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Purpose: Report the clinical effects and discomfort of using 0.1% hyaluronic acid (HA [Kynex 1®, Alcon, Seoul, S. Korea]) and
0.3% HA (Kynex 3, Alcon, Seoul, S. Korea) to treat dry eye disease (DED).

Methods: This study was designed as a prospective, crossover, randomized, and double-blind study. Patients aged >19 years with
DED level 2 or higher, corneal staining score > 1, and tear break-up time (TBUT) < 10s were included. Sixty patients were randomly
assigned to two groups. Patients in group 1 were instilled with 0.1% HA for four weeks and then 0.3% HA for the next four weeks.
Group 2 patients were instilled with the eye drops in the reverse order of group 1. Patients were evaluated using a corneal staining
score, TBUT, and the Standardized Patient Evaluation of Eye Dryness (SPEED) questionnaire at baseline, four weeks, and eight
weeks.

Results: In both groups, 0.3% HA showed an increasing trend in TBUT, although the difference was not statistically significant.
Changes in the Schirmer test were greater in group 2, but this difference was also not statistically significant. The corneal staining
score improved in both groups, with no statistically significant difference. While 0.3% HA was more effective than 0.1% HA
according to the absolute value, this difference was not statistically significant. There was no difference between the two groups in
the SPEED questionnaire evaluation that assessed aspects of discomfort, such as blurred vision, foreign body sensation, and burning
sensation.

Conclusion: 0.3% HA was more effective for treating DED, although the difference was not statistically significant. In terms of
discomfort, 0.3% HA showed no difference compared to 0.1% HA. Using both 0.1% HA and 0.3% HA in a tailored treatment
approach can improve patient comfort and treatment outcomes.

Plain Language Summary: Dry eye disease (DED) is a common condition that causes discomfort and vision problems. This study
aimed to find out how well two eye drops, using 0.1% hyaluronic acid (HA [Kynex 1%, Alcon, Seoul, S. Korea]) and 0.3% HA (Kynex 3%,
Alcon, Seoul, S. Korea), work in treating DED and how comfortable they are for patients to use. We included 60 adults with moderate to
severe DED and divided them into two groups. One group used 0.1% HA for four weeks and then switched to 0.3% HA for another four
weeks, while the other group used the drops in the opposite order. We evaluated their symptoms and signs at the beginning, after four
weeks, and after eight weeks using ophthalmologic examinations and a questionnaire. Both eye drops helped improve the symptoms of
DED, with 0.3% HA being slightly more effective overall, although the difference was not significant. Both eye drops were similarly
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comfortable for the patients. The study shows that both 0.1% HA and 0.3% HA are effective treatments for DED. While 0.3% HA might
have a slight edge in effectiveness, both drops can be used to improve patient comfort and outcomes. Using these eye drops in
a personalized treatment plan can help people with DED manage their symptoms better and lead more comfortable lives.

Keywords: dry eye disease, 0.1% hyaluronic acid, 0.3% hyaluronic acid

Introduction

Dry eye disease (DED) is a representative ocular disease with a high prevalence.' DED has various clinical features, from
irritating symptoms such as foreign body sensation or eye discomfort to severe diseases that can cause vision loss due to
complications such as corneal infection.” In 2017, the International Dry Eye Workshop (DEWS II) defined DED as
a multifactorial disease of the ocular surface characterized by a loss of homeostasis of the tear film with accompanying
ocular symptoms. Tear film instability and hyperosmolarity, ocular surface inflammation and damage, and neurosensory
abnormalities play etiological roles.’

The treatment of DED focuses on alleviating symptoms, improving tear film stability, and addressing underlying
inflammation. First-line therapy typically includes artificial tears to provide immediate symptomatic relief by supple-
menting the tear film. For patients with persistent symptoms or inflammation, anti-inflammatory medications such as
cyclosporine A, or short-term corticosteroids may be prescribed. Recently, the treatment of and research on DED have
focused on the instability of the tear film accompanied by ocular surface inflammation. In addition, eye drops designed to
increase the stability of the tear film have been widely used in treatment.**

Hyaluronic acid (HA) eye drops help regenerate corneal epithelial cells and maintain moisture on the surface of the
cornea.’ They are widely used in the clinic to mimic the effect of tears that lubricate the surface of the cornea. In Korea,
HA is also used in various concentrations (from 0.1% to 0.3%) to treat dry eyes. The physical viscosity and residual time
on the corneal surface vary with HA concentration, so the clinical effects vary. Further, varying HA concentrations have
different effects on foreign body sensation and ocular pain.® Generally, in clinical practice, low concentrations of HA are
recommended for patients with mild DED and high concentrations are recommended for patients with severe DED.®

HA eye drops with low concentrations of 0.1-0.15% have low viscosity and are commonly used by patients.” Lower
concentration HA cause relatively less blurring of vision or stickiness, affording less discomfort in the eye after use than
higher concentration HA.” However, since the residual time of low concentration HA on the corneal surface is very short,
the protective effect on the expected corneal surface is significantly reduced in patients with severe DED.® On the
contrary, HA eye drops with a high concentration of 0.3% have a relatively high viscosity, which increases their residual
time on the corneal surface. Therefore, the protective effect for the corneal surface is prolonged without increasing the
frequency of eye drop use.® However, after using eye drops, some patients report stickiness due to high concentrations,
discomfort with the drug, and blurred vision.

This study aimed to compare the clinical effects and discomfort when using 0.1% HA (Kynex 1®, Alcon, Seoul,
S. Korea) and low-viscosity 0.3% HA (Kynex 3®, Alcon, Seoul, S. Korea), which is a high concentration of HA that
suggests maintaining the clinical effect as well as the comfort of use.

Materials and Methods

Study Design

This study was a prospective, multi-center (Gyeongsang National University Hospital, Chonnam National University
Hospital), randomized, double-blind crossover study with a duration of eight weeks. This study was registered in the
Clinical Trial Registry of Korea (https://cris.nih.go.kr: KCT 0004912). In this double-blind study, the investigational drug
was distributed by a designated investigational nurse who was unblinded and had access to the drug allocation, ensuring

that the investigators and participants remained blinded to the treatment assignments throughout the study. Subjects
eligible to participate in the study were assigned subject numbers at the first screening visit. The administration of a drop
of 0.3% HA or 0.1% HA corresponding to each group was started every six hours (4 times a day). Subjects were
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evaluated at week 4, and crossover medication was initiated, administering a drop of 0.1% HA or 0.3% HA every six

hours (4 times a day). Subjects were re-evaluated four weeks later. Thus, the subjects had a total study and treatment

period of eight weeks. Sixty suitable subjects were enrolled and divided into two groups. In group 1, 0.1% HA was

administered for four weeks, and 0.3% HA was administered in a dose of a drop four times a day for four weeks. In group

2, 0.3% HA was applied for four weeks, and 0.1% HA was applied in a dose of a drop four times a day for four weeks.

The criteria for inclusion were:

1. An adult male or female over the age of 19,

2. A person who met the following two criteria at the first screening visit:

e A person whose tear-film break-up time (TBUT) was 10 seconds or less,
e Evaluation of the subject’s dry eye condition was at least “sometimes” to the question “How often do you feel
your eyes were dry enough to want to use eye drops?”’

. Those who were administering 0.1% HA eye drops as monotherapy at the time of screening,
. Women who were not likely to become pregnant for at least one year due to menopause or surgery or who had

a negative pregnancy test result at screening visits (Urine-hCG); a childbearing woman or man who agreed to
maintain at least one medically acceptable and effective contraceptive method (condom, intrauterine contraceptive
device, injection, implant contraceptive patch, and male vasectomy) during the clinical trial,

. Patients with the ability to understand and sign subject consent approved by the Clinical Research Review Board,
. Those who could understand and voluntarily agree to this clinical trial.

The criteria for exclusion were:

1. Any history of intraocular surgery on either side of the eye within the past six months,

Any history of intolerance or hypersensitivity to any ingredient in a research drug,

. Any history or evidence of herpes simplex epithelial keratitis related to vaccination, and active or recent corneal

and/or conjunctival varicella zoster virus disease, ocular rosacea, chronic bacterial disease in the cornea and/or
conjunctiva and/or lids, ocular mycobacterial infection and/or ocular fungal infection,

4. Use of topical ophthalmic drugs during the study period,

10.
11.
12.

13.
14.
15.

. Subjects on systemic medications (ie, treatments for cold and allergic diseases, tricyclic antidepressants, hormone

replacement therapy) that may cause dry eyes were not enrolled in the study if they were not administering a stable
dose of their medication for at least 30 days prior to visit 0; in addition, the dosage and route of medications were
kept stable during the study period,

Active/acute blepharitis, conjunctival inflammation, or iritis that could make it impossible to ensure safe admin-
istration of research products,

Subjects who had worn contact lenses within 72 hours prior to screening, who needed to use them during the
clinical trial period, or who did not agree to refrain from wearing contact lenses,

Subjects who underwent a punctal closure procedure within 90 days prior to screening (ie, collagen plug, silicon plug),

. Subjects who underwent refractive surgery such as laser-assisted in situ keratomileusis within 12 months prior to

screening,

Subjects with an autoimmune disease (ie, Sjogren’s syndrome),

Subjects previously diagnosed with a mental illness that may affect the progress of this study,

Pregnant women, lactating women, women of childbearing age who intended to become pregnant during the study
period or were not using appropriate contraceptive methods,

Subjects with a history of drug or alcohol abuse,

Researchers, members of the researcher’s family, or individuals residing in such a person’s household,

Subjects who received other clinical trial drugs or medical devices within 30 days of participation in this study.
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To evaluate the effectiveness and safety of eye drops in the treatment of DED, the following were analyzed: score of
dry-eye symptoms and signs, corneal staining score, TBUT, score for a change in dry-eye symptoms and signs from the
baseline value, change in the corneal staining test value, change of TBUT, treatment compliance, and scores from the
Standardized Patient Evaluation of Eye Dryness (SPEED) questionnaire.

Statistical Analysis

The results of categorical variables and continuous variables are presented as the number (%) and mean (standard
deviation), respectively. To compare the baseline (first visit) characteristics and parameters of DED between groups, we
performed the Mann—Whitney U-test and Fisher’s exact test. To evaluate how the signs of DED, including TBUT, the
Schirmer test, and National Eye Institute scores, changed over time (at the first visit, after four weeks, and after eight
weeks) between the two groups, we employed a mixed effect model with the subject identifier as a random effect and
periods as a fixed effect. To evaluate the changes after using HA isotonic, we calculated the absolute differences of signs
of DED and the questionnaire in each of the two groups. Then, we calculated a coefficient of absolute difference based on
the mixed effect model, which means the changing of 0.3% HA isotonic groups compared to 0.1% HA isotonic groups.
To evaluate the proportions of mild, moderate, and severe compliance Q questionnaire components after dropping the
0.1% and 0.3% HA, we conducted the McNemar test. All statistical analyses were performed using R software (version
4.3; R Core Team, 2023; R: Language and Environment for Statistical Computing. R Foundation for Statistical
Computing, Vienna, Austria).

Results

The overall age of 60 patients was 36.4 + 7.8 (mean SD) years, which included 38 women (68.3%). There were no
significant differences in age and sex between the two groups. When comparing the average difference in TBUT, the
Schirmer test, and corneal staining scores between the two groups using the Mann—Whitney U-test, no statistically
significant differences were observed (p = 0.667, 0.622, and 0.760, respectively). Additionally, there were no differences
in the results of the SPEED questionnaire (all p > 0.05; Table 1). TBUT values after the first visit, four weeks later, and
eight weeks later showed a slight improvement in the second group, based on eyes with low values at the time of the
visit. Still, the difference was not statistically significant (p = 0.676, mixed effect model; Figure 1). In the Schirmer test,
a comparison between screening and changes at eight weeks showed a slight improvement in group 2, which was not
statistically significant (p=0.724, mixed effect model; Figure 2). Even when the corneal staining scores were compared,

Table | Baseline Characteristics of the Groups

Group | (0.1% HA to 0.3% HA) | Group 2 (0.3% HA to 0.1% HA) Total p-value
(N =30) (N =30) (N =60)
Gender (n, %) 0.789
Male 10 (33.3%) 12 (40.0%) 22 (36.7%)
Female 20 (67.7%) 18 (60.0%) 38 (63.3%)
Age (year-old) 36577 362+79 36478 0.896
Baseline Parameter
Sign of DED
TBUT (second) 40+0.8 39 1.1 3909 0.667
Schirmer (mm) 7.1 £29 68 +28 70+28 0.622
Corneal staining score 3415 33£1.0 34%£12 0.760
SPEED Questionnaire
Frequency 3.6+£27 32+£20 34+24 0.480
Severity 43 +35 33+£22 38+29 0.205
Total 79 6.0 6.5 +4.0 72 5.1 0.295

Abbreviations: DED, dry eye disease; HA, hyaluronic acid; TBUT, tear break-up time; SPEED, Standardized Patient Evaluation of Eye Dryness.
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Figure | TBUT changes from the baseline (meantSD). There was no significant difference in the increase of TBUT between the two groups at weeks 4 and 8 (p = 0.676).
TBUT = Tear-film break-up time.

no significant difference was observed between the two groups (p = 1.0, mixed effect model; Figure 3). To analyze the
absolute effect between screening and after the use of eye drops, the effects of 0.1% HA and 0.3% HA were analyzed
with mixed effect models based on the eye with worse DED according to screening. In TBUT, 0.1% HA increased by 0.8
+ 1.1 seconds, and 0.3% HA increased by 0.9 & 1.2 seconds. As a result of checking the coefficient to find out the effect
of 0.3% HA compared to 0.1% HA, TBUT increased by 0.11 seconds, and the Schirmer test increased by 0.2 mm. The
corneal staining score was measured to be 0.02 points lower, which was a little more effective, but there was no statistical
significance (Table 2). Finally, McNemar verification was conducted on the results of the questions asked, dividing the
blurring, foreign body sensation, and burning sensation into three stages (mild, modulate, and average) to evaluate
compliance with treatment. There was no significant difference in comfort between the two groups (Table 3).

Discussion

HA eye drops with a high concentration of HA (0.3%) generally have a greater protective effect on the surface of the
cornea than lower concentration HA (0.1, 0.15%); however, the patients’ compliance is known to be poor due to
temporarily blurred vision and foreign body or burning sensations after application.® 0.3% HA used in this study
designed with low viscosity technology (Huons Co. Ltd., Seongnam, S. Korea), which helps mitigate the disadvantages
of these high-concentration HA eye drops, improving comfort and maintaining the clinical effect. Herein, 0.3% HA was
relatively more effective for treating DED, although the difference in effectiveness between 0.3% HA and 0.1% HA was

not statistically significant, with a similar level of comfort compared to 0.1% HA.
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Figure 2 Schirmer | score changes from the baseline (mean+SD). There was no significant difference in the increase of Schirmer scores between the two groups at weeks 4
and 8 (p = 0.724).

Most artificial tears have similar core ingredients, but the osmolality, viscosity, and pH differ. Artificial tears are
usually based on moisture and contain various types of viscous substances that increase viscosity to promote lubrication
and residual time on the corneal surface.® Viscous substances, such as HA, contained in artificial tears protect the corneal
surface via various mechanisms and relieve dry-eye symptoms by increasing the tear film thickness, protecting from dry
stimulation, increasing tear residual time, offering a coating effect, and maintaining corneal thickness and goblet cell
density.® HA is a non-sulfated glycosaminoglycan with negative charges and hydrophilicity and is a component of
connective tissue, the epithelium, and nerve tissue.® The viscosity of HA varies with the shear rate; as the shear rate
increases, the viscosity decreases, which occurs while blinking.” The higher the viscosity of HA eye drops, the longer the
residual time, but this causes blurred vision or debris to remain on the eyelids or eyelashes, which in turn may decrease
patient compliance.” In the case of clinically severe DED, high-concentration, high-viscosity HA is used to assist patients
with corneal epithelial regeneration, risking discomfort such as blurred vision.'® The ideal HA should reduce the
discomfort of patients by lowering the viscosity while maintaining a high concentration of HA.'® Therefore, 0.3% HA
was developed, which with this aim, maintains a low viscosity while maintaining a high concentration of 0.3% HA. In
this study, we showed that that the comfort of patients using 0.3% HA remains similar to that of patients using 0.1% HA.

In DED, an increase in osmotic pressure in the tear increases inflammation of the surface of the cornea, damages the
corneal epithelium, and eventually causes a vicious cycle that worsens DED.? In previous studies, increased osmotic
pressure in tears has been found to increase the concentration of inflammatory cytokines such as tumor necrosis factor-
alpha, interferon-gamma, interleukin-1, IL-6, and IL-8. In order to decrease osmotic pressure in tears, it was confirmed
that hypotonic 0.3% HA produced less corneal damage, fewer inflammatory cytokines occurred in the DED model, and
the goblet cell of the conjunctiva remained high compared to isotonic 0.3% HA."' A number of studies compared
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Table 2 Absolute Effects Between 0.1% and 0.3% Hyaluronic Acid Using Mixed Effect Models

Figure 3 National Eye Institute (NEI) score changes from the baseline (mean+SD). The decrease in the NEI score showed no significant difference between the two groups
at weeks 4 and 8 (p = 1.000). NEI=National Eye Institute.

hypotonic and isotonic HA, but there have been no studies comparing the improvement effect in DED and comfort of use
according to the HA content. In addition, no significant differences have been reported in a comparison between HA eye
drops and other eye lubricants or by the concentration, molecular weight, and frequency of HA eye drops.” This is
thought to be caused by an insufficient number of study subjects due to the diversity of comparison subjects. A study that
compared 0.1%, 0.18%, and 0.3% HA with 0.05% cyclosporine ophthalmic solutions reported that the corneal staining

0.1% HA (N = 60) | 0.3% HA (N = 60) | Coefficient and 95% Cl of 0.3% HA | p-value
Compared 0.1% HA
Sign of DED
TBUT (second) 08 £ I.1 0912 0.11 (-0.10, 0.33) 0.299
Schirmer (mm) .1 +£27 1.3+£23 0.20 (—0.46, 0.86) 0.551
Corneal Staining Score -1.0 1.0 -1.I£1.0 —0.02 (-0.23, 0.2) 0.877
SPEED Questionnaire
Frequency -1.5+24 -1.6 22 —0.17 (-0.55, 0.22) 0.392
Severity -1.7+£29 -1.8+3.0 —0.12 (-0.55, 0.32) 0.601
Total -32+50 -35+50 —0.28 (—1.06, 0.5) 0.476

Abbreviations: DED, dry eye disease; HA, hyaluronic acid; TBUT, tear break-up time; SPEED, Standardized Patient Evaluation of Eye Dryness.
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Table 3 Comparing Discomforts Between 0.1% and 0.3% Hyaluronic Acid

Application of 0.3% HA p-value
Mild Moderate | Severe
Application of 0.1% HA | Blurring 0.343
Mild 49 (81.7%) | 6 (10.0%) I (1.7%)
Moderate 3 (5.0%) I (1.7%) 0 (0.0%)
Severe 0 (0.0%) 0 (0.0%) 0 (0.0%)

Foreign body sensation 0.388
Mild 44 (75.9%) 4 (6.9%) 0 (0.0%)
Moderate 8 (13.8%) 2 (3.4%) 0 (0.0%)

Severe 0 (0.0%) 0 (0.0%) 0 (0.0%)

Burning sensation 0.149
Mild 42 (72.4%) 3 (5.2%) 0 (0.0%)
Moderate 9 (15.5%) 3 (5.2%) I (1.7%)

Severe 0 (0.0%) 0 (0.0%) 0 (0.0%)

Abbreviation: HA, hyaluronic acid.

score evaluated at 12 weeks after starting eye drops decreased in 0.1% HA by —3.77 £ 1.97 and 0.3% HA by —3.52 +
2.15, compared to baseline.'* After 12 weeks of treatment, TBUT increased with 0.1% HA by 2.18 + 2.63 and with 0.3%
HA by 2.24 + 2.30, and Schirmer change was 1.31 + 6.04 for 0.1% HA and 2.54 + 6.46 for 0.3% HA, which was similar
to our study.'* Still, statistical significance was not found, and adverse reactions were also not significantly different with
0.1% HA (13.33%) and 0.3% HA (12.77%)."* In a study comparing tear film thickness using anterior segment optical
coherence tomography between the saline group and the groups of 0.1%, 0.2%, and 0.3% HA, the depth, height, and
turbidity of the tear film immediately after application increased in all concentrations compared to baseline, and the
duration was longer in proportion to the concentration of HA.'® This is thought to be due to higher concentrations
resulting in longer residual times. In our study, TBUT results showed a slight improvement in the group that first used
0.3% HA and then switched to 0.1% HA. Still, there was no statistically significant difference between the groups. In the
analysis of TBUT at screening and at four weeks, the slope was steeper in the group using 0.3% HA at baseline than in
the group using 0.1% HA at baseline, and the slope increased again in the group using 0.3% HA after four weeks
switching from 0.1% HA. Although there was no statistically significant increase in TBUT, it can be seen that, consistent
with previous studies, a 0.3% HA is more effective.'” In the Schirmer test, comparing the changes at screening and at
week 8, the group using 0.3% HA at baseline showed a slight improvement, although it was not statistically significant.
In order to analyze the absolute effect of eye drops, the effect of 0.1% HA and 0.3% HA was examined with a mixed
effect model. The TBUT increased in 0.3% HA by 0.9 + 1.2 seconds and increased in 0.1% HA by 0.8 + 1.1 seconds.
Eventually, 0.3% HA was more effective than 0.1% HA in TBUT improvement, corneal staining score, and the Schirmer
test, especially by rapidly increasing TBUT. In severe DED, 0.3% HA can be used first to recover ocular surface
homeostasis.

To evaluate compliance with the treatment, McNemar verification was performed on the results of the questions
divided into mild, moderate, and average regarding blurring, foreign body sensation, and burning sensation. There was no
significant difference in comfort of use between the two groups using 0.3% HA and 0.1% HA. Regarding blurring, six
patients (10%) and three patients (5%) reported discomfort at a moderate level in 0.3% HA and 0.1% HA, respectively.
In terms of foreign body sensation and burning sensation, four (6.9%) and three (5.2%) patients experienced moderate
discomfort with 0.3% HA, while eight (13.8%) and nine (15.5%) did with 0.1% HA. At this point, even if 0.3% HA
causes a little more blurring, it is manufactured with low viscosity, so the comfort seems to be improved compared to
0.1% HA in terms of foreign body sensation and burning sensation.

This study has the following limitations. First, the number of patients enrolled was relatively small. It is highly
possible that this was the reason no statistically significant differences were observed between the two groups. Second,
the follow-up period was short at eight weeks. Third, the crossover design requires at least two weeks of rest in the
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process of changing the two drugs, but the present study did not comply with this requirement. However, this was
inevitable because the selection criteria were set for patients who usually used 0.1% HA. Additionally, the study did not
account for matching participants by factors such as age, gender, or severity of dryness, which could influence treatment
outcomes and reduce variability. Considering these points for the future, large-scale multi-center clinical trials are
expected to be necessary.

Conclusions

In conclusion, a low-viscosity 0.3% HA, showed better comfort, such as foreign body and burning sensations, than 0.1%
HA. Though the differences were not statistically significant, 0.3% HA showed slightly more effective results in TBUT
and the Schirmer test. 0.3% HA could be a good alternative for patients who have severe DED and feel uncomfortable
with 0.1% HA. Managing patients with DED using a tailored approach that includes both 0.1% HA and 0.3% HA can
enhance patient comfort and treatment efficacy.

Abbreviations
DED, dry eye disease; DEWS, Dry Eye Workshop; HA, hyaluronic acid; NEI, National Eye Institute; SPEED,
Standardized Patient Evaluation of Eye Dryness; TBUT, tear break-up time.
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