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Abstract: Dry eye disease (DED) is a multifactorial disease of the ocular surface and is one
of the most common reasons for patients to visit an eye care provider. Cyclosporine A (CsA)
is an immune modulating drug that was approved in the US for topical use in the treatment of
DED in 2003, which led to a paradigm change in our understanding and treatment of DED,
turning attention to control of inflammation for treatment. This review summarizes the litera-
ture to date regarding the impact of CsA on the treatment of DED. A special focus is given
to the patient and physician perspectives of CsA, including dry eye symptom improvement,
medication side effects, and overall patient satisfaction. Studies evaluating CsA in DED have
considerable heterogeneity making generalized conclusions about the effect of CsA difficult.
However, most studies have demonstrated improvement in at least some symptoms of dry
eye in CsA-treated patients. Side effects, most commonly ocular burning on administration of
CsA, are common. The literature is sparse regarding long-term follow-up of patients treated
with CsA, optimal duration of treatment, and identifying which patients may receive the most
benefit from CsA.
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Introduction

Dry eye is a multifactorial disorder of the ocular surface and tear film that affects
between 5% and 34% of people globally and is estimated to result in >$3 billion in
direct costs in the US annually.' Symptoms include eye pain, discomfort, and visual
distortion and can negatively impact patients’ quality of life.*

Dry eye disease (DED), for many decades, was primarily treated as an abnormal-
ity of the tear film to be treated with lubrication. Introduction of topical cyclosporine
led to a paradigm shift in understanding the pathogenesis and treatment of DED.
The dry eye workshop (DEWS) published an extensive review on DED in 2007 and
includes inflammation in the definition of DED.> Review of the scientific literature
over the last decade shows the increasing interest in inflammation associated with
DED in both animal models and clinical trials of patients with DED. There have
been multiple randomized clinical trials on anti-inflammatory agents, including
the recent Food and Drug Administration (FDA)-approved lifitegrast for DED.’
Cyclosporine A (CsA) is a calcineurin inhibitor that interferes with T cell function
and was initially used clinically as a systemic immunosuppressive agent to prevent
rejection after organ transplantation. The use of topical CsA to treat ocular inflam-
mation, including dry eye, was first investigated in the 1980s and ultimately lead to
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several large clinical trials that resulted in FDA approval
of cyclosporine ophthalmic emulsion 0.05% (Restasis®
Allergan, Inc., Irvine, CA, USA) in 2003.5'° The indication
for FDA approval of CsA in the US is “to increase tear
production in patients whose tear production is presumed
to be suppressed due to ocular inflammation associated
with keratoconjunctivitis sicca.”'® CsA is now discussed
as a dry eye treatment option in the American Academy
of Ophthalmology Preferred Practice Pattern for dry eye
management'' and an estimated 48.2% of chronic dry eye
patients fill a prescription for CsA.'?

The goal of this review is to summarize the current evi-
dence regarding the use of CsA for the treatment of dry eye
with a focus on the patient and physician perspective and
to highlight areas of continued uncertainty and topics for
further research.

Patient perspective on the use of

topical cyclosporine 0.05%

A number of studies, ranging from observational case series
to randomized controlled clinical trials, have been conducted
to evaluate the efficacy of CsA for DED (Table 1). The
evidence to date, however, is difficult to evaluate cohe-
sively as studies vary significantly in design (including use
of a control group), inclusion criteria, length of follow-up,
and outcome measures evaluated.!* Many of the post-
FDA-approval studies of CsA have also been sponsored by
Allergan, Inc., the maker of Restasis; this is not unique to
CsA, with one systemic review of dry eye treatment trials
finding that 78% were sponsored by the pharmaceutical
industry."

Standard signs as a measure of DED

Most studies of DED include change in signs, such as ocular
surface staining and Schirmer score, and report improvement
with topical CsA treatment. The initial safety and efficacy
studies of CsA involved over 1,000 patients randomized to

Table | CsA and dry eye — different study designs

References

8,18, 19)

(14, 15, 17, 25, 42, 43, 47, 60)
(20, 21, 26, 30, 36, 53, 56-58)

Study type

Meta-analysis/systematic review
Randomized controlled trial
Prospective observational studies

Retrospective (33, 39, 41, 4¢6)
Clinician perspectives (14, 23, 39)
Patient surveys (29, 35)

Health expenditure data (12, 51)

Abbreviation: CsA, cyclosporine A.

CsA (of varying concentrations, including 0.05%) or vehicle
control and reported statistically significant increases in
Schirmer wetting in patients treated with CsA.!*!> FDA
approval was subsequently based on improvement in tear
function in 59% of patients.'® A subsequent randomized
controlled trial by Chen et al performed in Chinese patients
found that there was a similar improvement in corneal
staining and Schirmer score.!” In two meta-analyses of
studies evaluating CsA for dry eye, a statistically significant
increase in Schirmer score was noted in patients treated with
CsA versus controls.'®!” Tear film break-up time has also
been demonstrated to increase with CsA treatment,?® with
a meta-analysis by Wan et al reporting improvement in this
measure by 2.30 seconds in CsA-treated patients.!® Post-
approval (Phase 1V) open-label studies of CsA have also
demonstrated improved ocular surface staining, Schirmer
test score (average increase from 5.3 to 8.7 mm), and tear
film break-up time.?!

Patient-reported measures of DED

Dry eye symptoms

Given the multifactorial nature of DED and its variable
clinical presentation and diagnosis, it is not surprising that
there is often a poor correlation between dry eye signs and
symptoms.? This is one of the challenges in diagnosis
and management of DED and is an important consider-
ation when evaluating clinical trials of DED. Change in
patient-reported symptoms of DED may not correlate with
physician-measured outcomes. Furthermore, 69.7% of eye
care providers reported that patient history had the largest
impact on guiding therapeutic effect for dry eye.”* Almost all
of the CsA studies in the literature also report on patient-cen-
tered outcomes, such as improvement in dry eye symptoms
and use of artificial tears. There is considerable variability,
however, in how such outcomes are measured with some
studies assessing patient response by patient diary and others
using more global scores, such as the Ocular Surface Dis-
ease Index (OSDI), a validated questionnaire that provides
a global assessment of patient experience of DED through
evaluation of ocular symptoms, vision-related function, and
environmental triggers.> In general, improvement in at least
one dry eye symptom was observed with CsA use. Improve-
ment in any particular symptom of DED, however, was not
consistent across studies.

In the pilot dose—response study of CsA, treated patients
reported significant improvement in sandy or gritty feeling
and dryness compared to vehicle.'® In the larger follow-up
trial that evaluated 877 patients for 6 months, there was a

submit your manuscript

570

Dove

Clinical Ophthalmology 2018:12


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Patient and physician experience with topical cyclosporine for dry eye

statistically significant improvement in blurred vision among
CsA patients. Although there was improvement in the symp-
toms of sandy or gritty feeling and itching in CsA patients,
it was not statistically significant compared to controls.'*
A randomized controlled trial in a Chinese patient population
demonstrated improvement in ocular dryness and foreign
body sensation with CsA treatment.'” In the control group not
treated with CsA as well, many dry eye symptoms improved
over the course of the study period.

Several studies have compared CsA versus other topical
treatments for dry eye including artificial tears,” diquafosol
sodium®® (a P2Y, receptor agonist that promotes aqueous and
mucin secretion and which is not approved for use in the US)
and vitamin A.?” Park et al evaluated 167 patients randomized
to CsA versus varying concentrations of sodium hyaluronate
artificial tears. All patients reported significant improvement
in OSDI score over the course of the study with a range in
mean change from 12.07 in the 0.3% sodium hyaluronate
group to 17.93 in the CsA group. There was no statisti-
cally significant difference in OSDI score improvement
between treatment groups.?® Similarly, in a non-randomized
study comparing CsA versus diquafosol, all patients had
improvement in dry eye symptoms without a statistically
significant difference between groups.?® In a study comparing
CsA versus vitamin A versus neither, CsA-treated patients
reported significant improvement in blurred vision compared
to untreated patients, but there was no significant difference
between the CsA and vitamin A groups.”’

By design, randomized controlled trials are performed
under controlled conditions and therefore may not be gen-
eralizable to the real-world patient experience and usage of
a medication.?® Studies evaluating patient response outside
of a randomized clinical trial, therefore, have a practi-
cal value. In a study by Stonecipher et al, 5,884 patients
recruited from ophthalmologist, optometrist, and primary
care physician offices completed a telephone survey prior to
starting CsA for dry eye and at 30- and 60-day follow-ups.
No exam-based correlation was obtained and no control
group was concurrently assessed. Patients reported that dry
eye symptom severity was significantly decreased from
baseline at 30 and 60 days after starting CsA and there was
also a decrease in the impact of dry eye on daily activities
(eg, watching television and driving). Similar improvement
in symptoms was found among patients with varying length
of dry eye diagnosis prior to starting CsA.%

Post-FDA-approval observational studies of CsA have
also been performed. In the IMPACT study sponsored by
Allergan Inc., 40 dry eye patients were treated with CsA for

6 months. The average OSDI score significantly improved
from 47.0 to 26.8.2! This degree of improvement is greater
than the reported minimally clinically important difference
for the OSDI (range from 7.0 to 9.9 for all dry eye patients).*
Visual function (eg, driving at night and working with a
computer) significantly improved after starting CsA.?! Other
observational studies conducted in Korea® and Italy*! have
also reported decreased dry eye symptoms with CsA usage.

In severe dry eye, more frequent dosing of CsA may
help improve bioavailability of the drug and increase its
efficacy. Accumulation of CsA in ocular tissues is increased
with repeated administration.* Dastjerdi et al retrospectively
investigated a small cohort of graft versus host disease and
Sjogren’s syndrome patients with an inadequate response to
standard twice-daily CsA administration after an average of
5.2 months. After CsA dosing was increased to three to four
times per day, 68.2% of patients reported improvement in
dry eye symptoms.?*3

Patient satisfaction

Patient satisfaction with CsA has been assessed in several
studies. In an open-label study of 392 Korean patients
treated with CsA, 72% reported that they were satisfied
or very satisfied with CsA treatment.® In a large survey
study (financially supported by Allergan, Inc.) of 3,145
dry eye patients in the US, 79% reported taking CsA as
prescribed (twice daily) and this group reported higher sat-
isfaction with the medication and an increased willingness
to continue to medication compared to patients who reported
missing doses (87% vs 31%). There was also an association
between patients taking CsA as prescribed and more rapid
onset of reported increase in tear production.® In an open-
label extension study of the Phase III CsA clinical trials, the
majority of patients reported that they would continue CsA
(95.2%) and that they would recommend it to other DED
patients (97.9%).>¢ However, Stonecipher et al reviewed
health claims data on CsA usage and found that on aver-
age patients only filled 4.44 months of medication over a
12-month period and 18% of all dry eye patients filled only
a 1-month supply.'?

Cost—utility analysis is a form of cost-effectiveness
analysis that can help determine the cost of an intervention in
terms of quality of life. Brown et al found that CsA use was
associated with a 4.3% value gain (improvement in quality of
life) compared to lubricant therapy in patients with moderate-
to-severe dry eye. This value gain is similar to what has been
reported for glutarl-coenzyme A (HMG-CoA) reductase
inhibitors (statins) for the treatment of hyperlipidemia.’’
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Artificial tear usage

Several studies have demonstrated a decrease in artificial tear
usage in patients treated with CsA.8 In the large randomized
clinical trials of CsA, there was a statistically significant
decrease in artificial tear use with CsA treatment.'" In the
follow-up open-label extension trial, Barber et al reported
decreased frequency of artificial tears in CsA treated patients
from 7.6 times per day to 3.8 times per day.** Roberts et al
evaluated CsA in combination with punctual plugs and found
a statistically significant decrease in artificial tear usage with
CsA alone (mean use declined by 3.2 applications/day) and
in combination with punctual plugs (mean use declined by
3.9 applications/day).*® In a survey study of 3,145 dry eye
patients using CsA, 1,899 (79%) patients were still using
concomitant artificial tears. Of these patients, 73% reported
using artificial tears less frequently than prior to starting
CsA.* Similarly, Stonecipher et al assessed self-reported
artificial tear use among 5,884 patients taking CsA and found
that after 60 days of CsA treatment 62% of patients reported

using artificial tears “less than before”.?’

Onset of cyclosporine effect

Symptom relief has been reported to occur between 3 weeks
and 3 months after initiating CsA treatment. In a survey of
144 patients participating in an extension study of the initial
clinical trial of CsA (both 0.05% and 0.1% formulation),
62.5% reported that their dry eye symptoms began to resolve
after the first 3 months of treatment.*® Patient-reported onset
of symptom relief was faster in two large survey studies
involving >8,000 dry eye patients taking CsA in which
more than half of patients reported CsA was effective within
3-5 weeks.?3> Both surveys were based on patient self-report
and it is unclear if reduction in symptoms was secondary
to active CsA versus lubrication from CsA vehicle. Not all
patients, however, report benefit from CsA. In a prospec-
tive study of 158 patients treated with CsA, 22% of patients
reported no change in their dry eye symptoms as measured by
OSDI over an average 8 to 10 month follow-up period.

Side effects of cyclosporine

The majority of clinical trials investigating CsA for the treat-
ment of dry eye evaluated adverse events and drug safety.
No vision-threatening adverse events have been reported in
the literature, and topical CsA does not result in detection of
significant systemic levels of drug.!*** The most common
reported side effect of CsA is ocular burning, reported
in ~17% of patients.'® Ocular burning is the most cited reason

for discontinuation of CsA with approximately 3% of patients
stopping the medication secondary to this side effect.!*2-3

Topical steroid use prior to initiation of CsA may help
reduce burning sensation.***? In a study by Sheppard et al,
pretreatment with topical loteprednol etabonate 0.5% started
2 weeks prior to CsA and then continued for 60 days resulted
in reduced burning with CsA administration and faster onset
of symptom reduction (15 days in patients treated with CsA
and steroid vs 45 days in patients treated with CsA and arti-
ficial tears).*® There was no long-term follow-up to assess
signs and symptoms of dry eye after pretreatment with steroid
was stopped and CsA was continued. Mah et al evaluated the
impact of a second trial of CsA in patients who had previously
discontinued CsA treatment largely secondary to burning
sensation on administration. Nearly half (42.9%) of patients
remained on CsA for 12 months or more during the second
trial and many were pretreated or concurrently treated with
topical steroid.?* Other options to help lessen side effects of
CsA include cold application of the medication by keeping
it refrigerated®® and patient education.*

Restasis is formulated as 0.05% CsA emulsion of castor
oil in water. This formulation is linked to commonly reported
ocular side effects, including burning and stinging. Other
formulations of CsA have been investigated in clinical
trials, including a cationic emulsion** and aqueous solution*
and have been found to be therapeutic. New drug delivery
systems are an ongoing area of research and may not only
improve the clinical side effect profile, but also improve drug
bioavailability and effectiveness.®

Long-term evaluation of cyclosporine

Very few studies have evaluated long-term follow-up of
patients treated with CsA and uncertainty remains on what
the optimal length of treatment is. In one systematic review
of 18 randomized trials evaluating CsA in DED, the mean
follow-up period was only 5.4 months, and no study col-
lected outcome data for >12 months.® Barber et al followed
patients enrolled in the CsA Phase III clinical trials*® in an
open-label extension trial. Patients were treated with 0.1%
concentration of cyclosporine rather than the FDA-approved
0.05% concentration because the study was planned prior to
completion of the Phase III clinical trial. There was no sta-
tistically significant improvement in patient-reported dry eye
symptoms or Schirmer score during the 12-month extension
period compared to findings reported at the end of the initial
study period. The long-term adverse event profile was similar
to what was reported in the earlier studies.'*
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A small retrospective case series by Wilson and Perry eval-
uated whether CsA can be discontinued without recurrence of
dry eye symptoms. Patients with complete resolution of signs
and symptoms of dry eye after at least 6 months of CsA treat-
ment were instructed to stop the medication. In 71% (12/17)
of these patients, dry eye symptoms recurred and CsA was
reinitiated indefinitely. In 5 patients, there was no recurrence
of signs or symptoms of dry eye for 12 or more months after
discontinuation of CsA. Given the small number of patients,
it was not possible to distinguish any specific characteristics
that might distinguish patients who remained symptom-
free from those who had recurrence of symptoms.*

Cyclosporine and prevention of DED

progression

CsA may help prevent DED progression. In a study by
Rao, 58 patients were randomized to CsA or artificial tears
and followed for 12 months. Significantly fewer patients
treated with CsA had progression of disease severity
(defined by more severe signs and symptoms of DED)
compared to patients treated with artificial tears (6% vs 32%,
respectively).*” In a follow-up study, a cross-over design
was used to assess dry eye symptoms after CsA withdrawal.
In a subset of patients treated with CsA for 12 months, the
medication was withdrawn and signs and symptoms of dry
eye assessed. Half of patients who stopped CsA developed
more severe disease compared to none of the patients who
continued on CsA. The author suggested that CsA withdrawal
led to disease progression and argued for the necessity of
maintenance therapy.* In contrast, Su et al evaluated the
impact of decreasing CsA frequency rather than stopping the
medication. Patients who had completed at least 12 months
of twice-daily CsA treatment and were in remission were
randomized to continue twice-daily application of CsA or
to decrease to once-daily application. Objective measures of
DED were similar between these two groups. Interestingly,
patients in the once-daily group had significantly improved
OSDI scores compared to the twice-daily group (15.91 vs
22.62). A small percentage (14%) of the once-daily patients
did not tolerate the decreased medication dosing and resumed
twice-daily dosing.*

Physician perspective on the use of
topical cyclosporine 0.05%

Relatively little has been published specifically evaluating
the physician experience with CsA for the treatment of DED.
There is some evidence to suggest that CsA is accepted and

frequently prescribed by eye care providers for the treatment
of DED.? The American Academy of Ophthalmology
Preferred Practice Pattern'' includes CsA in the discus-
sion on dry eye management. Furthermore, a retrospective
study of dry eye medication use and expenditures in the US
showed an increase in dry eye medication prescriptions from
2001 to 2006 that was largely driven by CsA. From 2003
to 2004 (immediately after the FDA approval of CsA), CsA
accounted for 68% of dry eye related prescriptions and this
increased to 84% from 2005 to 2006.°

Despite its frequent use, physician assessment of the
efficacy of CsA is mixed. Mah et al retrospectively evalu-
ated patients who received a second trial of CsA after a prior
treatment failure. Physicians reported that in 80% of patients
clinical benefit was achieved. The details of the physician
survey were not reported in the paper.** Physician evaluation
of global patient response to CsA treatment was an outcome
measure of the largest randomized controlled clinical trial
of CsA. Patients in all treatment groups, including vehicle
control, improved over the course of the study. Response to
CsA was only significantly better than vehicle in patients
treated with the 0.1% formulation at 3 and 4 months of
follow-up. At 6 months, however, a similar percentage of
patients exhibited improvement (defined as “slight response
or better”) in the CsA group and vehicle control group (68.5%
vs 63.0%)." In a survey of 100 eye care providers, 68.4%
of respondents reported that CsA treatment failed in 20% or
more of their dry eye patients.?

Topical cyclosporine 0.05% in specific dry
eye populations

The majority of studies focus on moderate-to-severe dry eye.
However, patients with mild disease may benefit from CsA
as well. In a prospective study of 158 consecutive dry eye
patients treated with CsA, 74.1% of patients with mild dry
eye showed improvement in signs and symptoms.?

CsA has also been evaluated in specific subtypes of severe
dry eye, including Sjogren’s syndrome,*? Stevens Johnson
syndrome,> rosacea,> graft versus host disease,” and chronic
mustard gas injury.’>*” Most of these studies are small open-
label case series. In general, CsA improved at least some
signs and symptoms of disease in these subtypes.

Other studies have evaluated CsA for dry eye in specific
settings, including post-cataract surgery, contact lens use,*
meibomian gland disease,® and laser in situ keratomileusis
(LASIK) surgery.®"> Most of these studies are small and the
results of the efficacy of CsA were mixed.

Clinical Ophthalmology 2018:12
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Conclusion and future directions

In general, CsA significantly improved signs of DED in most
randomized controlled clinical trials. The impact of CsA on
patient outcomes is more variable, although most studies
show an improvement in at least one symptom of DED. CsA
is commonly prescribed for DED and has been incorporated
into practice guidelines. However, physician assessment of
patient response to CsA has been mixed.

The multifactorial nature of DED adds to the challenge of
evaluating the efficacy of CsA. Further research into better
understanding the pathophysiology of dry eye may help
identify which patients might benefit the most from treatment.
In addition, adding minimally invasive objective metrics as
biomarkers for DED may improve our understanding of the
disease, improve classification, and assist in determining
treatment efficacy.® For example, matrix metalloproteinase
(MMP-9) is upregulated in inflammation and has been inves-
tigated as a biomarker in DED; an in-office test that detects
elevated MMP-9 in tears is now available (InflammaDry™
RPS Diagnostics, Sarasota, FL, USA). A recent retrospective
study evaluated response to CsA in InflammaDry positive and
negative patients and suggested identifying dry eye patients
with objective evidence of inflammation may help predict
patient response to treatment.®

A review of the literature on CsA for DED as presented
above does offer some guidance for clinicians. There is ran-
domized controlled evidence that CsA can improve both signs
and symptoms of DED in some patients with reported onset
of efficacy ranging from 3 weeks to 3 months after initiation.
Although burning on application is a commonly reported side
effect, the medication is otherwise noted to be safe with no
serious adverse events reported. Clinicians should be aware of
the uncertainty in the literature to date on the exact population
of dry eye patients who may benefit from CsA therapy and the
appropriate duration of therapy and may communicate this
with patients when considering initiating CsA therapy. CsA
does appear to have a role in the treatment of DED patients,
although it is clearly not effective for all dry eye patients.

In summary, the available literature to date is quite
heterogeneous. Sacchetti et al attempted a meta-analysis
of the randomized controlled trials of CsA and concluded
that “statistical comparison of CsA efficacy through a
meta-analysis of data was not possible.” The difference in
outcomes, time point for evaluation, and variation in clinical
patient population were cited as reasons contributing to the
inability to perform a statistical meta-analysis.® Two sub-
sequent meta-analyses were completed and demonstrated
significant improvements in some dry eye signs and

symptoms.'®! Again, however, the analyses highlight the
diversity of trial design and the need for more standardized
assessment in order to draw more robust conclusions on CsA
efficacy. Future research should also seek to address remain-
ing uncertainties in the literature, including the optimal length
of treatment and long-term impact of CsA.
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