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Abstract: Dry eye disease (DED) is a chronic ocular surface disorder often characterized by decreased tear production and rapid tear
evaporation that affect tear film stability and homeostasis. The common symptoms of DED include ocular discomfort, visual
disturbances, dryness, and itching. Artificial tears are the mainstay of DED management and supplement one or more layers of the
tear film. Artificial tear drops are available as a combination of viscosity-enhancing agents (demulcents/lubricants), humectants, and
buffers either with or without preservatives. Artificial tears, as a combination of components (polymers/demulcents/viscosity-enhan-
cing agents), can provide synergistic action compared with a single component for the management of multifactorial signs and
symptoms of DED. This review describes the formulation components, physicochemical properties, mechanism of action, and
summary of preclinical and clinical evidence on the hydroxypropyl guar-hyaluronic acid (HPG-HA) dual-polymer lubricant eye
drops (SYSTANE™ HYDRATION). The dual-polymer eye drops consist of dual demulcents (propylene glycol and polyethylene
glycol 400) and the polymers hydroxypropyl guar (HPG) and hyaluronic acid (HA). When instilled on the ocular surface, HPG forms a
cross-linked gel matrix with borate ions that prolongs the retention of demulcents, thus providing long-lasting lubrication and ocular
surface protection. Additionally, HA stabilizes the tear film, increases corneal wettability, and reduces friction during blinks due to its
hygroscopic and viscoelastic properties. Preclinical evidence demonstrates that HPG HA dual-polymer lubricant eye drops provide
protection against desiccation by cell hydration and surface retention, cell barrier protection, prolonged lubrication, and promotion of
corneal re-epithelialization. Clinical scientific evidence demonstrates that HPG HA dual-polymer lubricant eye drops are safe and
effective in the management of DED. Specifically, they reduce the signs and symptoms of DED, reduce dry eye symptoms post-
cataract surgery, and improve tear film quality in healthy eyes.
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Introduction
Dry Eye Disease

Dry eye disease (DED) is a multifactorial inflammatory ocular disease that affects tear film stability and homeostasis.'
DED is characterized by signs such as decreased tear production, rapid tear evaporation, and ocular surface damage;*~
with common symptoms such as ocular discomfort, visual disturbances, dryness, burning, itching, and redness.”* The
global overall prevalence of DED involving symptoms, either with/without signs, is approximately 5%—50% depending
on age, sex, and geographic location.’

DED is classified as aqueous-deficient dry eye (ADDE), evaporative dry eye (EDE), and mixed dry eye.” ADDE
occurs due to reduced lacrimal gland function, resulting in decreased tear production.”® EDE, the most common type,

occurs due to conditions affecting eyelids (eg, meibomian gland dysfunction and blink abnormalities) or ocular surface
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(eg, mucin deficiency and contact lens wear) that lead to tear film instability and excessive evaporation of the tear film.>°
As DED progresses, both ADDE and EDE may occur concurrently as the mixed DED.>’

As DED is a multifactorial disease, the management of dry eye is planned according to the type and etiology of the
disease. DED management aims to relieve the symptoms of dry eye, restore homeostasis of the tear film and ocular surface,
and improve the quality of life (QoL) of patients with DED. Additionally, treatment depends on the severity of the disease
and can be either conservative or aggressive, thus helping to effectively manage multifaceted DED presentation.®’

Currently, several treatments are available to manage and alleviate the symptoms of DED, including artificial tear
substitutes (for aqueous and/or lipid supplementation), biological tear substitutes (eg, autologous serum), tear conserva-

tion approaches (eg, punctal occlusion), antibiotics, and anti-inflammatory drugs.’

Management of DED: Artificial Tears

Artificial tears are considered the mainstay of DED treatment.” They constitute the class of topical eye formulations that
supplement the aqueous and/or lipid layers of the tear film, reduce tear evaporation, stabilize the tear film, and provide
lubrication to the eyes to reduce ocular complications.”'® Several artificial tear products of varying compositions and
viscosities are available in the form of gels, ointments, and drops.’

Artificial tears are specifically designed as a combination of viscosity-enhancing agents (demulcents/lubricants),
humectants, electrolytes, osmoprotectants, antioxidants, preservatives, and buffers.!' Viscosity-enhancing agents consti-
tute the most frequently used component of artificial tears. Demulcents or viscosity enhancing agents increase tear film
thickness, improve corneal surface wettability, and provide lubrication to the ocular surface, thereby relieving symptoms
of DED."" Some widely used demulcents or viscosity enhancing agents include cellulose derivatives (eg, carboxy-
methylcellulose [CMC]), polyol liquids (eg, polyethylene glycol and polypropylene glycol), and povidone.'' Commonly
available artificial tear eye drops in the market are also based on CMC, polyethylene glycol/propylene glycol/hydro-
xypropyl guar (HPG), hydroxypropyl methylcellulose (HPMC), hyaluronic acid (HA), and combination products such as
HPG and HA."!

A key challenge with artificial tear eye drops is their low retention time on the ocular surface.'> To overcome this
challenge, various viscosity-enhancing agents are incorporated in the eye drops, which prolong the retention time of
artificial tear formulations.” For example, hydroxypropyl guar (HPG), a polymer, that undergoes a solution-gelation
transition at the ocular surface and forms an in-situ gelling system with tears.'' HPG has bioadhesive gel-forming
property at the ocular pH and has viscoelastic property.'*'? Hence, it prolongs the retention of demulcents on the ocular
surface, increases tear film stability, and provides sustained lubrication in patients with DED.'* In addition, HPG has
been shown to exhibit mucomimetic properties and therefore improves precorneal mucous layer retention offering fast
relief from symptoms of DED.'’

Furthermore, sodium hyaluronate (HA), a naturally occurring polymer in human tears, has inherent viscoelastic and
hygroscopic (water-retaining) properties, and thus provides enhanced lubrication.”'® HA-based eye drops have been
demonstrated to be safe and effective in alleviating the signs and symptoms of dry eye in patients with DED.'”'®

Thus, artificial tears designed as a combination of components (eg, demulcents/viscosity-enhancing agents) can
provide synergistic or dual action as compared with a single component for the management of multifactorial signs and
symptoms of DED.'? An artificial tear product of the SYSTANE™ family, SYSTANE™ HYDRATION (hydroxypropyl
guar-hyaluronic acid [HPG-HA] dual-polymer lubricating eye drop), is indicated for the temporary relief of burning and
irritation in persons experiencing dry eye symptoms.'? In this review, we describe the composition, mechanism of action,
and preclinical and clinical scientific evidence of the HPG-HA dual-polymer containing lubricating eye drops (Alcon
Laboratories, Inc., Fort Worth, TX, USA).

HPG-HA Dual-Polymer Containing Lubricating Eye Drops

Formulation Components and Physicochemical Properties
HPG-HA dual-polymer lubricating eye drops are artificial tear products containing dual demulcents (propylene glycol
and polyethylene glycol) and dual viscosity-enhancing agents and polymers (HPG and HA).*
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The lubricating eye drops are composed of the following ingredients: polyethylene glycol 400, propylene glycol,
HPG, HA, sorbitol, aminomethyl propanol, boric acid, sodium borate, potassium chloride, purified water, and sodium
chloride (preserved formulation contains polyquad [polidronium chloride] preservative, sodium citrate, and disodium
ethylenediamine tetraacetic acid [EDTA]).'"* HPG-HA dual-polymer eye drops are available as unit-dose preservative-
free, multi-dose preservative-free (MDPF), and multi-dose preserved formulations.

Studies evaluating the physicochemical properties of the HPG-HA dual-polymer have shown that the average
molecular weight (MW) of the HPG-HA dual-polymer is 1334 kDa (2233 kDa post-hyaluronidase treatment), with the
average MW of HA (0.15%) being <500 kDa.?' Further, the HPG-HA dual-polymer eye drops have a polydispersity
index of 1.44, pH of 7.90, sodium concentration of 121 mM, and a coefficient of friction of 0.07 + 0.01.2"*2 The average

osmolality for HPG-HA dual-polymer eye drops ranges between 240 and 280 mOsm/kg (mmol/kg).?"*

Mechanism of Action

In the eye drop bottle (pH 7.9), sorbitol/borate/HPG complexes remain in a state of dynamic equilibrium, where sorbitol
competes with borate ions to form complexes with HPG; this reduces the cross-linking of HPG and results in a droppable
gel.??* During instillation of eye drops, the pressure exerted on the bottle causes a reduction in the viscosity of the gel via
shear thinning.”> The low viscosity of the HPG not only diminishes the risk of visual blurring on instillation but also
improves migration of the eye drops for the cornea, providing protection to the epithelial and mucoaqueous layer.?® On the
ocular surface, sorbitol is diluted due to its water solubility, thereby allowing the borate/HPG cross-links to be fortified.**
The change in pH (normal eye: 7.5; dry eye: 7.8) and the natural divalent ions in the tear film (eg, calcium, zinc, and
magnesium) help in the fortification of the borate/HPG cross-linking. The sorbitol/HPG interactions weaken, thereby
increasing the density of borate/HPG cross-links.?®** The increased density of borate/HPG cross-links forms a matrix on
the damaged regions of the ocular surface.?” This matrix, in turn, prolongs the retention of demulcents on the ocular surface
to provide long-lasting lubrication and comfort, reduce friction during blinking, and increase ocular surface protection, thus
helping in reducing clinical signs associated with DED.?*> HPG-based artificial tear formulations have shown to relieve
symptoms and improve signs in patients with DED.?”*® Additionally, clinical studies encompassing over a decade on HPG-

13,27,29

based formulations have shown improvements not only in individual symptoms and ocular surface disease index

27,29,30

score (OSDI) but also in signs such as reduction in corneal staining, total ocular surface staining (TOSS),"* and tear

break up time (TBUT);?”*° thereby maintaining the integrity and stability of the corneal surface.”

Role of HA

HA is a naturally occurring polysaccharide with hygroscopic (water-absorptive) and viscoelastic properties.”’>' HA has a
higher viscosity on the ocular surface between blinks and hence is retained on the ocular surface and provides
protection.'®*? The viscosity of HA reduces during blinks due to shear force, which enables HA to spread across the
ocular surface, thus increasing tear film stability, adhesion to the corneal epithelium, and reducing friction.'® Further, due
to the abundance of hydroxyl groups, HA attracts water molecules and helps in increasing the tear film thickness,
stabilizing the tear film, and increasing corneal wettability.*>>> HA has also been shown to help in corneal wound
healing through the activation of corneal epithelial cell migration.*® These properties make HA a valuable component in
an artificial tear formulation.®* Hence, the combination of both HPG and HA polymers in eye drops provides better
hydration, spreading and retention of demulcents, and lubrication of the ocular surface.”

HPG-HA Dual-Polymer Preservative-Free Lubricating Eye Drops

Due to the chronic nature of DED, repeated instillation of artificial tear eye drops is required throughout the day, over a
long-term period.?” The multi-dose eye drops typically need to be protected with a preservative to prevent microbial
growth.>” Some of the commonly used preservatives include benzalkonium chloride and polyquaternium-1.>” However,
use of certain preservative-containing artificial tear formulations, especially when used over a long term, can have
undesirable effects such as ocular symptoms and cytotoxicity.>’ > Therefore, preservative-free eye drops are desirable in
patients with chronic dry eye requiring multiple instillations of artificial tear formulations over long periods.®” Switching
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from preserved to preservative-free formulations has been shown to improve ocular surface by preventing preservative-
induced complications and improving clinical signs and symptoms of the disease.*”**

HPG-HA dual-polymer preservative-free artificial tear drops, which are similar to the formulation with preservatives,
are designed as both unit-dose and multi-dose formulations. However, certain unit-dose preservative-free formulations
are not easy to handle and are expensive.*' Preservative-free multi-dose eye drop formulations require a mechanism to
maintain the sterility of the solution once the bottle is opened.”” HPG-HA dual-polymer MDPF drops are designed with
Novelia® PureFlow®™ technology.**** This design utilizes a silicone membrane (PureFlow Technology) that filters air; it
also comprises a non-return one-way valve that allows air but not contaminated liquid to enter the bottle, thus avoiding
bacterial contamination.***** Furthermore, the Novelia system has been shown to be easy to use and has eye drop control
with an efficient residual drop removal from the tip of the bottle.*

The specific composition, properties, and mechanism of action of HPG and HA highlight their potential as artificial
tear lubricants in relieving dry eye symptoms. Further, preclinical and clinical scientific evidence as described below will
elucidate and provide support for the role of HPA-HA dual-polymer eye drops.

Preclinical and Clinical Studies of HPG-HA Dual-Polymer Lubricant Eye
Drops in the Management of DED

A literature search was performed in PubMed to identify preclinical and clinical studies reporting the efficacy and safety
of HPG-HA dual-polymer lubricant eye drops in relieving the signs and symptoms of DED. The following predefined
search strings were used.

1. ((Dry eye) OR (dry eye syndrome) OR DES OR (dry eye disease) OR DED) AND ((artificial tears) OR (lubricant)
OR (lubricant eye drops))

2. (Dry eye) OR (dry eye syndrome) OR DES OR (dry eye disease) OR DED) AND ((artificial tears) OR (lubricant)
OR (lubricant eye drops) OR (eye drops)) AND ((Systane Hydration) OR (polyethylene glycol 400) OR (PEG 400) OR
(polyethylene glycol) OR PEG OR (propylene glycol) OR PG OR (HP guar) OR (hydroxypropyl guar) OR HPG)

3. ((Dry eye) OR (dry eye syndrome) OR DES OR (dry eye disease) OR DED) AND ((artificial tears) OR (lubricant)
OR (lubricant eye drops) OR (eye drops)) AND ((Systane Hydration) OR (polyethylene glycol 400) OR (PEG 400) OR
(polyethylene glycol) OR PEG OR (propylene glycol) OR PG OR (HP guar) OR (hydroxypropyl guar) OR HPG) AND
((hyaluronic acid) OR (sodium hyaluronate))

4. ((Dry eye) OR (dry eye syndrome) OR DES OR (dry eye disease) OR DED) AND ((polyethylene glycol 400) OR
(PEG 400) OR (polyethylene glycol) OR PEG) AND ((propylene glycol) OR PG) AND ((HP guar) OR (hydroxypropyl
guar) OR HPG)

5. ((Dry eye) OR (dry eye syndrome) OR DES OR (dry eye disease) OR DED) AND ((polyethylene glycol 400) OR
(PEG 400) OR (polyethylene glycol) OR PEG) AND ((propylene glycol) OR PG) AND ((HP guar) OR (hydroxypropyl
guar) OR HPG) AND ((hyaluronic acid) OR (sodium hyaluronate))

6. ((Artificial tears) OR (lubricant) OR (lubricant eye drops) AND ((polyethylene glycol 400) OR (PEG 400) OR
(polyethylene glycol) OR PEG)) AND ((propylene glycol) OR PG) AND ((HP guar) OR (hydroxypropyl guar) OR HPG)

7. ((Artificial tears) OR (lubricant) OR (lubricant eye drops) AND ((polyethylene glycol 400) OR (PEG 400) OR
(polyethylene glycol) OR PEG) AND ((propylene glycol) OR PG) AND ((HP guar) OR (hydroxypropyl guar) OR HPG)
AND ((hyaluronic acid) OR (sodium hyaluronate))

A flowchart detailing the literature screening strategy used for selecting publications for this review, along with the
key inclusion and exclusion criteria, is shown in Figure 1. A total of 1111 articles in English published between January
01, 2010, and October 31, 2022, were identified using the search strings. After removing duplicates, 1015 articles were
screened based on the inclusion and exclusion criteria. Of these, four relevant articles with preclinical and clinical
evidence were included. Additionally, one article was identified through a Google search and was included (based on the
same inclusion/exclusion criteria). Thus, five studies (two preclinical and three clinical) were reviewed and summarized,
with consensus from all the authors.
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1111 articles in English language published from 01 January 2010 to 31
October 2022 were identified using the search strings in PubMed database

c
]
=
©
S
=
=
c
3
- After removing duplicates, 1015 articles were screened
Inclusion criteria Screening: exclusion criteria
. Partictipants: F;atiir;lts with dry eye disease or ocular dryness (1 011 articles excluded)
symptoms or healthy eyes . - . "
 Interventions: HPG-HA dual-polymer lubricating eye drops or . ﬁ?g\?lepnatir:)t:;s'Oscu;a::;Sorrggl:itztgﬁzér?r?agIIE-i[I; G-HA dual-
> PG-HPG-HA based artificial tears polymer Iubri;:at)i,ng eyep drops
« Comparison includes HPG-HA dual-polymer lubricating eye . . X o
= . a -
= drops versus placebo or any active comparator or no — — Comparison not including HPG-HA dual-polymer lubricating
(3 treatment eye drops
o + Outcomes such as efficacy, safety » Outcomes such as cost effectiveness or cost analysis
n - Clinical and pre-clinical studies focusing on DED treatment Sltjlr‘g:saf:gues'? dges\r;oil)s"i]:aﬁhs);lsjldoifsgi:rE;jE(Ij:;at?g;?:eE{ Stﬁgr
with artificial tears/lubricant eye drops, particularly HPG-HA than IYIPG H/fdual pol?mer lubricating eye drops
dual-polymer lubricating eye drops 5 o i "
« Preclinical studies on the properties of artificial tears/lubricant . f\lrtlcles pul?hfshedJln Ianguzagfoother than English
eye drops which have a clinical outcome/advantage iterature before January
« Articles published in English language
« Literature from 1 January 2010 to October 2022
% 4 studies (preclinical + clinical) selected
>
[}
14
:6 1 relevant article identified from Google search with same —
.= inclusion/exclusion criteria
T
[}
T
=
g 5 relevant studies (preclinical + clinical) on HPG-HA dual polymer lubricating

eye drops reviewed and summarized with consensus of all the authors

Figure | Flow chart of literature screening strategy, with key inclusion and exclusion criteria used for the selecting publications for this review.
Abbreviations: DED, dry eye disease; HA, hyaluronic acid; HPG, hydroxypropyl guar; PG, propylene glycol; HPG-HA dual-polymer lubricating eye drops, SYSTANE
Hydration.

Preclinical Evidence of HPG-HA Dual-Polymer Lubricating Eye Drops

Increased Protection Against Desiccation, Cell Barrier Protection, and Lubricity in Corneal Epithelial Cells
An in vitro study assessed the efficacy of HPG-HA dual-polymer lubricating eye drops versus control and single polymer
formulations containing either HPG alone or HA alone in models of the human corneal epithelium (Table 1).?> HPG-HA
dual-polymer provided significantly greater (p < 0.001) protection against desiccation as compared with media control,
HPG alone, and HA alone, immediately after treatment (cell viability, 53.6% + 10.7%) as well as after rinsing of the
solution (cell viability, 44.4% + 12.5%) (Table 1). These results indicate that HPG/HA dual-polymer eye drops provide
protection against desiccation through cell hydration and surface retention in corneal cells.

Fluorescein permeability immediately after surfactant (Triton X-100) exposure was significantly lower in HPG-HA
dual-polymer pretreated cells (3.0 = 0.3 RFUs) when compared with media control (p < 0.001) and HA alone (p = 0.01);
a similar trend was observed after 4 hours of recovery. Furthermore, the transepithelial electrical resistance after Triton
X-100 exposure was similar across cells pretreated with HPG-HA dual-polymer, HA alone, HPG alone, and media
control; however, after 4 hours of recovery, the resistance was significantly higher (p < 0.001) in cells pretreated with
HPG-HA dual-polymer (111% + 6%) than in the media control, HPG alone, and HA alone. After Triton X-100 exposure,
considerably more viable cells were observed with the HPG-HA dual-polymer than with the media control, HPG alone,
and HA alone (Table 1). These findings demonstrate higher cell barrier protection from surfactant exposure by the dual-
polymer than by single polymer solutions.

Simulated blinking in bovine pericardial tissue showed that HPG-HA dual-polymer, HPG alone, and HA alone
significantly reduced friction compared with saline (p < 0.01 for all).?? Further, HPG-HA dual-polymer reduced friction
to a greater extent as compared with HA alone (0.07 £ 0.01 vs 0.53 + 0.7; p = 0.02) and also maintained lubricity post-
rinsing of the solution. This finding demonstrates the effective and prolonged lubrication provided by the dual-polymer.

Clinical Ophthalmology 2023:17 heeps: 3887

Dove:


https://www.dovepress.com
https://www.dovepress.com

Srinivasan et al

Dove

Table | Preclinical Studies on the Efficacy of HPG-HA Dual-Polymer Lubricant Eye Drops in DED Management

Treatment

Outcome Parameters

Results

Rangarajan et al 2015;%> Human corneal epithelial cells

HPG-HA dual-polymer vs HPG or HA single

polymer eye drops

Protection against desiccation: Cell

hydration

Cell viability (%):

HPG-HA: 53.6% + 10.7%, p < 0.001 vs HPG, HA,
and vehicle

HPG: 36.5% + 14.2%, p = 0.016 vs HA

HA: 25.0% + 10.4%,

Vehicle: 0.4% * 1.4%

Protection against desiccation: Surface

retention

Cell viability (%):

HPG-HA: 44.4% + 12.5%, p < 0.001 vs HPG, HA,
and vehicle

HPG: 29.8% * 6.8%, p = 0.01 vs HA

HA: 21.5% £ 5.6%

Vehicle 2.0% + 5.5%

Cell barrier protection: Corneal
epithelium fluorescein permeability
after Triton X-100

Corneal permeability as fluorescence values (mean
+ SD RFUs):

HPG-HA: 3.0 £ 0.3 RFUs, p < 0.001 vs vehicle, p =
0.0l vs HA

HPG: 3.4 £ 0.4 RFUs

HA: 3.7 £ 0.4 RFUs, p < 0.001 vs vehicle

Vehicle: 4.0 + 0.4 RFUs

Cell barrier protection: Corneal
epithelium fluorescein permeability

post-cell recovery (4 hours)

Corneal permeability as fluorescence values (mean
+ SD RFUs):

HPG-HA: 3.2 + 0.4 RFUs, p < 0.001 vs vehicle, p =
0.0l vs HA

HPG: 3.9 £ 0.5 RFUs

HA: 4.3 £ 0.5 RFUs, p = 0.02 vs vehicle

Vehicle: 4.7 + 0.9 RFUs

Cell barrier protection: Corneal
transepithelial electrical resistance after
Triton X-100

Expressed as mean * SD (%):

HPG-HA: 93% + 11%

HPG, HA, and vehicle: 80% + 8%

(Percentage resistance was calculated as: [post-
treatment resistance/pre-treatment resistance]
x100)

Cell barrier protection: Corneal
transepithelial electrical resistance

post-cell recovery (4 hours)

Expressed as mean + SD (%):

HPG-HA: 111% + 6%, p < 0.001 vs vehicle, HPG,
and HA, ~20% increase in resistance vs after
Triton-X

HPG: 79% + 8%

HA: 81% + 7%

Vehicle: 75% + 10%

Surface lubrication

Friction coefficient at | minute, expressed as mean
+ SD:

HPG-HA: 0.07 £ 0.01, p = 0.007 vs saline, p = 0.02
vs HA

HPG: 0.07 + 0.01, p = 0.0l vs saline

HA: 0.53 £ 0.7, p = 0.01 vs saline

Vehicle: 0.53 + 0.07

(Continued)
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Table | (Continued).

Treatment Outcome Parameters Results

Carlson et al, 2018;* Mice (C57BI/6) model

HPG-HA dual-polymer vs 5 HA containing eye Corneal re-epithelialization: Re- Expressed as percentage of fluorescein-negative
drops epithelialized corneas 24 hours after corneas 24 hours after debridement:
(HA1 = Optive Fusion, HA2 = Vismed, HA3 = debridement HPG-HA: 53.33%, HAI: 12.50%, HA2: 26.67%,
Thealoz Duo, HA4 = Hyabak and HAS5 = Hylo- HA3: 31.25%; HA4: 6.25%; HAS: 43.75%
Comod)
Corneal re-epithelialization: Re- Average re-epithelialized area (%) at 24 hours vs
epithelialized area (pixels) baseline:
HPG/HA: 98.59%
HAI: 91.89%
HA2: 96.64%
HA3: 97.38%
HA4: 91.61%

HAS: 96.75%

Area re-epithelialized (mean difference in re-
epithelialized area vs HPG-HA at 24 hours, pixels):
HAI: 83,896, p = 0.0001

HA2: 44,068, p = 0.0001

HA3: 25,140, p = 0.0016

HA4: 32,834, p = 0.0001

HAS: 18,089, p = 0.0369

Note: Vehicle: cells treated with culture media.
Abbreviations: HA, hyaluronic acid; HPG, hydroxypropyl guar; HPG-HA dual-polymer, SYSTANE HYDRATION; HPG-HA, hydroxypropyl guar-hyaluronic acid; RFU,
relative fluorescence units; SD, standard deviation.

Increased Corneal Re-Epithelialization in an in-vivo Corneal Injury Model

A preclinical study compared the effect of HPG-HA dual-polymer lubricating eye drops versus other HA-containing eye
drops (Optive Fusion ", Vismed®, Thealoz Duo®, Hyabak®, and Hylo-Comod®) on corneal re-epithelialization post-
injury, in an in vivo mouse model (Table 1).*> HPG-HA dual-polymer lubricating eye drops showed the highest corneal
re-epithelialization rate (fluorescein-negative corneas, 53.3%), 24 hours after epithelial debridement, as compared with
the other five HA-containing eye drops. Furthermore, HPG-HA dual-polymer lubricating eye drops demonstrated a
significantly higher average area and percentage area (98.6%) of re-epithelialization than the other HA-containing drops
evaluated (all p < 0.05) (Table 1). These results suggest the role of dual-polymer in corneal wound healing.

Clinical Evidence of HPG-HA Dual-Polymer Lubricating Eye Drops

Reduction in Clinical Signs of Dry Eye in Patients with Dry Eye Disease

In a prospective, double-masked, parallel-group, randomized, noninferiority trial (NCT02470429), the efficacy and safety
of HPG-HA dual-polymer lubricating eye drops were compared with an artificial tear formulation containing HA
(Hyabak 0.15%) in patients with DED.'* Patients (n = 99) aged >18 years with a TOSS score >4 and <9 were randomized
1:1 to receive either HPG-HA or HA treatment, 4 times per day (1 drop in each eye) for 42 days. Changes from baseline
on day 42 in TOSS, the impact of dry eye symptoms on everyday life (IDEEL) treatment satisfaction (effectiveness and
inconvenience) scores, and tear film breakup time (TFBUT) were evaluated. A reduction was observed in mean TOSS
scores (from baseline at day 42) in both treatment groups; however, the mean change from baseline was higher in HPG-
HA dual-polymer lubricating eye drops than 0.15% HA eye drops (least square mean + standard error [LSM =+ SE]: —1.16
+ 0.24 vs —0.92 + 0.23; treatment difference [95% CI], —0.24 [-0.90 to 0.42]; p = 0.476) (Table 2). Thus, the HPG-HA
dual-polymer was found to be non-inferior to 0.15% HA eye drops (upper limit of 95% CI <2 units) in reducing the
clinical signs of DED.
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Improvement in the IDEEL treatment effectiveness score on day 42 (from baseline) was similar for HPG-HA and HA
eye drops (LSM: 9.62 vs 12.80; treatment difference [95% CI], —3.18 [-12.12 to 5.76]; p = 0.4817). However, the IDEEL
treatment inconvenience scores were lower (ie, more disability) for HPG-HA than for HA eye drops (LSM: —10.32 vs
2.24; treatment difference [95% CI], —12.56 [-18.79 to —6.33]; p = 0.0001) (Table 2). The higher treatment inconve-
nience observed with HPG-HA eye drops was hypothesized to be related to the transient blurred vision experienced by
some patients upon instillation of eye drops with high viscosity (dual-polymer). Improvement in TFBUT values at day 42
(from baseline) was similar for HPG-HA and HA eye drops (LSM: 0.39 vs 0.68 seconds; treatment difference [95% CI],
—0.30 [-1.35 to 0.76]; p = 0.5789). Transient blurred vision was the most frequently reported treatment-related adverse
event with HPG-HA compared with HA eye drops. However, no major differences were observed in the frequency of
ocular treatment-emergent adverse events between the HPG-HA dual-polymer and 0.15% HA eye drops (18.0% vs
20.4%), and no new safety findings were reported with the use of the HPG-HA dual-polymer lubricating eye drops
(Table 2). The HPG-HA dual-polymer was well tolerated and safe in patients with DED.

Reduction in Post-Cataract Surgery Dry Eye Symptoms and Signs

A retrospective, observational, multicenter cohort study evaluated the efficacy of perioperative use of HPG-HA dual-
polymer lubricant eye drops in preventing DED post-cataract surgery.*® Data of patients (n = 419) who had undergone
unilateral cataract surgery and were not affected by DED previously were analyzed. Patients were divided into three
groups based on the perioperative lubricating regimens used: those who had instilled HPG-HA drops (3 times/day) both
pre-operatively for 1 week and post-operatively for 8 weeks, those who had only instilled HPG-HA drops post-
operatively for 8 weeks, and those who had not instilled any peri-operative artificial tears. Standard Patient Evaluation
of Eye Dryness (SPEED) questionnaire scores, fluorescein TBUT, and corneal fluorescein staining scores were evaluated
pre-operatively, and post-operatively at 1, 4, and 8 weeks (Table 2).

SPEED questionnaire scores were stable after surgery in the two groups treated with HPG-HA drops but increased
significantly in the non-treated group, especially at week 4 (p < 0.001). Furthermore, the SPEED scores were
significantly lower in the two groups treated with HPG-HA drops than in the non-treated group throughout the post-
operative period (all p < 0.05). The group with both pre-operative and post-operative use of the HPG-HA drops had
significantly lower SPEED scores than the group with post-operative use of drops alone, at week 1 (1.24 £1.17 vs 2.19
1.82; p <0.001) and week 4 (0.92 + 1.05 vs 1.63 £ 1.82; p = 0.021) post-operatively. In the non-treated group, 25% of the
patients reported mild-to-moderate dry eye symptoms at 4 and 8 weeks post-surgery (Table 2). These results suggest that
the HPG-HA dual-polymer reduces ocular discomfort post-cataract surgery, especially when administered pre-
operatively.

TBUT was significantly reduced (p < 0.001) 1 week after surgery compared with the pre-operative values in all three
groups, but the differences were not clinically significant in the two groups treated with HPG-HA. TBUT returned to pre-
operative values faster in the HPG-HA group pre- and post-operatively than in the group treated only post-operatively
(week 4 vs week 8); however, TBUT remained significantly lower throughout the post-operative period in the non-treated
group (p < 0.001). TBUT was significantly higher in the two groups treated with HPG-HA drops than in the non-treated
group throughout the post-operative period (all p < 0.001). Furthermore, the group with both pre- and post-operative use
of HPG-HA drops had a significantly higher TBUT than the group with post-operative use of drops alone at week 4
(11.94 £2.30 vs 11.06 & 2.96; p = 0.016; not clinically significant) post-operatively (Table 2). These results suggest that
the HPG-HA dual-polymer reduces tear film instability post-cataract surgery, particularly when administered pre-
operatively. Furthermore, SPEED scores were inversely correlated with TBUT scores at week 8, indicating good
correspondence between the signs and symptoms of DED.

The percentage of patients with no corneal fluorescein staining (Grade 0) was higher in the two groups treated with
the HPG-HA dual-polymer than in the non-treated group throughout the post-operative period (Table 2); these results
indicate less corneal damage and inflammation in patients treated with the HPG-HA dual-polymer following cataract

surgery.
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Table 2 Clinical Studies on the Efficacy of HPG-HA Dual-Polymer Lubricant Eye Drops in DED Management

Study Population and Treatment

Outcome Parameters

Results

2015 to May 2016

Labetoulle et al, 2018;'* Prospective, multicenter, randomized, double-masked, parallel group, six-week non inferiority trial at clinical acad

emic sites in France, Germany, Spain, and the United Kingdom from July

N = 99 subjects (mean age * SD, 59.2 + 3.5 years;
female, 79.8%) were included who had diagnosed DED for
at least 3 months prior to screening,

Intervention:

HPG-HA dual-polymer lubricant eye drops (n = 50) and
0.15% HA eye drops (Hyabak, n = 49)

Ocular staining: TOSS (corneal, nasal-conjunctival, and temporal—conjunctival
staining; Oxford grading; each staining scaled 0 (absent) to 5 (severe); combined

to give a score of 0—15

TOSS scores (mean * SD): baseline; day 42
HPG-HA: 5.3 * 1.41; 4.1 £2.07
HA: 5.0 + 1.09; 4.1 + 1.98

Change from baseline to day 42 (mean * SD):
HPG-HA: -1.10 £ 1.79
HA: -0.90 + 1.43

Change from baseline to day 42 (LSM * SE):
HPG-HA: —1.16 + 0.24
HA: —0.92 + 0.23

LSM %SE: —0.24 + 0.33; 95% Cl: —0.90 to 0.42; p = 0.476 (UCL of 95%
Cl for treatment difference < noninferiority margin: 2)

Tear film stability: TFBUT

TFBUT (mean %.SD, seconds): baseline; day 42
HPG-HA: 3.2 £ 2.01; 3.68 + 2.36
HA: 3.58 £ 2.22; 4.19 + 343

Change from baseline to day 42 (mean * SD):
HPG-HA: 0.46 + 1.72
HA: 0.61 + 3.43

Change from baseline to day 42 (LSM):
HPG-HA: 0.39
HA: 0.68

Treatment difference: LSM —0.30; 95% CI, —1.35 to 0.76; p = 0.5789

Treatment satisfaction score (effectiveness): IDEEL

Based on 10 questions, patient-reported outcome on a scale of 0 (complete

disability) to 100 (no disability)

IDEEL scores (mean * SD): baseline; day 42
HPG-HA: 52.04 + 29.60; 61.72 + 25.35
HA: 51.56 + 28.64; 64.80 + 25.63

Change from baseline to day 42 (mean * SD):
HPG-HA: 10.11 + 28.15
HA: 12.76 + 26.64

Change from baseline to day 42 (LSM):
HPG-HA: 9.62
HA: 12.80

Treatment difference: LSM —3.18; 95% CI, —12.12 to 5.76; p = 0.4817

(Continued)
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Table 2 (Continued).

Study Population and Treatment

Outcome Parameters

Results

Treatment satisfaction score (inconvenience): IDEEL
Based on |0 questions, patient-reported outcome on a score of 0 (complete
disability) to 100 (no disability)

IDEEL scores (mean * SD): baseline; day 42
HPG-HA: 83.42 + 17.75; 73.05 + 20.35
HA: 81.90 + 17.83; 84.11 = 17.01

Change from baseline to day 42 (mean + SD):
HPG-HA: —10.24 + 16.30
HA: 2.53 + 16.57

Change from baseline to day 42 (LSM):
HPG-HA: —10.32
HA: 2.24

Treatment difference: LSM —12.56; 95% CI, —18.79 to —6.33; p = 0.0001

Safety: AEs

Overall treatment-emergent ocular AEs:

HPG-HA: 18.0% (n = 9)

(Blurred vision, 10.0%; eye irritation, 8.0%; abnormal sensation in eye,
2.0%; reduced visual acuity, 2.0%)

HA: 20.4% (n = 10)

(Eye irritation, 4.1%; abnormal sensation in the eye, eyelid edema, dry
eye, foreign-body sensation in the eye, lacrimal disorder, ocular
hyperemia, and reduced visual acuity, 2% each)

Non-ocular AEs:
HPG-HA: 18.0% (n = 9)
HA: 12.2% (n = 6)

Non-ocular serious AEs:
HPG-HA: 2.0% (n = 1)
HA: 2.0% (n = I)
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Favuzza et al, 2020;* Retrospective observational multicenter cohort study across 17 centers in Italy between September 2017 and March 2018

N = 419 patients/419 eyes (mean age, 72.5 + 8.85 years;
female, 70%) who underwent unilateral cataract surgery
were included

Intervention:

Group |: HPG-HA dual-polymer eye drops 3 times/day in
the pre-surgery week and for 8 weeks post-surgery (n =
139);

Group 2: HPG-HA dual-polymer eye drops for 8 weeks
post-surgery (n = 140); Group 3: no peri operative
treatment (n = 140)

Dry eye symptoms: SPEED score applying a 0-3 scale for frequency (0 = never,
| = sometimes, 2 = often, 3 = constant) and a 0—4 scale for severity (0 = no
problems, | = tolerable, 2 = uncomfortable,

3 = bothersome, 4 = intolerable) of DED

Pre-operative SPEED score (mean * SD):
Groups 1, 2, 3: 1.70 = 1.44, 1.68 + 1.47, 1.63 + 1.58; p = 0.907

Reduction in mean SPEED score at |-, 4-, and 8-weeks post-surgery:
Group 1: 1.24 £ 1.17, 092 £ 1.05 and 0.71 + 0.93;

p <0.001*
Group 2: 2.19 £ 1.82, 1.63 + 1.82 and 1.14 £ 1.44;
p <0.001*
Group 3: 2.81 £ 2.58, 3.90 + 3.16 and 3.98 + 3.38;
p <0.001*

Group | vs Group 2:
Difference at 4 weeks: 0.71; 95% CI: 0.09 to 1.32;
p =0.021

Tear film stability: TBUT after fluorescein instillation

Pre-operative TBUT value (mean  SD):
Groups 1,2, 3: 11.87 £2.09, 12.12 + 2.42,11.90 + 2.41; p = 0.613

TBUT score at |-, 4-, and 8-weeks post-surgery:
Group I: 11.10 + 2.51,11.94 + 2.30 and 12.36 *+ 2.40;
p < 0.001*

Group 2: 10.76 + 2.94,11.06 + 2.96 and 11.84 + 2.78;
p <0.001*

Group 3: 9.36 + 2.67, 11.06 + 2.96 and 9.57 + 2.83,
p < 0.001*

Group | vs Group 2:
Difference at 4 weeks: 0.88; 95% ClI, 0.13 to 1.64,
p=0.016

Ocular surface characteristics: CFS using Oxford scale (0 = absent to 5 =
severe staining)

Subjects (%) with corneal fluorescein staining graded as 0 at pre-
operative, |, 4 and 8-week post-surgery, respectively

Group |: 64.7%, 56.8%, 75.5%, and 91.4%

Group 2: 70.0%, 54.7%, 77.7%, and 89.2%

Group 3: 75.7%, 47.9%, 58.6%, and 68.6%

(Continued)
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Table 2 (Continued).

Study Population and Treatment

Outcome Parameters

Results

Fatin et al 2021;* Prospective, double-masked randomized interventional study

N = 50 subjects/100 eyes, (mean age, 28.4 + 5.5 years;
female, 54%), with good ocular and general health
Intervention:

HPG-HA dual-polymer lubricant eye drops with
preservative and preservative-free eye (unit dose), and
saline (Opticare® Normal saline solution)

Tear film stability: TBUT (measured in seconds)

TBUT (mean * SD, seconds):

HPG-HA (with preservative)

Baseline: 5.62 = 1.139

15 minutes: 5.82 + 1.063; p = 0.010 vs baseline
60 minutes: 6.22 + 0.616; p < 0.001 vs baseline

HPG-HA (without preservative)

Baseline: 5.64 + 1.141]

15 minutes: 6.02 + 0.979; p < 0.001 vs baseline
60 minutes: 6.34 + 0.658; p < 0.001 vs baseline

Saline

Baseline: 5.46 + 1.092

15 minutes: 5.34 £ |.136; p = 0.083 vs baseline
60 minutes: 5.32 + 1.077; p = 0.181 vs baseline

Tear film characteristics:
TMH, measured in (mm)

TMH (mean % SD, mm):

HPG-HA dual-polymer (with preservative)

Baseline: 0.1924 + 0.02536

5 minutes: 0.1920 + 0.02458; p = 0.687 vs baseline
15 minutes: 0.1994 £ 0.02325; p < 0.001 vs baseline
60 minutes: 0.2012 + 0.02379; p < 0.001 vs baseline

HPG-HA dual-polymer (without preservative)
Baseline: 0.1948 + 0.02501

5 minutes: 0.1996 + 0.02449; p < 0.001 vs baseline
15 minutes: 0.2038 * 0.02276; p < 0.001 vs baseline
60 minutes: 0.2068 + 0.02094; p < 0.00! vs baseline

Saline

Baseline: 0.1928 + 0.02588

5 minutes: 0.1964 + 0.03015; p = 0.092 vs baseline
15 minutes: 0.1916 £ 0.02402; p = 0.436 vs baseline
60 minutes: 0.1900 + 0.02579; p = 0.1 |9 vs baseline

Tear film characteristics:
TFP, based on numerical grading, type | = 1.0, type Il = 2.0, type Ill = 3.0, and
type IV = 4.0

TFP (mean * SD, type)

HPG-HA dual-polymer (with preservative)
Baseline: 2.18 + 0.941

60 minutes: 1.66 + 0.626; p < 0.001 vs baseline

HPG-HA dual-polymer (without preservative)
Baseline: 2.18 + 0.941
60 minutes: 1.58 + 0.499; p < 0.001 vs baseline

Saline
Baseline: 2.18 + 0.941
60 minutes: 2.18 + 0.941; p = 1.000 vs baseline

Note: *Indicates ANOVA (analysis of variance).
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Abbreviations: AE, adverse event; CFS, corneal fluorescein staining; Cl, confidence interval; DED, dry eye disease; HA, hyaluronic acid; HPG, hydroxypropyl guar; HPG-HA, hydroxypropyl guar-hyaluronic acid; Hyabak, 0.15% hyaluronic
acid eye drops; IDEEL, impact of dry eye symptoms on everyday life; LSM, least square mean; mm, millimeter; SPEED, standard patient evaluation of eye dryness; SD, standard deviation; SE, standard error; SYSTANE HYDRATION, HPG-
HA dual-polymer; TBUT, tear breakup time; TFP, tear ferning pattern; TMH, tear meniscus height; TOSS, total ocular surface staining; UCL, upper confidence interval.
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Improvement in Tear Film Quality in Subjects with Healthy Eyes

A prospective, randomized, double-masked study evaluated the short-term effect of HPG-HA dual-polymer lubricant eye
drops (preserved and preservative-free formulations) compared with saline on tear film characteristics in subjects with
normal eyes. TBUT, tear meniscus height (TMH), and tear ferning pattern (TFP) were evaluated in 50 subjects at
baseline and up to 60 minutes after instillation.*” HPG-HA dual-polymer lubricant eye drops had high viscosity, with the
preservative-free eye drops being more viscous than the preserved one (32.73 cP vs 26.70 cP; saline: 0.71 cP) (Table 2).
The pH of both eye drop formulations was slightly basic (preserved, 7.85; preservative-free, 7.74; saline, 6.64). The pH
of normal tears is 6.5 to 7.6. Both formulations of HPA-HA dual-polymer eye drops significantly increased TBUT at 15
minutes (preserved: 5.82 + 1.063, p = 0.010; preservative-free: 6.02 + 0.979, p < 0.001) and 60 minutes (preserved: 6.22
+ 0.616, p < 0.001; preservative-free: 6.34 £ 0.658, p < 0.001) post-instillation, whereas TBUT decreased in normal
saline at 15 and 60 minutes post-instillation. These results indicated an increase in tear film stability with the dual-
polymer. Similarly, significant improvements in TMH from baseline were observed with both preservative-free (5
minutes, 0.1996; 15 minutes, 0.2038; 60 minutes, 0.2068; p < 0.001 for all) and preserved (15 minutes, 0.1994; 60
minutes, 0.2012; p < 0.001 for both) formulations of HPA-HA dual-polymer eye drops; however, no significant changes
were observed at 5 minutes after instillation of eye drops and with saline. These findings indicate an increase in TMH
with a higher viscosity. TFP was significantly improved with both HPA-HA dual-polymer eye drop formulations at 60
minutes post-instillation (p < 0.001); however, no change was observed in the saline group (Table 2). Overall, both
formulations of HPG-HA dual-polymer eye drops improved the tear film quality.

Other Reports on HPG-HA Dual-Polymer Lubricating Eye Drops

A prospective, single-center, randomized, double-masked, three-arm study evaluated the subjective responses of parti-
cipants (N = 24; aged 2340 years) to the filling solutions in the application of miniscleral contact lenses.*® The study
compared the effects of instilling HPG/HA eye drops or PG-HPG nanoemulsion (SYSTANE Complete) drops into the
lenses before filling with saline or filling with saline alone (control). General linear mixed model analysis demonstrated
that improvement in dryness symptoms was faster with HPG/HA eye drops (estimate + standard error [SE], —1.13 £ 0.56,
p = 0.049) or with PG-HPG nanoemulsion eye drops (estimate + SE, —1.69 £+ 0.58, p = 0.005) than with saline alone.
Approximately 50% of the subjects treated with the PG-HPG nanoemulsion and 42% treated with HPG/HA drops
showed the greatest improvement in dryness 5 min after lens application, whereas subjects treated with saline alone
showed the greatest improvement in dryness only at 4 hours.

The PG-HPG nanoemulsion eye drops were also effective in improving other symptoms (fluctuating vision, grittiness/
burning/stinging, and foreign body sensation [all p < 0.05]) more quickly than saline alone, whereas the HPG/HA eye
drops showed no significant improvement (all p < 0.05). There were no significant differences in subjective scores
between treatments or over time for comfort, vision quality, facial recognition, and overall satisfaction (p > 0.05).

Overall, HPG/HA dual-polymer lubricating eye drops improved symptoms of dryness after application of miniscleral
contact lenses and, hence, may be helpful in improving adaptation to miniscleral lenses.

A prospective, randomized, comparative study®® by Pastor-Pascual et al evaluated the effects of HPG/HA dual-
polymer lubricating eye drops and CMC sodium-containing eye drops (Viscofresh) in subjects undergoing treatment with
intravitreal injections of anti-vascular endothelial growth (anti-VEGF). OSDI, dry eye questionnaire-5 (DEQ-5), TMH,
non-invasive keratograph tear breakup time (NIKBUT), vision breakup time (VBUT), meibography, and mean redness
score were evaluated in subjects with age-related macular degeneration (N = 34; aged 51-88 years). The subjects were
treated with one intravitreal injection per month (on days 0, 30, and 60) and were randomized (1:1) at baseline to receive
either HPG/HA (n = 16) or CMC (n = 18) eye drops. The patients were instructed to instill the assigned eye drops 3 times
a day for 30 days during the second month.

Mixed models for repeated measures showed no significant differences in the parameters (OSDI, DEQ-5, TMH,
NIKBUT, redness, VBUT and meibography; p > 0.05) assessed in the study between no treatment versus treatment with
either eye drops. However, the OSDI and DEQ-5 showed a trend towards lower values across the study, indicating their
potential for future studies. The parameters of OSDI, DEQ-5, TMH, and meibography were not affected by the type of
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treatment (HPG/HA vs CMC eye drops) or the time of treatment (day 30 to day 60) but depended on the starting value
(ie, value at day 30). In contrast, NIKBUT first and VBUT increased over time, regardless of the type of treatment (HPG/
HA vs CMC eye drops) and the starting value (ie, at day 30). Thus, the results indicate that artificial tears may help to
maintain tear film stability and thus improve the QoL in patients receiving anti-VEGF intravitreal treatment.

A 2-week study’® by Pucker et al evaluated the QoL of digital device users treated with HPG/HA dual-polymer
lubricating eye drops (NCT04837807). The study recruited participants (N = 30, aged >18 years) who used digital
devices (eg, computers, tablets, or smartphones) for >8 hours per day and had an Impact of Dry Eye on Everyday Life
(IDEEL) Quality of Life (QoL) work domain score <80, and an OSDI questionnaire score of 13—32. Subjects attended
three visits and were randomized to receive either HPA-HA dual-polymer preservative-free unit-dose or multi-dose eye
drops for 1 week and switched to the alternative dosing in the second week. Subjects were instructed to use eye drops >4
times per day in each eye. Subjects completed the IDEEL-QoL and OSDI questionnaires at each visit. Comfort was
evaluated using a visual analogue scale (VAS) of 0—100 on days 1-5, week 1, and week 2 visits. Dispensing system
preferences (unit- or multi-dose) were evaluated using a Likert questionnaire.

Subjects reported significant improvements in VAS eye comfort upon waking and while they used the digital devices
(start/mid/end of the day) (all p < 0.003). Similarly, the IDEEL questionnaire (daily activities, feelings, and work) and
OSDI scores improved significantly at week 2 (all p < 0.0001). Overall, a higher percentage of subjects (55%) preferred
using the unit-dose HPG-HA dual-polymer eye drops than the multi-dose (45%) dispensing system. Overall, the results
suggest that HPG-HA dual-polymer lubricating preservative-free eye drops provide symptomatic relief and improve QoL
in digital device users with dry eye symptoms.

Summary

The management of DED is challenging due to the multifactorial and chronic nature of the disease. Artificial tears
provide temporary relief from DED symptoms and have evolved as an integral part of DED management. Aqueous-based
tears contain demulcents that improve corneal surface wettability and provide lubrication to the ocular surface, thereby
relieving the symptoms of DED. HPG-HA dual-polymer lubricating eye drops, which utilize the action of the two
polymers, support the retention of demulcents, protect the ocular surface, and provide lubrication to the ocular surface.
Additionally, dual-polymer eye drops possess excellent hygroscopic and viscoelastic properties that help with water
retention, protect against desiccation, reduce friction during blinks (lubrication), and promote corneal re-epithelialization.

Clinical medical evidence demonstrates the effects of HPG-HA dual-polymer lubricating eye drops in reducing the
signs and symptoms of DED. These drops have also been demonstrated to be effective in reducing dry eye symptoms
post-cataract surgery, particularly if instilled pre-operatively. Furthermore, HPG-HA dual-polymer lubricating eye drops
(with and without preservative) have been shown to improve tear film quality in healthy eyes. Although HPG-HA dual-
polymer eye drops are well tolerated, some patients may experience transient blurred vision immediately upon instillation
due to the high viscosity of the eye drops.

Other reports on HPG-HA dual-polymer lubricating eye drops suggest that it relieves ocular dryness after application
of miniscleral contact lenses and can help maintain tear film stability in patients undergoing anti-VEGF intravitreal
treatment. Furthermore, HPG-HA dual-polymer preservative-free eye drops have been shown to provide symptomatic
relief and improve the QoL of digital device users with dry eye symptoms.

Overall, based on the available preclinical and clinical evidence, HPG-HA dual-polymer lubricating eye drops are
well tolerated, safe and effective in the management of dry eye symptoms. It also improved ocular health, tear film
stability and integrity and QoL in patients with DED.
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