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Abstract: Dry eye disease (DED) is a multifactorial disorder characterized by loss of tear film homeostasis, which initiates a cycle of 
ocular surface inflammation and damage. As ocular discomfort symptoms associated with DED can decrease quality of life, affected 
patients prefer treatments that rapidly improve the underlying disease process. OTX-101 0.09% (CEQUA®) is indicated to increase 
tear production in patients with DED. The current analysis assessed early efficacy of OTX-101 0.09% in adult patients with bilateral 
DED by evaluating ocular surface endpoints after 14 days of treatment in the phase 2b/3 trial. In this randomized, double-masked, 
vehicle-controlled, dose-ranging study, patients received one drop of OTX-101 0.05%, OTX-101 0.09%, or vehicle per eye twice daily 
for 84 days. Corneal staining, conjunctival staining, tear breakup time (TBUT), and modified Symptom Assessment iN Dry Eye 
(SANDE) total global symptom score were assessed at baseline and Days 14, 28, 42, 56, and 84/early discontinuation. Overall, 455 
patients were randomized (OTX-101 0.05%, n=151; OTX-101 0.09%, n=152; vehicle, n=152); only baseline and Day 14 results for 
the approved OTX-101 0.09% formulation and vehicle are presented. Least squares (LS) mean (standard error [SE]) change from 
baseline in conjunctival staining score was −1.3 (0.1) for OTX-101 and −1.0 (0.1) for vehicle. LS mean (SE) change from baseline in 
corneal staining score was −1.1 (0.17) for OTX-101 and −0.7 (0.17) for vehicle. LS mean (SE) change from baseline in TBUT was 
0.52 (0.15) for OTX-101 and 0.36 (0.15) for vehicle. LS mean (SE) change from baseline in modified SANDE total global symptom 
score was −4.93 (1.54) for OTX-101 and −9.1 (1.54) for vehicle. OTX-101 0.09% demonstrated a numerically greater treatment effect 
compared with vehicle in conjunctival staining, corneal staining, and TBUT after 14 days. 
Keywords: CEQUA, keratoconjunctivitis sicca, corneal staining, conjunctival staining, tear breakup time, early efficacy

Introduction
Dry eye disease (DED) is a multifactorial ocular surface disorder characterized by loss of tear film homeostasis.1,2 In 
DED, tear film hyperosmolarity and instability cause ocular surface exposure to desiccating stress, which initiates a self- 
perpetuating cycle of inflammation and damage.1–3 Various chronic symptoms are associated with DED, including ocular 
fatigue, dryness, stinging, blurred vision, and foreign body sensation.1,2 The resultant patient discomfort and visual 
dysfunction may reduce workplace productivity and limit ability to perform daily activities.1,3,4 Therefore, patients prefer 
medications that rapidly improve the underlying disease process by reducing inflammation, restoring tear film home
ostasis, and repairing ocular surface damage.3

Multiple tools may be used to diagnose and monitor DED.4,5 Common clinical assessments include ocular surface 
staining, tear breakup time (TBUT), and patient questionnaires.5 Ocular surface staining utilizes lissamine green and 
sodium fluorescein dyes to detect the corneal and conjunctival epithelial defects often noted in DED.5 TBUT measures 
the amount of time between blinking and appearance of a break in the tear film; shorter breakup times indicate less tear 
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film stability.5 Numerous patient questionnaires have been developed to evaluate DED symptoms.4,5 The Symptom 
Assessment iN Dry Eye (SANDE) questionnaire uses a visual analogue technique to quantify the frequency and severity 
of ocular discomfort symptoms and is useful for repeat clinical assessments.4–6

OTX-101 0.09% (CEQUA®, Sun Pharmaceutical Industries, Inc., Princeton, NJ, USA) is a novel, aqueous, nanomi
cellar ophthalmic cyclosporine A solution indicated to increase tear production in patients with DED.7 Cyclosporine, 
a calcineurin inhibitor immunosuppressant, inhibits T lymphocyte activation and prevents release of proinflammatory 
mediators to decrease the underlying ocular surface inflammation characteristic of DED.7,8 After 84 days of treatment in 
a phase 2b/3 clinical trial investigating efficacy and safety of OTX-101 in patients with DED, OTX-101 0.09% produced 
statistically significant improvements in conjunctival staining, corneal staining, and Schirmer’s score relative to vehicle.8 

The current analysis aimed to characterize the early efficacy of OTX-101 0.09% vs vehicle by evaluating ocular surface 
endpoints—conjunctival staining, corneal staining, TBUT, and modified SANDE total global symptom score—after 14 
days of treatment in the phase 2b/3 study.

Materials and Methods
Study Design
This randomized, multicenter, double-masked, vehicle-controlled, dose-ranging, phase 2b/3 study investigated the safety 
and efficacy of two concentrations of OTX-101 vs vehicle for DED treatment (NCT02254265). The study was conducted 
in accordance with the ethical guidelines of the latest revision of the Declaration of Helsinki, and with independent 
review board approval by Alpha IRB. All patients provided informed consent. Study design has been previously 
described.8 Briefly, enrolled patients were randomized 1:1:1 to OTX-101 0.05%, OTX-101 0.09%, or vehicle treatment 
groups. Eligible patients entered a 14- to 17-day run-in period where all patients instilled one drop of vehicle into each 
eye twice daily, followed by an 84-day treatment period where patients instilled one drop of their assigned ophthalmic 
formulation into each eye twice daily.

Patient Eligibility
Patients were required to be ≥18 years old, with a self-reported history of DED for ≥6 months supported by a clinical 
diagnosis of bilateral DED. Lissamine green conjunctival staining sum score of 3–9 out of 12 in the same eye at 
screening and baseline, patient-rated global symptom score of ≥40 on a 0–100 visual analogue scale at screening and 
baseline, and Snellen visual acuity >20/200 in both eyes were required. Patients were required to discontinue any current 
DED therapy, including artificial tears or ocular lubricants, and any topical ophthalmic medications other than the study 
medication, for study duration beginning at initiation of the run-in period. Exclusion criteria included use of cyclosporine 
ophthalmic emulsion 0.05% within 3 months of screening or previous treatment failure on topical cyclosporine, diagnosis 
of Sjögren’s syndrome for >5 years, and history of seasonal allergic conjunctivitis or any currently active eye disease 
other than DED. Additional inclusion and exclusion criteria have been previously described.8

Outcome Measures
Efficacy was assessed via evaluation of DED signs and symptoms collected at all study visits. Clinical signs included corneal 
fluorescein staining score, conjunctival lissamine green staining score, and TBUT evaluated at baseline and Days 14, 28, 42, 
56, and 84/early discontinuation (ED); Schirmer’s test was evaluated at baseline and Day 84/ED. Both eyes were assessed at 
each visit; the study eye was that with the higher baseline lissamine green conjunctival staining score, or the right eye if 
scores were equal. Patient symptoms were assessed via modified SANDE questionnaire at baseline and Days 14, 28, 42, 56, 
and 84/ED. Coprimary efficacy endpoints were mean changes from baseline at Day 84 for total conjunctival lissamine green 
staining score in the study eye, and global symptom score. Secondary efficacy endpoints included mean change from baseline 
in TBUT, total corneal fluorescein staining score, and Schirmer’s score (average of both eyes).

Safety assessments included slit-lamp examinations, Snellen visual acuity measurements, and adverse event (AE) 
recording at all study visits; ophthalmoscopy/dilated fundoscopy at screening and Day 84/ED; and tonometry at screen
ing and Days 28, 56, and 84/ED.
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The current analysis assessed efficacy outcomes, including mean change from baseline in total conjunctival staining 
score, total corneal staining score, TBUT, and modified SANDE total global symptom score at Day 14.

Assessments
Conjunctival staining was assessed in six conjunctival areas (temporal, nasal, two superior, two inferior) at 1–4 minutes 
after instilling one drop (10 μL) of 1% lissamine green solution by pipette. Staining was assessed in low-to-moderate 
intensity white slit-lamp light and scored on a 0–3 scale (0, no stain uptake; 3, dense stain uptake). Scores for each eye, 
excluding the superior zones, were summed.

Corneal staining was assessed in five corneal areas (superior, inferior, temporal, nasal, central) at 2–2.5 minutes after 
instilling one drop (10 μL) of 0.5% fluorescein solution by pipette into the conjunctival cul-de-sac, followed by adequate 
blinking. Staining was scored on a 0–4 scale in increments of 0.5 (0, no punctate stain; 4, severe diffuse macropunctate 
stain). Scores per region were summed.

TBUT was assessed by observing the tear film via slit-lamp for 10–15 seconds without blinking. Time to development 
of the first dry spots was measured in seconds. This was repeated three times, and each value was recorded.

Symptoms were rated using a modified SANDE instrument, in which patients were asked two questions: “Please 
indicate how often, over the past week, your eyes felt dry and/or irritated” and “Please indicate how severe, on average, 
you felt your symptoms of dryness and/or irritation were over the past week.” Frequency was rated on a scale of 0–100 
(0, rarely; 100, all the time). Severity was also rated on a scale of 0–100 (0, very mild; 100, very severe). Scores were 
recorded, and global symptom score was calculated as the square root of frequency score times severity score.

Statistical Analyses
All statistical methods have been previously described.8 The intent-to-treat population was used for the primary efficacy 
analysis and included all randomized patients. The safety population included all patients receiving ≥1 dose of study 
medication. Continuous variables were summarized with descriptive statistics (n, mean, median, standard deviation [SD], 
standard error [SE], minimum, maximum), and categorical variables were summarized with counts and percentages. Both 
coprimary endpoints were tested at a significance level of 0.05 without adjustment for multiplicity. All P values other 
than those for coprimary efficacy endpoints are purely descriptive.

Results
Baseline Patient Characteristics
A total of 455 patients were randomized; 152 received OTX-101 0.09%, 151 received OTX-101 0.05%, and 152 received 
vehicle. Only results for OTX-101 0.09% (the FDA-approved formulation) and vehicle treatment groups (n=304) are 
presented here. Demographic characteristics were generally similar between treatment groups; most participants were 
female (80.3% OTX-101; 78.9% vehicle) and white (82.9% OTX-101; 78.9% vehicle), with mean ages of 59.2 years for 
OTX-101 and 59.3 years for vehicle (Table 1).

Efficacy and Safety Outcomes
Mean baseline efficacy outcome scores are reported in Table 1. At Day 14, least squares (LS) mean change from baseline 
(SE) in total conjunctival staining score was −1.3 (0.1) for OTX-101 and −1.0 (0.1) for vehicle (P=0.1176; Figure 1A). 
For total corneal staining score at Day 14, the LS mean change from baseline (SE) was −1.1 (0.17) for OTX-101 and 
−0.7 (0.17) for vehicle (P=0.0557; Figure 1B). The LS mean change from baseline (SE) in TBUT at Day 14 was 0.52 
(0.15) for OTX-101 and 0.36 (0.15) for vehicle (P=0.4465; Figure 2), and for modified SANDE total global symptom 
score was −4.93 (1.54) for OTX-101 and −9.10 (1.54) for vehicle (P=0.0500; Figure 3).

Throughout the 12-week study, 52 patients receiving OTX-101 0.09% reported 118 AEs, and 51 patients receiving 
vehicle reported 105 AEs. The most common AE was instillation site pain (15.1% OTX-101 0.09%; 3.3% vehicle), and 
most ocular AEs were mild or moderate in severity.
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Discussion
The current analysis suggests that OTX-101 0.09% may have early efficacy in improving clinical signs and symptoms of 
DED. In patients receiving OTX-101 0.09%, numerically greater improvements from baseline were found for total 
conjunctival staining score, total corneal staining score, and TBUT at Day 14 compared with vehicle. OTX-101 0.09% 
treatment improved modified SANDE total global symptom score from baseline to Day 14, although this improvement 
was not greater than that observed with vehicle.

In patients with DED, chronic ocular discomfort and visual dysfunction can negatively impact physical, social, and 
psychological health, reducing overall quality of life.1,4 In fact, patients with severe DED ranked their loss of utility 
similarly to those affected by severe angina, disabling hip fracture, and dialysis.9,10 Therefore, patient preferences and 

Table 1 Baseline Patient Demographics and Clinical Characteristics

OTX-101 0.09% n=152 Vehicle n=152

Age, mean (SD) 59.2 (14.6) 59.3 (13.8)

Sex, n (%)

Female 122 (80.3) 120 (78.9)

Race, n (%)
White 126 (82.9) 120 (78.9)

Black 13 (8.6) 20 (13.2)

Asian 7 (4.6) 3 (2.0)
Other* 6 (3.9) 9 (5.9)

Ethnicity, n (%)
Not Hispanic/Latino 123 (80.9) 122 (80.3)

Hispanic/Latino 29 (19.1) 30 (19.7)

Total conjunctival staining score, mean (SD)† 5.8 (1.8) 6.0 (1.7)

Total corneal staining score, mean (SD)† 4.5 (3.1) 4.6 (2.8)

Tear breakup time, s, mean (SD)† 4.8 (2.3) 4.3 (2.4)

Modified SANDE total global symptom score, mean (SD) 62.6 (14.6) 61.5 (14.3)

Notes: *Includes American Indian, Native Hawaiian or other Pacific Islander, and other. †Values presented for the study eye. 
Abbreviations: SANDE, Symptom Assessment iN Dry Eye; SD, standard deviation; s, seconds.
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Figure 1 Least squares mean change from baseline in ocular surface staining at Day 14. (A) Total conjunctival staining score. (B) Total corneal staining score. 
Abbreviation: SE, standard error.
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concerns should be important considerations in DED management; agents that address unmet needs, including rapid 
action on the underlying disease process, are more likely to be accepted.3,9

Several studies have investigated the impact of OTX-101 0.09% on ocular surface signs and symptoms in patients 
with DED. In a pooled analysis of OTX-101 phase 2b/3 and phase 3 clinical trials, Malhotra et al (2019) found that 
OTX-101 0.09% improved total corneal staining scores in patients with DED within 4 weeks and continued through 
end of study, with statistically significant improvement vs vehicle at all assessed timepoints (P<0.002 for Days 28, 
56, and 84).11 Sheppard et al (2020) found that significantly more eyes receiving OTX-101 0.09% vs vehicle 
demonstrated an increase in Schirmer’s scores ≥10 mm from baseline to Day 84/ED (P<0.0001) in the pooled 
phase 2b/3 and phase 3 studies; Toyos et al (2021) also observed significant improvement in tear production 
(P=0.0168) in pooled patients with severe DED (baseline Schirmer’s score <5 mm).12,13 However, while OTX-101 
0.09% treatment improved ocular discomfort symptoms as assessed by global SANDE score in OTX-101 pooled 
clinical trials, this change was similar to that noted with vehicle at Day 84.12 Additionally, there was no significant 
difference between OTX-101 0.09% and vehicle treatment groups in change from baseline in TBUT at any time point 
during the phase 2b/3 study.8

It should be noted that, while numerically greater changes in conjunctival staining, corneal staining, and TBUT were 
observed for OTX-101 0.09% vs vehicle at Day 14, these differences were not statistically significant. Interestingly, 
compared to patients on OTX-101 0.09%, patients receiving vehicle showed numerically greater improvement in 
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Figure 2 Least squares mean change from baseline in tear breakup time at Day 14. 
Abbreviation: SE, standard error.
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Figure 3 Least squares mean change from baseline in modified SANDE total global symptom score at Day 14. 
Abbreviations: SANDE, Symptom Assessment iN Dry Eye; SE, standard error.
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modified SANDE total global symptom scores. Vehicle may therefore provide palliative lubrication of the ocular surface 
but does not target the underlying disease pathology.14

This study included limited efficacy assessments; future research may incorporate additional analyses like tear 
production quantification. Additionally, the modified SANDE instrument used for symptom evaluation only assessed 
ocular dryness and irritation. Future analyses may use other patient-reported tools to better understand the subjective 
patient experience.

Conclusion
OTX-101 0.09% appeared to rapidly improve ocular surface signs of DED and demonstrated a numerically greater 
treatment effect in conjunctival staining, corneal staining, and TBUT compared with vehicle after 14 days; symptom 
improvement was similar for OTX-101 0.09% and vehicle at Day 14.

Data Sharing Statement
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