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Background: An artificial-tear formulation containing the dual polymers hydroxypropyl
guar (HPG) and hyaluronic acid (HA) is approved for the treatment of dry-eye disease (DED).
The present study compared the efficacy and safety of the HPG-HA dual-polymer formulation
vs a sodium hyaluronate (SH)-containing artificial-tear formulation in patients with DED.
Methods: In a prospective, 6-week, multicenter, double-masked, parallel-group study, patients with
DED aged =18 years and total ocular surface staining (TOSS) score =4 and =9 were random-
ized (1:1) to receive either HPG-HA or SH four times a day for 42 days. Changes from baseline in
TOSS (primary end point), impact of dry eye on everyday life (IDEEL) treatment-satisfaction scores
(effectiveness and inconvenience), and tear-film breakup time (TFBUT) at day 42 were assessed using
a fixed-sequence testing strategy. Noninferiority was assessed on the primary end point based on
the upper limit of two-sided 95% Cls for mean treatment difference (HPG-HA or SH) <2 units.
Results: In total, 99 patients were randomized (HPG-HA, n=>50; SH, n=49). At day 42, the least square
(LS) mean £ SE change from baseline in TOSS was —1.1620.24 and —0.9240.23 in the HPG-HA and
SH groups, respectively, and the treatment difference was —0.2440.33 (95% CI—0.90 to 0.42). Noninfe-
riority was demonstrated as the upper limit of the 95% CI was <2 units. LS mean change from baseline
at day 42 for HPG-HA vs SH was —3.18 (P=0.4817) in IDEEL treatment-effectiveness scores, —12.56
(P=0.0001) in treatment-inconvenience scores, and 0.30 seconds (P=0.5789) in TFBUT.
Conclusion: The HPG-HA dual-polymer formulation was noninferior to the SH lubricant eye-
drops for improvement in ocular surface staining in DED. HPG-HA did not show improvement
over SH in IDEEL treatment-satisfaction scores. No new safety findings were reported.
Keywords: dry-eye disease, dual polymer, artificial tears, hydroxypropyl guar, hyaluronic acid

Abbreviations

AE, adverse event; BCVA, best-corrected visual acuity; DED, dry-eye disease; HA,
hyaluronic acid; HPG, hydroxypropyl guar; IDEEL, impact of dry eye on everyday
life; ITT, intent to treat; LS, least squares; MMRM, mixed-model repeated measure;
PEG, polyethylene glycol; PG, propylene glycol; QID, quater in die (four times a
day); SH, sodium hyaluronate; TFBUT, tear-film breakup time; TOSS, total ocular
surface staining; UL, upper limit.

Background
Dry-eye disease (DED) is a chronic condition caused by either excessive evaporation
or deficiency of the tear film that leads to tear hyperosmolarity and inflammation
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of the ocular surface.! Artificial tears are the mainstay for
management of DED, and depending on the severity of the
condition, are used either alone or concomitantly with other
treatments.> Artificial tears are mostly buffered hypotonic
or isotonic solutions that supplement tear-film volume and
stability and lubricate the ocular surface, thus protecting it
against desiccation.>* Several types of artificial tears are
available that differ mostly in terms of the composition of
polymers, electrolyte, osmolarity, solutes, and the presence
or absence of preservatives.>*?

Polymers are an important constituent of artificial tears,
as they determine the viscosity of the formulation and aid
in tear-film stabilization by increasing the retention time of
the lubricant on the ocular surface and thus enhancing the
duration of comfort and quality of vision.>*® Hydroxypropyl
guar (HPG) is a gellable agent with mucomimetic properties
that has been shown to reduce surface friction and possesses
rheological properties very similar to those of tears.” Several
clinical studies have demonstrated the effectiveness of HPG-
containing artificial tears in the management of DED.”!?
Hyaluronic acid (HA), an anionic mucopolysaccharide, is the
key component of the extracellular matrix and plays a criti-
cal role in cell proliferation, anti-inflammation, and wound
repair.'>!* Because of its viscoelastic and hygroscopic prop-
erties, HA is widely used in tear-substitute formulations.'>¢
Studies have shown that sodium hyaluronate-based lubricant
eyedrops help improve both signs and symptoms in patients
with DED.""?!

Artificial tears that contain a combination of polymers
are more likely to provide better ocular lubrication, reten-
tion, and synergistic benefits to the ocular surface than

Screened Eligible

— —» | patients
n=114 n=99
Screening Randomization
visit (1:1)
l 7-14 days l

single-polymer-based artificial tears. Systane hydration
(Alcon Laboratories, Fort Worth, TX, USA; HPG-HA) is an
artificial-tear formulation that contains HPG, HA, and the
demulcents propylene glycol (PG) and polyethylene glycol
(PEG), and is approved for the treatment of DED. The pur-
pose of this study was to demonstrate the noninferiority of
HPG-HA artificial tears to sodium hyaluronate (SH) contain-
ing artificial-tear formulation (Hyabak 0.15%; Laboratoires
Théa, Clermont-Ferrand, France) in patients with DED.

Methods

This was a prospective, 6-week, multicenter, double-
masked, parallel-group, randomized, noninferiority study
conducted at ten centers across France, Germany, Spain,
and the UK from July 2015 to May 2016, and is registered
at ClinicalTrials.gov (NCT02470429). The study consisted
of'an open-label run-in period followed by a 6-week, double-

masked treatment phase. During the run-in-period, eligible
patients self-administered one drop of preservative-free 0.9%
saline eyedrops in both eyes four times a day (QID [quater
in die]) for 7-14 days (Figure 1). On day 0 (baseline visit),
patients who qualified through reevaluation assessment
(ie, had a total ocular surface staining score [TOSS] =4
and =9), were randomized 1:1 to receive either HPG-HA
or SH lubricant eyedrops, with one drop in each eye instilled
QID for 42 days (Figure 1).

One eye from each patient was selected as the study
eye. If both eyes met the inclusion criteria, the worse eye
(defined as the eye with greater TOSS at the screening visit)
was selected as the study eye. If both eyes had the same
TOSS at the screening visit, the right eye was selected as

HPG-HA (QID) n=50

SH (QID) n=49
Study Exit
visit 2 visit 3

Day 15

A
W
A

Run-in-period
(all subjects instilled
saline, QID)

Figure | Study design.

Treatment period

Abbreviations: HPG-HA, hydroxypropyl guar—hyaluronic acid; QID, quater in die (four times a day); SH, sodium hyaluronate.
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the study eye. Patients were randomized sequentially in
the study, and the randomization schedule was blocked to
ensure balance of treatment allocations within each study
center. Randomization was implemented using an interactive
response technology system. All patients provided written
informed consent before enrollment in the study.

The study protocol was approved by the central
institutional review board of each participating country
(Ethik-Kommission der Germany; CEIC IDC Salud a
Cataluia, Spain; CPP Ile de France 3, France; CEIC Area
de Salud de Valladolid Este, Spain; NRES Committee East
of England, Cambridge, UK), and in addition by two local
institutional review boards in Germany (Ethik-Kommission
bei der Aerztekammer der Universitaet Miinster and
Ethik-Kommission bei der Aerztekammer des Saarlandes).
The study was conducted in accordance with the Declaration
of Helsinki and good clinical practice, and was in compliance
with all federal, local, or regional requirements.

Lubricant-eyedrop composition

Systane hydration is a sterile solution containing HPG,
propylene glycol, PEG, 0.15% SH, sorbitol, aminometh-
ylpropanol, boric acid, sodium borate, disodium EDTA,
sodium citrate, potassium chloride, and sodium chloride
preserved with 0.001% Polyquad (polidronium chloride).
Hyabak 0.15% is a preservative-free, sterile solution contain-
ing 0.15% SH, sodium chloride, tromethamine, hydrochloric
acid, and water.

Patients

Eligible patients were =18 years of age, had diagnosed
DED for at least 3 months prior to screening, had TOSS
4-9 on the 15-point Oxford scale in one eye at screening,
had unanesthetized Schirmer I test score 3-9 mm and/or
the sum of three measurements of tear-film breakup time
(TFBUT) =15 seconds in that same eye, and had been using
non-benzalkonium chloride-containing artificial tears at least
once a day for at least 3 months prior to screening.

Patients who had best-corrected visual acuity (BCVA)
of =55 Early Treatment Diabetic Retinopathy Study letters
in each eye at screening; were hypersensitive to any study
product or any excipients; had a history of ocular or intraocu-
lar surgery in either eye or serious ocular trauma in either eye
within 6 months prior to the screening visit; had an active
ocular infection or inflammation not associated with dry eye
at screening and randomization visits; had participated in
any other investigational clinical study within 30 days prior
to screening in this study; were taking chronic systemic

medication (including prescription therapies, over-the-counter
therapies, and vitamins/supplements) and had been on a
stable dose for <30 days prior to the screening visit; had any
anticipated change in dosing regimen during the course of
the study; or had any uncontrolled systemic disease were not
eligible to participate in the study. Female patients who were
breastfeeding or pregnant or who had a positive pregnancy
test at screening were not considered for enrollment.

Study end points

The primary end point was change from baseline in TOSS at
day 42. Secondary end points were change from baseline at
day 42 in: treatment-satisfaction scores (treatment effective-
ness and treatment inconvenience) based on the impact of dry
eye on everyday life (IDEEL) treatment-satisfaction module,
TFBUT, and TOSS (test for superiority). Exploratory objec-
tives included comparison of tear-film kinetic measures,
conjunctival staining improvements, and tear-film osmolarity
in patients after 42 days of QID dosing with HPG-HA and
SH eyedrops. Safety evaluations included adverse events
(AEs), BCVA, and ocular signs.

Assessments

TOSS, TFBUT, tear-film osmolarity, tear-film kinetics,
and objective bulbar conjunctival staining were assessed at
screening, day 0 (baseline), day 15, and day 42 (exit) study
visits. Details regarding assessment procedures are provided
in Supplementary material. TOSS was evaluated in both eyes,
and the right eye was assessed first. The investigators used
the Oxford grading scheme to quantify the degree of stain-
ing observed and specifically compared the appearance of
staining on exposed corneal and interpalpebral conjunctivae
using a visual diagram. The visual diagram was used to
correlate the visual element with a numerical grade that
ranged from 0 (absent staining) to 5 (severe staining).
Grades for the amount of staining observed in the corneal,
nasal—conjunctival, and temporal-conjunctival regions of
each eye were recorded and summed to generate the TOSS
for each eye, which ranged 0-15.

The IDEEL treatment-satisfaction questionnaire was
completed at days 0, 15, and 42 and comprised ten items
that assessed each patient’s general satisfaction with their
treatment over a 2-week period (Supplementary material).
For all items, patients were instructed to select a single
response (0—4). The first IDEEL score was calculated as
the mean response to questions 2—5, with the result multi-
plied by 25. The second IDEEL score was then calculated
as the mean response to questions 6, 8, 9, and 10, with the
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result multiplied by 25. Both the first and second IDEEL
scores were recorded. Responses to questions 1 and 7 were
not included in score computations. The possible range of
each IDEEL score was 0 (complete disability) to 100 (no
disability). TFBUT was assessed using a sodium fluores-
cein strip (Supplementary material). The assessment was
conducted three times for each eye, and each TFBUT was
measured in seconds. The average of the three measurements
was recorded as the final TFBUT for each visit.
Tear-osmolarity measurements were obtained using
TearLab™ osmolarity readers, pens, and test cards. Tear-
film kinetic measures and objective bulbar conjunctival
staining assessments were conducted only at selected study
centers that had the necessary capabilities. All AEs reported
before the initiation of study treatment were classified as
pretreatment AEs, and all AEs with an onset after study-treat-
ment initiation and up to discontinuation of study treatment
(ie, 4217 days) were classified as treatment-emergent AEs.

Statistical analysis

Statistical analyses were performed using SAS software
(version 9.2; SAS Institute, Cary, NC, USA). With at least
40 evaluable patients per group, the study had 94% power
to demonstrate noninferiority of HPG-HA to SH by using a
noninferiority margin of 2 units and assuming an expected
difference of 0 units and an SD of 2.5 units. The primary
end point was analyzed using the mixed-model repeated-
measure method (MMRM). The model included terms
for baseline assessments, treatment, visit, and treatment—
visit interaction. An unstructured variance—covariance
matrix was used to model within-subject correlations. If
the unstructured variance—covariance matrix resulted in a
lack of convergence, then other covariance structures were
investigated. Noninferiority was established if the upper limit
(UL) of two-sided 95% Cls for the least-square (LS) mean
difference in TOSS between HPG-HA minus SH was <2.

Evaluation of secondary end points was also performed
using the MMRM method, similar to the primary analysis.
For IDEEL scores and TFBUT, improvement was concluded
if the P-value was <0.05 for a positive LS mean difference
between HPG-HA and SH. For TOSS at day 42, superiority
was concluded if the P-value was <0.05 for a negative LS
mean difference between HPG-HA and SH. Exploratory end
points and safety variables were analyzed descriptively.

A fixed-sequence testing strategy was employed to
ensure that the type I error rate was controlled at a 5% level
of significance (two-sided). Testing of a hypothesis required
that all previous hypotheses be statistically significant. If the

primary objective was met with statistical significance, only
then was testing for secondary variables performed following
a prespecified sequential order: IDEEL treatment-satisfaction
scores at day 42, TFBUT at day 42, and TOSS at day 42.
All efficacy evaluations were performed on the intent-to-treat
set, which included all randomized patients who had received
at least one dose of the study treatment. Only patients with
day 42 tear-film kinetic measures, objective bulbar conjuncti-
val staining scores, or tear osmolarity (as appropriate for the
end point) were included in the exploratory efficacy analyses.
Safety analyses were conducted using the safety-analysis
set, which included all patients who had been exposed to the
study product, including the run-in period.

Results

In total, 114 patients were screened, and 99 were randomized
to the two treatment groups (HPG-HA, n=50; HA, n=49),
and 97 completed the study. Two patients in the HPG-HA
group discontinued the study (one due to an AE and other
due to withdrawal of consent). All randomized patients were
included in the intent-to-treat and safety analyses. The mean
age of patients was 59.2+13.5 years, and majority of patients
were female (Table 1). IDEEL treatment-satisfaction scores,
TFBUT, and TOSS at baseline in the HPG-HA and SH
groups are summarized in Table 2. Baseline disease charac-
teristics of patients were similar, with no meaningful differ-
ences between the two treatment groups.

Primary efficacy outcome

Both treatments led to a reduction in mean TOSS from
baseline at day 42 (Table 2). The LS meantSE change from
baseline at day 42 in the TOSS was higher in the HPG-HA

Table | Demographic characteristics of patients overall and by
treatment group (ITT set)

HPG-HA | SH Overall
(n=50) (n=49) (n=99)
Mean age, years (SD) 61.7 (12.29) | 56.7 (14.29) | 59.2 (13.49)
Age-group, n (%)
(years)
18-64 30 (60.0) 31 (63.3) 61 (61.6)
=65 20 (40.0) 18 (36.7) 38 (384)
Sex
Female, n (%) 41 (82.0) 38 (77.6) 79 (79.8)
Race, n (%)
White 42 (84.0) 38 (77.6) 80 (80.8)
Black/African-American 3 (6.0) 5(10.2) 8 (8.1)
Asian 3(6.0) 0 3 (3.0
Other 2 (4.0) 6(12.2) 8 (8.1)

Abbreviations: HPG-HA, hydroxypropyl guar-hyaluronic acid; ITT, intent to
treat; SH, sodium hyaluronate; SD, standard deviation.
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Table 2 Descriptive statistics of TOSS, IDEEL treatment-
satisfaction scores (effectiveness and inconvenience), and TFBUT

at baseline and each study visit (ITT set)

HPG-HA SH
(n=50) (n=49)
TOSS, mean (SD)
Baseline 5.3 (1.41) 5.0 (1.09)
Day 15 4.6 (1.64) 4.5 (1.94)
Day 42 4.1 (2.07) 4.1 (1.98)
Change from baseline? —1.1(1.79), —0.9 (1.43),
n=48 n=49
IDEEL treatment-effectiveness
score, mean (SD)
Baseline 52.04 (29.60) | 51.56 (28.64)
Day 15 62.00 (24.51) | 56.76 (29.17)
Day 42 61.72 (25.35) | 64.80 (25.63)
Change from baseline® 10.11 (28.15), | 12.76 (26.64),
n=47 n=48
IDEEL treatment-inconvenience
score, mean (SD)
Baseline 83.42 (17.75) | 81.90 (17.83)
Day 15 78.13 (17.23) | 82.02 (14.64)
Day 42 73.05 (20.35) | 84.11 (17.01)
Change from baseline® —10.24 (16.3), | 2.53 (16.57),
n=47 n=46
TFBUT, seconds, mean (SD)
Baseline 3.2 (2.01) 3.58 (2.22)
Day 15 3.22 (1.44) 3.71 (2.31)
Day 42 3.68 (2.36) 4.19 (3.43)
Change from baseline? 0.46 (1.72), 0.61 (3.43),
n=48 n=49

Notes: *Change from baseline to day 42, calculated for each patient available at day
42 visit and then summarized. If a patient did not attend the visit or did not have the
measurement taken (at baseline or day 42), then they were excluded from baseline
calculation. IDEEL treatment-satisfaction scores range 0—100. TOSS is calculated from
three staining areas of the ocular surface: corneal, nasal conjunctival, and temporal
conjunctival. Each area is scored 0-5, with total patient scores of 0—I5.
Abbreviations: HPG-HA, hydroxypropyl guar—hyaluronic acid; IDEEL, impact of
dry eye on everyday life; ITT, intent to treat; SH, sodium hyaluronate; SD, standard
deviation; TFBUT, tear-film breakup time; TOSS, total ocular surface staining.

group (—1.16+0.24) than the SH group (—0.92+0.23). The LS
mean t SE treatment difference was —0.24 (0.33), and the UL
of 95% CI was 0.42 (Figure 2). Noninferiority of HPG-HA
to SH lubricant eyedrops was demonstrated: UL of the 95%
CI for the treatment difference between the groups <2.

Secondary efficacy outcomes

An increase in mean IDEEL treatment-effectiveness scores
from baseline was observed in both treatment groups at
day 42. However, HPG-HA did not show improvement over
SH eyedrops for change in IDEEL treatment-effectiveness
scores from baseline at day 42 (LS mean difference —3.18
units, P=0.4817; Figure 3). IDEEL treatment-inconvenience
scores were lower with HPG-HA than SH eyedrops, and the
difference between the groups was notably in favor of the

HPG-HA SH

—0.1 1
~0.3 1

05 1 -0.92

Change from baseline in
TOSS score LS mean (SE)

\ J
-1.54 !
Treatment difference* (95% Cl)

—0.24 (-0.90, 0.42) P=0.476

Figure 2 Change from baseline at day 42 in TOSS by treatment group (ITT set).
Note: *Noninferiority of HPG-HA to SH lubricant eyedrops was demonstrated
(UL of 95% ClI for the treatment difference between the groups was <2).
Abbreviations: HPG-HA, hydroxypropyl guar—hyaluronic acid; ITT, intent to
treat; LS, least square; SE, standard error; SH, sodium hyaluronate; TOSS, total
ocular surface staining; UL, upper limit.

single-polymer formulation (LS mean difference —12.56 units,
P=0.0001; Figure 3). Thus, the study did not meet its first
secondary objective. HPG-HA did not show any improvement
over SH eyedrops for mean change from baseline in TFBUT
(LS mean difference, —0.30 units; P=0.5789; Figure 4).
While there was a nominal treatment difference in change
from baseline in TOSS at day 42 in favor of HPG-HA, supe-
riority of HPG-HA over SH was not established (LS mean
difference —0.24, P=0.4760; Figure 2).

Exploratory end points

Tear-film kinetic measurements were conducted only in a
subset of 30 patients (HPG-HA, n=17; SH, n=13) at selected
study centers. Overall, no clinically meaningful differences
were observed between the HPG-HA- and SH-treated
patients for change from baseline at day 42 in tear-film kinetic
measurements (percentage of protective area, dehydration
speed, noninvasive breakup time, interblink period, percent-
age of exposed area at first break, and percentage of exposed
area at blink), objective bulbar conjunctival staining score
(LS mean difference —0.01, P=0.9459) and tear osmolarity
(LS mean difference 0.78, P=0.7328).

Safety

Overall, 18.0% (n=9) and 20.4% (n=10) of patients reported
at least one treatment-emergent ocular AE in the HPG-HA
and SH groups, respectively. Of these, in 14.0% (n=7)
of patients in the HPG-HA group and in 10.2% (n=5) of
patients in the SH groups, ocular AEs were considered to
be treatment-related. All treatment-emergent ocular AEs
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-3.18* (-12.12, 5.76) P=0.4817

—

16 - l

12 1

12.8

= HPG-HA © SH

Treatment difference (95% CI)
-12.56* (-18.79, -6.33) P=0.0001

—8

Change from baseline in
IDEEL scores, LS mean (SE)

N
N
)

—16 - Treatment effectiveness

Treatment inconvenience

Figure 3 Change from baseline at day 42 in IDEEL treatment-satisfaction scores (effectiveness and inconvenience) by treatment group (ITT set).

Note: *A positive difference would have favored HPG-HA.

Abbreviations: HPG-HA, hydroxypropyl guar—hyaluronic acid; IDEEL, impact of dry eye on everyday life; ITT, intent to treat; LS, least square; SE, standard error; SH,

sodium hyaluronate.

are summarized in Table 3. All ocular AEs were classified
as mild—moderate in severity.

In the HPG-HA group, the reported treatment-related
ocular AEs were blurred vision (10%), eye irritation (8%),
abnormal sensation in the eye (2%), and reduced visual
acuity (2%). In the SH group, eye irritation (4.1%) was the
only treatment-related ocular AE reported by more than one
patient. Other treatment-related ocular AEs (2%) reported
in the SH group were abnormal sensation in the eye, eyelid
edema, dry eye, foreign-body sensation in the eye, lacrimal
disorder, ocular hyperemia, and reduced visual acuity (one
patient each).

Treatment difference (95% CI)

125 -0.30% (-1.35, 0.76) P=0.5789
f—l—\

-
L

o
e
A

o
o
1

o
~
L

0.68

TFBUT, LS mean (SE)

Change from baseline in
o
N

0 -

HPG-HA SH

Figure 4 Change from baseline at day 42 in TFBUT by treatment group (ITT set).
Note: *A positive difference would have favored HPG-HA.

Abbreviations: HPG-HA, hydroxypropyl guar—hyaluronic acid; ITT, intent to
treat; LS, least square; SE, standard error; SH, sodium hyaluronate; TFBUT, tear-
film breakup time.

Nonocular AEs were reported in 18.0% (n=9) and 12.2%
(n=6) of patients in the HPG-HA and SH groups, respectively.
None of the nonocular AEs was considered treatment-related.
Two nonocular serious AEs were reported, one each in the
HPG-HA (cholelithiasis) and SH (intervertebral disk opera-
tion) groups. Neither serious AE was considered treatment-
related. One patient in the HPG-HA group discontinued

Table 3 Most frequently (incidence =1%) reported ocular
treatment-emergent adverse events by system-organ class and
preferred term in each treatment group (safety set)

HPG-HA | SH

(n=50) (n=49)
Eye disorders, n (%) 9 (18.0) 10 (20.4)
Abnormal sensation in eye 2 (4.0 1 (2.0)
Dry eye 0 1 (2.0)
Eye irritation 5(10.0) 3 (6.1)
Eye pain 0 1 (2.0)
Eyelid edema 0 1 (2.0)
Foreign-body sensation in eyes 0 2 (4.1)
Halo vision 1 (2.0) 0
Lacrimal disorder 0 1 (2.0)
Meibomian gland dysfunction 0 1 (2.0)
Ocular hyperemia 0 1 (2.0)
Ocular jaundice 0 1 (2.0)
Vision blurred 5(10.0) 1 (2.0)
Visual acuity reduced 1 (2.0) 2 (4.1)
Nervous system disorders, n (%) 1 (2.0) 0
Burning sensation 1 (2.0) 0
Surgical and medical procedures, n (%) 0 1 (2.0)
Eyelid operation 0 1 (2.0)

Note: Adverse events coded using MedDRA version 18.0.
Abbreviations: HPG-HA, hydroxypropyl guar-hyaluronic acid; SH, sodium
hyaluronate.
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the study due to a nonocular AE (arthralgia). This AE was
not considered by the investigator to be treatment-related.
There were no deaths during the study. On ocular examina-
tions (BCVA and slit-lamp biomicroscopy), no meaningful
differences were observed between the HPG-HA and SH
groups. For most patients in both treatment groups, scores at
baseline for slit-lamp parameters of aqueous flare, aqueous
cells, lens, and lens status remained unchanged at each post-
baseline study visit.

Discussion

This was the first multi-dose clinical study to evaluate the
efficacy and safety of dual-polymer HPG-HA-containing
artificial tears in patients with DED. The study demonstrated
the noninferiority of HPG-HA- to SH-containing artificial
tears in reducing clinical signs of dry eye in patients with
DED, as indicated by reduction in TOSS from baseline to
day 42. Our results suggest that HPG-HA has at least similar
effectiveness as SH eyedrops, which are recommended to
moisten and lubricate the eye in cases of dryness sensations
or ocular fatigue induced by external factors.

Both HA and HPG used individually in artificial tears
have been demonstrated to improve symptoms in patients with
DED. HA has extensive water-retention capacity and provides
sustained hydration, increases residence time of lubricating
drops by decreasing the tear drainage rate and enhancing tear
film stability, and is known to accelerate corneal epithelial
wound healing."*'%#* HPG is a pH-sensitive molecule that
exhibits low viscosity in solutions at pH =7, but forms a thin
cross-linked gel-like matrix with borate ions when exposed
to the tear film (pH 7.5). This allows prolonged retention of
demulcents on the damaged ocular surface.*** HPG-containing
eyedrops also decrease inflammatory response and friction and
promote corneal epithelial healing by preferentially binding to
hydrophobic zones in the tear film, forming a protective layer
that leads to tear-film stabilization.?2

Use of a combination of different polymers, such as HPG
and HA, in a single artificial-tear formulation can be useful,
as it potentially synergizes the properties of the separate
polymers and improves ocular bioavailability of the active
ingredients, which may result in enhanced ocular surface
benefits to dry-eye patients.?? Most artificial tears, particularly
those that are saline-based, have short retention time and
poor corneal wettability and thus require frequent dosing.
As the treatment aim in DED is to improve patient quality
of'life, it is desirable to have tear substitutes that can provide
prolonged hydration and lubrication of the ocular surface and
thus reduce the frequency of instillations.

Dual-polymer HPG-HA artificial tears, built on the
PEG/PG-HPG platform, combine the therapeutic properties
of HPG and HA in a single formulation that may provide
greater ocular surface hydration and lubrication and decrease
friction compared to a single polymer-based artificial-tear
formulation.?”’” The HPG-HA dual-polymer formulation
demonstrated significantly greater hydration protection,
lubrication, cell viability, and better cell-barrier function
than the individual polymers in an in vitro study conducted
in human corneal epithelium models.?”” Compared with other
HA-containing single- and dual-polymer-based artificial tear
formulations, mouse corneas treated with the HPG-HA for-
mulation demonstrated faster wound healing within 24 hours
of injury, indicating the potential benefit of this formulation to
promote corneal reepithelialization and restoration of ocular
surface health in patients with DED.*

Although there was a reduction in ocular staining based
on the sequential testing strategy, the study did not meet
any of the secondary end points and HPG-HA did not show
any improvement over SH in terms of IDEEL treatment-
satisfaction scores or TFBUT. The higher IDEEL treatment
inconvenience noted with the HPG-HA formulation could
have been related to the transient blur in vision that some
patients experience immediately upon instillation of artifi-
cial tears with higher viscosity, in this case a dual polymer,
compared with single-polymer lubricant drops. The blur may
be due to the longer retention of HPG upon instillation of the
formulation, which cross-links and improves the integrity
of the tear film.” Patients with dry eye often complain of
visual discomfort, which is attributed to unstable tear-film
and decreased blink rate. Artificial tear formulations with
higher viscosity have an increased residence time on the
ocular surface.?®* Cagini et al observed that the use of a
higher-viscosity cross-linked HA tear substitute resulted
in marked improvement in topographical indices in DED
patients compared to those treated with HA alone 30 and 60
minutes after instillation.*® PEG/PG-HPG artificial tears have
also been shown to significantly prolong TFBUT at 45, 60,
and 90 minutes after instillation, improve the ocular protec-
tion index up to 90 minutes after instillation, retard visual
acuity decay between blinks at 90 minutes after instillation,
and have a beneficial effect on functional vision in dry-eye
patients.**'*2 The IDEEL treatment-inconvenience question-
naire has only four items, and it is possible that the question
related to blurriness after using eyedrops could have driven
lower IDEEL scores in the HPG-HA group, but it does not
capture information related to ocular comfort that patients
may eventually experience in the longer run.
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Blurred vision was the more frequently reported ocular
AE in HPG-HA group than in the SH group. Overall, the
HPG-HA formulation was well tolerated, and no meaningful
differences were observed in the rate of ocular treatment-
emergent AEs between the two groups. No untoward safety
signals or trends were observed with use of the dual-polymer-
based HPG-HA formulation in patients with DED.

This study did not assess improvement in IDEEL
symptom-bother score or symptoms in the two treatment
groups. This would have been a useful parameter to dis-
tinguish the clinical benefit of using dual-polymer-based
lubricant drops, since patients with DED primarily seek
treatment because of ocular discomfort. Also, since DED is
a complex multifactorial condition with signs and symptoms
often uncorrelated, there are no standard criteria to determine
the therapeutic efficacy of different treatments or to compare
treatment outcomes.*

Conclusion

The dual-polymer-based HPG-HA artificial-tear formula-
tion was noninferior to the single-polymer SH formulation
in terms of improvement in ocular staining in patients with
DED. No new safety findings were identified outside the
known profile of other HPG-containing lubricant eyedrops.

Data sharing statement

The study results are available at https://ClinicalTrials.
gov/ct2/show/results/NCT02470429?term=NCT02470429
&rank=1. The data sets generated and/or analyzed during

the current study are available from the study sponsor on
reasonable request.
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Ocular staining

To determine total ocular surface staining, a single drop of
preservative-free saline was placed on a sodium fluorescein
strip and the saline allowed to saturate the tip of the strip
fully. The patient’s lower eyelid was retracted and the
saline-moistened strip gently placed onto the lower tarsal
conjunctiva. Instillation time was recorded. The patient
was then asked to blink several times. Within 30 seconds of
instillation of the stain, the right ocular, nasal, and temporal
conjunctiva were examined using a slit lamp with a cobalt
blue exciter and a Wratten yellow filter. The upper eyelid
was then lifted slightly to allow examination of the entire
corneal surface. The starting time of the examination was
recorded. To the extent possible, TOSS was determined by
the same investigator for the same patient using the same slit
lamp with the same settings at each study visit.

IDEEL treatment-satisfaction
(effectiveness and inconvenience)

questionnaires

The impact of dry eye on everyday life (IDEEL) treatment-
satisfaction questionnaire was completed on days 0, 15, and
42 and consisted of ten items that assessed each patient’s
general satisfaction with treatment use over the 2 weeks
before completing the questionnaire. Question 1 asked
patients to report how frequently they used dry-eye treatment,
with responses ranging from “none of the time” (equating to
a score of 0) to “all of the time” (equating to a score of 4).
Questions 2—6 asked patients, using a 0—4 scale, to rate how
often certain statements were true (eg, “I was happy with how
quickly my treatments worked”). Question 7 asked (yes/no)
“Do you ever use eyedrops to treat your dry eye?” Patients
who answered yes to this question were then asked to rate
(0—4 scale) how often they experienced each of three situa-
tions (eg, “I was bothered by blurriness shortly after using my
eyedrops”). For all items, patients were instructed to select a
single response. The first IDEEL score was calculated as the
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mean response to questions 2—5, with the result multiplied
by 25. The score was calculated as long as at least two of
the four questions were answered. The second IDEEL score
was then calculated as the mean response to questions 6, 8,
9, and 10, with the result multiplied by 25. Again, the score
was calculated as long as at least two of the four questions
were answered. Both first and second IDEEL scores were
recorded. Responses to questions 1 and 7 were not included
in the score computations. The possible range of each IDEEL
score was 0 (complete disability) to 100 (no disability).

Tear-film breakup time

Tear-film breakup time was assessed using a sodium
fluorescein strip. The tip of the strip was allowed gently to
touch the inferior bulbar conjunctival surface to cover the
inferior bulbar conjunctiva generously with fluorescein stain.
The patient was instructed to blink three times and then stare
without blinking. The investigator monitored the integrity
of the tear film by using a slit lamp, and measured the time
from the last blink using a stopwatch until one or more dry
spots had appeared in precorneal tear film.

Tear osmolarity

Tear-osmolarity measurements were obtained using TearLab
osmolarity readers, pens, and test cards. Measurement was
conducted by obtaining one reading from each eye, starting
with the right eye. Without pulling down the lower lid, the
tip of the pen was lowered onto the tear lake at the lower
margin. Care was taken not to touch the lashes in an effort to
avoid stimulation of reflex tearing. If reflex tearing did occur,
the investigator was to remove the pen from the eye, wait
15 minutes, and then attempt a repeat sample by using a new
test card. A maximum of three attempts were allowed.

Tear-film kinetic measures and objective

bulbar conjunctival staining
These were conducted in accordance with the instruction
manual, only at selected study centers.
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