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Introduction
Dry-eye syndrome (DES), also known as keratoconjunctivitis 
sicca or keratitis sicca, is a multifactorial disease of the tears 
and ocular surface found both in humans and some domes-
ticated animals, which is associated with either increased 
tear film evaporation on the surface of the eye or decreased 
tear production by the meibomian glands. DES results in 
symptoms of ocular discomfort (such as a burning sensa-
tion, itching, redness, stinging, pain, and foreign body sen-
sation), visual disturbance, and tear film instability, with 
potential damage to the ocular surface. It is accompanied 
by increased osmolarity of the tear film and inflammation of 
the ocular surface.1,2 The diagnosis of DES is usually based 
on the presence of symptoms, but various tests are available 
for diagnosis in certain cases.3 For example, Schirmer’s test 
measures the amount of moisture bathing the eye. Lysozyme 
concentrations associated with the tear film are also some-
times measured.

Although the reported prevalence of DES varies among 
populations, DES affects millions of individuals worldwide. 
In American men, Schaumberg et al.4 found prevalence rates 
ranging from 3.9% in men aged 50–54 years to 7.7% in those 
80 years or older. In American women, the prevalence also 
increased with age, from 5.7% among women younger than 
50 years to 9.8% among women aged 75 years or older.5 Other 
studies have found DES in 14% of individuals aged 65–85 
years.6 Prevalence rates in Asian populations appear to be even 
higher.6,7 However, at least some of the variation between stud-
ies relates to differences in the definition of disease used.6

In addition to older age and female sex, some of the risk 
factors for DES include postmenopausal estrogen therapy, 
medications such as antihistamines, connective tissue disease, 
LASIK and refractive excimer laser surgery, low intake of 
omega-3 essential fatty acids, and radiation therapy.6 Manaviat 
et al.8 have linked DES with type 2 diabetes. In their study 
of 199 patients with type 2 diabetes, 108 patients (54.3%) 
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had DES. The prevalence of DES was significantly related 
to duration of diabetes, but not to sex or age. However, the 
authors did not speculate as to an etiologic link. DES may also 
be exacerbated by environmental factors such as contact lens 
wear, low-humidity environments, smoking, use of various 
medications such as antidepressants, antihypertensives, and 
medications to treat benign prostatic hyperplasia, prolonged 
computer use, watching television, reading, living at higher 
elevations, and excessive wind or air conditioning.4,9–11

Predicting the onset of DES is an ongoing issue in oph-
thalmic and optometric practice. Pult and coworkers12 per-
formed a series of studies comparing several dry-eye clinical 
evaluative tests in a population of non-contact lens wearers. 
The combination of the number of lid-parallel conjunctival 
folds and duration of non-invasive break-up time (the time 
between the full opening of the eyelids after a complete blink 
and the first break in the tear film) was more predictive of the 
development of dry-eye symptoms than any individual tests in 
this patient population.

DES can seriously impair the affected individual’s quality 
of life.4,7,13 In addition to the negative effects of ocular pain, 
DES can also have adverse effects on mental health, such as 
depression and anxiety.14 Miljanovic et al.15 reported in a study 
of 690 participants that DES affected the ability to perform 
common daily activities, such as driving, television viewing, 
and computer work.

Treatment for DES depends on the severity of the con-
dition. Environmental conditions that increase tear evapora-
tion and factors that may decrease tear production should be 
minimized or eliminated.16 Artificial tears or ocular lubricants 
(preservative free) are often successful in ameliorating symp-
toms, especially in mild cases.9 Nutritional supplementation 
with omega-3 fatty acids may be useful, but research in this 
area is limited and the results somewhat inconclusive to date.17 
Based on the concept that inflammation is a key component 
of the pathogenesis of dry eye, a number of anti-inflammatory 
agents have been used, including corticosteroids, tetracyclines, 
and cyclosporine.16,18 Other treatments may include intraduc-
tal meibomian gland probing, application of simultaneous heat 
and pressure to the eyelid to affect the meibomian glands, and 
N-acetyl-cysteine.19 Severe or prolonged dry-eye cases may 
require surgical procedures, such as lid surgery, tarsorrhaphy, 
or mucus membrane, salivary gland, or amniotic membrane 
transplantation.16

About 8.5 million Americans annually spend more than 
US$300 million on artificial tear preparations and other over-
the-counter treatments.7 With the introduction of newer treat-
ment options, the cost of treating DES is increasing. A study of 
54,052 patients in Singapore showed an increase of 0.8% between 
years 2008 and 2009 in direct costs of patients for all types of 
medicaments purchased, and a 6.69% increase in expenditure 
per patient episode.20 Therefore, evidence regarding the safety 
and efficacy of available treatment options is needed to enable 
appropriate treatment decisions for individual patients.

Among the plethora of available treatment options, 
cyclosporine A (Restasis, Allergan, Irvine, CA) is the only 
prescription drug approved by the US Food and Drug Admin-
istration (FDA) specifically for patients with DES and seems 
to be the most widely used current therapy for DES.7,21 The 
aim of the present manuscript is to review the safety and effi-
cacy of cyclosporine A in the treatment of DES.

Rationale for Anti-Inflammatory Treatment
The eye has a complex ocular surface system that functions to 
provide a smooth refractive surface to the cornea (the ocular 
surface) and to protect and maintain that surface.1 The tear 
film is a mixture of lipids, carbohydrates, proteins, and mucin 
in an aqueous suspension, with the lipids found in the differ-
ent layers of the film. The aqueous layer, which makes up most 
of the tear film by weight, provides both nutrients and waste 
disposal, not unlike the gastrointestinal tract (and also allows 
optimal absorption of topical ophthalmic drugs).

In a homeostatic balance, the eye is moist. This is essen-
tial for optical reasons as well as healthy physiology. Vari-
ous factors, including age, hormonal status, genetics, sex, 
immune status, innervation status, nutrition, pathogens, and 
environmental stress, can alter the cellular and molecular 
structure or function of components of this system.22 Dis-
turbances caused by changes in these factors are thought to 
lead to dry eye by creating an imbalance between secretion 
and degradation of the components of the tear film, result-
ing in decreased tear secretion, delayed clearance, or changes 
in the tear film or corneal epithelial surface composition. 
This instability increases susceptibility to desiccation and 
epithelial damage, which leads to release of inflammatory 
mediators. A vicious circle is created in which inflammation 
amplifies and sustains further damage by chronic deregula-
tion of the ocular surface system. Because this syndrome is 
not infectious, the use of antibiotics as a first line of therapy 
is not warranted. The use of anti-inflammatory agents to treat 
an essentially subcellular disturbance appears to be based on 
a more well-grounded rationale.

Cyclosporine
Cyclosporine A belongs to a group of immunosuppressive 
compounds that were first isolated in Norway from the fungus 
Tolypocladium inflatum. These drugs exert their effects essen-
tially by lowering the activity of T-cells, thereby suppressing 
the associated immune response. Thus, both cyclosporine A 
and tacrolimus have long been used in transplant patients 
because of their anti-rejection effects. As the two drugs are 
largely similar in ability to prevent acute rejection, practitio-
ners often choose between these drugs based on their respec-
tive interactions with other medications a transplant patient 
may be prescribed.23

Cyclosporines have also been used to treat a variety of con-
ditions that have an underlying inflammatory basis, including 
psoriasis, rheumatoid arthritis, and ulcerative colitis, as well as 
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ocular inflammation.2,24,25 The use of cyclosporine A to treat 
ocular conditions has been met with somewhat mixed results 
in the treatment of nonspecific, noninfectious inflammatory 
disease. However, more recently developed compounds may 
provide a greater level of treatment activity without the acute 
adverse reactions associated with the more historical use of 
cyclosporine A.21

Chemistry and Mechanism of Action of Cyclosporine
Cyclosporine has a molecular formula of C62H111 N11O12 and 
molecular weight of 1202.6 g/mol. It is a non-ribosomal pep-
tide that contains one d-amino acid. The structure of the mol-
ecule is very rigid because of the hydrogen bonding associated 
with the cyclic structure. Thus, cyclosporines have a low water 
solubility with variable cellular absorption.26 Cyclosporines 
belong to the group of compounds known as calcineurin inhibi-
tors, which also includes tacrolimus and voclosporin. The drug 
binds to cyclophilin (lymphocytes), and this complex inhibits 
calcineurin, ultimately preventing it from activating the tran-
scription product of interleukin-2 (IL-2). Because IL-2 is nec-
essary for T-cell replication, cyclosporine is a potent inhibitor 
of T-cell proliferation and thereby inhibits T-cell-mediated 
immune responses.

Cyclosporine may also prevent the mitochondrial perme-
ability transition pore from opening, with one of the effects of 
inhibiting cytochrome c release, resulting in an adverse effect 
on apoptosis.

Preclinical Studies and Adverse Effects
Animal modeling has been used extensively to evaluate both 
efficacy and safety of cyclosporine. Thomas et  al.27 used a 
rabbit model to show that tear production was improved by 
topical cyclosporine treatment following induced autoimmune 
dacryoadenitis. Activated peripheral blood lymphocytes were 
injected into an animal’s inferior lacrimal gland. Animals that 
demonstrated disease were treated with cyclosporine (formu-
lated as Restasis) and sacrificed six months after the injection. 
Findings from this group indicated that cyclosporine was able 
to modify dry-eye pathology in New Zealand white rabbits. 
Schirmer’s test results in treated rabbits were significantly dif-
ferent from controls. Tear break-up time results were also sig-
nificantly improved.

Many authors have noted renal toxicity with systemic 
use of cyclosporine. O’Connell and colleagues28 noted that 
cyclosporine used in concert with sirolimus had the effect of 
enhancing neural toxicity. Cyclosporine has also been shown 
to promote neoplasm and may cause neurotoxicity, hyperten-
sion, hyperlipidemia, and nephrotoxicity.29,30 There may be an 
“inflamed” sensation in the finger tips. Use of cyclosporine may 
also increase the risk of viral and fungal infections because of 
“disruption” of the normal functioning of the immune system. 
Furthermore, Zheng et al.31 have shown that secondary metab-
olites of cyclosporine A may be associated with toxicity in kid-
ney transplant patients. These authors evaluated cyclosporine 

and its major metabolites using liquid chromatography–mass 
spectrometry from whole blood in volunteers, and found that 
intra-renal accumulation of cyclosporine A and its secondary 
metabolites was related to the CYP3A5 genotype of the liver 
and kidneys. Thus, genetic factors may contribute to differ-
ences among patients in cyclosporine-induced toxicity.

Wen and colleagues32 used a single dose of cyclosporine 
A (1, 5, or 10 mg/kg body weight) as a treatment for acute 
kidney injury following an intraperitoneal dose of folic acid 
in male CD-1  mice. Cyclosporine doses of 1 and 5  mg/kg 
resulted in significant decreases in IL-6 activity, neutrophil 
activity, and kidney cell apoptosis (P , 0.05). However, the 
largest dose (10 mg/kg of body weight) was shown to cause a 
worsening of kidney function. The authors attributed the pro-
tective effects of the 1 and 5 mg/kg doses of cyclosporine A to 
inhibition of cell death, inflammatory reaction, interstitial cell 
infiltration, and fibrosis.

Cyclosporine A treatment has also been shown to block 
HTLV-1 expression in a rabbit model if given one week 
after exposure to the virus. In contrast, pretreatment with 
cyclosporine A before virus exposure enhanced early viral 
expression.33

Karavana et al.34 showed that cyclosporine release from 
a bioadhesive gel could be effective at treating recurrent aph-
thous stomatitis. The studies were conducted in rabbits. The 
end point in the study was wound healing on the oral mucosa. 
When treated animals were compared to controls, there was a 
statistically significant difference in the rate of wound closure 
as measured from day 3 through day 12 (P , 0.05).

Liang and co-workers35 compared topical cyclosporine 
(formulated as Restasis) with (1) a cyclosporine formulated as 
a cationic emulsion and (2) a cyclosporine formulated in oil. 
Phosphate buffered saline (PBS) and 0.02% benzalkonium 
chloride (BAK) were used as negative and positive controls, 
respectively. The three cyclosporine formulations were signifi-
cantly better at closing wounds than either the negative (PBS) 
or the positive (BAK) control. The authors reported a slight 
decrease in inflammation when the cyclosporine formulated 
in a cationic emulsion was evaluated in a rabbit model. Khan 
et al.36 compared a cyclosporine nanosphere formulation with 
Restasis in a rabbit model. They found less irritation with the 
nanosphere formulation compared with Restasis, and excel-
lent penetration of the nanosphere formulation.

Ophthalmic Clinical Uses
Topical cyclosporine A (Restasis) is indicated to increase tear 
production in patients whose tear production is presumed to 
be suppressed because of ocular inflammation associated with 
DES (keratoconjunctivitis sicca). Topical application exerts a 
therapeutic effect without causing systemic side effects, because 
only small amounts can penetrate into the bloodstream after 
topical application.21

Cyclosporine can be delivered to the eye in aqueous 
drop form,37 but the low solubility of cyclosporine in water 
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limits penetration. Olive oil or corn oil solutions allowed 
greater penetration. However, Williams37 reported that 
cyclosporine delivered by olive oil solution caused a burning 
sensation on the conjunctiva. Penetration enhancers such as 
cyclodextrins have also been used to increase corneal pene
tration of cyclosporine.21 Poor tolerance of such drugs pre-
sented a major drawback, although evidence for enhanced 
delivery was also reported. Emulsions provide effective 
topical ophthalmic drug delivery systems with a potential 
for sustained drug release.21 The currently approved drug 
Restasis has 0.05% oil in water emulsion. Various other 
delivery systems are under investigation.

Clinical studies of 0.05% cyclosporine ophthalmic emul-
sion in patients with DES are summarized in Table 1. A study 
conducted in Korea of 392 patients with moderate to severe 
DES showed that most (72%) were satisfied with cyclosporine 
treatment to relieve dry-eye symptoms.38 Ocular symptoms 
and Schirmer’s test scores improved over the three-month 
study period. Some adverse reactions were noted in the study 
including ocular pain and ocular irritation.

Perez-Rico and coworkers39 studied 0.05% cyclosporine 
A topically delivered to 29 patients with DES over a 12-month 
period. The aim of the study was to assess changes to the 
corneal epithelium. The data obtained showed no changes 
in endothelial density values. Thus, no clinical evidence of 
endothelial damage was found.

Cyclosporine has also been used as a treatment for dry eye, 
which may be secondary to other diseases. In a 2013 study of 
30 patients with Stevens–Johnson syndrome,40 all 17 patients 
who completed the study showed significant improvement in 
dry-eye symptoms, conjunctival injection and corneal stain-
ing, Schirmer I test, and fluorescein clearance test (FCT) 
(P , 0.05). However, eight patients (26.7%) withdrew because 
of side effects of cyclosporine A treatment, and five patients 
were lost to follow-up.

Dastjerdi and coworkers41 used topical cyclosporine 
(0.05%) to treat dry-eye disease secondary to ocular graft-
versus-host disease (GVHD) or Sjögren’s syndrome in 
22  patients who had shown an inadequate response to at 
least a four-month course of treatment with twice-daily use 
of topical cyclosporine 0.05%. Of the 22 patients, 13 had 
ocular GVHD and 9 had primary or secondary Sjögren’s 
syndrome. Dosing was increased to three to four times 
daily (termed by the authors as high-frequency treatment). 
Overall dry-eye symptoms were improved in 15 patients 
(68.2%), and the physicians’ global assessment of dry-eye 
status reflected improvement in 16 (72.7%) patients. Mean 
corneal fluorescein staining improved significantly from 
baseline, both in patients with GVHD and in those with 
Sjögren’s syndrome. In three patients, increased daily use 
of cyclosporine led to new onset of symptoms consisting of 
burning or irritation. Deveci and Kobak42 investigated the 
efficacy of 0.05% topical cyclosporine A in 26 patients with 
keratoconjunctivitis sicca because of primary or secondary 

Sjögren’s syndrome compared to 22 control patients treated 
with saline solution. All subjective symptoms and objec-
tive signs (Schirmer’s test, tear break-up time, and redness) 
were significantly improved after one-week and one-month 
follow-up examinations in patients receiving cyclosporine A 
compared with controls (P = 0.0001).

Cyclosporine treatment was studied in 32 patients with 
DES following cataract surgery.43 The patients were moni-
tored at baseline, one week, two weeks, and one, two, and 
three months following surgery. Cyclosporine or normal 
saline (0.9%) was administered to each eye according to 
random assignment. Both groups showed significant improve-
ment in the Schirmer’s test at three months, but at three 
months improvement was significantly greater in the eyes 
treated with cyclosporine than in those treated with normal 
saline (P = 0.02). At two and three months, eyes treated with 
cyclosporine showed significantly greater improvement in 
tear film break-up time and symptoms compared with saline-
treated eyes. No toxic reactions were noted in this study, even 
though the patients had undergone major surgery before the 
cyclosporine treatments.

The PERSIST (physician’s evaluation of Restasis sat-
isfaction in second trial) study was a multicenter retrospec-
tive chart review of a second course of cyclosporine treatment 
(Restasis) in patients who had previously discontinued topical 
cyclosporine after less than 12 weeks.44 A total of 35 patients at 
three different treatment centers were included. The study was 
limited because of its nature as a retrospective study. However, 
consistent with previous studies, the results showed that 80% 
of patients were judged by the physician to have received clini-
cal benefit from the second course of treatment.

Conclusion
A large amount of information is available concerning 
cyclosporine and its use both as an ophthalmic treatment 
and as an immunomodulator, and the mechanism of action 
is well understood. Cyclosporine 0.05% (formulated as 
Restasis) is the only FDA-approved prescription drug avail-
able for patients with DES. It has also been used as a treat-
ment for other conditions that may be secondary to DES. 
Positive effects are consistently seen with the use of this 
drug for treatment of DES. In contrast to systemic use of 
cyclosporine, topical application has few side effects, because 
only small amounts can penetrate into the bloodstream after 
topical application.

Considering the potential for increased quality of 
life with successful treatment of the symptoms of DES, 
then cyclosporine should have a great impact on dry-eye 
sufferers worldwide. In prescribing cyclosporine, doctors 
should work with their patients to develop a strategy that 
ensures maximum patient compliance to the treatment plan. 
Strategies for glaucoma treatment, in which doctors may 
tailor a regimen to patient lifestyle, might serve as useful 
models for such plans.
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