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Purpose: To characterize early adopters of perfluorohexyloctane (PFHO) and 90-day refill rates after the first prescription, overall and 
compared to a cohort initiating cyclosporine ophthalmic emulsion 0.05% (CsA).
Patients and Methods: Patients ≥18 years newly initiating PFHO or CsA between September and November 2023 were identified in 
IQVIA open-source medical and pharmacy claims databases (date of first claim = index date). Demographics, index prescription 
characteristics, 12-month baseline clinical characteristics, and 90-day refill rates were descriptively compared between cohorts. 
A multivariable logistic regression model was developed to evaluate factors associated with the adjusted odds of 90-day refill of 
the respective index therapy.
Results: The final sample included 7,209 PFHO and 75,871 CsA patients (mean age: 60.6 and 66.6 years; 79.9% and 80.4% female; 
67.0% and 39.4% third party payer; respectively). In total, 75.9% of PFHO patients received their prescription through the mail while 
92.2% of CsA patients received it through the retail setting. Only 38.5% of PFHO and 33.3% of CsA patients had a diagnosis of dry 
eye disease (DED) over the 12-month baseline period. Nearly half (46.6%) of PFHO patients used at least one different DED 
medication over the 12-month baseline compared to 8.1% of CsA patients. Over the 90-day follow-up, most (72.0%) PFHO patients 
refilled the prescription for their index therapy compared to 37.4% of CsA patients. In the multivariable logistic regression model, 
PFHO patients had 72% higher likelihood of refilling their index prescription within 90-days compared to CsA patients (adjusted odds 
ratio: 1.72; 95% confidence interval: 1.60–1.86).
Conclusion: High DED medication use among PFHO patients in the 12-month period prior to treatment initiation suggests that prior 
medication may not have resolved their DED symptoms. The higher 90-day refill rate for PFHO versus CsA indicates a higher degree 
of patient satisfaction with this new, first-in-class treatment for DED.
Keywords: cyclosporine ophthalmic emulsion, prescription refill, administrative claims, evaporative dry eye disease, meibomian 
gland dysfunction

Introduction
Dry eye disease (DED) is a chronic, multifactorial disease characterized by inflammation of the ocular surface and reductions 
in the quality and quantity of tears.1 Symptoms of DED vary between individuals and can include ocular pain, discomfort, 
dryness, fatigue, and visual disturbances such as blurry or fluctuating vision.1 This can result in reduced quality of life and 
affect worker productivity by impacting activities such as driving, reading, or use of a computer.1 In the United States (US), it 
is estimated that over 16 million adults have DED with increasing prevalence with age and among women.2 Furthermore, 
DED imposes a substantial economic burden estimated at $3.8 billion in health care expenditures and $55 billion in societal 
costs (eg, reduced productivity and indirect costs) annually in the US (reported in 2008 US dollars).3

Clinical Ophthalmology 2025:19 2529–2540                                                                  2529
© 2025 Shen Lee et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology                                                                    

Open Access Full Text Article

Received: 7 May 2025
Accepted: 18 July 2025
Published: 31 July 2025

C
lin

ic
al

 O
ph

th
al

m
ol

og
y 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-1354-9401
http://orcid.org/0000-0002-3889-7138
http://orcid.org/0000-0002-0044-0423
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


DED is broadly classified as aqueous-deficient dry eye, evaporative dry eye, or a combination of the two.1 Aqueous- 
deficient dry eye is characterized by decreased lacrimal gland tear secretion, while evaporative dry eye results from 
excessive evaporation of tear fluid from the eye surface. It is estimated that most DED patients (>85%) have an 
evaporative component, while only between 3.5% and 14.6% of DED patients have standalone aqueous-deficient dry 
eye.4–6 Treatment decisions for DED are guided by the underlying cause (eg, aqueous deficiency, excessive tear 
evaporation) and severity of disease.7 Historically, most prescription medications for DED have primarily focused on 
enhancing tear volume or quality and reducing inflammation.7 Until recently, the available treatments did not target the 
excessive tear evaporation that occurs for most patients.8

In May 2023, the US Food and Drug Administration (FDA) approved perfluorohexyloctane ophthalmic solution 
(PFHO; Miebo™; Bausch + Lomb) for the treatment of the signs and symptoms of DED, and it became commercially 
available through a prescription in September 2023.9,10 PFHO is the first and only FDA-approved prescription eye drop 
for DED that directly targets tear evaporation. In two Phase 3 randomized clinical trials, PFHO met both primary sign 
and symptom efficacy endpoints of change in total corneal fluorescein staining and eye dryness Visual Analog Scale.11,12

The purpose of this study was to characterize the early adoption of PFHO in real-world clinical practice in the US. 
A multitude of sociodemographic and clinical factors can impact successful adoption of a novel first-in-class treatment; however, 
successful early adoption is a sign of positive patient response to a new therapy. This study used open-source medical and 
pharmacy claims data to describe demographic and clinical characteristics of early adopters of PFHO and initial refill rates after 
their first prescription. Initiators of cyclosporine ophthalmic emulsion 0.05% (CsA, inclusive of generic CsA, Restasis® and 
Restasis MultiDose®; Allergan Inc., an AbbVie Company13,14), a well-established commercially available prescription medica
tion indicated to increase tear production in DED, were characterized as the reference comparator group. While the mechanism of 
action of CsA and PFHO differ, both agents are prescribed for patients with DED and represent important therapeutic options in 
clinical practice. Furthermore, in the US, both are available through prescription only. As such, CsA serves as a pragmatic and 
relevant therapeutic benchmark for evaluating patient characteristics and refill patterns among patients initiated on PFHO.

Materials and Methods
Study Overview
This was a retrospective database study utilizing linked data from IQVIA’s Longitudinal Prescription Claims (LRx) and 
Professional Fee Claims (Dx) databases from September 1, 2022, to February 29, 2024 (the “study period”). The study 
sample included adult patients initiating PFHO and a comparator cohort initiating CsA between September 1, 2023, and 
November 30, 2023 (the “selection window”).

Data Sources
The LRx database includes more than 1.6 billion retail or mail order prescription claims, representing dispensed prescriptions 
for approximately 85% of all pharmacies. The Dx database includes approximately 1 billion professional fee claims per year, 
representing over 870,000 practitioners per month. Data elements include diagnoses, procedures and office administered 
drugs. The databases are de-identified and Health Insurance Portability and Accountability Act (HIPAA) compliant. The data 
are open-source and not limited to any one type of health insurance payer. Patients are linked between databases through 
a unique IQVIA patient ID, created using a deterministic matching algorithm and actual patient information.

Patient Selection
Patients with ≥1 prescription claim for PFHO or CsA in LRx between September 1, 2023, and November 30, 2023, (the 
“selection window”) were identified. A hierarchical approach was taken, and the first PFHO claim during the selection 
window, if any, was identified first to maximize the PFHO sample. The date of the first observed claim for PFHO (if any) 
or CsA was termed the “index date”, and the drug determined the index therapy. Eligible patients had linkage to Dx, a 12- 
month baseline period (the “baseline” period), a 90-day post-index period (the “follow-up” period) and were ≥18 years of 
age at index (Figure 1). Patients were excluded if they had ≥1 prescription claim for the index therapy during the baseline 
period or invalid data (eg, missing or invalid gender or region or with data supplier issue).
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Study Measures
Baseline demographics (eg, age, gender, region, payer type) and index prescription characteristics (eg, prescribing 
specialty, prescription channel, days’ supply) were assessed on the index date. Clinical characteristics (eg, Charlson 
Comorbidity Index [CCI]; type of DED diagnosis [Supplemental Table 1], ocular and non-ocular comorbidities, DED 
medication use, relevant ophthalmic procedures) were assessed over the 12-month baseline period.

Initial refill rates in the 90-day period following the index date were assessed, defined as the proportion of patients 
with ≥1 prescription for the index therapy within 90 days after the index date. Among patients with refill, the time from 
index date to first refill was also reported. In a secondary analysis, refill rates were also reported among the subset of 
patients with index days’ supply ≤30 to provide a more equal comparison between the therapy cohorts.

Analyses
Descriptive statistics were produced for all relevant study measures previously described, overall. Categorical measures 
were presented using frequency (number of patients [n]) and percentage (%) of total study patients observed in each 
category. Continuous and count variables were presented as the mean and standard deviation (SD). As relevant, 
continuous variables were also categorized into intervals. Analyses were conducted on the observed data using SAS® 

9.4 M8 (SAS Institute Inc., Cary, NC). Baseline characteristics and initial refill rates were assessed and descriptively 
compared between the PFHO and CsA cohorts without any formal comparison.

A multivariable logistic regression model was developed to evaluate the factors associated with the adjusted odds of 
90-day refill of the respective index therapy among PFHO and CsA initiators. Covariates included in the model were 
demographics (age, gender, region, payer type), index prescription characteristics (prescriber specialty, days’ supply, 
prescription channel), and baseline clinical characteristics (DED diagnosis, ocular and non-ocular comorbidities, DED 
medication use, and ophthalmic procedures). The model covariates were also evaluated for multicollinearity. A p-value 
<0.05 was considered statistically significant.

Figure 1 Patient Selection. 
Notes: A hierarchical approach was taken, and PFHO patients were identified first in the selection window. 
Abbreviations: CsA, cyclosporine ophthalmic emulsion 0.05%; Dx, Professional Fee Claims; LRx, Longitudinal Prescription Claims; PFHO, perfluorohexyloctane.
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Results
Patient Sample
The initial sample comprised 12,662 patients with ≥1 prescription claim for PFHO and 465,160 patients with ≥1 claim 
for CsA following the hierarchical approach (Figure 1). The final sample was composed of 7,209 PFHO patients (56.9% 
of the initial sample) and 75,871 CsA patients (16.3%) in the comparator cohort.

Patient Baseline Characteristics
Demographics
PFHO patients were younger than CsA patients, with mean (SD) age of 60.6 (14.3) years and 66.6 (13.3) years, 14.4% 
and 7.4% with age <45 years, and 41.1% and 63.4% with age 65+ years, respectively (Table 1). The vast majority of 
PFHO and CsA patients were female (79.9–80.4%). The majority (66.1%) of PFHO patients had a third party payer 
while over half (55.4%) of CsA patients had Medicare. Patients from both cohorts were most often located in the South 
(37.9–41.5%). Over half (55.2%) of PFHO patients had index month of November while CsA patients most often had 
index month of October (35.3%) given that PFHO was new to the market.

Index Prescription Characteristics
More than half (54.7%) of PFHO patients received their index prescription from an optometrist (54.7%), whereas CsA 
patients most often received their index prescription from an ophthalmologist (47.5%) (Table 2). Mean (SD) days’ supply 
was lower for the PFHO cohort compared to the CsA cohort (29.9 [14.3] days and 54.6 [29.7] days), and almost all 

Table 1 Demographics of PFHO and CsA Cohorts

Baseline Demographic Characteristics PFHO CsA

N = 7,209 N = 75,871

N % N %

Mean (SD) age (years) 60.6 (14.3) 66.6 (13.3)

Age group (years) (n, %)
18-34 411 5.7% 2,095 2.8%

35-44 628 8.7% 3,521 4.6%

45-54 1,160 16.1% 7,405 9.8%
55-64 2,047 28.4% 14,721 19.4%

65-74 1,725 23.9% 24,836 32.7%

75+ 1,238 17.2% 23,293 30.7%
Female (n, %) 5,762 79.9% 60,963 80.4%

Geographic region (n, %)
Northeast 1,664 23.1% 17,758 23.4%
Midwest 1,127 15.6% 11,741 15.5%

South 2,993 41.5% 28,723 37.9%

West 1,425 19.8% 17,649 23.3%
Payer type (n, %)

Cash 74 1.0% 507 0.7%

Medicaid 168 2.3% 5852 7.7%
Medicare 2202 30.5% 42,004 55.4%

Third party 4765 66.1% 27,508 36.3%

Index month (n, %)
September 445 6.2% 23,885 31.5%

October 2,786 38.6% 26,804 35.3%

November 3,978 55.2% 25,182 33.2%

Abbreviations: CsA, cyclosporine ophthalmic emulsion 0.05%; PFHO, perfluorohexyloctane; 
SD, standard deviation.
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(93.1%) PFHO patients received days’ supply ≤30 days compared to 56.9% of CsA patients. The vast majority (75.9%) 
of PFHO patients received their prescription through a mail order pharmacy while most (92.2%) CsA patients received 
their prescription through the retail pharmacy setting.

Clinical Characteristics
Diagnosis of DED over the 12-month baseline period or the index date was relatively infrequent, but higher among 
PFHO patients (38.5%) than CsA (33.3%) patients (Table 3). Aqueous-deficient DED diagnosis was most commonly 
observed (28.7% and 24.4%, respectively). Notably, evaporative dry eye was more frequently observed among PFHO 
patients compared to CsA patients (11.3% and 5.5%, respectively).

Table 2 Index Prescription Characteristics of PFHO and CsA Cohorts

Index Prescription Characteristics PFHO CsA

N = 7,209 N = 75,871

N % N %

Physician specialty associated with the index date (n, %)
Primary carea 115 1.6% 6,105 8.0%

Ophthalmologist 3,109 43.1% 36,063 47.5%
Optometrist 3,943 54.7% 32,558 42.9%

Other/unknown 42 0.6% 1,145 1.5%

Mean (SD) days’ supply of the index prescriptionb 29.9 (14.3) 54.6 (29.7)

Days’ supply categoriesb (n, %)
≤30 days 6,715 93.1% 43,195 56.9%

31-60 days 248 3.4% 1,660 2.2%

61-90 days 246 3.4% 31,016 40.9%

Prescription channel (n, %)
Retail 1,690 23.4% 69,961 92.2%
Mail 5,475 75.9% 4,024 5.3%

Long-term care 13 0.2% 947 1.2%

Atypical 31 0.4% 939 1.2%

Notes: a. Includes general practice, family practice, internal medicine, physician assistant and nurse practitioner; b. For 
patients with multiple prescriptions on the index date for the index therapy, the days’ supply were summed together 
across all prescriptions on the index date. Days’ supply greater than 90 days were capped at 90 days. 
Abbreviations: CsA, cyclosporine ophthalmic emulsion 0.05%; PFHO, perfluorohexyloctane; SD, standard deviation.

Table 3 Baseline Clinical Characteristics of PFHO and CsA Cohorts

Baseline Clinical Characteristicsa PFHO CsA

N = 7,209 N = 75,871

N % N %

Comorbidities

Mean (SD) CCI score 0.8 (1.3) 1.1 (1.6)

CCI categories (n, %)
0 4,529 62.8% 39,946 52.6%

1 1,248 17.3% 14,536 19.2%
2 797 11.1% 10,605 14.0%

3 299 4.1% 4,807 6.3%

4+ 336 4.7% 5,977 7.9%

(Continued)
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Table 3 (Continued). 

Baseline Clinical Characteristicsa PFHO CsA

N = 7,209 N = 75,871

N % N %

Baseline DED diagnosisb (n, %) 2,779 38.5% 25,246 33.3%
Aqueous-deficient dry eye 2,071 28.7% 18,545 24.4%

Evaporative dry eye 813 11.3% 4,152 5.5%

Inflammatory dry eye 1,207 16.7% 8,885 11.7%

Ocular comorbidities of interest (≥1.0%; n, %)

AMD 181 2.5% 2,509 3.3%

Blepharitis 421 5.8% 2,445 3.2%

Cataracts 1,100 15.3% 13,504 17.8%
DR with or without DME 84 1.2% 1,482 2.0%

OAG/OHT 730 10.1% 7,929 10.5%

Non-ocular comorbidities of interest (≥10.0%; n, %)

Anxiety 1,006 14.0% 9,293 12.2%

Depression 703 9.8% 8,128 10.7%

Diabetes 849 11.8% 14,165 18.7%
Hypercholesterolemia 1,803 25.0% 24,763 32.6%

Hypertension 1,851 25.7% 27,505 36.3%

Sleep apnea 699 9.7% 7,845 10.3%
Thyroid dysfunction 1,054 14.6% 11,983 15.8%

Medications

Any DED medication use (n, %) 3,360 46.6% 6,108 8.1%

DED medications used (≥4.0%c; n, %)

CsA 1,573 21.8%
Lifitegrast ophthalmic solution 5% 1,235 17.1% 3,246 4.3%

Cyclosporine ophthalmic solution 0.09% 687 9.5% 712 0.9%

Varenicline solution 644 8.9% 463 0.6%
Loteprednol etabonate ophthalmic suspension 0.25% 352 4.9% 397 0.5%

Procedures

Baseline ophthalmic procedures of interest (n, %)

Punctal plugs and related procedures 541 7.5% 2,127 2.8%

Lid surgery 127 1.8% 771 1.0%

Lacrimal gland surgeries 63 0.9% 374 0.5%
Refractive surgeryd 348 4.8% 4,065 5.4%

Lasik surgery 1 0.0% 18 0.0%

Cataract surgery 347 4.8% 4,064 5.4%

Notes: a. Measured over the 12-month baseline period, not including the index date, unless otherwise specified; 
b. Measured over the 12-month baseline period, including the index date; c. Other medications assessed but 
with low prevalence (<4% in both cohorts) included hydroxypropyl cellulose ophthalmic insert, polyvinyl alcohol, 
cyclosporine ophthalmic solution 0.1%, cyclosporine ophthalmic emulsion 0.1%, and DED medications available 
OTC but fulfilled in the pharmacy; d. Includes Lasik and cataract surgery. 
Abbreviations: AMD, age-related macular degeneration; CCI, Charlson Comorbidity Index; CsA, cyclosporine 
ophthalmic emulsion 0.05%; DED, dry eye disease; DME, diabetic macular edema; DR, diabetic retinopathy; 
OAG, open-angle glaucoma; OHT, ocular hypertension; OTC = over the counter; PFHO, perfluorohexyloctane; 
SD, standard deviation.
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Baseline comorbidities were generally higher among CsA patients, likely related to their older age. Mean (SD) CCI 
score was lower among the PFHO cohort compared to the CsA cohort (0.8 [1.3] and 1.1 [1.6]), and a higher proportion of 
PFHO patients had a CCI score of 0 (62.8% and 52.6%, respectively). Proportion with diabetes, hypercholesterolemia, 
and hypertension were higher in the CsA cohort while proportion with anxiety, depression, sleep apnea, and thyroid 
dysfunction were similar between PFHO and CsA patients. Proportion with ocular comorbidities of interest was 
generally similar (eg, blepharitis, cataracts, and open-angle glaucoma/ocular hypertension) between cohorts.

Nearly half (46.6%) of PFHO patients used any DED medication over the 12-month baseline period compared to only 
8.1% of CsA patients. Proportion with baseline punctal plugs and related procedures was also higher among PFHO 
patients (7.5% and 2.8%, respectively). Proportion with refractive surgery was generally similar (4.8–5.4%).

90-Day Post-Index Refill Rates
In the 90-days post-index, overall, the majority (72.0%) of PFHO patients refilled a prescription for their index therapy 
compared to over one-third (37.4%) of CsA patients (Figure 2a). Among patients with refill, the mean (SD) time from 
index date to first refill was 31.5 (14.7) days for PFHO and 45.9 (24.8) days for CsA.

In the secondary analysis, 6,235 PFHO patients (86.5% of the final sample) and 43,129 CsA patients (56.8%) had ≤30 
days’ supply on the index date and only one index therapy claim on the index date. Of these patients, the majority 
(74.1%) of PFHO patients continued to refill within 90-days post-index, compared to half (49.9%) of CsA patients 
(Figure 2b). Notably, in this secondary analysis, 90-day refill rates for CsA increased compared to the overall analysis, 
while PFHO rates increased marginally.

Predictors of 90-Day Post-Index Refill
In the multivariable logistic regression model, patients initiating PFHO were associated with 72.2% higher likelihood of 
refilling their index prescription compared to patients initiating CsA over the 90-day follow-up period (adjusted odds 
ratio [aOR]: 1.72; 95% confidence interval [CI]: 1.60–1.86) (Table 4). The c-statistic for this model was 0.710 indicating 
a good fit. Several other covariates were significantly (p < 0.001) associated with odds of refilling within 90 days after 
their index prescription. Patients aged 45–64 years were associated with higher odds of refilling compared to patients 
aged 65+ years (aOR: 1.29; 95% CI: 1.24–1.35). Patients located in the Northeast (aOR: 1.20; 95% CI: 1.15–1.24) and 
West (aOR: 1.32; 95% CI: 1.27–1.37) had higher odds of refilling compared to patients located in the South. Patients 
with Medicaid were associated with higher odds of refilling as compared to patients with a third party payer (aOR: 1.45; 
95% CI: 1.36–1.54). Patients with an ophthalmologist associated with the index prescription had higher odds of refilling 
compared to those associated with an optometrist (aOR: 1.09; 95% CI: 1.05–1.13). Compared to patients with ≤30 days’ 

Figure 2 90-day Refill Rates of PFHO and CsA Cohorts (A) Overall, (B) Secondary Analysisa. 
Notes: a. Among the subset of patients with index days’ supply ≤30 days. 
Abbreviations: CsA, cyclosporine ophthalmic emulsion 0.05%; PFHO, perfluorohexyloctane.
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supply of the index prescription, those with days’ supply of 31–60 days (aOR: 0.59; 95% CI: 0.53–0.65) and 61–90 days 
(aOR: 0.25; 95% CI: 0.24–0.26) had lower odds of refilling. Patients with a history of DED medication use were 
associated with higher odds of refilling their index prescription compared to those without a history of DED medication 
use (aOR: 1.52; 95% CI: 1.44–1.60).

Table 4 Predictors of 90-Refill from Logistic Regression Model for Odds of Refill of the Index Therapy Within 90 
Days Post-Index (c-Statistic = 0.710)

Measure Adjusted Odds Ratio 95% Confidence Limits P-values

Lower Limit Upper Limit

Index drug (PFHO vs CsA) 1.722 1.599 1.855 <0.0001
Age group (ref = 65+ years)

18-44 years 1.017 0.954 1.083 0.6148

45-64 years 1.290 1.236 1.346 <0.0001
Gender (ref = female)

Male 1.018 0.980 1.057 0.3562

Geographic region (ref = South)
Northeast 1.195 1.149 1.244 <0.0001
Midwest 1.059 1.012 1.108 0.0137
West 1.316 1.265 1.369 <0.0001

Payer type (ref = third party)

Cash 0.973 0.818 1.157 0.7552

Medicaid 1.446 1.362 1.535 <0.0001
Medicare 0.995 0.955 1.036 0.7983

Prescriber specialty (ref = optometrist)

Ophthalmologist 1.089 1.054 1.125 <0.0001
Other/unknown 0.992 0.939 1.048 0.7747

Days’ supply categories (ref = ≤30 days)

31-60 days 0.587 0.533 0.646 <0.0001
61-90 days 0.247 0.239 0.256 <0.0001

Index prescription channel (ref = mail)

Retail 0.625 0.587 0.666 <0.0001
Other 0.609 0.543 0.683 <0.0001

Baseline DED diagnosis (ref = no)
Aqueous-deficient dry eye 1.022 0.984 1.061 0.2676

Evaporative dry eye 0.977 0.915 1.043 0.4869

Inflammatory dry eye 1.017 0.969 1.067 0.5036
Ocular comorbidities (ref = no)

Blepharitis 1.021 0.939 1.110 0.6260

Cataracts 1.066 1.015 1.119 0.0102
OAG/OHT 1.028 0.977 1.083 0.2879

Other comorbidities (ref = no)

Depression 1.058 1.008 1.110 0.0226
History of DED medication use (ref = no) 1.518 1.444 1.595 <0.0001
Ophthalmic procedures of interest (ref = no)

Punctal plugs and related procedures 1.095 1.002 1.197 0.0441
Lid surgery OR lacrimal gland surgery 0.966 0.855 1.091 0.5798

Refractive surgery 1.015 0.939 1.096 0.7144

Note: Bold text indicates the p-value is significantly at threshold of <0.05. 
Abbreviations: CsA, cyclosporine ophthalmic emulsion 0.05%; DED, dry eye disease; OAG/OHT, Open-angle glaucoma/ocular hypertension; PFHO, 
perfluorohexyloctane; ref, reference.
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Discussion
This study examined demographic and clinical characteristics of patients who were early adopters of PFHO leveraging 
recent real-world data. PFHO patients were younger than CsA patients but had a similar distribution by gender and 
geographic region of residence. Most PFHO patients had a commercial payer and received their index prescription from 
a mail order pharmacy while most CsA patients had a Medicare payer and received their index prescription from a retail 
pharmacy. For both cohorts, DED diagnosis appeared to be under-recorded in the claims data as less than two-thirds of 
patients in both groups had at least one diagnosis of DED in the 12-month baseline period. Furthermore, our study 
identified a comparatively higher proportion of patients with baseline DED medication use and prior punctal plug 
procedure among those treated with PFHO than those treated with CsA. Descriptively, a higher proportion of PFHO 
patients refilled their prescription within 90-days after initiation compared to CsA patients in both the main and 
secondary analysis. After adjusting for differences in baseline demographic, clinical, and index prescription character
istics, PFHO patients were associated with a higher likelihood of 90-day prescription refill compared to CsA patients.

Meibomian gland dysfunction has been noted as the primary cause of evaporative DED, wherein the quality and 
quantity of lipid secretion is impacted, leading to increased evaporative aqueous tear loss.11 PFHO is a novel therapy with 
amphiphilic properties that is thought to form a monolayer at the air-tear interface to inhibit tear evaporation.12 This unique 
proposed mechanism of action allows PFHO to address the driver of the disease itself and potentially help promote tear film 
stability and homeostasis.12 Studies examining DED etiology have suggested that the vast majority of patients with DED 
have an underlying evaporative component, indicating most patients with DED could benefit from PFHO therapy.4,6

The refill rates among CsA patients in the present study were low which is consistent with previous research that has 
reported high rates of discontinuation among patients initiating CsA treatment.15 This may suggest that there is an unmet 
need and CsA may not be effectively addressing symptoms among these patients with DED. There may be several drivers of 
the observed lower refill rates among CsA patients in the present study. First, patients may refill CsA prescriptions at lower 
rates due to adverse reactions. For instance, in clinical trials for CsA, the most common adverse event was ocular burning 
reported in 17% of patients while this adverse event was only present in 0.5% of patients in PFHO clinical trials.11–13 

Furthermore, one prior chart review study found that 60.0% of patients reported discontinuing CsA treatment due to 
burning or stinging associated with its use while a separate satisfaction survey study noted that 21% of CsA patients 
reported “usually” or “always” experiencing “burning sensation upon instillation.”16,17 Another reason for discontinuation 
may be related to the reported time required to be on CsA treatment (>3 months) before the experience of clinical 
benefits.15,18 In a cross-sectional study, 29% of patients currently using CsA reported dissatisfaction with the time to 
onset of effect.16 On the other hand, clinical trials for PFHO showed reductions in the signs and symptoms of DED as early 
as 2 weeks with continued improvements observed through week 8.11,12,19 In the present study, PFHO patients had high 
DED medication use in the 12-month period prior to treatment initiation, which may suggest that prior therapies were 
unsuccessful in resolving their DED symptoms. Importantly, discontinuation of treatment resulting from failure to refill 
medications can lead to disease progression and symptom worsening.20 Further research is needed to fully understand 
reasons for the differences in refill rates between patients initiating CsA and PFHO; however, experience with adverse 
events and the lag time between treatment initiation and symptomatic relief may be key drivers.

In this analysis, DED appeared to be under-recorded in the data, as approximately two-thirds of both PFHO and CsA 
patients received the index prescription despite not having a recorded DED diagnosis. Previous studies that have 
examined real-world treatment patterns of patients initiating CsA similarly found that less than one-third of patients 
had a recorded DED diagnosis.15,21 Of the DED conditions captured in the present study, aqueous-deficient dry eye was 
seen most frequently (PFHO: 28.7%; CsA: 24.4%), while evaporative dry eye was seen in 11.3% of PFHO patients and 
only 5.5% in CsA patients. This is different than the distribution reported in the literature from site-based studies, which 
suggests 85.5–94% of patients have an evaporative dry eye component.4–6 Although DED diagnoses are under-reported 
on claims in the present study, PFHO targets the evaporative dry eye etiology, which is likely driving the higher 
prevalence of evaporative dry eye observed in the data for PHFO-treated patients compared to CsA-treated patients.10 

Importantly, the distribution of DED diagnosis codes in the present study may differ from the literature as the specific 
diagnosis code included on the claim may be potentially driven by health insurance reimbursement requirements.4,22
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The study is subject to several limitations. First, claims data are collected for administrative purposes, not research, 
and may not reflect true diagnoses and treatment as coding issues may occur. Second, there are limitations related to the 
use of open-source claims databases. Data is utilized as available from a patient but is not considered comprehensive. 
Data is obtained from pharmacies and offices that participate in and contribute to the databases, and there is no insight 
into activity at pharmacies or offices that do not contribute to the data. Nevertheless, LRx and Dx coverage in the US is 
relatively high. We applied proxies for continuous enrollment based on patient activity and pharmacy reporting to 
provide greater assurance that patient healthcare activity within these databases is captured during the study period. In 
addition, while filled prescriptions are identified through the claims data, a prescription fill is not an indicator of 
medication utilization by the patient. Furthermore, these data do not include DED medications purchased over-the- 
counter without a prescription like artificial tear eye drops. Finally, the study included limited follow-up time to allow for 
an early view into early adopters of PFHO.

Conclusion
Despite these limitations, our study had key strengths. This is one of the first real-world studies to characterize early 
initiators of PFHO, leveraging recent data from large, national claims databases in the US that are inclusive of all payers. 
After adjusting for baseline differences, early adopters of PFHO were more likely to refill their prescription within 90 
days than CsA patients. These findings provide important evidence regarding initial refill rates among patients with DED 
receiving PFHO and CsA. Once additional longer-term data is available, further research comprehensively examining 
refill rates, other treatment patterns such as adherence and persistence, DED diagnosis patterns, clinical outcomes, and 
medication cost will help to inform optimal treatment decisions for patients with DED.
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