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Abstract: Dry eye disease (DED) is a growing global public health concern. The market for over-the-counter artificial tears, the
mainstay treatment for DED, is also experiencing growth, driven by the rising prevalence of the condition and advancements in
therapeutic formulations. The treatment landscape for DED is rapidly evolving, and currently marketed artificial tears vary in their
active ingredients, use of preservatives, and formulations. Therefore, it is imperative to understand the breadth of management options
and the evidence base of formulations to inform treatment decisions and treatment guidelines. In our narrative review, we provide an
overview of the development and regulation of artificial tear formulations in the United States. We evaluate their active ingredients,
formulations, and use of preservatives. Increasingly, preservative-free formulations are being developed that contain combinations of
well-established active ingredients. In this context, a key focus of the narrative review is to critically analyze the novel, preservative-
free, multidose formulation of hyaluronic acid and trehalose in artificial tears. We highlight its formulation and mechanism of action
and its involvement in autophagy regulation and inflammatory response. We describe the strong and growing evidence base supporting
the effectiveness and safety of this combination formulation of artificial tears in managing DED, and we also describe its use in
postcataract surgery and in the real world.
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Introduction

Dry eye disease (DED) is a common, multifactorial, chronic inflammatory disease of the ocular surface and tear film with
a global prevalence of approximately 5% to 50%." An estimated 16.4 million American adults have diagnosed DED, and
an estimated additional 6 million adults have reported DED symptoms but have not received a formal diagnosis.” The
primary treatment for DED is artificial tears,>* which aim to stabilize the tear film, reduce inflammation, and protect the
ocular surface to alleviate symptoms.>>’ The market for over-the-counter (OTC) artificial tears is increasing due to the
rising prevalence of DED, which has been attributed to the growing aging population' and prolonged screen use in adult
and pediatric populations.*'° An estimated 117 million Americans reported the use of eyedrop products in 2020, and this
number was projected to increase to 123 million by 2024.'" Artificial tears formulations are rapidly advancing, with
newer formulations containing novel active ingredients, novel combinations of well-established ingredients, advance-
ments in preservative-free options, and improved compositions.'? This narrative review provides an overview of the
development and regulation of artificial tears for managing DED in the United States. We evaluate their active
ingredients, formulations, and use of preservatives. Increasingly, preservative-free formulations are being developed
that contain combinations of well-established active ingredients, such as hyaluronic acid and trehalose.'® We describe the

formulation and mechanism of action of this combination treatment and its involvement in autophagy regulation and
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inflammatory response. There is a strong and growing evidence base supporting the effectiveness and safety of this
combination formulation of artificial tears in managing DED as well as in postcataract surgery and the real world.

Burden of DED

Dry eye disease is a sexually dimorphic condition, with females at higher risk than males due to biological sex, hormonal
differences, and gender factors.'* Other key risk factors associated with DED include advancing age (over 50 years),

systemic and autoimmune diseases,''’

and the use of medications such as diuretics, antihistamines, antidepressants, and
anxiolytic medications."> Additionally, the use of preservative-containing eyedrops, contact lens use, certain lifestyle
choices (eg, excessive screen use, tobacco use), environmental exposures, and ophthalmic procedures such as cataract
and refractive laser surgery further contribute to the development of DED symptoms in both adults and children.®!*'¢!7
Meibomian gland atrophy, characterized by duct obstruction and changes in the glandular secretion, is also a significant
contributor to DED and is commonly observed among adult and pediatric populations.'®2°

The overall burden of DED is rising due to the growing aging population' and due to the prolonged use of digital devices
such as computers, laptops, smartphones, and tablets in adult and pediatric populations; the use of these devices was
exacerbated during the COVID-19 pandemic.® '® Visual screen use reduces the blinking rate and increases incomplete
blinking, leading to accelerated tear evaporation, tear film instability, ocular surface damage, and dry eye symptoms.''
A 2025 study indicates that there are ocular surface disease signs present in young adults regardless of dry eye status.?* In this
prospective, longitudinal study including 50 participants aged 18-25 years, 56% met criteria for DED, over 90% had at least
one diagnostic sign (even if not fulfilling DED criteria), and 48% had at least 25% meibomian gland loss in either lid by age
25.7 Disease state awareness is growing among patients, prompting them to self-treat or seek treatment more frequently and
earlier in the disease course. Content creators such as nonphysician medical providers, nonmedical providers, licensed
physicians, and private companies use social media platforms such as TikTok and Instagram to discuss DED, covering topics
from educational content, treatment options, homeopathy, and personal experiences.**

The burdensome symptoms of DED (eg, pain, discomfort, fluctuating or blurry vision)'*>~°

negatively affect quality of
life (QoL), including aspects of physical, social, and psychological functioning, daily activities, and workplace
productivity.'?”?? The severity of DED symptoms positively correlates with patient-reported depression, anxiety, and stress
scores.'® The diminished QoL experienced by patients with moderate-to-severe DED is comparable to the QoL impairments
experienced in patients undergoing dialysis or those with severe angina.*®>' DED also imposes a substantial economic

1:29:3273% including direct costs involving the use of eyedrops, lubricants, physician visits, and supplements as well as

29,32,33 32,34

burden,
indirect costs®® related to productivity loss due to absenteeism or presenteeism, that increases with DED severity.
Ingredients Used in Artificial Tears

Various artificial tear treatments are now available to alleviate the symptoms in DED by enhancing tear film stability,
reducing inflammation, and safeguarding the ocular surface.>”’ Artificial tears are the mainstay management option in all
stages of DED management.>* Artificial tear formulations contain various active ingredients and biologically active
excipients and may contain preservatives.>> Demulcent agents are water-soluble polymers that enhance viscosity, increase
tear film thickness, and provide lubrication to the ocular surface.*®* Currently marketed artificial tears in the United States
are formulated with a demulcent (Table 1)* as the active ingredient and often contain a combination of other biologically
active excipients (or inactive ingredients). Most marketed artificial tears are demulcents (also referred to as viscosity-
enhancing agents);*® however, artificial tears may also incorporate osmoprotectants to counteract tear film hyperosmolarity,
humectants, oils, carbomers, or poloxamers (Table 1).33¢ 3% Viscosity and pH are also important factors that impact patient
compliance with DED treatment; formulations that have high viscosity and have a pH close to that in normal tears (within
the range of 6.5 to 7.8) are associated with better tear film distribution and ocular comfort, respectively.***!

A summary of currently marketed artificial tears in the United States by active ingredient(s) and types of ingredient(s)
for preserved formulations is presented in Table 2 and for preservative-free formulations is presented in Table 3.
Currently available preserved artificial tears are preserved by OcoPure® (sodium chlorite), Purite® (Stabilized
Oxychloro Complex), or Polyquad® (polyquaternium-1), and these formulations were first marketed from 2008. The
preservative-free formulations are newer and were first marketed in 2016 and contain key active ingredients (eg, sodium

2 https: Clinical Ophthalmology 2026:20



Barnett et al

Table | Summary of Ingredients Used in Artificial Tears

Demulcent Agents (Active Ingredient)

Povidone

Examples: Cellulose Derivatives, Dextran, Gelatin, Polyols, Polyvinyl Alcohol, or

Biologically active excipients (inactive
ingredients)

Osmoprotectants

Humectants
Examples: HA and SH
Qils

Carbomers

Poloxamers

Examples: castor, mineral, or flaxseed

Examples: trehalose, sorbitol, erythritol, L-carnitine, betaine, and glycerin

Abbreviations: HA, hyaluronic acid; SH, sodium hyaluronate.

Table 2 Currently Marketed Preserved Artificial Tear Formulations in the United States

Product

Active Ingredient(s)

Key Inactive Ingredient(s)
with Biological Activity

Preservative Type

Year Marketed in
the United States

Blink® Tears Lubricating
Eye Drops

Blink®Gel Tears
Lubricating Eye Drops
Refresh Optive® Gel
Drops Lubricant Eye Gel
Systane® Complete
Lubricant Eye Drops
Blink® Triple Care
Lubricating Eye Drops

Polyethylene Glycol 400 0.25%

Polyethylene Glycol 400 0.25%

Propylene Glycol 0.6%

Polyethylene Glycol 400 0.25%

CMC 1%, Glycerin 0.9% -

Oil

Hyaluronate

Sodium Hyaluronate

Sodium Hyaluronate

Hydroxypropyl Guar, Mineral

Castor Oil, Sodium

Sodium Chlorite
(OcuPure® brand)
Sodium Chlorite
(OcuPure® brand)
Purite® (Stabilized

POLYQUAD®
(polyquaternium-1)
Sodium Chlorite
(OcuPure® brand)

Oxychloro Complex)

2008

2008

2015

2018

2022

Abbreviation: CMC, carboxymethylcellulose.

Table 3 Currently Marketed Preservative-Free Artificial Tear Formulations in the United States

Product

Active Ingredient(s)

Key Inactive Ingredient(s)
with Biological Activity

Year Marketed in the
United States

Refresh® PM PF Lubricant Eye Ointment

Blink® Tears PF Lubricating Eye Drops
Refresh® Digital PF Lubricant Eye Drops

Systane® Hydration PF Lubricant Eye Drops

iVIZIA® Sterile Lubricant Eye Drops
iVIZIA® Lubricant Eye Gel

Refresh Optive Mega-3® PF Lubricant Eye
Drops

Systane® Complete PF Lubricant Eye Drops
Optase® MGD Advanced Dry Eye Drops
Refresh® RELIEVA® PF Xtra Lubricant Eye
Drops

Blink® Nourish Lubricating Eye Drops

Systane® Pro PF Lubricant Eye Drops

Mineral Oil 42.5%, White
Petrolatum 57.3%
Polyethylene Glycol 400 0.25%
CMC 0.5%, Glycerin 1%,
Polysorbate 80 0.5%
Polyethylene Glycol 400 0.4%,
Propylene Glycol 0.3%
Povidone 0.5%

Povidone 0.5%

CMC 0.5%, Glycerin 1%,
Polysorbate 80 0.5%
Propylene glycol 0.6%
Glycerin 0.9%

CMC 0.5%, Glycerin 0.9%

Glycerin 0.75%
Propylene glycol 0.6%

Sodium Hyaluronate
Castor Oil

Hydroxypropyl Guar, SH

HA, Trehalose
HA, Trehalose, Carbomer
Flaxseed & Castor OQils, Trehalose

Hydroxypropyl Guar, Mineral Oil
Sacha Inchi Seed Oil, SH, Trehalose
SH, Trehalose

SH, Trehalose
SH

2016

2016
2020

2020

2021
2021
2021

2022
2022
2024

2025
2025

Abbreviations: CMC, carboxymethylcellulose; HA, hyaluronic acid; SH, sodium hyaluronate.

Clinical Ophthalmology 2026:20

https:




Barnett et al

hyaluronate [SH], hyaluronic acid [HA], trehalose) or combinations of well-established active ingredients (eg, HA +
trehalose, HA + trehalose + carbomer).

Use of Preservatives in Artificial Tears
Artificial tears are typically formulated with preservatives to ensure sterility and to extend shelf life.*** The most
common preservative in topical drops is benzalkonium chloride (BAK).**** Although BAK is an effective antimicrobial
agent, it is associated with toxicity and limitations (Table 4).****%” BAK alternatives (eg, Purite®, Polyquad) provide
less toxicity; however, there are certain disadvantages to their use (Table 4).%°

Preservative-free ophthalmic formulations have been developed to address the limitations of using preservatives and to avoid
preservative-induced adverse effects. The global availability of preservative-free artificial tears is expanding, driven by growing
awareness of the adverse impact of preservatives and advancements in technology and innovation that enhance product
development. Preservative-free artificial tears reduce signs and symptoms of DED more effectively than BAK-containing

4
agents. 8

Regulation of Artificial Tears in the United States

In the United States, most artificial tears are marketed as OTC drugs.*® These products are regulated by the U.S. Food
and Drug Administration (FDA) under an OTC monograph, essentially a “rule book” that sets standards for safety,
effectiveness, and labeling. The monograph defines which ingredients, concentrations, and labeling are considered safe
and effective. The following specifications for artificial tears are provided in the Ophthalmic Drug Products for OTC
Human Use (Monograph MO018):*°

e Permitted active ingredients and concentration ranges:

a. Cellulose derivatives: carboxymethylcellulose (CMC) sodium: 0.2—2.5%, hypromellose: 0.2—2.5%, hydroxyethyl
cellulose: 0.2-2.5%, and methylcellulose: 0.2—2.5%.

b. Polyols (sugar alcohols): glycerin: 0.2—1%, polyethylene glycol 300 or 400: 0.2—1%, and propylene glycol: 0.2—1%.

c. Other lubricants: Dextran 70: 0./% (when combined with another polymeric demulcent), polyvinyl alcohol:
0.1-4%, and povidone: 0.1-2%.

e Indication: Temporary relief of dryness and irritation of the eye.
e Labeling requirements: Directions for use, warnings (eg, discontinue if pain or vision changes occur), and storage
instructions.

Products that comply with these conditions are considered “generally recognized as safe and effective” (GRASE) and do
not require individual FDA approval. Manufacturers are responsible for ensuring compliance, and the FDA primarily
monitors safety after products reach the market. This framework was modernized under the CARES Act (2020) to allow
faster updates when safety concerns arise.

Table 4 Advantages and Disadvantages to BAK and BAK Alternatives

BAK BAK Alternatives
(Purite®, Polyquad®)

Benefits Effective antimicrobial agent Less toxicity than BAK
Disadvantages | Associated with ocular surface disease and cytotoxic effects on the ocular Can exert cytotoxic, proinflammatory, and
surface in conjunctival and corneal cells, leading to exacerbated DED structural damage effects on the ocular surface®

symptoms, especially following chronic use***—

Abbreviations: BAK, benzalkonium chloride; DED, dry eye disease.
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HA in Artificial Tears for the Treatment of DED

Formulation and Mechanism of Action

Hyaluronic acid (or its derivative, SH), a naturally occurring glycosaminoglycan, is an active ingredient that is frequently
used in artificial tears.>”>° HA is essential for joint and tendon lubrication, is distributed in connective, epithelial, and
neural tissues,”’ and is found in vitreous and aqueous humor, cornea, and tear film.>® Studies have shown multiple
mechanisms of action of HA in the treatment of DED. In vitro studies demonstrate that HA inactivates the CD44 adhesion
molecule, a receptor that is overexpressed in the cornea and the conjunctiva of patients with DED,”" which promotes
cellular migration and reepithelization.”>>* HA has a role in regulating localized inflammation in patients with keratocon-
junctivitis sicca.* Mechanical damage to the cornea is reduced with HA through viscoelastic properties that lubricate the
ocular surface during blinking and ocular movements, thereby preventing damage from the eyelid.>> Lastly, with an affinity
of 1000-fold its weight, the water-retentive properties of HA facilitate ocular surface wettability by acting as a reservoir for
the slow release of water molecules®® and reducing tear evaporation.”® HA has also been shown to increase the number of

goblet cells,”” decrease the apoptosis of corneal epithelial cells,”’>® 57,38

and increase corneal wound healing.

HA concentration, drop frequency, and the molecular weight of HA vary widely in clinical trials.’® Higher
concentrations of HA (>0.2%) in eyedrops provide more extended tear film stability; however, blurry vision becomes
more prominent as HA concentrations increase.” The molecular weight of HA varies based on the number of disaccharide
units forming the molecule and ranges from <100 kilodaltons (kDa) to >1000 kDA.>® Generally, high-molecular-weight
HA has anti-inflammatory properties and is more viscous. In contrast, low-molecular-weight HA displays proinflamma-
tory properties and has lower viscosity, allowing for greater distribution and protection of the ocular surface.>>**¢! In
a pivotal study using an environmental dry eye stress model, high-molecular-weight HA eyedrops provided significantly
enhanced protection against mechanical damage and ocular surface inflammation compared with their low-molecular-
weight counterparts.>® This therapeutic superiority was attributed to the robust anti-inflammatory properties intrinsic to

high-molecular-weight HA, underscoring its potential in managing ocular surface disorders.

Clinical Evidence Base

HA is recognized as a safe and effective therapeutic agent for DED, with a well-established role in enhancing tear film
stability, reducing inflammation, and promoting ocular surface protection.””****% In a comprehensive review of 53
studies evaluating the safety and efficacy of HA (concentrations ranging from 0.1% to 0.4%) in artificial tears compared
with baseline measures and placebo, significant improvements in symptoms and objective measures such as total ocular
surface staining (in 40/53 treatment arms) and improved tear film break-up time (TBUT) (in 29/48 treatment arms) were
demonstrated.” Schirmer’s test scores improved in fewer studies (in 15 of 37 treatment arms).” No major complications or
serious adverse events were associated with HA use.” In another review of 23 studies (30 treatment arms) comparing HA
with other single-ingredient eyedrops, CMC showed better subjective outcomes in some studies.” In both studies, lack of
comparative studies and varied treatment regimens limited the ability to recommend one formulation over another.”° In
a recent double-masked, controlled study in patients with moderate DED (N = 100), Maity et al (2024) reported significant
improvements in TBUT that were maintained until 1 hour after drop instillation across five different formulations of CMC,
SH, and polyethylene glycol-based artificial tears; however, none of the formulations were superior to the other formula-
tions for TBUT changes at any time from baseline.** Together, these findings highlight the need for more robust and
consistent research to understand HA’s potential relative to other artificial tears fully and to optimize its use in clinical
practice.

Meta-analyses evaluating the efficacy and safety of HA in treating DED demonstrate HA formulations are effective
for tear production (as measured by Schirmer’s test) and tear film stability (TBUT) compared with saline or non-HA
formulations (Table 5).°>* In a meta-analysis of high or low concentrations of HA for DED, high concentrations (0.3%)
of HA significantly improved the outcome of corneal fluorescein staining (CFS) according to random effect modeling
(SMD -3.37, 95% CI —5.25 to —1.48, P = 0.0005); however, the Schirmer’s I test, TBUT, the dry eye symptom score,
and ocular surface disease index (OSDI) were not statistically significant (Table 5).°° These findings suggest that high
concentrations of HA were more effective than lower concentrations of HA in improving CFS, but variations in
molecular weight and other properties can affect its overall viscosity and clinical application.®®

Clinical Ophthalmology 2026:20 heeps: 5
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Table 5 Meta-Analyses Evaluating HA

Study

Schirmer’s Test

TBUT

CFS

OSDI/Symptom Improvement

Ouyang et al (2024)%°
10 RCTs

comparing high or
low concentrations
of HA

Yang et al (2021)%3
19 studies comparing
HA vs non-HA
artificial tears

Ang et al (2017)2

18 studies comparing
HA vs non-HA
artificial tears

No significant difference between
low vs high concentration HA
WMD 0.57 (95% CI —0.15 to 1.29),
p=0.12

Significant improvements with HA vs
non-HA
SMD 0.18 (95% Cl 0.03 to 0.33)

Significant improvements with HA vs
non-HA

SMD 0.238 (95% Cl 0.107 to 0.369),
p < 0.001

No significant difference between
low vs high concentration HA
WMD 0.98 (95% CI —1.09 to 3.04),
p =035

No significant difference between
low vs high concentration HA
SMD —0.00 (95% Cl —0.10 to 0.11)
Significant improvement with HA vs
saline
SMD 0.28 (95% Cl 0.03 to 0.52)
HA showed less improvement
compared with non-HA
SMD —0.566 (95% CI —1.099 to
-0.0336),

p = 0.037

Significant improvement with high vs low
concentration HA
SMD -3.37 (95% Cl —5.25 to —1.48),
p = 0.0005

Similar improvements for HA vs non-HA
SMD —0.01 (95% Cl —0.17 to 0.16)

HA showed superiority over non-HA artificial
tears in |12 datasets, with 7 showing statistical

significance

No significant difference in OSDI for low vs
high concentration HA
SMD -0.24
(95% ClI —0.75 to 0.27) p = 0.36

No significant difference in OSDI for HA vs
non-HA
SMD —0.14 (95% Cl —0.30 to 0.02)
Significant improvement with HA vs saline
SMD —0.61 (95% Cl —1.12 to —0.10)

HA showed superiority over non-HA artificial
tears in 10 datasets, with 6 showing statistical

significance

Abbreviations: CFS, corneal fluorescein staining; Cl, confidence interval; HA, hyaluronic acid; OSDI, Ocular Surface Disease Index; RCT, randomized controlled trial; SH, sodium hyaluronate; SMD, standardized mean difference; WMD,

weighted mean difference.
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Trehalose in Artificial Tears for the Treatment of DED
Formulation and Mechanism of Action

6667 s a bioprotectant widely found in

Trehalose, a naturally nonreducing disaccharide consisting of 2 glucose molecules,
nature in bacteria, fungi, plants, and some invertebrates.’®** Trehalose is widely known for its ability to protect proteins
and other biomolecules by upregulating in response to environmental stress.”” Perhaps, the most well-known natural
example of trehalose is the Rose of Jericho (Selaginella lepidophylla), a resurrection plant that produces trehalose. The
plant can survive years of desiccation through the action of trehalose, which replaces water in the organism by

37374 trehalose maintains osmotic balance and

rearranging the cellular water structure.”'”’”> As an osmoprotectant,
prevents water leakage from the cytoplasm. Trehalose prevents protein degradation and denaturation by binding to and
protecting proteins and cell membranes, allowing them to retain their integrity and shape during periods of stress and
quickly return to normal function.®*”*>”* Early in vivo and in vitro studies helped demonstrate the usefulness of trehalose

as a treatment for DED.”>”77

Clinical Evidence Base

Although trehalose has been used in artificial tears for decades, trehalose-containing artificial tears only recently
became available in the United States.®® Trehalose is an osmoprotectant known for its lubricating, hydrating, and
protective properties in patients with DED.®®” Randomized controlled trials (RCTs) evaluating patients with DED
demonstrate improved TBUT with trehalose compared with saline’® and significant improvements in fluorescein and
Rose Bengal scores of the ocular surface along with improved TBUT compared with hyaluronan or
hydroxycellulose.”’

Novel Artificial Tears Formulations

Although supplementation with artificial tears is a central part of DED management, providing ocular surface protection
and possibly reducing inflammation, many patients continue to experience symptoms.* A significant challenge in
treating ocular surface disorders is poor patient compliance, which is associated with persistent symptoms, demanding
dosing regimens, adverse events, and treatment costs.*”®' Another primary concern in managing DED is the iatrogenic
effects associated with preservative-containing artificial tears, which have been addressed by preservative-free ophthal-
mic formulations.

New formulations of artificial tears are being developed to overcome the limitations and to address the challenges of
conventional formulations. Some novel formulations of artificial tears combine well-established active ingredients, such
as HA + trehalose, with anti-inflammatory molecules like n-acetyl-aspartyl-glutamic acid [NAAGA]."? In a systematic
review conducted by Semp et al in 2023, the efficacy of different formulations of artificial tears was examined, including
64 prospective studies that compared 2 or more formulations of artificial tears.* The investigators concluded that
combination formulations were more effective than single-active ingredient artificial tears.

Most recently, efforts have been made to improve the lubrication properties of contact lenses. For example, self-
lubricating, living contact lenses have been developed to contain self-replenishable reservoirs that autonomously produce
and release HA to provide long-term comfort.®

HA + Trehalose Combination in Artificial Tears for the Treatment of DED

Formulation and Mechanism of Action

HA is an established safe and effective treatment for DED that benefits tear film stability, and trehalose is well
established for its lubricating, hydrating, and protective properties in patients with DED.®®®” Formulations that contain
both HA + trehalose benefit from synergistic mechanisms of action, characterized by the lubrication properties of HA and
the bioprotectant properties of trehalose.” A novel, preservative-free, multidose formulation of artificial tears has been
developed for moderate-to-severe DED formulated with the well-established active ingredients of trehalose (3%) and HA
(0.15%) (Thealoz® Duo). The gel formulation adds carbomer (0.25%), a polymer that enables longer-acting dispersion of
the therapeutic ingredients (Thealoz® Duo Gel) and requires less frequent instillation.

Clinical Ophthalmology 2026:20 heeps: 7
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Efficacy of HA + Trehalose in Autophagy

Autophagy regulates inflammation in ocular surface homeostasis by degrading unwanted cellular organelles due to cells
under starvation or environmental stresses.®® Results of a recent study comparing HA + trehalose vs hydrocortisone and
HA (I/HA) on clinical signs and inflammatory markers in a mouse DED model showed greater improvements with HA +
trehalose vs I/HA.** Following 21 days of treatment with HA + trehalose, clinical signs of DED improved and
inflammatory markers were reduced to a greater extent than with I/HA. The effect of HA + T on the reduction of
corneal damage was demonstrated at 7 days, and the reduction in corneal damage was reduced by 50% at the endpoint,
while the I/HA reduction was relatively stable throughout the study duration.

Clinical Evidence Base

There is strong evidence to support the use of trehalose-containing artificial tears, namely HA + trehalose and HA +
trehalose + carbomer, for the safe and effective treatment of DED. Research collectively demonstrates that treatment of
DED with HA + trehalose improves the signs and symptoms of DED*>*" and improves ocular surface and tear film
stability;® #5991 these studies also provide evidence that HA + trehalose is as effective or better than HAS-86-88:8991
other treatments.®”*° Patients with DED treated with HA + trehalose show improved patient satisfaction® and increased
patient preference® compared with HA alone. Studies demonstrate that single instillation of HA + trehalose’” and HA +
trehalose + carbomer”” results in longer corneal residence than HA. The HA + trehalose + carbomer formulation is as
effective as HA in reducing DED symptoms, more effective than HA for OSDI and TBUT outcomes, and results in
greater global patient satisfaction vs HA alone.”* HA + trehalose®>*>°! and HA + trehalose + carbomer®*** formulations
are well-tolerated. Supplemental Table 1 summarizes the study design, results, and conclusions of studies evaluating the
efficacy and safety of HA + trehalose and HA + trehalose + carbomer in patients with DED. These studies are highlighted
in the sections below.

Efficacy of HA + Trehalose in DED

The noninferiority of HA + trehalose compared with HA alone was established in an RCT conducted in patients with
moderate-to-severe DED (N = 105) in 2017.% Noninferiority of HA + trehalose (n = 52) to HA (n = 53) was established
in terms of the change from baseline at day 35 of global ocular staining according to the Oxford grading score.®
Secondary performance variables (ie, Schirmer’s test at day 35, TBUT at day 35, van Bijsterveld score at days 35 and 84,
and conjunctival hyperemia at day 84) were similarly improved with HA + trehalose and HA treatment.®” Investigator
and patient assessments at day 35 of global performance were significantly better among patients treated with HA +
trehalose vs HA.® Administration of HA + trehalose resulted in significantly fewer ocular symptoms at instillation and
fewer ocular adverse events vs the HA formulation.®® Post-hoc analysis results demonstrate significantly more patients
had OSDI <19 on day 84 with the combination formulation (HA + trehalose) vs HA alone (78.8% vs 58.5%, P =
0.025).°> Similar to the findings of Chiambaretta et al,®> other studies demonstrate improvements in tear film stability
with artificial tears containing HA + trehalose.”!

HA + trehalose is at least as effective as polyethylene glycol 400, propylene glycol, hydroxypropyl guar, poly-
quaternium-1 0.001% preservative, and purified water (Systane®) and, based on some outcomes, is more effective than
this established treatment in patients with DED.*® In a randomized, single-center, open-label crossover study of 17
patients with moderate-to-severe DED who were randomized to treatment with HA + trehalose or Systane®, patient
satisfaction improved significantly during treatment with HA + trehalose and the difference in improvements between
treatments was statistically significant in favor of HA + trehalose (P = 0.043).%¢ HA + trehalose was at least as effective
as Systane™ in several secondary efficacy variables, including OSDI, staining, ocular signs, Schirmer’s test, TBUT,
patient satisfaction/global efficacy, and patient preference.®® In another study, patients with DED treated with twice-daily
HA + trehalose showed increased tear stability as demonstrated by significant improvements in the noninvasive tear
break-up time and TBUT compared to treatment with carmellose control.®’

HA + trehalose has a longer corneal residence time and results in significantly longer increases in tear film thickness
(TFT) vs HA alone.’” In a randomized, double-masked, controlled study, Schmidl et al showed a significantly different
time course of TFT following a single instillation of SH + trehalose, HA, and sodium chloride (NaCl).92 SH + trehalose
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and HA significantly increased TFT 10 minutes after instillation. The increase in TFT remained up to 240 minutes after
administration of SH + trehalose; however, the increase in TFT after administration of HA was statistically significant
only up to 40 minutes after instillation. There was no significant change was observed following NaCl instillation.”?
Efficacy of HA + Trehalose in Cataract Surgery

HA + trehalose is also effective in reducing dry eye signs and symptoms after cataract surgery.®®*° Studies demonstrate

significantly fewer dry eye symptoms (ie, lower postoperative OSDI scores)*® ° T80

and significantly increased TBU
following the instillation of HA + trehalose. Mencucci et al randomized 120 patients to 3 treatment groups. In group 1,
HA + trehalose was administered 3 times/day preoperatively; in group 2, HA + trehalose was administered for 5 weeks
postoperatively; group 3 did not receive artificial tears.®® Patients treated with HA + trehalose preoperatively and
postoperatively showed lower OSDI on the day of surgery and at postoperative visits compared with patients treated
with HA + trehalose only postoperatively and the control group. In another study, Cagini et al examined HA + trehalose
vs unpreserved NaCl, administered twice a day for 4 weeks in 135 patients with healthy ocular surface, subclinical, or
mild dry eye undergoing cataract surgery.”® In addition to the positive effects of HA + trehalose in OSDI and TBUT,
Schirmer’s test and CFS showed improvements for the group administered HA + trehalose but not in the group
administered NaCl. In a third study, 98 patients with healthy ocular surfaces were randomly assigned to receive HA +
trehalose, HA, or no treatment.® In this study, patients treated with HA + trehalose showed significant and progressively
decreased tortuosity and reflectivity of the subbasal plexus at 4-month follow-up.®® In contrast, these properties increased
at 1-month follow-up and became normal at 8 months follow-up in patients treated with HA and in patients who received
no treatment.®

Efficacy of HA + Trehalose + Carbomer in DED
Results of a single-center, prospective, randomized case-control study in 60 patients with very mild to severe DED
demonstrate that HA + trehalose + carbomer is as effective as HA in reducing DED symptoms and more effective than
HA for OSDI and TBUT outcomes.” A significantly greater global patient satisfaction score was demonstrated among
patients treated with HA + trehalose + carbomer treated with HA (mean+SD, 97.3+4.95 vs 87.4+8.96, respectively, P <
0.001).** OSDI from baseline to day 30 was decreased with HA + trehalose + carbomer from 31.19 at baseline to 5.05
at day 30 and was decreased with HA from 21.3 at baseline to 14.37 on day 7 and to 11.24 on day 30 (P < 0.0001). Mean
TBUT was significantly improved with HA + trehalose + carbomer from baseline (3.47 s) to day 7 (6.3 s) and day 30
(6.67 s) (both values, P < 0.001). In the HA group, mean TBUT was 4.13 s at baseline, 4.77 s at day 7, and 5.13 s at day
30; there was a statistically significant improvement in TBUT with HA + trehalose + carbomer vs HA (P < 0.0001).”*
HA + trehalose + carbomer results in significantly longer increases in TFT vs HA or polyethylene glycol + propylene
glycol, indicating a longer residence time on the cornea.”® In an analysis of the effect of different artificial tears on TFT
as measured by ultrahigh-resolution optical coherence tomography, single instillation of HA + trehalose + carbomer, HA
(0.2%), and polyethylene glycol + propylene glycol were compared. Patients with mild-to-moderate DED had
a pronounced increase in TFT 10 minutes after instillation in all three study groups. Notably, a significant increase in
TFT was observed with HA + trehalose + carbomer but not the other formulations 60 to 120 minutes after administration,
demonstrating that the combination of HA + trehalose + carbomer achieves a more prolonged increase in TFT.”® Results
of another study report that HA remains on the ocular surface longer than HA + trehalose + carbomer.’® In this
prospective study of 122 patients with mild-to-moderate DED, tear meniscus height (TMH) and tear meniscus depth
showed a significant increase with both formulations; however, the effect remained significant for up to 60 minutes with
HA + trehalose + carbomer vs up to 120 minutes for HA (0.3%).°® The investigators suggest that the longer corneal
residence time with HA observed in their study could be explained by the higher concentration of HA (0.3%) that was
used’® compared to Wozniak et al (0.2% HA).”

Meta-Analyses Comparing the Efficacy and Safety of HA + Trehalose and HA + Trehalose + Carbomer

In 2023, Ballesteros-Sanchez et al conducted the first systematic review and meta-analysis of 10 RCTs evaluating the
effects of trehalose-containing artificial tear therapies in patients with DED.*®” The meta-analysis findings showed that
compared with control groups, the use of trehalose (HA + trehalose or HA + trehalose + carbomer) formulations results
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in higher improvements than control groups (HA, NaCl, or no tear substitute) in all reported variables. Mean differences
between both groups favored trehalose-containing artificial tears in OSDI score (—8.5+7 points), TBUT (1.9£1 s), TFT
(0.25£0.1 pm), TMH (0.02+0.02 mm), Schirmer’s test (0.8+1.4 mm), CFS (—0.7+0.1 points), and visual acuity (0.3+2.1
letters), compared with control treatments in patients with DED.®” The meta-analysis also indicated that trehalose-
containing formulations were beneficial in patients who underwent cataract surgery during the preoperative and post-
operative periods.®” No adverse events were reported in the included studies after administering artificial tears with
trehalose.®” The investigators concluded that there was insufficient evidence to suggest that trehalose-containing
formulations improve TMH and the Schirmer I test.®’

Efficacy of HA+ Trehalose in DED in the Real World

The TEARS (ThEaloz® Duo sAtisfaction in oculaR Surface) study was conducted to assess the effect of HA + trehalose
on dry eye signs and symptoms and patient satisfaction in the real world.”” In this multicenter, international, prospective,
observational study, patients with DED were treated with HA + trehalose (N = 312); HA + T improved symptoms of
DED as assessed by the OSDI, which significantly decreased from a mean+SD of 41.7+20.6 at baseline to 27.3+£19.8 (P <
0.0001). Moreover, the percentage of patients with an initial severe OSDI score decreased from 60.3% to 34.3% during
the study. HA + trehalose significantly reduced ocular surface damage and improved tear film stability after 84 days, as
demonstrated by significant improvements in ocular staining, in the Schirmer’s test, and in TBUT (P < 0.001 for all
values). Patient satisfaction was also increased, as was demonstrated with higher overall treatment satisfaction scores
from baseline to day 28 and after 84 days of HA + trehalose treatment, which was accompanied by a greater percentage
of patients recommending HA + trehalose from after 28 days of use to after 84 days of use (76.0% to 78.4%,
respectively). This study supports findings from clinical trials in the real world and provides reinforcement that HA +

trehalose is a safe and effective treatment for DED.

Conclusions

Formulations containing both HA + trehalose benefit from their synergistic effects of HA + trehalose. HA provides well-
established lubricating and protective properties, and trehalose offers proven bioprotective properties. Studies in vitro and
in vivo have shown that formulations combining HA + trehalose can regulate autophagy and reduce inflammation in
DED. A robust evidence base supports the finding that HA + trehalose is at least as effective, and in some cases, more
effective than HA alone, Systane®, or carmellose in treating DED. HA + trehalose has also been shown to provide
significant protective and therapeutic benefits for managing postoperative DED after cataract surgery, especially when
started before surgery and continued afterward. HA + trehalose + carbomer is effective for rapid symptom relief and tear
film stabilization. Its use is associated with greater patient satisfaction and more significant reductions in symptoms of
DED and improvements in tear film stability. Combination formulation artificial tears are more effective than single

active ingredient artificial tears in treating DED, afforded by their complimentary mechanisms of action.

Future Directions

The market for OTC artificial tears is experiencing growth, driven by the rising prevalence of the condition and
advancements in therapeutic formulations. Artificial tears vary in their active ingredients, use of preservatives, and
formulations. There has been an increased uptake of sterile, preservative-free combination multidose formulations such
as HA + trehalose. A strong and growing evidence base supports the effectiveness and safety of this combination
formulation of artificial tears. Combination formulations afford greater efficacy than single-ingredient formulations.
Formulations that can be administered with fewer drops have a positive impact on patients and providers, with the
potential to improve compliancy. The use of multidose formulations versus single-use vials also reduces the amount of
discarded plastic and environmental waste. With an evolving therapeutic landscape for DED, it is imperative to under-
stand the breadth of management options and the evidence base of formulations to inform treatment decisions and

treatment guidelines.
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