

Initial reports on the use of infliximab in the 
treatment of ocular inflammation appeared in 
2001 [12]. One of those early reports involved a 
retrospective case series in which two patients, 
one with panuveitis and the other with rheuma-
toid arthritis-associated scleritis, were treated 
with infliximab and had their inflammation 
controlled. In another report during the same 
year, five patients with panuveitis secondary to 
Behçet’s disease who were each given a single 
infusion of infliximab at the time of a relapse 
experienced remission of ocular inflammation 
within 24 hours, with complete suppression evi-
dent in all five patients within 7 days of the infu-
sion [13]. Since the initial reports in 2001, several 
case series have documented the efficacy of inf-
liximab in Behçet’s disease [14–19]. In addition, 
a number of case reports, case series, and a few 
non-comparative prospective trials have been 
published documenting the efficacy of infliximab 
in the treatment of HLA-B27-associated ante-
rior uveitis [20–22], juvenile idiopathic arthritis 
(JIA)-associated anterior uveitis [23–26], sarcoid 
uveitis [16, 27–29], uveitis secondary to Crohn’s 
disease [27, 30–32], Vogt-Koyanagi-Harada 
(VKH) disease [27], birdshot chorioretinitis 
[27], idiopathic posterior uveitis [17], or scleri-
tis [25]. The remission of inflammation that is 
achieved with infliximab appears to be sustained 

(Fig. 7.1). In a prospective study of patients with 
posterior uveitis secondary to Behçet’s disease, 
9 of 12 patients achieved complete remission at 
the 12-month follow-up with no relapse during 
the treatment period [33]. One prospective trial of 
infliximab for refractory uveitis of various types 
found that in initial responders, 60% retained 
effectiveness at 2 years [34].

Some attempts have been made to use inf-
liximab via intravitreal administration, but the 
results have been mixed. One study suggested the 
benefit of intravitreal infliximab in the treatment 
of acute attacks of uveitis secondary to Behçet’s 
disease with improvement of vision, retinitis, and 
vasculitis up to 1 month after injection, although 

b

a

Fig. 7.1 Reduction of retinal vasculitis after infliximab 
therapy. Fluorescein angiography of the left eye of a 
27-year- old female with idiopathic intermediate uveitis 
and retinal vasculitis is shown. Before the initiation of 
infliximab, the patient had significant vascular leakage 
(a). After the three loading infusions of infliximab, the 
patient demonstrated marked improvement in vascular 
leakage (b)
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cystoid macular edema (CME) was more resis-
tant to intravitreal treatment [35]. On the other 
hand, intravitreal infliximab used in patients with 
diabetic macular edema or choroidal neovas-
cularization secondary to age-related macular 
degeneration was implicated as being possibly 
retinotoxic and inflammatory, in addition to lack-
ing in efficacy in achieving an improvement in 
those non-uveitic conditions [36, 37].

 Adalimumab

Adalimumab (Humira, AbbVie Inc., North 
Chicago, IL) is a recombinant human mono-
clonal IgG1κ antibody specific for TNF.  It can 
bind both the soluble and membrane forms of 
TNF. Adalimumab was initially approved by the 
FDA in 2002 for the treatment of rheumatoid 
arthritis. Subsequently, it was approved for the 
treatment of ulcerative colitis, Crohn’s disease, 
psoriatic arthritis, plaque psoriasis, ankylosing 
spondylitis, JIA, and hidradenitis suppurativa, 
and in July 2016, adalimumab became the first 
immunosuppressive drug FDA-approved for 
adult noninfectious intermediate uveitis, poste-
rior uveitis, and panuveitis and was approved in 
September 2018 additionally for the treatment of 
pediatric patients 2 years old or older with non-
infectious intermediate uveitis, posterior uveitis, 
and panuveitis. It is administered via subcutane-
ous injection. For the treatment of adults with 
noninfectious uveitis, a loading dose of 80  mg 
is utilized, followed by 40 mg 1 week later, and 
a subsequent maintenance dose of 40 mg every 
2  weeks. For the treatment of adult patients 
with rheumatoid arthritis, psoriatic arthritis, and 
ankylosing spondylitis, the recommended dose 
is 40  mg every 2  weeks. For pediatric patients 
2 years and older with JIA, the recommended dos-
ing is based on weight: 10 mg every other week 
for those weighing 10 to <15  kg, 20  mg every 
other week for those weighing 15 to <30 kg, and 
40 mg every 2 weeks for those weighing 30 kg 
or more. A loading regimen of 80 mg followed 
by 40 mg 1 week later has also been studied and 
approved in plaque psoriasis, and a loading dose 
of 160 mg followed by 80 mg 2 weeks later has 

been approved for adult Crohn’s disease, ulcer-
ative colitis, and hidradenitis suppurativa, with 
maintenance dosing then of 40  mg every other 
week. The majority of published literature and 
FDA approval supports maintenance dosing 
every 2 weeks in children and adults, but there is 
published experience in children and substantial 
experiential data in adults that suggest weekly 
dosing may benefit some patients with incom-
plete response to dosing every 2 weeks [38].

Several case reports, case series, and a few pro-
spective non-comparative trials have been pub-
lished since 2006 demonstrating the efficacy of 
adalimumab in the treatment of a number of enti-
ties of refractory uveitis including JIA-associated 
uveitis [39–43], Behçet’s disease [40, 44], VKH 
disease [40], uveitis associated with ankylosing 
spondylitis [40], sarcoid uveitis [40, 45] (Fig. 7.2), 
birdshot chorioretinitis [40], pars planitis [40], 
or idiopathic uveitis [39, 40]. In a prospective 
case series of 26 patients with posterior segment 
involving sarcoidosis followed for 12  months, 
adalimumab was shown to achieve an improve-
ment in intraocular inflammation in 22 (85%) of 
the patients [45]. In that study, adalimumab was 
shown to induce the resolution of vasculitis and 
CME.  Another prospective trial of adalimumab 
in refractory uveitis in adults demonstrated ini-
tial efficacy in 68% of patients with a sustained 
response in 39% of the cohort at 50 weeks [46]. A 
prospective non-comparative trial of 131 patients 
with refractory uveitis found that 84.7% of sub-
jects were able to reduce their baseline immu-
nosuppression by at least 50% 6  months after 
starting adalimumab [40]. Several patients unre-
sponsive to infliximab or who lost responsiveness 
to infliximab had improved control of uveitis after 
switching to adalimumab [41, 43, 47]. There is 
some evidence that use of adalimumab as a first-
line agent in refractory childhood uveitis is more 
effective than when used as a second-line therapy 
[42]. In one study, intravitreal injection of adalim-
umab was not effective in decreasing CME refrac-
tory to steroid therapy [48].

More recently, the results of two industry-
supported randomized controlled trials of 
adalimumab for the treatment of noninfectious 
intermediate uveitis, posterior uveitis, and pan-
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uveitis were published [49, 50]. The VISUAL 
1 study [49] enrolled 217 patients with active 
noninfectious uveitis, while the VISUAL 2 
study [50] enrolled 226 corticosteroid-depen-
dent patients with inactive noninfectious uve-
itis. Both studies randomized the patients to 
receive adalimumab or placebo subcutaneous 
injections, with a loading dose of 80 mg adalim-
umab (or placebo), 40 mg 1 week later, and then 
40 mg every 2 weeks. A third study, VISUAL 3, 
was an open-label extension of the two random-
ized trials for patients who either experienced 
a study endpoint or completed 18  months in 
the study without a flare. VISUAL 1 required 
patients to undergo a 2-week prednisone burst to 
60 mg with a forced taper off all corticosteroids 
by study week 15; VISUAL 2 did not require a 
steroid burst but required a corticosteroid taper 

over 19 weeks. Both studies used a primary end-
point of time to treatment failure (TTF), defined 
by a composite endpoint which included two-
step worsening of anterior chamber cell or vitre-
ous haze, the occurrence of new inflammatory 
retinal or retinovascular lesions, or a 15 letter 
worsening in vision on the Early Treatment 
Diabetic Retinopathy Study (ETDRS) chart. 
The primary outcome assessment for both stud-
ies was at 6 months, but patients were followed 
for a total of 18 months.

For the VISUAL 1 study, the median TTF was 
24 weeks in the adalimumab group and 13 weeks 
in the placebo group. There was a 28% absolute 
reduction in risk of treatment failure (TF) in the 
adalimumab group relative to placebo at the 
6-month time point. Hazard ratio for TF during 
18 months of follow-up was 0.50, suggesting that 

a

b

Fig. 7.2 Resolution of 
cystoid macular edema 
after treatment with 
adalimumab. 
Fluorescein 
angiography of a 
58-year-old female 
with sarcoidosis 
panuveitis 
demonstrating cystoid 
macular edema (a) that 
resolved after the 
initiation of 
adalimumab (b)
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risk of TF in the adalimumab group was reduced 
50% relative to the placebo group over the dura-
tion of the study. For the VISUAL 2 study, the 
TTF was more than 18  months in the adalim-
umab group versus 8.3  months in the placebo 
group. The 40th percentile for TTF was found 
to be 10.2 and 4.8 months for adalimumab and 
placebo, respectively. Hazard ratio for TF dur-
ing 18  months of follow-up was 0.57, suggest-
ing 43% reduction of TF risk in the adalimumab 
group relative to placebo over the duration of the 
study.

VISUAL 3 reported on the additional long-
term follow-up data generated on patients who 
had completed the two referent trials above 
[51]. In this open-label study, 242 of 371 
(65%) patients had active uveitis; of these, 60% 
(145/242) achieved quiescence at week 78, and 
66% of those were corticosteroid-free. Of the 
129 patients entering with inactive uveitis, 74% 
(96/129, nonresponder imputation) achieved 
quiescence at week 78, and 93% of those were 
corticosteroid-free. Inflammatory lesions, ante-
rior chamber inflammation grade, and vitre-
ous haze grade, best corrected visual acuity, 
and mean dose of corticosteroids all showed 
improvement in patients with active uveitis 
and remained stable in patients with inactive 
uveitis.

The Sycamore study was an investigator-ini-
tiated randomized clinical trial conducted at ter-
tiary hospitals in Great Britain, enrolling children 
with JIA with chronic uveitis despite the use of 
methotrexate. The study was terminated early 
after 90 patients were enrolled due to a high effi-
cacy signal in favor of treatment with adalimumab 
over placebo, with an identified risk reduction of 
75% (hazard ratio = 0.25) in the 60 adalimumab-
treated patients relative to 30 patients who were 
treated with placebo [52]. This study was the pri-
mary underpinning of the subsequent decision of 
the FDA and the European Medicines Agency 
to approve adalimumab for its pediatric uveitis 
indication.

 Golimumab

Golimumab (Simponi, Janssen Biotech, 
Horsham, PA) is an IgG1κ human monoclonal 
antibody against TNF that binds both the solu-
ble and membrane forms of TNF. The FDA first 
approved golimumab in 2009 for the treatment of 
rheumatoid arthritis, psoriatic arthritis, and anky-
losing spondylitis. Later on, it was also approved 
for the treatment of ulcerative colitis. It is admin-
istered as a subcutaneous injection at a dose of 
50 mg every month for rheumatoid arthritis, pso-
riatic arthritis, and ankylosing spondylitis. For 
ulcerative colitis, it is given at loading doses of 
200 mg at week 0 and 100 mg at week 2 followed 
by maintenance doses of 100 mg every 4 weeks.

An initial report on the use of golimumab 
in the treatment of uveitis appeared in 2011 
[53]. That report described a patient with JIA-
associated uveitis who had a relapse while on 
 adalimumab and whose inflammation remained 
controlled on golimumab after a follow-up for 
7  months. That report also described another 
patient with idiopathic retinal vasculitis who 
was switched from adalimumab to golimumab 
because of relapse of retinal vasculitis accom-
panied by macular edema. By 3  months after 
the initiation of treatment, the vitreous haze 
decreased, the retinal hemorrhages resolved, and 
the cystoid macular edema subsided (Fig.  7.3) 
with the inflammation remaining controlled after 
a follow-up for 6 months.

One retrospective case series of 13 patients 
with refractory uveitis due to psoriatic arthritis, 
sarcoidosis, axial spondyloarthritis, JIA, VKH 
disease, or Behçet’s disease showed that golim-
umab controlled inflammation at 6 months in 12 
of 13 patients, the majority of whom had previ-
ously failed treatment with infliximab or adalim-
umab [54]. Another retrospective case series of 17 
patients with JIA- or HLA-B27-associated uveitis 
demonstrated response to golimumab therapy in 
14 patients, in 12 of whom the uveitis was inac-
tive after a mean follow-up for 21.9 months [55]. 
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In addition, case reports or additional small case 
series on the success of golimumab in treating 
uveitis associated with JIA [56, 57], Behçet’s dis-
ease [58], and ankylosing spondylitis or psoriatic 
arthritis [59] have also been reported.

 Certolizumab

Certolizumab pegol (pegylated certolizumab) 
(Cimzia, UCB Inc., Smyrna, GA) is a recombinant, 
humanized Fab’ fragment of anti-TNF antibody 
conjugated to polyethylene glycol. It binds and 
neutralizes both the soluble and membrane forms 
of TNF. It was first approved by the FDA in 2008 
for the treatment of Crohn’s disease. Subsequently, 
it was also approved for the treatment of rheuma-
toid arthritis, psoriatic arthritis, ankylosing spondy-
litis, non-radiographic axial spondyloarthritis and 
plaque psoriasis. It is administered as a subcutane-

ous injection, with loading doses of 400 mg given 
at 0, 2, and 4 weeks and with maintenance doses of 
200 mg other week or 400 mg every 4 weeks there-
after. The recommended dose for plaque psoriasis 
is 400 mg every other week.

There is very limited data on the use of certoli-
zumab in uveitis. In 2014, one retrospective case 
series reported that five of seven patients showed 
quiescence of uveitis after a mean follow-up of 
10.4 months while on treatment on certolizumab 
after having been previously being refractory to 
at least one of the other TNF inhibitors, namely, 
infliximab, adalimumab, or golimumab [60]. The 
patients who responded to certolizumab had uveitis 
or scleritis associated with Behçet’s disease, pso-
riatic arthritis, inflammatory bowel disease, idio-
pathic retinal vasculitis, ankylosing spondylitis, 
or relapsing polychondritis. The two patients who 
failed to achieve remission had uveitis associated 
with ankylosing spondylitis or psoriatic arthritis.

a b

c d

Fig. 7.3 Resolution of inflammation from idiopathic reti-
nal vasculitis with golimumab. Color fundus photography 
showing vitreous haze, retinal hemorrhage, and a cotton-
wool spot in the right eye of a 28-year-old male (a) that 
markedly resolved 3 months after the initiation of golim-

umab (b). Optical coherence tomography showing cystoid 
macular edema in the right eye (c) that resolved 3 months 
after treatment with golimumab (d). (Adapted with per-
mission from reference [53])
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A double-masked randomized clinical trial 
looking at the effect of certolizumab for treat-
ment of axial spondyloarthropathy performed an 
analysis on rates of uveitis in patients with his-
tory of spondyloarthropathy- associated uveitis 
and randomized to either certolizumab or placebo 
and found a significant reduction in risk of uve-
itis flare over 96 weeks of study in certolizumab-
treated patients [61]. Also, a case report in 2012 
showed that certolizumab was effective in con-
trolling refractory scleritis in a patient with rheu-
matoid arthritis [62]. In contrast, another report 
described a patient with rheumatoid arthritis 
well-controlled on certolizumab who developed 
bilateral uveitis which was thought to be second-
ary to the certolizumab [63].

 Etanercept

Etanercept (Enbrel, Immunex Corporation, 
Thousand Oaks, CA) is a recombinant dimeric 
fusion protein that consists of the extracellular 
ligand-binding portion of TNFR2 linked to the 
Fc portion of human IgG1. It binds both the sol-
uble and membrane forms of TNF. It is adminis-
tered by a subcutaneous injection with the usual 
dose being 50  mg once weekly. The FDA first 
approved etanercept in 1998 for the treatment of 
rheumatoid arthritis. Subsequently, it was also 
approved for the treatment of polyarticular JIA, 
psoriatic arthritis, ankylosing spondylitis, and 
plaque psoriasis.

A number of reports have appeared since 2001 
on the use of etanercept in the treatment of uveitis. 
Even though a few reports described the beneficial 
effects of etanercept in refractory childhood uveitis 
[64], JIA-associated uveitis [65], uveitis associ-
ated with ankylosing spondylitis [66], and inter-
mediate uveitis [67], the results from other studies 
have been non-promising [68–70]. A randomized 
placebo-controlled clinical trial in pediatric JIA 
patients with uveitis did not identify a difference 
in anterior segment inflammation in subjects tak-
ing etanercept compared with placebo [70]. Even 
in those studies that have demonstrated an efficacy 
of etanercept in controlling uveitis, the etanercept 
was found to be less effective than infliximab in 
controlling inflammation [65, 66]. Also, new uve-

itis events have been reported in patients on etan-
ercept compared to those patients on infliximab 
or adalimumab, suggesting that etanercept might 
induce uveitis in some patients [71]. However, it 
is possible that, rather than causing uveitis, etan-
ercept is simply less effective than the other TNF 
inhibitors in preventing the development of uveitis 
in susceptible patients. Given the above observa-
tions, etanercept is not currently recommended for 
the use in the treatment of uveitis.

 Indications for Biologics Targeting 
TNF in the Treatment of Uveitis

At the present time, only two biologics that target 
TNF, namely, infliximab and adalimumab, have 
significant supporting evidence for their use in 
the treatment of noninfectious uveitis. The evi-
dence for their efficacy comes from case reports, 
case series, a few prospective non-comparative 
clinical trials, and, in the case of adalimumab, 
also randomized clinical trials (Table 7.2). Two 
large phase 3 clinical trials evaluating the effi-
cacy of adalimumab in adult patients with active 
or inactive noninfectious uveitis (intermediate 
uveitis, posterior uveitis, and panuveitis) have 
shown beneficial effect of adalimumab in these 
populations, and a third large randomized trial 
using adalimumab for pediatric uveitis in Europe 
also revealed benefit leading to its approval for 
this indication [4, 49, 50, 52, 72].

Adalimumab has been approved by the FDA 
for use in adult patients and in pediatric patients 
2  years or older with noninfectious intermedi-
ate uveitis, posterior uveitis, and panuveitis. 
Infliximab has not yet been approved by the FDA 
for use in the treatment of uveitis, and its use in 
uveitis is off- label. Both drugs are very expensive. 
Adalimumab has the advantage of being given via 
subcutaneous injection which the patient can self-
administer, whereas infliximab is administered via 
intravenous infusion. Recently, an expert panel 
has recommended considering the use of inflix-
imab or adalimumab as a first-line immunomodu-
lating agent in treating the ocular manifestations 
of Behçet’s disease and as a potential second-line 
immunomodulating therapy in the treatment of 
JIA-associated uveitis [73].
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Not all patients with uveitis respond to inf-
liximab or adalimumab therapy. One possible 
explanation is that the inflammatory process in 
those patients may be primarily mediated by other 
inflammatory cytokines, such as IL-1 or IL-6 
instead of TNF. Alternatively, some patients can 
develop antibodies against infliximab or adalim-
umab and such antibodies have been detected in 
the sera of patients [74, 75]. Such antibodies could 
bind the respective drug and prevent it from bind-
ing to TNF. This mechanism could result in loss 
of responsiveness to infliximab or adalimumab in 
some patients after an initial response. Switching 
from one of the two drugs to the other could be 
beneficial in those cases. Sometimes treatment 
with biologic agents directed at inflammatory mol-
ecules other than TNF might also be beneficial.

 Safety of Biologics Targeting TNF 
in the Treatment of Uveitis

 Malignancy and Infection Risks

In general, the biologics targeting TNF have a 
good safety profile. All of the biologic anti-TNF 
agents carry boxed warnings about increased 
risk of malignancy or serious infection 
(Table 7.3). A large retrospective study of uve-

itis patients (the Systemic Immunosuppressive 
Therapy for Eye Diseases, or SITE Research 
Study) treated with immunosuppression iden-
tified an increased risk of overall mortality 
[adjusted hazard ratio 1.99] and cancer-specific 
mortality [adjusted hazard ratio 3.83] in patients 
treated with TNF inhibitors [76], although this 
finding notably was not replicated in the same 
study cohort with expanded patient numbers 
and longer patient follow-up [77]. Data from 
the rheumatologic literature is mixed. A meta-
analysis of randomized, placebo-controlled tri-
als of infliximab and adalimumab in rheumatoid 
arthritis patients identified a pooled odds ratio 
for malignancy of 3.3, with a dose-dependent 
effect [78]. However, a systematic literature 
review of observational studies and registries 
did not identify any increased risk of cancer in 
rheumatoid arthritis patients treated with TNF 
inhibitors compared to those treated with other 
immunosuppressive agents, although the risk 
of melanoma may be slightly increased with 
anti-TNF therapy [79]. The 2015 American 
College of Rheumatology guidelines for treat-
ing rheumatoid arthritis recommend using other 
immunosuppressant agents over TNF inhibitors 
in patients with previously treated or untreated 
skin cancer (including melanoma) and previ-
ously treated lymphoproliferative disorders, 

Drug Specific conditionsa

Infliximab Behçet’s disease
JIA-associated anterior uveitis
HLA-B27-associated anterior uveitis
Sarcoid uveitis
Birdshot chorioretinitis
Uveitis secondary to Crohn’s disease
Vogt-Koyanagi-Harada disease
Scleritis
Idiopathic posterior uveitis

Adalimumab Noninfectious intermediate uveitis, posterior uveitis, 
and panuveitis (FDA-approved)b

Behçet’s disease
JIA-associated uveitis
Uveitis associated with ankylosing spondylitis
Sarcoid uveitis
Birdshot chorioretinitis
Pars planitis
Idiopathic uveitis

aBased on the findings of case reports, case series, and prospective non-
comparative clinical trials
bEvidence from three randomized controlled trials

Table 7.2 Ophthalmic indications 
of anti-TNF biologic drugs
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but do not recommend alternative therapy con-
siderations in the setting of previously treated 
solid organ malignancy [80]. The use of TNF 
inhibitors in conjunction with azathioprine or 
6-mercaptopurine has been reported to increase 
the risk of T cell non-Hodgkin lymphoma, most 
commonly the hepatosplenic T cell lymphoma 
subtype, in patients with inflammatory bowel 
disease [81]. This is a rare malignancy, but can 
be fatal and is included in the black box warn-
ings for TNF inhibitors.

As a class, the TNF inhibitors increase the 
risk of developing severe infections including 
invasive fungal infections, particularly if being 
used in the setting of a concomitant immunosup-
pressive drug. Latent tuberculosis may undergo 
reactivation with the use of anti-TNF agents, 
making it necessary to screen patients for tuber-
culosis prior to starting treatment. Patients with 
a positive tuberculosis test should be treated for 
active or latent tuberculosis as appropriate; after 
adequate tuberculosis treatment, the patient can 
begin anti-TNF therapy. In patients at risk for 
ongoing tuberculosis exposure, yearly screen-
ing for tuberculosis is recommended. Similarly, 
chronic hepatitis B carriers can develop reactiva-
tion of the hepatitis B virus with TNF suppres-
sion, and hence, hepatitis screening is necessary 
prior to treatment.

 Other Adverse Effects

Hypersensitivity and injection site reactions 
are among the most common adverse effects 
of anti- TNF treatment. Hypersensitivity reac-
tions may be mitigated with premedication 
with antihistamines, acetaminophen, and even 
corticosteroids. Similarly, injection site reac-
tions can also be reduced with antihistamines, 
icing the injection site and rotating injection 
locations. The TNF inhibitors as a class may 
worsen congestive heart failure and are not rec-
ommended for use in patients with New  York 
Heart Association class III or IV disease. Case 
reports of drug-induced lupus-like syndrome 
[34], granulomatous sarcoidosis-like disease 
[82], and psoriasis [83] have been reported in 
association with TNF inhibition. Demyelinating 
diseases, including multiple sclerosis and optic 
neuritis, have also been reported in patients 
receiving anti-TNF therapy [84, 85]. Given the 
known association between multiple sclerosis 
and intermediate uveitis, it is incumbent upon 
treating physicians to rule out demyelinating 
disease prior to starting a TNF blocker. As TNF 
inhibition may exacerbate preexisting demy-
elinating disease, use of these agents is not rec-
ommended in patients with a known history of 
demyelinating disease.

Table 7.3 Contraindications for the use of TNF inhibitors

Drug Manufacturer-specified contraindications
Infliximab Moderate or severe heart failure (infliximab >5 mg/kg)

History of severe hypersensitivity reaction to infliximab
Known hypersensitivity to inactive components of the 
pharmaceutical product
Known hypersensitivity to any murine protein

Adalimumab None
Golimumab None
Certolizumab History of hypersensitivity to certolizumab pegol or to 

any of the excipients
Etanercept Sepsis
Relative contraindications for TNF inhibitors
Active infection
Latent tuberculosis
Chronic hepatitis B
Known demyelinating disease
Moderate to severe heart failure
Solid malignancy or nonmelanoma skin cancer within the last 5 years
History of skin melanoma
History of lymphoproliferative malignancy
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 Vaccination and Anti-TNF Agents

The American College of Rheumatology makes 
several recommendations about vaccination of 
patients undergoing treatment with TNF inhibi-
tors for rheumatoid arthritis that are applicable 
to uveitis patients [86]. Vaccination against 
pneumococcal pneumonia, influenza, hepatitis 
B (in high-risk populations), human papilloma-
virus, and herpes zoster should be completed 
prior to starting treatment with a TNF inhibitor. 
If a patient is already on anti-TNF therapy, vac-
cinations with killed vaccines (pneumococcal, 
hepatitis B, and injectable influenza) and recom-
binant vaccines (human papillomavirus) are safe; 
however, live vaccines such as for herpes zoster 
and the nasal influenza vaccine are not recom-
mended. In the pediatric population, the vac-
cination schedule should be discussed with the 
patient’s pediatrician with the goal of completing 
vaccinations as able.

 Use in Special Populations

All of the TNF inhibitors are pregnancy category 
B, as there are no adequate and well-controlled 
studies in pregnant women to assess for fetal risk. 
Animal reproduction studies have not identified 
fetal harm due to these drugs. There is evidence 
that all of the TNF inhibitors cross the placenta; 
however, observational surveillance of women 
who continued on TNF inhibitors during their 
pregnancies has not identified increased risks to 
the fetus. These pregnancy surveillance programs 
are ongoing. At present, it is reasonable to con-
tinue anti-TNF therapy during pregnancy after 
careful discussion with the patient if the benefits 
of treatment are thought to outweigh any theo-
retical risks. There are no clear recommendations 
for nursing mothers treated with TNF inhibitors.

Several of the anti-TNF agents have been 
specifically studied in children for treatment 
of childhood inflammatory disease. Infliximab 
is approved for the treatment of pediatric 
Crohn’s disease and ulcerative colitis in patients 
6–17  years of age. Adalimumab has similarly 

been approved for treatment of pediatric Crohn’s 
disease in patients 6  years of age or older. 
Adalimumab was found safe and effective in the 
treatment of JIA and noninfectious intermediate 
uveitis, posterior uveitis and panuveitis in chil-
dren aged 2 and older and has been approved 
for these indications; it has not been studied in 
children less than 2 or weighing less than 10 kg. 
Infliximab has been used off-label to treat child-
hood uveitis. Etanercept is also approved for 
treating children 2  years or older with polyar-
ticular JIA, although use in treatment of uveitis 
is not recommended as previously discussed. 
Certolizumab and golimumab do not have any 
approved indications for use in children, although 
there are case reports of using golimumab to 
treat refractory JIA-associated uveitis without an 
adverse event in children [56, 59]. There are no 
specific recommendations to alter treatment in 
the elderly; however, given the increased risk for 
infection and malignancy in this patient popula-
tion, appropriate counseling and close monitor-
ing are advised.

 Laboratory Monitoring

In addition to screening for infections, baseline 
laboratory evaluation including a complete blood 
count, liver function tests, and serum creatinine 
should be obtained before starting a TNF inhibi-
tor. Similar laboratory evaluation should be com-
pleted several weeks after starting therapy and 
following any significant dose modifications as 
elevation of liver function tests and rarely cyto-
penia have been observed with TNF inhibitor 
therapy. Interval monitoring should be conducted 
every 3–6 months in patients without additional 
risk factors for hepatic or renal disease, although 
concurrent therapy with other immunosuppres-
sive agents may require more frequent laboratory 
monitoring.

Acknowledgments LJK has served as a coinvestigator in 
clinical trials sponsored by AbbVie, Bristol-Myers- 
Squibb, Genentech, pSivida, and the National Eye 
Institute and was also supported by institutional grants to 

L. J. Kopplin and A. S. Shifera



81

the Casey Eye Institute from the National Eye Institute 
and Research to Prevent Blindness. AS is supported by a 
Mallinckrodt Foundation Research Fellowship Award. In 
addition, AS has participated as a coinvestigator in clini-
cal trials sponsored by AbbVie, Bristol-Myers-Squibb, 
pSivida, and Genentech, the National Eye Institute, 
University of Pennsylvania, Research to Prevent 
Blindness, and Allergan.

References

 1. De Vos AF, Van Haren MA, Verhagen C, Hoekzema 
R, Kijlstra A.  Kinetics of intraocular tumor necro-
sis factor and interleukin-6  in endotoxin-induced 
uveitis in the rat. Invest Ophthalmol Vis Sci. 
1994;35(3):1100–6.

 2. Santos LM, Marcos MC, Gallardo Galera JM, Gomez 
Vidal MA, Collantes EE, Ramirez CR, et al. Aqueous 
humor and serum tumor necrosis factor-alpha in clini-
cal uveitis. Ophthalmic Res. 2001;33(5):251–5.

 3. Ozdamar Y, Berker N, Bahar G, Soykan E, Bicer T, 
Ozkan SS, et al. Inflammatory mediators and poste-
rior segment involvement in ocular Behcet disease. 
Eur J Ophthalmol. 2009;19(6):998–1003.

 4. Kopplin LJ, Shifera AS, Suhler EB, Lin P. Biological 
response modifiers in the treatment of noninfectious 
uveitis. Int Ophthalmol Clin. 2015;55(2):19–36.

 5. Wajant H, Pfizenmaier K, Scheurich P. Tumor necrosis 
factor signaling. Cell Death Differ. 2003;10(1):45–65.

 6. Tracey KJ, Cerami A. Tumor necrosis factor: a pleio-
tropic cytokine and therapeutic target. Annu Rev Med. 
1994;45:491–503.

 7. Chu WM.  Tumor necrosis factor. Cancer Lett. 
2013;328(2):222–5.

 8. Willermain F, Rosenbaum JT, Bodaghi B, Rosenzweig 
HL, Childers S, Behrend T, et al. Interplay between 
innate and adaptive immunity in the development 
of non-infectious uveitis. Prog Retin Eye Res. 
2012;31(2):182–94.

 9. Dick AD, Forrester JV, Liversidge J, Cope AP.  The 
role of tumour necrosis factor (TNF-alpha) in experi-
mental autoimmune uveoretinitis (EAU). Prog Retin 
Eye Res. 2004;23(6):617–37.

 10. De Vos AF, Van Haren MA, Verhagen C, Hoekzema 
R, Kijlstra A. Tumour necrosis factor-induced uveitis 
in the Lewis rat is associated with intraocular interleu-
kin 6 production. Exp Eye Res. 1995;60(2):199–207.

 11. Rosenbaum JT, Howes EL Jr, Rubin RM, Samples 
JR.  Ocular inflammatory effects of intravitreally-
injected tumor necrosis factor. Am J Pathol. 
1988;133(1):47–53.

 12. Smith JR, Levinson RD, Holland GN, Jabs DA, 
Robinson MR, Whitcup SM, et al. Differential efficacy 
of tumor necrosis factor inhibition in the management 
of inflammatory eye disease and associated rheumatic 
disease. Arthritis Rheum. 2001;45(3):252–7.

 13. Sfikakis PP, Theodossiadis PG, Katsiari CG, 
Kaklamanis P, Markomichelakis NN.  Effect of inf-
liximab on sight-threatening panuveitis in Behcet’s 
disease. Lancet. 2001;358(9278):295–6.

 14. Arayssi T, Hamra R, Homeidan F, Uthman I, Awwad 
ST, Mroue K, et al. The efficacy of a single dose of 
infliximab in the treatment of Behcet’s disease uveitis. 
Clin Exp Rheumatol. 2005;23(3):427.

 15. Mansour AM. Infliximab treatment of posterior uve-
itis. Ophthalmology. 2004;111(1):197–8.

 16. itez-Del-Castillo JM, Martinez-de-la-Casa JM, Pato-
Cour E, Mendez-Fernandez R, Lopez-Abad C, Matilla 
M, et al. Long-term treatment of refractory posterior 
uveitis with anti-TNFalpha (infliximab). Eye (Lond). 
2005;19(8):841–5.

 17. Joseph A, Raj D, Dua HS, Powell PT, Lanyon 
PC, Powell RJ.  Infliximab in the treatment of 
refractory posterior uveitis. Ophthalmology. 
2003;110(7):1449–53.

 18. Tugal-Tutkun I, Mudun A, Urgancioglu M, Kamali S, 
Kasapoglu E, Inanc M, et al. Efficacy of infliximab in 
the treatment of uveitis that is resistant to treatment 
with the combination of azathioprine, cyclosporine, 
and corticosteroids in Behcet’s disease: an open-label 
trial. Arthritis Rheum. 2005;52(8):2478–84.

 19. Wechsler B, Sable-Fourtassou R, Bodaghi B, Huong 
DL, Cassoux N, Badelon I, et  al. Infliximab in 
refractory uveitis due to Behcet’s disease. Clin Exp 
Rheumatol. 2004;22(4 Suppl 34):S14–6.

 20. Kruithof E, Kestelyn P, Elewaut C, Elewaut D, Van 
Den BF, Mielants H, et al. Successful use of infliximab 
in a patient with treatment resistant spondyloarthropa-
thy related uveitis. Ann Rheum Dis. 2002;61(5):470.

 21. El-Shabrawi Y, Hermann J. Anti-tumor necrosis fac-
tor-alpha therapy with infliximab as an alternative 
to corticosteroids in the treatment of human leuko-
cyte antigen B27-associated acute anterior uveitis. 
Ophthalmology. 2002;109(12):2342–6.

 22. El-Shabrawi Y, Hermann J.  Case series of selec-
tive anti-tumor necrosis factor alpha therapy using 
infliximab in patients with nonresponsive chronic 
HLA-B27-associated anterior uveitis: comment 
on the articles by Brandt et  al. Arthritis Rheum. 
2002;46(10):2821–2.

 23. Kahn P, Weiss M, Imundo LF, Levy DM. Favorable 
response to high-dose infliximab for refractory child-
hood uveitis. Ophthalmology. 2006;113(5):860–4.

 24. Rajaraman RT, Kimura Y, Li S, Haines K, Chu 
DS.  Retrospective case review of pediatric patients 
with uveitis treated with infliximab. Ophthalmology. 
2006;113(2):308–14.

 25. Murphy CC, Ayliffe WH, Booth A, Makanjuola D, 
Andrews PA, Jayne D.  Tumor necrosis factor alpha 
blockade with infliximab for refractory uveitis and 
scleritis. Ophthalmology. 2004;111(2):352–6.

 26. Mangge H, Heinzl B, Grubbauer HM, El-Shabrawi 
Y, Schauenstein K.  Therapeutic experience with 
infliximab in a patient with polyarticular juve-

7 Biologics Targeting Tumor Necrosis Factor



82

nile idiopathic arthritis and uveitis. Rheumatol Int. 
2003;23(5):258–61.

 27. Baughman RP, Bradley DA, Lower EE.  Infliximab 
in chronic ocular inflammation. Int J Clin Pharmacol 
Ther. 2005;43(1):7–11.

 28. Doty JD, Mazur JE, Judson MA. Treatment of sarcoid-
osis with infliximab. Chest. 2005;127(3):1064–71.

 29. Pritchard C, Nadarajah K.  Tumour necrosis factor 
alpha inhibitor treatment for sarcoidosis refractory to 
conventional treatments: a report of five patients. Ann 
Rheum Dis. 2004;63(3):318–20.

 30. Fries W, Giofre MR, Catanoso M, Lo GR. Treatment 
of acute uveitis associated with Crohn’s disease and 
sacroileitis with infliximab. Am J Gastroenterol. 
2002;97(2):499–500.

 31. Ally MR, Veerappan GR, Koff JM.  Treatment of 
recurrent Crohn’s uveitis with infliximab. Am J 
Gastroenterol. 2008;103(8):2150–1.

 32. Rispo A, Scarpa R, Di GE, Cozzolino A, Lembo G, 
Atteno M, et al. Infliximab in the treatment of extra-
intestinal manifestations of Crohn’s disease. Scand J 
Rheumatol. 2005;34(5):387–91.

 33. Niccoli L, Nannini C, Benucci M, Chindamo D, 
Cassara E, Salvarani C, et al. Long-term efficacy of 
infliximab in refractory posterior uveitis of Behcet’s 
disease: a 24-month follow-up study. Rheumatology 
(Oxford). 2007;46(7):1161–4.

 34. Suhler EB, Smith JR, Giles TR, Lauer AK, Wertheim 
MS, Kurz DE, et  al. Infliximab therapy for refrac-
tory uveitis: 2-year results of a prospective trial. Arch 
Ophthalmol. 2009;127(6):819–22.

 35. Markomichelakis N, Delicha E, Masselos S, Sfikakis 
PP.  Intravitreal infliximab for sight-threatening 
relapsing uveitis in Behcet disease: a pilot study in 15 
patients. Am J Ophthalmol. 2012;154(3):534–41.

 36. Giganti M, Beer PM, Lemanski N, Hartman C, 
Schartman J, Falk N. Adverse events after intravitreal 
infliximab (Remicade). Retina. 2010;30(1):71–80.

 37. Wu L, Hernandez-Bogantes E, Roca JA, Arevalo 
JF, Barraza K, Lasave AF.  Intravitreal tumor necro-
sis factor inhibitors in the treatment of refractory 
diabetic macular edema: a pilot study from the Pan-
American Collaborative Retina Study Group. Retina. 
2011;31(2):298–303.

 38. Correll CK, Bullock DR, Cafferty RM, Vehe 
RK.  Safety of weekly adalimumab in the treatment 
of juvenile idiopathic arthritis and pediatric chronic 
uveitis. Clin Rheumatol. 2018;37(2):549–53.

 39. Vazquez-Cobian LB, Flynn T, Lehman 
TJ.  Adalimumab therapy for childhood uveitis. J 
Pediatr. 2006;149(4):572–5.

 40. Diaz-Llopis M, Salom D, Garcia-De-Vicuna C, 
Cordero-Coma M, Ortega G, Ortego N, et  al. 
Treatment of refractory uveitis with adalimumab: 
a prospective multicenter study of 131 patients. 
Ophthalmology. 2012;119(8):1575–81.

 41. Biester S, Deuter C, Michels H, Haefner R, 
Kuemmerle-Deschner J, Doycheva D, et  al. 

Adalimumab in the therapy of uveitis in childhood. 
Br J Ophthalmol. 2007;91(3):319–24.

 42. Simonini G, Taddio A, Cattalini M, Caputo R, de 
LC, Parentin F, et  al. Superior efficacy of adalim-
umab in treating childhood refractory chronic uveitis 
when used as first biologic modifier drug: adalim-
umab as starting anti-TNF- alpha therapy in child-
hood chronic uveitis. Pediatr Rheumatol Online J. 
2013;11:16.

 43. Tynjala P, Kotaniemi K, Lindahl P, Latva K, Aalto 
K, Honkanen V, et al. Adalimumab in juvenile idio-
pathic arthritis-associated chronic anterior uveitis. 
Rheumatology (Oxford). 2008;47(3):339–44.

 44. Mushtaq B, Saeed T, Situnayake RD, Murray 
PI.  Adalimumab for sight-threatening uveitis in 
Behcet’s disease. Eye (Lond). 2007;21(6):824–5.

 45. Erckens RJ, Mostard RL, Wijnen PA, Schouten 
JS, Drent M.  Adalimumab successful in sarcoid-
osis patients with refractory chronic non-infec-
tious uveitis. Graefes Arch Clin Exp Ophthalmol. 
2012;250(5):713–20.

 46. Suhler EB, Lowder CY, Goldstein DA, Giles T, Lauer 
AK, Kurz PA, et al. Adalimumab therapy for refrac-
tory uveitis: results of a multicentre, open-label, pro-
spective trial. Br J Ophthalmol. 2013;97(4):481–6.

 47. Bawazeer A, Raffa LH, Nizamuddin SH.  Clinical 
experience with adalimumab in the treatment of 
ocular Behcet disease. Ocul Immunol Inflamm. 
2010;18(3):226–32.

 48. Androudi S, Tsironi E, Kalogeropoulos C, 
Theodoridou A, Brazitikos P.  Intravitreal adalim-
umab for refractory uveitis-related macular edema. 
Ophthalmology. 2010;117(8):1612–6.

 49. Jaffe GJ, Dick AD, Brezin AP, Nguyen QD, Thorne 
JE, Kestelyn P, et  al. Adalimumab in patients 
with active noninfectious uveitis. N Engl J Med. 
2016;375(10):932–43.

 50. Nguyen QD, Merrill PT, Jaffe GJ, Dick AD, Kurup 
SK, Sheppard J, et  al. Adalimumab for preven-
tion of uveitic flare in patients with inactive non-
infectious uveitis controlled by corticosteroids 
(VISUAL II): a multicentre, double-masked, ran-
domised, placebo-controlled phase 3 trial. Lancet. 
2016;388(10050):1183–92.

 51. Suhler EB, Adán A, Brézin AP, Fortin E, Goto H, Jaffe 
GJ, Kaburaki T, Kramer M, Lim LL, Muccioli C, 
Nguyen QD, Van Calster J, Cimino L, Kron M, Song 
AP, Liu J, Pathai S, Camez A, Schlaen A, van Velthoven 
MEJ, Vitale AT, Zierhut M, Tari S, Dick AD. Safety 
and efficacy of adalimumab in patients with noninfec-
tious uveitis in an ongoing open-label study: VISUAL 
III. Ophthalmology. 2018;125(7):1075–87.

 52. Ramanan AV, Dick AD, Jones AP, McKay A, Williamson 
PR, Compeyrot-Lacassagne S, Hardwick B, Hickey H, 
Hughes D, Woo P, Benton D, Edelsten C, Beresford 
MW, SYCAMORE Study Group. Adalimumab plus 
methotrexate for uveitis in juvenile idiopathic arthritis. 
N Engl J Med. 2017;376(17):1637–46.

L. J. Kopplin and A. S. Shifera



83

 53. Cordero-Coma M, Salom D, Diaz-Llopis M, 
Lopez-Prats MJ, Calleja S.  Golimumab for uveitis. 
Ophthalmology. 2011;118(9):1892–4.

 54. Cordero-Coma M, Calvo-Rio V, Adan A, Blanco R, 
Alvarez-Castro C, Mesquida M, et  al. Golimumab 
as rescue therapy for refractory immune-mediated 
uveitis: a three-center experience. Mediat Inflamm. 
2014;2014:717598.

 55. Miserocchi E, Modorati G, Pontikaki I, Meroni PL, 
Gerloni V.  Long-term treatment with golimumab for 
severe uveitis. Ocul Immunol Inflamm. 2014;22(2):90–5.

 56. William M, Faez S, Papaliodis GN, Lobo 
AM.  Golimumab for the treatment of refractory 
juvenile idiopathic arthritis-associated uveitis. J 
Ophthalmic Inflamm Infect. 2012;2(4):231–3.

 57. Miserocchi E, Modorati G, Pontikaki I, Meroni P, 
Gerloni V.  Golimumab treatment for complicated 
uveitis. Clin Exp Rheumatol. 2013;31(2):320–1.

 58. Mesquida M, Victoria HM, Llorenc V, Pelegrin L, 
Espinosa G, Dick AD, et al. Behcet disease-associated 
uveitis successfully treated with golimumab. Ocul 
Immunol Inflamm. 2013;21(2):160–2.

 59. Faez S, Lobo AM, Sobrin L, Papaliodis GN. Treatment 
of seronegative spondyloarthropathy-associated uve-
itis with golimumab: retrospective case series. Clin 
Exp Ophthalmol. 2014;42(4):392–5.

 60. Llorenc V, Mesquida M, Sainz de la MM, Blanco 
R, Calvo V, Maiz O, et al. Certolizumab Pegol, a 
new anti-TNF-alpha in the armamentarium against 
ocular inflammation. Ocul Immunol Inflamm. 
2016;24(2):167–72.

 61. Rudwaleit M, Rosenbaum JT, Landewe R, Marzo-
Ortega H, Sieper J, van der HD, et  al. Observed 
incidence of uveitis following Certolizumab Pegol 
treatment in patients with axial Spondyloarthritis. 
Arthritis Care Res (Hoboken). 2016;68(6):838–44.

 62. Tlucek PS, Stone DU.  Certolizumab pegol therapy 
for rheumatoid arthritis-associated scleritis. Cornea. 
2012;31(1):90–1.

 63. Moisseiev E, Shulman S. Certolizumab-induced uve-
itis: a case report and review of the literature. Case 
Rep Ophthalmol. 2014;5(1):54–9.

 64. Reiff A, Takei S, Sadeghi S, Stout A, Shaham B, 
Bernstein B, et  al. Etanercept therapy in children 
with treatment- resistant uveitis. Arthritis Rheum. 
2001;44(6):1411–5.

 65. Tynjala P, Lindahl P, Honkanen V, Lahdenne P, 
Kotaniemi K. Infliximab and etanercept in the treat-
ment of chronic uveitis associated with refrac-
tory juvenile idiopathic arthritis. Ann Rheum Dis. 
2007;66(4):548–50.

 66. Braun J, Baraliakos X, Listing J, Sieper J. Decreased 
incidence of anterior uveitis in patients with anky-
losing spondylitis treated with the anti-tumor necro-
sis factor agents infliximab and etanercept. Arthritis 
Rheum. 2005;52(8):2447–51.

 67. Manzano RP, Carvounis PE, Albini TA, Holz 
ER.  Etanercept monotherapy induces complete 

resolution of cystoid macular edema in a patient 
with intermediate uveitis. Retin Cases Brief Rep. 
2007;1(4):261–3.

 68. Foster CS, Tufail F, Waheed NK, Chu D, Miserocchi 
E, Baltatzis S, et al. Efficacy of etanercept in prevent-
ing relapse of uveitis controlled by methotrexate. 
Arch Ophthalmol. 2003;121(4):437–40.

 69. Schmeling H, Horneff G.  Etanercept and uve-
itis in patients with juvenile idiopathic arthritis. 
Rheumatology (Oxford). 2005;44(8):1008–11.

 70. Smith JA, Thompson DJ, Whitcup SM, Suhler E, 
Clarke G, Smith S, et al. A randomized, placebo-con-
trolled, double-masked clinical trial of etanercept for 
the treatment of uveitis associated with juvenile idio-
pathic arthritis. Arthritis Rheum. 2005;53(1):18–23.

 71. Shifera AS, Kopplin L, Lin P, Suhler EB. Drug-induced 
uveitis. Int Ophthalmol Clin. 2015;55(2):47–65.

 72. Hawkins MJ, Dick AD, Lee RJ, Ramanan AV, 
Carreno E, Guly CM, et al. Managing juvenile idio-
pathic arthritis- associated uveitis. Surv Ophthalmol. 
2016;61(2):197–210.

 73. Levy-Clarke G, Jabs DA, Read RW, Rosenbaum JT, 
Vitale A, Van Gelder RN. Expert panel recommenda-
tions for the use of anti-tumor necrosis factor biologic 
agents in patients with ocular inflammatory disorders. 
Ophthalmology. 2014;121(3):785–96.

 74. Measurement of infliximab and anti-infliximab anti-
body levels can help distinguish maintenance ver-
sus loss of response. Gastroenterol Hepatol (NY). 
2012;8(2):131–4.

 75. Vogelzang EH, Kneepkens EL, Nurmohamed MT, 
van Kuijk AW, Rispens T, Wolbink G, et  al. Anti-
adalimumab antibodies and adalimumab concentra-
tions in psoriatic arthritis; an association with disease 
activity at 28 and 52 weeks of follow-up. Ann Rheum 
Dis. 2014;73(12):2178–82.

 76. Kempen JH, Daniel E, Dunn JP, Foster CS, Gangaputra 
S, Hanish A, et al. Overall and cancer related mortal-
ity among patients with ocular inflammation treated 
with immunosuppressive drugs: retrospective cohort 
study. BMJ. 2009;339:b2480.

 77. Kempen JH, Newcomb CW, Foster CS, Jabs DA, 
Levy-Clarke G, Rosenbaum JT, Nida Sen H, Suhler 
EB, Thorne JE, Bhatt NP, Buchanich JM.  Risk of 
overall and cancer mortality after immunosuppression 
of patients with non- infectious ocular inflammatory 
diseases. Invest Ophthalmol Vis Sci. 2019;60:ARVO 
E-Abstract 3854.

 78. Bongartz T, Sutton AJ, Sweeting MJ, Buchan I, 
Matteson EL, Montori V.  Anti-TNF antibody ther-
apy in rheumatoid arthritis and the risk of serious 
infections and malignancies: systematic review and 
meta-analysis of rare harmful effects in randomized 
controlled trials. JAMA. 2006;295(19):2275–85.

 79. Ramiro S, Gaujoux-Viala C, Nam JL, Smolen JS, 
Buch M, Gossec L, et  al. Safety of synthetic and 
biological DMARDs: a systematic literature review 
informing the 2013 update of the EULAR recommen-

7 Biologics Targeting Tumor Necrosis Factor



84

dations for management of rheumatoid arthritis. Ann 
Rheum Dis. 2014;73(3):529–35.

 80. Singh JA, Saag KG, Bridges SL Jr, Akl EA, Bannuru 
RR, Sullivan MC, et  al. 2015 American College of 
Rheumatology guideline for the treatment of rheu-
matoid arthritis. Arthritis Care Res (Hoboken ). 
2016;68(1):1–25.

 81. Deepak P, Sifuentes H, Sherid M, Stobaugh D, 
Sadozai Y, Ehrenpreis ED.  T-cell non-Hodgkin’s 
lymphomas reported to the FDA AERS with tumor 
necrosis factor-alpha (TNF-alpha) inhibitors: results 
of the REFURBISH study. Am J Gastroenterol. 
2013;108(1):99–105.

 82. Tong D, Manolios N, Howe G, Spencer D. New onset 
sarcoid-like granulomatosis developing during anti-
TNF therapy: an under-recognised complication. 
Intern Med J. 2012;42(1):89–94.

 83. Famenini S, Wu JJ.  Infliximab-induced psoriasis in 
treatment of Crohn’s disease-associated ankylosing 
spondylitis: case report and review of 142 cases. J 
Drugs Dermatol. 2013;12(8):939–43.

 84. Mohan N, Edwards ET, Cupps TR, Oliverio PJ, Sandberg 
G, Crayton H, et  al. Demyelination occurring during 
anti-tumor necrosis factor alpha therapy for inflamma-
tory arthritides. Arthritis Rheum. 2001;44(12):2862–9.

 85. Foroozan R, Buono LM, Sergott RC, Savino 
PJ. Retrobulbar optic neuritis associated with inflix-
imab. Arch Ophthalmol. 2002;120(7):985–7.

 86. Singh JA, Furst DE, Bharat A, Curtis JR, Kavanaugh 
AF, Kremer JM, et al. 2012 update of the 2008 American 
College of Rheumatology recommendations for the use 
of disease-modifying antirheumatic drugs and biologic 
agents in the treatment of rheumatoid arthritis. Arthritis 
Care Res (Hoboken ). 2012;64(5):625–39.

L. J. Kopplin and A. S. Shifera



85© Springer Nature Switzerland AG 2019
P. Lin, E. Suhler (eds.), Treatment of Non-infectious Uveitis, 
https://doi.org/10.1007/978-3-030-22827-9_8

Biologics Targeting B- and T-Cell 
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Abbreviations

APC Antigen-presenting cell
COPD Chronic obstructive pulmonary disease
CTLA4 Cytotoxic T-lymphocyte-associated 

antigen 4
FDA Food and Drug Administration
GPA Granulomatosis with polyangiitis
JIA Juvenile idiopathic arthritis
MPA Microscopic polyangiitis
PML Progressive multifocal leukoencepha-

lopathy

 Introduction

Biologics are medications manufactured by 
recombinant DNA technology to target specific 
pathways that contribute to the inflammatory 
response. These pathways include cytokine- 
directed therapies, interference of T- and B-cell 
interactions, B-cell depletion, induction of toler-
ance, interference with immune complex forma-
tion, and chemokine modulation. Biologics are 
approved and employed in the treatment of a 
variety of systemic inflammatory diseases, to 
include entities such as rheumatoid arthritis, pso-
riatic arthritis, spondyloarthritis, and inflamma-
tory bowel disease. The off-label use of biologic 
agents offers an alternative therapeutic approach 
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Pearls
• Rituximab is a monoclonal antibody 

which blocks CD-20, a cell surface 
marker found on B-lymphocytes but not 
on plasma cells.

• Rituximab is commonly administered as 
paired 1000 mg intravenous doses given 

2  weeks apart, and repeated every 
6 months if benefit is realized.

• Peri-infusional corticosteroids may be 
useful with initial infusions to prevent a 
transient worsening due to a tumor 
lysis-like response.

• Abatacept is a fusion protein combining 
the Fc portion of human IgG1 with sol-
uble CTLA4 immunoglobulin, which 
reduces T-cell activation by blocking 
T-cell co-stimulation, and may be given 
either intravenously or subcutaneously.
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for the patient with ocular inflammation who has 
failed or poorly tolerated traditional immunosup-
pressive agents.

Many of the more commonly used biologics 
target specific cytokines that play a key role in 
the inflammatory process. An alternative 
approach focuses on preventing B- or T-cell 
 activation. Rituximab is a chimeric mouse–
human IgG1κ monoclonal antibody directed 
against the extracellular domain of CD20 antigen 
on B cells, targeting of which allows for selective 
elimination of B cells. Abatacept, a fully human 
fusion protein comprising the extracellular por-
tion of CTLA4 and the Fc fragment of IgG1, 
binds to a receptor target on the antigen-present-
ing cell preventing proper interaction with the T 
cell, and therefore, proper T-cell activation.

 Targeting B-Cell Activation

 Anti-CD20 Therapy (Rituximab)

B cells are antigen-specific, antibody-secreting 
lymphocytes produced in the bone marrow and 

released into the circulation. Upon encountering 
the antigenic peptide for which its immunoglobu-
lin receptor is specific, a B cell is activated to par-
ticipate in several important immune response 
mechanisms. These include interactions with T 
cells resulting in the production of inflammatory 
cytokines, generation of memory B cells, and 
development of long- and short-lived plasma 
cells [1]. CD20 is a 33- to 37-kDa, non- 
glycosylated phosphoprotein expressed on the 
surface of mature B cells that have exited the 
bone marrow to enter the blood. CD20 is 
expressed on the surface of all B cells except 
stem cells and plasma cells that have returned to 
the bone marrow (Fig.  8.1). As such, targeting 
CD20 allows for selective elimination of B cells 
with subsequent B-cell regeneration from unaf-
fected stem cells, effectively rebooting the B-cell- 
driven immune response [2]. Likewise, the 
selective sparing of plasma cells allows for the 
preservation of immunoglobulin levels.

Rituximab (Rituxan®, Genentech, Inc.) is a 
chimeric mouse/human monoclonal antibody 
directed against the B lymphocyte surface anti-
gen CD20 (Fig. 8.2) [3]. Rituximab was initially 

Fig. 8.1 B-Cell CD20 Distribution
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developed and trialed for the treatment of B-cell 
lymphomas, and in 1997, it became the first ther-
apeutic monoclonal antibody approved by the 
Food and Drug Administration (FDA) for the 
treatment of non-Hodgkin’s lymphoma [4]. 
Given the important role B cells play in the 
pathogenesis of autoimmune disease, anti-CD20 
therapy has been extended to the treatment of 
autoimmune disease. Additional FDA indications 
for rituximab now include rheumatoid arthritis 
and ANCA-associated vasculitis (including gran-
ulomatosis with polyangiitis (GPA) and micro-
scopic polyangiitis (MPA)). Similarly, B-cell 
directed therapy, employed in an off-label fash-
ion, has shown promising results in the treatment 
of uveitis, scleritis, and orbital inflammatory 
disease.

Data to support the use of rituximab in treat-
ing uveitis are limited to case reports and case 
series. In these reports, uveitis was primarily 
associated with an underlying autoimmune disor-
der such as rheumatoid arthritis or juvenile idio-
pathic arthritis. An early case report detailed the 
successful use of rituximab in a 49-year-old 
woman with chronic, bilateral anterior uveitis 
refractory to corticosteroids and typical immuno-
therapeutics [5]. The same group later described 
their experience using rituximab in severe uveitis 
associated with juvenile idiopathic arthritis (JIA), 

demonstrating control of active disease in 7 of 10 
patients who were refractory to other typical 
immunosuppressive therapies [6].

The data supporting the use of rituximab in 
patients with scleritis and orbital inflammatory 
disease are perhaps stronger. Again, the effective 
use of rituximab was initially described in several 
case reports and case series [7, 8]. More recently, 
two-phase 1/2 clinical trials evaluated the effec-
tiveness of rituximab treatment for orbital inflam-
mation and refractory scleritis [9, 10]. In patients 
with noninfectious orbital disease, rituximab was 
safe and effective in 7 of 10 patients. Similarly, 
rituximab was effective for 9 of 12 patients with 
refractory, noninfectious scleritis. Treatment 
with rituximab in these patient groups was well 
tolerated, although some patients had peri- 
infusional worsening with initial infusions which 
did not affect the eventual outcome. The authors 
ascribed this phenomenon to a tumor lysis-like 
response due to widespread B-cell lysis and 
noted that adjunctive corticosteroids were useful 
in blunting this response. There is also literature 
suggesting benefit of rituximab therapy in the 
treatment of ocular cicatricial pemphigoid with 
the adjunctive use of intravenous immunoglobu-
lin [11].

Rituximab is administered by intravenous 
infusion, with patients typically receiving a 

Fig. 8.2 Rituximab 
Structure
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1000  mg dose followed by a repeat 1000  mg 
dose two weeks later [12]. Repeat dosing usually 
occurs at 6-month intervals, although this is 
often dependent on the initial response to ther-
apy and recurrence of disease activity. Data sug-
gest a role for the use of a reduced dose single 
infusion (500  mg) in maintenance dosing 
schemes [13]. Concomitant use of non-biologic 
immunotherapy is frequently employed, with 
methotrexate often used in combination with 
rituximab. In an effort to reduce the risk for infu-
sion reaction, pretreatment with acetaminophen, 
diphenhydramine, and intravenous methylpred-
nisolone is typical.

Data regarding the safety of rituximab is pri-
marily derived from its use in patients with rheu-
matoid arthritis [14]. With premedication and 
careful administration of a patient’s infusion, the 
risk for serious infusion reaction is minimal 
(<1%). As with all immunosuppressive agents, 
the use of rituximab engenders an increased risk 
for infection. Serious infection rates are low, esti-
mated at 2–3%. The risk for infection potentially 
increases with the development of hypogamma-
globulinemia, which is more commonly seen in 
patients receiving multiple courses of therapy 
[14]. As such, monitoring IgG levels in patients 
receiving multiple rounds of rituximab is a com-
mon practice [15].

Given the important role B cells play in con-
trol of viral-mediated infections, concern for 
reactivation of viral infection in patients receiv-
ing rituximab is high. Screening for hepatitis B 
exposure is recommended prior to initiation of 
rituximab therapy, with avoidance of use in those 
patients demonstrating evidence of prior expo-
sure (positivity for hepatitis B surface antibody 
(HBsAb) or hepatitis B core antibody (anti-HBc)) 
[16]. Rare, yet devastating, reactivation of JC 
virus leading to progressive multifocal leukoen-
cephalopathy (PML) has been reported [17]. The 
risk of reactivation is variable, and often reflects 
the underlying autoimmune condition. Given the 
widespread exposure to the JC virus and low risk 
of reactivation, serologic screening for JC virus 
exposure is not recommended. The use of live 
vaccines is not recommended during treatment 
with rituximab [18].

Other B-cell inhibitors in development or use 
for the treatment of inflammatory disease include 
the B-cell activating factor (BAFF) inhibitors 
belimumab (Benlysta, GlaxoSmithKline) as well 
as the fully humanized anti-CD20 blocker ocreli-
zumab (Genentech) [19]. There is no published 
evidence for the use of these newer agents in the 
treatment of ocular inflammation as of the time of 
this publication.

 Targeting T-Cell Activation

 Blocking Co-stimulation (Abatacept)

T cells play a vital role in the development and 
propagation of the normal immune response, and 
the aberrant immune response leading to autoim-
munity in a variety of clinical conditions. The acti-
vation of T cells requires not only the recognition 
of antigen, but also an important step of co-stim-
ulation. With appropriate co-stimulation, T-cell 
activation leads to differentiation, migration, and 
penetration of T cells into inflamed tissue. With 
additional T-cell proliferation, inflammatory 
cytokines are released, further regulating down-
stream immune responses. The initial signal in 
co-stimulation involves the presentation of anti-
gen to a corresponding T-cell receptor. The sec-
ond, obligatory signal, involves the interaction of 
an antigen-presenting cell surface ligand with a 
corresponding T-cell surface receptor (Fig.  8.3) 
[20]. Absence of this second signal results in 
T-cell anergy. One important co- stimulatory 
pathway involves the interaction of the antigen-
presenting cell (APC) CD80/86 molecular com-
plex with the T-cell receptor CD28, which, when 
expressed, serves as a positive co-stimulatory 
signal [21]. Cytotoxic T-lymphocyte-associated 
antigen (CTLA4), serves as an important down-
regulator of this positive co-stimulatory pathway 
[22]. When expressed, CTLA4 binds to CD80/86 
with a significantly higher affinity than CD28, 
resulting in blockade of the obligatory co-stim-
ulatory signal (Fig. 8.4). T-cell activation results 
in increased expression of CTLA4 providing the 
mechanism for a negative, downregulatory pro-
cess in the immune response [23].
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Abatacept (Orencia®, Bristol-Meyers Squibb 
Company), is a fully human fusion protein com-
prising the extracellular portion of cytotoxic 
T-lymphocyte-associated antigen-4 (CTLA4) and 
the Fc fragment of IgG1 (Fig. 8.5). As such, abata-
cept exploits the T-cell co-stimulation pathway 
through its ability to bind to CD80/86 on the APC, 
preventing proper interaction of co- stimulatory 
molecules with the T cell, and therefore, down-
regulating T-cell activation (Fig. 8.6). Abatacept is 
FDA-approved for use in patients with rheumatoid 

arthritis, psoriatic arthritis, and JIA who do not 
respond adequately to methotrexate.

Several case reports and case series document 
the use of abatacept in JIA-associated uveitis [24, 
25]. One case series describes its use in 7 patients 
with JIA-associated uveitis refractory to typical 
immunosuppressive and anti-TNF therapies. The 
use of abatacept resulted in sustained improvement 
in all but one patient, and treatment was well toler-
ated [26]. A subsequent update on the progress of 
these patients, with a median follow-up of 

Fig. 8.3 T-Cell 
Activation Requires 
Co-stimulation. APC 
Antigen-Presenting Cell, 
MHC Major 
Histocompatibility 
Complex, TCR T-Cell 
Receptor

Fig. 8.4 CTLA4 Blocks 
T-Cell Co-stimulation. 
APC Antigen-Presenting 
Cell, MHC Major 
Histocompatibility 
Complex, TCR T-Cell 
Receptor
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21 months, revealed that 5 of these 6 patients dem-
onstrated a sustained response. One patient relapsed 
as manifest by increased arthritis and uveitic activ-
ity [27]. A subsequent report of 2 patients with 
refractory JIA-associated uveitis supported these 
findings, and suggested a more sustained response, 
with remission extending to 16  months in one 
patient [28]. A more recent study published by the 
European Multinational Interdisciplinary Working 
Group for Uveitis in Childhood published a retro-
spective study of 21 children with active uveitis, 18 
of whom also had active arthritis [29]. Arthritis 
inactivity was achieved in 7 of 18 patients, while 
uveitis inactivity was achieved in 11 of 21, but 
recurred later in 8 patients, while remaining active 

in 10. Systemic corticosteroids or immunosuppres-
sion were tapered in 3 patients, but uveitis recurred 
in all of them during further follow-up.

Abatacept is available in both subcutaneous and 
intravenous formulations. Intravenous dosing is 
weight-based and generally occurs at 4-week inter-
vals after an initial loading schedule (0, 2, and 
4 weeks) [30]. Interestingly, the use of abatacept 
for the treatment of JIA-associated uveitis at a 
reduced frequency (infusions every 6–7  weeks) 
demonstrated sustained efficacy [26]. Infusions are 
quickly administered, typically taking 30–45 min-
utes. Infusion reactions are uncommon, and there-
fore, premedication is generally not required. 
Subcutaneous dosing may be administered as ini-
tial therapy or after a loading IV infusion, and 
injections are given weekly at a dose of 125 mg.

Rates of serious infection are similar to other 
biologic agents, with perhaps a lower risk for 
reactivation of tuberculosis [31]. An exception 
may exist in patients with chronic obstructive 
pulmonary disease (COPD), where pneumonia 
was noted to develop at an increased rate com-
pared to patients without COPD [32]. In patients 
with rheumatoid arthritis, the use of abatacept 
was not associated with an increased risk for 
malignancy [33]. As with all biologic immuno-
therapies, administration of live vaccines while a 
patient is receiving abatacept is not recom-
mended. As with rituximab, the use of abatacept 
in patients with rheumatoid arthritis was associ-
ated with a reduced response to inactivated vac-
cines (e.g., conjugated pneumococcal vaccine) 
[34]. (Table 8.1). Both in the case of rituximab 

Fig. 8.5 Abatacept 
(CTLA4lgG1)

Fig. 8.6 Abatacept (CTLA4lg) Blocks T-Cell Co-stimulation. 
APC Antigen-Presenting Cell, MHC Major Histocompatibility 
Complex, TCR T-Cell Receptor
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and abatacept, co-administration with other bio-
logics has not been demonstrated as safe or effec-
tive, and consecutive use should be undertaken 
with caution, with washout periods on the order 
of five half-lives of the respective drugs a reason-
able consideration.
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Targeting Interleukin-6 in Ocular 
Inflammatory Diseases

Marina Mesquida, Victor Llorenç, 
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 Introduction

Interleukin-6 (IL-6) was identified three decades 
ago by Kishimoto and colleagues as a T-cell- 
derived factor inducing activated B cells to dif-
ferentiate into antibody-producing cells [1]. IL-6 
is a soluble mediator formerly known as B-cell 
stimulatory factor (BSF-2), interferon (IFN)-beta 
2, and hepatocyte stimulating factor, based on the 
above-stated function, antiviral activity, and 
acute phase protein synthesis, respectively [2]. 
When the BSF-2 complementary DNA was suc-
cessfully cloned in 1986 [3], it turned out that 
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Pearls
• Serum and intraocular levels of IL-6 are 

significantly elevated in patients with 
active noninfectious uveitis and decrease 
during remission, thus implying that IL-6 
has an active role in chronic disease.

• Studies about the role of IL-6 in the devel-
opment of macular edema have shown 
that elevated intraocular levels of both 
VEGF and IL-6 were correlated with the 
presence and severity of macular edema 
in different conditions (uveitis, diabetic 
retinopathy, retinal vein occlusion).

• Tocilizumab is a fully humanized anti-
body that binds both to soluble and 
membrane-bound IL-6R.  It has been 
approved for the treatment of RA and 
JIA, and is currently under investigation 
on several clinical trials for a wide vari-
ety of autoimmune conditions, includ-
ing uveitis and thyroid eye disease.

• The clinical success of tocilizumab as 
the first biologic to target IL-6 has trig-
gered the development of new therapies 
blocking IL-6, and presently a number 
of novel IL-6/IL-6R inhibitors are being 
tested in clinical trials and preclinical 
studies.
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these molecules with different names studied by 
various groups were in fact identical, resulting in 
the single name IL-6 [2]. Since its molecular dis-
covery, major advances have taken place in 
understanding the biology of IL-6 and its funda-
mental role in inflammation, immune regulation, 
hematopoiesis, host defense, homeostasis, and 
tissue regeneration. IL-6 is often referred to as a 
pleiotropic cytokine being produced by a wide 
range of hematopoietic and somatic cells that 
influences numerous cell types with multiple bio-
logical functions. However, abnormal IL-6 pro-
duction has been associated with the development 
of a wide variety of systemic immune-mediated, 
chronic diseases, and even neoplasms [1]. From 
the ocular perspective, significant elevation of 
IL-6 has been found in aqueous (AqH) or vitre-
ous humor derived from diabetic macular edema 
(DME), retinal vein occlusion (RVO), and refrac-
tory/chronic uveitis patients [4–6]. Over the last 
decade, tocilizumab, a humanized monoclonal 
antibody (mAb) that binds the IL-6 receptor (IL- 
6R), has gained approval for the treatment of 
rheumatoid arthritis (RA) in more than 100 coun-
tries worldwide [7]. It is also approved for the 
treatment of systemic and polyarticular juvenile 
idiopathic arthritis (sJIA and pJIA, respectively), 
and for Castleman’s disease in Japan. 
Furthermore, it has been reported to be effective 
in various immune-mediated disorders including 
noninfectious uveitis and its associated macular 
edema [4]. Due to the clinical success of IL-6- 
blockade, a number of new biologics targeting 
IL-6 signaling are currently being tested in clini-
cal trials or in preclinical studies. It is expected 
that this strategy will have wider applicability in 
numerous immune-mediated diseases [7–9].

 IL-6 Biology

 IL-6 Signaling Pathways

Human IL-6 is a 26  kDa protein made up of 
212 amino acids codified by a gene located in 
chromosome 7p21 [7]. The biology and sig-
naling of IL-6 are now better comprehended 
principally due to the outstanding work of Dr. 

Tadamitsu Kishimoto from Osaka University 
and Dr. Stefan Rose-John from the University 
of Kiehl. IL-6 triggers signal transduction after 
binding the IL-6 receptor (IL-6R). There are 
two forms of the IL-6R, the 80 kDa transmem-
brane receptor protein and the 55  kDa soluble 
form (sIL6-R). During the so-called classic sig-
naling, IL-6 binds its cognate transmembrane 
IL-6R forming the IL-6/IL-6R complex [7–9]. 
Signaling is only initiated when the IL-6/IL-6R 
complex associates with a second protein, the 
130  kDa transmembrane glycoprotein named 
gp130 [10]. The association of gp130 with IL-6/
IL-6R leads to the formation of the high affinity 
activated IL-6/IL-6R/gp130 complex, adopting 
a hexameric structure consisting of two mol-
ecules each of IL-6, IL-6R, and gp130, thereby 
triggering the initiation of the intracellular sig-
nal transduction pathway via activation of Janus 
kinase (JAK) and signal transducer and activator 
of transcription 3 (STAT3) as well as the JAK-
SHP2-Ras-mitogen-activated protein kinase 
(MAPK) pathways, eliciting the downstream 
signal cascade leading to specific changes of 
intra-nuclear gene expression of various sets of 
IL-6-responsive genes [10]. The activation of 
STAT3  in turn induces the suppressor of cyto-
kine signaling 1 (SOCS1) and SOCS3, which 
bind tyrosine-phosphorylated JAK and gp130 
respectively, to stop IL-6 signaling by means 
of a negative feedback loop, as a mechanism of 
counter-regulation [11, 12].

In the last years, a new paradigm in IL-6 signal-
ing has been elucidated [12, 13]. In addition to the 
signaling through the membrane-bound IL-6R 
(classic signaling), IL-6 can provide signal trans-
duction in cells lacking the cognate transmembrane 
IL-6R through binding the sIL-6R in association 
with gp130, in the so-called trans- signaling path-
way [13]. Whilst it is known that almost all cells of 
the body express gp130, only few cells possess the 
transmembrane IL-6R, mainly hepatocytes and 
some leukocyte subpopulations (monocytes, neu-
trophils, T cells, and B cells). In trans-signaling, 
IL-6 binds the sIL-6R, and the IL-6/sIL-6 complex 
subsequently binds gp130 on cells that do not 
express the transmembrane IL-6R (and are there-
fore unable to respond to IL-6  in the absence of 
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sIL-6R) [12]. In other words, this pathway allows 
cells that do not express surface IL-6R to respond 
to the presence of IL-6 [13].

To ensure that IL-6/sIL-6R trans-signaling is 
tightly regulated, there is counter-regulation by a 
soluble form of gp130 (sgp130), present at high 
concentrations in serum of healthy individuals 
(range, 250–400 ng/ml), as part of the physiolog-
ical IL-6 buffer in the blood [13, 14]. This natural 
inhibitor forms a complex with IL-6/sIL-6R, pre-
venting the binding of IL-6/sIL-6R to membrane- 
bound gp130 [12–14].

It is believed that the pleiotropic effect of IL-6 
derives from the broad range of cells expressing 
gp130, which highlights the importance of trans- 
signaling [13]. The signal-transducing protein 
gp130 is shared by all members of the IL-6 cyto-
kine family (including IL-35, IL-27, IL-11, leuke-
mia inhibitory factor, oncostatin M, ciliary 
neurotrophic factor, among others). The fact that all 
the IL-6 family members use gp130 as a  common 
signal transducer suggests why the aforementioned 
cytokines display pleiotropy and redundancy [14]. 
In summary, IL-6 binding to its transmembrane 
receptor leads to the activation of the so-called 
classic signaling pathway, whereas the IL-6/sIL-6R 
complex triggers the so-called trans-signaling path-
way. Various studies have shown that classic sig-
naling via the membrane- bound receptor is 
regenerative and protects from bacterial infections, 
whereas trans-signaling via the soluble receptor is 
inflammatory [15]. Therefore, it has been hypoth-
esized that the sole blockade of IL-6 trans-signal-
ing may be more beneficial than global IL-6 
inhibition, maintaining the regenerative functions 
of IL-6 and specifically suppressing only patho-
physiologic inflammatory activity [13, 15].

 IL-6 Biological Functions

IL-6 is an essential mediator in host defense against 
environmental stress, alerting about the occurrence 
of an emergent event and sending out a warning 
sign to the entire body [9]. Under physiological 
conditions IL-6 is barely detectable in serum 
(1–5 pg/ml), although its levels can increase more 
than 100,000-fold during early phases of inflam-

mation [8, 9]. A myriad of cell types in the body 
can synthesize IL-6, including cells of the innate 
immune system such as neutrophils and mono-
cytes/macrophages. As mentioned, IL-6 is impor-
tant in the integrated host defense against numerous 
pathogens including bacteria, fungi, viruses, and 
mycobacteria [16]. During infectious inflamma-
tion, IL-6 is promptly produced by monocytes and 
macrophages after the stimulation of Toll-like 
receptors (TLRs) with distinct pathogen-associated 
molecular patterns (PAMPs) [17]. In noninfectious 
inflammation such as burn or traumatic injury, 
damage- associated molecular patterns (DAMPs) 
from injured or dying cells stimulate TLRs to pro-
duce IL-6 [17]. PAMPs and DAMPs stimulate a 
number of signaling pathways including NF-κB, 
and upregulate the transcription of the mRNA of 
inflammatory cytokines such as IL-6, tumor necro-
sis factor alpha (TNF-α), and IL-1β. TNF-α and 
IL-1β in turn can activate transcription factors to 
synthesize IL-6 [13]. The local encounter of these 
innate immune cells with danger signals in early 
stages of the immune response is thereby translated 
into systemic dissemination of IL-6 through the 
bloodstream and the rapid elevation of serum IL-6 
levels [8]. Liver hepatocytes respond to the IL-6 
stimulus inducing the synthesis of acute-phase pro-
teins such as C-reactive protein (CRP), serum amy-
loid A, fibrinogen, haptoglobin, and 
alpha-1-antichymotrypsin [18]. CRP is a well-
known biomarker of inflammation and is used as 
such in clinical laboratory tests. Importantly, its 
expression principally depends on IL-6 [19]. 
Alpha-1-antichymotrypsin and serum amyloid A 
persistent elevation may lead to the generation of 
amyloid A amyloidosis and amyloid fibril deposi-
tion, which have been related to the deterioration of 
various organs and pathogenesis of Alzheimer’s 
disease [20, 21]. IL-6 also stimulates hepcidin pro-
duction, which antagonizes the action of the iron 
transporter ferroportin 1 on the gut, therefore 
reducing serum iron levels, suggesting that the 
IL-6-hepcidin axis is responsible for the hypofer-
remia and anemia associated with chronic inflam-
mation [22]. In addition, IL-6 upregulates the 
expression of zinc importer ZIP14, favoring the 
hypozincemia seen in chronic inflammation [23]. 
Conversely, IL-6 downregulates the expression of 
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fibronectin, albumin, and transferrin [24]. These 
changes in acute phase response protein levels are 
used for the evaluation of inflammation severity in 
routine clinical laboratory tests. Apart from its role 
in host defense, IL-6 has many other relevant bio-
logical functions. In hematopoiesis, IL-6 induces 
maturation of megakaryocytes into platelets and 
activation of stem cells [25]. IL-6 generated in the 
bone marrow stromal cells upregulates the receptor 
activator of nuclear factor kappa-B ligand 
(RANKL), which activates osteoclasts leading to 
bone resorption and osteoporosis [26]. In addition 
to immune cells, many other cell types are involved 
in the production of IL-6  in response to various 
stimuli, including mesenchymal cells, endothelial 
cells, adipocytes, and fibroblasts. Importantly, the 
production of IL-6 in inflamed tissues induces an 
excess of vascular endothelial growth factor 
(VEGF), which results in increased angiogenesis 
and vascular permeability [27]. Upon IL-6 stimula-
tion, endothelial cells release chemokines to induce 
recruitment of more immune cells. In dermal kera-
tinocytes, IL-6 promotes their proliferation and 

fibroblast collagen production, which may contrib-
ute to the pathogenesis of autoimmune diseases 
such as psoriasis, systemic sclerosis, and thyroid 
eye disease [28, 29]. Table 9.1 summarizes the IL-6 
principal biological functions.

 IL-6 in Immunity and Inflammation

B cells are stimulated under the influence of IL-6. 
Indeed, plasmocytoid dendritic cells can produce 
IL-6, thereby promoting the differentiation of B 
cells into antibody-producing plasma cells [1, 2]. 
On the other hand, IL-6 may indirectly induce 
antibody production by triggering the synthesis 
of IL-21 by CD4+ T cells to drive STAT3- 
dependent plasma cell differentiation in B cells 
[30]. Moreover, IL-6 constitutes a key regulator 
of CD4+ T-cell differentiation. It maintains the 
balance between Th1 and Th2 effector functions, 
inhibiting Th1 differentiation through interfering 
with IFN-γ production by upregulation of SOCS1 
or SOCS3 in CD4+ T cells [30, 31], and promot-

Table 9.1 IL-6 biological functions

IL-6 
production 
site Action Target Biological effect Possible clinical implication References
Liver 
hepatocytes

Stimulation C-reactive protein Endothelial 
dysfunction

Atherothrombosis [18, 19]

Serum amyloid A Amyloid-fibril 
deposition

Amyloid A amyloidosis [20]

alpha1- 
antichymotrypsin

Amyloid-fibril 
formation

Alzheimer’s disease [21]

Fibrinogen Hypercoagulation Cardiovascular disease
Haptoglobin Reduced serum iron 

levels
Iron deficiency anemia 
associated with chronic 
inflammation

[22]

ZIP14 Enhances zinc 
importer

Hypozincemia associated 
with chronic inflammation

[23]

Inhibition Fibronectin Cell adhesion and 
migration

Abnormal would healing, 
tumorigenicity

Albumin Hypoalbuminemia Edema
Transferrin Reduced iron 

transport
Iron deficiency anemia 
associated with chronic 
inflammation

[24]

Bone 
marrow

Stimulation Megacaryocyte 
maturation

Increased platelet 
count

Thrombocytosis associated 
with inflammation

[25]
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ing Th2 differentiation by the synthesis of two 
Th2-type cytokines, IL-4 and IL-13 [32].

Importantly, in combination with transform-
ing growth factor-beta (TGF-β), IL-6 promotes 
the differentiation of Th17 cells, which play a 
crucial role in the induction of autoimmune tissue 
injury by activating transcription factors such as 
retinoic acid-related orphan receptor (ROR)γt 

and ROR-α [33]. IL-6 is also considered a regula-
tor of the balance between Th17 and T regulatory 
cells (Treg), inhibiting Treg differentiation 
induced by TGF-β [34]. The resultant Th17/Treg 
imbalance leads to the breakdown of immuno-
logical tolerance and is of pathological relevance 
for the development of various autoimmune and 
chronic inflammatory diseases [35].

Table 9.1 (continued)

IL-6 
production 
site Action Target Biological effect Possible clinical implication References
Immune 
system

Stimulation CD4 T-cell 
differentiation into 
Th17

IL-17 production Autoimmune diseases 
(including noninfectious 
uveitis)

CD4 T follicular 
cell differentiation

IL-21 production IgG4-related disease 
(including orbital 
inflammatory disease)

CD8 T-cell 
differentiation into 
cytotoxic T-cell

[37]

B-cell 
differentiation into 
plasma B cell

Antibody 
production

Hypergammaglobulinemia 
and autoantibody production, 
multiple myeloma

Inhibition CD4 T-cell 
differentiation into 
Th1

Balance toward Th2 
differentiation

TGF-beta-induced 
Treg 
differentiation

Decreased Treg 
count

Autoimmune diseases 
(including noninfectious 
uveitis)

[34]

Synovial 
fibroblast

Stimulation RANKL Activation of 
osteoclasts

Bone resorption and 
osteoporosis

[26]

VEGF Increased 
angiogenesis and 
vascular 
permeability

Edema, neovascularization [27]

Skin Stimulation Keratinocyte 
proliferation

Increased keratosis Psoriasis [28]

Dermal fibroblasts Increased collagen 
production

Systemic sclerosis

Eye Stimulation VEGF Increased vascular 
permeability

Blood-retinal barrier 
breakdown and macular 
edema pathogenesis

CD4 T-cell 
differentiation into 
Th17

IL-17 production Autoimmune uveitis [68]

Abbreviations: CD cluster of differentiation, IL-17 interleukin-17, IL-21 interleukin-21, RANKL receptor activator of 
nuclear factor kappa-B ligand, TGF-beta transforming growth factor beta, Th1 T helper 1 cells, Th2 T helper 2 cells, 
Th17 T helper 17 cells, VEGF vascular endothelial growth factor
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In addition, IL-6 is implicated in the early dif-
ferentiation process of T follicular helper cells 
(Tfh), which is considered to be the principal Th 
cell subset that supports the germinal center for 
the induction, affinity maturation, and generation 
of memory B cells as well as long-lived plasma 
cells [36]. IL-6 can also induce naïve/rested CD8+ 
T cells to be activated and acquire cytotoxic func-
tion [37].

 IL-6 in Disease Pathogenesis

As it has been previously discussed, IL-6 is a 
pleiotropic cytokine performing a broad range of 
biological activities in inflammation, immune reg-
ulation, hematopoiesis, and oncogenesis [1, 8, 9]. 
Cytokines such as IL-6 are essential for life, and 
under physiological conditions its production has 
tight negative regulatory mechanisms. However, 
abnormal overproduction of IL-6 has been found 
responsible for the pathogenesis of various auto-
immune, chronic inflammatory diseases, and even 
cancers [38]. In the late 1980s, Kishimoto’s group 
from Osaka University reported the excessive pro-
duction of IL-6 in the synovial tissues of patients 
with RA [39], and in the hyperplastic lymph nodes 
of patients with Castleman’s disease [40]. 
Individuals suffering from this condition can dis-
play severe inflammatory symptoms including 
fever, anemia, increased levels of acute-phase pro-
teins, and hypergammaglobulinemia, suggesting 
that the generation of IL-6 by cells in germinal 
centers of hyperplastic lymph nodes may be the 
key element responsible for the variety of clinical 
symptoms in this disease [40]. In 1990 it was 
found that cardiac myxoma, a benign heart tumor, 
can produce large amounts of IL-6, which could 
explain the systemic inflammatory symptoms that 
patients with this condition may suffer [41]. The 
reason(s) why such dysregulated, continuous IL-6 
production is induced remains to be clarified. 
Elucidation of mechanisms underlying this abnor-
mal, persistent IL-6 synthesis in such disparate 
diseases is of particular importance to tailor treat-
ment and such investigations are in progress. 
Table  9.2 summarizes clinical diseases in which 
IL-6 plays a role in pathogenesis.

 Targeting the IL-6 Response: From 
Bench to Bedside

In the past decades, the blockade of TNF-α with 
different biologics has revolutionized the treatment 
of autoimmune diseases such as RA and inflamma-
tory bowel disease, leading to the concept of TNF-α 
as a master cytokine in these conditions. However, 
in spite of their remarkable clinical success, a num-

Table 9.2 IL-6 role in disease pathogenesis

Autoimmune/immune- 
mediated inflammatory 
diseases

Rheumatoid arthritis
Juvenile idiopathic arthritis 
and Still’s disease
Castleman’s disease
Systemic sclerosis
Inflammatory myopathies
Large vessel vasculitis
Systemic lupus 
erythematosus
Relapsing polychondritis
Cogan’s syndrome
Polymyalgia rheumatica
Ankylosing spondylitis
Behçet’s disease
Inflammatory bowel disease
Graft-versus-host disease
Autoimmune hemolytic 
anemia
Acquired hemophilia A
IgG4-related disease
Atherosclerosis
Diabetes mellitus
Amyloid A amyloidosis

Autoinflammatory 
diseases

TNF-receptor-associated 
periodic syndrome
Chronic inflammatory 
neurological cutaneous 
articular syndrome (CINCA)

Neoplastic diseases Cardiac myxoma
Multiple myeloma
Colorectal cancer
Prostate cancer

Neurological diseases Alzheimer’s disease
Multiple sclerosis
Neuromyelitis optica

Ocular diseases Uveitis
Diabetic retinopathy
Retinal vein occlusion
Macular edema
Thyroid eye disease
Cogan’s syndrome
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ber of patients remain unresponsive/intolerant to 
the TNF-α blockers, and therefore other treatment 
strategies are needed. Because of the biological 
activities of IL-6 and its prominent pathogenic role 
in various diseases, it was anticipated that IL-6 
inhibition would constitute a promising novel treat-
ment strategy for immune-mediated conditions 
[42]. Tocilizumab (Actemra outside the EU, and 
RoActemra inside the EU) is the first biologic 
designed to target IL-6 signaling. It is a humanized 
mAb developed by grafting the complimentary- 
determining regions of mouse anti-human IL-6R 
antibody onto human IgG1 [42]. Tocilizumab 
blocks IL-6-mediated signaling by binding to both 
soluble and transmembrane IL-6 receptors. It 
reduces IL-6 pleiotropic actions such as T-cell acti-
vation, Th17 differentiation (and resultant Th17/
Treg misbalance), antibody secretion, and hepatic 
acute phase protein production such as CRP [35, 
42]. Indeed, CRP level is a hallmark for checking 
whether IL-6 activity is completely blocked in vivo 
[8]. Tocilizumab was originated by the Japanese 

company Chugai Pharmaceutical in the 1990s by 
Tadamitsu Kishimoto and collaborators. In 1997 
the first clinical trial in RA was conducted in Japan, 
and soon afterwards trials in Castleman’s disease 
and sJIA commenced [42]. In 2002, a majority 
share in Chugai Pharmaceutical was acquired by 
Roche. It gained its first approval in 2005 to treat 
Castleman’s disease in Japan, which was followed 
by subsequent approvals for RA, sJIA, and poliar-
ticular JIA (pJIA) in the forthcoming years. 
Tocilizumab has been authorized by the food and 
drug administration (FDA) and the European med-
icines agency (EMA) for the treatment of patients 
with RA who have active disease despite having 
been treated with one or more disease modifying 
anti-rheumatic drugs (DMARDs), including other 
biologic response modifiers such as TNF inhibitors 
or methotrexate. It has also gained indication for 
use in children 2 years or older with sJIA. At pres-
ent, tocilizumab is approved in more than 100 
countries worldwide [42]. Table 9.3 depicts a brief 
history of IL-6, from bench to bedside.

Table 9.3 Brief history of IL-6: from bench to bedside

Milestone Year Authors (if applicable)
First report of the existence of soluble factors for the enhancement of IgG and IgE 
antibody responses

1973 Kishimoto and Ishizaka

Cloning of the IL-6 gene 1986 Hirano et al.
IL-6 found in cardiac myxoma tissue 1987 Hirano et al.
IL-6 found in synovial fluid in RA 1988 Houssiau et al.
Cloning of the IL-6 receptor 1988 Hirano et al.
IL-6 involved in lymph nodes in Castleman’s disease 1989 Yoshizaki et al.
Cloning of gp130 1990 Hirano et al.
gp130 found to be a common signal transducer for IL-6 cytokine family 1991 Murakami et al.
Cloning of STAT3 1994 Akira et al.; Zhong et al.
Chugai Pharmaceutical begins the clinical development of TCZ 1997
TCZ first clinical trial for RA in Japan 1997
TCZ first clinical trial for Castleman’s disease in Japan 2001
TCZ first clinical trial for sJIA in Japan 2002
Hoffmann–La Roche reaches agreement with Chugai Pharmaceutical 2003
TCZ (iv) approved for Castleman’s disease in Japan 2005
TZC (iv) approved for RA, pJIA, and sJIA in Japan 2008
TCZ (iv) approved for RA in EU 2009
TCZ (iv) approved for RA in USA 2010
TCZ (iv) approved for sJIA and pJIA in EU and USA 2011
TCZ (sc) approved for RA, sJIA, pJIA, and Castleman’s disease in Japan 2013
TCZ (sc) approved for RA, sJIA, and pJIA in EU and USA 2014
TCZ approved in >100 countries worldwide 2015

Abbreviations: IL-6 interleukin-6, STAT3 signal transducer and activator of transcription 3, pJIA polyarticular juvenile 
idiopathic arthritis, RA rheumatoid arthritis, sJIA systemic juvenile idiopathic arthritis, TCZ tocilizumab, EU European 
Union, USA United States of America
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Apart from RA, sJIA, and Castleman’s dis-
ease, published studies have suggested that 
 tocilizumab may have broader application for 
other chronic, immune-mediated diseases. 
Indeed, off- label use of tocilizumab has been 
reported in lupus erythematosus, systemic sclero-
sis, inflammatory myopathies, systemic vasculi-
tis, Behcet’s disease, relapsing polychondritis, 
polymyalgia rheumatica, acquired hemophilia A, 
autoimmune hemolytic anemia, amyloid A amy-
loidosis, graft- versus- host disease, IgG4-related 
disease, as well as other non-organ-specific 
immune-related conditions such as atherosclero-
sis and diabetes mellitus [7–9, 42]. In addition, 
IL-6 blockade may be useful for neoplastic disor-
ders such as cardiac myxoma, multiple myeloma, 
colorectal cancer, and prostate cancer [38]. All 
the aforementioned studies are not licensed and 
therefore must await formal clinical trials.

 Dosing and Administration

Tocilizumab may be given through two different 
routes of administration: intravenous (iv) infu-
sions or subcutaneous (sc) injections. Intravenous 
tocilizumab is registered for use in RA (alone or 
in combination therapy with other DMARDs), 
sJIA, pJIA, and Castleman’s disease, and its dose 
is adjusted according to the patient’s weight. The 
starting dose in adults is 4 milligrams (mg) of 
tocilizumab per kilogram (kg) of body weight 
(4 mg/kg), but the dose can be increased to 8 mg/
kg if needed. In children, the recommended dose 
is 8  mg/kg in those weighing over 30  kg (66 
pounds) and 12  mg/kg in those under 30  kg. 
Tocilizumab iv infusions are usually given every 
4  weeks (q4w), although for children with JIA 
dosing can be as frequent as every 2 weeks (q2w) 
[7]. Subcutaneous tocilizumab constitutes a 
desirable alternative due to its ambulatory admin-
istration [43]. Its efficacy has been evaluated in 
three randomized controlled trials (RCT): 
BREVACTA, MUSASHI, and SUMMACTA, 
which demonstrated noninferiority compared to 
the iv route utilizing the following dosing: sc 
tocilizumab 162 mg injections q2w is equivalent 
to iv tocilizumab 4  mg/kg q4w; and sc tocili-

zumab 162 mg weekly injections is equivalent to 
iv 8 mg/kg q4w) [43, 44]. Subcutaneous tocili-
zumab is approved by the FDA and the EMA for 
use in RA but not for sJIA or pJIA yet.

 Safety Profile of IL-6 Inhibition

The safety of IL-6 blockade both in clinical trials 
and in the “real-world” setting has been exten-
sively reviewed [43–45]. The most frequently 
reported adverse events associated with tocili-
zumab are infections, infusion reactions, and gas-
trointestinal perforations [45–47]. Perhaps the 
most concerning potential side effect with tocili-
zumab therapy is the risk of infection, as it is with 
most biologic drugs. IL-6 is important in the host 
defense against numerous pathogens including 
bacteria (and mycobacteria), fungi, and viruses 
[2]. On the basis of this knowledge, it is not sur-
prising that IL-6 blockade with tocilizumab has 
been associated with an increase in serious and 
opportunistic infections. Of note, these infection 
rates are similar to those seen with TNF inhibi-
tors and other biologic agents in the treatment of 
RA and do not increase over time [45–48]. The 
most frequently reported infections are pneumo-
nia, herpes zoster, acute bronchitis, and pyelone-
phritis. In a meta-analysis of six randomized, 
controlled trials of tocilizumab 4 and 8  mg/kg, 
Campbell et  al. found that the risk of infection 
was significantly higher than in the placebo or 
control group (odds ratio 1.30, 95% CI 1.07–
1.58) [47]. In patients treated with tocilizumab, 
active infections should be ruled out before treat-
ment is commenced. Reactivation of tuberculosis 
(TB) during tocilizumab therapy occurs at 0.23 
cases per 100 patient-years, and is low compared 
to anti-TNF therapy [45]. Nonetheless, it still 
remains a concern and screening for prior expo-
sure to TB is recommended before starting tocili-
zumab therapy as well as hepatitis B serology. 
Patients diagnosed with latent TB should undergo 
prophylaxis treatment before starting tocilizumab 
infusions. In case of developing a severe active 
infection once treatment with tocilizumab has 
been initiated, therapy should be interrupted. 
Screening and monitoring for TB and any other 
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infection should be performed during treatment 
with tocilizumab [45–48].

Blockade of IL-6 with tocilizumab has also 
been associated with an increased risk of gastro-
intestinal perforations, which may occur pre-
dominantly in the large bowel [49]. The reported 
rate of serious gastrointestinal perforation in the 
global post-marketing safety database popula-
tion was estimated to be at least 0.15 (95% con-
fidence interval: 0.12, 0.18) events per 100 
patient-years (PY) [48]. Therefore, tocilizumab 
should be used with caution in patients with a 
history of intestinal ulceration or diverticulitis. 
In case of signs or symptoms of abdominal pain, 
gastrointestinal hemorrhage, fever or changes in 
bowel movement habits, prompt evaluation 
should be performed in order to discard gastroin-
testinal disease and a risk of concomitant perfo-
ration [48, 49].

With regards to laboratory abnormalities, 
tocilizumab, especially when used with metho-
trexate, may cause an increase in hepatic trans-
aminase levels [48]. Although no increased risk 
of clinical hepatitis was noted, the initiation of 
treatment with tocilizumab should be evaluated 
carefully in patients with hepatic transaminases 
1.5 fold higher than normal serum values and it is 
not recommended at all when the serum levels 
are fivefold higher than normal [48]. In addition, 
treatment with tocilizumab is known to be associ-
ated with a reduction in peripheral blood neutro-
phil counts and a higher incidence of neutropenia 
[50, 51]. Mechanistic hypotheses include inhibi-
tion of IL-6-induced neutrophil survival, down-
regulation of other inflammatory cytokines, and 
facilitation of neutrophil migration from the cir-
culation into tissues [50]. Paradoxically, the 
effects of tocilizumab on neutrophils may repre-
sent a therapeutic effect (as found in inflamed RA 
joints) rather than an adverse event [51].

 Tocilizumab Safety in Pediatric 
Patients

A recent study from Yokota et  al. reported the 
results of the safety and effectiveness of iv tocili-
zumab in sJIA from 1 year of post-marketing sur-

veillance follow-up of 417 patients in a real-world 
setting [46]. The median age was 11.2 years. The 
overall incidence rate per 100 PYs for all serious 
adverse events (SAE) was 62.3. The most com-
mon SAEs were infections, with a rate of 
18.2/100 patient-years, mostly bacterial pneumo-
nia. The second most common SAEs were blood 
and lymphatic disorders, with a rate of 9.8/100 
PYs. Of note, eight patients experienced serious 
infusion reactions, which occurred between the 
second and the fourth tocilizumab infusions. Six 
out of eight patients were tested for anti-drug 
antibodies, and five were positive. In conclusion, 
the results of this study demonstrated that tocili-
zumab was well tolerated and its safety profile 
was within an acceptable range for pediatric 
patients with sJIA [46].

 Safety of Subcutaneous Versus 
Intravenous Tocilizumab

Recently, Burmester et  al. have reported the 
safety of sc versus iv tocilizumab in combination 
with traditional DMARDs in patients with RA, 
showing that sc safety is similar to iv, albeit with 
a high frequency of injection site reactions. With 
careful patient selection, the benefit:risk ratio is 
apparently favorable, offering patients a conve-
nient ambulatory administration route [44].

 The New IL-6 Inhibitors

The launch of tocilizumab in 2010 as the first 
biological drug to target IL-6 constituted a key 
alternative to TNF-α blockers and its clinical suc-
cess aroused the interest of the pharmaceutical 
industry for the investigation of other IL-6- 
blocking strategies. Indeed, at present a number 
of novel IL-6/IL-6R inhibitors are being tested in 
clinical trials and preclinical studies. These strat-
egies include (1) targeting IL-6 itself with siruku-
mab, siltuximab, olokizumab, clazakinumab, and 
EBI-031; and (2) targeting the IL-6R with sari-
lumab and ALX-0061. Table  9.4 illustrates the 
ongoing clinical trials with tocilizumab and the 
latest IL-6 inhibitors.

9 Targeting Interleukin-6 in Ocular Inflammatory Diseases
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 Agents Targeting IL-6

Sirukumab is a fully human mAb directed 
against IL-6. Results from a phase II (proof-of-
concept and dose-finding) study in patients 
with active RA despite methotrexate therapy 
have been recently published [52]. Sirukumab 
given subcutaneously 100 mg q2w achieved the 
primary endpoint of ACR50 (which refers to a 
50% improvement in RA activity as determined 
by the American College of Rheumatology 
score) at week 12 (26.7% versus 3.3% with pla-
cebo) [52]. Currently, sirukumab is being tested 
in phase III clinical trials in patients with RA 
and giant cell arteritis, and phase II trials for 
major depressive disorder and active lupus 
nephritis.

Siltuximab is a chimeric mAb that targets 
IL-6. It is approved for the treatment of patients 
with multicentric Castleman’s disease by the 
FDA with the dose of 11 mg/kg intravenous infu-
sion q3w. Siltuximab can neutralize the IL-6 
effect in a number of human malignancies, reduc-
ing cancer-related anorexia and cachexia [53]. 
Phase I/II studies with siltuximab are ongoing in 
patients with multicentric Castleman’s disease, 
metastatic renal cell carcinoma, solid tumors, and 
multiple myeloma.

Olokizumab is a humanized mAb that acts on 
site 3 of IL-6 and prevents IL-6 binding its sig-
naling co-receptor gp130 [54], therefore block-
ing the assembly of the IL-6 signaling complex. 
A phase II clinical trial completed in 2012 
showed clinical effectiveness of olokizumab for 
RA [55] and at present it is undergoing a phase II 
study for RA in Japanese patients.

Clazakinumab is also a humanized anti-IL-6 
agent. It showed greater affinity and prolonged 
half-life in comparison with olokizumab [56]. 
Clazakinumab proved clinical efficacy in a phase 
II study in patients with RA compared to placebo 
[57]. However, there are no ongoing clinical tri-
als with clazakinumab listed in clinicaltrials.gov 
at present.

Lastly, it is noteworthy to mention that an 
intravitreal anti-IL-6 mAb named EBI-031 is 
presently being tested in preclinical studies for its 
potential use in patients with DME with promis-

ing preliminary results [58]. Phase 1 clinical tri-
als with EBI-031 are expected to begin in 2016.

 Agents Targeting the IL-6R

Sarilumab (Sanofi, Regeneron Pharmaceuticals) 
is a fully human anti-IL-6Rα mAb that binds 
both the membrane-bound and the soluble forms 
of IL-6Rα with high affinity, thereby blocking 
classic and trans-signaling pathways. Preclinical 
studies showed a higher affinity to IL-6R com-
pared to tocilizumab [59]. The results from the 
pivotal phase III study SARIL-RA-TARGET 
have just been published [60]. The study com-
prised 546 RA patients intolerant/unresponsive 
to anti-TNF who were treated with sarilumab 
(150 mg or 200 mg every 2 weeks) in combina-
tion with methotrexate. Results showed that both 
doses provided sustained clinical efficacy, as 
shown by significant improvements in symptom-
atic, functional, and radiographic outcomes. 
Sarilumab was generally well tolerated, and the 
adverse events observed in this study were con-
sistent with the effects of IL-6 signaling block-
ade [60].

Apart from RA, sarilumab is also being inves-
tigated for the treatment of patients with nonin-
fectious uveitis in the phase II SARIL-SATURN 
study.

The other agent targeting the IL-6R is ALX- 
001, a mAb composed of two nanobodies with a 
molecular weight of 13 kDa. ALX-0061 predom-
inantly modulates IL-6 trans-signaling pathway 
and has a greater affinity for the soluble and 
transmembrane IL-6R in comparison to tocili-
zumab as well as an extended half-life [61]. 
Preclinical pharmacology studies support its clin-
ical development and it is now being investigated 
in a phase I/II trial for RA.

With regards to safety, in the absence of pub-
lished results about the occurrence of adverse 
events in long-term clinical trials with the newer 
IL-6 inhibitors, it remains to be determined 
whether similar profiles of adverse events (that is, 
a class effect) will be observed in the IL-6- 
blockade strategy and whether agents selectively 
targeting the trans-signaling (and therefore spar-
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ing classic IL-6 signaling) will offer any advan-
tage from a safety profile perspective [59]. While 
these data are still pending, early reports from 
clinical trials show that totally human IL-6- 
specific and IL-6R mAbs behave similarly to 
tocilizumab in terms of their effects on standard 
laboratory tests (lipids levels, liver enzymes, 
effect on acute phase proteins, etc.).

 IL-6 and IL-6 Blockade 
in Noninfectious Uveitis

Various studies have found significant elevation 
of IL-6 in ocular fluids derived from refractory/
chronic uveitis patients and animal models [62–
64]. Experimental autoimmune uveitis (EAU) 
is a rodent model of human uveoretinitis, and 
several publications have revealed that highly 
inflammatory IL-17-producing Th17 cells play 
a pivotal role in the development of EAU, 
human uveitis, and other experimental autoim-
mune diseases [64]. Evidence shows that auto-
reactive Th1 and Th17 cells mediate EAU, and 
IL-6 is was recognized as an essential factor in 
inducing early phase of Th17 differentiation 
from naïve T cells in combination with TGF-β 
[65, 66]. Th17 cells further produce IL-17, 
IL-6, and TNF-α, and these cytokines perpetu-
ate inflammation by stimulating fibroblasts, 
endothelial cells, and macrophages to produce 
chemokines, with the subsequent recruitment 
of more neutrophils and macrophages to the 
retina, which results in tissue damage and 
chronic inflammation [65, 66]. Several studies 
have demonstrated that IL-6 gene deficiency or 
the blockage of the IL-6 molecule with an anti-
body inhibited the development of uveitis by 
suppression of the Th17 response [67, 68]. 
Yoshimura et al. studied the role of Th17 cells 
on EAU by using IL-6- and IL-23-deficient 
mice, and confirmed that EAU development 
was reduced in these animals [5]. They found 
that systemic administration of recombinant 
anti-IL- 6R antibody ameliorates EAU interfer-
ing with antigen-specific Th17 differentiation/
expansion, and concluded that IL-6 blockade 
can suppress acute Th17 responses and amelio-

rate chronic/refractory intraocular inflamma-
tion. On the other hand, TGF-β alone promotes 
naive T cells to differentiate into Treg, which 
are considered immunosuppressive helper T 
cells [5]. Th17 and Treg cells are distinct sub-
sets of helper T cells, and IL-6 signaling 
together with TGF-β promotes Th17 cells and 
inhibits Treg cell differentiation. Haruta et  al. 
found that the IL-6 signaling blockade not only 
inhibited Th17 cell differentiation but also pro-
moted antigen-specific Treg cells, which, in 
turn, suppressed the inflammatory effects of 
antigen-specific Th1 cells [68]. Thus, the inhib-
itory effect of the IL-6 blockade in the develop-
ment of EAU is associated with suppression of 
the induction of both Th1 and Th17 effects in 
this disease.

Currently there are two ongoing randomized 
clinical trials studying tocilizumab therapy for 
uveitis: the STOP-UVEITIS study (clinicaltrials.
gov identifier, NCT01717170), which is a study 
of the safety, tolerability, and bioactivity of tocili-
zumab in adult patients with noninfectious uve-
itis, and an open-label trial of tocilizumab in the 
management of JIA-associated uveitis (clinical-
trials.gov identifier, NCT01603355). As these tri-
als are yet to complete, the literature on 
tocilizumab efficacy in uveitis remain sparse and 
are limited to case reports or short series, as 
shown in Table 9.5. Many of these reports sug-
gest that IL-6R blockade can be a useful therapy 
to treat uveitis patients with macular edema. In 
2011, Muselier et  al. firstly reported on tocili-
zumab’s efficacy in two uveitis patients diag-
nosed with birdshot chorioretinopathy and 
idiopathic granulomatous panuveitis who were 
refractory to conventional immunosuppressive 
drugs [69]. Tocilizumab induced uveitis control 
in both patients and also macular edema resolu-
tion in one case. Shortly afterwards, Tappeiner 
et al. [70] reported that tocilizumab was effective 
for the treatment of intraocular inflammation in 2 
out of 3 JIA patients with uveitis refractory to 
several classical DMARDs and anti-TNF agents. 
Similarly, the efficacy of tocilizumab in patients 
with uveitis associated with Behçet’s, Castelman’s 
disease and Cogan’s syndrome has also been 
reported [70–73].
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Distinctively, our research has focused on 
tocilizumab’s particular efficacy in uveitis- 
related macular edema [74–79]. In 2014, we 
reported the long-term efficacy and safety of 
tocilizumab for refractory uveitis-related macu-
lar edema in 11 eyes of 7 patients [77]. In all 
cases, macular edema was the principal cause of 
impaired visual acuity (VA). A complete or par-
tial resolution of the macular edema was found 
in all eyes after 12 months of tocilizumab ther-
apy, with a significant decrease in the mean cen-
tral foveal thickness (CFT). A statistically 
significant reduction in CFT was seen beginning 
in month 1, and that improvement in macular 
edema continued being statistically significant at 
months 3, 6, and 12 of tocilizumab therapy. In 
addition, a statistically significant improvement 
in visual acuity was observed at months 3, 6, and 
12. No patients experienced a worsening in 
vision during follow- up. Importantly, the 
improvement in VA was not as rapid as the CFT 
reduction, likely due to the long duration of mac-
ular edema, raising the possibility that early 
administration of tocilizumab in selected cases 
may lead to better functional results. We con-
cluded that tocilizumab was effective for uveitic 
macular edema which has been previously 
refractory to local/systemic steroids, traditional 
immunosuppressive agents, and other biologic 
therapies including anti-TNF.

Analogously, in 2016, Deuter et  al. evalu-
ated the efficacy of tocilizumab in a cohort of 5 
patients (8 eyes) suffering from noninfectious 
uveitis in whom chronic macular edema was 
the principal cause of visual loss [80]. These 
patients also showed refractoriness to systemic 
corticosteroids, conventional immunosuppres-
sive medication/s, and to at least one biologic 
drug (mainly anti-TNF-α). The cohort included 
2 uveitis associated with JIA, 2 with unrelated 
but co- existing RA, and 1 with ankylosing 
spondylitis (AS). At 3 months, a ≥ 25% reduc-
tion in CFT was observed in 6 eyes (75.0%) of 
5 patients. During follow-up, complete resolu-
tion of macular edema was achieved in 5 eyes 
(62.5%) of 4 patients. Improvement of VA was 
observed in 3 eyes of 3 patients, and stabiliza-
tion in 3 eyes of 3 patients. With regards to 

intraocular inflammatory signs, tocilizumab 
had to be discontinued in one patient with uve-
itis and RA due to persistent active anterior 
uveitis. Tocilizumab was well- tolerated, and no 
severe side effects occurred. Deuter et al. con-
cluded that treatment with tocilizumab may be 
considered in chronic uveitic macular edema 
even if previous immunomodulatory therapy 
has failed [80].

 Conclusions

Despite the benefits attributable to current bio-
logical targeted interventions, in most studies 
50% or more of patients with noninfectious 
uveitis treated with anti-TNF are unrespon-
sive/intolerant. This unmet need for effective 
interventions in noninfectious uveitis clearly 
mandates further research, especially when 
the objective, today, is clinical remission. 
Nonresponsiveness to TNF blockade and/or 
residual disease activity, as well as the continu-
ing, albeit slower progression of structural dam-
age in a proportion of patients treated with TNF 
inhibitors suggest that TNF is not the sole bio-
logical target in the disease process, and there-
fore further novel agents and novel strategies 
are needed.

Major discoveries have come out in IL-6- 
related research, which have favored the estab-
lishment of IL-6 targeted therapy for 
immune-mediated diseases. Basic research clari-
fied the molecular basis and characteristics of the 
IL-6 cytokine redundancy and pleiotropy, 
whereas clinical research revealed its pathologi-
cal significance in disease development. These 
findings led to the concept that IL-6 targeting 
would constitute a novel therapeutic strategy for 
immune-mediated diseases, and indeed tocili-
zumab, a humanized anti-IL-6R antibody, 
became an innovative biologic for the treatment 
of several intractable diseases. Given the promi-
nent role of IL-6  in various pathological condi-
tions, it is expected that this strategy would be 
widely applicable for other immune-mediated 
diseases including noninfectious uveitis and 
macular edema.
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Interferons and Intravenous 
Immunoglobulin

Durga S. Borkar and Nicholas J. Butler

 Introduction

In the setting of seemingly intractable uveitis or 
other ocular inflammation, two relatively poorly 
understood immunomodulators, exogenous inter-
ferons and intravenous immunoglobulin (IVIg), 
may be considered in the treatment algorithm. 
More and more, though, as our understanding 
evolves with regard to their wholly disparate 
mechanisms of action, niche indications for 
these two agents have emerged. In the follow-
ing, we discuss the current understanding of the 
mechanisms of action for systemically adminis-
tered interferons and IVIg and how they may be 
applied discriminately to specific ocular inflam-
matory disease on a pathophysiological basis. 
Further, we review the available evidence for 
the efficacy of each of these treatments in spe-
cific uveitic, and other ocular immunological, 

D. S. Borkar 
Harvard Medical School, Massachusetts Eye and Ear 
Infirmary, Department of Ophthalmology,  
Boston, MA, USA 

N. J. Butler (*) 
Harvard Medical School, Massachusetts Eye and Ear 
Infirmary, Department of Ophthalmology,  
Boston, MA, USA 

Veterans Affairs Boston Healthcare System,  
Boston, MA, USA
e-mail: nicholas.butler4@va.gov

10

Pearls
• Systemic interferon and intravenous 

immunoglobulin represent powerful, 
immunomodulatory treatment options 
in the armamentarium of the ocular 
inflammatory disease specialist, often 
employed in the setting of severe and 
refractory disease.

• The complex mechanisms of action for 
each of these agents are numerous and 
poorly understood.

• Due to high efficacy in certain patients, 
specific indications for their use are 
emerging, namely: Behçet disease, mul-
tiple sclerosis-associated uveitis, and uve-
itic cystoid macular edema for systemic 
interferon, and ocular mucous membrane 
pemphigoid and birdshot chorioretinitis 
for intravenous immunoglobulin.

• Side effects and adverse events are 
significant for interferon, though care-
ful monitoring and patient-perceived 
benefit allow for low rates of 
discontinuation.

• Patients generally tolerate intravenous 
immunoglobulin very well; however, 
clinicians should be aware that serious 
complications may rarely occur.
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diseases, focusing on the most promising indica-
tions. Commonly utilized dosing regimens, side 
effect profiles, and other clinically relevant con-
siderations are provided.

 Interferon Therapy

Since the discovery of these endogenous cyto-
kines in 1957, innumerable investigations of 
interferons have flooded the literature, vis-à-vis 
their role in the prevention of viral replication 
and as a potential biomarker in various diseases, 
their therapeutic utility in a vast array of neoplas-
tic, infectious, and immunological disorders, and 
their de novo synthesis in sufficient quantity to 
treat disease in humans [1]. This immense body 
of study reflects the abstruse nature of interfer-
ons, in terms of their precise roles in immune 
responses and effects on the disease with exog-
enous administration; indeed, interferons have 
multifarious effects, including antiviral, antineo-
plastic, antiangiogenic, and immunomodulatory 
properties, among others.

The initial work from the dermatological lit-
erature that led to the use of exogenous inter-
feron for ocular inflammatory disease involved 
three patients with poorly responsive Behçet dis-
ease. The investigators’ rationale for attempting 
interferon treatment stemmed from the fact that 
in the earliest characterizations by Behçet him-
self in 1937, a viral etiology was suspected for 
this disorder [2]. In all three patients, a remark-
able improvement in oral and genital ulcerations, 
thrombophlebitis, and arthritis was observed in 
as early as 2 days after initiating interferon alpha 
therapy; curiously, only one patient had eye man-
ifestations and the uveitis failed to respond.

 Mechanism of Action

Interferon alpha, a naturally occurring cytokine 
produced mainly by plasmacytoid dendritic cells 
(pDCs), has several therapeutic properties [3]. 
The other type I interferon, beta, is produced by 
fibroblasts. Production of both is upregulated 
in response to viral infection; they are the key 
component of the innate immune response to 

such pathogens. Recombinant interferon’s exact 
mechanism of action in the treatment of uveitis 
is unknown; however, several hypotheses exist. 
Overall, it is thought to involve an intricate bal-
ance between excess tumor necrosis factor alpha 
(TNF alpha), promoting organ-specific autoim-
munity, including uveitis, and excess interferon 
alpha, implicated in systemic autoimmunity, such 
as in autoimmune thyroiditis, diabetes, and sys-
temic lupus erythematosus (SLE) [4].

One study of 11 patients with posterior uve-
itis and a complete response to interferon alpha-
2b demonstrated that the pDCs of patients with 
uveitis secreted significantly less interferon 
alpha when stimulated in vitro, as compared to 
healthy controls [5]. This suggests that a func-
tional impairment of pDCs in uveitis patients 
may be promoting their organ-specific autoim-
munity, tipping the cross-regulatory balance 
between TNF alpha and interferon alpha in favor 
of TNF.  In such a milieu, recombinant inter-
feron alpha can be predicted to have success, as 
replacement therapy to address the endogenous 
deficiency. Further, they posit that functionally 
defective pDCs, with impaired interferon alpha 
production, may also be less effective at induc-
ing regulatory T (Treg) cells in the setting of 
viral infection, which are the major regulators 
of autoreactive T cells. Exogenous interferon 
alpha may induce interleukin (IL)-10 producing 
Treg cells, mitigating the effects of autoreactive 
Th1 cells and encouraging immunotolerance 
over autoimmunity.

Invoking similar mechanisms, others have 
found that type I interferon treatment can sup-
press experimental autoimmune uveoretinitis 
(EAU) in Lewis rats [6]. In parallel experiments 
they detected decreased production of TNF alpha 
by stimulated splenocytes in interferon alpha/
beta-treated rats, an explanation, at least in part, 
for the observed treatment effect.

Furthermore, experimental evidence indi-
cates that interferon alpha increases the pro-
duction of IL-1 receptor antagonist, thereby 
inhibiting the proinflammatory effects of IL-1 
[7]. IL-1 plays a role in the pathophysiology of 
Behçet disease, which has shown a significant 
response to interferon therapy in clinical stud-
ies, as discussed below.
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Beyond their therapeutic value in patients with 
uveitis, recombinant interferons have proven 
effectiveness for uveitic cystoid macular edema 
(CME); there is in vitro evidence that this may 
be mediated through enhanced barrier function at 
the level of the retinal vascular endothelium [8].

 Indications for Therapy

 Behçet Disease

The initial and most prevalent use of systemic 
interferon therapy for uveitis has been for the 
treatment of ocular Behçet disease, with particu-
lar utility in cases of persistent retinal vasculitis or 
macular involvement with significant vision loss 
[9]. In 1994, an initial case series detailed three 
patients with refractory intraocular inflammation 
secondary to Behçet disease who achieved rapid 
and complete suppression of their ocular inflam-
mation with systemic interferon alpha-2b therapy 
[10]. In all three cases, after failing varying com-
binations of at least four immunosuppressive and 
cytotoxic agents, visual acuity improved signifi-
cantly and remained stable with interferon. One 
patient improved from count fingers vision to 
6/12 in his only seeing eye within 1 week of ini-
tiating therapy.

Similar case reports and small series sup-
porting the high response rates of ocular Behçet 
disease to interferon alpha followed [11–14]. An 
open, prospective trial offered more definitive 
evidence, with interferon alpha inducing a com-
plete remission of panuveitis in all seven enrolled 
patients [15]. In the same year, Zouboulis and 
Orfanos reviewed the available medical litera-
ture, conference proceedings, and abstracts for 
all Behçet disease patients treated with systemic 
interferon [16]. Of 144 patients treated, 39 had 
uveitis and 37 (95%) responded, either partially 
or completely, to interferon alpha.

Subsequently, investigators conducted a mul-
ticenter, non-randomized, prospective trial [17]. 
In 50 patients with Behçet disease and panuveitis 
or retinal vasculitis unresponsive to at least one 
immunosuppressive drug, systemic interferon 
alpha-2a induced high rates of clinical remission. 
More than 90% of patients responded to therapy 

and achieved quiescence within a median time 
period of 4 weeks; visual acuity improved sig-
nificantly (0.56–0.84, p < 0.0001) by 24 weeks. 
Angiographic CME resolved in all patients in 
whom this complication preexisted (n = 58). In 
reviewing the literature 1 year later, these same 
investigators identified 182 Behçet disease 
patients with ocular disease and noted a partial 
or complete response to interferon alpha in 171 
(94%) [18]. This comprised all known patients 
treated for this indication to date. They defined 
partial remission as ≥50% decrease in the num-
ber, severity, duration, and/or frequency of 
lesions or system-specific scores.

In 2006, Tugal-Tutken et  al. retrospectively 
reviewed their experience with interferon alpha 
for the same indication and found a complete or 
partial response in 91% of 44 patients and sus-
tained improvement in visual acuity in 95% [19]. 
Curiously, they found that only 36% remained 
recurrence-free during therapy and 20% had a 
sustained, drug-free remission. The authors sug-
gest that a differential treatment effect may be 
observed between varying populations, as Kötter 
et  al. had observed higher rates of treatment- 
induced (82%) and drug-free (40%) remissions 
[17].

From 2008 to 2011, two retrospective and 
two prospective studies definitively established 
the long-term safety and efficacy of exogenous 
interferon alpha, even in lower dose regimens in 
some cases, for refractory ocular Behçet disease 
[20–23]. Collectively, 175 patients were treated 
and followed for an extended period, rang-
ing from 24 to 71 months. Of these, 160 (91%) 
responded favorably to interferon alpha. Rates 
of relapse of ocular inflammation decreased sig-
nificantly, ranging from 5 to 15-fold. Drug-free 
remission was induced in all studies, from 28 to 
89%, though the duration varied.

While a majority of studies describe inter-
feron treatment in adults, children suffering 
from Behçet disease commonly develop ocular 
manifestations, which can often be more severe 
than in adults [24]. In 2007, Guillaume-Czitrom 
et  al. described a case series of seven children 
with corticosteroid-dependent uveitis secondary 
to Behçet disease and their response to systemic 
interferon alpha [25]. Five out of seven children 
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responded markedly and had remission mainte-
nance with decreased corticosteroid dependency. 
However, it is notable that the remaining two 
children had significant adverse effects early in 
the initiation of interferon alpha therapy requir-
ing treatment cessation.

 Intermediate Uveitis

In addition to its use for the treatment of ocular 
Behçet disease, interferon therapy has increasing 
potential in the treatment of intermediate uveitis 
(IU) [26, 27]. Given the strong association with 
IU, many of the reported patients have a concur-
rent diagnosis of multiple sclerosis (MS), a dis-
ease for which exogenous interferon, primarily 
interferon beta, has long been employed [28]. 
More recently, investigators have found that, 
in addition to ameliorating the signs and symp-
toms of the underlying systemic disease, inter-
feron beta effectively treats the associated ocular 
inflammation in patients with MS [26, 27, 29].

An initial study investigated 13 patients with 
multiple sclerosis and associated uveitis [27]. In 
this retrospective observational series, all patients 
except for one had bilateral IU.  Thirteen eyes 
of seven patients additionally had CME.  In all 
affected eyes, intraocular inflammation improved 
as measured by aqueous (average improvement 
1.2 grades) and vitreous cell count (average 
improvement 1.7 grades). Additionally, vision 
improved in 17 eyes with visual acuity gains of 
three or more Snellen lines in 10 of these eyes. 
CME resolved completely in nine eyes (69%) 
with treatment. Although CME was still visible 
angiographically in two additional patients, it 
was reduced compared to before interferon ther-
apy. These results unequivocally indicate that the 
ocular inflammation associated with MS rapidly 
responds to systemic interferon beta in a majority 
of patients, improving vision and lowering rates 
of uveitic complications such as CME.

While most studies assessing the use of inter-
feron in the treatment of uveitis have been either 
retrospective chart reviews or prospective obser-
vational studies, a recent randomized controlled 
trial investigated the efficacy and safety of inter-

feron beta in patients with IU and inflammatory 
CME compared to standard immunosuppressive 
therapy with subcutaneous (sc) methotrexate 
[26]. Although the sample size of the study was 
small with only 19 patients, the results after 3 
months of treatment strongly favored interferon 
beta over methotrexate, both in terms of improve-
ment in visual acuity and central macular thick-
ness. The difference in visual acuity improvement 
was clinically significant with an approximately 
three-line improvement in the interferon arm 
compared to a one-line improvement in the meth-
otrexate arm (p = 0.04). Change in macular thick-
ness also supported the superiority of interferon, 
having decreased by a mean of 206 μm compared 
to an increase of 47 μm in those on methotrexate 
(p < 0.0001). In this study, a significant propor-
tion of patients, approximately 26%, had mul-
tiple sclerosis.

 Uveitic Cystoid Macular Edema

Observing Behçet disease patients treated with 
systemic interferons for refractory uveitis, inves-
tigators noticed incidental improvement in CME 
if present prior to initiating therapy [11, 17]. 
Others corroborated this finding, demonstrat-
ing a dramatic response of CME to interferon 
therapy in Behçet disease patients [15, 30]. More 
recently, mounting evidence supports the use of 
systemic interferon alpha for refractory, uveitic 
CME from a diverse array of noninfectious eti-
ologies [31–35].

In 2006, Deuter et al. prospectively assessed 
the efficacy of interferon alpha-2a in the treatment 
of CME associated with endogenous uveitis in 15 
eyes of eight non-Behçet disease patients [32]. In 
all cases, the uveitis was in complete remission 
but the CME had not responded to a combination 
of systemic corticosteroids and acetazolamide. In 
six patients, at least one additional immunosup-
pressant had also been tried. At initiation of inter-
feron therapy, the doses of immunosuppressants 
were halved, acetazolamide was discontinued, 
and oral steroid was decreased to a maximum of 
10 milligrams (mg) daily. Overall, CME resolved 
completely in 13 of 15 eyes, or seven out of eight 
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patients, within 2–4  weeks of initiating treat-
ment. Over  long- term follow-up, four patients 
required reinstitution of therapy after completing 
the initial 6 month treatment phase, and the CME 
again responded and remained suppressed in all 
four patients with maintenance interferon dosing.

Subsequently, the same group retrospectively 
analyzed 24 consecutive, non-Behçet disease 
patients (40 eyes) treated with systemic inter-
feron alpha-2a for uveitic CME [33]. The CME 
was long-standing, having been present for a 
mean duration of 36  months. Similar to their 
pilot study, the CME responded rapidly and 
completely in 25 of 40 eyes. Another 10 eyes 
were qualified as “partly effective” (incomplete 
resolution of CME or unable to taper inter-
feron within 3  months), though central foveal 
thickness improved significantly, from 587 to 
285 μm, in this group as well. Underscoring the 
strictness of their criteria for efficacy, approxi-
mately 50% of eyes in each group, “effective” 
and “partly effective”, gained three or more 
lines during follow-up and the remainder dem-
onstrated stable visual acuity.

Solely for reasons of availability, the first 
study to assess the efficacy of interferon alpha 
for uveitic CME in the United States used inter-
feron alpha-2b, not alpha-2a [34]. Four patients 
with bilateral CME (eight eyes) were included; 
in all cases, they had recalcitrant CME, having 
failed numerous prior medical and surgical thera-
pies and been present for an average duration of 
greater than 31  months. All eight eyes showed 
rapid improvement in mean central macular 
thickness from 563 to 267 μm (p  =  0.002) fol-
lowed by substantial gains in mean visual acu-
ity from 20/129 at baseline to 20/56 at last visit 
(p = 0.0004). While the dosage was again tapered 
over the course of 6 months, all patients remained 
on a lower maintenance dose at the conclusion of 
the reported study period.

Although this was a smaller retrospective 
study, the results suggested similar efficacy 
between interferon alpha-2b and -2a in the treat-
ment of refractory CME.  The authors noted, 
however, that interferon alpha-2a may be more 
immunogenic than interferon alpha-2b, a claim 
suggested by others [34, 36–38]. As a result, 

neutralizing antibodies, with concomitant lack 
or loss of response to therapy, may be less com-
monly encountered with the interferon alpha-2b 
preparation. The results of the initial pilot study 
testing the efficacy of interferon alpha-2a for 
refractory CME support this [32]. One patient in 
this study showed no response to interferon ther-
apy from the outset, and this patient was found to 
have preexisting neutralizing antibodies against 
interferon alpha. Another patient, after initially 
responding to therapy, eventually became non- 
responsive to interferon alpha and similarly neu-
tralizing antibodies were detected.

While this could be one explanation for the 
lack or loss of response seen in these patients, it 
is notable that the role of neutralizing antibodies 
is not completely clear. A recent study assess-
ing the impact of neutralizing antibodies on the 
effectiveness of interferon alpha-2a for Behçet 
disease uveitis found no difference between those 
that developed anti-interferon alpha antibodies 
and those that did not [39]. Even more surpris-
ingly, induction of commonly encountered auto-
antibodies, such as anti-nuclear antibody (ANA), 
anti-cardiolipin antibody, and anti-thyroid per-
oxidase antibody, a known complication of inter-
feron therapy, lowered the attack rate of uveitis 
recurrences [39].

 Etiologically Mixed Noninfectious 
Uveitis

Although predominantly used for uveitis asso-
ciated with Behçet disease, interferon alpha has 
also been successful in treating uveitis associated 
with other etiologies [40, 41]. In 2007, Bodaghi 
et al. described the outcomes of 45 patients with 
a more heterogeneous range of uveitic entities 
treated with interferon alpha [40]. Approximately 
half of the patients had intraocular inflammation 
associated with Behçet disease and all cases were 
considered treatment resistant, with an average of 
more than three relapses despite steroid and addi-
tional immunosuppressive therapy. Etiological 
variability—including Vogt-Koyanagi-Harada 
(VKH) disease, birdshot chorioretinitis (BCR), 
IU, and idiopathic—comprised the other half of 
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patients. Uveitis was controlled by interferon in 
more than 80% of patients with Behçet disease 
and close to 60% of patients with uveitis of other 
causes. In all cases, the daily prednisone require-
ment decreased significantly during the mean 
follow-up period of 30 months to a median dose 
of 10 mg per day.

A smaller study of 12 patients with uveitis of 
mixed causes, including Behçet disease (n = 2), 
sympathetic ophthalmia (n  =  1), and idiopathic 
(n  =  9), revealed a positive treatment response 
in terms of visual acuity and clinical activity 
of uveitis in 83% of patients within 1 month of 
commencing therapy with interferon alpha [41]. 
Additionally, CME, present in 14 eyes prior to 
interferon treatment, resolved in all cases.

 Infectious Uveitis

While interferon alpha therapy is primarily used 
for noninfectious uveitis, there are limited case 
reports of interferon treatment for retinal vascu-
litis associated with both human T-cell lympho-
tropic virus type 1 (HTLV-1) and Kaposi sarcoma 
herpesvirus-associated uveitis [42, 43]. In all 
three of the patients included in these reports, 
there was a significant improvement within 
1–2 months. In one case, maintenance interferon 
therapy was used for 34 months and in another, 
once interferon therapy was discontinued at 
19  months, a relapse occurred which subsided 
with reinitiation of interferon [42]. These cases 
underscore the antiviral mechanism of action 
of interferons—inhibition of viral replication as 
opposed to virucidal activity.

 Dosing

Standard dosing for interferon alpha for the treat-
ment of uveitis is typically 3 million international 
units (IU) administered sc three times per week, 
although doses may range from 3 to 9 million IU 
and commence with daily dosing [17, 19, 20, 44, 
45]. Concurrent taper of systemic corticosteroids 
to a dose of 10 mg prednisolone per day or less 
if possible is recommended, given the potential 

antagonistic effect of steroids [46]. Some clini-
cians recommend that other immunosuppressive 
agents be stopped prior to the initiation of inter-
feron therapy, while others advocate combined 
treatment [47]. Although dosing is more standard 
for adults, the limited experience in children sug-
gests weight-based dosing is appropriate. One 
case series of seven children with uveitis asso-
ciated with Behçet disease described treatment 
with 1.5 or 3 million IU three times weekly in 
children 20–30 kg or 30–50 kg, respectively [25].

The introduction of pegylated interferon, 
which has a significantly longer half-life, allows 
for once weekly or once biweekly dosing with an 
improved side effect profile. This formulation is 
more commonly used in the treatment of hepatitis 
C, and the data for treatment of uveitis is limited. 
One initial case series described five patients with 
severe uveitis due to Behçet disease, all of whom 
achieved an extended, recurrence-free interval 
with weekly pegylated interferon, after con-
trolling inflammation with standard interferon 
alpha [48]. Another recent study randomizing 72 
patients with Behçet disease to either pegylated 
interferon or placebo suggested that pegylated 
interferon reduced corticosteroid need, improved 
quality of life, and induced increased levels of 
T regulatory lymphocytes [49]. Others have 
attempted to mitigate side effects and increase 
tolerability by employing lower initial doses of 
interferon with dose escalation as indicated, and 
results have been encouraging [20, 23, 50].

For the treatment of CME, most clinicians 
prescribe 3 to 6 million IU sc on a daily basis at 
the start of therapy [32–34]. Typically, the inter-
feron is tapered on a monthly basis depending 
on the response. Dose reduction below 3 mil-
lion IU daily often involves a lengthening of 
the interval (i.e., every other day, every third 
day, every fourth day, and so on). If the CME 
remains suppressed with once-weekly dosing, 
a reduction to 1.5 million IU sc weekly versus 
discontinuation may be attempted. One small 
uncontrolled study of patients with inflam-
matory CME found a 100% response rate to 
pegylated interferon [51]. A significant and 
rapid reduction of central retinal thickness, 
from 478 to 310 microns (p < 0.05), in ten eyes 
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of seven patients was observed. Pegylated inter-
feron doses typically start at 90–180 μg weekly, 
with subsequent schedule extension to every 
2–4 weeks as able [49, 51].

 Side Effects and Adverse Events

In general, numerous side effects and adverse 
events have been associated with systemic inter-
feron treatment, which may negatively influence 
its use. It is important to note, however, that 
while adverse effects are commonly reported in 
interferon studies for uveitis, rarely do they lead 
to treatment cessation. More so, increasing adop-
tion of pegylated formulations will decrease the 
incidence and severity of side effects and rates 
of discontinuation. Flu-like symptoms have 
been noted in 90% or more of patients and pre-
treatment with ibuprofen or acetaminophen may 
be beneficial [9]. This reaction is so common in 
fact that the absence of flu-like symptoms may 
indicate the presence of preexisting anti-inter-
feron alpha neutralizing antibodies, potentially 
associated with decreased therapeutic response 
[18, 33, 40].

Additional adverse effects include mild ery-
thema at the injection site, fatigue, cytopenias, 
alopecia, and depression. Depression may be 
exacerbated to the point of suicidal ideation; as 
such, careful mental health screening is man-
datory for all patients commencing interferon 
therapy. Cytopenias (most commonly leukope-
nia and/or thrombocytopenia) may be rapid and 
severe, mandating close monitoring. Other rela-
tively common side effects include transamini-
tis, gastrointestinal disturbance, and intermittent 
paresthesias [18, 33, 40]. Typically, these adverse 
effects are often manageable with either obser-
vation or dose reduction and lead to treatment 
cessation in only 4–7.5% of patients [17, 40]. 
While a majority of these estimates are based on 
adult cohorts, one case series of seven pediatric 
patients described two serious adverse events 
related to interferon alpha-2a therapy, retinal 
venous thrombosis and major depression [25].

Interferon therapy is not recommended 
in patients with sarcoidosis. This is based on 

reported cases of interferon-associated sarcoid-
osis, both with interferon alpha and beta treatment 
[52–55]. Similarly, interferon therapy may poten-
tially exacerbate or trigger other autoimmune 
diseases, in genetically susceptible individuals 
[56–59]. Induction of numerous autoantibodies, 
such as ANA and anti-thyroid antibodies, has 
been well documented with recombinant inter-
feron, especially with chronic therapy; this may 
be partly or wholly responsible for the increased 
autoimmunity seen in these patients.

Additionally, while the incidence of interferon 
alpha-related retinopathy in hepatitis C patients 
approaches 30%, it is not commonly described in 
uveitis patients [60]. In fact, among the entirety 
of the adult literature of interferon treatment for 
uveitis and/or CME, only one study, a prospec-
tive case series of 12 patients with noninfectious 
uveitis treated with interferon alpha-2b, com-
mented on the development of retinopathy in a 
quarter of patients [41].

When considering the significant side effect 
profile of interferons, it is worth underscoring 
that this therapy does not predispose to infection. 
On the contrary, one may be able to leverage the 
antiviral properties of interferon when employing 
the treatment for a different primary indication 
(e.g., therapy of chronic CME in a patient with 
treated acute retinal necrosis, in whom local ste-
roids may predispose to reactivation). Similarly, 
the lack of an association between interferon 
therapy and development of malignancy is note-
worthy, especially in comparison to other treat-
ments for sight-threatening uveitis.

 Other Important Management 
Pearls

Careful laboratory monitoring in patients treated 
with systemic interferon is imperative. Baseline 
testing includes complete blood count (CBC) with 
differential and comprehensive metabolic panel 
(CMP). Rapid and life-threatening derangements 
in various hematological and chemical values may 
occur, including myelosuppression, especially 
neutropenia, thrombocytopenia, hypokalemia, 
and serum transaminase elevation, among others. 
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As such, frequent laboratory monitoring, on the 
order of once weekly or every other week, may be 
advisable for the initial month of therapy. Gradual 
lengthening of the monitoring interval can occur 
on an individualized basis. Most of these lab 
abnormalities will stabilize or normalize with dose 
reduction; in some cases, they may be closely mon-
itored without a therapeutic change. Exceptionally, 
the uveitis specialist may enlist the assistance of a 
hematologist to reverse interferon-induced neutro-
penia with granulocyte colony-stimulating factor, 
if the benefits of continued therapy are deemed to 
outweigh the risks and costs.

As discussed above, chronic therapy with type 
I interferons may induce, exacerbate, or uncover 
silent autoimmunity in certain individuals. A 
careful screening for preexisting autoimmune dis-
ease is imperative prior to considering interferon 
therapy. Additionally, many clinicians will screen 
for the presence of ANA, and potentially other 
organ-specific autoantibodies based on history, at 
the start of therapy and every 3 months thereafter.

Lastly, the risk of aggravation of depressive 
symptoms with therapy cannot be overempha-
sized; suicidal ideation may rapidly ensue. A 
careful medical and neuropsychiatric history 
must be taken prior to prescribing interferon, and 
any patient with a history of depression should 
likely not be exposed to this agent.

 Intravenous Immunoglobulin 
Therapy

For more than 60 years, IVIg has been given to 
immunodeficient patients with hypogammaglobu-
linemia for infection prophylaxis. In 1981, reports 
of dramatic improvement in platelet counts in 
children with idiopathic thrombocytopenic pur-
pura (ITP) treated with IVIg infusions began to 
emerge [61], paving the way for its application in 
numerous other autoimmune diseases. Generally 
employed as a treatment of last resort, many of 
the described uveitis and ocular inflammatory 
patients were treated with IVIg after failing mul-
tiple other immunosuppressive agents. Given the 
presumed heterogeneity in the pathophysiology 
of immunological disorders of the eye, it is not 

surprising that the responses to IVIg for uveitis 
and other ocular inflammation have been variable, 
spanning the spectrum from lack of response to 
complete control of previously intractable dis-
ease. Overall though, the reported results have 
been favorable, especially in diseases such as 
ocular mucous membrane pemphigoid (MMP), 
where pathogenic autoantibodies are likely impli-
cated. Below, we also review the present body of 
evidence in support of IVIg for sight-threatening, 
ocular inflammatory disease.

 Mechanism of Action

Preparations of IVIg come from the pooled 
plasma of thousands (3000 to 10,000 or more) of 
healthy donors. As such, each infusion would be 
expected to contain a complete range of possible 
variable region binding sites (Fab) complemen-
tary to any given antigen encountered in normal 
sera. This property likely provides protection 
against infection in the setting of immunode-
ficiencies; however, the Fc (constant) region of 
antibodies in IVIg preparations—which enables 
directive interaction with B cells and phagocytes, 
among others, and the complement system—
presumably plays a major role in the immuno-
modulatory properties of IVIg [62]. Blockade of 
Fcγ receptors on macrophages and other effec-
tor cells in the hematopoietic system by the Fc 
portion of exogenous IgG inhibits activation of 
these pathogenic cells, an important mechanism 
in the beneficial effect of IVIg in ITP and other 
autoantibody-mediated diseases [62]. The spe-
cific neonatal Fcγ receptor participates in the 
normal salvage and turnover of endogenous IgG; 
saturation of these receptors with IVIg may lead 
to rapid elimination of disease-associated auto-
antibodies [63]. Further, there is in vivo evidence 
that exogenous IgG may induce expression of 
the inhibitory Fcγ receptor IIB in macrophages, 
thereby tempering the inflammatory activity of 
autoantibody-associated disease [64]. A final Fc 
pathway through which IVIg may mediate an 
effect involves inhibition of antibody-dependent 
cell-mediated cytotoxicity, also via an Fcγ recep-
tor blockade mechanism [62].
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Unrelated to the Fc region, IVIg can also 
modulate B cells and their antibodies directly. 
Effects of IVIg on B cells include downregula-
tion of antibody production; specific inhibition, 
via anti- CD5 IgG, of subsets of autoreactive B 
cells; and suppression of B cell migration from 
bone marrow to peripheral lymphoid organs [62, 
63]. Beyond the direct effect on B cells, innu-
merable antiidiotypic antibodies present within 
a single IVIg preparation may bind the Fab 
region of pathogenic, circulating autoantibodies, 
thereby neutralizing them and attenuating their 
proinflammatory effects. Antiidiotypes against 
anti- neutrophil cytoplasmic antibody and other 
disease-associated autoantibodies, such as those 
to acetylcholine receptors, thyroglobulin, DNA, 
and factor VIII, have all been recovered from 
IVIg preparations [65].

Additionally, IVIg may mitigate the effects of 
autoreactive T cells by regulating differentiation 
of helper T (Th) cell populations and their asso-
ciated cytokines, tipping the balance in favor of 
Th2 (anti-inflammatory) cytokine profiles over 
Th1 (proinflammatory) [62, 65]. Further, IVIg 
treatment, perhaps through induction of tolero-
genic dendritic cells, encourages an expansion 
of Treg cells, which have immunosuppressive 
effects [65]. Beyond immunoglobulin, IVIg also 
contains numerous soluble factors such as T-cell 
receptors, CD4, CD8, and MHC, all of which 
may competitively interfere with normal binding 
and activation of autoreactive T cells by antigen- 
presenting cells; other soluble factors may be 
involved in directing apoptosis of autoreactive T 
cells [63]. Such T cell involving immunomodu-
latory pathways may be of particular relevance 
when considering the efficacy of IVIg in treating 
various uveitides, many of which are thought to 
be T-cell-mediated diseases.

The earliest evidence in support of IVIg in 
the treatment of uveitis comes from basic sci-
ence. In 1993, investigators demonstrated that 
the development of EAU in rats immunized with 
S-antigen could be blocked by contemporaneous 
treatment with daily IVIg infusions [66]. They 
postulated that, via neutralizing antibody binding 
to rat T lymphocytes, infusions with IVIg may 
functionally deactivate these cells and induce a 

state of immunotolerance. Others subsequently 
determined that IVIg can similarly suppress the 
development of endotoxin-induced uveitis in 
rats, theorizing that the effects may be mediated 
through reduction of TNF alpha release [67].

In addition to its immunomodulatory effects, 
IVIg directly suppresses inflammation through 
several mechanisms. Exogenous immunoglobu-
lin can bind C3b and C4b, complement proteins 
necessary for the initiation and propagation of the 
proteolytic cascade resulting in the membrane- 
attack complex, thereby scavenging these acti-
vated proteins from circulation and reducing 
complement-mediated tissue destruction [62, 
65]. Moreover, IVIg can neutralize circulating 
immune complexes and microbial toxins, which 
may be responsible for potentiating inflammation 
[62]. The effects of other complement proteins, 
namely the anaphylatoxins C3a and C5a respon-
sible for thromboxane and histamine release, 
may also be directly attenuated by exogenous 
immunoglobulin [65].

 Indications for Therapy

The first reported use of IVIg for uveitis, in 1989, 
details a marked response in a single patient with 
steroid-resistant, severe posterior uveitis with 
phlebitis and retinal exudation [68]. Rosenbaum 
et al., in 1999, demonstrated the efficacy of IVIg 
in treating a heterogeneous group of ten patients 
with refractory, sight-threatening uveitis [69]. 
After seeing patent improvement in control of 
uveitis in one of two patients treated as part of 
a pilot study, four of eight patients were fol-
lowed prospectively on a treatment protocol and 
derived substantial benefit from IVIg therapy. 
Benefit was determined based on visual acuity 
improvement and control of ocular inflammation. 
This was sustained over a median follow-up of 
11 months, though disease worsened or recurred 
when therapy was interrupted.

In a retrospective, observational study of 
five consecutive patients with severe uveitis 
 unresponsive to standard therapy, IVIg infusions 
controlled inflammation completely in 60% [70]. 
In two of the three responders, CME resolved as 
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well. The third patient with a positive response to 
exogenous immunoglobulin had persistent CME; 
however, she also had poorly controlled diabetes 
which obfuscated the efficacy of IVIg in treating 
this complication. Importantly, none of the five 
patients experienced a complication or adverse 
reaction related to IVIg, and one patient had two 
successful pregnancies while under therapy.

More recently, Garcia-Geremias et  al. retro-
spectively reviewed their experience over 10 years 
with IVIg for non-infectious uveitis [71]. The 
uveitis, though heterogeneous in disease associa-
tion and phenotype (one case of BCR, one case of 
autoimmune retinopathy (AIR), and two patients 
with undifferentiated panuveitis), was severe and 
resistant to standard corticosteroid and immuno-
modulatory therapy in all cases. In three of the 
four patients, IVIg effected clinical improvement 
and/or stabilization of disease, based on exam 
parameters, visual field, and electrophysiological 
testing. In two patients, IVIg also permitted the 
reduction of systemic corticosteroid.

 Disease-Specific Considerations

In the broader field of ocular immunology, the 
response of specific disease entities to IVIg has 
led to increasing awareness of niche indications 
for this therapy. The most important of these is 
ocular MMP, while the evidence in support of its 
use in other disease states continues to grow.

 Ocular Mucous Membrane 
Pemphigoid

In patients with MMP, autoantibodies directed 
against the β4 integrin subunit, among others, in 
basal epithelial cells of skin and mucous mem-
branes, leads to dysfunction of hemidesmosome 
adhesion and subsequent blistering of the epithe-
lium [72]. Given the presumed pathophysiology 
of the disease, the rationale for the use of IVIg in 
this setting is well founded. Indeed, serum titers 
of anti-β4 integrin decrease in parallel with con-
junctival inflammation on a monthly basis with 
IVIg therapy in these patients [73].

Published, expert consensus statements sup-
port the use of IVIg for patients with MMP and 
other mucocutaneous blistering diseases in whom 
there is insufficient response to or progression in 
spite of standard therapy (prednisone ≥60  mg/
day for six or more weeks with concurrent immu-
nosuppressive therapy for 10–12  weeks) [74]. 
Treatment-limiting adverse events associated 
with and/or contraindications to conventional 
therapy are additional indications to commence 
therapy with IVIg.

In 1999, Foster et  al. published their initial 
experience with IVIg in ten patients with refrac-
tory ocular MMP [75]. The disease was severe 
and recalcitrant in all patients, having been pres-
ent for a mean of 8.3  years (range, 3–14) and 
demonstrating refractoriness to numerous immu-
nosuppressive agents, including tacrolimus, 
methotrexate, azathioprine, cytosine arabinoside, 
and cyclophosphamide. Within months of start-
ing IVIg therapy, after a minimum of four and 
maximum of 12  cycles, the ocular disease was 
halted and chronic conjunctivitis resolved in all 
ten patients. Visual acuity improved or remained 
stable in all eyes.

This group later reported the long-term out-
comes of these same ten patients [76]. The 
disease was severe (all ten patients had stage 
III disease or worse in at least one eye) and 
therapy with IVIg was protracted (total cycles: 
range, 20–42; mean, 32 and duration of therapy 
(months): range, 25–43; mean, 35). All patients 
were observed for 24–48  months after cessa-
tion of IVIg. Eight patients completed the IVIg 
treatment protocol [74]. Of these, all eight had 
no progression of the disease and seven of eight 
had stable or improved vision. Two of the ten 
patients, after initially responding to immuno-
globulin, could not follow the protocol and the 
disease progressed, but only after treatment had 
been interrupted prematurely.

In a nonrandomized comparison, IVIg demon-
strated superiority to conventional immunosup-
pressive therapy in the treatment of MMP with 
newly diagnosed ocular involvement [77]. There 
was a statistically significant benefit in favor of 
IVIg in controlling the disease activity more rap-
idly, preventing disease progression to a higher 
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stage, reducing recurrences, and minimizing side 
effects. The single observer determining clini-
cal activity and progression was not blinded to 
the treatment group, however, and it was unclear 
whether or not the data had been collected pro-
spectively or retrospectively.

A minority of recalcitrant ocular MMP 
patients will still experience progression of the 
disease, ultimately to legal blindness (≤20/200), 
despite treatment with exogenous immunoglob-
ulin. For these rare patients, Foster et  al. have 
demonstrated that rituximab in conjunction with 
IVIg can be highly effective [78]. They note that, 
in addition to having a synergistic effect against 
disease-related autoantibodies, IVIg also pro-
vides significant protection against infection in 
these elderly patients whose peripheral B cells 
have been eliminated by rituximab.

 Birdshot Chorioretinitis

In 2000, LeHoang et  al. prospectively investi-
gated 18 BCR patients with no prior history of 
immunosuppression, except for oral or injected 
corticosteroid in six patients [79]. All had been 
taken off steroid treatment for at least 2 months 
prior to initiation of monotherapy with IVIg. 
The response was significant with improved or 
stable vision in 33/36 eyes (92%), reduced vitri-
tis in 34/36 eyes (94%), and reduced or resolved 
angiographic CME in 18/23 eyes (78%). In an 
additional study, this same group followed 37 
patients, 19 retrospectively and 18 prospectively, 
with BCR and a documented drop in visual acu-
ity prior to enrollment [80]. Over the course of 
extended follow-up (mean 2.7 ± 2.0 years), they 
observed an improvement in visual acuity in 
53%, reduction in retinal vasculitis as confirmed 
by fluorescein angiography in 81%, and decrease 
in CME in 65% of patients.

 Behçet Disease

In a series of six eyes of four patients with panu-
veitis associated with Behçet disease uncon-
trolled with topical and systemic corticosteroids 

with or without systemic cyclosporine, a com-
plete response to IVIg was noted in all cases [81]. 
The effect was sustained with no recurrence of 
ocular inflammation up to a year after completing 
their IVIg treatment protocol.

A recent case report describes a 48-year-old 
female patient with Behçet disease with ocular 
involvement refractory to more than a dozen 
immunosuppressant agents, including inflix-
imab and interferon alpha [82]. Given her poor 
response to therapy, an immunological inves-
tigation was undertaken and determined a sec-
ondary diagnosis of common variable immune 
deficiency. After initiating therapy with IVIg 
for the immune dysfunction, her Behçet disease 
and associated uveitis completely remitted and 
remained suppressed for more than 2 years.

There is little else in the literature regarding the 
use of IVIg for sight-threatening and/or treatment- 
resistant Behçet disease, likely owing to the pro-
found response of this disease to interferon alpha 
or TNF alpha inhibition and their growing adop-
tion as first-line agents. It is worth mentioning, 
though, that “the most dramatic improvement” 
(visual acuity OD: 4/200 to 20/40) among the 
eight uveitis patients treated with IVIg and fol-
lowed prospectively by Rosenbaum et al. occurred 
in a male patient with Behçet disease [69].

 Vogt-Koyanagi-Harada Disease

Two separate case reports suggest that IVIg may 
effectively treat VKH, though broader conclu-
sions regarding its use in this condition require 
further study [83, 84]. One of these reports 
focused on the neurological involvement of VKH, 
and the eye findings and response to therapy were 
not well described [83].

 Autoimmune Retinopathy

Circulating autoantibodies to retinal antigens, 
such as recoverin, α-enolase, and others, are 
demonstrable in all cases of AIR, whether associ-
ated with underlying malignancy (paraneoplastic 
AIR) or not (non-paraneoplastic AIR). It is not 
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clearly understood whether or not these autoanti-
bodies are causative of or resulting from the reti-
nal destruction; nonetheless, their presence raises 
the possibility that IVIg therapy may be effective. 
Benefit, in some cases profound, has been dem-
onstrated in cases of melanoma-associated reti-
nopathy [85] and cancer-associated retinopathy 
[86]. Owing to the rarity of these diseases, the 
evidence in support of IVIg for AIR is limited 
to only a handful of reported patients and few 
conclusions regarding its efficacy can be drawn. 
However, the benefit of avoiding immunosup-
pression in the setting of a potentially undiscov-
ered malignancy should be underscored, when 
considering IVIg for this indication.

 Susac’s Syndrome

Retinocochleocerebral vasculopathy, or Susac’s 
syndrome, involves the clinical triad of sensori-
neural hearing loss, encephalopathy, and branch 
retinal artery occlusions, though patients com-
monly present with incomplete disease [87]. 
Evidence supports an immunological attack on 
endothelial cells in the target organs; patients 
with Susac’s syndrome have high levels of anti-
endothelial cell antibodies in their circulation 
[88]. Given this, therapy with IVIg is commonly 
employed with success, either alone or in con-
junction with prednisone and/or other immuno-
suppressive agents [88–92].

 Kawasaki Disease

In Kawasaki disease, an acute, systemic vascu-
litis associated with coronary artery disease in 
the pediatric and occasionally early adult popula-
tions, uveitis is the most commonly encountered 
ophthalmic manifestation [93]. The uveitis is 
generally mild and responsive to topical steroid 
drops, but IVIg is indicated for the management 
of the systemic disease [94]. Hence, ophthal-
mologists involved in the care of patients with 
Kawasaki disease should be aware of this point 
of intersection between IVIg and a specific dis-
ease entity.

 Dosing

For the treatment of recalcitrant uveitis with 
IVIg, the majority of clinicians prescribe 1–2.5 g/
kg per cycle, divided evenly in three consecutive, 
daily infusions [69–71]. Cycles are separated ini-
tially by 2–4 weeks and the interval is gradually 
extended based on treatment response, though 
some have spaced infusions further apart [71]. 
Reflecting a lack of consensus and the heteroge-
neity of indications, alternate protocols abound 
[79, 81, 86].

In the setting of ocular MMP, most employ an 
initial dose of 2–3 g/kg per cycle, also dividing 
the total cycle dose equally over three consecu-
tive days [74]. Depending upon disease severity 
and clinical response, cycles are generally admin-
istered at 3–4 week intervals or as frequently as 
every 2 weeks in aggressive ocular MMP [74]. 
The interval can be gradually extended by 2 
weeks, with complete control of the disease, 
until two infusion cycles have been administered 
16 weeks apart. Many, at this point, consider this 
the end point of treatment [74].

 Side Effects and Adverse Events

The vast majority of side effects and adverse 
events associated with IVIg are benign and self- 
limited, occurring in 1–5% and rarely necessitat-
ing discontinuation of therapy [62, 95]. Reactions 
occurring at the time of administration—head-
ache, myalgias, nausea, dizziness, chills, fever, 
back pain, high blood pressure—resolve for the 
most part by decreasing the rate of or temporar-
ily pausing the infusion [74]. Pretreatment with 
nonsteroidal anti-inflammatory agents, antihista-
mines, or even low-dose IV corticosteroid may 
obviate many of these side effects. Intravenous 
access site reactions, including phlebitis and der-
matitis, occasionally occur [95].

IVIg may rarely be associated with serious 
complications, including aseptic meningitis, ana-
phylaxis, infection transmission from improp-
erly screened donor serum, and thromboembolic 
events [96–98]. Anaphylactic reactions gener-
ally occur in IgA deficient patients and can be 
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avoided by checking IgA levels prior to infusion. 
Preexisting hypertension and other risk factors 
for thromboembolism should be noted and opti-
mized if possible. Fluid overload in patients with 
a history of cardiac impairment may lead to or 
exacerbate congestive heart failure [74].

Lastly, acute renal failure, especially in the 
elderly, patients with diabetes, and those with 
autoimmune disease involving the kidneys, such 
as granulomatous polyangiitis and SLE, may 
infrequently develop [62, 74]. The highest risk 
appears to be associated with IVIg preparations 
containing sucrose [74].

In terms of ocular adverse effects, extremely 
uncommon events have been reported as attribut-
able to IVIg, including, paradoxically, two cases 
of uveitis with retinal vasculitis [99, 100] and a 
patient with bilateral central retinal vein occlu-
sion [101]. Bilateral crystalline keratopathy also 
has been reported in patients exposed to exog-
enous immunoglobulin [102].

 Other Important Management 
Pearls

Prior to commencing therapy with IVIg, base-
line labs, including a CBC with differential and 
a CMP with liver and kidney function testing, 
as well as hepatitis B and C and human immu-
nodeficiency virus screening, are recommended 
[74]. IgA levels and screening for cryoglobulin 
should also be performed, as patients with low or 
absent IgA may be at risk for anaphylaxis with 
IVIg infusions and cryoglobulin may predispose 
to acute renal failure [74].

Caution should be exercised in patients with 
a history of renal insufficiency or heart failure, 
as fluid overload may easily occur with IVIg 
infusions. To mitigate these adverse events, 
IVIg should be infused slowly over a period of 
4–5 hours [74, 103].

Outside of these specific disease consider-
ations, the relative safety of IVIg, especially in 
comparison to other agents often considered in 
the setting of intractable ocular inflammation, 
such as cyclophosphamide and chlorambucil, 
should be underscored. Importantly, IVIg is not 

contraindicated at extremes of age (children or 
elderly) or in pregnant women [74]. Also, simi-
lar to interferon therapy, patients are not at risk 
for opportunistic infection, as exogenous IVIg 
does not confer any systemic immunosuppres-
sion [104].

Given the present climate of healthcare eco-
nomics, the exorbitant cost of IVIg therapy must 
be considered. Further, the therapy is quite time- 
consuming for the patients themselves, which 
may impart additional “cost” (e.g., time away 
from employment, reduced quality of life). 
Availability of supply may be an additional limi-
tation to its use. Because of these potential con-
siderations, many experts recommend that IVIg 
only be considered in truly refractory disease 
[96].

Only a small number of manufacturers sup-
ply IVIg in the United States [105]. Clinicians 
should recognize that the various preparations 
may differ in several ways, including composi-
tion of gammaglobulins and other immunologi-
cally active products, osmolarity and sodium 
concentration, sugar content, and others. These 
differences may affect patient outcomes, in terms 
of efficacy, adverse events, and side effects, 
though no head-to-head investigations have been 
undertaken. Standardization of preparation and 
comparison trials would be helpful in optimiz-
ing the product, one with physiologic osmolar-
ity, low sodium, no sugar, minimized purification 
time, and high biological activity [74]. Also, in 
the recent past, critical shortages of IVIg have 
occurred. Premeditative and discriminate pre-
scribing among clinicians will help to ensure that 
the patients likely to derive the greatest benefit, 
or already demonstrating a significant response, 
will have continued access to the drug.

 Conclusion

In clinical practice, interferons and IVIg most 
commonly are employed in the setting of abject 
refractoriness, often after patients have failed 
to respond to numerous other immunosuppres-
sive medications. This blanket application has 
pitfalls: diluting beneficial treatment effects 
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and increasing cost and adverse events. Side 
effects and adverse events are far more com-
mon in patients treated with interferon, though 
importantly they are rarely treatment limiting; 
serious adverse reactions may rarely occur with 
exogenous immunoglobulin, despite its generally 
excellent tolerability.

As our understanding of the complex array 
of interactions and modulations these agents 
effect upon and within the human immune sys-
tem evolves, more tailored patient selection 
can occur. By matching precise drug mecha-
nisms of action to disease-specific, aberrant 
immune physiology of the eye, response rates 
will be optimized, while mitigating cost and side 
effects. This has already occurred, somewhat 
serendipitously for Behçet disease, MS-related 
IU, and uveitic CME with exogenous interfer-
ons and more thoughtfully for ocular MMP and 
BCR with IVIg. However, ongoing investigation 
of exact drug effects and further delineation of 
specific uveitic entities promise to enhance our 
application of these powerful immunomodula-
tors in the future.
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Diagnostic Biopsies 
in the Management of Uveitis
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 Diagnostic Vitreoretinal Surgery

 Indications

In the vast majority of cases of posterior uveitis, a 
diagnosis may be reached by the combination of 
a comprehensive medical and ophthalmic history, 
review of systems, complete ocular examina-
tion, and directed laboratory investigations. The 
primary tissue level of intraocular inflammation 
(retinitis vs. choroiditis), the number (paucifo-
cal vs. multifocal), location (posterior pole vs. 
periphery), and other lesion descriptors (color, 
size, shape), together with host factors (immu-
nocompetence) are often sufficient to make a 
diagnosis based on “pattern recognition” in the 
correct clinical context [1]. For example, an area 
of focal retinitis adjacent to a hyperpigmented 
chorioretinal scar with accompanying vitritis 
in an otherwise healthy patient is suggestive of 
toxoplasmic retinochoroiditis, whereas typical 
multifocal wedges of hemorrhagic retinitis and 
scant vitreous cell in a profoundly immunosup-
pressed patient with HIV/AIDS evoke a diagno-
sis of CMV retinitis.

Diagnostic dilemmas arise when the clinical 
presentation is atypical (diffuse toxoplasmic 
retinochoroiditis in an immunocompromised 
patient resembling necrotizing herpetic reti-
nitis), when the systemic work up in incon-
clusive, or where there has been inadequate 
response to or worsening of inflammation 
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Pearls
• The preoperative clinical impression 

and differential diagnosis are important 
in guiding the selection of diagnostic 
testing to be performed on intraocular 
specimens.

• PCR of aqueous and vitreous samples 
provides a highly sensitive and specific 
assay in the diagnosis of suspected 
infectious posterior uveitis or uncertain 
etiology and/or atypical presentation, 
allowing the differentiation of diverse 
potential microorganisms.

• Chorioretinal biopsies are preferred for 
uncertain disease processes primarily 
involving choroid in which the retina 
may be secondarily affected such as 
tuberculosis, sarcoidosis, PIOL, and 
cancer metastasis without evidence of 
systemic malignancy.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-22827-9_11&domain=pdf
mailto:Albert.vitale@hsc.utah.edu
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with conventional therapy (unsuspected pri-
mary intraocular lymphoma or the treatment 
of infectious uveitis with corticosteroid mono-
therapy) (Fig. 11.1). In such cases, paracente-
sis to acquire aqueous fluid and vitreoretinal 
surgical techniques to obtain vitreous, reti-
nal, subretinal, and/or chorioretinal biopsy 
specimens for directed laboratory analysis 
are essential in the differentiation of purely 
inflammatory from infectious and neoplastic 
etiologies and so allow the commencement of 
appropriate, specific therapy for these patients 
with severe, sight-threatening posterior uveitis 
(Table 11.1).

 Anterior Chamber Paracentesis

Diagnostic anterior chamber paracentesis is a rel-
atively safe procedure which may be performed 
in an outpatient setting and may serve as a use-
ful adjunct in the diagnosis and monitoring of a 
variety of infectious and noninfectious  uveitic 
entities as well as masquerade syndromes [2]. 
Among 361 patients undergoing this procedure, 
no major complications (endophthalmitis, cata-
ract, keratitis) were reported [3] while in more 
recent retrospective study of 560 uveitic eyes, 
mild adverse events (anterior lens capsule touch, 
intracameral air, betadine allergy) were seen in 
only 4 (0.7%) cases [4].

While aqueous samples may be processed for 
microbiologic examination, such as Gram stain 
and culture in cases of suspected intraocular 
infection, they are typically sent for qualitative 
or real-time polymerase chain reaction (PCR) 
and/or local pathogen-specific antibodies with 
Goldmann-Witmer coefficient (GWC), the lat-
ter being more commonly employed in Europe. 
For PCR analysis, the aqueous is most useful 
when the differential diagnosis is narrow, as the 
maximum obtainable volume of aqueous is small 

a b

Fig. 11.1 (a) Classical toxoplasmic retinochoroiditis 
with an area of active focal retinitis adjacent to an old cho-
rioretinal scar. (b) Diffuse toxoplasmic retinochoroiditis 

in an immunocompromised host. Funduscopic appear-
ance inadequate to differentiate to this entity from her-
petic necrotizing retinitis and syphilitic chorioretinitis

Table 11.1 Indications for diagnostic vitreoretinal 
surgery

Uveitis unknown etiology
  Clinical presentation insufficient to make diagnosis
  Atypical presentation
  Systemic workup inconclusive
  Inadequate response to conventional therapy
Suspected intraocular infection
Suspected intraocular malignancy
Biopsy has potential to alter management of uveitis and 
impact systemic health
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(300 μL), limiting the number of diagnostic tests 
that can be performed. For example, in patients 
presenting with the typical clinical feature of the 
acute retinal necrosis syndrome (ARN), PCR of 
the aqueous is usually sufficient to detect varicella 
zoster (VZV), herpes simplex (HSV), cytomega-
lovirus (CMV), or Toxoplasma gondii DNA and 
confirm the diagnosis [5]. The diagnostic yield 
can be increased by using PCR and the GWC 
together as these tests are complementary for the 
diagnosis of infectious uveitis [6]. While ante-
rior paracentesis with PCR had little diagnostic 
utility and resulted in few management changes 
(13%) among patients with suspected infectious 
anterior uveitis [7], aqueous analysis with PCR 
and GWC for VZV, HSV, CMV and Toxoplasma 
gondii was positive in 29% of 152 cases of pos-
terior uveitis but in none of 40 controls, resulting 
in a change of management in 24% of patients 
[8]. In the latter study, clinical features associated 
with a positive result included extensive retinitis 
and focal chorioretinitis, whereas multifocal cho-
rioretinitis, retinal vasculitis, and neuroretinitis 
were rarely positive.

Cytologic analysis of aqueous specimens may 
be confirmatory in presumed phacogenic uve-
itis, revealing lipid-laden macrophages, and in 
 suspected neoplastic masquerades, such as pseu-
dohypopyon in the setting of acute myelogenous 
leukemic infiltration of the uveal tract [9].

Finally, measurement of IL-10 levels in the 
aqueous humor of patients suspected of pri-
mary intraocular lymphoma (PIOL) may be use-
ful both as a screening tool and in monitoring 
the response to therapy. The mean IL-10 values 
were found to be significantly different between 
patients with PIOL and uveitis, with a cutoff of 
50 pg/ml being both highly sensitive (89%) and 
specific (93%) [10].

 Diagnostic Vitrectomy

Diagnostic vitrectomy is considered in patients 
with sight-threatening posterior uveitis in which 

the clinical presentation and initial noninvasive 
testing have failed to establish a pathoetiologic 
diagnosis and/or had been unresponsive to stan-
dard treatment. In this setting, vitreous biopsy 
analysis has the potential to significantly alter 
management by differentiating infectious, non- 
infectious and neoplastic uveitic masquerade 
processes. Specifically, diagnostic vitrectomy is 
employed in cases of suspected infectious pos-
terior uveitis due to bacteria (acute and delayed 
onset postoperative endophthalmitis,), viruses 
(the herpetic necrotizing retinitides (ARN and 
progressive outer retinal necrosis or PORN)), 
protozoal and helminthic diseases (Toxoplasma 
gondii and Toxocara spp.), and fungi (endog-
enous endophthalmitis). Vitreous biopsy is an 
essential intervention in the diagnosis of mas-
querade syndromes such as PIOL and intraocular 
Whipple’s disease [11].

 Vitreous Tap/Biopsy

Vitreous biopsy techniques include a one-
port approach using a 22–27-G needle on a 
1 ml or 3 ml syringe inserted into the vitreous 
cavity through the pars plana (vitreous tap). 
Advantages of this approach include the con-
venience of the outpatient setting and the need 
for minimal equipment, and so, it may be ide-
ally suited for cases in which a relatively small 
sample volumes are required (0.5–2.0  ml of 
intraocular fluid) and in which the differen-
tial diagnosis is narrow, such as in the setting 
of postoperative endophthalmitis, or when the 
exclusion or inclusion of only one or two diag-
nostic entities (e.g., necrotizing viral retinitis) is 
required. Disadvantages include smaller sample 
volumes limiting the number and type of poten-
tial diagnostic tests, especially when the differ-
ential diagnosis is broad, and the potential for 
iatrogenic complications associated with vitre-
ous base traction and hypotony. In the setting of 
acute postoperative endophthalmitis, the endo-
phthalmitis vitrectomy study (EVS) found no 
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difference in outcomes between immediate tap/
biopsy group and the three-port PPV group for 
patients with better than light perception vision 
at the study entry [12]. While there was a higher 
positive culture rate from vitreous samples as 
compared to those obtained from the aqueous, 
there were no differences in outcomes between 
the study groups with respect to vision, micro-
bial yield, operative complications, or short-
term retinal detachment [13]. Among 59 patients 
with posterior or panuveitis who underwent vit-
reous biopsy obtained either by vitreous tap or 
during standard three- port PPV, the initial diag-
nosis was confirmed or an infectious etiology 
excluded in 68% while the biopsy result altered 
management significantly in 12% of patients 
[14]. Complications were few and included one 
case each of hypotony and retinal detachment.

 Pars Plana Vitrectomy (PPV)

A standard three-port PPV (20, 23, 25, and 
27 G) is generally preferred when the differen-
tial diagnosis is broad as it allows larger sample 
volumes to be obtained in a controlled manner, 
and so, greater latitude in the scope of labora-
tory testing, as well as the opportunity to per-
form simultaneous therapeutic vitrectomy as 
needed (Fig. 11.2). Valved trocar smaller gauge 
(23, 25, and 27 G) transconjunctival, sutureless 
vitrectomy systems may be ideally suited for 

diagnostic purposes as well as therapeutically, 
when vitrectomy is required to clear the visual 
axis and/or in addressing vitreoretinal structural 
pathology. During diagnostic PPV, an undi-
luted (pure) vitreous specimen of up to 1.5  ml 
is obtained initially with the vitreous cutter con-
nected directly to a 3 ml syringe under manual 
aspiration with the infusion line off until the eye 
softens. Larger volumes of undiluted vitreous 
(average of 2.4 ml) may be obtained using per-
fluorocarbon-perfused vitrectomy in which aspi-
rated vitreous is replaced with perfluorocarbon 
liquid which is manually and simultaneously 
injected into the vitreous cavity through the infu-
sion line connected to a syringe [15]. A dilute 
specimen is then obtained with the infusion 
line turned on, manually aspirating into a 20 ml 
syringe and/or by collecting the vitreous wash-
ings from the machine cassette. Depending on 
the suspected preoperative differential diagnosis, 
the undiluted sample is sent for PCR, cytologic 
and cytokine analysis, while the dilute specimen 
is processed for cell block preparation for cyto-
logic analysis [hematoxylin-eosin (HE), periodic 
acid-Schiff (PAS) stains], immunohistochemis-
try (CD20, CD3, in situ hybridization for κ and λ 
light chains), flow cytometry, and microbiologi-
cal analysis for cultures [16] (Table 11.2).

 Subretinal, Endoretinal, 
and Chorioretinal Biopsy

Occasionally, analysis of the vitreous is either 
inappropriate or fails to provide useful diag-
nostic information. Uveitic masquerade syn-
dromes such as PIOL presenting with subretinal 
or sub- RPE infiltration and certain infectious 
entities (i.e., atypical presentations of toxo-
plasmosis, necrotizing herpetic retinitis, syphi-
litic and candida retinitis), which are primarily 
located in the neurosensory retina or RPE, may 
require subretinal [17] or endoretinal biopsy 
[18–20] for definitive diagnosis (Fig.  11.3). In 
other instances, chorioretinal biopsy may be 
required for patients with progressive, medi-
cally unresponsive, sight- threatening infectious 

Fig. 11.2 Standard three-port 25 G pars plana 
vitrectomy
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(tuberculosis), non- infectious (sarcoidosis), and 
masquerade (Whipple’s disease) chorioretinal 
processes [21].

 Fine-Needle Aspiration Biopsy 
(FNAB)

A variation of the vitreous biopsy technique 
is the fine-needle aspiration biopsy (FNAB) in 
which a 25–30 G, 1.5 inch (3.75 cm) needle is 
bent to an angle and connected to an aspirating 
syringe. The needle is passed into the eye via a 
pars plana incision and used to aspirate subreti-
nal material under direct visualization with indi-

rect ophthalmoscopy [22, 23]. As a vitrectomy 
is not performed with this technique, it carries 
a greater risk for vitreoretinal traction-related 
complications such as retinal detachment and 
does not allow for adequate gas tamponade 
postoperatively.

 Subretinal Aspirate

Alternatively, infiltrative subretinal material 
may be sampled during the course of PPV fol-
lowing vitreous biopsy as described above, 
complete vitrectomy and removal of the pos-
terior hyaloid. The biopsy site is usually 

Table 11.2 Vitreous sample processing

Lymphoma Infectious
Autoimmune 
inflammatory Tumor metastasis

Undiluted 
vitreous

Cytologic analysis
PCR: IgH gene 
rearrangements and TCR
Cytokine analysis
(IL-10 to IL-6 ratio)
Myd88 L265P gene mutation

PCR: Toxoplasma 
gondii, HSV, VZV, 
TB complex, CMV

Cytologic 
analysis
Cytokine 
analysis (IL-10 
to IL-6 ratio)

Cytologic analysis

Diluted 
vitreous

Cell block preparation for 
cytologic analysis:
 HE and PAS stains
 Immunohistochemistry/flow 
cytometry (CD20 and CD3)
 In situ hybridization (κ and 
λ light chains and EBV)

Cell block 
preparation for 
cytologic analysis
 HE, PAS, fungal 
stains
 Microbiological 
analysis for cultures

Cell block preparation for 
cytologic analysis, 
immunohistochemistry

Adapted from: Mehta et al. [65]
CMV cytomegalovirus, EBV Epstein-Barr virus, HE hematoxylin-eosin, HSV herpes simplex virus, IgH heavy-chain 
immunoglobulin, IL interleukin, PAP Papanicolaou, PAS periodic acid-Schiff, PCR polymerase chain reaction, TB 
tuberculosis, TCR T-cell receptor, VZV varicella zoster virus

a b

Fig. 11.3 (a) Color photograph of primary intraocular lymphoma presenting with subretinal infiltration. (b) SD-OCT 
of nasal retina showing both subretinal and sub-RPE infiltration
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selected at the edge of the lesion, at the junc-
tion of affected and normal retina, preferably 
in the superior hemiretina, to maximize the 
efficacy of postoperative gas tamponade. The 
biopsy site is then surrounded with endolaser 
and any vessels are diathermized. The intra-
ocular pressure (IOP) is raised temporarily to 
greater than 50  mm Hg to reduce the risk of 
bleeding. A microvitreoretinal blade is used to 
incise the retina, and a 25-gauge, flexible, sili-
cone cannula with the tip previously beveled 
is placed in the subretinal space; an assistant 
aspirates the biopsy specimen manually into 
a 3  ml syringe. The silicone-tipped cannula 
allows visualization of the cells flowing into 
the needle. Several such sites may be needed 
in order to obtain an adequate specimen and 
increase the yield. Fluid can be drawn from the 
mid-vitreous cavity to ensure that all the cells 
are in the syringe. A total volume of 0.5–1.0 ml 
within the syringe is usually adequate. Another 
maneuver to increase the yield is to enlarge the 
retinotomy, thus gaining access to a larger area 
of the subretinal space and obtaining a larger 
cellular aspirate. In some instances, material 
beneath the retina may be grasped with subreti-
nal forceps and removed. After the intraocular 
specimen is removed, the intraocular pres-
sure is lowered and hemostasis is confirmed. 
The peripheral retina is examined to exclude 
the presence of breaks or tears; an air- fluid 
exchange is performed, endolaser is applied 
around the retinotomy sites if not performed 
 previously and the eye is insufflated with long- 
acting gas tamponade.

In the case of intraocular neoplasm and PIOL 
in particular, the aspirated material is more likely 
to have a higher concentration of viable cells 
than the adjacent intraocular fluid, reducing the 
chances of a false-negative cytologic result which 
occurs not infrequently following vitreous biopsy 
alone. Therefore, it is recommended that both 
vitreous biopsy and subretinal aspirate be per-
formed during diagnostic PPV in suspected cases 
of PIOL which harbor characteristic subretinal 
lesions.

 Endoretinal and Chorioretinal 
Biopsy

Judicious preoperative consideration of the dif-
ferential diagnosis, careful biomicroscopic 
examination, multimodal imaging, and the 
disease course influence the choice of surgi-
cal procedure and so the biopsy site and depth. 
Endoretinal biopsy is ideal for the detection of 
intracellular pathogens such as HSV, VZV, CMV, 
and Toxoplasma gondii that spread by cell-to-cell 
contact within the retina, bacterial (syphilis) and 
fungal (candida) infections producing a retinitis 
and infiltrating processes (PIOL) located in the 
subretinal space and RPE in which the overlying 
vitreous may not be affected. Chorioretinal biop-
sies are preferred for uncertain disease processes 
primarily involving choroid in which the retina 
may be secondarily affected such as tuberculosis, 
sarcoidosis, PIOL, and cancer metastasis without 
evidence of systemic malignancy.

Endoretinal biopsy is performed during the 
course of PPV following vitreous biopsy, com-
plete vitrectomy, and removal of the posterior 
hyaloid. As previously described with a subreti-
nal aspirate, the biopsy site is usually selected at 
the junction of affected and normal retina, pref-
erably in the superior hemiretina, to maximize 
the efficacy of postoperative gas tamponade, and 
surrounded with endolaser. If the retina is already 
detached, internal diathermy may be substituted 
and used to treat any vessels within the site. For 
cases in which the retina is attached, a 39 G can-
nula is used to inject saline under the neurosen-
sory retina to create a small bleb. Again, the IOP 
is raised temporarily to greater than 50 mm Hg 
to reduce the risk of bleeding. An incision is then 
made in the retina using a needle knife, or MVR 
blade and vertical intraocular scissors are used to 
complete the neurosensory retinectomy to obtain 
at least a 2 mm by 2 mm biopsy specimen, left 
attached at one corner. The infusion should be 
temporarily turned off prior to removing the reti-
nal sample to prevent turbulence and loss of the 
specimen. Broad-based forceps are then used to 
grasp the specimen and remove it from the eye. 
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Care should be taken not to lose the retinal biopsy 
sample as the forceps leave the eye at the sclerot-
omy site. Alternatively, the biopsy specimen may 
be manually aspirated through an 18-gauge nee-
dle into a 10 cc syringe and diluted to about 3 cc, 
visually confirming the specimen in the syringe. 
The plunger from the syringe is removed by the 
surgical assistant and the contents emptied onto a 
sterile petri dish, again confirming the presence 
of the specimen in the dish. After carefully aspi-
rating excess fluid, the isolated specimen may 
be partitioned as described below. The periph-
eral retina is then examined, retinopexy applied 
to breaks if present, the retina is reattached with 
air-fluid exchange and long-acting non-expansile 
concentration of perfluoropropane (15%) or sul-
fahexafluoride (20%) is exchanged with the air.

Chorioretinal biopsy may be performed tran-
sclerally [21] or more commonly, by an ab interno 
approach [24]. As previously mentioned, FNAB 
may also be used to obtain retinal or choroidal 
tissue [25]. The majority of eyes undergoing ab 
interno chorioretinal biopsy have already under-
gone an inconclusive diagnostic vitrectomy and 
is described as follows [26]. If not previously per-
formed, a vitreous biopsy, complete vitrectomy, 
and removal of the posterior hyaloid are achieved 
prior to delineating the intended biopsy site with 
endodiathermy or endolaser. Endodiathermy is 
preferred as this may achieve better retinal and 
choroidal hemostasis. After elevating the IOP 
to 50–60  mm HG, vertical scissors are used to 
incise the retina and choroid down to the sclera. 
The incision follows the  outline of the diathermy 
nearly 360 degrees leaving the specimen hinged 
at one corner to prevent it from dislodging and 
floating freely in the vitreous cavity. While this 
procedure may be performed with 20–25 G vit-
rectomy systems, the access sclerotomy is usu-
ally 20 G and enlarged with an MVR blade prior 
to removal of the specimen. The chorioretinal tis-
sue is then grasped near the hinge with a broad-
platform forceps and removed rapidly from the 
eye to prevent hypotony and bleeding that may 
result from reduced intraocular pressure during 
this phase of the procedure. Bare sclera should 

be visualized within the biopsy site. The speci-
men is transferred to a specimen cup, partitioned 
as described below and the sclerotomy sutured 
immediately to its original size. Additional dia-
thermy may be applied to the edge of the biopsy 
site and blood and/or residual tissue remnants 
removed with the vitreous cutter. Intraocular 
pressure is then slowly reduced and hemostasis 
verified. The peripheral retina is then examined, 
retinopexy applied to breaks if present, an air-
fluid exchange is performed draining through the 
biopsy site which is then and surrounded with 
several rows of endolaser. A non-expansile con-
centration of perfluoropropane (15%) or silicone 
oil is employed as an extended tamponade.

 Complications

The risks associated with intraocular biopsy pro-
cedures are congruent with those of vitreoretinal 
surgery in general. These include endophthalmi-
tis, vitreous and choroidal hemorrhage, retinal 
breaks and detachment, proliferative vitreoreti-
nopathy (PVR), elevated intraocular pressure 
(IOP), cataract progression, and exacerbation of 
underlying intraocular inflammation. In a recent 
retrospective review of 29 consecutive cases 
undergoing chorioretinal biopsy for suspected 
intraocular lymphoma over a 15 year period, no 
intraoperative complications were reported [14]. 
During the follow-up period, the complication 
rate was 14% and included two vitreous hemor-
rhages, both of which resolved spontaneously, 
and two late retinal detachments, each success-
fully repaired.

 Sample Processing

The preoperative clinical impression and dif-
ferential diagnosis are important in guiding the 
selection of diagnostic testing to be performed 
on intraocular specimens. Likewise, preopera-
tive communication with respective laborato-
ries is essential for effective sample processing. 
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Vitreous may be sent for cytopathology, flow 
cytometry, cytokine analysis, microbial culture, 
antibody testing, and molecular studies (PCR) 
(Table  11.2). Likewise, endoretinal and cho-
rioretinal biopsy specimens are oriented and 
partitioned in the OR as follows: fresh tissue 
for microbiology, PCR, and cell culture media 
(RPMI); formalin fixation for paraffinization, 
immunohistochemistry, and/or in situ hybridiza-
tion; and 4% glutaraldehyde for light and elec-
tron microscopy.

 Cytology

Cytological evaluation may be performed on 
cells harvested from the vitreous, subretinal 
aspirate or chorioretinal biopsy specimen and 
requires immediate attention to prevent cellu-
lar degradation, especially in cases of suspected 
intraocular lymphoma, where rapid transport to 
the lab in tissue-culture medium (e.g., RPMI-
1640S) may preserve cellular viability. While it 
remains the gold standard for the diagnosis of 
intraocular lymphoma, the sensitivity of vitreous 

cytopathology for this diagnosis has been histori-
cally low [27]. Samples are typically paucicel-
lular, previous treatment with corticosteroids is 
cytolytic to lymphoma cells, and the presence of 
reactive T lymphocytes admixed with necrotic 
cells and debris may confound cytologic inter-
pretation. Ultimately, cytologic evaluation may 
be limited by the skill of the cytopathologist and 
by its inability to immunophenotype (determine 
B-cell or T-cell origin) lymphocytes. Typical 
cytologic findings of PIOL on light microscopy 
(LM) with conventional stains (hematoxylin 
and eosin or Giemsa) include large lymphoid 
cells with scant basophilic cytoplasm and large, 
round-oval, indented or hypersegmented nuclei 
with prominent, frequently multiple nucleoli 
with mitotic figures [28] (Fig. 11.4). Tumor cells 
located between Bruch’s membrane and the RPE 
is pathognomonic of PIOL [29].

Finally, in the appropriate clinical context, 
cytologic assessment of vitreous biopsy speci-
mens has been shown to be of value in supporting 
the diagnosis of sarcoid-related posterior seg-
ment inflammation and in directing appropriate 
therapy [30].

Fig. 11.4 Primary 
intraocular lymphoma: 
light microscopy with 
hematoxylin and eosin 
highlighting large 
lymphoid cells with 
scant basophilic 
cytoplasm and large, 
round-oval, indented or 
hypersegmented nuclei 
with prominent, 
frequently multiple 
nucleoli
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 Immunohistochemistry

Immunohistochemical techniques detect cell 
or tissue-bound antigens with monoclonal anti-
bodies either by microscopic examination of 
immunofluorescence or by using fluorescence-
activated cell sorters, otherwise known as flow 
cytometry (FCI). Both of these techniques permit 
the immunophenotyping of lymphocytes and so 
have been applied to the diagnosis of intraocular 
lymphoma and its differentiation from infectious 
and non- infectious uveitis [31, 32]. Specifically, 
most primary intraocular lymphomas consist of 
populations of monoclonal B lymphocytes that 
stain for specific B-cell markers (CD-19, CD-20, 
and CD-22) and have restricted expression of 
kappa or lambda chains, while in non-infec-
tious posterior uveitis; there is a predominance 
of CD4+ helper or inducer T lymphocytes and 
elevated interleukin-2 receptor levels (CD-25) 
which is correlated with uveitis activity [33]. 
T-cell lymphomas, while much less common, 
can be identified by T-cell markers such as CD3 
and DC8. In one study, FCI identified intraocu-
lar lymphoma in 7 or 10 patients as compared 
to only 3 diagnosed by cytology, [32] while in 
another, it provided corroborative support in 6 
patients diagnosed by both modalities [34]. Davis 
and colleagues have reported that CD-22  +  B 
lymphocytes comprising ≥20% of total cells on 
FCI had a positive predictive value of 88% for 
lymphoma while a CD4:CD8 T-lymphocyte ratio 
of ≥4 had a similarly positive predictive value of 
70% for immunologically mediated uveitis [35].

 Cytokine Analysis

Cytokine analysis of vitreous and/or aqueous 
samples from patients with suspected intraocu-
lar lymphoma may serve as a useful adjunct in 
distinguishing this entity from inflammatory pos-
terior uveitis and in monitoring disease activity. 
Interleukin-10 (IL-10) is preferentially produced 
by malignant B lymphocytes in patients with 
intraocular lymphoma, whereas, interleukin-6 
(IL-6) is found in high levels in patients with 
inflammatory uveitis [36]. Specifically, elevated 

vitreous levels of IL-10 and a ratio of IL-10 to 
IL-6 of >1 are suggestive of a diagnosis of PIOL 
[37, 38]. Likewise, IL-10 levels in the aqueous 
humor may be a useful biomarker for the diagno-
sis of PIOL and correlate with clinical response 
to local chemotherapy [10].

 Microbiologic Analysis

While culture remains the gold standard for the 
diagnosis of intraocular infection, especially in 
cases of bacterial endophthalmitis, many intra-
ocular microbes (viruses) are difficult to recover 
and identify by this method. It is important to 
hold bacterial specimens for a least 1 week and 
fungal cultures for 1 month as some organisms 
(Propionibacterium acnes) may require extended 
time periods to grow (Fig. 11.5).

 Intraocular Antibody Analysis

Intraocular antibody production as a measure of 
the host response to a specific microbial patho-
gen can be computed utilizing the GWC: the 
ratio of specific antibody (aqueous or vitreous)/
total IgG (aqueous or vitreous) to specific anti-
body (serum)/total IgG (serum) as measured by 
enzyme-linked immunosorbent assay (ELISA) 
or radioimmunoassay [39]. A ratio of greater 
than 4 is considered diagnostic of local antibody 
production [40]. Antibody testing of ocular flu-
ids remains the gold standard for the diagno-
sis of ocular toxocarasis [41]. It has been used 
more widely in Europe than in the United States 
as an adjunct to the diagnosis of toxoplasmosis 
[42], necrotizing herpetic retinitis due to herpes 
simplex virus (HSV) and varicella zoster virus 
(VZV) while it is of little value in the diagnosis 
of cytomegalovirus (CMV) retinitis [43].

 Molecular Analysis

PCR of aqueous and vitreous samples provides 
a highly sensitive and specific assay in the diag-
nosis of suspected infectious posterior uveitis or 
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uncertain etiology and/or atypical presentation, 
allowing the differentiation of diverse poten-
tial microorganisms (Table  11.3). Small vol-
umes of fluid (0.1 ml) can be analyzed for the 
detection and differentiation of herpes family 
viruses (HSV 1, HSV 2, HSV-6, VZV, CMV, and 
EBV). While the test sensitivity is greater for 
the vitreous than the aqueous, in many cases of 
necrotizing retinitis, PCR and/or antibody deter-
minations from the aqueous alone may provide 
sufficient substrate for analysis, obviating the 
need for vitrectomy [44].

PCR-based assays have also been developed 
for the detection of Toxoplasma gondii, bacteria, 
and fungi in cases of both acute and delayed- 
onset postoperative endophthalmitis. In one study 

using “universal” 16S rDNA primers, bacterial 
DNA was amplified in nearly all cases of acute 
postoperative endophthalmitis [45], while in the 
Endophthalmitis Vitrectomy Study, the reported 
rate of culture-positive cases was only 70% 
[46]. Similarly, diagnostic yields of up to 92% 
in cases of delayed-onset endophthalmitis due to 
Propionibacterium acnes, Staphylococcus epi-
dermidis, or Actinomyces israelii [47] and fungi 
[48] have been reported, significantly improving 
the time to diagnosis over traditional techniques.

PCR screening of vitreous samples has proven 
invaluable in the diagnosis of medically unre-
sponsive, atypical, or otherwise unusual causes 
of posterior uveitis, such as suspected Whipple’s 
disease [49], Lyme disease [50], ocular tubercu-
losis [51], or cat-scratch disease [52].

Furthermore, the recent development by Doan 
and colleagues of an unbiased metagenomics 
deep sequencing approach to identify infectious 
organisms (fungi, parasites, DNA and RNA 
viruses) in otherwise idiopathic uveitis using 
small volumes of ocular fluid will likely change 
our concept of etiopathogenesis for many uveitic 
entities [53]. Finally, the diagnostic yield of PIOL 
may be improved by isolating cells with cytologic 
abnormalities with either laser capture or manual 
microdissection for PCR-based molecular assays 

Fig. 11.5 Gram stain 
revealing a colony of 
gram-positive rods 
consistent with 
Propionibacterium 
acnes. Note the yellow 
lens capsule inferiorly. 
(Courtesy of Nick 
Mamalis, MD)

Table 11.3 PCR for intraocular infection

HSV I, VZV,CMV, EBV
Toxoplasma gondii
Mycobacterium tuberculosis
Borrelia burgdorferi
Propionibacterium
Leptospirosis
Tropheryma whipelli
Fungi (28s rDNA gene)
Bacteria (16s rDNA gene)
Metagenomics deep sequencing

A. T. Vitale



141

to detect IgH, bcl-2, or T-cell receptor gamma 
gene rearrangements [54–56]. Furthermore, dis-
covery of the myeloid differentiation primary 
response gene 88 (Myd88) mutation L265P in 
86.7% of primary vitreoretinal lymphoma in one 
series might make PCR testing for this mutation 
highly sensitive in the diagnosis of PIOL. PCR 
testing for the Myd88 L265P mutation can be 
performed on paraffin- embedded blocks as well 
as live cells [57].

 Outcomes

The reported yield following diagnostic PPV 
ranges from 20% to 92% [16, 31, 35, 58–62]. 
This variability is due in part to diverse defini-
tions of the final diagnosis but more importantly 
to specific patient/case factors (preoperative 
clinical diagnostic suspicion and previous expo-
sure to antimicrobial/anti-inflammatory therapy), 
vitreous sample processing (effective preopera-
tive communication, time lag to testing, number 
and types of tests ordered, experience of cytopa-
thologist), and surgical technique. In one series 
of 87 patients, the overall diagnostic yield in dif-
ferentiating infectious from neoplastic disease 
in eyes with posterior uveitis was 39% [60]. A 
specific diagnosis was reached more often when 
an underlying infection was suspected preoper-
atively (42% of 65 eyes) as compared to intra-
ocular malignancy (10% of 71 eyes). Intraocular 
antibody testing and PCR had the highest yields 
at 46% and 39%, respectively. In another study 
from the Bascom Palmer Eye Institute, vitre-
ous analysis led to a diagnosis in 61% of 78 
 consecutive patients with 81% of patients having 
a final diagnosis that matched the indication for 
surgery [35]. When the initial and final clinical 
diagnoses were compared, the efficiency of the 
diagnostic procedure for cytology, flow cytome-
try, and bacterial/fungal culture were 67%, 79%, 
and 96%, respectively. The positive predictive 
value for cytologic evaluation for lymphoma was 
100%, while the negative predictive value was 
60.9%. For intraocular infection, the positive and 
negative predictive values for bacterial/fungal 
culture were 100% and 94.9%, respectively.

The diagnostic value of PCR from 105 aque-
ous and 38 vitreous specimens from among 133 
patients with putative infectious chorioretini-
tis was reported from the same institution [63]. 
A definitive pathogen (HSV, VZV, CMV, EBV, 
T. gondii) was identified in 81% of 95 patients, 
leading to an alteration in treatment in 24% based 
on PCR alone. Clinical features associated with a 
positive result included early presentation (within 
a week of onset), extensive areas of retinitis, reti-
nal vasculitis, and immunocompromised status.

Most recently, the largest data pool of reported 
cytologic diagnoses has been reviewed from 
among 5736 vitreous samples obtained dur-
ing diagnostic and therapeutic vitrectomy from 
three teaching intuitions [16]. In eyes undergoing 
diagnostic PPV for suspected B-cell lymphoma, 
all 29 cases displayed cytologic atypia, whereas 
B-cell monoclonality by PCR analyses for IgH 
gene rearrangements was seen in 21 specimens. 
Cytologic analysis was likewise diagnostic in 
other patients suspected of malignancy including 
those with retinoblastoma, melanoma, and meta-
static adenocarcinoma. The authors concluded 
that cytologic evaluation of vitrectomy samples 
provides valuable information in differentiating 
nonpathologic findings from infectious, inflam-
matory, and neoplastic conditions and stressed 
the importance of preoperative communication 
between the surgeon and pathologist.

There are no large-scale data on the diagnos-
tic yield of trans pars plana subretinal aspira-
tion, FNAB, endoretinal or chorioretinal biopsy 
as these procedures are performed relatively 
infrequently. In one series of 67 patients under-
going FNAB for melanoma, the adequate yield 
was obtained in 97% of eyes. In a retrospective 
review of 14 retinal, subretinal, retino-choroidal 
and choroidal biopsies taken for 13 eyes with 
uveitis of unclear etiology suspected of harbor-
ing infectious or malignant disease, the patho-
logical diagnosis differed from the initial clinical 
diagnosis in 5 of 13 cases [64]. In seven, the 
tissue biopsy result directed specific treatment, 
while in 4, the biopsy excluded malignancy but 
failed to provide a specific diagnosis. In a recent 
retrospective review of 29 patients undergoing 
chorioretinal biopsy for suspected intraocular 

11 Diagnostic Biopsies in the Management of Uveitis



142

lymphoma, a definitive diagnosis was achieved 
in 59%, malignancy was effectively excluded in 
31%, while in 10% a definitive diagnosis could 
not be reached [14]. Significant levels of vitritis 
appeared to be strongly predictive of a definitive 
biopsy result relative to lesser degrees of vitreal 
inflammation.

 Summary

Diagnostic vitreoretinal surgery is an essen-
tial intervention for sight-threatening uveitis of 
unknown etiology in which the clinical presenta-
tion and systemic workup are either atypical or 
insufficient to make a diagnosis and/or when the 
response to conventional therapy is inadequate or 
paradoxical. This is especially important in cases 
of suspected intraocular infection or malignancy 
where intraocular fluid and/or tissue biopsy have 
the potential to significantly alter the manage-
ment of uveitis and impact the systemic health 
of the patient.
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Therapeutic Vitreoretinal Surgery 
for Noninfectious Intermediate, 
Posterior, and Panuveitis

Akbar Shakoor and Albert T. Vitale

With the advancement, over the last two 
decades, in surgical techniques, microsurgical 
instrumentation and the resultant reduction in 
perioperative surgical complications, the appli-

cation of vitrectomy and adjunctive therapeu-
tic vitreoretinal interventions have garnered 
greater interest in the management of ocular 
inflammatory disease (OID). There remains 
a general consensus that the management of 
uveitis is best achieved through medical inter-
vention, but in the presence of structural com-
plications and uncontrolled inflammation in 
both infectious and noninfectious disease, sur-
gical management may be efficacious in limit-
ing vision loss and preventing further structural 
disruption.

Indications for vitreoretinal procedures in 
OID (Table 12.1) include (1) achieving improved 
inflammatory control in eyes unresponsive to 
conventional immunomodulatory therapy (IMT) 
or regional glucocorticoid therapy; (2) the man-
agement of visually significant media opacity; 
(3) the management of structural complications 
such as tractional retinal detachment and epireti-
nal membrane (ERM); (4) the management of 
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Pearls
• Pars plana vitrectomy may improve 

inflammatory control and, potentially, 
refractory CME, noting that removal of 
vitreous will result in loss of the vitreous 
depot for intravitreally injected drugs.

• Pars plana vitrectomy with ERM +/− ILM 
removal may improve visual and anatomi-
cal outcomes in the management of medi-
cally refractory CME, but it is important 
to perform preoperative spectral domain 
OCT and, potentially, FA, to determine 
cases that might benefit from this surgery.

• Rarely, pars plana vitrectomy with sili-
cone oil, with or without cyclitic mem-
brane removal and/or FA implant 
placement, may be effective in main-
taining IOP in hypotonous uveitic eyes.

Table 12.1 Indications for vitreoretinal surgery in 
uveitis

Inflammatory control in eyes unresponsive to 
conventional therapy
Visually significant media opacity
Structural complications such as retinal detachment and 
ERM
Uveitis-associated hypotony
Sustained-release drug delivery devices
Inflammatory disease due to infectious endophthalmitis 
and lens-induced uveitis
In association with cataract surgery
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uveitis-associated hypotony; (5) the placement of 
sustained-release drug delivery devices; (6) the 
management of acute inflammatory disease due 
to infectious endophthalmitis and lens-induced 
uveitis; and (7) in association with cataract sur-
gery where pars plana vitrectomy (PPV), with 
or without lens implantation, may lead to bet-
ter postoperative control of inflammation and a 
lower rate of structural complications of surgery.

Regardless of the indications for surgical 
intervention, perioperative control of inflam-
mation is paramount. The use of perioperative 
steroid bursts is useful but true steroid sparing 
quiescence achieved through the use of IMT 
is preferred. For nonemergent procedures, it 
is certainly advisable to adequately suppress 
inflammatory activity utilizing topical, regional, 
and systemic steroids with or without systemic 
steroid- sparing IMT as necessary for a mini-
mum of 3 months prior to surgery, particularly 
if cataract and intraocular lens (IOL) implan-
tation is contemplated. In emergent surgical 
cases such as lens-induced uveitis or infectious 
endophthalmitis, where by their very nature, 
inflammatory  control cannot be achieved prior 
to surgery, the risk of perioperative complica-
tions and poor outcomes increases. This can be 
mitigated in part by minimizing the scope of 
surgery and, in the case of lens-induced uve-
itis, considering the use of perioperative oral or 
intravenous steroids.

Preoperative imaging studies may be useful 
in planning the scope of vitreoretinal surgery in 
eyes with ocular inflammatory disease. Optical 
coherence tomography can demonstrate epimac-
ular membranes [1] and cystoid macular edema 
[2–4] and allow the surgeon to gauge the relative 
impact of each on macular morphology. Wide- 
field fluorescein angiography may demonstrate 
areas of peripheral nonperfusion [5, 6], periph-
eral vascular leakage, neovascularization, and 
exudation that may be amenable to intraoperative 
treatment with laser photocoagulation or trans-
scleral cryotherapy [7, 8]. Ultrasound of both 
the anterior segment and the posterior pole may 
demonstrate retinal detachment and tractional 
vitreoretinopathy where poor media precludes a 
comprehensive examination and may also dem-

onstrate cyclitic membranes and ciliary body 
detachment that may be surgically addressed in 
hypotonus eyes [9].

 Surgical Techniques

A standard three-port pars plana vitrectomy 
(PPV) is employed using 20-, 23-, 25-, or 
27-gauge instrumentation. To avoid supracho-
roidal or subretinal infusion, attention should be 
paid to the visualization of the infusion cannula 
by either utilizing a 6  mm infusion canula or 
infusing through the anterior segment until media 
opacity such as posterior synechiae, cataract, and 
cyclitic and vitreous membranes can be cleared.

Further interventions can include excision 
and peeling of macular or peripheral tractional 
preretinal membranes using manual or pneu-
matic scissors, end-grasping microsurgical for-
ceps, membrane scrapers, or picks. The authors 
find that the design of the 25- and 27-gauge vit-
rectomy probes are particularly useful for the 
delamination and dissection of tractional mem-
branes. Bimanual techniques can prove to be 
particularly useful in the dissection of cyclitic 
membranes and the membranes associated with 
proliferative vitreoretinopathy. An endoscopic 
approach through the pars plana has been used to 
directly visualize and dissect cyclitic membranes 
in the case of tractional ciliary body detachment 
in hypotonus eyes [10]. Visualizing agents such 
as triamcinolone acetonide (Kenalog) have been 
shown to be extremely useful in delineating the 
posterior hyaloid and facilitating its safe removal 
in patients with refractory uveitis undergoing 
PPV [11]. Should the vitreous be difficult to sep-
arate, high-flow aspiration, viscodissection, and/
or retinal brushes, pics, and forceps may be nec-
essary to elevate the posterior hyaloid. Similarly, 
indocyanine green (ICG) has been success-
fully employed to visualize the internal limiting 
membrane (ILM) in a subgroup of patients with 
uveitis undergoing PPV for persistent macular 
edema, with five of nine having significant visual 
improvement postoperatively [12].

In intermediate uveitis, peripheral neovas-
cularization and nonperfusion may be treated 
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with either endolaser photocoagulation or indi-
rect laser photocoagulation. Neovascularization 
along snowbanks or exudation from a thickened 
snowbank may be treated with limited and local 
application of cryotherapy.

Sustained-release drug delivery devices may 
be either anchored via sutures to the pars plana 
as with the fluocinolone acetonide (FA) implant 
(Retisert, Bausch and Lomb, Rochester, NY) 
[13] or the now unavailable ganciclovir (Vitrisert, 
Bausch and Lomb, Rochester, NY) implant [13]. 
These implants require a 3–4  mm sclerostomy 
for insertion through the pars plana and, although 
generally well tolerated, may rarely be associated 
with postoperative complications such as hypot-
ony, wound leakage, extrusion, vitreous hemor-
rhage, and endophthalmitis. Local side effects 
of the FA implant include high rates of cataract 
and glaucoma requiring surgery (to be covered 
in more detail in Chap. 12). Other sustained-
release drug delivery systems may be placed in 
the vitreous through small gauge injectors in 
the clinic, including the intravitreal dexametha-
sone implant (Ozurdex, Allergan, Inc., Irvine, 
CA) [14], approved for the treatment of nonin-
fectious uveitis, and the fluocinolone acetonide 
intravitreal insert (Illuvian, Alimera Sciences, 
Inc. Alpharetta, GA), approved currently for the 
treatment of diabetic macular edema for a period 
of up to 3 years after injection [15].

At the termination of vitreoretinal surgical 
procedures in uveitis, the peripheral retina should 
be viewed with scleral indentation and any iatro-
genic breaks treated with either transscleral cryo-
therapy or laser photocoagulation. Sub-Tenon’s 
or intravitreal steroids may then be administered 
unless otherwise contraindicated. Care should be 
taken especially in eyes in which an infectious 
etiology is suspected where regional, parenteral, 
or oral steroids should only be administered in 
conjunction with appropriate antimicrobial ther-
apy or not at all.

 Rationale for Vitreoretinal 
Procedures in OID

 Inflammatory Control

Beyond the obvious role of PPV for the removal 
of media opacity from vitreous debris and hemor-
rhage (Fig. 12.1), there is some evidence to sug-
gest that permanent removal of the vitreous may 
assist in the clearance of both antigenic material 
as well as inflammatory mediators. Increased lev-
els of interleukin (IL)-1, IL-2, IL-6, and tumor 
necrosis factor alpha (TNF-α) have been found in 
the vitreous of eyes with active noninfectious pos-
terior and intermediate uveitis. Increased IL-6, 
IL-8, soluble intercellular cell adhesion molecule 

Fig. 12.1 A 45-year-old immunocompromised patient with histoplasma endogenous endophthalmitis and significant 
media opacity limiting vision and management
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(sICAM), soluble vascular cell adhesion mol-
ecule (sVCAM), and interferon- inducible pro-
tein-10 were seen in the aqueous humor of eyes 
with active anterior uveitis compared to quiescent 
controls [16]. Autologous antigens such as type 
II collagen, found only in the vitreous and joint 
spaces, may produce uveitis and arthritis when 
introduced in animal models [17]. Opremcak and 
associates [18] detected T cells in the blood of 
patients with various uveitis syndromes that were 
reactive to type II collagen. The detection of 
antibodies to Rubella in the aqueous of patients 
with Fuchs’ heterochromic uveitis [19] implies 
that antigens from infectious organisms, in some 
forms of uveitis, may serve as a source of immu-
noreactivity. It is hence plausible that PPV may 
permanently remove autoantigens from the pos-
terior segment and hence modulate the immune 
response in eyes with uveitis.

Diamond and Kaplan, in 1978 [20], described 
the therapeutic benefit of PPV and lensectomy 
in 15 eyes. It was postulated that in the creation 
of a unicameral state, this procedure may alter 
the immunologic milieu of the eye, promot-
ing improved inflammatory control [21]. These 
considerations, together with the notion that the 
penetration of systemically administered anti-
inflammatory medications may be improved in 
vitrectomized eyes, may allow for a reduction in 
the dosage requirement of these drugs in control-
ling uveitis.

In a meta-analysis by Becker and Davis [22] 
of 44 interventional case series, cumulatively 
including 1762 eyes in 1575 patients, visual 
acuity improved in 708 eyes (68%), remained 
unchanged in 202 eyes (20%), and worsened 
in 124 eyes (12%). Data was included from 39 
of the 44 series. The authors postulated that 
PPV is possibly relevant to the outcomes of 
improving vision and reducing inflammation 
and CME.  Cumulatively, intermediate uveitis 
was present in nearly half (841) of these eyes. A 
decreased need for systemic medication postop-
eratively was noted by 25 of 44 authors. In addi-
tion, a reduction in the severity of inflammation 
and the frequency of recurrences among uveitis 
patients with diverse etiologies following PPV 
was noted in several cited studies [8, 23–33] 

with only a few reporting either no change in dis-
ease course or increased severity [34–36]. Scott 
and colleagues [29] reported a statistically sig-
nificant decrease in the recurrence rate of inter-
mediate, posterior, and panuveitis in 41 eyes of 
38 patients after PPV. Similarly, Trittibach and 
associates [8] reported a statistically significant 
reduction in the percentage of eyes with uveitis 
relapses (15 eyes before, 7 after surgery) among 
29 eyes of 23 pediatric patients with chronic 
uveitis following PPV.

The authors reported a fair to poor evidence 
rating on a number of the evaluated studies, 
citing low patient numbers and methodologi-
cal weaknesses. They implied that randomized, 
controlled, collaborative trials or hypothesis-
based case series with precise outcome mea-
sures that incorporate control groups would 
improve the quality of evidence supporting 
PPV as an adjunct to the medical treatment of 
uveitis [22].

Where PPV falls in the therapeutic steplad-
der is a question that remains to be adequately 
answered. While systemic and regional steroids 
are often a first line of therapy in posterior, inter-
mediate, and panuveitis, whether IMT should be 
instituted concomitantly or prior to performing 
vitrectomy surgery is subject to further study. 
Kaplan [37] suggests that vitrectomy should take 
a place upstream of IMT in the management of 
chronic intermediate uveitis. Authors in favor of 
this approach cite a lower perioperative complica-
tion rate in association with newer, smaller- gauge 
vitrectomy instrumentation allowing patients to 
avoid prolonged systemic IMT and its associ-
ated morbidity with only minimal surgical risk. 
Arguments against using PPV as a primary thera-
peutic modality include the risks of surgical com-
plications in an inflamed eye, the elimination of 
the vitreous as a depot for pharmacologic agents, 
as well as the contention that systemic IMT 
will address the causative immunopathology of 
inflammatory disease by targeting production of 
autoreactive T cells in extraocular locations.

In a small prospective, randomized pilot 
study, Quinones and colleagues [38] compared 
PPV to conventional IMT among 16 patients 
(18 eyes) with chronic intermediate uveitis 
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(IU) that was active despite therapy with peri-
ocular and/or systemic corticosteroids. Both 
groups demonstrated an improvement in visual 
acuity and vitreous inflammation. Owing to 
the small size of the study with only 11 eyes 
in patients randomized to PPV, no statistically 
significant differences in outcome were noted; 
however, resolution in all inflammatory indi-
ces was achieved in 82% of eyes in the PPV 
group compared with 42% of eyes randomized 
to IMT.  Furthermore, 4 of 7 eyes randomized 
to IMT required PPV.  At 6  months, the IMT 
group was noted to have more improvement in 
visual acuity compared to the PPV group; how-
ever, this trend was reversed at the 1-year and 
18-month mark. While definitive recommenda-
tions cannot be made on the basis of this study, 
the superior inflammatory control achieved in 
the PPV group, without the use of IMT, is com-
pelling. Furthermore, in a retrospective cohort 
study including 849 eyes, a subgroup analysis 
of the systemic immunosuppressive therapy for 
eye diseases (SITE) research group study found 
that one of the factors predictive of disease 
remission in intermediate uveitis was prior pars 
plana vitrectomy [39].

Avoiding the long-term institution of IMT is 
particularly relevant in the pediatric population. 
Giuliari and colleagues [7] reported retrospective 
outcomes with vitrectomy in the management of 
28 eyes of 20 pediatric patients presenting with 
active uveitis with or without medical therapy at 
the time of surgery. Of note, six eyes presented 
with associated retinal vasculitis. At the termina-
tion of the study, inflammatory control had been 
achieved in 97% of the patients with or without 
medical adjuvant therapy, including 5 of 6 eyes 
with persistent retinal vasculitis. Visual acuity 
was improved in the majority of patients. The 
authors concluded that PPV was a useful adjunc-
tive therapy in patients with medically recalcitrant 
uveitis even in a subgroup of patients with associ-
ated retinal vasculitis. It seems possible that PPV 
may allow a lower dose and a shorter duration of 
systemic IMT to achieve this end. This study also 
appears to highlight the importance of delineat-
ing retinal vasculitis by angiography in eyes with 
uveitis when contemplating surgical interven-

tion and the prospective necessity for IMT. One 
caveat of this study was that systemic IMT was 
not compared to PPV.

Several other retrospective reports describe 
PPV as a safe and effective adjunctive or primary 
procedure in decreasing inflammation in child-
hood uveitis refractory to conventional IMT. PPV 
has been seen to be useful in managing compli-
cations of childhood uveitis in carefully selected 
cases and reducing the requirement for systemic 
IMT postoperatively [7, 8, 26, 40, 41].

Bacskulin and Eckardt [26] reported favor-
able outcomes with PPV in 19 eyes of 13 chil-
dren with chronic uveitis with significant visual 
improvement in 63% and regression of CME in 
7 of 8 cases following intervention. In a similar 
retrospective study by Trittibach and coworkers 
[8] of 22 eyes with chronic childhood interme-
diate uveitis and 7 with retinal vasculitis, there 
was a statistically significant improvement in log 
MAR VA (0.91–0.33) and a reduction in uve-
itic relapses and CME after PPV. Figueroa et al. 
[41] reported a reduction in the need for IMT, 
improved visual acuity, and inflammatory control 
in 7 eyes of 5 children with intermediate uveitis 
who underwent PPV and inferior transscleral 
cryotherapy.

 Management of CME

CME may be seen in all forms of ocular inflam-
matory disease but is a prominent cause of vision 
loss in anterior, intermediate, and posterior uve-
itis. Left unmanaged, macular atrophy may ensue, 
rendering vision loss irreversible. It has been sug-
gested that inflammatory mediators such as che-
mokines and cytokines present in the vitreous of 
eyes with uveitis may be implicated in the poten-
tiation of vascular permeability. Furthermore, the 
presence of these mediators may result in firmer 
adhesion of the posterior hyaloid and internal 
limiting membrane (ILM) as well as the forma-
tion of epiretinal membranes that would create 
traction on the macula resulting in medically 
recalcitrant and chronic CME [42–44].

Indeed, PPV with separation of the posterior 
hyaloid may improve macular morphology in 
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chronic uveitic CME by removing inflammatory 
mediators and autologous antigens that potentiate 
macular vascular leakage and reduce the anterior- 
posterior traction that an attached hyaloid may 
exert on the macula. Furthermore, PPV with 
peeling of ERM and ILM may improve visual 
and anatomical outcomes in the management of 
medically refractory CME.

It is of course critical to correctly select 
patients with uveitic CME for surgical manage-
ment. Chronic CME with fixed or atrophic cysts 
and macular outer retinal atrophy or the presence 
of an enlarged foveal avascular zone may be less 
likely to respond to PPV.  It is therefore impor-
tant to adequately image the posterior pole with 
optical coherence tomography and fluorescein 
angiography prior to considering a vitreoretinal 
surgical procedure.

Data on the true efficacy of PPV for recal-
citrant CME is not robust due in large part to 
low sample sizes and also to the paucity of data 
derived from randomized, controlled studies. 
The only randomized study on the effect of PPV 
for uveitic CME without concurrent macular 
pathology was a pilot trial conducted by Tranos 
and associates [45] which comprised 23 eyes 
of 23 patients with quiescent IU or posterior 
uveitis with CME unresponsive to 3  months of 
medical therapy with systemic corticosteroids or 
steroid- sparing IMT. The patients were randomly 
assigned to those undergoing PPV (12 patients) 
and those assigned to medical therapy including 
a variety of agents including systemic corticoste-
roid and IMT.  Those assigned to surgery were 
administered a short course of oral prednisone 
which was tapered back to preoperative dosing 
3–6  weeks after surgery. At 6  months, a statis-
tically significant improvement in visual acuity 
was noted in the surgical group (p = 0.01) but not 
in the medically treated group (p  =  0.79), with 
5 of 12 eyes achieving visual acuity of 20/40 or 
better. Interestingly, improvement in visual acu-
ity was not necessarily accompanied by angio-
graphic improvement in CME. In fact, at the end 
of follow-up, there was no statistically significant 
difference in the appearance of CME by FA in 
either group from baseline. It is possible that 
improvement in VA was mediated by enhanced 

media clarity following PPV.  While there was 
no statistically significant difference in the two 
groups with respect to AC inflammatory activity, 
vitritis was significantly less following surgical 
intervention. The problem with this study was 
that vitreous haze was not necessarily graded 
in a standardized fashion, nor was CME deter-
mined quantitatively using OCT, which would be 
expected to be more highly correlated with visual 
acuity than angiographic CME; the latter can per-
sist despite complete resolution of CME on OCT.

Smaller nonrandomized clinical series have 
demonstrated some benefit in the management 
of medically recalcitrant CME with PPV. On the 
basis of their survey of the literature, Becker and 
Davis [22] found that a reduction in CME was 
felt to be a likely benefit of PPV in 19 publica-
tions and calculated the median reported percent-
age of patients per study with CME decreasing 
from 36% preoperatively to 18% postoperatively.

In a retrospective study by Wiechens and 
coworkers [46], refractory CME in 68 eyes either 
completely or partially resolved in 59% (25/42) 
of those with intermediate uveitis, 57.1% (8/14) 
with JIA-associated iridocyclitis, and 41.7% 
(5/12) with multifocal choroiditis with a signifi-
cant increase in VA of 2 lines or more in 50%, 
71.4%, and 41% of eyes, respectively.

Gutfleisch and colleagues [47] reported out-
comes in PPV, ILM peeling, and intravitreal injec-
tion of 4  mg of triamcinolone acetonide (IVT) 
among 19 similar patients. CME improved in 
58% of patients at 6 weeks postoperatively and in 
44% at 12 months. A concomitant improvement 
in visual acuity was noted in 42% at 3  months 
and in 28% after 12 months.

 Management of Structural 
Complications and Hypotony

Macular epiretinal membranes are a frequent 
complication of all forms of uveitis (Fig. 12.2.) 
[48]. They may result in a decrease in visual 
acuity, macular striae, and metamorphopsia 
and, along with vitreomacular adhesion, are 
a frequent factor in medically nonresponsive 
CME. Vitrectomy and membrane peeling in eyes 
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with uveitis may address CME by removal of 
inflammatory mediators, release of vitreomacular 
traction, as well as management of the epimacu-
lar membrane itself.

Gutfleisch and colleagues [47] reported out-
comes in 19 patients with uveitic CME that was 
refractory to medical therapy undergoing PPV, 
ILM peeling, and intravitreal injection of 4 mg 
of triamcinolone acetonide. Central macular 
thickness and macular morphology was noted 
to improve in 58% of patients at 6 weeks, with 
further improvement in 44% at 12  months and 
 worsening in 12%. Postoperative visual acuity 
improved in 42% at 3 months and in 28% after 
12 months. Progression of cataract was noted in 
the majority of phakic patients after surgery.

In a retrospective case series with 6 months 
of follow-up, Tanawade et al. [49] demonstrated 
improvement in visual acuity in 5 of 16 eyes 
with CME, uveitis, and macular epiretinal mem-
branes. Five eyes demonstrated no improvement 
in vision at all and visual acuity was noted to be 
worse than preoperative measurements in 6 out 
of 16 eyes. Worsening of visual acuity was attrib-
uted to worsening cataract postoperatively in two 
patients, persistent postoperative hypotony in 
one patient, and irreversible macular cicatricial 
pathology in the remainder. Peeling of the inter-
nal limiting membrane was performed in five of 

the six eyes that demonstrated improvement in 
acuity and in two and three of the eyes that had 
stable and worsened postoperative visual acuity, 
respectively.

Indeed, the efficacy of peeling the internal lim-
iting membrane in addition to the ERM remains 
uncertain in the management of epiretinal mem-
branes in general but also in the management of 
ERM in association with uveitis. Lee and associ-
ates [50] demonstrated improvement in macular 
thickness in both patients who underwent PPV 
with membrane peeling both with and without 
ILM peeling. However, the group of patients who 
did not undergo ILM peeling were noted to have 
a lower central macular thickness and were more 
likely to have an improved postoperative foveal 
contour. In this study, improvement in foveal con-
tour and central macular thickness did not appear 
to correlate with visual acuity, and postoperative 
change in acuity between the two groups was not 
noted to be significantly different.

Conversely, a retrospective study by Park 
et al. [51] of 44 patients with uveitis who under-
went PPV and membrane peeling, 20 of whom 
had the ILM removed as well, showed improve-
ment or stability in both central macular thick-
ness and visual acuity in 100% of patients in the 
ILM peeling group and only 79% of the patients 
in whom the ILM was not removed. The authors 

a b

Fig. 12.2 Unilateral intermediate uveitis with significant 
epiretinal membrane in the right eye. (a) Preoperative 
optical coherence tomography of the superior and central 
macula. (b) Postoperative improvement of macular con-
tour and vision improvement from 20/100 pre-op to 20/30 

post-op at 3 months after pars plana vitrectomy, epiretinal 
membrane peel, and indocyanine green–assisted internal 
limiting membrane peel. A perioperative oral prednisone 
burst was administered

12 Therapeutic Vitreoretinal Surgery for Noninfectious Intermediate, Posterior, and Panuveitis



152

contend that there is a suggestion that ILM peel-
ing may improve outcomes in uveitic ERM peel-
ing surgery and that there are no ill effects from 
performing this additional peeling step.

Hypotony, although a less frequent complica-
tion than ocular hypertension, is noted in up to 
10% of patients with uveitis [52]. It is more com-
mon in patients with anterior uveitis [53] and in 
the pediatric population [52], particularly in chil-
dren with juvenile idiopathic arthritis-associated 
iridocyclitis. Hypotony in uveitis is associated 
with poor visual outcomes and typically results 
from chronic inflammatory loss of ciliary body 
function or from ciliary body detachment and 
disruption secondary to the formation of cyclitic 
membranes. Hypotony may lead to keratopathy 
with chronic corneal edema and scarring, macu-
lopathy, optic neuropathy, and scleral collapse 
and with chronicity, loss of function, and even-
tual phthisis bulbi [10].

Vitrectomy with silicone oil tamponade has 
been suggested as a means of managing uveitis- 
associated hypotony in eyes with chronic hypot-
ony that is not responsive to local or systemic 
immunomodulatory pharmacotherapy. De Smet 
and colleagues [54] reported outcomes in six 
patients with hypotony of duration of greater 
than 1 month undergoing vitrectomy surgery and 
dissection of ciliary body membranes. Silicone 
oil tamponade was performed only in eyes with 
atrophic ciliary processes. They showed a mean 
increase in intraocular pressure of 7 mmHg, and 
four of the six eyes demonstrated improved vision.

A similar retrospective case series of cyclitic 
membrane excision in four eyes of four patients 
with hypotony and juvenile idiopathic arthritis- 
associated uveitis [10] demonstrated an increase 
in intraocular pressure to normal in two patients 
at 1 month, and a gradual increase in mean intra-
ocular pressure in all four patients such that IOP 
had normalized by 1 year. Silicone oil was uti-
lized in only one eye in this study as a result of 
observed exudative maculopathy.

Morse and colleagues [55] reported sustained 
resolution of hypotony in four of five eyes that 
underwent vitrectomy and silicone oil tampon-
ade without dissection of ciliary body membranes 
at a mean final follow-up period of 19  months. 

Conversely, in a series of 12 patients treated 
similarly, Kapur and associates [56] noted only a 
modest improvement in intraocular pressure with 
silicone oil tamponade. Seven of nine eyes followed 
to 1 year were able to maintain preoperative visual 
acuity. Dayani et al. showed that a combination of 
PPV, flucinolone acetonide implant, and silicone 
oil placement was effective in increasing mean IOP 
of 13 eyes from 11 patients with refractory uveitic 
hypotony significantly at 6 and 12 months. There 
were no intraoperative complications [57].

 Sustained-Release Drug Delivery 
Implants

The first Federal Drug Administration (FDA)-
approved sustained-release intravitreal drug 
delivery device for the management of uveitis 
was the ganciclovir 4.5  mg intravitreal implant 
Vitrasert (Bausch and Lomb, Rochester, NY) 
[58]. Although now, in the age of highly active 
antiretroviral therapy and other modern HIV 
management stratagems, it has been discon-
tinued, the device proved to be efficacious in 
the management of cytomegalovirus retinitis in 
patients with HIV/AIDS.

The currently available nonbiodegradable, 
sustained-release intravitreal 0.59  mg fluocino-
lone acetonide (FA) implant Retisert (Bausch 
and Lomb, Rochester, NY) is approved by the 
Food and Drug Administration for the treatment 
of chronic noninfectious posterior uveitis. The 
Multicenter Uveitis Steroid Treatment (MUST) 
Trial [15] demonstrated significant reduction in 
uveitis recurrences, improvement in visual acu-
ity, and prevention in uveitis-related complica-
tions sustained up to 5 years after implantation 
on par with conventional IMT. The FA implant 
appeared to have a more significant ability to 
control uveitis during these 5  years, and some 
patients who eventually were deemed refractory 
to IMT eventually crossed over to receive the FA 
implant. However, the not-yet-published 7-year 
data appear to favor visual outcomes in the IMT 
group compared to the FA implant group, given 
that relapses occurred in the FA implant group 
after 5 years.
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As expected, almost all eyes after Retisert 
implantation require cataract surgery. Ocular 
hypertension was noted in 70% of Retisert- 
implanted eyes and 33.8% required incisional 
glaucoma surgery [13]. Other reported rare surgi-
cal complications include vitreous hemorrhage, 
hypotony, wound dehiscence, endophthalmitis, 
and extrusion of the implant.

 Conclusions

A comprehensive review of the literature suggests 
a role for vitreoretinal surgical intervention in the 
management of uveitis and its structural compli-
cations. With careful patient selection and good 
preoperative medical management, vitrectomy 
alone may attenuate the inflammatory response in 
eyes by both reducing antigen load and reducing 
the levels of inflammatory mediators. Structural 
complications such as ERM, tractional retinal 
detachment, and cyclitic membranes leading to 
ciliary body failure and hypotony may also be 
addressed by PPV and adjunctive interventions 
such as membrane dissection and silicone oil 
tamponade with or without FA implant.

Given the paucity of randomized, controlled 
studies and the diversity in the uveitis syndromes, 
a true sense of the exact role of PPV in uveitis 
cannot be gleaned without further study. It is evi-
dent that critical assessment in well-designed, 
hypothesis-based, prospective, randomized, con-
trolled, collaborative trials will be required to 
define exactly where vitreoretinal surgical inter-
vention should be placed in the therapeutic algo-
rithm. Whether IMT should be instituted prior to 
surgical intervention or if surgical intervention 
can in some cases supplant IMT is yet to be seen. 
Moreover, it will be important to determine if 
PPV can allow for a reduction in IMT dosing and 
duration in the management of uveitis and CME 
and, if so, in what particular anatomical catego-
ries. Until such questions can be answered, vit-
reoretinal surgical interventions should remain 
an adjunctive option in situations where conven-
tional therapy with regional or systemic cortico-
steroids and IMT fail or are insufficient in the 
management of uveitis.
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Local Drug Delivery 
for Noninfectious Uveitis

Xia Ni Wu and Lyndell Lim

 Introduction

Target-specific drug delivery is the holy grail of 
modern medicine as it theoretically enables the 
use of smaller doses while minimizing the risk 
of systemic adverse events. Ocular inflammation 
lends itself to local therapies as both anterior and 
posterior segments of the eye are easily  accessible 
and complications remain localized. Systemic 
treatment can then be reserved for chronic, more 
extensive inflammation, or inflammation associ-
ated with an underlying systemic disease. Topical 
therapy will be covered elsewhere in Chap. 2.

Local ocular injections are an integral part 
of the ophthalmologist’s armamentarium and 
includes subconjunctival, periocular, and intravit-
real routes. Periocular injections encompass sub- 
Tenon, peribulbar, orbital floor, and retrobulbar 
injections. Intraocular injections have the added 
advantage of allowing medications to directly 
bypass the blood-ocular barriers. Microinjections 
into the suprachoroidal space are currently 
being investigated [1, 2]. Corticosteroids remain 
the cornerstone of local treatment for uveitis 
although drugs such as methotrexate have shown 
encouraging results. A summary of the common 
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Pearls

• Subconjunctival corticosteroids can pro-
vide respite from a frequent drop regi-
men and be combined with a mydriatic to 
minimize posterior synechiae formation

• There are now over two decades of 
experience demonstrating the safety and 
efficacy of subconjunctival triamcino-
lone in the treatment of nonnecrotizing 
noninfectious anterior scleritis

• The surgically implanted fluocinolone 
implant initially  resulted in faster 
improvement of CME, with two to three 
times better inflammation control than 
systemic immunosuppressive therapy; 
however this initial benefit was lost by 5 
years, with better visual outcomes in the 
systemic group seen at 7 years 

• The principle behind utilizing anti- VEGF 
treatment for uveitic CME or inflamma-
tory retinal or choroidal neovasculariza-
tion is that control of inflammation with 

systemic immunosuppression or other 
means is concomitantly required and can-
not be replaced by using anti-VEGF alone
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medications used for each of these local delivery 
routes is presented in Table 13.1.

 Injection Methods

Injection methods for each of the various routes 
of local drug delivery can vary greatly. A detailed 
methodology, based upon the standard rec-
ommendations of the American Academy of 
Ophthalmology, is included in Appendix 13.1.

 Local Corticosteroids

Corticosteroids are widely used in medicine and 
have well-documented systemic and local side 
effects. Commonly used corticosteroid prepa-

rations for regional injections include dexa-
methasone acetate/phosphate, triamcinolone 
acetonide/diacetate, and methylprednisolone 
(Table  13.2). Intraocular steroids have been 
used since 1974.

 Subconjunctival Corticosteroids

Subconjunctival corticosteroid injections are 
largely limited to severe anterior uveitis and non-
necrotizing noninfectious scleritis, with their use 
in the latter being relatively recent.

 Anterior Uveitis
Short-acting corticosteroids such as dexametha-
sone are commonly used for anterior uveitis refrac-
tory to topical treatment [3, 4]. Subconjunctival 

Table 13.1 Local drug delivery routes

Subconjunctival Periocular Intravitreal Implantable
Common Dexamethasone acetate

Triamcinolone acetonide/
diacetate

Triamcinolone 
acetonide
Triamcinolone 
diacetate

Triamcinolone 
acetonide
Methotrexate
Sirolimus

Ozurdex® (0.7 mg 
dexamethasone)
Iluvien® (0.19 mg 
fluocinolone acetonide)
Yutiq™ (0.18 mg 
fluocinolone)
Retisert® (0.59 mg 
fluocinolone acetonide)

Less 
common

– Dexamethasone
Betamethasone
Methylprednisolone

TNF-α inhibitor
Anti-VEGF

–

TNF tumor necrosis factor, VEGF vascular endothelial growth factor

Table 13.2 Local corticosteroids

Drug
Periocular 
dosage Intravitreal dosage

Relative 
potency

Half-life 
(hours)

Duration of 
action (days)

Hydrocortisone – – 1.0 8–12 1
Methylprednisolone sodium 
succinate

– – 5.0 8–12 1–2

Triamcinolone acetonide/
diacetate

2–8 mga

20–40 mgb

2–4 mg 5.0 18–36 60–120

Methylprednisolone acetate – – 5.0 18–36 60–120
Dexamethasone acetate/sodium 
phosphate

2–4 mga,b 0.4 mg
0.7 mgc

25 36–54 7–10

Betamethasone acetate/
phosphate

– – 25 36–54 7–10

Fluocinolone acetonide – 0.59 mgc (0.5 mcg/day)
0.19 mgc (0.25 mcg/day)

– – –

aSubconjunctival
bSub-Tenon/orbital floor
cIntravitreal implant
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corticosteroids can provide respite from a frequent 
drop regimen and can be combined with a myd-
riatic to minimize posterior synechiae formation. 
Despite this, there are few studies looking at this 
indication. Other short- acting corticosteroids such 
as methylprednisolone, betamethasone, and hydro-
cortisone are used less frequently. Subconjunctival 
dexamethasone sodium phosphate 0.4% has been 
demonstrated to achieve a peak concentration in 
the aqueous that is comparable to, or higher than, 
that attained by topical prednisolone acetate 1.0% 
[5, 6]. High concentrations are maintained for 
24  hours [5]. Subconjunctival injection attained 
6 times higher concentration in the vitreous com-
pared to peribulbar delivery, and even more against 
topical drops [7, 8]. Time to peak intraocular con-
centration was 2.5–3 hours [7].

Subconjunctival injections of longer-acting 
corticosteroids act  as depots with the additional 
advantage of prolonged action and easy access for 
removal if required. It has been used for moderate- 
to-severe chronic or recurrent anterior uveitis and, 
more recently, in nonnecrotizing anterior scleri-
tis [3]. Triamcinolone, available in acetonide or 
diacetate forms, has a duration of action that lasts 
6 weeks or more when injected locally [9]. Active 
drug depots can be present for up to 13 months 
after injection [10]. The most widely used prepa-
ration is Kenalog® (triamcinolone acetonide; 
Bristol-Meyers Squibb, New York, NY, USA).

 Anterior Scleritis
Subconjunctival triamcinolone was tradition-
ally avoided in scleritis management due to case 
reports of scleral necrosis and perforation dating 
back to the 1960s [11]. More recent case series 
demonstrated efficacy and safety in nonnecrotiz-
ing noninfectious anterior scleritis [12–17]. There 
is now over two decades of experience across 
multiple centers involving over 136 patients, 
with follow-up ranging up to 20 years and some 
patients receiving multiple injections [13].

 Pharmacodynamics 
and Pharmacokinetics
Although the pharmacokinetics are not well 
understood, it is believed that subconjunctival 
corticosteroids enter the eye via some component 

of either transscleral, transcorneal, or hematog-
enous absorption [7, 18]. Studies suggest that 
aqueous and vitreous concentrations of dexa-
methasone were significantly higher with sub-
conjunctival injections as compared to peribulbar 
injections, and higher still compared to oral cor-
ticosteroids [7]. Ocular levels far exceeded serum 
levels of 32.4 ng/mL although systemic absorp-
tion was noted to be considerable after both routes 
of injection. Physiological serum corticosteroid 
concentrations vary between 50 and 250 ng/mL 
during the day [8]. There is a paucity of phar-
macokinetic studies on subconjunctival triam-
cinolone. Triamcinolone is minimally soluble and 
nonocular studies suggest that similar steroids are 
absorbed slower, thus maintaining drug levels for 
longer and impacting less on systemic levels [9].

 Complications
The side effects of subconjunctival corticoste-
roids are primarily local with elevated intraocular 
pressure (IOP) being the most common. About 
one-third of patients treated with subconjuncti-
val triamcinolone develop ocular hypertension, of 
which approximately 10% will require topical ther-
apy and 10% will require surgical intervention [16, 
17]. Onset of increased IOP varies from 1  week 
to 10 months [9, 10]. Removal of the triamcino-
lone deposit may be sufficient to revert the ocular 
hypertension [10, 19, 20]. Subconjunctival meth-
ylprednisolone acetate did not appear to increase 
IOP when given in lieu of topical drops after cata-
ract surgery [21]. Scleral thinning or perforation is 
largely a theoretical risk with no reports in the past 
40 years. Conjunctival necrosis was reported in 7 
cases, 3 of whom received subconjunctival triam-
cinolone for anterior uveitis [22]. The remaining 4 
cases received methylprednisolone and betametha-
sone for other conditions. Other adverse effects 
such as cataract progression and delayed wound 
healing have yet to be reported [9].

 Periocular Corticosteroid (Posterior 
Sub-Tenon, Orbital Floor, Peribulbar)

Periocular injections, intravitreal injections, and sur-
gical implants are considered for sight- threatening 
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intermediate or posterior uveitis and in inflamma-
tory cystoid macular edema (CME). Periocular 
injections have also been used for scleritis [23, 24]. 
Most of the published literature on the use of sub-
Tenon or orbital floor injections have been with 
triamcinolone.

In the SITE (Systemic Immunosuppressive 
Therapy for Eye Diseases) Cohort Study, 73% of 
patients had complete resolution of inflammation 
within 6 months after the first periocular injection 
[25]. Visual acuity (VA) improved by ≥10 letters 
in 50% of the patients and CME improved in a 
third. Half of the eyes required multiple injec-
tions. Direct comparison is difficult across studies, 
however similar results have been reported from 
smaller studies [26–29]. Response rates range 
between 41–48% for inflammation control [28], 
41–47% for improvement in CME [27, 29], and 
33–57% halving their visual angle or gaining 2–3 
lines of vision [26–28]. The POINT (PeriOcular 
vs. INTravitreal corticosteroids) trial reported an 
average 4.4 letter improvement at 8 weeks [29]. 
Recurrence occurs in 53–73% of patients in 4.6–
7.6 months after injection [27, 28].

 Pharmacodynamics 
and Pharmacokinetics
There are few prospective randomized-con-
trolled trials (RCT) comparing the different 
formulations and routes of delivery. Sub-Tenon 
and orbital floor injections appear to have com-
parable effectiveness in two published RCTs, 
one of which compared triamcinolone to methyl-
prednisolone [26, 30]. Triamcinolone was found 
to be more potent than methylprednisolone in 
nonhuman models, however results from human 
studies are conflicting [26]. Onset of effect is 
days to weeks and functional improvement is 
within weeks to months [26, 31, 32]. Duration of 
effect is approximately 2 months but can be up 
to 6 months [33, 34].

Periocular dexamethasone injections resulted 
in subretinal concentrations higher than serum 
levels, but lower than that with subconjunctival 
injections [35]. Triamcinolone was present at 
therapeutic levels in the vitreous and retinal pig-
ment epithelium/choroid complex for at least 
30  days after a single sub-Tenon injection in a 

rabbit model [36]. Low levels were also detected 
in the untreated fellow eye and in the serum. 
Systemic absorption is significant, with peribul-
bar injection of dexamethasone disodium phos-
phate 5  mg equivalent to a 50  mg oral dose of 
prednisolone [37].

 Complications
Elevated IOP and cataract are commonly 
accepted complications of periocular corti-
costeroid injections [25]. A large multicenter 
retrospective cohort study found ocular hyper-
tension rates of 34%, of whom approximately 
7% required surgical intervention [25]. Smaller 
studies have reported rates between 8–35% [27, 
29, 38–41]. Jea et al. noted that 44% of patients 
had a statistically significant rise of 5  mmHg 
compared to baseline IOP, with an average time 
to peak IOP ranging from 6–14 weeks [38, 42]. 
Ocular hypertension is more common with 
multiple injections but may be reversible if the 
corticosteroid depot is removed, even after a 
prolonged period [19, 43]. Cataract progression 
rates vary between 0.02/eye-year and 0.58/eye-
year [27, 28, 40, 41].

 Intravitreal Corticosteroid

Intravitreal injection of corticosteroid was origi-
nally reported in 1974 but has only recently 
gained significant traction, most notably for 
macular edema arising from vascular diseases 
[44]. Its application in ocular inflammation was 
limited initially to dexamethasone as an adjunct 
in endophthalmitis management, although depot 
formulations are now an established treatment 
for uveitic CME and inflammation of the poste-
rior segment.

The use of intravitreal triamcinolone (IVTA) 
in uveitis is supported by two prospective RCTs 
and a small number of retrospective studies [29, 
45–49]. Shin et  al. noted faster improvement 
of CME after IVTA was used as an adjunct to 
systemic immunosuppression [45, 49]. Visual 
outcome however did not differ between the 
IVTA and sham injection groups, and did not 
improve significantly compared to baseline, pos-
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sibly due to a ceiling effect. In contrast, POINT 
demonstrated a gain of 9.7 letters by 8  weeks 
[29]. There was an average of 39% reduction 
in central subfoveal thickness (CST) by 8 weeks 
and resolution of CME in 47% [29]. Previous 
smaller reports found 50–100% improvement 
of CME after 1 or more injections [45–48]. VA 
also improved in up to 75% of patients, although 
one-third reverted to baseline by 6–9  months 
[47, 48]. Visual function often did not correlate 
with anatomical improvement. This may reflect 
the chronicity of CME prior to treatment causing 
permanent structural damage and limiting visual 
recovery [48]. Patients with a shorter duration of 
CME, younger age, and better vision tended to 
do better [50]. Most studies show only a transient 
improvement of CME and VA with a single IVTA 
injection, highlighting the need for repeated 
injections or the addition of systemic treatment to 
limit disease activity and recurrences of second-
ary CME in chronic disease [29, 48, 49]. POINT 
demonstrated similar CME and VA outcomes for 
IVTA and the intravitreal dexamethasone implant 
Ozurdex®, and both were superior to periocular 
corticosteroids [29].

IVTA has also been found to reduce the need 
for systemic medication, with 54–88% of patients 
able to decrease or cease oral corticosteroids and/
or second-line immunosuppressives [49, 50]. It 
can also be used to stabilize acute inflammation 
and, in some cases, allow institution of systemic 
therapy to decrease further recurrences [51, 52]. 
This is particularly useful in patients with unilat-
eral active disease and those who are intolerant of 
high-dose oral prednisolone.

 Pharmacodynamics 
and Pharmacokinetics
Triamcinolone 4 mg is almost used exclusively, 
having superseded dexamethasone due to the 
short therapeutic duration of the latter in the eye 
[53, 54]. Unsurprisingly, intravitreal injections 
achieve greater than sixfold concentration of cor-
ticosteroid in the vitreous than sub-Tenon injec-
tion [55]. Triamcinolone is confined to the eye 
and serum levels have been shown to be insignifi-
cant [56]. The mean half-life is 18.6 days in non-
vitrectomized eyes and 3.2 days in vitrectomized 

[57]. Duration of effect is 3–4 months [57–61], 
however this is significantly less in vitrectomized 
eyes [57, 62].

Triamcinolone acetonide is commercially 
available as Kenalog-40® (Bristol-Meyers- 
Squibb, New  York, NY, USA) which is pre-
served with benzyl alcohol, and Triesence® 
(Alcon Labs, Fort Worth, TX, USA) which is 
nonpreserved. Trivaris™ (Allergan Inc., Irvine, 
CA, USA) is another nonpreserved triamcino-
lone formulation that has recently entered the 
market. Triesence® and Trivaris™ are approved 
by the USA Food and Drug Administration 
(FDA) for intraocular use, while intraocu-
lar injections of Kenalog® are used off-label. 
Recent studies have shown that Triesence® has 
smaller particle sizes compared to Kenalog®, 
resulting in a greater number of particles for the 
same dosage [63, 64]; the impact this may have 
on the pharmacodynamics, pharmacodynamics, 
and potential complications are yet to be fully 
elucidated [63]. Animal models suggest that 
Triesence® has a longer therapeutic duration, 
however comparative human trials are yet to be 
performed [63, 65].

 Complications
A recent meta-analysis reported an incidence of 
32% of ocular hypertension associated with IVTA 
4 mg injections [66]. Risk factors included pre- 
existing glaucoma, higher baseline IOP, younger 
age, elevated IOP after a previous injection, uve-
itis, and higher dosage. Most required only topi-
cal treatment although cases requiring surgical 
intervention have been described [47, 67]. Rates 
of cataract progressing to surgery are up to 54% 
over 2 years [68, 69]. True incidence can be dif-
ficult to ascertain as the same complications can 
result from the primary ocular inflammation and 
the treatment thereof. Complications inherent to 
intravitreal injections include vitreous hemor-
rhage, lens penetration, retinal tears/detachment, 
and bacterial endophthalmitis. Reported rates 
have to be interpreted cautiously due to inconsis-
tencies in definition and the retrospective nature 
of the case series reported.

Sterile endophthalmitis, a severe inflamma-
tory response that typically develops 1 day after 
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an intravitreal injection of triamcinolone, is an 
uncommon complication with rates of up to 9.3% 
with Kenalog® [70]. It is usually painless and 
can result in significantly decreased vision. There 
is good visual prognosis and resolution without 
further treatment [71]. The pathogenesis remains 
unclear and several hypotheses have been pos-
tulated. Potential inflammatory stimuli include 
endotoxins and apoptotic cells from “frustrated 
phagocytosis” of triamcinolone particles [64, 70, 
72–74]. Triamcinolone particle size or the size of 
its aggregates have also been suggested to play 
a role [64]. The evidence base is currently small 
and conflicting.

 Controversy: Kenalog® vs Triesence®
Triesence® was formulated on the back of con-
cerns about benzyl alcohol being the cause of 
sterile endophthalmitis. This is not substantiated 
in the literature as the complication has occurred 
with both Triesence® and Kenalog® [64]. Our 
understanding of whether one formulation is 
more efficacious or safer than the other is limited 
by the lack of head-to-head clinical trials. The 
current standard of care relies on the clinician’s 
experience and discretion until a gold standard 
can be established.

 Implantable Corticosteroids

Sustained-release intravitreal corticosteroid 
implants have been recently developed to pro-
vide longer-term delivery to the posterior seg-
ment. Four devices are currently available: 
Retisert® (Bausch and Lomb, Rochester, 
NY, USA), Ozurdex® (Allergan, Inc., Irvine, 
California, USA), Iluvien® (Alimera Sciences, 
Alpharetta, GA, USA), and Yutiq™ (EyePoint 
Pharmaceuticals, Watertown, MA, USA).

Contraindications for the use of corticoste-
roid implants include patients with ocular infec-
tions and advanced glaucoma, unless a glaucoma 
drainage device has already been placed or can 
be simultaneously placed. The free-form pellets 
(Ozurdex®, Illuvien®) are also contraindicated 
in patients with aphakia or a posterior capsule 
breach due to the risk of implant migration into 

the anterior chamber [75]. There are currently no 
prospective studies that compare the safety of the 
three synthetic corticosteroid implants.

 Retisert®
Retisert® was the first implantable corticoste-
roid to be developed. It is a nonbiodegradable 
implant containing 0.59  mg of fluocinolone in 
a polyvinyl acetate/silicone laminate. There are 
two components: the suture strut and the drug 
reservoir, measuring 2 mm wide, 1.5 mm thick, 
and 5  mm long. Retisert® is implanted surgi-
cally via a pars plana sclerotomy and secured by 
a scleral suture.

There are three prospective RCTs evaluating the 
efficacy of the fluocinolone implant [76–78]. The 
MUST (Multicenter Uveitis Steroid Treatment) 
trial reported comparable VA and CME outcomes 
between Retisert® and systemic immunosuppres-
sive therapy through to 54 months [79]. The sur-
gically implanted fluocinolone implant  initially 
resulted in faster improvement of CME, with two 
to three times better inflammation control than 
systemic therapy [78, 79]. Reversal of this trend 
was noted thereafter with increased uveitis activ-
ity and CME, and loss of the initial VA gains in 
the implant group by 24 months, through to year 
6 [80]. At the 7 year follow-up, systemic therapy 
was associated with  a significant difference of 
7.1 letters  over the  fluocinolone implant (+1.2 
and −6.0 letters from baseline respectively) [80]. 
Both groups demonstrated approximately  20% 
decrease in macular thickness  and resolution 
of inflammation  in over 50%, although trends 
favored systemic therapy.  It is thought that the 
uveitis relapses after the  implants  have been 
expended may have greater  long-term sequelae 
than the relapses with systemic therapy, where 
there is usually a more graduated reduction in 
treatment.  Previous studies have also  reported 
three times fewer uveitis recurrences over the 
lifetime of the implant [76, 77]. The implant 
may reduce the need for adjunctive systemic or 
periocular treatments by up to 80% [76]. Given 
the practical constraints in reimplantation before 
future  uveitis relapses, caution should be exer-
cised if long-term monotherapy with local intra-
ocular corticosteroid is being considered.
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Pharmacodynamics and Pharmacokinetics
The Retisert® 0.59 mg implant was designed to 
release fluocinolone at an initial rate of 0.5 mcg/
day and steady-state rate of 0.3–0.4 mcg/day over 
1000 days. It has high potency and low solubil-
ity [81]. Aqueous levels of fluocinolone were 
6.76  ng/mL at 1  month post-implantation and 
remained at a steady state of >6 ng/mL for over 
12 months [82]. Longer follow-up was not avail-
able due to the limited study population. Animal 
models show concentrations of 11–18  ng/g in 
the vitreous and 42–87  ng/g in the retina, with 
minimal systemic absorption [83]. Clinical stud-
ies suggest a duration of effect of approximately 
30 months, although MUST reported only a 10% 
replacement rate over 54 months [79].

Complications
As one would expect with all forms of long-acting 
intraocular steroid, there is a high rate of cataract 
and elevated IOP with Retisert®. Most studies 
report an 80–90% rate of cataract surgery within 
the first 24 months [76, 77, 84]. Three-quarters of 
patients required topical IOP-lowering drops and 
up to 45% required filtering surgery [80].

Complications specific to the implant itself 
include dissociation of the drug reservoir from 
the suture strut which usually requires surgi-
cal explantation [85]. Reported incidence is 5% 
over 6 years, with the earliest dissociation noted 
at 4.8  years [86]. Unfortunately, 40% of these 
patients had an associated decrease in VA.  The 
implant model has since been redesigned and is 
under careful surveillance. Other complications 
include vitreous hemorrhage in up to 20%, with 
a third of patients having recurrent hemorrhages 
[78, 79]. The rate of hypotony was similarly high 
at 20%. Retinal detachment and endophthalmitis 
are rare, as were implant extrusions [77, 79]. Two 
cases of scleral thinning or melt have also been 
reported [77, 87]. Ocular discomfort, conjunc-
tival hyperemia, and conjunctival hemorrhage 
were relatively common at 30–50%.

 Ozurdex®
Ozurdex® is a biodegradable solid implant of 
dexamethasone 0.7 mg in a polylactic acid–gly-
colic acid matrix. It measures 0.46 mm in diam-

eter and 6 mm in length and can be delivered via 
a preloaded 22 g injector through the pars plana, 
similar to an intravitreal injection. The implant 
contains no preservatives and metabolizes to 
form carbon dioxide and water.

The HURON (CHronic Uveitis evaluation of 
the intRavitreal dexamethasONe implant) trial was 
a phase II/III multicenter RCT of 229 eyes dem-
onstrating the efficacy and safety of dexametha-
sone 0.7 and 0.35  mg implants in noninfectious 
intermediate or posterior uveitis [88]. There was 
a nonstatistically significant trend favoring the 
higher dosage implant and a similar safety pro-
file between the two. Almost 50% had improved 
intraocular inflammation, and CST decreased by a 
mean of 99 μm at week 8. Rescue medication was 
required in 22–25% of treated patients compared to 
38% in the sham group. POINT corroborated these 
findings, showing ≥20% improvement in CME in 
84% and resolution in 61% by 8 weeks, and 9.5 let-
ter gain [29]. The effects were attenuated at week 
12 across all outcomes (67%, 37%, 7.2 letter gain, 
respectively). Similarly, the phase IV TAHOE 
(SusTained-release dexAmetHasone intravitreal 
implant fOr uveitic macular Edema) trial reported a 
mean 150 μm decrease in CST and 14.4 letter gain 
by 12  weeks, with 90% demonstrating complete 
resolution of CME at month 1 and 70% at month 
3 [89]. Patients required an average of 2 injections 
over 12 months, and mean time to recurrence was 
6.3 months [89]. Similar results have been reported 
in several longer-term retrospective studies with up 
to 50% showing an improvement in VA, inflam-
mation, and CME within 2–6  months. Multiple 
injections over time were required in over 60% of 
patients, with the same or better clinical response 
seen with each repeated injection [75, 89–91]. 
POINT recently demonstrated the noninferiority of 
Ozurdex® to IVTA [29].

Pharmacodynamics and Pharmacokinetics
Ozurdex® has a biphasic drug release pattern 
whereby peak doses are released for 2  months 
followed by a lower maintenance dose for up 
to 6  months [92]. In a primate model, vitre-
ous concentrations peaked at 213  ng/mL, sig-
nificantly higher than serum levels of 1.11  ng/
mL.  No difference has been noted between 
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vitrectomized and nonvitrectomized eyes [93]. 
Duration of effect in human eyes is approxi-
mately 4–6 months in uveitic CME, however this 
may be shorter in practice [75, 90].

Complications
Fragmentation of the Ozurdex® implant after 
injection has been described but is not thought 
to be clinically significant [94–96]. This has been 
supported by animal studies that found similar 
dissolution rates and intraocular  levels between 
intact and fragmented implants [97].

The most frequent adverse effect is ocular 
hypertension. Contrary to initial reports of a 
lower risk of raised IOP [88], no difference was 
demonstrated between Ozurdex® and IVTA in 
the only prospective head-to-head trial to date 
[29]. Compared to periocular triamcinolone, 
Ozurdex® was 2.5 times more likely to cause 
ocular hypertension. POINT reported an abso-
lute rise of ≥10  mmHg in 39% of cases and 
34% required topical treatment [29]. Forty-one 
percent had IOP  ≥  24  mmHg, of whom 10% 
were  ≥  30  mmHg. No cases required surgical 
intervention. Time to peak IOP is 60 days with a 
return to baseline by 6 months and is reproducible 
and noncumulative with repeat injections [98, 
99]. Cataract incidence is <10–15% although sur-
gical rates are lower. Serious complications are 
infrequent with rates of <2% for vitreous hemor-
rhage, retinal detachment, hypotony, and implant 
dislocation [75, 88, 90, 99]. Endophthalmitis is 
rare [90]. Subconjunctival hemorrhage and ocu-
lar discomfort are common but benign [88, 100].

 Iluvien® or Yutiq™
Iluvien® is a non-bioerodible implant contain-
ing 0.19 mg of fluocinolone acetonide, preloaded 
with a 25 g needle for intravitreal injection. The 
implant measures 3.5  mm length by 0.37  mm 
diameter and utilizes the same matrix of polyvinyl 
alcohol and silicone as Retisert®. It is approved 
in the United States and several European coun-
tries for diabetic macular edema. A nearly iden-
tical implant containing 0.18  mg fluocinolone 
acetonide called Yutiq™ was tested in an inter-
ventional investigator-sponsored new drug study 
and found at 2 years to reduce the number of 

inflammation recurrences [101]. However, glau-
coma filtration surgery was required in 18%. Two 
phase III trials have since been completed, and 
both trials achieved their primary efficacy end-
point at 6 and 12 months of preventing recurrent 
uveitis flares. Yutiq™ was recently approved by 
the FDA for the treatment of noninfectious uve-
itis affecting the posterior segment.

Pharmacodynamics and Pharmacokinetics
Iluvien® and Yutiq™ was designed to release fluo-
cinolone acetonide at a rate of 0.25 mcg/day for 
36 months. Aqueous levels at 1 month post-injec-
tion were 2.17 ng/mL with steady- state levels of 
0.5–1.0 ng/mL from 3 months onward [82]. Peak 
concentrations were reached at 1  week. Animal 
models have demonstrated consistently lower con-
centrations of fluocinolone in the various intraocu-
lar tissues with Iluvien® as compared to Retisert®, 
with minimal systemic absorption [102]. Clinical 
studies support these pharmacokinetic studies, 
with efficacy shown through 36 months [103].

Complications
As with all intraocular corticosteroids, cataract and 
glaucoma are common adverse effects. Cataracts 
are very common with 80% requiring cataract sur-
gery during the diabetic macular edema trials for 
Iluvien® [103]. Ocular hypertension was present in 
about a third of patients, and filtration surgery was 
required in 4.8%. Vitreous floaters and conjunc-
tival hemorrhage were common injection-related 
adverse effects. Posterior capsule opacification and 
ocular discomfort have also been noted.

Practice Points
The indications for periocular or intravit-
real corticosteroids are nearly the same and 
there is currently no consensus regarding 
management algorithms. Periocular injec-
tions are typically used first line in anterior 
and intermediate uveitis and for complica-
tions such as CME in the context of con-
trolled inflammation. IVTA is often used 
when prior periocular injections have been 
ineffectual or only partly effective, for more 
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 Anti-vascular Endothelial Growth 
Factor (VEGF)

VEGF has an important role in angiogenesis and 
the inflammatory cascade. In recent years, it has 
become a pivotal target for the intraocular treat-
ment of choroidal and retinal vascular disease, 
in particular macular edema and neovasculariza-
tion. Anti-VEGF agents available commercially 
include bevacizumab (Avastin®, Genentech, 
South San Francisco, CA, USA), ranibizumab 
(Lucentis®, Genentech, South San Francisco, 
CA, USA), aflibercept (Eylea, Regeneron, 
Tarrytown, NY, USA), and pegaptanib (Macugen, 
Gilead Sciences, Inc., San Dimas, CA, USA). 
All are currently used off-label in the treatment 
of uveitis and its complications. Bevacizumab 
1.25 mg is the most commonly used followed by 
ranibizumab 0.5 mg as a distant second.

Elevated levels of VEGF have been found in 
the aqueous and vitreous of patients with uveitic 
CME and in inflammatory choroidal neovascu-
lar membranes (CNV) [104–106]. There is bur-
geoning research into the applicability of VEGF 
inhibition in inflammatory disorders [107–111]. 
Results are promising, though hampered by a 
lack of consistent protocols. The MINERVA 

study showed ranibizumab improved VA by 6.5 
letters in 27 patients with post-inflammatory 
CNV by 2 months [112]. A mean of 5.8 injec-
tions over 12 months was required. The largest 
case series of 81 patients treated with bevaci-
zumab reported a gain of 2.7 lines with a median 
of 3 injections over 3 years of follow-up [113].

Favorable effects of VEGF inhibition on uveitic 
CME and VA have also been described though the 
results have been mixed and less dramatic than the 
effect seen with IVTA [114–116]. A small random-
ized pilot trial comparing bevacizumab to triam-
cinolone reported improved VA with both agents 
over 36 weeks [115]. IVTA was found to have a 
greater effect on VA (p = 0.007) and resulted in 
a statistically significant improvement of CME. In 
contrast, there was a no significant improvement 
in CME with bevacizumab. Other case series, 
including one with follow-up of 1  year, have 
found an improvement in macular edema with 
bevacizumab, however repeated injections (range 
2–3 over 4–12 months) were needed to facilitate a 
modest reduction in CME [114, 117]. Once pres-
ent, the duration of effect can be prolonged, at up 
to 16  weeks for bevacizumab and 6  months for 
ranibizumab [116, 118]. Interestingly, there have 
been eight cases reported of a bilateral response 
from unilateral injection [119, 120]. The mul-
ticenter prospective MERIT (Macular Edema 
Ranibizumab versus Intravitreal anti-inflamma-
tory Therapy) RCT is currently recruiting and will 
compare intravitreal methotrexate, ranibizumab, 
and Ozurdex® in macular edema refractory to 
intravitreal corticosteroid [111].

 Pharmacodynamics 
and Pharmacokinetics

Anti-VEGF agents act by binding VEGF or its 
isoforms, thereby preventing it from binding to 
receptors on the endothelial cell surface. Mean 
vitreal concentration of VEGF in patients with 
uveitis was 82.75 pg/mL compared with diabetes 
(954.98 pg/mL) and age-related macular degener-
ation (AMD) (64 pg/mL) [106]. Control patients 
had levels below detection. Bevacizumab is a 
full-length recombinant humanized monoclonal 

severe cases when a rapid effect is required, 
or for chronic disease requiring a longer 
duration of effect (often in combination 
with the commencement of systemic immu-
nosuppression).  Since the POINT trial, 
there is an increasing move towards intra-
ocular, rather than periocular, steroid use.

Implantable corticosteroids are a rea-
sonable treatment option for patients with 
chronic unilateral noninfectious inflam-
mation or those with unilateral or bilateral 
chronic disease who are intolerant of sys-
temic treatment. Their use in patients with 
a prior vitrectomy is another indication, 
given that studies have shown that their 
duration of effect is unchanged by the lack 
of vitreous, unlike IVTA.
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antibody approved for use in systemic neoplasia. 
It binds to all isoforms of VEGF. Ranibizumab 
is a humanized antibody fragment that targets 
VEGF-A isoforms (VEGF110, VEGF125, and 
VEGF165). Aflibercept is a synthetic fragment that 
binds VEGF-A and B and placental growth fac-
tor. Pegaptanib is a synthetic aptamer that targets 
VEGF165 specifically. The latter three are pro-
duced for intravitreal use whereas bevacizumab 
requires post-production preparation.

Significant differences in the molecular 
structure of the anti-VEGF drugs result in very 
different pharmacokinetic profiles. In nonvit-
rectomized human  eyes, the vitreous half-life 
is estimated at 9.8  days for bevacizumab and 
7.2  days for ranibizumab [121, 122]. No data 
is available for aflibercept. Half-life was com-
parable in vitrectomized and nonvitrectomized 
rabbit eyes [123]. A recent pharmacokinetic 
study compared the systemic concentrations 
of VEGF and the anti-VEGF agents bevaci-
zumab, ranibizumab, and aflibercept [124]. 
It is believed systemic clearance is related to 
the presence of the Fc region which protects 
against degradation. This domain is absent in 
ranibizumab but present in bevacizumab and 
aflibercept. Maximal serum concentration was 
reached 1  day after intravitreal injection of 
ranibizumab and aflibercept, and 7  days for 
bevacizumab. Ranibizumab appeared tran-
siently in the systemic circulation, with mini-
mal impact on systemic VEGF levels and no 
accumulation with repeat injection. Systemic 
exposure to bevacizumab was 35 times greater 
and serum levels appeared to accumulate with 
multiple injections. Bevacizumab was also asso-
ciated with significantly reduced free VEGF in 
plasma. Aflibercept is the strongest suppres-
sor of plasma VEGF levels; however, systemic 
exposure was actually lower than bevacizumab.

 Complications

Knowledge of ocular and systemic adverse 
effects of the anti-VEGF agents are drawn 
largely from clinical trials in AMD. Studies in 
uveitis patients have reported only ocular and 

nonocular adverse effects [107, 115, 117, 125], 
with low rates of serious ocular complications 
such as endophthalmitis (0.02–0.04%) and 
retinal detachment (0.02%) [126, 127]. These 
rates may be even lower when evaluated against 
the number of injections rather than patients 
[128]. It is worth noting that anterior chamber 
inflammation can occur in up to 21% in uveitis 
patients [115].

Although anti-VEGF drugs appear less effi-
cacious than IVTA for the treatment of uveitic 
CME, they are less likely to cause cataract pro-
gression and ocular hypertension. Raised IOP 
was noted in only 3.4–11.6% of treated patients, 
with <1% requiring incisional surgery [129]. 
Cataract progression has been described in 8% 
of those treated with ranibizumab and afliber-
cept compared with 17.3% of those treated with 
pegaptanib. Common but benign complications 
include blurred vision, conjunctival hemorrhage, 
vitreous floaters, and discomfort.

Anti-VEGF agents may also be a reasonable 
option when the patient has adverse reactions to 
local or systemic steroids such as concomitant 
central serous retinopathy or exquisite IOP ste-
roid sensitivity. While anti-VEGF treatment for 
uveitic CME or inflammatory retinal or choroidal 
neovascularization  is useful, control of inflam-
mation with systemic immunosuppression or 
other means is concomitantly required and can-
not be replaced by anti-VEGF monotherapy.

Systemic adverse effects have garnered close 
scrutiny given the morbidity and mortality risk 
found in the AMD studies. Incidence of serious 
side effects including vascular events such as 
stroke or myocardial infarcts, or mortality from 
any cause, is approximately 5%. The rate of 
thrombotic events was <4% for ranibizumab and 
aflibercept and 4.1% with bevacizumab [130]. 
The incidence ranged between 0.8 and 5% for 
thrombotic events and 2.8–4% for all-cause mor-
tality [126]. It is difficult to ascertain the actual 
risk as the AMD study population are intrinsi-
cally at higher risk given their age and comorbid-
ities. There is currently no consensus among the 
ophthalmic community as to the risk of systemic 
adverse effects or the comparative risk of each 
drug [131]. Added to this is the comparatively 
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younger age of patients with uveitis, such that 
there are still unknown effects on fertility and 
the unborn fetus. Currently, all anti-VEGF agents 
have been assigned to pregnancy category C by 
the FDA.  Polizzi and Mahajan reported a case 
series of three women who received intravitral 
bevacizumab while pregnant, including during 
organogenesis, who proceeded to have healthy 
full-term infants [132].

 Methotrexate

Intravitreal methotrexate has been used in intra-
ocular lymphoma associated with primary cen-
tral nervous system lymphoma (PCNSL) since 
the late 1990s [133–135]. Its use in uveitis is 
relatively recent and has shown promise in 
improving inflammation and CME [136–139]. 
The usual dose is 400 mcg in 0.1 mL which has 
been demonstrated to not be retinotoxic in animal 
models [135]. Taylor et  al. recently published 
the largest case series of 38 eyes with uveitis, 
showing 1 line visual gain and improved inflam-
mation in 79% after a mean of 1.4 injections over 
11.2 months [139]. There was a modest effect on 
CME.   Meta- analysis including data from a pre-
vious smaller study from the same investigators 
showed an extended period of remission of up to 
17 months. Relapses were seen in 17%, typically 
at 3  months, and the vast majority responded 
to a repeat injection. Smaller case series have 
reported similar findings and proposed additional 
visual gains with a more intensive intravitreal 
regime [136, 138].

 Pharmacodynamics 
and Pharmacokinetics

Methotrexate is a competitive inhibitor of dihy-
drofolate reductase, resulting in decreased 
proliferation of B and T cells. The anti-inflam-
matory effects of intravitreal methotrexate are 
believed to be mediated by the release of ade-
nosine and not via its known cytotoxic pathway 
[139]. Adenosine exerts inhibitory effects on 
neutrophils, macrophages, and T-cell activity. 

Methotrexate may also suppress interleukin-6 
and interleukin-8 [138]. The half-life of intra-
vitreal methotrexate is estimated to be 12.4–
21.5 hours [140]. Drug clearance is expected to 
be accelerated in aphakic and/or vitrectomized 
eyes [141]. Therapeutic levels for lymphoma 
are widely considered to be 1 μM, and cytotoxic 
levels may be present for 2–5 days [141–143]. 
The dosage of 400 mcg is not believed to be reti-
notoxic and electroretinograms have not shown 
permanent changes [135, 141]. Serum levels of 
methotrexate were unchanged after intravitreal 
administration [140].

 Complications

Superficial punctate keratopathy is the common-
est ocular side effect of intravitreal methotrexate 
and can occur in up to 100% of patients [144]. It 
commonly appears after the third injection and 
subsides if the treatment interval is extended to 
4 weeks. Folinic acid 0.003% eye drops and vita-
min A eye ointment can be used concurrently to 
minimize this complication [136, 138, 139, 145]. 
One case of band keratopathy requiring surgery 
has been reported [144]. Sterile endophthalmi-
tis has been reported in up to 10% [136, 146]. 
Cataract progression has been noted in a third of 
patients and glaucoma in up to 16%. Epiretinal 
membrane formation and unspecified maculopa-
thy have also been reported [146]. Accurate esti-
mation of risk is difficult due to the rarity of the 
conditions and the relatively new use of intravit-
real methotrexate.

 Sirolimus

Sirolimus is a macrolide antibiotic also known 
as rapamycin. It was originally isolated from 
Streptomyces hygroscopicus found on Easter 
Island (Rapa Nui). Sirolimus arrests cell-cycle 
progression in T cells, endothelial cells, and 
smooth muscle cells and additionally inhibits 
the production of antibodies [147]. It is FDA 
approved in renal transplant immunosuppression 
and in cardiac stents for ischemic heart disease.

13 Local Drug Delivery for Noninfectious Uveitis



168

Recent studies have examined the efficacy 
of subconjunctival and intravitreal sirolimus 
in ocular inflammation [148–151]. The SAVE 
(Sirolimus as a therapeutic Approach for uVEitis) 
study was a small prospective RCT comparing 
subconjunctival sirolimus 1320 mcg to intravit-
real sirolimus 325 mcg in noninfectious uveitis. 
Improvement in inflammation was noted in 70%, 
however this did not correspond to improvements 
in VA or CME at 6 or 12 months [150]. There was 
no difference between the two modes of deliv-
ery. In those with active disease, 92% of patients 
were able to decrease systemic corticosteroid and 
38% were able to completely cease treatment. 
Those with inactive disease at baseline were able 
to decrease the median prednisone dose from 9 
to 2 mg/day by 12 months, but none were able 
to cease completely. Results from the phase III 
study, SAKURA (Sirolimus study Assessing 
double-masKed Uveitis tReAtment), showed 
significantly higher proportions of subjects in 
the low dose (440 mcg) group achieving vitreous 
haze score of 0–0.5+ by 6 months compared to 
an active control group (44 mcg), while the high 
dose group (880 mcg) did not achieve statisti-
cal significance [152]. Results from the follow-
 on study SAKURA 2 are yet to be published. 
Sirolimus has also been found to have antiangio-
genic effects in animal models [153, 154].

 Pharmacokinetics 
and Pharmacodynamics

Sirolimus aggregates to form vitreous depots 
when injected intravitreally [155]. Peak levels of 
420 ng/mL were achieved at 6 hours post- injection 
of a 220  mcg dose in a rabbit model. Sirolimus 
remained detectable in the vitreous for 90  days 
after a single injection and in the retina/choroid 
for 8 weeks after repeated dosing. Clinical studies 
demonstrate an intraocular half- life of 7–8  days 
[155–157]. Ocular concentrations were minimal 
by 7–12  weeks even after repeated doses given 
8 weeks apart. Systemic concentration was highest 
on day 2 at <2 ng/mL (352 mcg dose), well below 
the 5–15  ng/mL required for systemic immuno-
suppression. Intraocular concentration and dura-
tion of exposure appear to be dose-dependent.

 Complications

Subconjunctival and intravitreal sirolimus 
are generally well-tolerated. Subconjunctival 
injections often cause moderate inflammation 
at the injection site which resolves spontane-
ously within 2  weeks. Vitreous floaters are 
also commonly reported, likely related to the 
rapid precipitation of the drug after injection. 
Serious complications appear to be dose-
dependent. Sterile endophthalmitis was noted 
in 3.4% of patients receiving 880 mcg intravit-
really and 0.9% in the 440  mcg group [147]. 
It is thought that the drug precipitates gener-
ate a nonspecific autoinflammatory response 
in already inflamed tissue, compounded by 
sirolimus having no immediate anti-inflam-
matory activity. Cataract incidence was 15% 
(880 mcg) and 7.2% (440 mcg). Ocular hyper-
tension was noted in 16–20% and responded 
to topical treatment. No reports of systemic 
adverse effects have been reported.

 Tumor Necrosis Factor Alpha 
Inhibitors

Tumor necrosis factor alpha (TNFα) is a pro-
inflammatory cytokine. Systemic anti-TNFα 
agents are widely used to treat a variety of rheu-
matologic and uveitic conditions. Infliximab 
(Remicade®, Janssen Biotech, Inc., Horsham, 
PA, USA), adalimumab (Humira®, Abbott 
Laboratories, Abbott Park, IL, USA), and etan-
ercept (Enbrel®, Pfizer Inc., New  York, NY, 
USA) have recently been trialed as intravitreal 
injections, with equivocal results. Furthermore, 
concerns about a high rate of significant post- 
injection inflammation have resulted in calls 
for a moratorium on the intravitreal use of anti-
TNFα drugs outside of carefully designed clini-
cal trials [158–160]. A total of 122 patients have 
been reported in the literature to have received 
intravitreal injections of these agents, of which 
37 had noninfectious uveitis or uveitic CME 
[161–164]. Results from up to 6 months of fol-
low-up are conflicting although it is worth noting 
that there were no reports of worsening ocular 
inflammation in uveitic patients.
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 Pharmacodynamics 
and Pharmacokinetics

There is a dearth of studies regarding the behav-
ior of intraocular anti-TNFα drugs, and thera-
peutic dose ranges are yet to be established. 
Animal studies have demonstrated retinotoxic-
ity at ≥5 mg infliximab although lower dosages 
may paradoxically be more immunogenic [158, 
165]. The half-life of infliximab is estimated 
to be 8.5 days [166]. No toxicity was noted for 
adalimumab 5 mg but follow-up was limited to 
14  days. Etanercept levels peak immediately 
after injection in the vitreous and at 4 weeks in 
the retina and choroid, remaining detectable for 
over 8 weeks [167].

 Complications

Intraocular inflammation ranging from ante-
rior uveitis to panuveitis has been reported 
with infliximab, with some patients requiring 
vitrectomy [158, 160, 168]. Reports of other 
complications such as cataracts and ocular 
hypertension are few. No systemic adverse 
events from intraocular dosing of these agents 
have been reported.

 Appendix 13.1: Summary of Local 
Ocular Drug Delivery Methods

 Subconjunctival Injection (Anterior 
Sub-Tenon)

 Method

• Anesthesia: topical anesthesia should be 
achieved with repeated applications of topical 
anesthetic such as proparacaine and oxybu-
procaine. This can be augmented by placing a 
local anesthetic-soaked pledget on intended 
injection site for 5 minutes

• A 1  mL syringe with a 30  g needle is pre-
ferred; 27  g needle may be required for 
triamcinolone

• Insert the needle bevel toward the globe 
through the conjunctiva on the superior or 

inferior bulbar surface at a site that is usually 
covered by the upper or lower eyelid

• Inject up to 0.1 mL of medication (typically 
Kenalog®) to form a small bleb;  injections 
may be placed at multiple sites, up to a total 
volume to 0.5–1.0 mL. A whitish deposit may 
be noted, hence the preference to place these 
injections at a site that would/will be covered 
by the eyelids

Subconjunctival administration offers an 
attractive alternative to peri- and intraocular 
injections as the needle tip is always visible 
and therefore theoretically safer. Consideration 
should be made to minimize cosmetic defects 
such as a visible deposit within the interpalpebral 
fissure and subconjunctival hemorrhage.

 Periocular Triamcinolone 
(e.g. Kenalog®) Injection (Posterior 
Sub-Tenon, Orbital Floor, Peribulbar) 
[169]

There are several approaches to periocular injec-
tions. While each technique offers different advan-
tages and risks, all aim to place the drug close to 
the post-equatorial globe. Retrobulbar injections 
are rarely performed, particularly in a clinic set-
ting where treatment usually takes place. The 
most common usage is triamcinolone acetonide 
20–40 mg given into the sub-Tenon or orbital floor 
space.

 Anesthesia
Topical anesthesia is required for the sub-Tenon 
techniques. This can be augmented by the addi-
tion of a quick-acting local anesthetic mixed into 
the syringe containing the corticosteroid. Orbital 
floor and peribulbar injections typically do not 
require topical anesthesia.

• A 3 mL syringe is preferred
• All injections are given with the needle bevel 

facing the globe as to minimize engaging the 
sclera and inadvertent intraocular penetration

Posterior sub-Tenon injections can be deliv-
ered by either blunt cannula or sharp needle 
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(Nozik) technique. The technique aims to deposit 
the drugs close to the macula.

 Sub-Tenon Injection (Blunt)
The specialized cannula is a blunt, curved 19 g 
needle 25 mm long.

• Ask the patient to look away from the intended 
site of injection, which is typically inferonasal

• Blunt curved scissors are used to make a small 
circumcorneal incision about 8 mm from the 
limbus

• Dissect onto bare sclera and into the sub- 
Tenon space

• Slide the cannula posteriorly along this track 
until the hilt is reached

• Inject the drug. Forceps can be used to provide 
counter traction and to hold the conjunctival 
opening closed

Difficulties can be encountered in accessing 
sub-Tenon space and in preventing regurgitation 
along injection track.

 Sub-Tenon Injection (Nozik)

 1. Use a 25- or 27 g 5/8″ needle
 2. Ask the patient to look inferonasally
 3. Insert the needle bevel toward the globe 

through the conjunctiva at a point 3–4 mm in 
front of the superotemporal fornix

 4. Advance the needle to the hilt with lateral 
sweeping motions to maintain close contact 
with the globe while avoiding scleral penetra-
tion and inject up to 1 mL (40 mg)

This technique minimizes unsightly cosmetic 
blemishes but can result in ptosis [26, 31, 34, 
170, 171]. This may result from disinsertion of 
the levator aponeurosis, direct needle trauma to 
the levator complex, or muscle fiber atrophy due 
to the triamcinolone [26, 170]. Subconjunctival 
hemorrhage and chemosis are rarely experienced.

 Peribulbar Injection
Peribulbar injections can be approached trans-
conjunctivally or transcutaneously through the 
lower eyelid.

 1. Use a 25 g 1″ needle and 3 mL syringe
 2. Ask the patient to look straight ahead as a 

gaze directed superonasally brings the optic 
nerve closer to the orbital rim

 3. The needle is inserted at the meeting point 
between the lateral third and medial two- 
thirds of the lower orbital rim

 4. Direct the needle slightly up-and-in with a side-
to-side motion until the needle reaches its hilt

 5. 1 mL of drug is deposited into the extraconal 
space

 Orbital Floor Injection
Orbital floor injections are favored in some cen-
ters as it is believed they have a lower risk of 
globe perforation. Rarely, herniation of orbital 
fat following multiple orbital floor injections has 
been reported [172].

 1. Use a 27 g 0.5″ or 1″ needle
 2. Ask the patient to look straight ahead
 3. The needle is inserted transcutaneously at the 

meeting point between the lateral third and 
medial two-thirds of the lower orbital rim

 4. Advance the needle directly posteriorly
 5. The drug is deposited on the orbital floor

All sharp-needle techniques carry an intrinsic 
risk of inadvertent globe perforation, which itself 
increases the risk of intraocular complications 
such endophthalmitis and retinal tears.

 Intravitreal Injection 
of Triamcinolone [173]

 Method

 1. Anesthesia: topical anesthesia is required and 
can be augmented by placing a local 
anesthetic- soaked pledget on intended injec-
tion site for 5 minutes or by a subconjunctival 
injection of local anesthetic

 2. A 1 mL syringe with a 27 g or 30 g 0.5″ needle 
is preferred

 3. Instill povidone-iodine 5% into the conjuncti-
val sac
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 4. Place an eyelid speculum
 5. Ask the patient to look away from the intended 

site of injection, typically superotemporal
 6. Mark the site of injection with calipers: 

3.5  mm from the limbus in pseudophakic 
patients, 4.0 mm in phakic patients

 7. Insert the needle approximately halfway into 
the vitreous cavity, directing the tip toward the 
optic nerve

 8. Inject 0.05–0.1 mL of the medication
 9. Check gross visual acuity or perform indirect 

ophthalmoscopy to ensure adequate central 
retinal artery circulation

Serious procedure-related complications 
occur infrequently at <1–5% and include retinal 
tears, vitreous hemorrhage, and endophthalmi-
tis. Floaters, subconjunctival hemorrhage, and 
ocular surface irritation are common but benign.
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Novel Approaches to the Treatment 
of Noninfectious Uveitis

Justine R. Smith

 Introduction

Patients with vision-threatening noninfectious 
autoimmune or autoinflammatory uveitis are 
frequently treated with immunosuppression [1]. 
Some of these individuals will respond to treat-
ment with conventional immunosuppressive drugs 
(e.g., antimetabolites covered in Chap. 4 or alkyl-
ating agents covered in Chap. 6), tumor necrosis 
factor (TNF) blockers (Chap. 7), or the interferons 
(Chap. 10). For a substantial number of patients, 
however, these drugs will not be effective and/
or there will be contraindications or side effects 
that limit use. Thus, there is considerable inter-
est in the development of alternative therapeutic 
agents for these patients, targeted to pathogenic 
mechanisms of the disease [2]. There are multiple 
potential groups of biological drug targets. This 
chapter contains a discussion of selected promis-
ing targets that are on the horizon for treatment of 
severe noninfectious uveitis, either in clinical tri-
als or in preclinical testing: leukocytes, adhesion 
molecules, inflammatory cytokines, the comple-
ment system, and oxidative stress.
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Pearls
• Treatment with biologic drugs that tar-

get various leukocyte functions or 
inflammatory cytokines is an active area 
of research in clinical uveitis.

• Harnessing immunomodulatory cells of 
the immune system – including regula-
tory T cells, regulatory B cells, or mes-
enchymal stem/stromal cells  – is a 
potential new therapeutic approach for 
intraocular inflammation.

• Antibody-based blockade of selected 
integrins, which mediate leukocyte 
transendothelial migration, has been 
associated with risk of progressive 
multifocal leukoencephalopathy in 
patients, but alternative methods of 
limiting the migration process may 
prove useful for the treatment of nonin-
fectious uveitis.

• Drugs directed at the complement path-
way may have a role in the management 
of noninfectious uveitis, but additional 
experimental data are needed before this 
approach can be considered for the 
clinic.
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 Leukocytes as Drug Targets

Noninfectious uveitis is defined by a mixed 
leukocyte infiltration of the eye [3]. Studies in 
the rodent model of immune-mediated uveitis, 
experimental autoimmune uveoretinitis (EAU), 
have identified CD4+ T helper cells – Th17 and/
or Th1 subsets – as initiators of the inflammation 
[4]. Infiltrating monocytes give rise to macro-
phages, which mediate the tissue destruction that 
accompanies the inflammation [5, 6]. B cells are 
also present in the inflamed eye; their pathogenic 
role in uveitis is uncertain, but may include secre-
tion of antibody, local presentation of antigen to 
T cells, production of inflammatory cytokines, 
and support of T cell survival [7].

 Targeting T Cells

The CD4+ T cell was the target of the first bio-
logic treatment for uveitis. In the early 1990s, 
Thurau and colleagues [8] successfully treated 
a young adult with posterior uveitis that had not 
responded to conventional systemic immunosup-
pression with a series of intravenous infusions of 
cM-T412, a murine–human anti-CD4 antibody. 
However, this antibody was found to produce 
an extended reduction in CD4+ T cells and was 
never marketed. A more selective therapeutic 
approach that is currently under investigation for 
uveitis is blockade of costimulation. Cytotoxic T 
lymphocyte-associated antigen (CTLA)-4 mod-
ulates the interaction between CD28 and CD80 
or CD86, inhibiting costimulation. Abatacept is a 
recombinant human CTLA-4-Fc fusion protein. 
To date, the published literature on the use of this 
biologic for uveitis is limited but, unfortunately, 
suggests effectiveness may be short term: the 
Multinational Interdisciplinary Working Group 
for Uveitis in Childhood found sustained effect 
over 12 months in just 14% of 21 patients treated 
for juvenile idiopathic arthritis-associated uve-
itis [9].

 Targeting Monocytes

The eye contains resident macrophages, but tis-
sue damage in uveitis is caused by macrophages 
derived from monocytes that migrate into the 
eye from the circulation during the disease. [5, 
10] There are no treatments in clinical use for 
uveitis that target the mononuclear phagocytes 
specifically. However, when mice with EAU 
are treated with anti-CCR2 antibody to deplete 
blood monocytes, entry of these cells into the 
eye is reduced and structural damage within the 
eye is prevented [11]; this experimental study 
suggests the possibility of targeting mono-
cytes as a treatment for uveitis. An interesting 
translational investigation of peripheral blood 
monocytes from patients with uveitis shows 
treatment with corticosteroid is associated 
with enrichment of the CD14++CD16+ mono-
cyte population, which are restricted in their 
ability to drive T cell responses [12], offer-
ing another approach to therapeutic monocyte 
manipulation.

 Targeting B Cells

The basic mechanisms of B cell involvement 
in uveitis remain to be clarified and are likely 
a larger contributor than previously described. 
Meanwhile, the B cell-depleting drug ritux-
imab has been reported to be highly effective 
for treatment of different forms of uveitis in 
the clinic [7]. Descriptions of successful treat-
ment include single cases and small series of 
patients with undifferentiated and juvenile 
idiopathic arthritis-associated chronic ante-
rior uveitis, diffuse subretinal fibrosis uve-
itis syndrome, and Vogt–Koyanagi–Harada 
disease [11, 13–17]. One small, randomized 
clinical trial demonstrated superiority of ritux-
imab over cyclophosphamide, in combination 
with antimetabolite in patients with Behçet 
disease [18].
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 Immunomodulatory Cell Therapy

There is considerable interest in the possibility 
of using immunomodulatory cells to treat uve-
itis. The effectiveness of administering regula-
tory T cells has been demonstrated in mouse 
EAU, using antigen-specific Treg cells [19], but 
also polyclonal Treg cells [20], which would be 
more readily translated to clinical use to sup-
press inflammation. Other studies in EAU have 
identified a role for regulatory B cells in control 
of intraocular inflammation [21], suggesting 
future use of these immunomodulatory cells to 
treat uveitis. Finally, infusion of mesenchymal 
stem/stromal cells reduces the severity of EAU 
by promoting the systemic generation of regu-
latory monocytes that induce nonspecific innate 
immune tolerance [22], suggesting yet another 
opportunity for immunomodulatory cell therapy.

 Adhesion Molecules as Drug Targets

Passage of leukocytes across the wall of a blood 
vessel, from the circulation to the tissue, is strictly 
controlled by the vascular endothelial cells that 
line the blood vessel. Proteins expressed on the 
endothelial surface coordinate “stages” of leu-
kocyte migration that include rolling, firm adhe-
sion, spreading and crawling, and transmigration 
[23]. Common protein families are involved in 
leukocyte transendothelial migration throughout 
the body, although the involvement of individual 
family members depends on the specific molecu-
lar phenotype of the local vascular endothelial 
cell population [24].

Key adhesion molecules expressed by the 
endothelium include the selectins and immu-
noglobulin superfamily members [23]. P- and 
E-selectin interact with leukocyte glycoproteins, 
such as PSGL-1, in the early stages of leukocyte 
migration. Immunoglobulin superfamily adhe-
sion molecules participate throughout extravasa-
tion: intercellular adhesion molecule (ICAM)-1, 

vascular cell adhesion molecule (VCAM)-1, and 
activated leukocyte adhesion molecule (ALCAM) 
interact with integrins expressed on leuko-
cytes. Endothelial junctional proteins, including 
CD144, the junctional adhesion molecule (JAM) 
family, and claudins, are important for the later 
stages of leukocyte migration.

Previous studies using scanner laser ophthal-
moscopy [25] and recent work using multimodal 
imaging [26] have demonstrated that during 
EAU, leukocytes migrate from the bloodstream 
into the posterior eye via the retinal vascula-
ture. Consistently, there is increased expression 
of selectins and immunoglobulin superfamily 
molecules – especially P-selectin and ICAM-1 – 
by the retinal endothelium as the inflammation 
begins [27]. Histopathological studies of human 
eyes with anterior or posterior uveitis have dem-
onstrated increased expression of these groups of 
adhesion molecules on the iris or retinal vascu-
lar endothelium, respectively [28–30]. Soluble 
forms of the selectins and immunoglobulin super-
family molecules rise in the blood during active 
uveitis [31–33]. Interestingly, adhesion molecule 
genetic polymorphisms are associated with some 
forms of uveitis [34].

The therapeutic potential of adhesion mol-
ecule blockade in uveitis has been investigated 
in EAU.  Antibody blockade of the interactions 
between P- and E- selectin, ICAM-1, and VCAM- 
1, and their respective ligands, has been shown 
to reduce inflammation in this model [34–37]. 
Translational in vitro studies, using the transwell 
migration assay, in which cells move between 
chambers separated by a simulated endothelium, 
have demonstrated the importance of ICAM-1 in 
CD4+ T cell migration into the human retina [38]. 
Antibody blockade of ICAM-1 during transwell 
migration significantly reduces the number of 
Th1- or Th17-polarized cells that move through 
the transwell for a majority of human leuko-
cyte donors; in contrast, VCAM-1 and ALCAM 
blockade reduces movement in a minority of 
donors. However, the utilization of adhesion 
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molecules is also leukocyte subset dependent; 
in independent studies using the same transwell 
system, VCAM-1 and ALCAM join ICAM-1 in 
mediating migration of activated dendritic cells 
into the eye [39].

Biologics have already been developed to 
target integrins for treatment of inflammatory 
diseases outside the eye. Efalizumab is a human-
ized monoclonal antibody directed against 
αL integrin, which prevents interactions with 
ICAM-1. Alicaforsen is an antisense ICAM-1 
 oligonucleotide, formulated as an enema. Both 
drugs are effective in inflammatory bowel disease 
[40], and efalizumab is also therapeutic for psori-
asis [41]. Natalizumab is a humanized monoclo-
nal antibody directed against α4 integrin, which 
inhibits interactions with VCAM-1. This drug is 
effective in multiple sclerosis [42] and inflam-
matory bowel disease [40]. In one case report, a 
patient with undifferentiated autoimmune uve-
itis, who had persistent macular edema despite 
systemic treatment with corticosteroid and myco-
phenolate mofetil, experienced disease remission 
following a 9-month course of efalizumab [43].

Clearly, there is a large body of experimen-
tal and clinical evidence for the important role 
of adhesion molecules in the development of 
uveitis, and biologic drugs are already available. 
Unfortunately, a major hurdle to progress in this 
area has come with recognition that anti-integrin 
antibody therapy carries a high risk of progressive 
multifocal leukoencephalopathy. For this reason, 
efalizumab has been withdrawn from the mar-
ket, and the use of natalizumab is restricted. The 
risk of this fatal viral disease has been quantified 
for natalizumab to be approximately 1  in 250, 
although it may be reduced by careful patient 
selection [44]. As an alternative to integrins, tar-
geting immunoglobulin superfamily members 
on the vascular endothelium holds promise as a 
future treatment of noninfectious uveitis.

 Inflammatory Cytokines as Drug 
Targets

Cytokines are small proteins that mediate inter-
cellular communication. Multiple inflammatory 
and immunomodulatory cytokines have been 

implicated in the progression and control of uve-
itis, respectively, in experimental and clinical 
studies dating back to the 1990s. Thus, inflamma-
tory cytokines are obvious drug targets. Indeed, 
drugs that specifically inhibit the activity of mas-
ter inflammatory cytokine, tumor necrosis factor 
(TNF)-α, have become the standard second-line 
treatment for noninfectious uveitis [45]. Drugs 
targeted to other inflammatory cytokines have 
reached the clinic more recently, including drugs 
that block the activities of interleukin (IL)-1, 
IL-2, IL-6, IL-17, and IL-23.

Interleukin-1 exists in α and β forms, which 
act via a common receptor that is blocked by 
the naturally occurring IL-1 receptor antagonist 
(IL-1RA) [46]. Macrophages are the usual com-
mon source of IL-1β, which acts on many cells to 
induce expression of multiple inflammatory mol-
ecules: other cytokines including chemokines, 
adhesion molecules, eicosanoids, and enzymes 
that catalyze the formation of reactive oxygen and 
nitrogen species. It is also a growth factor for T 
cells and B cells. Several drugs have been used in 
patients to manipulate IL-1 activity. Multiple case 
reports and small series describe the effective use 
of human anti-IL-1β antibody, canakinumab, and 
recombinant IL-1RA, anakinra, in uveitis asso-
ciated with juvenile idiopathic arthritis, Behçet 
disease, and cryopyrin- associated periodic syn-
drome [47]. However, with one of the large ran-
domized controlled clinical trials of the human 
anti-IL-1β antibody, gevokizumab, failing to 
reach its primary end point, the future for IL-1β 
therapeutic blockade in uveitis is uncertain.

Interleukin-2 is a critical signal for the pro-
liferation and activation of CD4+ T cells [48]. 
Daclizumab is a chimeric mouse–human anti-
body directed against the α subunit of the IL-2 
receptor. In uveitis patients in particular, an 
important mechanism of action of this drug is the 
induction of CD56(bright) regulatory natural killer 
cells that secrete IL-10, which is an immunomod-
ulatory cytokine [49]. At least 8 US-based studies 
have evaluated the use of daclizumab in up to 39 
patients with different uveitis subsets, including 
birdshot retinochoroidopathy, Behçet uveitis, 
juvenile idiopathic arthritis-associated uveitis, 
and undifferentiated uveitis [50]. The value of 
daclizumab appears to be reduction in the use of 
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other immunosuppressive medications. At this 
time, daclizumab is not marketed, and thus, it is 
no longer available to treat patients with uveitis. 
It remains under study for multiple sclerosis [42], 
however, and no doubt results of those trials will 
determine future availability.

Interleukin-6 is a downstream inflammatory 
cytokine that is produced by multiple cell popu-
lations and induces proliferation, differentiation, 
and trafficking of T and B cells, neutrophils, and 
monocytes [51]. This cytokine acts via a com-
plex of the IL-6 receptor binding domain and 
gp130 signal transduction domain. Two mono-
clonal antibodies directed against the human 
IL-6 receptor are presently under study for treat-
ment of noninfectious uveitis: tocilizumab and 
sarilumab. Published case reports and series 
have described successful treatment of uveitis 
and cystoid macular edema with tocilizumab 
in patients with birdshot retinochoroidopathy, 
Behçet uveitis, juvenile idiopathic arthritis-
associated uveitis, and undifferentiated uveitis 
[52–55]. No information has been published on 
sarilumab for uveitis to date, but a phase II clini-
cal trial is presently in progress: “a randomized, 
double-masked and placebo- controlled study 
to evaluate the efficacy and safety of sarilumab 
administered subcutaneously every 2 weeks in 
patients with noninfectious, intermediate, poste-
rior or pan-uveitis.”

Interleukin-17A is an inflammatory cytokine, 
produced by CD4+ Th17 cells; it induces cyto-
kine, chemokine, and eicosanoid production 
by multiple cell populations, including endo-
thelial cells, neutrophils, macrophages, epithe-
lial cells, and fibroblasts [56]. Secukinumab 
is an anti- human IL-17 antibody that has been 
evaluated as a treatment for noninfectious uve-
itis in a series of clinical trials. The first “proof 
of concept” phase II clinical trial included 16 
subjects with the full spectrum of noninfectious 
uveitis, who were treated intravenously with 
secukinumab; vision or inflammation improved, 
or corticosteroid dose was reduced in two-thirds 
of subjects [57]. Subsequently, three phase III 
clinical trials, involving 274 patients suffering 
from uveitis based in the posterior eye or associ-
ated with Behçet disease who were treated with 
a subcutaneous form of the biologic, failed to 

meet primary efficacy end points [58]. A later 
dose-ranging phase II clinical trial, which 
included 37 patients with intermediate, poste-
rior, or pan uveitis, showed a higher response 
rate for the intravenous versus the subcutane-
ous formulation, possibly explaining the lack of 
efficacy of secukinumab in the phase III studies 
[59]. Differences in activities of IL-17, homeo-
static Th17 cells, and pathogenic Th17 cells are 
another consideration that may be relevant to 
the effectiveness of IL-17 blockade in patients 
with uveitis.

Interleukin-23 is key signal for the conversion 
of naïve CD4+ T cells to pathogenic Th17 cells 
[60]. Interleukin-23-deficient mice are resistant 
to EAU, and increased serum levels of IL-23 have 
been measured in patients with spondyloarthrop-
athy and uveitis, Vogt–Koyanagi–Harada uveitis, 
Behçet uveitis, and birdshot retinochoroidopathy 
[61–64]. Despite the literature supporting IL-23 
as a therapeutic target in noninfectious uveitis, 
the most clinically effective method for block-
ing IL-23 or its receptor treatment is uncertain. 
Ustekinumab is an IL-12/IL-23 p40 neutralizing 
antibody that is administered subcutaneously. A 
phase II clinical trial of the drug did not benefit 
patients with relapsing-remitting multiple scle-
rosis, but the drug is effective for moderate-to-
severe psoriasis [65, 66]. Results from a clinical 
trial that has enrolled patients with Behçet uve-
itis are pending.

 Complement System as a Drug 
Target

The complement system is an important compo-
nent of the innate immune network [67, 68]. The 
system consists of a group of circulating pro-
teins that interact cascade fashion to opsonize 
apoptotic cells or microbes, marking them for 
phagocytosis, and to directly lyse foreign patho-
gens. In addition, complement anaphylatoxins – 
C3a and C5a – induce immune cell activation. 
It is well established that the anterior and poste-
rior segments of the normal human eye have low 
levels of complement activity [69, 70]. The eye 
also contains complement regulatory proteins 
[71, 72].
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There is good evidence from human studies 
that complement components play a role in uve-
itis. Genetic polymorphisms of multiple compo-
nents have been associated with different uveitis 
subsets including anterior uveitis, multifocal 
choroiditis, and sarcoidosis-associated uveitis: 
C2, C4, factor H, factor B, and factor I [34]. 
Importantly, activation of complement within the 
eye has been measured in the aqueous of patients 
with anterior uveitis [73] and in the vitreous of 
patients with intermediate uveitis [74].

Studies from the laboratory also support a 
role for complement system in the pathogenesis 
of uveitis, although specific involvements are 
debated. Suppression of complement regulatory 
proteins exacerbates murine experimental autoim-
mune anterior uveitis [75], and treatment of rats 
with recombinant complement regulatory protein, 
Crry, inhibits the inflammation [76]. Work from 
one group has demonstrated that systemically or 
locally administered anti-C5a antibody reduces 
the severity of mouse EAU by limiting C5a-
mediated macrophage activation [77]. In contrast, 
studies from an independent group have indicated 
that C5a- and C5a receptor gene-deficient mice 
experience no reduction in EAU, while C3 gene-
deficient mice develop significantly less severe 
EAU than wild-type animals [78, 79]. Separately, 
EAU and endotoxin-induced uveitis in mice have 
been attenuated by intravitreal injection of a viral 
vector- encoded complement inhibitor domain 
derived from C3b/C4b receptor [80].

Given the data supporting the involvement of 
the complement system in uveitis, consideration 
of complement blockade as a therapy is appro-
priate. Many complement-targeted agents are 
in development. The most studied agent is ecu-
lizumab, which is a humanized mouse anti-C5a 
antibody that is used to treat patients with parox-
ysmal nocturnal hemoglobinuria and hemolytic 
uremic syndrome [81]. However, apart from the 
contradictory results in mouse EAU, this agent 
is extremely expensive. There is also a concern 
that targeting complement components may be 
associated with high risk of infectious complica-
tions, although human studies conducted to date 
suggest that this is practically only a concern in 
childhood.

 Oxidative Stress as a Drug Target

Oxidative stress reflects an imbalance in the activ-
ity of reactive oxygen or nitrogen species and the 
body’s antioxidative mechanisms [82]. In addition 
to direct toxicity, reactive oxygen/nitrogen species 
induce the production of cytokines, chemokines, 
and other inflammatory mediators. Rao and col-
leagues [83] first drew attention to oxidative stress 
in uveitis almost 30 years ago, in studies of guinea 
pig EAU, which at that time was termed experi-
mental allergic uveitis. Treatment of animals with 
antioxidants, including superoxide dismutase, 
catalase, and sodium benzoate, resulted in marked 
attenuation of the intraocular inflammation.

Multiple studies in EAU and other rodent 
uveitis models have linked reduction in severity 
and/or tissue damage to reduced oxidative stress 
[84]. Interestingly, in EAU, onset of oxidative 
stress precedes the infiltration by leukocytes; 
this early stress has been localized to retina pho-
toreceptors and reflects TNF-α-induced mito-
chondrial oxidative stress [85]. Once EAU is 
established, infiltrating macrophages and neutro-
phils are major sources of reactive oxygen and 
nitrogen species [86].

Over 30 studies have reported evidence of 
oxidative stress in Behçet disease on the basis of 
examination of serum or leukocytes (e.g., [87–
89]). A small number of studies have implicated 
oxidative stress in other forms of uveitis, includ-
ing sympathetic ophthalmia [90] and anterior 
uveitis [91, 92]. However, the few clinical stud-
ies of antioxidant drugs for uveitis have yielded 
limited information or been negative. A study of 
curcumin for chronic anterior uveitis enrolled 53 
patients, but 40% subject dropout was reported 
and clinical improvement was not defined [93]. 
A randomized, controlled trial of vitamin C and 
vitamin E for acute anterior uveitis involved 145 
subjects: no impact on anterior chamber cells was 
observed, although visual acuity at 8 weeks was 
superior in the treated group [94]. A randomized, 
controlled trial of vitamin E for uveitic macular 
edema halted the planned 80-person enrollment 
at 17 individuals due to lack of benefit [95].

Despite long-standing and solid experimental 
evidence of the involvement of oxidative stress in 
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uveitis and the availability of antioxidant agents, 
treatment of uveitis directed at this basic disease 
mechanism has not progressed far toward clinical 
application. No doubt the situation in part reflects 
the lack of conclusive clinical studies. In addi-
tion, there is difficulty in dissecting mechanisms 
of action of many antioxidants, which often have 
other activities. In addition, the active ingredi-
ent in many over-the-counter preparations is not 
known, and such formulations may not be pure. 
With the development of agents under regula-
tory bodies, however, this is expected to be an 
area of growth for uveitis therapies in the coming 
decade.

 Conclusion

Many novel therapeutic agents, targeting differ-
ent mediators of noninfectious uveitis, are at vari-
ous stages of translation to the clinic. In addition 
to the potential and realized drug targets covered 
in this discussion, other options include chemo-
kines, growth factors, eicosanoids, matrix metal-
loproteinases, the ubiquitin–proteasome system, 
and inflammasomes. Patients with uveitis fre-
quently have associated systemic diseases, and 
the direction in this field will be led not only by 
ophthalmology but also by other medical special-
ties, including rheumatology, gastroenterology, 
dermatology, and neurology. Since complications 
related to suppression of the systemic immune 
response will be an ongoing concern for the 
majority of systemically delivered biologics, the 
possibility of invasive or noninvasive local drug 
delivery is an important consideration for treat-
ment of intraocular inflammatory disease. This 
is an exciting time for patients who suffer from 
noninfectious uveitis and the medical practitio-
ners who manage their disease.
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 Introduction

Pediatric uveitis is a relatively rare condition 
that poses unique diagnostic and treatment chal-
lenges. Though children constitute only 5–10% 
of patients with uveitis [1, 2], severe vision loss 
may result in an estimated 25–33% of pediatric 
uveitis cases [3, 4]. Morbidity and poor visual 
outcomes in children may be greater than in the 
adult population due to delays in diagnosis and 
establishing ocular pathology [5, 6]. In adults, 
uveitis presents with symptoms such as ocular 
redness, photosensitivity, pain, and increased 
lacrimation. Posterior uveitis may present as 
blurred vision, scotomata, or increasing floaters. 
Uveitis in the pediatric population may be diffi-
cult to recognize early in its course, as pediatric-
aged patients may not verbalize their symptoms; 
in some patients, leukocoria or strabismus may 
be the early findings, as inflammation has been 
longstanding. The risk of severe vision loss and 
ocular morbidity is thought to be higher in chil-
dren than in adults, potentially due to unique 
disease presentations, difficulty in performing a 
comprehensive eye exam, medication adherence, 
and limited approved medical and surgical treat-
ment options. [7] Studies published provide con-
siderable information concerning new drugs and 
treatment strategies for pediatric uveitis.
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Pearls
• Diagnosis of uveitis in children may be 

delayed and difficult, and children will 
therefore often present with advanced 
disease with structural complications.

• Topical steroids should be utilized as 
first line for anterior uveitis but chronic 
use should be limited to 2–3 drops a day 
or less to avoid the complications of 
cataracts or elevated intraocular 
pressure.

• Local steroids may be utilized as adjunc-
tive or bridge therapy for acute disease.

• Systemic immunomodulation is often 
indicated for chronic inflammatory dis-
ease from entities such as JIA; metho-
trexate is the most commonly utilized 
first-line systemic agent.

• Biologic drugs are gaining increasing 
use and have demonstrated benefit in 
numerous inflammatory diseases affect-
ing children, but do not have first-line 
status as yet due to expense and limited 
long-term follow-up.
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 General Approach for Treatment 
of Pediatric Uveitis

Early diagnosis and proper classification of 
uveitis are important first steps toward bet-
ter long- term prognosis of pediatric uveitis. 
Classification can be based on etiology (infec-
tious, noninfectious, or as a manifestation of a 
masquerade syndrome), or via anatomic loca-
tion based on the International Uveitis Study 
Group [8]. The preferred treatment strategy for 
most types of noninfectious uveitis is the “step-
ladder approach” [9, 10]. With anterior segment 
involving inflammatory disease, topical therapy 
is usually administered as initial therapy. Topical 
cycloplegics are administered to prevent forma-
tion of synechiae by dilating the pupil and pos-
teriorly mobilizing the lens/iris diaphragm. With 
anterior segment inflammation, topical cortico-
steroids are initiated as first-line treatment when 
noninfectious uveitis is suspected. In patients in 
whom an infectious etiology is suspected, topi-
cal corticosteroids may be used as adjunctive 
therapy once appropriate antimicrobial therapy 
is initiated. It is important to realize that even 
in the context of well- controlled inflammatory 
disease, chronic use of topical corticosteroids 
may result in the complications of cataract for-
mation and pressure elevation, both of which 
are particularly unwelcome in children. In a 
study of 75 children with well- controlled JIA, 
chronic use of topical prednisolone at doses of 
four drops daily or higher was associated with 
the formation of 0.16 cataracts per eye-year, 
roughly equivalent odds of one in six per year 
of therapy. The same study reported a reduction 
in cataract risk to 0.01 per eye-year with three 
drops a day, and zero cataracts per eye- year 
with BID administration or less. Hence, most 
clinicians will move on to systemic therapy in 
chronic anterior uveitis patients requiring more 
than 2–3 drops of prednisolone daily [11]. It is 
further important for the clinician to remember 
the above is specific to prednisolone therapy 
and that more potent formulations such as dif-
luprednate will lead to similar complications 
with shorter durations and frequency of use; 
hence, these drugs should be used only under 

the closest of supervision and for the shortest 
time period possible [12]. If topical treatment 
as outlined above is inadequate, local cortico-
steroid injections may be utilized cautiously for 
proven noninfectious disease, although cataract 
and ocular hypertension warrant monitoring, 
and younger children may require anesthesia 
for administration. Systemic steroid treatment 
can also be implemented cautiously, as serious 
systemic side effects such as delayed attainment 
of axial height or growth retardation related to 
premature closure of epiphyseal plates, adre-
nal suppression, osteoporosis, infection, mood 
instability and/or exacerbation of existing psy-
chiatric disease, weight gain, and hyperglyce-
mia require monitoring, as well as collaborative 
management with pediatric specialists [13]. In 
cases of intermediate, posterior uveitis or panu-
veitis, regional or systemic therapy may also be 
considered due to improved penetrance to the 
vitreous and posterior pole as bridging therapy; 
however, patients with chronic inflammatory 
disease should be considered candidates for 
systemic immunosuppression to avoid the side 
effects of chronic topical therapy or repeated 
local administration of corticosteroids.

Many of the same agents utilized in adults 
for treatment of chronic systemic inflammatory 
diseases are utilized in the treatment of children 
with uveitis. In Table 15.1, we list many of the 
agents, and their comparative dosing in adults 
and in children, as well as any specific toxicity 
or monitoring that is necessary in the pediatric 
population [14]. The disease-specific evidence 
for use of some of these drugs will be described 
in the sections below.

 Anterior Uveitis

 Juvenile Idiopathic Arthritis
Juvenile idiopathic arthritis (JIA) is the most 
commonly known systemic disease associated 
with pediatric anterior uveitis, and as such, much 
of the evidence in treating chronic uveitis in chil-
dren is derived from experience in this disease 
indication. Approximately 50–80% of uveitis 
cases in children are secondary to JIA [15]. Using 
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the criteria based on the International League of 
Associations for Rheumatology, JIA is divided 
into subtypes based on the number of joints 
involved within the first 6 months of the disease, 
along with the presence or absence of systemic 
findings, such as fever. This categorization is fur-
ther subdivided by the presence or absence of cer-
tain biological markers such as rheumatoid factor 
(RF) and antinuclear antibodies (ANA) [16]. The 
particular subtype of JIA directly impacts the risk 
of developing uveitis.

If JIA-associated anterior uveitis is not treated 
effectively with judicious monitoring of inflam-
mation and secondary structural complications, 
this chronic disease process may confer signifi-
cant visual morbidity. Studies have shown that in 
the high-risk group of oligoarthritis-associated 
uveitis (representing 30–40% of patients with 
JIA), approximately 10–30% suffer from ante-
rior uveitis [17–19]. Approximately 30% of the 
patients have ocular complications at the time of 
the diagnosis [20].

Treatment strategy of JIA patients is to reduce 
active inflammation in the anterior chamber as 
much as possible with aggressive topical cortico-

steroids as first line, with attention to the poten-
tial attendant complications of chronic steroid 
eye drop use described above. Monitoring intra-
ocular pressure (IOP) while on topical steroid 
drops is recommended as one-third of patients 
may have increased IOP after 4–6  weeks of 
therapy. Five percent of patients can be “high 
responders,” with elevations of IOP greater than 
15 mm Hg from baseline and total IOP greater 
than 31  mm Hg [21]. In complex cases, intra-
venous methylprednisone or oral prednisone 
has been shown to be useful (dose of 15–30 mg/
kg to a maximum of 1 g, repeated daily for 1–3 
doses) [22]; however, high-dose corticosteroids 
alone in controlling JIA-associated uveitis are 
of limited value [20]. Oral prednisone may also 
be used with similar caveats to that noted above, 
with typical starting dose in children of 1–2 mg/
kg daily for severe disease. Side effects of 
long-term systemic glucocorticoid use mandate 
weaning these agents with the early introduc-
tion of disease- modifying antirheumatic drugs 
(DMARDs). Systemic immunosuppression with 
one of the DMARDs is recommended if inad-
equate control of inflammation is demonstrated 

Table 15.1 Agents and their comparative dosing in adults and children and specific toxicity or monitoring in the pedi-
atric population

Medication Adult dosage Pediatric dosage Pediatric side effects/toxicity
Prednisone 1–2 mg/kg (starting), 

maximum dosage 80 mg/day 
POa

1–2 mg/kg (starting)a Growth retardation, weight gain, 
hypertension, osteoporosis. 
Cushingoid features

Methotrexate 15–20 mg/week (maximum 
25 mg/week)

10–15 mg/m2 (maximum 
30 mg/m2 if given SC)

GI toxicity (oral ulcers, nausea, 
vomiting), hepatorenal toxicity

Mycophenolate 
mofetil

2–3 grams/day divided BID 600 mg/m2 twice daily; adult 
doses for older childrenb

Hair loss, GI discomfort, 
leukopenia

Cyclosporine 2.5–5 mg/kg divided BID 2.5–5 mg/kg/day divided 
BID; children may 
metabolize more quickly 
than adults

Nephrotoxicity, hypertension, 
hirsutism, hyperlipidemia

Adalimumab 
(Humira)

40 mg q 2 weeks < 30 kg (20 mg q 2 weeks)
≥30 kg (40 mg q 2 weeks)

Increased susceptibility to 
infections, reactivation of 
tuberculosis

Infliximab 
(Remicade)

3–5 mg/kg typical starting; 
maximum dosage: 10 mg/kg; 
dosing q4–8w after loading

3–5 mg/kg monthly typical 
starting;
10–20 mg/kg monthly usage 
has been reported in 
refractory uveitis

Reactivation of latent tuberculosis, 
anti-TNF antibodies, lupus-like 
syndrome, infusion reactions

aConsider IV Solu-Medrol (i.e., adults, 500–1000 mg; pediatric, 15–30 mg/kg or 1000 mg) if high-dose oral prednisone 
>80 mg/day is needed
bRenal transplant recipients
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after 3 months of topical treatment, particularly 
with >3 drops daily [23]. Disease recurrence 
when weaning topical glucocorticoids is another 
indication for initiated DMARDs. Evidence 
comes predominantly from retrospective case 
series since controlled clinical trials of the drugs 
in JIA uveitis have not been undertaken.

Methotrexate (MTX) is typically used as the 
first-line steroid-sparing agent. MTX is indi-
cated after 12  weeks of topical glucocorticoid 
if there is no improvement in anterior chamber 
(AC) cell grade ≤0.5+ or sooner if >2 drops are 
required, if there is worsening inflammation or 
if ocular complications develop. The dose of 
15 mg/m2 once weekly is most commonly used, 
with a maximum of 20 mg orally or 25 mg by 
subcutaneous injection, although some investiga-
tors have utilized weekly subcutaneous doses as 
high as 30–40 mg/weekly (ref S. Angeles-Han). 
In a systematic review, improvements in intra-
ocular  inflammation were seen in 73% (95% CI 
67–81%) [24]. Adverse events, most commonly 
gastrointestinal discomfort, nausea, and elevated 
liver enzymes, were experienced in 19.6% of 
patients where data were available. Additional 
common side effects that require careful moni-
toring include fatigue or malaise for one or more 
days after MTX administration, which in some 
cases may be treatment limiting, and hair loss, 
which is reversible with dose reduction or dis-
continuation. Older children should be counseled 
on the risks of concomitant alcohol consump-
tion and teratogenic side effects. MTX treatment 
was associated with a reduced need for cataract 
extraction, required in 29% of treated patients 
compared with 64% of those never receiving 
MTX [25]. Current recommendations indicate 
MTX be continued for at least 12 months once 
uveitis is inactive and for 24 months in those with 
poor visual prognosis. [26]

DMARDs including mycophenolate mofetil 
(MMF), tacrolimus, azathioprine, leflunomide, 
and cyclosporine are used infrequently in JIA- 
associated uveitis [27]. In one retrospective study, 
leflunomide, when compared to MTX, has been 
associated with more frequent uveitis flares [28].

Adding a biologic agent is recommended if 
there is worsening of disease or failure to achieve 

AC cell grade 0 after 3–4 months on MTX [26]. A 
double-blinded, placebo-controlled randomized 
controlled trial (RCT) demonstrated a positive 
effect of adalimumab in treating JIA-associated 
uveitis, with adalimumab patients experiencing 
a 75% risk reduction of flare when compared 
to placebo (should reference Sycampre study 
by Ramanan here) [29]. Adalimumab is dosed 
at 40  mg every 2 weeks in children weighing 
more than 30  kg, while children weighing less 
than 30 kg are typically started on 20 mg every 
2 weeks. In patients with incomplete response, 
weekly administration has been shown to con-
vey additional anti-inflammatory effect [30]. 
Case series have also demonstrated a positive 
effect of infliximab in children, although doses 
as high as 10–20  mg/kg/dose may be required 
[31]. Etanercept, in contrast, is not recom-
mended in JIA uveitis as a double-blinded RCT 
demonstrated no difference in uveitis control 
when compared to placebo [32]. As in the adult 
population, monoclonal antibodies such as inf-
liximab and adalimumab are both recommended 
over etanercept, with relatively little published 
experience with the newer agents golimumab 
and certolizumab. Treatment duration is not cer-
tain; however, there is a generalized consensus 
to continue treatment for 24  months after dis-
ease activity has been well controlled and after 
successful discontinuation of corticosteroids 
[26]. Other agents with published benefit in the 
treatment of JIA uveitis include tocilizumab, 
in whom a Spanish open label study reported 
19 of 25 patients in remission after 1 year and 
additional substantial improvements reported in 
patients with concomitant uveitis macular edema 
[33–35]. Selected patients have shown benefit 
with the T-cell costimulation blocker abatacept 
(Orencia); however, larger studies have had rel-
atively poor results, with only 3 of 21 patients 
with active uveitis and arthritis showing sus-
tained ocular benefit [36].

 Juvenile Ankylosing Spondylitis
Though juvenile spondyloarthropathies repre-
sent clinical entities separate from adult disease, 
the course of uveitis seen in children is similar 
to adults. Chronic anterior uveitis and HLA-B27 
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positivity may develop in as many as 15% of chil-
dren with juvenile spondyloarthropathies such as 
ankylosing spondylitis (AS) [37].

The modified New  York criteria is used for 
diagnosis of AS; HLA-B27 positivity is not 
required for the diagnosis [38]. The anterior uve-
itis in AS usually begins after the first decade of 
life. It is typically nongranulomatous, acute, uni-
lateral, and recurrent. Compared to JIA, uveitis 
associated with seronegative spondyloarthropa-
thies is often symptomatic with acute painful 
attacks. Therapy typically includes frequent 
intensive topical steroids and cycloplegic agents. 
Oral steroids or even local steroid injections 
may be used in cases refractory to topical ste-
roid administration. Some sources suggest that 
nonsteroidal anti-inflammatory drugs (NSAIDs) 
may be used long term in recurrent cases. In 
patients with chronic disease or recurrent disease 
with secondary complications, however, anti-
tumor necrosis factor inhibitors have demon-
strated efficacy and proven beneficial for uveitis 
associated with juvenile spondyloarthropathies 
(Fig. 15.1).

 Sarcoidosis and Blau/Jabs disease
Sarcoidosis is rare in children. Two subsets of 
pediatric sarcoidosis are described in the litera-
ture. Children between 8 and 15 years of age typ-
ically present with universal lung involvement, 
with eye, skin, liver, and spleen involvement in 
20–40% of cases. Cases of uveitis in less than 
5  years of age are not distinguished by pulmo-
nary involvement, but a triad of uveitis, arthropa-
thy, and skin rash [39].

Ocular manifestations are similar to those 
seen in adults. Anterior uveitis is the most com-
mon ocular manifestation in the younger and 
older subsets. The sequelae of anterior uveitis, 
including glaucoma, cataracts, and band keratop-
athy, were the most common cause of visual mor-
bidity in untreated or inadequately treated ocular 
sarcoidosis [40]. Sarcoidosis may also affect the 
retinal vasculature or choroid.

Biopsy of extraocular sites (i.e., involving 
skin, lymph node) is highly preferred in the 
diagnostic workup [41]. Angiotensin-converting 
enzyme (ACE) levels may play some role in 

diagnosis. Though ACE levels tend to be more 
elevated in children than adults, when compared 
to age-matched controls, ACE levels in pediatric 
sarcoidosis patients are higher. ACE levels are 
not specific for sarcoid and may be elevated in 
diseases affecting the lungs and liver, as well as 
in normal growing children [42].

Steroids are the primary treatment for the ocu-
lar manifestations of sarcoidosis, especially in 
the setting of multisystem involvement. Not all 
children with ocular sarcoidosis respond to topi-

Fig. 15.1 Slit lamp photograph of an HLA-B27-positive 
patient with anterior and intermediate uveitis shows pos-
terior synechiae from recurrent disease exacerbations 
(left). A spectral domain optical coherence tomography 
scan (upper right) shows macular edema while the patient 
was on methotrexate and prednisone. Following initiation 
of infliximab and a prednisone taper, the cystoid macular 
edema has resolved (lower right)
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cal, periocular, or oral steroids. Low-dose MTX 
may be useful and safe [43]. Further studies are 
warranted related to the efficacy of biologics for 
pediatric ocular sarcoidosis.

Many children who were once diagnosed with 
granulomatous uveitis thought to be due to sar-
coidosis are now known to have Blau/Jabs syn-
drome, a genetic autoinflammatory syndrome 
caused by a mutation in the NOD2/CARD15 
gene. Blau/Jabs disease is inherited in an auto-
somal dominant fashion and typically presents in 
the younger childhood years with granulomatous 
uveitis, dermatitis, and arthritis, with skeletal 
abnormalities such as syndactyly and campto-
dactyly also commonly observed. Positive expe-
rience has been reported treating this and other 
autoinflammatory diseases with anakinra, an 
IL-1receptor antagonist, and more recently with 
tocilizumab [44, 45].

 Tubulointerstitial Nephritis 
and Uveitis (TINU)
Uveitis may occur in patients with tubuloint-
erstitial uveitis. With a female predominance, 
the median age of TINU is 15  years. Though 
typically anterior in location, uveitis associated 
with TINU may be intermediate, posterior, or 
a panuveitis. While episodes of TINU are typi-
cally self- limited, pediatric patients tend to have 
a more chronic course of uveitis compared to 
adults. In one tertiary referral population, 32% 
of patients under the age of 20 with bilateral 
sudden-onset anterior uveitis were found to 
have TINU [46].

Diagnosis of TINU may include urine testing 
for the beta-2 microglobulin molecule, which 
is typically elevated in nephritic conditions 
and in the context of typical ocular inflamma-
tory disease may be considered diagnostic [47]. 
Serological testing for renal function by mea-
surement of blood urea nitrogen (BUN) and 
creatinine levels is of obvious import for stag-
ing of renal disease. Renal biopsy, when per-
formed, reveals inflammatory cell infiltration 
and secondary edema and inflammatory cells. 
Prognosis of ocular involvement is typically 
favorable, and treatment with topical cortico-
steroids is often adequate. In refractory cases, 

or those involving the posterior segment, sys-
temic or periocular corticosteroids may be used. 
Immunomodulatory therapy may be required in 
patients who do not respond to steroids or who 
manifest a more chronic course [48].

 Intermediate Uveitis

 Pars Planitis
Intermediate uveitis is inflammation involving 
the peripheral retina, pars plana, and vitreous 
base [49]. This entity may represent one-fifth 
to one-quarter of pediatric uveitis cases. Pars 
planitis presents clinically with complaints of 
floaters and blurred vision. Conjunctival injec-
tion, pain, and photophobia are less common 
presentations. Vitreous cells are a hallmark 
diagnostic finding. The presence of snowballs, 
which represent active inflammatory cells, and 
snowbanks, which are inactive acellular debris, 
can be seen on depressed peripheral examination 
[50]. Distinguishing between active and inac-
tive material may be challenging for many clini-
cians. Other harbingers for active disease include 
sheathing of the venules and retinal arterioles 
resulting from an associated vasculitis.

Given the relative asymptomatic course of 
pediatric pars planitis, complications related to 
sequelae of inflammation may be more advanced 
at presentation. Posterior subcapsular cataract is 
the most common type of cataract described in 
pars planitis, related to both corticosteroid use 
and uncontrolled inflammation.

Cystoid macular edema, secondary glaucoma, 
band keratopathy, exudative and rhegmatogenous 
retinal detachments, and neovascularization sec-
ondary to retinal ischemia tend to be more com-
mon in children with pars planitis than adults 
(Fig.  15.2). Optic nerve involvement may be 
seen more often in children than adults as well 
[51]. Although rarely observed in children, pars 
planitis with optic neuritis may be associated 
with multiple sclerosis (MS). Human leukocyte 
antigen (HLA) testing should be considered in 
female patients with bilateral pars planitis. The 
relationship between HLA-DR15, pars planitis, 
and MS has been documented [52].
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The diagnosis of pars planitis is based on clin-
ical manifestations, and a thorough review of sys-
tems and history should be gathered to exclude 
medical illness that may affect the patient’s 
health directly and particularly if immunosup-
pression is being considered. Diagnostic testing 
to rule out sarcoidosis, Lyme disease, and tuber-
culosis which may present with similar manifes-
tations should be considered.

Treatment follows a step-ladder approach 
similar to JIA.  Topical and regional corticoste-
roid injections are used initially in some cases, 
although dense pars plana snowbanks and vit-
reous cells will not typically respond to topical 
corticosteroids. Besides regional corticosteroids, 
oral corticosteroids and peripheral retinal cryo-
pexy or laser photocoagulation may be used. 
For dense pars plana snowbanks, cryopexy may 
be preferred as laser photocoagulation may not 
result in adequate uptake. However, cryopexy 
may be associated with transient inflammation; 
for this reason, retroseptal corticosteroids (triam-
cinolone acetonide 40  mg/ml) may be given in 
patients with pars plana snowbanks and cystoid 
macular edema. Laser photocoagulation may be 
applied to pars plana snowbank when uptake is 
possible and to peripheral areas where retinal 
ischemia is observed. Immunosuppressive drugs 

are often required for patients who have recurrent 
or chronic disease, particularly in patients who 
have received corticosteroid but either failed a 
systemic corticosteroid taper or have developed 
recurrences shortly following regional corticoste-
roid injections. MTX and mycophenolate mofetil 
(MMF) are first-line steroid-sparing agents for 
pars planitis but require laboratory monitor-
ing for serum chemistries, liver enzymes, renal 
function, and hematologic indices [20]. As in the 
adult patient, it is incumbent on the prescribing 
provider to thoroughly assess for and rule out as 
best possible demyelinating disease prior to ini-
tiating anti-TNF therapy prior to utilizing such 
therapy for refractory cases.

 Lyme Disease
Lyme disease is caused by the spirochete 
Borrelia burgdorferi transmitted by infected 
species of Ixodes ticks. It is a multisystem dis-
ease involving multiple organ systems. In early 
stages, the most common ocular finding is a fol-
licular conjunctivitis and episcleritis [53]. The 
most common intraocular manifestation is inter-
mediate uveitis [54].

Diagnosis of Lyme disease is based on clini-
cal history, presentation, and serologic studies. 
ELISA is the most commonly used diagnos-

Fig. 15.2 Fundus photograph of the left eye shows 
active pars plana snow bank with overlying retinal neo-
vascularization (left). Following initiation of immuno-
suppression with methotrexate and prednisone in 

addition to local therapy with a periocular corticosteroid 
injection, laser photocoagulation, and cryotherapy, the 
pars plana and retinal neovascularization have regressed 
(right)
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tic serologic test; however, in equivocal cases, 
Western immunoblotting is recommended [55]. 
The presence of intraocular inflammation in 
Lyme disease is regarded as CNS infection requir-
ing systemic therapy. For children, ceftriaxone 
(50–75  mg/kg per day) in a single daily intra-
venous dose (maximum, 2  g) is recommended. 
Alternatively, cefotaxime (150–200  mg/kg per 
day) may be divided into three or four intrave-
nous doses per day (maximum, 6 g per day), or 
penicillin G (200,000–400,000 units/kg per day; 
maximum, 18–24 million units per day) can be 
divided into doses given intravenously every 
4 hours for those with normal renal function [56].

 Posterior Uveitis

 Toxoplasmosis
Toxoplasmosis is the leading cause of posterior 
uveitis in all age groups, representing up to 70% 
of pediatric posterior uveitis in children [57]. The 
intracellular protozoan Toxoplasma gondii may 
be acquired or congenitally transmitted. Cats are 
the definitive host and the organisms may exist 
in three forms: the trophozoite, the bradyzoite 
(tissue form), and the oocyst (soil form) [58]. 
Human transmission may occur through inges-
tion of tissue cysts in raw or undercooked meat, 
vertical transmission through the placenta, or 
direct inoculation of oocysts.

Transplacental transmission occurs in cases 
with primary maternal infection. Approximately 
60% of transmission occurs during the third tri-
mester; however, treatment during pregnancy 
reduces this rate [59]. Transmission in early tri-
mesters often leads to unviable pregnancies or 
severe congenital disease. Disease severity is 
inversely related to gestational age the protozoan 
is transmitted.

Ocular toxoplasmosis may present as an 
acquired condition or reactivation of congeni-
tal disease. Reactivation disease often pres-
ents as blurred vision, with clinical findings of 
local retinochoroiditis adjacent to an old cho-
rioretinal scar. Absence of a scar may suggest 
acquired disease. Nongranulomatous anterior 
uveitis with increased intraocular pressure and 

retinal vasculitis may also be seen in this con-
dition. In immunocompetent hosts, inflamma-
tion can be self-limited. Macular lesions were 
found more often in patients with congenital 
toxoplasmosis.

Diagnosis is usually clinical, though sero-
logic testing for specific antibodies against T. 
gondii may be helpful. In the first year of life, 
the presence of IgA and IgM may be indicative 
of prenatal or postnatal infection. Polymerase 
chain reaction assays of aqueous and vitreous 
samples are sensitive and specific for establish-
ing a diagnosis.

Treatment may differ between adults and chil-
dren. Treatment is typically recommended for 
newborns, children with active lesions regardless 
of location, and immunocompromised patients. 
Pregnant women with acquired disease should 
also receive treatment. Women infected with T. 
gondii before 25 weeks are given an alternating 
regimen of pyrimethamine, sulfonamides, and 
spiramycin. Treatment is continued during the 
first year of life. Clindamycin or trimethoprim- 
sulfamethoxazole can be substituted for pyri-
methamine. Prenatal treatment should be 
approached with caution given the potential tera-
togenic side effects.

 Toxocariasis
Toxocariasis is a parasitic infection caused by 
exposure to the nematode Toxocara canis and T. 
cati which complete their life cycle in their pri-
mary hosts, dogs and cats, respectively. Ingestion 
of larvae can occur through undercooked meat, 
oral-fecal route, or exposure to larvae in sand-
boxes or litter dishes. After ingestion of the 
ova, Toxocara grows into a larva in the intesti-
nal tract and disseminates via portal circulation 
[60]. Organisms reach the eye through choroidal, 
ciliary, or retinal circulation. The disease is most 
often unilateral and painless, affecting children 
ages 2–9 years.

Major manifestations of Toxocara infection 
include diffuse vitritis (nematode endophthal-
mitis), posterior pole granuloma, and peripheral 
granuloma. Peripheral granuloma is the most 
common manifestation and is thought to arise 
as a later manifestation of acute inflammation. 
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Peripheral granulomas can cause distortion of the 
fovea secondary to macular dragging or even reti-
nal detachment. Nematode endophthalmitis is the 
least common form of ocular involvement.

Systemic manifestation of Toxocara can result 
in visceral larva migrans, a condition consisting 
of fever, hepatosplenomegaly, pulmonary symp-
toms (mimicking asthma), and eosinophilia [60]. 
Immunologic diagnosis can be made by an ele-
vated ELISA titer, though the test is not definitive 
with ocular toxocariasis. One study reported only 
45% of patients with ocular toxocariasis titers 
had levels higher than 1:32 [61]. Cytologic aque-
ous fluid evaluation for eosinophils or Toxocara 
antibodies can be sampled to provide evidence of 
ocular involvement [62].

Treatment for ocular toxocariasis includes 
topical, periocular, and systemic corticosteroids. 
The use of antihelminthic medications has been 
described for ocular toxocariasis [63]; however, 
there is no treatment algorithm that is univer-
sally accepted [64]. If identified on examina-
tion, laser photocoagulation of motile larvae 
may be considered [65]. Corticosteroids should 
be considered concurrently with antihelminthic 
agents to prevent the exacerbation of intraocular 
inflammation.

 Behcet Disease
The clinical features and course of Behcet disease 
(BD) in children are similar to those in adults 
[66]. Though there is no consensus on what age 
pediatric and adult BD should be defined, some 
report that disease onset before 16 is indicative 
of pediatric BD. [67] In children, oral ulcers are 
typically the initial manifestation of BD.  Skin, 
joint, neurologic, gastrointestinal, vascular, pul-
monary, renal, and cardiac involvement have all 
been reported in children.

In 60% of BD children, ophthalmic manifesta-
tions were noted, including conjunctivitis, scleri-
tis, uveitis, disc edema, retinal vasculitis, and optic 
neuropathy. Cases may present as both severe 
uveitis or retinal vasculitis [68]. As in adults, 
inflammatory involvement of the posterior eye 
segment requires immediate systemic treatment, 
usually consisting of a combination of systemic 
corticosteroids and an immunosuppressive drug. 

Azathioprine, cyclophosphamide and chloram-
bucil, cyclosporine, MTX, and MMF are immu-
nosuppressive therapies used in conjunction with 
corticosteroids for BD.  If this regimen remains 
ineffective or a sight-threatening course of the dis-
ease occurs, biologic agents such as interferon-α 
or TNF-α antagonists (infliximab or adalimumab) 
may be indicated also in children to preserve 
vision.

 Vogt-Koyanagi-Harada Syndrome 
and Sympathetic Ophthalmia
Vogt-Koyanagi-Harada (VKH) and sympathetic 
ophthalmia (SO) are rare but reported causes of 
uveitis in children [69]. The disorder is charac-
terized by bilateral panuveitis, exudative retinal 
detachment, meningismus, vitiligo, alopecia, and 
poliosis. Acutely, high-dose systemic steroids, 
orally and/or intravenously, are efficacious in the 
acute reduction of inflammation. Corticosteroid- 
sparing agents such as MTX, MMF, and/or CSA 
can be added in relapsing cases. Recently, bio-
logics including adalimumab and infliximab 
have been reported in limited case series and case 
reports for pediatric VKH [70, 71].

VKH and SO share similar pathogenesis in 
that patients may have systemic T-cell responses 
to melanocyte antigen. Adalimumab and inf-
liximab also have been found to be effective in 
case reports as steroid-sparing agents in patients 
with SO, the former in a patient refractory to 
methotrexate and topical corticosteroid [72] and 
the latter in a patient refractory to methotrex-
ate, mycophenolate mofetil, cyclosporine A, and 
daclizumab [73].

 Biologic Therapy in Pediatric 
Uveitis: Additional Considerations

Biologic agents differ from the chemically 
derived drugs described earlier in their source 
and complexity. Unlike most drugs produced by 
chemical reactions, biologic agents are derived 
from human or animal sources (i.e., produced in 
biologic systems). They have complex structures 
with amino acids or nucleic acids. The Food and 
Drug Administration (FDA) has recommended 
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industrial guidelines for manufacturers to assess 
the safety and effectiveness of biologic products 
in pediatric uveitis [74].

Over the last decade, biologic agents have 
gained popularity with uveitis specialists and 
rheumatologists as an alternative for patients 
with refractory disease or intolerance to tradi-
tional immunosuppressive therapies. For condi-
tions such as JIA and Behcet disease, TNF-alpha 
inhibitors are increasingly used and have dem-
onstrated efficacy for pediatric and adult uveitis 
[22, 75–77]. Off-label use of biologics has been 
extensively reported in pediatric uveitis, though 
higher doses have been reported, primarily with 
the tumor necrosis factor-alpha inhibitor inflix-
imab [31].

Biologic agents that are FDA approved in 
pediatric disease include infliximab (Crohn’s 
disease >6 years old), adalimumab (JIA >4 years 
old), abatacept (JIA >6  years old), and tocili-
zumab (systemic juvenile idiopathic arthritis 
>2  years old). However, daclizumab is no lon-
ger manufactured in the United States. To date, 
the only biologic agent FDA approved for adult 
uveitis as a clinical indication is adalimumab 
although other agents including infliximab, ritux-
imab, and newer agents including tocilizumab 
and abatacept have also been reported and pre-
viously discussed [78, 79]. Adalimumab recently 
received FDA approval for the treatment of adults 
with noninfectious intermediate, posterior uveitis 
and panuveitis; all other biologic and nonbiologi-
cal agents are utilized off-label for the treatment 
of noninfectious uveitis, with the exception of 
patients with a systemic associated disease with 
FDA approval.

 Future Directions in Therapy 
for Pediatric Uveitis

As newer biologic agents and immunologic ther-
apies are developed for rheumatologic and auto-
immune conditions, the use of these systemic 
medications for pediatric indications including 
uveitis offer promising approaches; however, 
short- and long-term systemic monitoring are 
often needed to ensure safety, particularly given 

the infectious and immunologic side effects that 
have been observed with biologic and nonbiolog-
ical agents. As our understanding of the genetic 
and immunologic background of specific pediat-
ric uveitis improves, it is likely that more targeted 
therapies will be utilized to directly address the 
mechanisms at play in individual disease condi-
tions [80].
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