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Objective: The aim of this study was to evaluate the effects of cyclosporine ophthalmic emul-

sion 0.05% on ocular surface staining and visual performance in patients with dry eye.

Methods: This was a single-center, 6-month, open-label, Phase IV study. Patients with 

bilateral dry eye disease and a symptom score of $2 on the Ocular Discomfort and 4-Symptom 

Questionnaire, an Ocular Surface Disease Index score of .12, at least one eye with Schirmer’s 

score ,10 mm/5 minutes, and central corneal staining graded as $2 on the Ora Calibra™ Cor-

neal and Conjunctival Staining Scale were enrolled. Cyclosporine ophthalmic emulsion 0.05% 

(Restasis®) was instilled twice daily in each eye. The primary efficacy endpoints were ocular 

surface staining and visual function at 6  months. Secondary outcome measures included 

Schirmer’s test, tear film breakup time, symptoms, and adverse events.

Results: A total of 40 patients with the mean age of 59.4 years (range, 40–78 years) were enrolled; 

35 (87.5%) were female and 37 (92.5%) completed the study. At 6 months, inferior corneal, central 

corneal, total corneal, and total ocular surface fluorescein staining were significantly improved from 

baseline in both eyes (P,0.001). Patient responses on the Ocular Surface Disease Index showed 

significant improvement in blurred vision and visual function related to reading, driving at night, 

working with a computer or bank machine, and watching television (P#0.041). At 6 months, 35.1% 

of patients achieved $5 mm improvement and 18.9% achieved $10 mm improvement in the average 

eye Schirmer score. Mean tear film breakup time improved by .50% in both eyes (P,0.001). 

Patients reported significant improvement in ocular discomfort and dry eye symptoms (P,0.001). 

No patients discontinued treatment because of stinging or any other ocular adverse event.

Conclusion: Dry eye patients with difficulties with day-to-day visual function demonstrated 

improvement in both signs and symptoms of dry eye and reported improved visual function 

after 6 months of treatment with cyclosporine ophthalmic emulsion 0.05%.

Keywords: corneal staining, dry eye disease, Ocular Surface Disease Index, ocular surface 

staining, visual function, clinical trial

Introduction
Dry eye is a prevalent, chronic, multifactorial disease of the tears and ocular surface.1,2 

Instability of the tear film accompanied by T-cell-mediated ocular surface inflammation 

plays a major role in disease development and progression.3,4 Dry eye symptoms are 

a key complaint of patients with dry eye. Patients with dry eye suffer from symptoms 

of ocular discomfort, dryness, and visual disturbances, which may be episodic and 

also vary during the day.5–7
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Corneal staining with fluorescein is a diagnostic sign 

of dry eye and a key measure of dry eye in clinical studies. 

Additional diagnostic measures may include Schirmer tests 

and tear film evaluations such as tear film breakup time 

(TBUT). However, lack of a consistent association between 

the signs and symptoms of dry eye remains an impediment to 

accurate diagnosis and assessment of treatment efficacy.8,9

Patients with dry eye frequently report visual distur-

bances such as blurred or foggy vision, fluctuating vision, 

and problems with glare.5 A quality-of-life survey study 

by Miljanović et al10 showed an association between dry 

eye disease and patient difficulty with vision-related tasks 

including reading, using a computer, watching television, and 

driving. Subsequent studies using the National Eye Institute 

25-Item Visual Function Questionnaire (NEI VFQ-25)11–13 

and the disease-specific Ocular Surface Disease Index (OSDI) 

questionnaire have demonstrated that patients with dry eye 

report increased difficulty with vision-related activities 

compared with control subjects.11 Objective assessments 

have also shown a reduction in functional visual acuity and 

reading speed, which correlate with central corneal staining, 

in patients with dry eye.14,15 Impairment of driving abil-

ity due to visual disturbance in patients with dry eye also 

has been confirmed objectively in a study using a driving 

simulator.16

Topical cyclosporine ophthalmic emulsion 0.05% is an 

anti-inflammatory treatment that has been shown to effectively 

improve dry eye signs (eg, tear production and corneal staining) 

and symptoms (eg, blurred vision) in patients with moderate-

to-severe disease.17 Early treatment with cyclosporine has been 

associated with improvements in tear production and tear film 

stability, as well as reduced progression of dry eye disease.18,19 

Although it has been over 12 years since the US Food and 

Drug Administration approval of topical cyclosporine emul-

sion for the treatment of dry eye, the impact of cyclosporine 

treatment on visual function in patients with dry eye in the real 

world is not widely recognized. This study was designed to 

better understand patient response to cyclosporine therapy and 

the therapeutic benefit of cyclosporine treatment in reducing 

signs and symptoms and improving visual function in patients 

diagnosed with dry eye.

Methods
This was a prospective, single-center, open-label, Phase IV 

study conducted at Andover Eye Associates (Andover, MA, 

USA) between April and September 2014 (ClinicalTrials.gov 

identifier: NCT02121847). The study adhered to the tenets 

of the Declaration of Helsinki and Good Clinical Practice. 

The Alpha Independent Review Board (San Clemente, CA, 

USA) approved the study protocol, and all patients provided 

written informed consent.

To be included in the study, patients were required to be 

18 years of age or older and have a history of dry eye in both 

eyes. At screening, patients were required to have a history of 

use or desire to use eye drops for dry eye symptoms within the 

past 6 months, report a score of $2 for at least one of the dry 

eye symptoms assessed on the Ora Calibra™ Ocular Discom-

fort and 4-Symptom Questionnaire20 (Ora, Inc., Andover, MA, 

USA), report a composite OSDI score of .12 with a score 

of $2 on the vision-related function subscale of the OSDI, 

and have at least one eye with the following: a Schirmer test 

score (without anesthesia) of ,10 mm/5 minutes, corneal 

fluorescein staining graded as $2 and ,4 in at least one 

region and central corneal fluorescein staining graded as $2 

on the Ora Calibra™ Corneal and Conjunctival Staining 

Scale,20 and a conjunctival redness score of $1 on the Ora 

Calibra™ Conjunctival Redness Scale.20

Key exclusion criteria at screening included ongoing 

ocular infection, clinically significant slit-lamp findings 

such as active blepharitis, meibomian gland dysfunction, 

lid margin inflammation, or ocular allergies requiring treat-

ment or that in the opinion of the investigator might interfere 

with interpretation of the study results, use of cyclosporine 

ophthalmic emulsion 0.05% within the past 90 days, use of 

any eye drop within the past 2 hours, ocular or lid surgery 

within the past 6 months, keratomileusis surgery within the 

past 12 months or previous cataract surgery at any time in 

either eye, required use of any medication known to cause 

ocular drying or affect dry eye unless on a dosing regimen that 

had been stable for 30 days and would remain stable during 

the study, and best-corrected visual acuity of +0.6 logMAR 

(~20/80 Snellen equivalent) or worse in both eyes.

Consecutive patients who met the study eligibility cri-

teria were enrolled and dispensed cyclosporine ophthalmic 

emulsion 0.05% (Restasis®; Allergan plc, Dublin, Ireland). 

Patients were instructed to instill the study medication twice 

daily in both eyes for 6 months. Refresh Optive® advanced 

artificial tears (Allergan plc) were also provided to patients 

for use as needed.

Study visits were at day 0 (screening/baseline), month 1, 

and month 6. The primary efficacy endpoints were ocular 

surface staining and visual function at 6 months. Secondary 

efficacy endpoints were the Schirmer tear test, TBUT, blink 

patterns, and dry eye symptoms.

Corneal and conjunctival staining were evaluated at each 

visit. Fluorescein corneal staining (central, inferior, and 
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superior regions, and their total) and fluorescein and lissamine 

green conjunctival staining (nasal and temporal regions) in 

each eye were graded on the Ora Calibra™ Corneal and 

Conjunctival Staining Scale (0–4 scale with 0.5 increments, 

where 0 is no staining and 4 is severe staining). Conjunctival 

fluorescein staining scores were added to the total corneal 

fluorescein staining score to generate an all-region combined 

score of ocular surface staining.

Visual function was assessed by patient responses on the 

OSDI questionnaire at baseline and month 6. Schirmer tear 

test without anesthesia and TBUT were assessed in each eye 

at baseline and month 6. Blink patterns were assessed in each 

eye over a period of 3 minutes using the automated Ocular 

Protection Index 2.0 System (Ora, Inc.)21 at baseline, month 1, 

and month 6. This system measures blink frequency, which is 

used to calculate the interblink interval (time between blinks). 

Severity of dry eye symptoms was assessed with the Ora 

Calibra™ Ocular Discomfort and 4-Symptom Questionnaire 

at baseline and month 6. This questionnaire evaluates overall 

ocular discomfort, dryness, grittiness, burning, and stinging 

on a 6-point visual analog scale of 0 (none) to 5 (worst).

Safety outcome measures at each visit included adverse 

events, best-corrected visual acuity evaluated using an Early 

Treatment Diabetic Retinopathy Study (ETDRS) chart, and 

slit-lamp biomicroscopy. Adverse events and compliance 

with the dosing schedule were elicited at each visit, as well 

as in telephone calls to patients at week 2 and months 2, 3, 

4, and 5.

Efficacy parameters were evaluated using observed 

values in the intent-to-treat population of all enrolled patients. 

Safety parameters were evaluated in the safety population of 

all patients who received cyclosporine treatment. The worse 

eye was defined as the eye with worse central corneal staining 

at baseline. If baseline staining was the same in each eye, the 

right eye was designated the worse eye.

Ocular surface staining, TBUT, and interblink interval 

were analyzed separately in worse treated eyes and fellow 

treated eyes. The analysis of Schirmer test results used the 

average value from both treated eyes. Statistical analysis 

comparing signs and symptoms after 6 months of cyclosporine 

treatment with those at baseline used the paired t-test or 

Wilcoxon signed-rank test and an alpha level of 0.05.

Results
A total of 40 patients were enrolled in the study. The 

mean (± standard deviation [SD]) age of the patients was 

59.4±9.1 years (range, 40–78). Thirty-five (87.5%) of the 

patients were female, and all were Caucasian.

Thirty-seven patients (92.5%) completed the 6-month 

study. Two patients discontinued from the study because of 

non-ocular adverse events (one patient with injuries from an 

automobile accident, and one patient with headache), and 

one patient discontinued from the study for administrative 

reasons.

Efficacy
Total ocular surface staining scores were significantly 

reduced from baseline at month 6 in both worse treated eyes 

and fellow treated eyes (P,0.001). A significant reduction 

in corneal staining from baseline was observed for total 

cornea, central cornea, and inferior cornea in both the worse 

and fellow treated eyes following 6  months of treatment 

(P,0.001; Figure 1). The largest reductions from baseline 

in staining were seen in total cornea (26.9% in worse and 

29.1% in fellow treated eyes) and central cornea (58.4% in 

worse and 52.1% in fellow treated eyes).

The mean (± standard error of the mean) composite OSDI 

score improved from 47.0±2.7 (indicating severe disease) 

at baseline to 26.8±3.0 (indicating moderate disease) at 

month 6 (P,0.001). Patient responses on the visual func-

tioning subscale of the OSDI (four questions concerning 

eye problems causing difficulty in reading, driving at night, 

working with a computer or bank machine, and watching 

television within the past week) indicated that visual function 

related to all four tasks improved significantly after 6 months 

of cyclosporine treatment (Figure 2). In addition, patient 

responses to OSDI questions regarding symptoms of poor 

visual function (ie, blurred vision and poor vision within the 

past week) indicated that the frequency of both symptoms 

decreased significantly after 6 months of cyclosporine treat-

ment (Figure 2).

Mean average eye Schirmer test scores increased sig-

nificantly from 5.3 mm at baseline to 8.7 mm at month 6 

(P=0.010; Figure 3). At month 6, 35.1% of patients (13/37) 

achieved at least 5 mm improvement in the average eye 

Schirmer score, and 18.9% of patients (7/37) achieved at 

least 10 mm improvement in the Schirmer score.

Significant improvements in TBUT compared with 

baseline values were observed at month 6 in both worse 

treated eyes (P,0.001; Figure 4A) and fellow treated eyes 

(P,0.001). The mean increase in TBUT was 0.92 seconds 

(59.4%) from a baseline value of 1.55  seconds in worse 

treated eyes and 0.78 seconds (55.7%) from a baseline value 

of 1.40 seconds in fellow treated eyes. The increase in tear 

film stability was accompanied by a significant decrease in 

blink frequency (P=0.004; Figure 4B). The mean increase 
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in interblink interval was 3.04  seconds (72.7%) in worse 

treated eyes.

Patient responses on the Ora Calibra™ Ocular Discom-

fort and 4-Symptom Questionnaire at month 6 indicated a 

significant reduction from baseline in ocular discomfort and 

each symptom (P,0.001; Figure 5). The mean decrease in 

scores was 1.30 (45.6%) for ocular discomfort, 1.46 (46.6%) 

for dryness, 1.14 (60.0%) for grittiness, 0.84 (49.4%) for 

burning, and 1.11 (61.7%) for stinging.

Safety
All patients were treated with cyclosporine and were included 

in the safety population. Adverse events were reported in 

17 patients (42.5%). Ocular adverse events were reported 

in ten patients (25%), most commonly instillation site burn 

(three patients, 7.5%), instillation site pain (three patients, 

7.5%), and eye irritation (two patients, 5%). Only one patient 

(2.5%) had a non-ocular treatment‑emergent adverse event 

(headache) that was considered to be related to treatment.

Figure 1 Ocular surface staining at baseline and month 6.
Notes: Both eyes of patients were treated with cyclosporine for 6 months. The worse eye was defined as the eye with the worse central corneal staining at baseline. Mean 
scores of fluorescein corneal and total ocular surface staining and lissamine green conjunctival staining in the worse treated eyes (A) and fellow treated eyes (B) are shown. 
P-values are from paired t-tests. Error bars indicate standard error of the mean.
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There were no safety concerns on biomicroscopy or visual 

acuity testing, and no anatomical changes were observed. 

Mean best-corrected visual acuity in worse treated eyes 

was 0.083 logMAR (~20/25 Snellen equivalent) at baseline 

and 0.085 logMAR (~20/25 Snellen equivalent) at month 6. 

In  fellow treated eyes, mean best-corrected visual acuity 

was 0.062 logMAR (~20/25 Snellen equivalent) at baseline 

and 0.049 logMAR (20/20 Snellen equivalent) at month 6. 

No patient had a clinically relevant treatment-related decrease 

in best-corrected visual acuity.

Compliance
Patients generally reported being compliant with twice-daily 

dosing of cyclosporine ophthalmic emulsion 0.05% during 

the 6-month study period, with ,3% of total doses missed 

across all patients.

Figure 2 Mean scores related to visual function on the OSDI.
Notes: The occurrence of symptoms of poor visual function within the past week and limitations in the performance of tasks due to problems with the patient’s eyes within 
the past week were evaluated on the OSDI at baseline and month 6. Scores could range from 0 to 4 with 0= none of the time, 1= some of the time, 2= half of the time,  
3= most of the time, and 4= all of the time. P-values are from paired t-tests. Error bars indicate the standard error of the mean.
Abbreviations: OSDI, ocular surface disease index; TV, television.

Figure 3 Tear production.
Notes: (A) Mean average eye Schirmer test scores at baseline and month 6. Error bars indicate standard error of the mean. (B) Percentage of patients who achieved at least 
a 5 mm or 10 mm increase from baseline in average eye Schirmer test scores at month 6. P-value is from a paired t-test.
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Discussion
Dry eye is frequently associated with visual disturbances. 

The patients selected for this study had difficulties with 

daily activities related to visual function, as well as ocular 

surface damage seen with fluorescein staining, and both 

improved after twice-daily treatment with cyclosporine 

ophthalmic emulsion 0.05%. After 6 months of treatment, 

patient responses on the OSDI showed a significant reduction 

in the frequency of blurred vision and significant improve-

ment in visual functioning related to reading, night driving, 

computer or bank machine use, and watching television. 

Total corneal staining and staining in the central corneal 

region, which is known to be critical to visual function, had 

decreased significantly from baseline.

Patients also demonstrated clinically significant improve-

ments in other signs and symptoms of dry eye disease. Consis-

tent with the approved indication for cyclosporine ophthalmic 

emulsion for the increase in tear production in patients whose 

tear production is presumed to be suppressed due to ocular 

inflammation associated with keratoconjunctivitis sicca, 

Figure 4 Mean (A) TBUT and (B) interblink interval in worse treated eyes at baseline and month 6.
Notes: Interblink interval is defined as the time between blinks. P-values are from a paired t-test (A) or the Wilcoxon signed-rank test (B). Error bars indicate standard 
error of the mean.
Abbreviation: TBUT, tear film breakup time.

Figure 5 Mean scores on the Ora Calibra™ Ocular Discomfort and 4-Symptom Questionnaire at baseline and month 6.
Notes: P-values are from paired t-tests. Error bars indicate standard error of the mean.
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sizable increases (.60%) were observed in tear production 

measured with the Schirmer test. A similar magnitude of 

improvement was seen in tear film stability and interblink 

intervals. Patient-reported outcomes of ocular discomfort and 

other symptoms of dry eye also were significantly improved. 

The mean composite OSDI score improved by almost 50%, 

with the mean score indicating severe disease at baseline 

and moderate disease following 6 months of cyclosporine 

treatment. Patients reported excellent compliance with the 

dosing schedule, and treatment was well tolerated. Notably, 

no patient discontinued the use of cyclosporine because of 

stinging upon instillation.

Dry eye is underdiagnosed and potentially undertreated.22 

In a prospective study of the prevalence of dry eye in 

136 patients who presented to nine clinical sites in the US 

for cataract surgery and were not being treated with topical 

cyclosporine, 81% had moderate-to-severe dry eye based 

on International Task Force criteria, yet only 22% had a 

previous diagnosis of dry eye.23 Most of the patients (63%) 

had a TBUT of 5 seconds or less, and a majority of the eyes 

(77%) had corneal staining with central staining present in 

half of the eyes (50%).

The ocular discomfort and visual disturbances associated 

with untreated dry eye have a negative impact on the quality 

of life of affected individuals. In the ongoing PROOF study 

of the natural history of dry eye disease, the majority of 

patients with International Task Force Level 2 (moderate) 

dry eye reported moderate, severe, or very severe blurred or 

fluctuating vision that made them uncomfortable at baseline.24 

In the PROOF study, as in this study, baseline mean best-

corrected visual acuity as measured on a standard Snellen 

eye chart was ~20/25. These findings reinforce the need for 

vision assessments beyond standard visual acuity testing. 

Evaluations should include the potential impact of dry eye 

disease on the patient’s quality of vision and day-to-day 

visual functioning.

The beneficial effects of cyclosporine ophthalmic emul-

sion treatment on the signs and symptoms of dry eye in this 

open-label study are consistent with the previously reported 

effects of cyclosporine treatment in controlled clinical trials. 

The percentage of patients with at least a 10 mm increase in 

Schirmer’s test (without anesthesia) scores at month 6 was 

18.9%, similar to results in the Phase III registration trials 

of cyclosporine 0.05% emulsion, where ~15% of patients 

treated with cyclosporine versus 5% treated with vehicle 

had at least a 10 mm increase from baseline Schirmer’s test 

(with anesthesia) scores after 6 months of treatment.25 The 

improvement in tear production (.3 mm on average) was 

similar to the significant increase from 3.93±1.21  mm at 

baseline to 7.30±1.79 mm after 3 months of cyclosporine 

ophthalmic emulsion 0.05% treatment that was reported 

in a study by Kim et al.26 In a study by Demiryay et al,27 

the increase in mean Schirmer scores from baseline after 

4  months was 3.33  mm greater in patients treated with 

cyclosporine ophthalmic emulsion 0.05% than in patients 

treated with vehicle.28

The decrease in corneal fluorescein staining seen in this 

study, particularly in the region of the central cornea, likely 

contributed to the improvement in blurred vision reported 

by patients and is consistent with results of previous studies. 

In the cyclosporine ophthalmic emulsion 0.05% Phase III 

pivotal trials, fluorescein corneal staining and lissamine green 

interpalpebral conjunctival staining, measured on the Oxford 

scale, decreased during follow-up in both the cyclosporine 

and the vehicle treatment groups, but the reduction in corneal 

staining was significantly greater in patients treated with 

cyclosporine 0.05% than in patients treated with vehicle at 

4 months and 6 months.17 Significant decreases in corneal 

staining were also observed after 3 months or 4 months of 

cyclosporine 0.05% treatment in the studies by Kim et al26 

and Demiryay et al.27

Each blink reforms the tear film and protects the ocular 

surface. Patients with dry eye blink more frequently 

because of tear film instability, but blinking too often may 

interfere with visual tasks or lead to visual fatigue. In this 

study, improvement in tear film stability after 6 months of 

cyclosporine treatment resulted in a significant increase in 

the interblink interval. These results are consistent with 

patient-reported improved performance on tasks related to 

visual function after 6 months.

Topical cyclosporine has been used successfully in the 

treatment of a number of ocular surface diseases in addition to 

dry eye.29 The improvement in tear film stability provided by 

topical cyclosporine and its anti-inflammatory effects on mei-

bomian glands have been shown to be beneficial in patients 

with meibomian gland dysfunction.30,31 Topical cyclosporine 

has also been shown to be an effective anti-inflammatory 

treatment for vernal and atopic keratoconjunctivitis.29,32,33 

Studies have demonstrated that topical cyclosporine reduces 

contact lens intolerance in contact lens wearers with dry eye34 

and improves signs and symptoms in patients with ocular 

rosacea35 as well as superior limbic keratoconjunctivitis.36 

Most recent studies of cyclosporine treatment in ocular sur-

face disease other than dry eye have used topical cyclosporine 

(0.5%–2%) or cyclosporine ophthalmic emulsion 0.05% 

(Restasis®) off-label. Restasis® is indicated to increase tear 
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production in patients whose tear production is presumed to 

be suppressed due to ocular inflammation associated with 

keratoconjunctivitis sicca.25

A limitation of this study was the lack of a control 

group. The study was open label to allow the evaluation of 

cyclosporine ophthalmic emulsion 0.05% effects in patients 

with dry eye when both eyes are treated. Data are already 

available from controlled clinical trials evaluating treatment 

versus no treatment. However, a primary objective in this 

study was to examine visual function, a patient-level outcome 

influenced by both eyes.

Day-to-day real-world visual functioning is impaired in 

dry eye disease and can improve with treatment. The results 

of this study confirm the clinical benefit of cyclosporine oph-

thalmic emulsion 0.05% treatment for patients with dry eye. 

Cyclosporine 0.05% emulsion treatment reduced the signs 

and symptoms of dry eye and improved the performance of 

patients on common vision-related tasks. Patients reported 

very good compliance with treatment. No patient discontin-

ued the use of cyclosporine because of ocular intolerability, 

and only one systemic adverse event (headache) considered 

to be related to treatment was reported.
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