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Purpose: Dry eye disease (DED) causes discomfort and potential damage to the surface of the eye, commonly managed with artificial 
tears. We assessed symptom relief, tolerability, and patient experience of a novel carboxymethyl-cellulose–based artificial tear 
formulation with trehalose and sodium hyaluronate (ABBV-444) in patients with DED.
Methods: This open-label, single-arm, single center study enrolled adult patients with baseline Ocular Surface Disease Index (OSDI) 
scores of ≥18 and ≤65. Patients were instructed to use ABBV-444 as often as needed but at least twice a day for 30 days. The primary 
endpoint was change from baseline in OSDI score at Day 30. Secondary endpoints were onset of action (change from baseline in current 
symptom survey [CSS] visual analog scale [VAS] scores over 5 minutes post administration on Day 1) and patients’ experience (change 
from baseline in Patient Eye Drop Experience [PEDE] survey VAS scores at Day 30). Outcomes were assessed in the per-protocol (PP) 
population using descriptive statistics. A paired t-test was performed to calculate P-values.
Results: A total of 34 patients were included in the PP population. DED severity, measured by OSDI, significantly decreased by a mean 
(standard deviation; SD) score of 6.8 (15.0) points from baseline to Day 30 (P=0.006). Patients showed significant symptom improvement as 
early as 30 seconds after application, with mean (SD) CSS changes from baseline of −3.3 (10.3) points at 30 seconds (P=0.03) and −10.1 (10.6) 
points at 5 minutes post-dose (P<0.001). No adverse events were reported. PEDE scores averaged between 76.4 (36.7) and 85.7 (21.0) at Day 30.
Conclusion: Continuous daily treatment with ABBV-444 reduced DED symptom severity over 30 days and demonstrated rapid onset 
of action within 30 seconds post administration. These results suggest that ABBV-444 is a viable therapy for DED symptoms and 
support further investigation of longer-term treatment in multicenter trials.
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Introduction
Dry eye disease (DED) is a multifactorial disease of the ocular surface, characterized by the loss of homeostasis of the 
tear film1 and symptoms such as ocular pain and discomfort, blurred vision, and poor sleep quality.2 Dry eye symptoms 
can reduce quality of life by impacting individuals’ ability to participate in work and other daily actions, including 
reading and driving.3 DED is thought to be caused by tear film instability and hyperosmolarity, which lead to 
inflammation, damage of the ocular surface, and neurosensory abnormalities.1 The 2013 National Health and Wellness 
Survey found the prevalence of diagnosed DED in the US adult population to be 6.8%, with an additional 2.5% of the 
population believed to have undiagnosed DED.4 The incidence of DED increases with age, with an estimated prevalence 
of 3.4% of individuals aged 18–49, 11.3% of those aged ≥50 years, and 18.6% of those aged ≥75 years.4 There are also 
suggestions that the prevalence of DED is increasing in younger populations, with the trend hypothesized to be 
associated with a range of factors, such as extended screen usage.5–7 As a result, there has been increasing interest in 
early-onset DED.
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Artificial tears are often used as the primary therapy in patients with mild-to-moderate DED, and alone or in conjunction with 
pharmacotherapy and/or punctal plug surgery in patients with moderate-to-severe DED.8,9 Artificial tears provide lubrication and 
protection of the ocular surface, as well as relief from symptoms such as burning, irritation, and discomfort.10 These formulations 
typically contain water-soluble polymers that increase the viscosity and enhance retention time of the solution on the ocular 
surface.8 One such polymer is sodium carboxymethyl cellulose (Na CMC), which is widely used in artificial tears as a viscosity 
agent9 that binds to the corneal surface, thereby increasing tear retention time and promoting corneal wound healing.11 However, 
some patients continue to experience DED symptoms while using this therapy.12 Development of new formulations with greater 
efficacy is necessary to improve the treatment landscape for patients with DED.

Refresh Relieva® (AbbVie, US) is a multi-ingredient, preservative-free, Na CMC-based eye drop formulation. In 
a multicenter, double-masked, randomized, parallel-group, clinical comparison study, Refresh Relieva was found to be 
effective in reducing symptoms in patients with mild-to-severe DED.13 The overall incidence of treatment-related 
adverse events (AEs) in this study was low, with eye irritation the most common ocular AE reported.13

ABBV-444 (Refresh Relieva PF Xtra™), is a novel artificial tear formulation based on that of Refresh Relieva, with 
the addition of trehalose. Trehalose is a natural disaccharide that, in combination with hyaluronic acid (HA), has been 
shown to reduce tear osmolarity and inflammation, protect against desiccation, and improve corneal epithelial cell 
survival.14–17 The addition of trehalose to the formulation of ABBV-444 (making ABBV-444 the only artificial tears with 
CMC-HA and trehalose to date) is theorized to further enhance patient comfort. The objective of this study was to assess 
symptom relief, tolerability, and the overall patient experience of ABBV-444.

Materials and Methods
Study Design
As this was a proof-of-concept study, a single-center design was chosen. This single-arm, single-center, open-label study 
(NCT05878067) evaluated the subjective experience of patients with DED during treatment with ABBV-444 (Figure 1). 
Patients were instructed to administer 1–2 drops of ABBV-444 in each eye as needed, with a minimum dosage of twice 
daily. Patients were surveyed during study visits at screening, baseline (Day 1), Day 14, and Day 30. The study was 
conducted in accordance with the Declaration of Helsinki and approved by the Advarra Institutional Review Board prior 
to contact with patients. Eligible patients provided written informed consent and relevant patient information was 
recorded per standard of care into the institution’s patient health record management system.

Patients
This study included patients who were ≥18 years old, had used artificial tears for dry eyes within the past year, had an 
Ocular Surface Disease Index (OSDI) score of ≥18 and ≤65 (based upon a 0 to 100 scale) at screening and baseline visits, 
and had three consecutive Tear Break Up Time tests ≤10 seconds in at least one eye at screening visit. Patients were also 
eligible if they had Grade 1 to 4 (modified National Eye Institute Grid, score range = 0 to 5) staining in at least one area 
of the cornea (five areas examined) or conjunctiva (five areas examined) that was related to DED in at least one eye at 
both screening and baseline visits.

Figure 1 Study Design. 
Abbreviations: OSDI, Ocular Surface Disease Index; PEDE, Patient Eye Drop Experience; T, time point.
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Patients with uncontrolled severe systemic disease that would put the patient’s safety at risk, or an ocular condition in 
at least one eye that would prevent or confound protocol-specified assessments were excluded. Those currently using 
systemic medications that may affect tear film, topical ocular medications within 2 weeks of the screening visit, or 
receiving current treatment with an intraocular pressure-lowering medication, any form of topical ophthalmic cyclos
porine, or artificial tears were also excluded. Full eligibility criteria are shown in Supplementary Table 1.

Study Endpoints
The primary endpoint of this study was the change from baseline in OSDI score at Day 30. Secondary endpoints were 
change from baseline in current symptom survey (CSS) scores over 5 minutes post-administration on Day 1 and Patient 
Eye Drop Experience (PEDE) scores at Day 30. Exploratory endpoints included the change from baseline in OSDI scores 
and PEDE scores, both recorded at Day 14.

Surveys
DED symptom severity was assessed using the validated OSDI questionnaire.18 Patients were asked to record their 
responses to 12 questions describing common DED symptoms. These responses were then used to calculate an overall 
OSDI score of 0–100, with higher scores indicating more severe disease.

A CSS visual analog scale (VAS) survey was used to evaluate the onset of action of eye drops in terms of relief of 
symptoms. A 13-question PEDE VAS survey was used to evaluate patients’ short- and long-term subjective experience of 
symptom relief and tolerability (with a higher value indicating a better experience). Both the CSS and PEDE surveys 
were assessed using a 0 to 100-point VAS. Patients were instructed to mark a vertical line on the anchored VAS that best 
described their agreement with the statements within the questionnaire; these responses were then converted to 
a numerical value using Lumanity® software (Lumanity Ltd, Bethesda, MD).

A product usage questionnaire was used to assess patient compliance with study treatment. Patients completed the 
OSDI questionnaire at the screening visit, baseline visit (Day 1), and on Days 14 and 30. The CSS survey was 
administered pre-dose and at 30 seconds, 1 minute, 3 minutes, and 5 minutes post-dose on Day 1. The PEDE survey 
and study product usage questionnaire were completed on Days 14 and 30.

Statistical Analysis
The clinical trial site mailed the completed surveys back to Lumanity Ltd for data entry and analysis. VAS surveys (CSS 
and PEDE) used the average score of researchers’ individual measurements for data entry. Surveys not conducted using 
a VAS (OSDI and the Study Product Usage Questionnaire) had the data entered manually by one researcher and quality 
checked against the original source by a second researcher.

All analyses were performed in the per-protocol (PP) population, defined as all patients who were treated with ABBV-444 
and remained on treatment for the entire study period without significant protocol deviations, using Microsoft Excel software. 
The PP population was used because some patients in the intent-to-treat (ITT) population did not meet all the selection criteria 
for the study. Patient demographics, characteristics, and health information were summarized and reported in aggregate. All 
survey data were analyzed descriptively. Arithmetic mean, median, standard deviation (SD), standard error of the mean, 
interquartiles, minimum, and maximum were used for the description of the data. Where data points were missing, the mean 
of the data set without the missing values was calculated and imputed. A paired t-test was performed to calculate P-values.

Results
Study Disposition
A total of 40 patients were enrolled and received at least one dose of ABBV-444 and were included in the ITT population 
(Figure 2). Of the ITT population, 34 patients (85%) completed the study and were included in the PP population, while 
six patients (15%) were excluded from the PP population due to discontinuation of treatment (2, 5%) and protocol 
deviations (4, 10%). Of the four patients excluded due to protocol deviations, one patient had a baseline OSDI score <18 
and three had a baseline OSDI score >65. Due to these discrepancies, the PP population is presented here.
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Patient Demographics
Of the 34 patients in the PP population, 21 (61.8%) were female, the median age was 37.5 years (range 18–74), and 
baseline OSDI scores were moderate in 10 patients (29.4%) and severe in the remaining 24 patients (70.6%) (Table 1).

n=42
Screened

n=2
Not enrolled/dosed

n=40
Enrolled/dosed

n=38
Completed

n=4
Deemed protocol

deviations

n=2
Discontinued

Figure 2 Study Disposition. 
Notes: Of the four patients excluded from the PP population, one patient had a baseline OSDI score < 18 and three patients had a baseline OSDI score >65.

Table 1 Patient Demographics

PP Population  
(n=34)

Age (in years)

Mean (SD) 37.8 (15.2)

Median 37.5
Range 18–74

Sex, n (%)

Female 21 (61.8)

Male 13 (38.2)

Race, n (%)

White 32 (94.1)

Black or African American 1 (2.9)

Othera 1 (2.9)

Ethnicity, n (%)

Hispanic/Latino 32 (94.1)

Not Hispanic/Latino 2 (5.9)

Baseline OSDI score, n (%)

Mild (13–22) 0

Moderate (23–32) 10 (29.4)

Severe (33–100) 24 (70.6)

Note: aOne patient selected “Other” and specified “Native American.” 
Abbreviations: OSDI, Ocular Surface Disease Index; PP, per-protocol; SD, 
standard deviation.
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Dosing
Patients reported using ABBV-444 eye drops an average (SD) of 2.3 (0.7) times per day at Day 14, and 2.8 (1.5) times 
per day at Day 30.

Safety
No AEs were reported during the course of the study (Table 2).

Efficacy and Patient Experience
A significant reduction in DED symptom severity following administration of ABBV-444 was observed at Day 14 and 
Day 30, with mean (SD) changes from baseline in OSDI score of −8.1 (15.9) and −6.8 (15.0) points, respectively 
(P=0.002 and P=0.006) (Figure 3). Significant reductions in CSS scores following the first dose of ABBV-444 occurred 
in a time-dependent manner over the 5-minute period, with mean (SD) changes from baseline CSS score of −3.3 (10.3), 
−6.3 (10.2), −9.1 (10.7), and −10.1 (10.6) points from time point (T)0–30 seconds (P=0.03), T0–1 minute (P<0.001), 
T0–3 minutes (P<0.001), and T0–5 minutes (P<0.001) respectively, post dose (Figure 4). The PEDE survey question on 
continued comfort from eye dryness had the highest mean (SD) scores on Days 14 and 30, with ratings of 81.2 (21.3) and 
85.7 (21.0), respectively, at 30 minutes recall. The survey question pertaining to the study drops not causing stinging or 
burning had the lowest mean (SD) scores on Days 14 and 30, with ratings of 57.1 (42.9) and 76.4 (36.7), respectively, at 
5 minutes post-dose (Figure 5).

Discussion
Artificial tears are the primary treatment option for patients with DED due to their accessibility,9 ease of use, and ability 
to provide immediate relief of symptoms. The majority of patients with DED are prescribed artificial tear 
formulations,9,19 and so patients’ subjective experience is an important measure of efficacy. The addition of trehalose 
to ABBV-444 presents a new formulation with the goal of maintaining symptom relief while improving patient comfort. 

Table 2 Summary of Dosage and Safety from the Product Usage Questionnaire

PP Population  
(n=34)

Day 14

On average, how many times did you administer the eye drops per day?

Mean (SD) 2.3 (0.7)
Median 2.0

Range 1.0–4.5

Day 30

On average, how many times did you administer the eye drops per day?

Mean (SD) 2.8 (1.5)

Median 2.0
Range 1.5–6.5

AEs, n

Any AEs 0

Treatment-related AEs 0
Serious AEs 0

AEs leading to discontinuation 0

Abbreviations: AE, adverse event; PP, per-protocol; SD, standard deviation.
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Our study used multiple subjective measures to comprehensively evaluate the efficacy, patient experience, and eye drop 
experience of ABBV-444 in patients with DED.

In this descriptive study, use of ABBV-444 at least twice daily was associated with a significant reduction in 
symptom severity and a positive patient experience among individuals with DED. ABBV-444 demonstrated an onset of 
action as early as 30 seconds in reducing symptoms of DED. Patients reported consistently improved experiences in 
PEDE survey questions on Day 30 compared with Day 14. The best patient experience recorded was related to 
continued comfort from eye dryness, and the lowest PEDE score recorded was related to stinging and burning in the 
eyes. ABBV-444 eye drops showed a favorable tolerability and safety profile, notably with no AEs observed. Clinical 
trials of other Refresh formulations of artificial tears showed they were well tolerated, with eye irritation reported as 
the most common AE.13

The continued DED symptom relief reported in this study is consistent with the results of previous studies 
investigating eye drop formulations containing CMC-HA or trehalose plus HA.20,21 In a study of 384 patients with 
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Figure 3 Change from Baseline in OSDI Score from Day 14 to Day 30. 
Notes: Error bars show the SD. *P<0.05. 
Abbreviation: OSDI, Ocular Surface Disease Index; SD, standard deviation.
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DED who were examined using a Schirmer’s test to measure ocular tear production, patients treated with 0.1% sodium 
hyaluronate Hylotears containing trehalose had a significantly higher mean Schirmer’s test value compared with patients 
receiving the standard formulation (P<0.001) after 8 weeks, indicating improved tear production.22 In a separate study, 
273 women with DED were evaluated using OSDI scoring. Patients receiving trehalose and HA-containing eye drops 
reported a significant reduction from baseline in DED symptoms (P<0.0001).21 In other prior studies, the addition of 
trehalose has been shown to improve tear film instability in patients undergoing cataract surgery23,24 and CMC-HA has 
enhanced recovery of the ocular surface in patients post-laser assisted in situ keratomileusis (LASIK®).25

As is typical for descriptive studies, interpretation of this study is subject to a number of limitations. These include its 
uncontrolled, single-group, single-center design, the small number of included patients, the exclusion of six patients from 
the PP population, and the subjective nature of the patient experience questionnaires.

In conclusion, this proof-of-concept patient-experience study demonstrated that ABBV-444 eye drops are an effective 
short-term therapy for symptom relief in patients with DED, reducing DED symptoms and severity over a 30-day period. 
Patients reported rapid symptomatic relief after administration and a favorable eye drop experience. Additionally, ABBV-444 
was well tolerated. To evaluate the longer-term effects of ABBV-444 in reducing both the symptoms and signs of DED in 
patients, a larger patient population across multiple clinical centers with a longer duration is currently underway.

Abbreviations
AE, adverse event; CMC, carboxymethyl cellulose; CMC-HA, carboxymethylcellulose-hyaluronic acid; CSS, current 
symptom survey; DED, dry eye disease; HA, hyaluronic acid; ITT, intent-to-treat; LASIK, laser assisted in situ 
keratomileusis; NA CMC, sodium carboxymethyl cellulose; OSDI, Ocular Surface Disease Index; PEDE, patient eye 
drop experience; PP, per-protocol; SD, standard deviation; VAS, visual analog scale.

Data Sharing Statement
AbbVie is committed to responsible data sharing regarding the clinical trials we sponsor. This includes access to 
anonymized, individual, and trial-level data (analysis data sets), as well as other information (eg, protocols, clinical 
study reports, or analysis plans), as long as the trials are not part of an ongoing or planned regulatory submission. This 
includes requests for clinical trial data for unlicensed products and indications. These clinical trial data can be requested by 
any qualified researchers who engage in rigorous, independent, scientific research, and will be provided following review 
and approval of a research proposal, Statistical Analysis Plan (SAP), and execution of a Data Sharing Agreement (DSA). 
Data requests can be submitted at any time after approval in the US and Europe and after acceptance of this manuscript for 
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publication. The data will be accessible for 12 months, with possible extensions considered. For more information on the 
process or to submit a request, visit the following link: https://www.abbvieclinicaltrials.com/hcp/data-sharing/.
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