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Summary

This comprehensive review discusses immunotherapeutic approaches to ocular inflam-
matory diseases, updates information provided in the literature, and presents clinical
experiences with an emphasis on autoimmune uveitis at the National Eye Institute,
United States. Current medical and surgical therapeutic approaches, including medica-
tions such as corticosteroids, anti-metabolites, alkylating agents, calcineurin and purine
synthesis inhibitors, biologics as well as some anti-infectious agents, are reviewed along
with new modalities and experimental approaches. Most immunosuppressive therapies
have significant adverse effects. Physicians must be familiar with the pharmacology of the
available drugs and aware of the philosophies behind the treatment.
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INTRODUCTION

Ocular inflammatory diseases are defined as acute or
chronic inflammation of the ocular tissues and repre-
sent the fourth leading cause of blindness in the
United States after age-related macular degenera-
tion, glaucoma, and diabetic retinopathy> ¥’. They
can present in acute (less than 6 weeks) or chronic
forms®”. Ocular inflammatory disease is also loosely
termed uveitis, although areas of inflammation may
include the retina and sclera in addition to uveal tis-
sue (the iris, ciliary body, and choroids). The purpose
of this review is to briefly summarize the philosophy
and principles of management of different ocular
inflammatory diseases, with a focus on new thera-
peutic options. In the United States, the only drug
class currently approved by the Food and Drug
Administration (FDA) for use in ocular inflammato-
ry conditions (diseases) is corticosteroids. While
there are many more options today than before,
choices of therapy must be guided by the clinical indi-
cation and individual patient characteristics. These
include the patient’s need, ability to adhere to thera-
py, and compliance with follow-up visits. Infection
and neoplasm may induce autoimmune responses
and this must be carefully considered'" %23 %4, All of
these factors are critical, as the majority of these
immunosuppressive agents are extremely potent and
have significant adverse effects® -4, Drugs are typi-
cally started at low doses and then titrated carefully
to full effect.

NOMENCLATURE AND TERMINOLOGY

Upveitis

In this review “uveitis” is used interchangeably with
“ocular inflammatory disease or condition” and indi-
cates inflammation in any intraocular tissue.

Cell, flare, and haze

These terms refer to increasing severities of uveitis.
Active intraocular inflammation frequently manifests
as inflammatory cells, predominantly neutrophils and
macrophages, freely floating in the aqueous chamber;
it usually is associated with an increase in the viscosi-
ty of the aqueous, termed flare. When the inflamma-
tion is present in the vitreous humor, it manifests as
loosely floating cells that are often associated with
various degrees of clouding, termed haze.

Anterior uveitis is defined as intraocular inflamma-
tion restricted to the anterior segment of the iris, cil-
iary body, and aqueous humor. Intermediate uveitis
involves mainly the pars plana, and anterior vitreous

humor and may be coexistent with cystoid macular
edema. A diagnosis of posterior uveitis indicates
inflammation involving the posterior pole with
choroiditis, retinitis, retinal vasculitis, vitritis, and/or
retinal/choroidal neovascularization. These anatomic
definitions may overlap occasionally.

Systemic

A condition or mode that affects the entire body.

Local

A process and/or therapy limited to the eye(s). This
includes a periocular or an intravitreal injection.

Periocular

Administration of a medication in the tissues around
the globe.

PHARMACOTHERAPEUTIC AGENTS

Glucocorticoids

Glucocorticoids (corticosteroids) are multifunctional
hormones that suppress inflammation and certain
immunologically driven processes by influencing tar-
get genes*® 8. Prednisone (equivalent to pred-
nisolone) is the prototypical agent used in ocular
immunology and uveitis that is typically administered
orally at 0.25-0.75 mg/kg/day in the morning and
tapered in a standard manner’’. From an average
dose of 40 mg per day for severe uveitis, it is general-
ly tapered off by a decrease of 10 mg every two weeks.
At 20 mg daily, further decrease is by 2.5-5 mg every
two weeks? 2657 70 T ower doses are used for mild
inflammation. Steroids can also be delivered as peri-
ocular (triamcinolone) or intraocular injections (tri-
amcinolone, preferably preservative free).

Glucocorticoids form complexes with specific recep-
tors on the cell membrane that migrate to the cell
nucleuswhere they interact with regulatory sites with-
in DNA and modulate several genes involved in
inflammatory and immune responses*® 7, At the cel-
lular level, glucocorticoids inhibit the migration of
leukocytes and interfere with the functions of leuko-
cytes, endothelial cells, and fibroblasts; at higher
doses they have been demonstrated to suppress
humoral factors involved in the inflammatory
response*® %7, The physician should be aware that the
benefits of glucocorticoid therapy are offset by the
debilitating adverse effects that can arise in the short
and long term (Table 1). Minimizing the incidence
and severity of glucocorticoid-related adverse effects
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Table 1. Corticosteroids

Corticosteroid drug formulations

Medication equivalent, relative potency half-life
glucocorticoid, dose (MY)  aniinflammatory ~ mineralocorticoid* plasma (min)  biologic (h)
Shorter-acting agents
Cortisone 25 0 ++ 30 8-12
Hydrocortisone 20 0 ++ 90 8-12
Intermediate-acting agents
Prednisone 5 + + 60 12-36
Prednisolone 5 + + 200 12-36
Triamcinolone 4 + 0 300 12-36
Methylprednisolone 4 + 0 180 12-36
Long-acting agents
Dexamethasone** 0.75 ++ 0 200 36-54
Betamethasone 0.6 ++ 0 300 36-54

Adverse effects of corticosteroids

Relatively early in therapy:

* insomnia

+ mood disturbances (children especially)

* increased appetite

* obesity

* acne vulgaris

« raised intraocular pressure, more so with periocular injections

Common in patients with co-existing drugs and toxicities:
* hypertension

* glucose intolerance or frank diabetes mellitus.

* peptic ulcer disease

Relatively later in therapy:

+ hypothalamus-pituitary-axis suppression

+ cushingoid habitus

+ immunosuppressive action causing susceptibility to infectious agents
+ delayed and poor wound healing

+ osteonecrosis (avascular necrosis of the bone)

« steroid myopathy (reversible to great extent on discontinuation)

Insidious and delayed:

« cataracts

+ skin atrophy

+ osteoporosis (can also be early)
accelerated atherosclerosis
growth retardation (children)
body fat redistribution

fatty liver and hepatitis

* glaucoma

Other adverse effects, some of which are unpredictable:
+ psychosis

* pseudotumor

+ epidural lipomatosis

* pancreatitis

Revised from Boumpas et al.'? and Brogan and Dillon™.
* Associated with most of the adverse effects such as weight gain and hypertension.
** Most potential to increase intraocular pressure.

requires carefully manipulating the dosage, using sures® 48 49,57 Recommendations for all patients on
adjunctive corticosteroid-sparing immunosuppressive corticosteroids include exercise to maintain muscle
agents, and taking advance general preventive mea- mass, avoidance of other gastric irritants such as

486



S. K. Kurup et al. - Management of ocular inflammatory disease

NSAIDs, prophylactic use of an H-1 blocker or pro-
ton pump inhibitor, and calcium supplementation
(for a person weighing 60 kg: 1500 of elemental cal-
cium)'? accompanied by vitamin D. In patients at
high risk for osteoporosis, weekly biphosphonate
therapy is indicated. Table 1 summarizes an overview
of corticosteroids.

Anti-metabolites

Methotrexate (MTX). MTX 1is an anti-metabolite
available in oral or injectable forms which has been
used extensively in various ocular inflammatory con-
ditions as one of the first-line immunosuppressive
drug options. MTX inhibits dihydrofolic acid reduc-
tase and thus interferes with DNA synthesis, repair,
and cellular replication, with actively proliferating
cells being relatively more sensitive to its action.
The exact mechanism of its action in autoimmune
diseases is currently uncertain® 7. Although clinical
effects of MTX typically are manifest after 4-6 weeks
of therapy, its effect on blood counts may be visible as
early as a week after initiation of therapy. MTX is
well absorbed though variably so orally; bioavailabil-
ity and clinical efficacy may be increased when inject-
ed subcutaneously or intramuscularly’. Several non-
randomized, uncontrolled studies document the util-
ity of MTX in ocular inflammatory diseases, and one
particular case series tended to favor its use in ocular
sarcoidosis®* 26, The maximum dosage used in uveitis
ranges from 10-20 mg/m?*week (roughly equivalent
to 15-25 mg/week for a person who weighs 60 kg). It
is initiated at a lower dose; as patient tolerance
increases it is increased by 2.5-5 mg/week until effi-
cacy is achieved.

Pre-treatment with MTX assessment includes a com-
plete blood count with differential, hepatic enzymes,
renal function tests, and a chest X-ray. Periodic mon-
itoring of these serum chemistry and blood counts
are required: CBCs at least monthly, and renal and
liver function tests every 1-2 months. Caution should
be used when NSAIDs or cyclosporine are adminis-
tered concomitantly with MTX due to the risk of
renal toxicity. This is commonly the case when treat-
ing juvenile idiopathic arthritis (formerly juvenile
rheumatoid arthritis) associated uveitis. Since folate-
-deficient states increase MTX toxicity, daily folic acid
(1 mg or more) is essential while MTX is prescribed.
Toxicities of MTX include stomatitis, gastritis, ane-
mia (reflecting bone marrow suppression), hepa-
tonecrosis and fibrosis*’, renal toxicities, and idiosyn-
cratic pulmonary toxicity, occasionally progressing to
pulmonary fibrosis. MTX is excreted via the kidney,
is not dialyzable, and the physician must inform the
patient about the dosing guidelines. A practical

approach to ensure relative safety is to limit the first
prescription to 3 or 4 doses. The FDA classifies MTX
as Pregnancy Category X (absolutely contraindicat-
ed) due to its teratogenicity (Table 2).

Table 2. FDA Classification of Drugs in Pregnancy

Category Interpretation

A Adequate, well-controlled studies in pregnant women
have not shown an increased risk of fetal abnormali-
ties in any trimester of pregnancy.

B Animal studies have revealed no evidence of harm to
the fetus; however, there are no adequate and well-
-controlled studies in pregnant women.
OR
Animal studies have shown an adverse effect, but ade-
quate and well-controlled studies in pregnant women
have failed to demonstrate a risk to the fetus in any
trimester.

C Animal studies have shown an adverse effect and
there are no adequate and well-controlled studies in
pregnant women.

OR

No animal studies have been conducted and there are
no adequate and well-controlled studies in pregnant
women.

D Adequate well-controlled or observational studies in
pregnant women have demonstrated a risk to the
fetus.

However, the benefits of therapy may outweigh the
potential risk. For example, the drug may be accept-
able if needed in a life-threatening situation or serious
disease for which safer drugs cannot be used or are
ineffective.

X Adequate well-controlled or observational studies in
animals or pregnant women have demonstrated posi-
tive evidence of fetal abnormalities or risks.

The use of the product is contraindicated in women
who are or may become pregnant.

Source: FDA

Azathioprine (AZT). AZT is an immunosuppressive
antimetabolite that is administered orally at 2—4
mg/kg/day for the management of ocular inflamma-
tory disease. AZT is well absorbed following oral
administration. Serum levels are of minimal predic-
tive value for therapy since the magnitude and dura-
tion of clinical effects correlate with thiopurine
nucleotide levels in tissues rather than with plasma
drug levels. AZT and mercaptopurine are moderate-
ly bound to serum proteins (30%) and are partially
dialyzable. Both compounds are rapidly eliminated
from the blood and are oxidized or methylated in ery-
throcytes and liver; no AZT or mercaptopurine is
detectable in urine after 8 h. Renal clearance is prob-
ably not important in predicting biological effective-
ness or toxicities, although dose reduction is prac-
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ticed in patients with poor renal function. AZT is
mutagenic in animals and humans, carcinogenic in
animals, may increase the patient’s risk of neopla-
sia®, and is Pregnancy Category D (Table 2).

The mechanisms of AZT’s effect on autoimmune dis-
eases are not entirely clear. AZT is immunosuppres-
sive, with greater suppressive effects on delayed
hypersensitivity and cellular cytotoxicity than anti-
body production at the recommended doses. Both the
immunosuppressive and therapeutic effects are dose-
related, but an optimal dose has to be individually tai-
lored. AZT is a slow-acting drug (4-6 weeks) and its
clinical and adverse effects may persist in the absence
of its use?> . The adverse effects of AZT include
bone marrow depression, gastrointestinal upset. and
hypersensitivity. AZT interacts with allopurinol, and
thus the dosage of AZT needs to be decreased when
the two drugs are used concomitantly. The use of
angiotensin-converting enzyme inhibitors can also
increase bone marrow toxicity in certain patients.
There are several other drug interactions beyond the
scope of this review that interfere with the clearance
of AZT and are summarized elsewhere?’.

Alkylating agents
The guidelines for the application of alkylating

agents in uveitis are listed in Table 3. The most com-
mon drugs are discussed here.

Table 3. Alkylating medications

important adverse reactions’ . Nausea and vomiting
often occur during treatment, and significantly
decreased blood counts may manifest as early as 1-2
weeks. About 50% of patients treated with
cyclophosphamide develop alopecia. Cyclophospha-
mide may cause a hemorrhagic cystitis due to its
metabolites such as acrolein. Although adequate
hydration with the use of oral or parenteral mesna
(2-mercaptoethane sulphonate sodium) has been
demonstrated to prevent cystitis, mesna has not been
widely applied?®.

Irreversible amenorrhea and azoospermia have been
reported as severe adverse effects®” 7. Liver toxicity
and idiosyncratic progressive pulmonary fibrosis with
primary and secondary heart failure have also been
reported. Cyclophosphamide has been linked to both
bladder and hematological malignancies®. The risk
of these severe complications appears to increase
dramatically with a cumulative dose of over 100 g; in
one report, as many as 5% of all patients treated
developed bladder cancer’ 137, Prescriptions in chil-
dren should be only made in consultation with a pedi-
atrician who has expertise in this field. Elderly
patients will require dose adjustments based on cal-
culated renal clearance. The mutagenic, teratogenic,
and carcinogenic potential of these medications must
be considered prior to administration of this drug in
a fertile female because the consequences to an unin-
tended pregnancy could be devastating (Table 4).

Table 4. Cyclophosphamide

Guidelines for the use of alkylating drugs in uveitis

Well-established diagnosis with risk-benefit ratio assessed

Severe, vision-threatening disease

Inadequate response to less toxic therapy

No infection or neoplasm

No pregnancy or possibility thereof

Informed consent obtained

Availability of adequate facilities to monitor and treat potential compli-
cations

Revised from Nussenblatt et al.%’.

Cyclophosphamide. Cyclophosphamide, a mustard
gas derivative, is the inactive form of several alkylat-
ing agents which are formed as hepatic metabolites.
These metabolites interfere with DNA replication
and thus are cytotoxic, which is reinforced by the
coexistent phosphorylating properties of the drug.
Cyclophosphamide also possesses strong immuno-
suppressive activity and is utilized at 2-4 mg/kg/day
orally in patients with non-infectious uveitis.

Similar to other cytotoxic agents, bone marrow
depression and gastrointestinal toxicity are the most

Bioavailability Little variability

+ peak plasma level *1h

+ plasma half-life *4-10h

+ active metabolites* * bioactive drug

+ elimination** + predominantly renal

* The effect of the drug is based on its metabolites, which also have
short half-lives.

** 40% or more are excreted through the stool following oral admin-
istration.

The success of cyclophosphamide in ophthalmology
is evident in the management of Wegener’s granulo-
matosis (WG). WG is necrotizing granulomatous vas-
culitis that typically involves the orbits, upper and
lower respiratory tracts, and the kidneys®”. Standard
therapy for WG includes the daily administration of
low-dose oral cyclophosphamide and corticosteroid
therapy, which has dramatically improved the survival
of patients with this otherwise fatal disease. More
than 90% of patients treated with cyclophosphamide
and corticosteroid therapy improve markedly, and
75% achieve prolonged remission of disease®.
Cumulative toxicities include bone marrow suppres-
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sion, infertility, hemorrhagic cystitis, and the develop-
ment of cancer’ ¢. Cyclophosphamide is thus
reserved for situations where other alternative
options have failed or are contraindicated. It is
a Category D drug (Table 2).

Chlorambucil. Chlorambucil has a similar mechanism
of action to cyclophosphamide. In the uveitis and
ocular immunology clinic it is generally reserved for
severe therapy-resistant uveitis and systemic autoim-
mune diseases with vision-threatening uveitis.
Chlorambucil is dosed orally from 0.1-0.2 mg/kg/day.
Its indications are relatively narrow because of its
severe long-term toxicity, which includes amenor-
rhea, irreversible azoospermia, and cumulative dose-
-related risk of malignancies, the risks of which
increase with the dose administered'> 2+ 2% 46, The
most common malignancies are hematological, which
occurred in a range of 1.25-7.5% of juvenile idiopath-
ic arthritis patients (juvenile rheumatoid) treated*.
These malignancies can occur years after the cessation
of the use of the drug and thus long-term follow-up of
patients for routine surveillance is essential*. It is des-
ignated as a Category D drug by the FDA (Table 2).

Calcineurin inhibitors

Cyclosporine (CSA). CSA is a common first choice of
a corticosteroid-sparing agent for patients with ocu-
lar inflammatory disease who require long-term
immunosuppression, especially in those with co-exist-
ing macular edema?® 7. The mechanism of action of
CSA and tacrolimus involves inhibiting a common
cytoplasmic target, calcineurin, associated with a sub-
sequent decrease in interleukin (IL)-2, tumor necro-
sis factor (TNF)-a, and interferon (IFN)-y. It is avail-
able as oral capsules or in suspension form and initi-
ated at 2 mg/kg/day, given in divided doses twice daily
escalated over weeks in small increments to reach
3-5 mg/kg/day depending on the response and
absence of adverse effects. In our experience, admin-
istering more than 5 mg/kg/day may be associated
with nephrotoxicity. Different brands of the same
dose of CSA are neither equivalent nor interchange-
able, as the microemulsion may be 20-50% more
bioavailable!- 3142,

CSA is a calcineurin inhibitor which blocks the pro-
duction of several cytokines, including IL-2, IL-3, and
IL-4, by interfering with the IL-2 receptor (IL-2R;
CD25), thus preventing the activation of T cells®” ™.
In comparison with the cytotoxic drugs mentioned
above, CSA has a more specific effect on the immune
system, predominantly inhibiting T lymphocytes. In
combination with corticosteroids, CSA prevents and
treats ongoing acute inflammation.

CSA is not dialyzable, is highly protein bound (90%),
and can be passed to the infant via breast-feeding.
Absorption of oral CSA is variable, with about
20-30% bioavailability and maximal peak concentra-
tion from 4-6 h after the dose.

Nephrotoxicity, hypertension, hyperkalemia, hypo-
magnesemia, hyperuricemia, headache, tremors, leg
cramps, convulsions, hirsutism and acne, nausea/
/vomiting, abdominal pain, diarrhea, and gingival
hyperplasia have all been reported in various studies®
37,38, 46,57 Multiple drug interactions can occur with
CSA%, thus physicians should review patients’ cur-
rent therapeutic regimens prior to prescribing. Diet is
well known to interfere with its metabolism? 32,
Grapefruit juice can increase the serum levels of CSA
and certain herbal supplements such as St. Johns wort
have been demonstrated to decrease CSA levels®>.

Tacrolimus. Tacrolimus is less commonly used as an
immunosuppressive drug by ophthalmologists due to
its toxicity and cost. Also known as FK-506,
tacrolimus inhibits the action of calcineurin, reducing
both T cell and B cell activity*. Tacrolimus binds to
FK-506 binding protein 12 and forms a complex with
calcineurin, calmodulin, and calcium, inhibiting the
dephosphorylation of the nuclear factor of activated
T cells. The dephosphorylated form of the nuclear
factor normally crosses the nuclear membrane and
stimulates transcription of the IL-2 gene. Tacrolimus
prevents the dephosphorylation of NF-AT and thus
inhibits subsequent steps in this arm of the inflam-
matory cascade, reducing T cell activation and possi-
bly inhibiting IgE production from B cells?* > 63,

Its other mechanisms of action are related to mast
cell stabilization as well as down-regulation of the
expression of IgE receptors on Langerhans cells, one
of the antigen-presenting cells that activate T cells®’.
One of the more common uses of tacrolimus in
uveitis is in the prevention of corneal graft rejection
when an underlying autoimmune disease is the basis
of the original pathological process. However, there
are also reports of satisfactory results in posterior
uveitis®. The typical daily dose of tacrolimus at the
National Eye Institute (NEI) is 0.03-0.10 mg/kg/day
given in divided doses twice daily’* ©. Tremor,
headache, diarrhea, hypertension, nausea, liver
enzyme elevations, and renal dysfunction are the
most common adverse events reported, but these are
data principally derived from transplant patients®>’.

Target of rapamycin inhibitors

Sirolimus. Sirolimus is a newer immunosuppressive
agent which is currently undergoing pilot trials at the
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NEI at a dose of 6 mg as a loading dose and 2 mg
every other day orally with the aim of inducing toler-
ance’’ in patients with ocular inflammatory disease.
The mechanism of action of sirolimus is distinct from
that of CSA and tacrolimus, which are calcineurin
inhibitors®. Sirolimus and tacrolimus share the same
intracellular target, namely the FKBP12 protein.
Calcineurin inhibitors block the first phase of T cell
activation by an interruption of the signal from the T
cell receptor by blocking calcineurin, a serine-threo-
nine phosphatase required for transcriptional activa-
tion of the IL-2 gene in response to T cell antigen
receptor engagement. This decreases IL-2 produc-
tion and subsequent T cell stimulation. Sirolimus
interferes with the second phase of T cell activation.
It interrupts the signal from the IL-2R and the recep-
tors for other cytokines and growth factors. It blocks
the signal transduction pathway required for the pro-
gression of cytokine-stimulated T cells from the G1
into the S phase, thus suppressing T cell proliferation
driven by IL-2%. However, it remains to be seen if
inherent redundancy in the cytokine pathways would
prove a problem in extended use in the therapy of
ocular inflammation.

Purine synthesis inhibitors

Mycophenolate mofetil (MMF). Although MMF has
similarities to AZT, inherent differences prompted
classifying it as a selective purine synthesis inhibitor.
MMF is a morpholinoethyl ester derivative of
mycophenolic acid (MPA) which inhibits purine syn-
thesis of human lymphocytes and thus, indirectly,
T cell proliferation®.

MMF is a more specific inhibitor than AZT. AZT
inhibits IMP dehydrogenase as well as 5-phosphori-
bosyl-1-pyrophosphate (PRPP)-amidotransferase
and adenylosuccinate synthetase®?>73, Because of the
guanosine depletion and lack of activation of PRPP,
mycophenolate mofetil may cause a non-specific
inhibition of purine synthesis. However, they share
a similar adverse effect profile and hence must not be
combined®. MMF is hydrolyzed to MPA in the liver
and GI tract. The mofetil ester is almost entirely con-
verted to the acid form, because there is little detect-
ed in the blood. The mofetil ester has significantly
higher bioavailability than the acid form® > 73, In
healthy volunteers the absorption was 94%. Food
does not alter the extent of absorption, but the maxi-
mum concentration is decreased about 40%. MMF
levels are affected by significant drug interactions
with cholesterol binding resins and antacids
(decrease) and with acyclovir (increase) ® 7> 7. MMF
is of great utility in the treatment of a wide variety of

ocular inflammatory diseases. The recommended
starting dose is 500 mg twice daily (15 mg/kg/day in
divided doses) and escalates to a maximum of 1000
mg twice daily over a month. Using data without
appropriate statistical analysis, it appears that MMF
has been probably associated with less adverse events
such as significant leucopenia in the NEI clinic com-
pared with reports on renal patients receiving 3 g
daily®:7>73, MMF is Pregnancy Category C (Table 2).

Biologics

Anti-TNF-a antibodies. Recently, several biologic
agents have become available for treatment of
autoimmune diseases such as Crohn’s disease,
Behcet’s syndrome, rheumatoid arthritis, psoriasis,
and uveitis Of these biologics, TNF-a has emerged as
being of major pathological significance, and therapy
directed against TNF has already shown efficacy in
ocular inflammatory conditions® 2, TNF is obligato-
ry for chronic autoimmune diseases (although there
may be exceptions'’) and its existence provides
a rationale for further studies into TNF-independent
cytokine pathways, since ocular inflammatory cells
express TNF-a7%. Anti-TNF therapy has been associ-
ated with reactivation of chronic indolent infections
such as tuberculosis (TB) and paradoxically
increased autoimmune disease activity® *. In one
report from Spain the incidence of TB associated
with infliximab (84% of patients were given inflix-
imab) and etanercept (16%) in patients with rheuma-
toid arthritis was 1893 per 100,000 in the year 2000,
prior to the establishment of TB prevention guide-
lines. After the guidelines were established there was
a dramatic decline in TB incidence; only one case was
reported in the first 5 months since implementation.
Local urticarial reactions and headaches remain the
most common and consistent adverse reaction in
patients taking these agents. The urticarial reactions
tend to diminish on repeated dosing® 7, but anaphy-
lactic reactions compel discontinuation of this class
of agents. Since demyelinating events have been
reported as adverse effects of anti-TNF agents,
patients must be evaluated for neurological condi-
tions prior to initiation of therapy3® 7.

Infliximab. Infliximab is a chimeric anti-TNF-a mon-
oclonal antibody with high affinity and binding speci-
ficity for human TNF. Results from several con-
trolled clinical trials show that repeated infusions of
infliximab with or without concomitant MTX treat-
ment can reduce the signs and symptoms of inflam-
matory diseases of the eye® & 3L %, Tt is typically
administered intravenously at 2-5 mg/kg every four
weeks for non-infectious uveitic diseases, with the
length of treatment dictated by the clinical response.

490



S. K. Kurup et al. - Management of ocular inflammatory disease

Etanercept. Etanercept, another TNF-a inhibitor, is
less widely used than infliximab due to less therapeu-
tic efficacy as well as possible immunogenicity of the
drug itself® 3. The “unnatural” construct of the drug
may have bearing on its propensity to be immuno-
genic?® ¥, However, the drug is still currently being
used in the US for conditions such as rheumatoid
arthritis at 0.3-0.4 mg/kg twice a week.

Anti-IL-2R antibody. Daclizumab is a murine-human
chimerized monoclonal antibody against the IL-2Ra
receptor of T cells. It is FDA approved to prevent
rejection in kidney transplants. Chimerization or
“humanization” by incorporating the variable com-
ponent with the constant portion of human IgG
resulted in a subsequent increase in circulatory half-
-life and the elimination of clinically significant anti-
body response™. Thus, daclizumab maintains its
effectiveness on re-administration3s.

Daclizumab is given at 2 mg/kg intravenously once
every four weeks in the kidney transplant patient. In
the NEI trials, this dose has been demonstrated to
reduce the incidence and severity of acute rejection
in uveitis patients without significantly increasing the
incidence of opportunistic infections or other adverse
effects compared with placebo®®

Early reports from the NEI trials suggest that
daclizumab can also be used as alternative therapy
for a wide variety of autoimmune uveitis*® 37. There
have been no reports to date of anaphylactic reac-
tions or antibody production®® 7. The total T cell
population remains in the normal range in patients
on daclizumab as the drug preferentially targets acti-
vated T cells that are CD25". This suggests that in
addition to competitive binding and saturating the
CD25 receptor, down-regulation of IL-2R expres-
sion, shedding of antibody-bound IL-2R, or destruc-
tion of activated T cells by antibody-driven pathways
may play a role in the mechanism of action®. Longer
follow-up studies are needed to evaluate its toxicities.

Anti-CD20 antibody. Rituximab is the first monoclon-
al antibody approved for the treatment of relapsed or
refractory low-grade or follicular, CD20", B cell non-
-Hodgkin’s lymphomas in the United States. The role
of B cells in the T cell-mediated conditions is being
studied, and reports suggest possible benefits in tar-
geting B cells in certain ocular inflammatory condi-
tions®.

IFN-a. This biological agent has shown promise in
treatment of certain conditions such as Behcet’s dis-
ease, but is yet to get to the mainstream of current
therapeutic choices*. The dosage is tailored for the

patient and clinical presentation. Adverse effects
include retinopathy, which has been sporadically
reported”.

Miscellaneous

Thalidomide. Thalidomide is currently approved by
the FDA for cautious use in Hansen’s disease (earli-
er known as leprosy). However, its utility in the man-
agement of Behcet’s disease is well documented®> 7.
Besides its ability to cause drowsiness and birth
deformities, it may also cause a potentially irre-
versible peripheral neuropathy. However, its unique
immunomodulating properties are of interest in the
management of autoimmune disorders (e.g. ulcers in
Behcet’s disease) that may be of functional or cos-
metic concern®® and perhaps may be extended in the
near future to other autoimmune diseases.

Colchicine. Colchicine at an oral dose of 0.6 mg twice
daily has been shown to be effective in the treatment
of mucocutaneous ulcers associated with Behcet’s
disease®’. These ulcers can be very debilitating to
patients. Colchine’s therapeutic effect is thought to
be due to its inhibiting the formation of micro-
tubules”®. It can cause gastric irritation, which may be
a dose-dependent adverse effect.

Anti-infectious agents: acyclovir, foscarnet,
and gancyclovir, sulpha drugs

Retinal diseases caused by herpetic viruses fall with-
in the purveyance of the uveitis specialist. Acute reti-
nal necrosis is a clinical diagnosis and usually results
from herpetic infection; however, cytomegalovirus
(CMV) infection and toxoplasmosis may present sim-
ilarly'> 7. The clinical examination, including the
evolutionary and drug history, usually helps distin-
guish the condition. If the patient is severely
immunosuppressed (bone marrow transplant, AIDS,
or extensive myeloablative radiation and low CD4
counts <50), CMV retinitis must be included in the
differential, and gancyclovir and/or foscarnet initiat-
ed empirically. Both of these drugs also treat herpet-
ic viruses. The location of the lesion and the threat to
macula as well as the degree of immunocompromise
would dictate the use of intravitreal antivirals. Most
ocular viral diseases are dormant; therefore, long-
-term suppressive medication may be required. In
patients with AIDS, progressive outer-retinal necro-
sis (PORN) is another entity where the degree of
intraocular inflammatory response may be much less
than the retinal lesions that suggest a typical vessel-
-sparing pattern. Typically, herpetic viruses are asso-
ciated with PORN and management of PORN
requires frequent intravitreal medications over a pro-

491



Arch Immunol Ther Exp, 2005, 53, 484-496

longed period of time until the blood T cell count
rises to an acceptable level as determined in conjunc-
tion with an infectious disease expert. For CMV
retinitis, a long-acting gancyclovir implant is available
which may improve the quality of the patient’s life as
well as achieve sustainable levels of the drug in the
eye. If the diagnosis is uncertain, speedy referral must
be done to a uveitis or retinal specialist. Barrier laser
therapy may be required to seal off the necrotic reti-
na, and sometimes 360° laser retinopexy is performed
prophylactically. Similarly, antivirals, such as topical
trifluridine (at least 9 times daily), have been demon-
strated to speed the treatment for herpetic corneal
lesions. Acyclovir is designated as a Pregnancy
Category B drug by the FDA. All the antivirals are
only virostatic.

Toxoplasmosis is the leading cause of posterior
uveitis in the immunocompetent adult and it poten-
tially leads to blindness in certain endemic countries
such as Brazil, France, and the USA. Ocular toxo-
plasmosis can be a recurrence of a congenital infec-
tion or newly acquired®. In immunodeficient
patients, particularly AIDS patients, it can have both
systemic lesions in the brain and atypical lesions in
the eye. Typical ocular findings include satellite,
necrotizing retinitis adjacent to an existing chori-
oretinal scar accompanied by dense vitritis. Ocular
toxoplasmosis can present in other forms, such as
anterior uveitis, pars-planitis, scleritis, and papillitis.
In immunocompetent patients, ocular toxoplasmosis
presents as an intraocular inflammation highlighted
with vitritis at the border of a typical hyperpigment-
ed scar”’. Antibodies against toxoplasmosis are not
protective, and the disease can reactivate multiple
times.

Sulpha drugs are used in the therapy of ocular dis-
ease and the initial drugs of choice remain sulphadi-
azine in a 2-4 g oral single loading dose, followed by
oral 1 g four times daily and pyrimethamine 50 mg
twice daily then 25 mg twice daily®> %, When pred-
nisone is added to quell the inflammatory component
of the disease, it comprises a “triple therapy” for ocu-
lar toxoplasmosis. At the NEI, prednisone is added
two days after initiating the antimicrobials. A well-
-designed trial has shown benefits in continuing the
sulpha drugs for a year as prophylaxis, but the
adverse events associated with the drug must also be
taken into account if a lengthy course of therapy is
planned® 6% 64 Alternative drugs used are clin-
damycin 300 mg orally four times daily and 800 mg of
sulfamethoxazole combined with 160 mg of trimetho-
prim (double-strength Bactrim: sulpha drug) twice
daily. All of the above anti-toxoplasmosis drug choic-
es aside from steroids are FDA Category C drugs, but

clearly the benefit of use should outweigh the risk in
pregnant women.

Topical therapy

Corticosteroid injections. Periocular corticosteroids
are frequently used in the therapy of uveitis without
active systemic diseases. Triamcinolone 1% suspen-
sion is the drug of choice and the therapeutic effect
appears to last for an average of 3-6 weeks.
Complications of injections include accidental injury
to the globe, secondary prolonged elevation in
intraocular pressures, and cataract formation. Severe
complications of surgical procedures include infec-
tion and retrobulbar hemorrhage. Primary open-
angle glaucoma is an absolute contraindication for
this procedure. Another route is intravitreal injec-
tion. The same complications may develop on a high-
er scale. The drug effect lasts for up to three
months?” 37, A vitreous biopsy or aqueous aspiration
is useful for the diagnosis of microorganisms'®.

MTX has been used as an adjunct for relapsed pri-
mary intraocular lymphoma in selected patients at
the NEI with some degree of success. Since CNS lym-
phoma is a systemic malignancy, systemic treatment
is the general approach. However, the quality of life
may be improved with intravitreal MTX in patients
with solely ocular disease. The therapeutic dose used
at the NEI is 400 pg delivered intravitreally and con-
tinued depending on the response to therapy?.

SURGICAL APPROACHES:
DIAGNOSTIC AND THERAPEUTIC

Diagnosis

Surgery in patients with uveitis is fraught with com-
plications even when the surgical techniques are per-
formed flawlessly, because even meticulous surgery
has the propensity to exacerbate inflammation? #37.%,
However, aqueous taps with a 27 or 30 gauge needle
are relatively safe in expert hands. If the aqueous
humor is plasmoid, a wider-bore needle should be
used to avoid chamber collapse and lens injury.

Vitreous taps for diagnostic purposes (endoph-
thalmitis'*, lymphoma or other malignancies'®) can
be performed in a similar manner to aqueous taps in
syneritic eyes by a surgeon experienced in such con-
ditions. In younger patients a standard vitrectomy is
more advisable. Before attempting a biopsy it is
imperative to discuss the case and have the ocular
pathologist examine the patient and instruct the
appropriate method for tissue handling. For exam-
ple, prompt transport and processing of biopsied ocu-
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lar samples is critical for a successful diagnosis of pri-
mary intraocular lymphoma'8. In the case of vitreous
or chorioretinal biopsies it is imperative that corti-
costeroid or immunosuppressive agents that may
affect or modify the sample quality (number of viable
lymphoma cells) or harm the eye (suspected infec-
tions) be judiciously avoided pre-operatively. In the
case of lymphoma, the eye is generally quiet and non-
-inflamed, but in endophthalmitis the clinical picture
leads to the diagnosis in most cases”’.

Treatment

Cataract extractions are often required in patients
with uveitis because of inflammation and long-term
use of therapeutic corticosteroids. In children there is
also a constant risk of amblyopia prompting early
intervention. Such surgeries are electively timed at
the NEI after documentation of an arbitrary 3-month
absence of intraocular inflammation on or off med-
ications. It is paramount that intraocular inflam-
mation be well controlled prior to surgery®’.
Immunosuppressive therapy should be added pre-
and post-surgery and carefully tapered off on a case
by case basis®® 4> %7, Intraocular lenses are placed
depending on each case. In general, a patient with
a history of severe inflammatory recurrences would
not be considered a good candidate®- >°. Similarly,
any posterior segment surgery should be managed in
the manner mentioned above with the caveat that
post-surgical proliferative vitreoretinopathy may
occur in spite of excellent immediate post-operative
results. The incidence of pthisical changes postoper-
atively is more likely in a uveitic eye and more so if
critical post-operative management is sub-optimal.
Consultation with a uveitis specialist is recommended
while planning surgery in such patients to ensure
good results? 37445759 The surgeon must be aware
that surgery by itself cannot be “curative” or even
therapeutic for systemic diseases.

NEW MODALITIES AND EXPERIMENTAL APPROACHES

Stem cell transplant

Autologous hematopoietic stem cell transplantation
has been proposed as a potential treatment for
autoimmune disease'® 1%, Prolonged remission of
autoimmune disease has been observed in patients
who undergo allogeneic and, more recently, autolo-
gous bone marrow transplant for hematopoietic or
other malignancy®. Evidence from disease-suscepti-
ble strains of animals show that autologous
hematopoietic stem cells may help cure autoimmune
disease possibly by inducing tolerance to the inciting
agent. Immunosuppressive treatments with higher

dose regimens (and toxicities) combined with some
form of bone marrow “rescue” may be an alternative
to standard care in cases refractory to conventional
therapy!® 15 16,

Macrobiomolecules

Macrobiomolecules are a topic of current research in
biomedical sciences as they represent a relatively
nontoxic method of creating “designer drugs” with
potential application for ocular inflammatory disease
affecting the ocular surface (rosacea and dry eyes)’!.
It is likely that there will be broadening of the appli-
cation of these molecules in ocular inflammatory dis-
ease.

Plasmapheresis

Plasmapheresis is a useful tool rarely used that can
temporize patients with paraproteinemia-associated
retinopathy until definitive treatment is initiated.
Intravenous immunoglobulin

Intravenous immunoglobulin with steroids may pos-
sibly be useful in retinal vasculitis associated with
conditions such as Kawasaki’s disease as it appears to

help vasculitis in other organs?!.

FUTURE DEVELOPMENTS

It is likely that pharmacogenomics will play a more
important role in the choice of our therapeutic
options individualized to the patient’s gene polymor-
phisms or RNA-expression profiles?. It may be then
possible to tailor the type of drug and dosage based
on this type of data. Genomic profiles are already
being increasingly used in cancer patients to predict
the course of the response to existing therapy. There
will be more relatively nontoxic drugs available in the
armamentarium of uveitis specialists, as the market
for these drugs is primarily driven by rheumatologic
diseases and transplantations, both of which will grow
even more as the population ages’ 7.

CONCLUSION

Non-infectious inflammation in the eye is usually
considered an autoimmune disease and requires anti-
-inflammatory agents to modulate local and/or sys-
temic immune system responses. The rationale for
therapy, as in any other condition, must be carefully
considered before a decision is made. Most immuno-
suppressive agents have significant adverse effects.
Patients on these drugs must be considered immuno-
suppressed even at lower doses, and any intercurrent
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illness during therapy warrants a workup to exclude
an adverse drug reaction and secondary opportunis-
tic infections or malignancies. Patients on immuno-
suppressive therapy should be warned about the pos-
sibility of certain vaccines being ineffective and the
danger of live vaccines potentially causing the very
infections they was designed to prevent”. When deal-
ing with patients of childbearing age it is mandatory
to inform the patient of the potent adverse reproduc-
tive effects of the drugs used and obtain adequate
consultation. If there is an inadvertent exposure in
utero to toxic agents, fetal medicine should be
informed and a notation made in the chart to avoid
repeating the error.

Therapy should be directed objectively at reducing
inflammatory signs quantified as erythema, cells and
flare in the anterior chamber, cells and haze in the
vitreous humor, as well as lesions in the uvea and reti-
na. Vision may serve as an indicator of response to
therapy, particularly when macular edema develops.
Often the eye can be a sign of systemic disease; there-
fore, systemic examination and consultations by other
specialists are required. Some patients have been
demonstrated to mount a paradoxically increased
immune response with certain therapeutic drugs used
in the practice of uveitis. Examples of this phenome-
non are uveitis associated with etanercept use®” 3 or
anti-TNF agents in general®, pulmonary toxicity asso-
ciated with cyclophosphamide®, and the described in
vitro chemotactic properties of cyclopentolate®’.

Unilaterality and absence of systemic disease would
argue for a more localized intervention, such as
pericocular injections. The age, sex, and clinical his-
tory of previous therapy, whether successful or failed,
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