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Purpose: To evaluate the tolerability of utilizing Prosthetic Replacement of the Ocular Surface Ecosystem (PROSE) as a drug 
delivery device for preservative-free cyclosporine 0.05% for the treatment of dry eye disease.
Patients and Methods: Fourteen current daily PROSE wearers were enrolled, with four screen failures and one subject that did not 
complete the study protocol due to burning and stinging. Nine subjects, 18 eyes completed the study protocol. All participants were 
instructed to instill one drop of preservative-free cyclosporine 0.05% in the PROSE reservoir and then fill the rest of the reservoir with 
preservative-free normal saline. After applying the PROSE and wearing for 6 hours, the PROSE was removed, and the protocol was 
repeated for at least another 4 additional hours of wear. Baseline, 1 week and 1 month symptom and sign data were collected.
Results: At one month, OSDI improved by an average of 3.83 ± 6.87 from baseline (p = 0.07) and there was no statistically significant 
change in best corrected visual acuity. Without comparing with placebo, there was statistically significant (p < 0.05) improvement in 
mean per subject and mean per eye corneal fluorescein staining, conjunctival lissamine staining, and conjunctival hyperemia by slit 
lamp examination at one-month follow-up.
Conclusion: Utilizing PROSE as a drug delivery system for non-preserved cyclosporine 0.05% was well tolerated in regard to both 
ocular symptoms and ocular surface signs. Results from this pilot study are suggestive of efficacy. The results of this study support 
progressing this protocol to a larger scale randomized controlled double blinded prospective clinical trial.
Keywords: ocular surface disease, scleral lens, keratoconjunctivitis sicca, corneal staining

Introduction
Prosthetic Replacement of the Ocular Surface Ecosystem (PROSE) (BostonSight, Needham, MA) is an FDA approved 
highly customized scleral lens treatment indicated for the management of conditions affecting the ocular surface such as 
keratoconjunctivitis sicca (dry eye disease), ocular graft-versus-host disease (oGVHD), neurotrophic keratitis and 
Stevens-Johnson syndrome (SJS).1–4 Prior to daily application on the eye, the PROSE is filled with non-preserved 
normal saline. An appropriately fitting PROSE will vault over the cornea and gently land on the conjunctiva posterior to 
the limbus. The liquid reservoir that is created between the posterior surface of the PROSE and the anterior surface of the 
cornea serves many functions including refractive neutralization of anterior corneal irregularities, ocular surface support 
and mitigation of ocular surface pain.

Though the PROSE reservoir is traditionally filled with non-preserved normal saline, an off-label technique of filling 
the reservoir with non-preserved topical ophthalmic medications has been described in a limited fashion. Small retro-
spective cohorts and case reports have reported on the use of non-preserved commercial antibiotics, and non-preserved 
anti-VEGF agents in the PROSE reservoir.5–11 It is hypothesized that utilizing the PROSE reservoir for drug delivery will 
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increase drug corneal contact time, increase bioavailability and potentially increase efficacy compared to standard on- 
label application of topical ophthalmic drops.

Preservative-free cyclosporine topical ophthalmic emulsion 0.05% (Restasis, AbbVie, Atlanta, GA) is a commonly 
utilized pharmaceutical indicated for the treatment of keratoconjunctivitis sicca.12 Approved by the FDA in 2003, 
ophthalmic cyclosporine 0.05% is a nonsteroidal, immunomodulating ophthalmic emulsion that targets ocular surface 
inflammation by blocking T-cell activation and the subsequent cascade of inflammatory cytokines.13 The non-preserved 
nature of this formulation is of importance, as preservatives held for prolonged periods within the PROSE reservoir 
would risk severe epithelial damage, and are therefore contraindicated. An additional appeal of cyclosporine 0.05% as 
a drug candidate is the lack of significant local or systemic adverse effects while having the potential to reduce disease 
progression due to its specific and reversible action on T cells.14 This lower risk profile is in contrast to other topical 
ophthalmic immunomodulating or immunosuppressant agents, such as topical steroids, which are associated with 
significant side effects including cataracts, increased intraocular pressure, glaucoma, and infection.

The tolerability, efficacy and safety of topical ophthalmic cyclosporine 0.05% has been well documented when used 
on-label. In this pilot study, we embark on the first step of an off-label investigation to evaluate using the PROSE 
reservoir as a drug delivery system for topical cyclosporine 0.05%, with a focus on evaluating tolerability, including 
corneal toxicity and symptomatic intolerance. We report the first data presented in ophthalmic literature on the 
tolerability of cyclosporine 0.05% when administered via the PROSE reservoir as the initial step in investigating the 
potential utility of this treatment modality for dry eye disease.

Material and Methods
Study Design
This prospective observational pilot study investigated the tolerability of preservative-free cyclosporine 0.05% when 
administered via the PROSE reservoir in patients with dry eye syndrome. Fourteen subjects were enrolled over 14 
months and evaluated by the same practitioner at one eye care center. All participants were 18 years of age or older and 
were already using or willing to transition to buffered preservative-free normal saline (PuriLens, The Lifestyle Company, 
Inc, Freehold, NJ) as the PROSE reservoir solution. Subjects had to be current, bilateral, daily wearers of PROSE for 
greater than 6 months with a baseline ocular surface disease index (OSDI) of 13 or greater.15 Utilizing the National Eye 
Institute (NEI) Grading Scale for corneal fluorescein staining, subjects were required to have baseline corneal fluorescein 
staining (CFS) of 2 or greater when combining the scores of both eyes.16 Pertinent exclusion criteria included pregnancy 
or nursing, ocular surgery in the past 12 weeks, or any subject currently using topical ophthalmic glaucoma medications. 
Current or prior use of topical cyclosporine eye drops in the last 3 months or current use of Lifitegrast 5% ophthalmic 
solution with use initiated within the last 3 months were as well criteria for exclusion. All PROSE had standard plasma 
treatment without Hydra-PEG coating.17

At visit 1A, following informed consent, participants were enrolled into two groups: those currently using PuriLens 
(Group A) and those who were not currently using PuriLens but were willing to transition to it (Group B). After medical 
history intake, each participant’s symptoms were evaluated with a tolerability questionnaire and OSDI. The novel 
tolerability questionnaire (exploratory endpoint) was designed to specifically query symptomatic daily experience of 
PROSE wear at baseline and during the cyclosporine treatment period; evaluating comfort, burning or stinging, and 
vision quality. A grading system of zero to ten was utilized for each question, with a higher score indicating a subjective 
response of more comfort, less burning and stinging and better quality vision. Visual acuity (logMAR) with PROSE was 
measured.18 The automated Keratograph 5M R-Scan (K5MRS), (Oculus, Arlington, WA) was utilized off-label to 
measure bulbar conjunctival injection with PROSE on the eye and was utilized on-label to measure bulbar conjunctival 
injection without PROSE on the eye.19,20 Slit lamp examination was completed to ensure the current PROSE fit was 
acceptable, to assess the ocular surface, to measure conjunctival redness (Efron grading scale), and to document corneal 
fluorescein and conjunctival lissamine staining using the NEI grading system.21,22 The Efron grading scale for con-
junctival redness was modified for this study, with the conjunctiva superior, nasal, inferior and temporal sections being 
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graded separately from zero (no injection) to four (severe injection) and added together for the total reported score 
(maximum score 16 per eye).23

Subjects in Group A, who were already using Purilens as their habitual daily PROSE reservoir filling solution, were 
then started on the cyclosporine 0.05% study protocol; they were instructed to instill one drop of cyclosporine 0.05% in 
the PROSE reservoir and then fill up the rest of the reservoir with Purilens. After applying the PROSE and wearing for 
6 hours, the PROSE was removed, and the protocol was repeated; subjects were instructed to flush out any residual fluid 
in the reservoir and refill with one drop of cyclosporine 0.05% and to fill the remainder of the reservoir with Purilens 
again and wear for at least another 4 hours.

Subjects in Group B were instructed to discontinue their current habitual daily PROSE reservoir filling solution and were 
provided Purilens to instead use exclusively in the reservoir for the next two weeks, until they returned for visit 1B. At Visit 1B 
their medical history was updated, and the same assessments conducted at Visit 1A were completed. At this study visit, Group 
B subjects were started on cyclosporine 0.05% and given identical instructions for use as Group A. Baseline values of data to be 
used for comparison post-cyclosporine 0.05% intervention was considered to be Visit 1A for Group A and Visit 1B for Group B.

Participants were re-examined at 1 week (Visit 2) and 4 weeks (Visit 3) post-dispensing cyclosporine 0.05%. Past medical 
history was updated, and symptoms were re-evaluated via the tolerability questionnaire and OSDI. Visual acuity with PROSE 
was re-assessed, and K5MRS imaging was repeated. A slit lamp examination was performed to re-assess the ocular surface, 
conjunctival redness, corneal fluorescein staining and conjunctival lissamine staining. Following the final study visit, all 
subjects were instructed to discontinue use of cyclosporine 0.05% and to return to their usual pre-study solution regimen.

Statistical Analysis
Statistical analysis was performed using Visual Studio Code (Microsoft Corp., Redmond WA) with python version 
3.9.12. Subject data post-treatment was compared to their baseline data, collected prior to initiating use of the study drug. 
For Group A, the data collected at Visit 1A was considered to be their baseline data pre-intervention. For Group B, the 
data collected at Visit 1B was considered to be their baseline data (post-initiation of Purilens and pre-initiation of 
cyclosporine). The core algorithm used was based on the statistical functions module scipy.stats. For univariate data 
analysis (before/after visits), paired t-test was performed since every patient received treatment. Paired t-test was 
conducted by scipy.stats. t test_rel and https://www.statskingdom.com/paired-t-test-calculator.html. For bi-variate data, 
two-way ANOVA (Analysis of variance) was performed. Two-way ANOVA was conducted by sm. stats. anova_lm 
(model) function. The significance level was set to a P-value of ≤0.05 in all instances of analysis.

Ethical Approval
This study protocol was approved by the New England IRB (NEIRB), an Independent Institutional Review Board, on 7/ 
14/2020, NEIRB File #20201868. All procedures and activities were performed in accordance with relevant state and 
local law and followed strict ethical obligations as set forth by the Declaration of Helsinki and Good Clinical Practice 
(GCP). All participants provided informed consent via an IRB approved informed consent document. The clinician 
completed institutionally required CITI Program training courses including “GCP for Clinical Trials with Investigational 
Drugs and Medical Devices (US FDA Focus)” and “Biomedical PI”. All aspects of the study were conducted in 
compliance with the Health Insurance Portability and Accountability Act (HIPAA).

Results
Demographics
Fourteen subjects were enrolled, four of which were screen failures and one of which failed to complete the study due to 
an adverse event (ocular burning and stinging). Data from eighteen eyes (9 subjects) was collected. All subjects were 
established daily bilateral PROSE wearers for at least 6 months (mean years of wear 7.01 ± 3.71). Of the 9 subjects that 
completed all study visits, 4 of the subjects were female and 5 were males. Participants’ age ranged from 38 to 73 years 
(mean 54.33 +/11.54 years). Six participants identified as Caucasian, one as Asian, and two as Hispanic. All subjects had 
dry eye disease, and seven of the nine subjects also had corneal ectasia.
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OSDI
Over the 1-month intervention period, total OSDI scores decreased (improved) by an average of 3.83 ± 6.87 from 
baseline (p = 0.07). The maximum improvement in OSDI for one subject over the course of the study was a score 
decrease of 16.67, while the maximum worsening for one subject was a score increase of 6.24. OSDI Question 11 (“Have 
your eyes felt uncomfortable in places or areas with low humidity”) was the question that showed the most score 
improvement during the study period, with a mean decrease of 0.55 ± 0.88 (p = 0.05) from baseline to 1 month. Question 
12 (“Have your eyes felt uncomfortable in areas that are air conditioned”) was the only question that showed score 
worsening over the study period, with a mean increase of 0.22 ± 1.39 (p = 0.32) from baseline to 1 month.

Corneal Staining
Table 1 shows mean NEI corneal fluorescein staining scores at baseline, one week and one-month post initiation of 
0.05% cyclosporine treatment. There was a statistically significant improvement (p < 0.05) in corneal staining by subject, 
by eye and by each individual corneal NEI section at both one week and one month except for the NEI nasal corneal 
section at one week (p = 0.08). By ANOVA testing, there was no statistically significant different response across the five 
NEI corneal sections [central, superior, nasal, inferior, temporal] at the one-month time point.

Conjunctival Staining
Table 2 shows mean NEI conjunctival staining scores at baseline, one week and one-month post initiation of 0.05% 
cyclosporine treatment. There was a statistically significant improvement (p < 0.05) in conjunctival staining by subject, 
by eye and by each individual conjunctival NEI section at both one week and one month except for the NEI temporal 
conjunctival section at one week (p = 0.06) and one month (p = 0.19). By ANOVA testing, there was no statistically 
significant different response across the six NEI conjunctival sections [nasal, supero-nasal, infero-nasal, temporal, 
supero-temporal, infero-temporal] at the one-month time point.

Vision
There was no statistically significant improvement or worsening in best corrected visual acuity (BCVA) for the eighteen 
eyes in this study. The mean BCVA (logMAR) at baseline was 0.359 ±0.261. At one week post initiation of 0.05% 
cyclosporine treatment, the mean logMAR BCVA worsened to 0.393 ±0.320, (p= 0.16). At one month post initiation of 
0.05% cyclosporine treatment, the mean logMAR BCVA minimally improved in comparison to baseline, to 0.353 ± 
0.320, (p = 0.42).

Table 1 Mean Corneal Fluorescein Staining Scores (NEI) at Baseline, 1-Week and 1-Month

Baseline One Week p value# One Month p value#

Mean staining (per subject)^ 11.89 ±5.11 6.89 ±4.46 <0.01 5.22 ±4.49 <0.01

Mean staining (per eye)* 5.94 ±3.64 3.44 ±3.62 <0.01 2.61 ±3.05 <0.01

Central 1.28 ±0.96 0.44 ±0.62 <0.01 0.50 ±0.71 <0.01

Superior 1.06 ±0.80 0.61 ±0.85 0.01 0.39 ±0.70 <0.01

Nasal 0.94 ±1.00 0.72 ±0.96 0.08 0.56 ±0.86 <0.01

Inferior 1.50 ±0.92 1.00 ±0.97 0.01 0.78 ±0.88 <0.01

Temporal 1.17 ±1.04 0.67 ±0.91 0.02 0.39 ±0.85 <0.01

Notes: ^Maximum NEI corneal staining score in a single subject (right eye score added to left eye score) = 30; 
*Maximum NEI corneal staining score in a single eye = 15; #P values compare corneal staining score change from 
baseline to one week and from baseline to one month.
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Conjunctival Redness
Table 3 shows mean conjunctival redness as graded at the slit lamp at baseline (modified Efron grading scale), one week 
and one-month post initiation of 0.05% cyclosporine treatment. There was a statistically significant improvement 
(reduction) in average conjunctival redness by subject, by eye and by each individual conjunctival section [superior, 
nasal, inferior, temporal] at both one week and one month (p < 0.05), except for the superior conjunctival section at one 
week (p = 0.10).

Automated Conjunctival Redness
Sixteen of the eighteen study eyes had adequate K5MRS image acquisition for analysis. Image acquisition was not 
obtained (machine unable to acquire) for several conjunctival sections at several time points for one subject, so this 
subject was excluded from all K5MRS analysis (both with and without PROSE).

Table 4 shows mean K5MRS grade without PROSE on the eye at baseline, one week and one month post initiation of 
0.05% cyclosporine treatment. There was mean improvement in K5MRS grade (conjunctival redness) without PROSE on 
the eye per subject, per eye and per conjunctival section [bulbar temporal, limbal temporal, limbal nasal, bulbar nasal] at 

Table 2 Mean Conjunctival Staining Scores (NEI) at Baseline, 1-Week and 1-Month

Baseline One Week p value# One Month p value#

Mean staining (per subject)^ 12.22 ±10.49 6.44 ±7.65 0.02 7.11 ±7.74 0.03

Mean staining (per eye)* 6.11 ±5.41 3.22 ±4.05 <0.01 3.56 ±4.00 <0.01

Nasal 1.39 ±1.20 0.94 ±0.94 0.03 0.83 ±0.92 0.02

Supero-nasal 1.11 ±0.90 0.39 ±0.61 <0.01 0.44 ±0.62 <0.01

Infero-nasal 1.11 ±0.90 0.44 ±0.62 <0.01 0.44 ±0.70 <0.01

Temporal 1.06 ±1.06 0.67 ±0.91 0.06 0.83 ±0.86 0.19

Supero-temporal 0.89 ±0.90 0.39 ±0.85 <0.01 0.50 ±0.86 0.02

Infero-temporal 0.83 ±0.92 0.39 ±0.78 0.04 0.50 ±0.86 0.02

Notes: ^Maximum NEI conjunctival staining score in a single subject (right eye score added to left eye score) = 36; 
*Maximum NEI conjunctival staining score in a single eye = 18; #P values compare conjunctival staining score change from 
baseline to one week and from baseline to one month.

Table 3 Mean Conjunctival Redness (Modified€ Efron Grading Scale) at Baseline, 1-Week and 
1-Month

Baseline One Week p value# One Month p value#

Mean redness (per subject)^ 16.78 ±8.11 13.11 ±6.81 <0.01 10.22 ±7.21 <0.01

Mean redness (per eye)* 8.38 ±4.22 6.56 ±3.87 <0.01 5.11 ±3.83 <0.01

Superior 1.89 ±1.02 1.61 ±0.98 0.10 1.06 ±0.93 <0.01

Nasal 2.11 ±1.02 1.50 ±1.15 <0.01 1.28 ±1.18 <0.01

Inferior 2.17 ±1.20 1.72 ±0.96 0.01 1.44 ±0.98 <0.01

Temporal 2.22 1.22 1.72 ±1.18 0.01 1.33 ±1.08 <0.01

Notes: €Standard Efron conjunctival redness grading assigns one score (0–4) to the entire conjunctiva of each eye, while 
the modified version assigns a score to each section of the conjunctiva (superior, nasal, inferior, temporal) to arrive at 
a composite score (0–16) for each eye; ^Maximum Efron conjunctival redness score in a single subject (right eye score 
added to left eye score) = 32; *Maximum Efron conjunctival redness score in a single eye = 16; #P values compare 
modified Efron conjunctival redness score change from baseline to one week and from baseline to one month.
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all time points from baseline to one week and from baseline to one month. The mean reduction in redness was only 
statistically significant (p < 0.05) in the per eye analysis at the one-month time point (p = 0.02).

Table 5 shows mean K5MRS grade with PROSE on the eye at baseline, one week and one month post initiation of 
0.05% cyclosporine treatment. There was mean improvement in K5MRS grade (conjunctival redness) with PROSE on 
the eye per subject, per eye and per conjunctival section [bulbar temporal, limbal temporal, limbal nasal, bulbar nasal] at 
all time points from baseline to one week and from baseline to one month. The mean reduction in redness was only 
statistically significant (p < 0.05) in the per eye analysis of the limbal nasal conjunctival section at one week (p = 0.03) 
and at one month (p = 0.03) and the bulbar nasal conjunctival section at one month (p = 0.01).

Tolerability Questionnaire
For the nine subjects who completed the study protocol, the mean tolerability scores were statistically equivalent before 
and after treatment at both the one week and one-month timeline, by mean total score and by individual question scores 
(Table 6). The “Question 7” mean score result of 9.56 ±0.88 at the 1-month visit indicates the participants on average 
found the protocol for inserting medication drops into the PROSE reservoir to be easy to perform. Question 7 was not 
included in the Mean Total Tolerability Score, as it queried ease of use, rather than symptomatic tolerance.

Table 4 Mean K5MRS Grade at Baseline, 1-Week and 1-Month (Without PROSE on Eye)

Baseline One Week p value# One Month p value#

Mean redness (per subject)^ 3.74 ±1.09 3.56 ±1.14 0.06 3.25 ±1.00 0.08

Mean redness (per eye)* 1.87 ±0.61 1.78 ±0.64 0.11 1.63 ±0.59 0.02

Bulbar temporal 1.76 ±0.62 1.66 ±0.67 0.05 1.58 ±0.56 0.09

Limbal temporal 1.64 ±0.79 1.51 ±0.77 0.06 1.45 ±0.76 0.09

Limbal nasal 1.66 ±0.89 1.55 ±0.74 0.25 1.53 ±0.85 0.21

Bulbar nasal 2.05 ±0.75 1.97 ±0.73 0.29 1.81 ±0.70 0.08

Notes: ^Maximum K5MRS grade in a single subject (right eye grade added to left eye grade) = 8; *Maximum K5MRS 
grade in a single eye = 4; #P values compare K5MRS grade change from baseline to one week and from baseline to one 
month. 
Abbreviations: K5MRS, Keratograph 5M R-Scan (Oculus, Arlington, WA).

Table 5 Mean K5MRS Grade at Baseline, 1-Week and 1-Month (with PROSE on Eye)

Baseline One Week p value# One Month p value#

Mean redness (per subject)^ 3.18 ±0.77 2.89 ±0.73 0.17 2.83 ±0.68 0.09

Mean redness (per eye)* 1.59 ±0.47 1.44 ±0.40 0.10 1.41 ±0.41 0.05

Bulbar temporal 1.49 ±0.43 1.41 ±0.34 0.18 1.40 ±0.43 0.19

Limbal temporal 1.48 ±0.58 1.31 ±0.45 0.05 1.30 ±0.57 0.07

Limbal nasal 1.59 ±0.66 1.27 ±0.53 0.03 1.32 ±0.56 0.03

Bulbar nasal 1.88 ±0.66 1.60 ±0.53 0.07 1.51 ±0.49 0.01

Notes: ^Maximum K5MRS grade in a single subject (right eye grade added to left eye grade) = 8; *Maximum K5MRS 
grade in a single eye = 4; #P values compare K5MRS grade change from baseline to one week and from baseline to one 
month. 
Abbreviations: K5MRS, Keratograph 5M R-Scan, (Oculus, Arlington, WA).
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Adverse Events
One subject (two eyes) reported ocular surface burning and stinging at the one week post-cyclosporine 0.05% initiation 
visit, and dropped out of the study prior to the final one-month follow-up visit. The entirety of this subject’s data set was 
removed from the analysis since the participant was unable to complete the study protocol. Ocular surface burning and 
stinging resolved upon discontinuation of the study drug.

Discussion
On a daily basis, PROSE wearers traditionally fill the fluid reservoir with 0.9% preservative-free saline. Only three 
options are currently FDA cleared for filling the reservoir: preservative-free normal saline (unbuffered), preservative-free 
normal saline (pH buffered) and a buffered preservative-free saline solution with added electrolytes, including calcium, 
magnesium, potassium and phosphate. It is worth noting that any solution instilled in the reservoir must be preservative- 
free, to avoid ocular surface epithelial damage.

Off-label use of preservative-free ophthalmic pharmaceuticals instilled in a PROSE or scleral lens reservoir has been 
previously described in literature. Typically, the procedure describes placing one drop of the medication directly in the 
reservoir, followed by filling the remainder of the reservoir with preservative-free normal saline. Topical non-preserved 
0.5% moxifloxacin has been utilized in this manner for bacterial keratitis prophylaxis, specifically in those undergoing 
PROSE treatment for persistent epithelial defects.5–7 As well, non-preserved 0.5% moxifloxacin has been used in the 
PROSE reservoir to combat resistant bacterial strains.8 Additionally, topical preservative-free 1% bevacizumab has been 
utilized in the PROSE reservoir as a treatment for corneal neovascularization and described in two retrospective 
cohorts.9–11 These prior case reports and retrospective studies have reported this drug delivery model to show efficacy 
without notable adverse effects or complications.

Overall, minimal experience and literature exists regarding this drug delivery system and to our knowledge, this 
report is the first to ever describe a prospective clinical trial utilizing a pharmaceutical in this manner. More specifically, 
no study has previously described results of a prospective clinical trial utilizing preservative-free cyclosporine 0.05% 
ophthalmic emulsion in a PROSE reservoir for the treatment of dry eye disease. The purpose of this pilot study is to 
provide an initial evaluation of tolerability of such a potential treatment. Both ocular surface symptoms and ocular 
surface signs were employed as markers for tracking tolerability during the treatment period. The accrued data is meant 
to serve as a guide to help evaluate feasibility when considering a future larger randomized placebo controlled double 
blinded prospective clinical trial.

Tolerability challenges of preservative-free cyclosporine 0.05% ophthalmic emulsion when used on-label and applied 
directly to the ocular surface have been well documented, including most notably a 17% rate of ocular burning and 1–5% 

Table 6 Mean Tolerability Questionnaire Scores at Baseline, 1-Week and 1-Month

Baseline One Week p value# One Month p value#

Mean Total Tolerability Score^ 46.22 ±11.40 46.00 ±9.77 0.93 47.56 ±11.22 0.68

Question 1* 8.78 ± 1.09 8.67 ±1.00 0.59 9.22 ±1.00 0.10

Question 2 8.78 ±1.48 8.00 ±2.29 0.07 8.56 ±2.35 0.66

Question 3 6.56 ±4.93 6.78 ±3.38 0.89 6.44 ±4.13 0.95

Question 4 7.33 ±4.27 7.44 ±3.81 0.95 7.67 ±3.12 0.84

Question 5 6.67 ±2.74 7.33 ±2.40 0.24 7.67 ±2.29 0.21

Question 6 8.11 ±1.62 7.78 ±2.05 0.28 8.00 ±2.00 0.68

Question 7 N/A 9.67 ±1.00 N/A 9.56 ±0.88 N/A

Notes: ^Mean Total Tolerability Score is calculated using the sum of scores from Questions 1–6, excluding Question 7. 
Maximum Total Tolerability Score in a single subject = 60; *Maximum score in any individual question = 10. #P values 
compare Tolerability Score changes from baseline to one week and from baseline to one month.
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rates of conjunctival hyperemia, eye pain, foreign body sensation, stinging or visual disturbance (such as blurring).12 

Cyclosporine 0.05% is a commonly used dry eye pharmaceutical that has been on the market since 2003, with a well- 
known modest risk profile, and is commercially available with a preservative-free formulation, all of which make it 
a good candidate for a dry eye study utilizing PROSE as a drug delivery system. Overall, published rates of drug 
discontinuation related to sides effects of the on-label use of topical cyclosporine 0.05% are quite variable. Sall et al 
reported 19 of 877 subjects (2.2%) in two multicenter studies of cyclosporine 0.05% used for moderate to severe dry eye 
discontinued the treatment due to burning and stinging.24 Straub et al reported a retrospective 10-year review of 36 
patients, showing a 11.1% rate of drop-out due to local intolerance.13 Anecdotally, in clinical practice, an intolerance 
drop-out rate is often quoted as being in the range of 10–20%. Published literature underscores that 60% of those that 
discontinue topical cyclosporine 0.05%, do so due to burning and stinging.14

Using PROSE as a drug delivery device raises notable tolerance questions, namely, whether increased contact time of 
the drug with the ocular surface, as it remains contained for many hours within the reservoir, will have any ill effects in 
terms of symptomatology or ocular surface signs. The pilot study results reported here give no suggestion of worsened 
intolerance or worsened side effect profile when cyclosporine 0.05% is delivered via the PROSE reservoir and worn for 
at least 10 hours total each day. On the contrary, at one-month post treatment, mean per subject data analysis revealed 
improvement in OSDI, and mean per subject and mean per eye data analysis revealed improvement in corneal staining, 
conjunctival staining and conjunctival injection by both slit lamp examination (Efron grading scale) and by automated 
measurement (K5MRS), though statistical significance of these results varied.

Of note, mean OSDI scores showed improvement with the reduction in overall score approaching statistical significance 
(p = 0.07). The overall drop-out rate due to burning and stinging was one patient (10%), on par with previously reported 
cyclosporine drop-out rates due to such intolerance. The Tolerability Questionnaire was created and utilized to have a more 
focused method of investigating specific questions regarding tolerability of this novel drug delivery therapy in relation to daily 
PROSE wearing experience. The Tolerability Questionnaire revealed the post-treatment population average to be statistically 
equal to the pre-treatment population average both by overall questionnaire mean score and by individual question mean score 
at the one-week and one-month time points. These OSDI and Tolerability Questionnaire results suggest no worsened ocular 
symptomatology and no appreciable degradation of the subjects’ daily experience with PROSE during the study protocol.

An additional investigative question for this study included determining the difficulty of use of the drug delivery 
system protocol. Subjects were instructed to apply one drop of cyclosporine 0.05% in the PROSE bowl, followed by 
filling the rest of the reservoir with preservative-free normal saline. One might imagine the fine motor skills needed to 
accomplish this task challenging for some subjects. However, the data from Tolerability Questionnaire question 7 
(“Please rate on a scale of 0 to 10 the process of application of medication in the device bowl”) revealed an average 
score of 9.56 ±0.88 out of a possible score of 10 (with 0 indicating “extremely difficult” to do and 10 indicating 
“extremely easy” to do). This data set supports the practicality of such a drug delivery system for home use.

There are certainly limitations to this pilot study. The small sample size was purposeful, but of course limiting to the overall 
weight of the study. Additionally, no placebo was utilized in the study design due to lack of access, opting instead to have 
subjects act as their own controls (using pre-treatment data) in this pilot study. Further understanding of cyclosporine safety 
and efficacy when delivered within the PROSE reservoir would most certainly necessitate a larger cohort in the form of 
a randomized placebo controlled double blinded prospective clinical trial. A longer treatment course would as well be 
beneficial, to more closely approximate typical utilization of cyclosporine 0.05% on-label in clinical practice, where generally 
at least sixty to ninety days is considered as an adequate timeframe to gauge efficacy. We as well believe conversion of the 
Tolerability Questionnaire to a validated standardized methodology such as visual analog scale would be appropriate.25

One additional limitation of this drug delivery method includes the fact that tear exchange occurs between the 
external tear film and reservoir solution throughout the period of PROSE wear time. Though the presence of tear 
exchange was confirmed on slit lamp examinations at all baseline visits, the rate of such exchange was not measured, as 
there is no standardized, practical method to do so. Additionally, the composition of the tear film varies not only to some 
degree physiologically subject to subject, but also according to the varied use of preservative free artificial tears over the 
PROSE device, which was not restricted or standardized in any way during the study period. Varied tear exchange rates 
and varied tear composition, which can be affected by artificial tear use, can result in varied solution composition in the 
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PROSE reservoir throughout the PROSE daily wearing periods. Future studies would benefit from quantitatively 
measuring tear exchange rates and standardization of artificial tear use.26,27

Drug concentration poses a unique challenge and point of discussion in this study and future investigations. Similar to 
published reports on the use of soft contact lenses for drug delivery, the increased contact time of the drug with the ocular 
surface is thought to potentially increase bioavailability, to potentially reduce the required frequency of administration, 
and to potentially decrease the dose concentration required to reach the desired effect.28,29 When choosing to add 
a pharmaceutical to a PROSE reservoir, there are similar considerations, namely, will the reduced concentration of the 
created solution (one drop of cyclosporine mixed with normal saline) render the medication less efficacious. Further 
complicating this question is that the total volume of liquid a PROSE reservoir can hold does vary by customization. 
Therefore, the final drug concentration of the created mixture is varied. In future investigations, significant attention must 
be given to calculating drug concentration for each PROSE used by each patient. A large cohort analyzed in this way 
would likely lead to a determination of optimized concentration to achieve the highest efficacy with the lowest side effect 
profile. Upon determination of such a concentration, collaborative efforts with the pharmaceutical industry to manufac-
ture standardized concentrations of preservative-free formulations specifically for filling a PROSE or scleral lens 
reservoir would allow for a more precise, predictable approach for clinical trials and ultimately commercial use.

Conclusion
The ophthalmic and optometric community is in the infancy of investigating the potential use of PROSE or scleral lenses as a drug 
delivery system for preservative-free ocular topical medications. This pilot study reports encouraging symptom and ocular surface 
tolerability for cyclosporine 0.05% when delivered via a PROSE reservoir. As well, this early data is suggestive of potential 
efficacy. Overall, the data analyzed in this report support further investigation into the safety and efficacy of utilizing the PROSE 
reservoir as a cyclosporine 0.05% drug delivery system for the treatment of dry eye. Additionally, this report underscores the 
importance of a standardized scientific step-wise approach to the utilization of PROSE or scleral lenses as a drug delivery system.
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