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ABSTRACT

Introduction: The study aimed to evaluate
multi-symptom relief of dry eye manifestations
with the use of propylene glycol-hydrox-
ypropyl-guar (PG-HPG) nanoemulsion lubricant

eye drops, among subjects with dry eye disease
(DED).
Methods: This was a post-marketing,
prospective, single-arm study conducted in
the USA. Subjects aged C 18 years, with tear
breakup time (TBUT) B 10 s for both eyes,
dry eye questionnaire-5 (DEQ-5) ‘‘watery
eyes’’ symptom score 1–4, symptoms of
burning/stinging, sore and tired eyes as
determined by impact of dry eye on every-
day living—symptom bother (IDEEL-SB)
questionnaire, and IDEEL-SB score 16–65
were included. Subjects were required to
complete IDEEL-SB and DEQ-5 at days 0,
14 ± 2, and 28 ± 2, and self-administer one
drop of PG-HPG four times daily for
28 ± 2 days. Primary endpoints were change
from baseline at day 28 in symptoms of sore,
stinging/burning, and tired eyes on IDEEL-
SB; and symptom of watery eyes on DEQ-5.
Other endpoints evaluated were corneal
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staining and TBUT at baseline and
day 28 ± 2; symptom relief (5-point Likert
scale) at day 28 ± 2, and safety.
Results: Of 119 subjects enrolled, 95 com-
pleted the study (mean ± SD age
61.2 ± 13.0 years; female 69.5%). Mean IDEEL-
SB scores reduced significantly from baseline
at day 28 for symptoms of aching/sore eyes
(change from baseline - 1.0 ± 1.1), burning/
stinging eyes (change from baseline
- 1.1 ± 0.9), and tired eyes (change from
baseline - 1.1 ± 1.0) (all p\ 0.0001). Mean
DEQ-5 score for watery eye symptoms signifi-
cantly reduced from baseline at day 28
(change from baseline - 0.9 ± 1.0,
p\0.0001). Corneal staining at day 28 was
comparable to baseline. TBUT improved from
baseline to day 28. On a Likert scale, more
than 50% of subjects reported relief from
symptoms of sore, stinging, and burning eyes.
Three (3.1%) subjects reported treatment-
emergent adverse events (non-ocular).
Conclusions: PG-HPG nanoemulsion lubri-
cant eye drops significantly improved
multiple dry eye symptoms in subjects with
DED over 28 days, with no new safety
concerns.
Trial Registration: ClinicalTrials.gov Identifier,
NCT05056155.

Keywords: Artificial tears; Dry eye symptoms;
Multi-symptom relief; Tired; Watery

Key Summary Points

Why carry out this study?

Propylene glycol-hydroxypropyl-guar (PG-
HPG) nanoemulsion lubricant eye drops are
indicated for the temporary relief of burning
and irritation due to dryness of the eye.

There is a need to assess the effects of these
eye drops in relieving multiple symptoms of
dry eye comprehensively in the real world.

This study aimed to evaluate multi-symptom
relief (sore, watery, stinging, burning, and
tired eyes) of dry eyes with the use of PG-
HPG nanoemulsion lubricant eye drops
among subjects with dry eye disease (DED).

What was learned from the study?

PG-HPG nanoemulsion lubricant eye drops
significantly improved symptoms of
aching/sore, burning/stinging, and tired
eyes, as evaluated by IDEEL-SB scores at
day 28 in subjects with DED; the
improvement in symptoms was also
clinically meaningful.

The eye drops significantly improved the
symptom of watery eyes, as evaluated by
DEQ-5 scores, at day 28.

PG-HPG nanoemulsion lubricant eye drops
provided multi-symptom relief in subjects
with DED, as early as day 14, with no new
safety concerns.

INTRODUCTION

Dry eye disease (DED) is a multifactorial ocular
surface disease characterized by a loss of tear
film homeostasis and accompanied by symp-
toms such as eye discomfort and visual distur-
bances [1–3] that may impair quality of life of
patients with dry eye [4, 5]. DED is a common
condition that has impacted at least 344 million
people worldwide, and at least 30 million

482 Ophthalmol Ther (2024) 13:481–494



people in the USA alone [1, 3]. The prevalence
of DED ranges widely from 5% to 50% with or
without symptoms, and up to 75% based on
signs alone [3, 6]. Further, the prevalence
increases with age (18–34 years vs C 75 years,
2.7% vs 18.6%), and is higher among women
than men (8.8% vs 4.5%) in the USA [7]. The
estimated prevalence is also high among visual
display terminal users (e.g., computers and
smartphones users; 9.5–87.5%) [8].

DED is etiologically classified as aqueous
deficient dry eye (ADDE), evaporative dry eye
(EDE), and mixed DED [3, 9]. ADDE occurs as a
result of a decrease in tear production by the
lacrimal gland [3]. EDE is more common and
occurs as a result of conditions that affect the
eyelid (e.g., meibomian gland dysfunction and
blink abnormalities) or ocular surface (e.g.,
mucin deficiency and contact lens wear) that
result in abnormal lipid secretion, tear film
instability, and excessive evaporation of tears
[3, 10]. As DED progresses, it adapts the char-
acteristics of both ADDE and EDE simultane-
ously, known as mixed DED [3, 10].

The mainstay of DED treatment is the use of
artificial tear drops or lubricant eye drops [9].
Most of the artificial tear drops are formulated
to supplement either the lipid or aqueous layer
of the tear film in dry eye [11]. As DED pro-
gresses, both ADDE and EDE overlap and
become clinically prominent [10]; this necessi-
tates supplementing both aqueous and lipid
layers of the tear film [12]. Propylene glycol-
hydroxypropyl-guar (PG-HPG) nanoemulsion
lubricant eye drop is formulated to replenish
and restore both lipid and aqueous layers of the
tear film [13, 14]. PG-HPG nanoemulsion
lubricant eye drops have been evaluated in
several preclinical [15, 16] and clinical [17–20]
studies, and have been found to be safe and
effective in terms of alleviating the signs and
symptoms of DED.

Further, clinical studies demonstrated that
PG-HPG nanoemulsion lubricant eye drop was
well tolerated and effective in relieving dry eye
symptoms, reducing ocular discomfort, and
providing soothing sensation in patients with
DED, regardless of the subtype (EDE, ADDE, and
mixed DED) [17, 18]. The drops also enhance
tear film stability, and improve lipid layer

thickness/grade in subjects with suboptimal
lipid layer thickness in DED [19–21]. Moreover,
PG-HPG nanoemulsion eye drops provide pro-
phylactic benefits against adverse environmen-
tal conditions in subjects with DED, by
preserving tear film quality and reducing ocular
discomfort [21]. The PG-HPG nanoemulsion eye
drops are indicated for the temporary relief of
burning and irritation due to dryness of the eye,
and for the temporary relief of discomfort due
to minor irritations of the eye or exposure to
wind or sun [22]; and are intended for use in
subjects with DED.

As a result of the multifactorial nature of the
disease, the management of DED is complicated
[9]. It depends on the severity of symptoms as
well as signs; and the treatment plan may
involve one or more interventions based on the
etiology and symptoms [9]. Further, managing
multiple symptoms of DED can be challenging
because of the complex nature of the disease
and wide variation in symptoms [23]. The DED
symptoms encompass a broad range of patient-
reported experiences (other than discomfort
and visual disturbances), such as dryness,
stinging, burning, itching, blurry vision, tired
eyes, and redness that negatively impact
patient’s quality of life [3, 24, 25]. A treatment
approach that targets multiple symptoms of
DED and provides multi-symptom relief to
patients is crucial. Furthermore, symptoms of
DED are a common trigger for subjects to pursue
eye care, and consequently have emerged as
crucial outcome measures for clinicians and
investigators in clinical studies to assess the
impact of DED treatments. Previous studies
have reported the efficacy of PG-HPG
nanoemulsion lubricant eye drops in relieving
overall dry eye symptoms [17–20]; however, to
date, no study has assessed the effects of these
eye drops in relieving multiple symptoms of dry
eye comprehensively. We hypothesized that, as
evident in the previous clinical efficacy studies
[17–20], the use of PG-HPG nanoemulsion
lubricant eye drops might be effective in pro-
viding relief from multiple symptoms of dry
eyes in real-world clinical settings. Hence, this
post-marketing clinical study aimed to evaluate
multi-symptom (sore, watery, stinging, burn-
ing, and tired eyes) relief with the use of PG-
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HPG nanoemulsion lubricant eye drops among
subjects with DED.

METHODS

Study Design

This was a post-marketing, prospective, inter-
ventional, single-arm study conducted to eval-
uate multi-symptom relief with the use of PG-
HPG nanoemulsion lubricant eye drops, over
28 days, in subjects with DED at four clinical
sites in the USA from November 2021 to March
2022 (NCT05056155).

Eligibility Criteria
This study included subjects aged C 18 years
who had tear breakup time (TBUT) B 10 s for
both eyes; dry eye questionnaire-5 (DEQ-5)
‘‘watery eyes’’ symptom score 1–4; impact of dry
eye on everyday living—symptom bother
(IDEEL-SB) questionnaire score of 16–65; and
the symptoms of burning, stinging, sore, and
tired eyes as determined by the IDEEL-SB ques-
tionnaire. Some of subjects were non-treatment
naı̈ve. Subjects were required to be willing to
discontinue the use of their habitual artificial

tear supplements for the duration of the study.
Subjects using cyclosporine/other topical dry
eye prescriptive medications were required to be
on a stable dosing regimen for at least 60 days
before enrollment.

Subjects were excluded from the study if they
had current punctal plugs/occlusion; or had
clinically significant corneal scarring, corneal
degeneration, and/or dystrophy, blepharitis in
either eye, or meibomian gland disease as
determined by the investigator. Subjects who
used contact lenses within 1 week before
screening or who were unwilling to avoid con-
tact lens use during the study were excluded.
Subjects using any systemic medications known
to cause dry eye within the 1 month before
screening were also excluded.

Study Visits and Treatment
Subjects participated in the study for approxi-
mately 28 days. The screening/baseline visit (in-
clinic) on day 0 was followed by a phone call on
day 14 ± 2 and a follow-up visit (in-clinic) on
day 28 ± 2 (Fig. 1). On day 0, subjects were
assessed for eligibility, and eligible subjects
received the first dose of PG-HPG nanoemulsion
lubricant eye drops (SYSTANETM Complete,

Fig. 1 Study design and patient disposition. HPG, hydroxypropyl guar; PG, propylene glycol
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Alcon Laboratories, Inc., Fort Worth, TX, USA;
1 mL drop [0.6%]). Subjects were required to
self-administer one drop for four times daily for
28 ± 2 days.

On day 0, subjects were asked to complete
electronic patient questionnaires (IDEEL-SB and
DEQ-5) on their own electronic device (smart-
phone or tablet). Subjects were also asked to
complete electronic patient questionnaires at
day 14 ± 2 (IDEEL-SB and DEQ-5) and at
day 28 ± 2 (IDEEL-SB, DEQ-5, and Likert ques-
tionnaire). In addition, subjects were instructed
to document their eye drop dosing information
on a daily basis in an electronic diary.

Study Endpoints

Primary endpoint was the change from baseline
at day 28 in symptoms of sore, stinging/burn-
ing, and tired eyes assessed using IDEEL-SB
questionnaire, and symptom of watery eyes
assessed using DEQ-5. Other endpoints were
frequency and bothersomeness of symptoms on
IDEEL-SB, frequency and intensity of symptoms
on DEQ-5, corneal staining, osmolarity, binoc-
ular best-corrected visual acuity (BCVA; log-
MAR), and TBUT evaluated at baseline and
day 28 ± 2; and symptom relief evaluated using
Likert questionnaire on day 28 ± 2.

Safety endpoints included adverse events
that were reported throughout the study period.
Subjects were monitored for any untoward
changes in their health or changes in any
parameters including the administered ques-
tionnaires. Any untoward changes in a param-
eter or questionnaire were considered as
clinically significant and reported as an AE.
Further, any clinically significant worsening of
baseline conditions or new conditions detected
in subjects after instillation of the study eye
drops were reported as AEs.

Biomicroscopic findings, ocular signs for
each eye (such as aqueous flare and aqueous
cells), were assessed by slit lamp biomicroscopy
at baseline and day 28 ± 2.

Study Measures/Assessments

Data on subjects’ demographic characteristics
and medical history were collected at baseline.
The IDEEL-SB module consists of 20 questions
that assess general dry eye symptoms experi-
enced/reported by subjects over the last
2 weeks. Question 1 (dry eye symptom fre-
quency) is scored on a 5-point Likert-scale
(0 = none of the time, 1 = a little of the time,
2 = some of the time, 3 = most of the time, and
4 = all of the time). Questions 2–20 (symptom
bothersomeness) are scored on a 5-point Likert-
scale (0 = I did not have this symptom/not
applicable, 1 = not at all bothered, 2 = slightly
bothered, 3 = moderately bothered, and
4 = very much bothered). The overall IDEEL-SB
score is calculated as the mean value of the non-
missing item scores for questions 1–20 multi-
plied by 25. The scores for individual symptom
ranges from 0 to 4, with lower scores indicating
less bothersomeness. The overall resultant cal-
culated score ranges from 0 to 100, where
higher scores indicate greater symptom bother
[26, 27].

The DEQ-5 consists of five questions that
assess the subject-reported symptoms of eye
discomfort, eye dryness, and watery eyes during
a typical day in the past month. The symptoms
are scored on a scale of 0 to 4 (frequency:
0 = never, 1 = rarely, 2 = sometimes, 3 = fre-
quently, and 4 = constantly) or 0 to 5 (intensity:
0 = never have it, 1 = not at all intense, and
5 = very intense). The scores range from 0 to 22
[28].

Corneal fluorescence staining was evaluated
for five corneal regions (central, superior, infe-
rior, temporal, and nasal). Each of the five cor-
neal regions were graded using the National Eye
Institute (NEI) grading scale of 0–3 (0 = normal,
negative slit lamp findings; 1 = mild, superficial
stippling; 2 = moderate, punctate staining
including superficial abrasion of the cornea; 3 =
severe, abrasion or corneal erosion, deep cor-
neal abrasion, or recurrent erosion) [29].

Tear stability was measured as TBUT using
sodium fluorescein (NaFl) strip technique; and
the average of three measurements was calcu-
lated. Osmolarity was assessed using the Tearlab
osmolarity system.
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Further, the symptom relief was assessed
using a Likert questionnaire containing five
questions (5-point scale: strongly agree, agree,
neither agree nor disagree, disagree, strongly
disagree). The BCVA (logarithm of the mini-
mum angle of resolution, logMAR) was also
evaluated.

Ethical Considerations

This study was conducted in accordance with
the Declaration of Helsinki and Council for
International Organizations of Medical Sciences
(CIOMS) International Ethical Guidelines,
International Council for Harmonization (ICH)
GCP guidelines. The study protocol and
informed consent form were reviewed and
approved by the Institutional Review Board
(IRB), Advarra IRB (Columbia, MD) before study
commencement; and written informed consent
was obtained from each subject before enroll-
ment in the study.

Statistical Analysis

Statistical analyses were performed using SAS�

software v9.4 (SAS Institute Inc., Cary, NC).
Categorical variables were summarized as
counts and percentages; continuous variables
were summarized as means and standard devi-
ations (SDs).

Endpoints were analyzed for both per-pro-
tocol and safety analysis sets of subjects. The
safety analysis set included subjects who
received at least one dose of eye drops; and the
per-protocol (PP) analysis set was a subset of the
safety analysis set and only included subjects
who met eligibility criteria and completed the
study. Here we report the primary and other
endpoint results for the per-protocol set, and
safety results for the safety analysis set.

Primary endpoints: The changes in symptom
scores from baseline at day 28 (for each of the
four symptoms) were analyzed using paired
t tests (corroborated with Wilcoxon signed-rank
test). To control the testing of multiple end-
points, the Holm method was implemented
with an initial a level of 0.0125 (0.05/4) to
assess superiority. The p value comparisons of

0.0125, 0.0167, 0.025, and 0.05 for the four
endpoints were based on the initial a of 0.05. All
other endpoints were each summarized
descriptively. No inferential testing was carried
out.

Sample Size

Sample size was based on a prior clinical study
[30] that evaluated the symptom bother module
of the IDEEL questionnaire in subjects with
evaporative DED. As a result of the lack of val-
idation and relevant data on clinically mean-
ingful difference for individual items of the
IDEEL-SB questionnaire and DEQ-5, a sample
size of 78 was calculated on the basis of 87%
power (slightly higher power than the standard
80%) and a one-sided a of 0.01.

RESULTS

A total of 119 subjects were enrolled in this
study, of whom 23 were excluded because of
screen failure, technical reasons, ongoing
treatment with prohibited medication, or other
reasons. Thus, overall, 96 subjects were inclu-
ded in the safety analysis set, and 95 subjects in
the PP analysis set (one subject in the safety
analysis set discontinued because of an adverse
event) (Fig. 1).

Demographics and Clinical Characteristics

The mean ± SD age of subjects in the PP anal-
ysis set was 61.2 ± 13.0 years; the majority were
female (69.5%), of white race (94.7%), and not
of Hispanic or Latino ethnicity (95.8%)
(Table 1). Additional information, such as
medical history and treatment compliance of
the subjects, is detailed in Table 1.

The IDEEL-SB scores (mean ± SD) of the
subjects at baseline were 2.4 ± 0.7 for aching or
sore eyes; 2.7 ± 0.6 for burning or stinging eyes,
and 2.8 ± 0.6 for tired eyes. At baseline, the
overall mean ± SD DEQ-5 score was 13.8 ± 2.6
and the mean ± SD DEQ-5 watery eyes symp-
tom score was 2.1 ± 0.8.
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Primary Endpoints: Changes in Aching/
Sore, Burning/Stinging, Tired Eyes
Symptom Scores on IDEEL-SB and Watery
Eyes Symptom Scores on DEQ-5,
from Baseline at Day 28

The IDEEL-SB scores reduced significantly from
baseline at day 28 for aching or sore eyes
(mean ± SD, 1.4 ± 0.9; change from baseline
- 1.0 ± 1.1), burning or stinging eyes,
(mean ± SD, 1.6 ± 0.9; change from baseline
- 1.1 ± 0.9), and tired eyes (mean ± SD,
1.7 ± 0.9; change from baseline - 1.1 ± 1.0)
(all p\0.0001) (Fig. 2).

Furthermore, the DEQ-5 score for symptom
of watery eyes was decreased significantly from
baseline at day 28 (mean ± SD, 1.3 ± 1.0;
change from baseline - 0.9 ± 1.0) (p\ 0.0001)
(Fig. 3).

Other Endpoints

Changes in Aching/Sore, Burning/Stinging,
Tired Eyes Symptom Scores on IDEEL-SB
and Watery Eyes Symptom Scores on DEQ-5,
from Baseline at Day 14
A significant reduction in IDEEL-SB scores was
observed from baseline at day 14 for aching or

Table 1 Demographics and clinical characteristics of
subjects (in per protocol set) at baseline

Characteristics Overall
(n = 95)

Age, mean ± SD years 61.2 ± 13.0

Gender, n (%)

Female 66 (69.5)

Male 29 (30.5)

Race, n (%)

White 90 (94.7)

Black or African American 1 (1.1)

American Indian or Alaska Native 1 (1.1)

Asian 1 (1.1)

Native Hawaiian or Other Pacific Islander 0 (0.0)

Multiple races 1 (1.1)

Not reported 1 (1.1)

Ethnicity, n (%)

Hispanic or Latino 4 (4.2)

Not Hispanic or Latino 91 (95.8)

Medical history, n (%)

Eye disorders 61 (64.2)

Vascular disorders 52 (54.7)

Metabolism and nutrition disorders 36 (37.9)

Immune system disorders 33 (34.7)

Surgical and medical procedures 30 (31.6)

Psychiatric disorders 30 (31.6)

Previous medicationsa, n (%) 80 (84.2%)

Concomitant medicationsb, n (%) 80 (84.2%)

Treatmentc compliance

Treatment days, mean ± SD days 26.1 ± 5.8

Average actual treatment dose per day,

mean ± SD doses

3.9 ± 0.2

Dry eye symptom scores at baseline

IDEEL-SB scores, mean ± SD

Aching or sore eyesd 2.4 ± 0.7

Table 1 continued

Characteristics Overall
(n = 95)

Burning or stinging eyesd 2.7 ± 0.6

Tired eyesd 2.8 ± 0.6

DEQ-5 score, mean ± SD 13.8 ± 2.6

DEQ-5 5-item dry eye questionnaire, IDEEL-SB impact of
dry eye on everyday living—symptom bother, SD standard
deviation
aSubjects who have taken any ocular medications or rele-
vant systemic medications within past 30 days prior to
enrolment
bSubjects who have taken any ocular medications or rele-
vant systemic medications while on the study
cPG-HPG nanoemulsion lubricant eye drops
dScores range from 0 to 4, with lower scores indicating less
bothersomeness
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sore eyes (mean ± SD, 1.6 ± 0.9; change from
baseline - 0.8 ± 1.0), burning/stinging eyes
(mean ± SD, 1.9 ± 0.9; change from baseline
- 0.8 ± 1.0), and tired eyes (mean ± SD,
2.0 ± 0.8; change from baseline - 0.8 ± 0.9)
(all p\0.0001) (Fig. 2).

The DEQ-5 score for symptom of watery eyes
was decreased significantly from baseline at
day 14 (mean ± SD, 1.6 ± 0.9; change from
baseline - 0.6 ± 0.9) (p\0.0001) (Fig. 3).

IDEEL-SB: Changes in Frequency
and Bothersomeness of Symptoms
The percentage of subjects with no symptom of
aching or sore eyes or who were ‘‘not at all’’
bothered by the symptom at baseline (4.3%)
increased at day 14 (45.2%) and day 28 (57.5%)
on IDEEL-SB. Consequently, percentage of sub-
jects who were ‘‘very much’’ or ‘‘moderately’’
bothered by aching or sore eyes at baseline

(34.0%) showed a reduction at day 14 (10.7%)
and day 28 (8.0%) (Table S1). Similarly, the
percentage of subjects with no symptom of
burning/stinging eyes or who were ‘‘not at all’’
bothered by the symptom increased from base-
line (1.1%) to day 14 (28.6%) and day 28
(44.8%) on IDEEL-SB. Further, the percentage of
subjects who had no symptom of tired eyes or
were ‘‘not at all’’ bothered by tired eyes
increased from baseline (0.0%) to day 14
(21.4%) and day 28 (41.4%); consequently, the
percentage of subjects who were ‘‘very much’’ or
‘‘moderately’’ bothered by symptom of tired
eyes at baseline (68.1%) reduced at day 14
(20.2%) and day 28 (17.2%) on IDEEL-SB. Sim-
ilar trends were observed for the frequency of all
other symptoms on the IDEEL-SB questionnaire
(Table S1).

Fig. 2 Changes in IDEEL-SB scores for dry eye symptoms
from baseline at day 14 and day 28. Error bars represent
standard deviation. *p\ 0.0001 for mean changes in
IDEEL-SB scores from baseline at day 14 and day 28. A

paired t test was used on the mean changes from baseline
at day 14 and day 28; corroborated with Wilcoxon signed-
rank test. IDEEL-SB, Impact of dry eye on everyday
living—symptom bother
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DEQ-5: Changes in Frequency and Intensity
of Symptoms
On DEQ-5, the percentage of subjects reporting
symptom of watery eyes as ‘‘frequently’’ or
‘‘constantly’’ at baseline (30.9%) decreased to
13.6% at day 14 and 12.4% at day 28; whereas
the percentage of subjects reporting ‘‘never’’ or
‘‘rarely’’ experiencing the watery symptom at
baseline (23.4%) increased to 51.9% at day 14
and 65.2% at day 28 (Table S2). Furthermore,
similar results were observed for the frequency
and intensity of other symptoms (eye discom-
fort and dryness) on DEQ-5 (Table S2).

Corneal Staining
The majority of the subjects had ‘‘normal, neg-
ative slit lamp findings’’ or ‘‘mild, superficial
stippling’’ for the five zones assessed at baseline;
the results at day 28 were comparable to the
baseline data (Table S3).

Osmolarity
Osmolarity was comparable at baseline (OD,
310.6 ± 20.7; OS, 305.5 ± 18.1) and day 28
(OD, 309.3 ± 21.7; OS, 306.5 ± 17.5).

Visual Acuity
Visual acuity (logMAR) was also found to be
comparable at baseline (OD, 0.03 ± 0.12; OS,
0.03 ± 0.12) and day 28 (OD, 0.01 ± 0.12; OS,
0.01 ± 0.13) (Table S4).

Tear Breakup Time
TBUT (seconds) increased/improved from base-
line (OD, 5.6 ± 2.2; OS, 5.1 ± 2.0) to day 28
(OD, 7.3 ± 3.1; OS, 6.5 ± 2.6) (Table S4).

Dry Eye Symptom Relief Using Likert
Questionnaire
For the dry eye symptom relief (Likert ques-
tionnaire), more than 50% of subjects reported
relief (agreed/strongly agreed) from symptoms
of sore eyes (59.8%), stinging eyes (55.2%), and
burning eyes (52.9%) at day 28 (Fig. 4) whereas
48.3% and 36.8% of subjects reported relief
from symptoms of tired eyes and watery eyes at
day 28, respectively.

Safety

Of the 96 subjects in the safety analysis set, 3
(3.1%) experienced treatment-emergent adverse
events (TEAEs) of non-ocular nature: COVID-19
infection (n = 1), herpes zoster (n = 1), and
kidney infection (n = 1); none were related to
the study treatment. One subject (1.0%) expe-
rienced a serious adverse event (SAE, kidney
infection; not related to study treatment)
(Table S5). There were no deaths reported in the
study. No subjects had aqueous flare or aqueous
inflammatory cell in slit lamp biomicroscopy at
baseline and at day 28 (Table S5).

DISCUSSION

This post-marketing, prospective, interven-
tional, single-arm, multicenter clinical study
evaluated the effects of PG-HPG nanoemulsion
lubricant eye drops in providing relief from
multiple symptoms of dry eye (sore, watery,
stinging, burning, and tired eyes) in subjects
with DED, over a period of 28 days.

The mean IDEEL-SB scores for symptoms of
aching/sore, stinging/burning, and tired eyes

Fig. 3 Change in DEQ-5 scores for watery eyes symptom
from baseline at day 14 and day 28. Error bars represent
standard deviation. *p\ 0.0001 for mean changes in
DEQ-5 scores (watery eyes) from baseline at day 14 and
day 28. A paired t test was used on the mean changes from
baseline at day 14 and day 28; corroborated with Wil-
coxon signed-rank test. DEQ-5, 5-item dry eye
questionnaire
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significantly reduced from baseline at day 28
(change from baseline - 1.0 ± 1.1, - 1.1 ± 0.9,
and - 1.1 ± 1.0 respectively; all p\ 0.0001)
with PG-HPG nanoemulsion lubricant eye
drops. The results suggest that improvements in
these symptoms at day 28 were clinically
meaningful (at least a 1-point reduction at
individual item level from the IDEEL-SB ques-
tionnaire). The IDEEL-SB questionnaire has
been previously applied to assess symptom
improvement in subjects with EDE by Wesley
et al. [30]. Further, a 12-point shift in the IDEEL-
SB module score is considered as clinically
important difference that relates to a self-report
of global change in dry eye condition after the
treatment [27]. On the basis of this, in the study
conducted, an item-level change of 1 in IDEEL-
SB was considered to be a clinically meaningful
difference. Additionally, significant improve-
ments in aching/sore eyes, stinging/burning
eyes, and tired eyes symptoms on the IDEEL-SB
were also observed as early as day 14 (all
p\0.0001), demonstrating quick improvement
in dry eye symptoms. Further, improvements
were observed for all other symptoms assessed
in the IDEEL-SB in the present study.

DEQ-5 score for symptom of watery eyes
improved significantly from baseline at day 14
and day 28 (both p\0.0001). Similarly, DEQ-5
scores for other symptoms (eye dryness and
discomfort) also significantly improved from
baseline at day 14 and day 28 (all p\ 0.0001).
Thus, our findings indicate that PG-HPG
nanoemulsion lubricant eye drops can provide
dry eye symptom relief in subjects with DED
and are consistent with those reported in pre-
vious studies using other instruments (e.g.,
ocular surface disease index [OSDI], ocular dis-
comfort visual analogue scale [VAS]) [18–20];
however, heterogeneity in methods and symp-
tom assessment tools may limit the direct
comparison of the present study results with
previous studies. A prospective study by Craig
et al. demonstrated that instillation of PG-HPG
nanoemulsion lubricant eye drops QID, over
6 months, significantly reduced OSDI, DEQ-5,
and symptom assessment in dry eye (SANDE)
dry eye symptomology scores from day 30
onwards (all p\ 0.001), with reduction in the
scores being sustained for up to 180 days (all
p B 0.01) [19]. Similarly, a phase IV study eval-
uating the safety and efficacy of PG-HPG

Fig. 4 Subject-reported relief from dry eye symptoms on the 5-point Likert scale at day 28 (n = 87)
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nanoemulsion (one drop BID for 28 days)
reported improvement in ocular discomfort
VAS score (at day 14) [18]. Further, a 1-month
observational study showed clinically and sta-
tistically significant improvement in dry eye
symptoms on VAS (dryness score; p = 0.045)
and OSDI (average score; p = 0.03) from base-
line at 1 month with the daily use of PG-HPG
nanoemulsion lubricant eye drops (QID) [20].

Furthermore, along with the improvement
of dry eye symptoms observed in this study, the
percentage of subjects who experienced no
symptoms or who were ‘‘not at all’’ bothered by
symptoms on IDEEL-SB also increased from
baseline at day 14 and day 28 (e.g., aching/sore,
stinging/burning, tired). These results empha-
size the reduction in dry eye symptoms (both
frequency and bothersomeness) with the use of
PG-HPG nanoemulsion lubricant eye drops. In
line with the IDEEL-SB and DEQ-5 results, on
the Likert scale more than 50% of subjects
agreed/strongly agreed about experiencing relief
from symptoms of sore, stinging, and burning
eyes. Relief from symptoms of tired and watery
eyes was experienced by a slightly lower pro-
portion of subjects (less than 50%). These
results depict the relief of symptoms of dry eye
with the use of the eye drop in subjects with
DED over 28 days.

The improvement in dry eye symptoms as
observed in this clinical study may be attributed
to the unique formulation of PG-HPG
nanoemulsion lubricant eye drop that contains
PG as demulcent, nanodroplets of an anionic
phospholipid/mineral oil complex, and a high
concentration of HPG. The nano size of the
droplets provides benefits of better ocular sur-
face coverage of phospholipids to replenish tear
film lipid layer. Further, the HPG forms in situ
HPG/borate gel complex upon instillation of
eye drops that prolongs the ocular retention of
demulcent, enhances tear film stability, and
protects the ocular surface, thereby reducing
the symptoms of DED [13, 15]. Further, the
anionic phospholipids present in the eye drop
can be beneficial for the proper structuring of
the polar lipid layer and help in maintaining
tear film stability by acting as an effective
interface between outer non-polar lipid and
inner aqueous layers of tear film [15, 18]. In our

study, the TBUT increased at day 28, thus
depicting an improvement in tear film stability
after the use of the eye drop, which could be a
reason for relief from dry eye symptoms in
subjects with DED. The improvement in TBUT
is consistent with previous research on PG-HPG
nanoemulsion lubricant eye drops [18].

In this study, no new safety concerns were
observed with the use of the eye drops, and the
safety results were consistent with the known
safety profile of the eye drop [22].

To the best of our knowledge this is the first
type of study of PG-HPG nanoemulsion lubri-
cant eye drops showing clinically meaningful
improvement in multiple symptoms of dry eye
in subjects with DED across the USA.

The limitations of the study are its single-
arm nature which limits the comparison of the
study eye drops to other standards of treatment
and restricts the inference of results to effec-
tiveness of only the study eye drops. However, a
comparison of the PG-HPG nanoemulsion
lubricant eye drop with existing market prod-
ucts was not performed because of the unique
combination of HPG and nanotechnology in
this formulation. The study considered a
1-point change in the IDEEL-SB score as a clin-
ically meaningful difference. There is limited
literature on validated criteria which provides
clinically significant difference in the individual
scores of patient-reported outcomes or quality
of life. In addition, recall or response bias asso-
ciated with subject-reported assessments could
have influenced the outcomes reported in the
study. Finally, there were a limited number of
clinical sites in the study which may not be
representative of the broader, more diverse
populations.

This study evaluated the multi-symptom
relief with PG-HPG nanoemulsion lubricant eye
drops in subjects with DED for 28 days. The
head-to-head comparison between PG-HPG
nanoemulsion lubricant eye drop and an exist-
ing lubricating eye drop, and the effectiveness
of PG-HPG nanoemulsion lubricant eye drop
over long-term use (more than 28 days) can be
considered for future studies.
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CONCLUSION

The findings of the present real-world clinical
study demonstrated that the PG-HPG
nanoemulsion lubricant eye drop significantly
and quickly improved multiple dry eye symp-
toms in subjects with DED, over a period of
28 days. No new safety concerns were identified
in the study.
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