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Purpose: To compare the efficacy and safety of an artificial tear combining the polymers 
carboxymethylcellulose (CMC) and hyaluronic acid (HA), to a formulation of CMC alone in 
subjects with dry eye.
Methods: A preservative-free artificial tear (CMC-HA) was compared with an existing 
artificial tear (CMC). Subjects with mild-to-severe signs and symptoms of dry eye were 
enrolled in this double-masked, randomized, multicenter trial, and dosed at least twice daily 
for 90 days, with follow-up visits at Days 7, 30, 60, and 90. Ocular Surface Disease Index 
(OSDI) was the primary outcome measure. Secondary outcome measures were tear break-up 
time (TBUT), ocular surface staining, Schirmer test with anesthesia, and visual analog scale 
(VAS) scores of dry eye symptom severity and formulation acceptability. Safety measures 
included adverse events, biomicroscopy, and visual acuity.
Results: A total of 460 subjects were enrolled across 45 sites (38 in Europe; 7 in Australia), 
of whom 454 were randomized to receive treatment. The per-protocol (PP) population 
consisted of 394 subjects, 364 (92.4%) of whom completed the study. In the PP population, 
the mean ± SD change from baseline in OSDI score at the primary timepoint, Day 90, was 
−16.9±17.5 for CMC-HA and −16.0±16.1 for CMC. CMC-HA was non-inferior to CMC 
based upon a confidence interval method. Both treatments significantly improved (P<0.001) 
OSDI, symptom VAS scores, TBUT, and ocular surface staining from baseline at all follow- 
up visits, with minimal differences between groups. Greater reduction of overall ocular pain/ 
discomfort was reported in subjects using CMC-HA versus CMC (P=0.048). Approximately 
10% of subjects in each group reported treatment-related adverse events of generally mild to 
moderate severity.
Conclusion: The new CMC-HA formulation was effective and well tolerated, and demon-
strates a greater potential for symptom relief compared with CMC. These data support 
implementation of this formula for the management of dry eye patients.
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Plain Language Summary
Why Was the Study Done?
This study was conducted to determine the ability of a new artificial tear formulation, 
combining two water-retentive polymers, carboxymethylcellulose (CMC) 0.5% and hyaluro-
nic acid (HA) 0.1%, to relieve symptoms and signs of dry eye disease compared with 
a standard formulation containing CMC 0.5% alone.
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What Did the Researchers Do and Find?
Subjects with mild-to-severe signs and symptoms of dry eye 
received CMC-HA or CMC at least twice daily for 90 days, 
and changes in symptoms such as discomfort, grittiness, burning 
(as measured using the Ocular Surface Disease Index question-
naire) and signs (measured by tear break-up time, ocular surface 
staining, and the Schirmer test) were evaluated at Days 7, 30, 60, 
and 90 in the overall population, and subgroups of subjects 
defined by the type of dry eye (evaporative, aqueous-deficient, 
or mixed). Both treatments significantly improved symptoms and 
signs, but there were no treatment differences with the exception 
of a greater reduction in overall ocular pain/discomfort at Day 90 
with CMC-HA. Significant reductions in symptoms and ocular 
staining with CMC-HA versus CMC alone were also observed at 
earlier timepoints in subjects with aqueous-deficient dry eye.
What Do These Results Mean?
Both artificial tear formulations are effective in the treatment of 
dry eye disease regardless of its cause, although there was evi-
dence to suggest a potential benefit with CMC-HA versus CMC 
in subjects with aqueous-deficient dry eye. These results support 
the use of the CMC-HA formulation in a broad range of subjects 
with dry eye disease.

Introduction
Dry eye is a multifactorial disease of the ocular surface 
characterized by a loss of homeostasis of the tear film, and 
accompanied by ocular symptoms and signs. Tear film 
instability and hyperosmolarity, ocular surface inflammation 
and damage, and neurosensory abnormalities play etiologi-
cal roles.1 The prevalence of dry eye increases with age, 
and symptoms are estimated to affect up to 50% of the 
global population.2 The prevalence of dry eye is expected to 
increase in the future due to longer life expectancy and 
patterns of activity that involve more intense visual tasks 
with computers, smart phones, and similar devices.2 Dry 
eye symptoms can significantly impact daily functions such 
as reading, driving, professional work, and social activities 
and diminish quality of life.3,4

Artificial tears are typically used for symptomatic 
treatment of mild to moderate dry eye, and are often 
combined with pharmacological agents or surgical proce-
dures for moderate to severe disease.5,6 The primary role 
of artificial tears is to supplement the deficient tear film, 
which is critical for ocular comfort and optimal visual 
function. Novel artificial lubricants with different poly-
mers are still being developed, with improvements in 
understanding of the role that an unstable and hyperos-
molar tear film plays in ocular inflammation and dry eye 
disease (DED).7–10 The restoration of tear film stability is 

achieved using polymers that exhibit humectant and vis-
coelastic properties, but is also further enhanced through 
the use of osmoprotectants (or osmolytes). 
Osmoprotectants are naturally occurring compatible 
solutes that are internalized by the cell and help prevent 
cell volume loss, oxidative stress, and inflammation.11–14 

Osmolytes include polyols (eg, erythritol, glycerin, sor-
bitol), methylamines (eg, betaine, glycine), certain amino 
acids (eg, L-carnitine, taurine),15 and a derivative of the 
amino acid L-glutamate, 5-oxo-2-pyrrolidinecarboxylic 
acid, which also displays high water binding capacity.16 

Carboxymethylcellulose (CMC), a polymeric derivative 
of 5-oxo-2-pyrrolidinecarboxylic acid, and hyaluronic 
acid (HA), are water-retentive polymers that have been 
shown to act synergistically with osmoprotectants to 
improve symptoms and signs of dry eye.17

A new preservative-free artificial tear combining CMC 
0.5% and HA 0.1% (Optive Fusion® unit dose [UD], 
Allergan, an AbbVie company, North Chicago, Illinois) 
was recently introduced for the treatment of dry eye.18 

Since CMC and HA polymers readily adsorb to ocular 
surface cells via specific receptors,19,20 the new formula-
tion was designed to stabilize the tear film, reduce corneal 
staining, and effectively lubricate and protect the ocular 
surface. Combining CMC and HA in a single formulation 
has previously demonstrated potential synergistic effects 
compared with individual CMC and HA solutions in terms 
of increased low-shear viscosity (characteristic of the tear 
film between blinks) while high-shear viscosity (the con-
dition during blinking) was unaffected.21

In this study, the efficacy and safety of a multi-polymer 
artificial tear formulation containing CMC and HA were 
compared with a preservative-free formulation containing 
CMC alone in subjects with signs and symptoms of DED. 
Both formulations contain non-electrolyte organic osmo-
lytes that function as osmoprotectants.13,22,23

Study Methods
Trial Design
This multicenter, randomized, double-masked, two-arm, par-
allel-group, 3-month study compared the efficacy and safety 
of a preservative-free artificial tear formulation containing 
CMC 0.5% + HA 0.1% (Optive Fusion UD Preservative Free 
Lubricant Eye Drops, Allergan, an AbbVie company) with 
a marketed preservative-free formulation containing CMC 
0.5% alone (Refresh Optive® UD Preservative Free 
Lubricant Eye Drops, Allergan, an AbbVie company) in 
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subjects with signs and symptoms of dry eye (ClinicalTrial. 
gov identifier: NCT01664949; EudraCT number: 2012- 
002238-35). The study was conducted at 38 centers in 
Europe (in Belgium, France, Germany, Italy, Russia, Spain, 
and the United Kingdom) and 7 centers in Australia between 
February 2013 and May 2014. The study conformed to the 
International Conference on Harmonisation guidelines for 
Good Clinical Practice. Investigators at each site obtained 
study approval from an independent ethics committee or 
institutional review board (The University of New South 
Wales, Human Research Ethics Committee [Australia]; 
Clinical Research Ethics Committee-University of 
Waterloo, Waterloo, Ontario, Research Ethics Review 
Committee and Health Research Ethics Board of Alberta – 
Clinical Trials Committee, Edmonton, Alberta, Health 
Research Ethics Authority, St. John’s Newfoundland and 
Labrador, Ottawa Health Science Network-Research Ethics 
Board, Ottawa, Ontario [Canada]); and (Schulman 
Associates Institutional Review Board, Inc [USA]), and all 
subjects provided written informed consent prior to the start 
of any study procedures.

Key Inclusion and Exclusion Criteria
The study enrolled male or female adult subjects who had 
an Ocular Surface Disease Index® (OSDI) score ≥18 and 
≤65 (based on a scale of 0 to 100) and used artificial tears 
for dry eye at any time prior to study entry. Subjects using 
cyclosporine ophthalmic emulsion (Restasis®, Allergan, 
an AbbVie company) were eligible provided the drops 
had been used for ≥6 months prior to baseline. Subjects 
must have had three consecutive tear break-up time 
(TBUT) test scores ≤10 seconds in at least one eye, and 
corneal and/or conjunctival staining of grade 1 to 4 
(Oxford Scheme score range: 0 to 5) in at least one area 
that was related to dry eye in at least one eye.

Subjects were excluded if they had a Schirmer test 
(with anesthesia) score ≤2 mm/5 min in either eye or 
corneal or conjunctival staining of grade 5 (Oxford 
Scheme) in any one area of either eye. Current contact 
lens wearers and subjects with recent changes to systemic 
medications affecting dry eye or vision were also 
excluded, as were subjects with recent ocular surface 
surgery.

Study Treatment
The study consisted of five visits, a baseline visit 
(Day 1) and four follow-up visits at Days 7, 30, 60, 
and 90 (or early exit). At baseline, subjects were 

randomized 1:1 to treatment with CMC-HA UD or 
CMC UD (Table 1) according to a randomization 
scheme prepared by Allergan Biostatistics. For patients 
who were using artificial tears at baseline, a washout 
period was not required. Assignments were performed 
via an automated interactive voice or web response 
system. At each site, subjects were stratified at baseline 
according to OSDI score into mild/moderate (18 to 32) 
and severe (>32 to 65) dry eye subgroups,18 and accord-
ing to a combined corneal/conjunctival staining score 
(sum score of three zones [nasal and temporal conjunc-
tiva, and cornea], each zone scored from 0 to 5 based on 
a modified Oxford Scheme) into mild (1 to 3) and 
moderate/severe (4 to 12) surface damage subgroups. 
Subjects with a baseline Oxford Scheme staining sum 
score of 13 to 15 were excluded, as these scores would 
require at least one zone to have a score of 5. Subjects 
received study eye drops at baseline and Days 30 and 60 
visits and were instructed to instill one to two drops of 
the assigned study product into each eye, as needed, at 
least two times daily for 3 months. To maintain subject 
and investigator masking, eye drops were provided in 
identical 0.4-mL unit dose (UD) vials.

Subjects using topical intraocular pressure (IOP)-lowering 
medication and cyclosporine ophthalmic emulsion were 

Table 1 Artificial Tears Evaluated in the Study

Formulationa CMCb-HA UD CMCc UD

Brand name 
(United States/ 

Europe)

Optive Fusion® UD Refresh Optive® 
Sensitive/Optive™ UD 

and Optava™

Dosing Unit-dose

Composition CMC,b HA, glycerin, 
sodium lactate, 

levocarnitine, erythritol, 
potassium chloride, 

calcium chloride, 

magnesium chloride, 
purified water

CMC,c glycerin, boric 
acid, sodium borate, 

sodium citrate, 
levocarnitine, 

erythritol, potassium 

chloride, calcium 
chloride, magnesium 

chloride, sodium 

hydroxide, purified 
water

Viscosityd 15.0 cP 14.8 cP

Notes: aFormulations were isotonic with a neutral pH; manufactured by Allergan 
(an AbbVie company), Dublin, Ireland; bLow molecular weight (<100 kDa) CMC; 
cMix of medium (~250 kDa) and high molecular weight (~700 kDa) CMC; dStandard 
Brookfield viscosity. 
Abbreviations: CMC, carboxymethylcellulose; HA, hyaluronic acid; UD, unit dose.

Dovepress                                                                                                                                                        Aragona et al

Clinical Ophthalmology 2020:14                                                                                             submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
2953

http://www.dovepress.com
http://www.dovepress.com


allowed to continue at the same dose and frequency for the 
duration of the study.

Outcome Measures
The primary efficacy variable was the change in the mean 
OSDI score from baseline at Day 90.24 Since higher OSDI 
scores represent more severe disease, a negative change 
from baseline demonstrates improvement.

Secondary efficacy variables included the change from 
baseline in TBUT, corneal and conjunctival staining, and 
anesthetized Schirmer test at each visit. TBUT was obtained 

by the mean of 3 consecutive measurements in each eye 
following instillation of sodium fluorescein. Corneal staining 
was then assessed in each eye using a slit lamp with cobalt 
blue illumination and a yellow filter to enhance contrast, and 
graded on a scale of 0 (no staining) to 5 (severe staining) 
using the Oxford Scheme.25 Conjunctival staining with lis-
samine green was performed immediately after assessing 
corneal staining, and was also graded on a scale of 0 to 5 
using the modified Oxford Scheme. Schirmer test with 
anesthesia was performed in each eye after completion of 
all other dry eye assessments.26 At each follow-up visit, 

Table 2 Schedule of Visits and Procedures

Study Day (Visit Window) 1 
(Baseline)

7 
(± 3 Days)

30 
(± 7 Days)

60 
(± 7 Days)

90/Early Exit 
(± 7 Days)

Written informed consent X

Inclusion/exclusion criteria assessment X

Demographics X

Self-assessed paper source document questionnaires:  

OSDI questionnaire  

Symptom Survey  
Study Eye Drop Experience Survey  

Study Product Usage Questionnaire

X 
X

X 
X 
X 
X

X 
X 
X 
X

X 
X 
X 
X

X 
X 
X 
X

Medical and ophthalmic histories X

Adverse event assessment X X X X X

Prestudy or concomitant medication assessment X X X X X

Concurrent procedures X X X X

Urine pregnancy test (for females of childbearing potential only) X X

Currently corrected distance visual acuity X X X X X

Best-corrected visual acuity X X X X X

Biomicroscopy X X X X X

Tear break-up time (with fluorescein) X X X X X

Corneal staining (Oxford Scheme, with  

fluorescein)

X X X X X

Conjunctival staining (Oxford Scheme, with lissamine green) X X X X X

Schirmer test (with anesthesia) X X X X X

Intraocular pressure (with anesthesia and fluorescein) X X X X X

Study product dispensed X X X

Study product returned X X X

Product accountability (X) X X X

Abbreviations: OSDI, Ocular Surface Disease Index; X, required; (X), only if needed.
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subject perception of individual dry eye symptoms was 
assessed using the Symptom Survey (burning/stinging, gritti-
ness/foreign body sensation, dryness, difficult/uncomfortable 
vision, and ocular pain/discomfort) based on a visual analog 
scale (VAS; 0 [no symptoms] to 100 [worst discomfort ever 
felt]), and short- and long-term drop use experience was 
assessed using a six-item (comfort/burning or stinging/ 
degree of blurring/normality of vision/quality of vision/long- 
lasting relief of discomfort) VAS (0 [absence of symptoms] 
to 100 [worst discomfort ever felt]). Subjects were also asked 
to report their daily dosing frequency over the previous week.

Safety assessments included adverse events (AEs), 
undilated biomicroscopy, monocular currently corrected 
distance visual acuity and best-corrected distance visual 
acuity, and IOP at each visit. The schedule of visits and 
procedures is summarized in Table 2.

Data Analysis
The clinical efficacy hypothesis was that the effect of a CMC 
and HA on the ocular surface was not inferior to that of CMC 
alone as measured by the change in OSDI score from base-
line. The primary efficacy analysis of the change from base-
line in OSDI score at day 90 was performed using an analysis 
of variance (ANOVA) model, with treatment and stratifica-
tion factors of baseline OSDI score and baseline staining 
score as fixed effects. Analysis was performed on the per- 
protocol (PP) population (randomized subjects with no sig-
nificant protocol violations) using combined non-inferiority 
and superiority tests.27 If the upper limit of the two-sided 
95% CI for the least-squares mean difference in OSDI 
response (change from baseline in OSDI score at Day 90) 
between the two treatments (CMC-HA UD minus CMC UD) 
was less than 4.7 units, the CMC-HA UD formulation was 
considered non-inferior to CMC UD. A two-sided t-test for 
superiority was then performed at the 5% level if the CMC- 
HA UD formulation was shown to be non-inferior to CMC 
UD. A sensitivity analysis was performed in the intent-to- 
treat (ITT) population using the last-observation-carried- 
forward method and ANOVA model similar to the PP 
population above. Subgroup analyses of the primary efficacy 
variable were performed based on baseline OSDI score stra-
tum (mild/moderate vs severe symptoms) and baseline com-
bined corneal and conjunctival staining (mild vs moderate/ 
severe) using a two-way ANOVA model with treatment and 
baseline staining score as the main effect for the baseline 
OSDI subgroup analysis, and treatment and baseline OSDI as 
the main effect for the baseline combined staining subgroup 
analysis, in the PP and ITT populations.

A post hoc analysis of the primary and secondary effi-
cacy variables was performed by subtype of DED at baseline 
in the PP population. According to the literature and recent 
guidelines, Schirmer scores (with anesthesia) ≤10 mm/5 min 
and TBUT <10 seconds are considered abnormal and indi-
cative of aqueous-deficient and evaporative dry eye, 
respectively.25,28 For the post hoc analysis, lower cut-offs 
for the Schirmer score (5 mm/5 min and 7 mm/5 min) and 
TBUT (7 seconds), respectively, were selected to be consis-
tent with previous dry eye trials and to increase diagnostic 
specificity.28–32 Three DED subtypes were identified: eva-
porative dry eye (Schirmer [with anesthesia] score ≥10 mm/ 
5 min and TBUT <7 seconds), aqueous-deficient dry eye 
(Schirmer score <5 mm/5 min, TBUT ≥7 seconds), and 
mixed dry eye (Schirmer score <7 mm/5 min, TBUT <7 
seconds). Subjects who did not meet the criteria for the DED 
subtype groups were excluded from the post hoc analysis.

Secondary efficacy variables were analyzed using 
ANOVA models for between-group differences based on 
the least-square means and Type III sum of squares con-
structed from the ANOVA model or paired t-tests for 
within-group differences. Categorical variables were sum-
marized by frequency and percentage, and were analyzed 
using Pearson’s Chi-square test or Fisher’s exact test. 
Statistical significance was set at a level of P<0.05.

Based on a one-sided Type I error rate of 0.025, and 
the assumptions of no inherent treatment difference and 
a common standard deviation of 15.65, approximately 176 
subjects in each treatment group (352 subjects total) were 
required to complete the study in the PP population to 
obtain 80% power for a one-sided non-inferiority test for 
a between-group difference of 4.7 units in mean change 
from baseline in OSDI score at Day 90. Sample size and 
power calculations were conducted using procedure MTE0 
of the nQuery Advisor + nTerim software, version 6.01 
(Statistical Solutions, Boston, MA, USA). With a 1:1 treat-
ment allocation and 13% combined dropout and protocol 
deviation rate, a total of 405 subjects were to be enrolled 
in order to have 352 completed subjects in the PP popula-
tion through day 90.

Results
Study Subjects
Of the 460 subjects enrolled, a total of 454 were randomized 
to receive treatment (222 subjects to CMC-HA UD, 232 
subjects to CMC UD; ITT population); the PP population 
consisted of 394 subjects, 364 (92.4%) of whom completed 
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the study (Figure 1). The mean (standard deviation, SD) age 
of subjects in the ITT population was 58.4 (13.8) years and 
the majority (405 [89.2%]) were older than 40 years of age. 
There were no significant differences in baseline character-
istics and dry eye clinical assessments between treatment 
groups (Table 3). The most common ophthalmic conditions 
other than dry eye were cataract (19.4%), blepharitis 
(15.4%), and pinguecula (13.7%). Before entering the 
study, subjects used a variety of ocular lubricants, including 
those containing hyaluronate sodium, polyethylene glycol 
400/propylene glycol, carmellose, carbomer, or hypromel-
lose for the treatment of dry eye. A history of topical cyclos-
porine use was reported by two patients in each group but the 
cyclosporine had been discontinued by one patient in each 
group before study screening.

Primary Efficacy Variable
In the PP population, no significant differences were 
observed between CMC-HA UD and CMC UD treatment 
groups in mean OSDI score change from baseline at any 
follow-up visit (Figure 2A). At Day 90, the mean (SD) 
change in OSDI score from baseline was −16.9 (17.5) for 
CMC-HA UD and −16.0 (16.1) for CMC UD. The least- 
squares mean difference between the treatment groups was 
−0.75 and the 95% CI was −4.1 to 2.6; the upper limit of 
the 95% CI was below the pre-specified clinical margin of 
4.7, demonstrating that CMC-HA UD was non-inferior to 
CMC UD. Sensitivity analysis in the ITT population 
showed similar results and confirmed the non-inferiority 
of CMC-HA UD to CMC UD. Significant improvements 
in OSDI score from baseline were observed within both 

527Subjects screened

Enrolled and randomized (1:1)

ITT population

Completed study

Discontinuations

Discontinuations

24 total
11 adverse events
6 protocol violation
3 personal reasons
1 lack of efficacy
1 lost to follow-up
2 other reasons

24 total
12 adverse events
4 protocol violation
4 personal reasons
1 lack of efficacy
2 lost to follow-up
1 other reasons

16 total
5 adverse events
4 protocol violation
3 personal reasons
1 lack of efficacy
1 lost to follow-up
2 other reasons

14 total
7 adverse events
3 personal reasons
2 lost to follow-up
1 lack of efficacy
1 other reasons

460

CMC-HA UD
222

CMC UD
232

198 (89.2%) 208 (89.7%)

PP population 196 198

Completed study 180 (91.8%) 184 (92.9%)

67 screen failures

Figure 1 Subject flow through the study. 
Abbreviations: ITT, intent-to-treat; PP, per-protocol; CMC, carboxymethylcellulose; HA, hyaluronic acid; UD, unit dose.
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the CMC-HA UD and CMC UD treatment groups at Days 
7, 30, 60, and 90 (P<0.001), in both the PP and ITT 
populations. In addition, OSDI scores significantly 
improved in all three subscales (ocular symptoms, vision- 
related functions, and environmental triggers) within both 
treatment groups at all study visits (P<0.001).

Subgroup analysis based on baseline OSDI score 
revealed no significant differences between CMC-HA 

UD and CMC UD in the mean change from baseline in 
OSDI score at any follow-up visit for the mild/moderate 
symptoms or the severe symptoms subgroups, in both the 
PP and ITT populations (Figure 2B). Similarly, no differ-
ences were observed between the two treatment groups for 
mean change from baseline in OSDI score at any follow- 
up visit for subjects in the mild combined staining sub-
group or the moderate/severe combined staining subgroup, 
in both the PP and ITT populations (data not shown).

Secondary Efficacy Variables
Within-group mean changes from baseline in TBUT, com-
bined corneal/conjunctival staining, corneal staining, and con-
junctival staining scores were statistically significant at all 
follow-up visits in the CMC-HA UD and CMC UD treatment 
groups (P<0.001) in both PP and ITT populations; however, 
there were no statistically significant between-group differ-
ences. In the PP population, mean changes from baseline in 
Schirmer test score were statistically significant in both treat-
ment groups at Days 30, 60, and 90 (P≤0.033), and in the 
CMC UD group at Day 7 (P<0.001). At Day 90, the mean 
(SD) change was 1.4 (6.9) and 1.5 (6.3) in the CMC-HA UD 
and CMC UD groups, respectively. There were no significant 
between-group differences at any follow-up visit.

Mean changes from baseline in individual symptom 
scores in the Symptom Survey were statistically significant 
(P<0.002) at each follow-up visit in both treatment groups 
in the PP and ITT populations (Figure 3A–E). At Day 90, 
the reduction in symptom scores was numerically greater 
with CMC-HA UD compared with CMC UD for all 5 VAS 
categories and was statistically significant in favor of 

Table 3 Subject Baseline Characteristics (Intent-to-Treat 
Population)

Characteristic CMC-HA UD 
(n=222)

CMC UD 
(n=232)

Mean (SD) age, years 59.4 (13.8) 57.5 (13.7)

Sex, n (%)

Female 180 (81.1) 186 (80.2)

Male 42 (18.9) 46 (19.8)

Race, n (%)
White 194 (87.4) 211 (90.9)

Non-white 28 (12.6) 21 (9.1)

Mean overall OSDI score 

(SD)

41.6 (14.2) 40.8 (13.8)

Mean TBUT (SD), sec 4.4 (1.9) 4.4 (1.9)
Mean Schirmer test 

(SD), mm/5 min

9.1 (6.6) 8.0 (5.7)

Mean staining score (SD)

Combined corneal/ 

conjunctival

4.3 (2.3) 4.6 (2.4)

Corneal 1.5 (1.0) 1.7 (1.0)

Conjunctival 2.8 (1.7) 3.0 (1.8)

Abbreviations: CMC, carboxymethylcellulose; HA, hyaluronic acid; n, number of 
subjects; OSDI, Ocular Surface Disease Index®; SD, standard deviation; TBUT, tear 
break-up time; UD, unit dose.
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Figure 2 Mean change in Ocular Surface Disease Index (OSDI) score from baseline in (A) all subjects and (B) subjects with severe dry eye (OSDI score >32) at baseline and 
at all study visits (per-protocol population). Between-group differences were not significant (P>0.05). 
Abbreviations: CMC, carboxymethylcellulose; HA, hyaluronic acid; SEM, standard error of mean; UD, unit dose.
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CMC-HA UD for overall ocular pain/discomfort in the PP 
population (P=0.048; Figure 3E).

Overall, the average response to the Study Eye Drop 
Experience Survey questions concerning short- and long- 
term subjective experience with the study eye drops were 
comparable between CMC-HA UD and CMC UD at Day 
90. VAS scores were >70 for each item, suggesting a high 
degree of comfort, effectiveness, quality of vision, and 
symptom improvement. In the PP population, subjects 
reported using CMC-HA UD and CMC UD eye drops 
a mean of 4.4 and 4.3 times per day, respectively, during 
the week preceding the final follow-up visit.

Post Hoc Analysis
After 90 days of CMC-HA UD or CMC UD treatment, 
improvements in dry eye symptoms (OSDI and VAS) and 
signs (ocular staining, TBUT, Schirmer test) were of similar 
magnitude in subjects with evaporative (n=149) and mixed 
(n=186) dry eye. In contrast, there was a clear trend in favor 
of CMC-HA UD for improving symptoms, TBUT, and 
Schirmer scores in the smaller cohort of aqueous-deficient 
subjects (n=20). However, none of the between-group dif-
ferences at Day 90 were statistically significant in any of the 

dry eye cohorts. In the respective evaporative, aqueous- 
deficient, and mixed dry eye cohorts, comparing CMC- 
HA UD with CMC UD, the mean (SD) changes from 
baseline were as follows: OSDI scores (−15.04 [18.48] vs 
−12.46 [20.24], −19.53 [21.36] vs −17.16 [8.46]), −12.02 
[23.06] vs −13.42 [18.31]); TBUT (2.51 seconds [3.61] vs 
2.42 seconds [3.09], 4.31 seconds [12.10] vs 0.39 seconds 
[3.49], 1.54 seconds [4.79] vs 1.66 seconds [2.32]); 
Schirmer scores (−0.57 [6.70] vs ‒1.32 [7.31], 4.20 [5.15] 
vs 1.90 [4.15], 2.11 [6.50] vs 2.41 [5.36]). Treatment differ-
ences at Day 90 between CMC-HA UD and CMC UD in 
dry eye symptoms (VAS) were most notable in the aqueous- 
deficient cohort for the categories of burning/stinging 
(−33.0 [30.8] vs −15.0 [20.8]), dryness (−37.4 [30.6] vs 
−20.3 [35.3]), difficult/uncomfortable vision (−25.0 [25.0] 
vs −10.0 [16.6]) and overall ocular pain/discomfort (−25.2 
[26.9] vs −6.0 [28.7]). Statistically significant between- 
group differences in favor of CMC-HA UD were evident 
at the earlier time points for the OSDI score at Day 7 in the 
evaporative dry eye cohort (P=0.041), the overall ocular 
discomfort/pain (P=0.009) and difficult/uncomfortable 
vision (P=0.017) on Day 30 in the aqueous-deficient cohort, 
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Figure 3 Mean change in dry eye symptom scores from baseline at all study visits: (A) burning/stinging, (B) grittiness/foreign body sensation, (C) dryness, (D) difficult/ 
uncomfortable vision, and (E) overall ocular pain/discomfort (per-protocol population). *P=0.048 for CMC-HA UD versus CMC UD. 
Abbreviations: CMC, carboxymethylcellulose; HA, hyaluronic acid; SEM, standard error of mean; UD, unit dose.
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and corneal staining at Days 7 (P=0.02) and 30 (P=0.01) in 
the aqueous-deficient cohort.

Safety
Within the safety population (n=460), treatment-related 
adverse events were reported in 23 (10.3%) subjects in 
the CMC-HA UD group and 25 (10.6%) subjects in the 
CMC UD group; the most common treatment-related 
adverse events (experienced by at least 2% of subjects in 
either treatment group) were eye irritation, blurred vision, 
and foreign body sensation (Table 4). A total of 9 subjects 
(5 CMC-HA UD, 4 CMC UD) experienced serious 
adverse events, which were not considered related to treat-
ment by the investigator, and none led to discontinuation 
from the study. A total of 24 subjects discontinued treat-
ment due to adverse events, including 11 in the CMC-HA 
UD group and 13 in the CMC UD group.

Clinically significant biomicroscopy findings occurred 
with similar frequency in the CMC-HA UD (49 [21.9%]) 
and CMC UD (51 [21.6%]) treatment groups. Clinically 
significant biomicroscopy findings with an incidence rate 
≥5% in either treatment group were conjunctival hypere-
mia, conjunctival edema, erythema of eyelid, and eyelid 
edema; the majority of findings were trace, mild, or mod-
erate in severity. There were no significant differences 
between the two treatment groups in the frequency distri-
bution of change from baseline in currently and best- 
corrected visual acuity during the study; the majority of 
subjects in both treatment groups had “no change” in 

visual acuity at all follow-up visits. There were no clini-
cally significant changes in IOP in either treatment group.

Discussion
In this randomized, double-masked study comparing two 
preservative-free CMC-based artificial tears, treatment 
with both CMC-HA and CMC alone led to significant 
improvement in signs and symptoms of dry eye from 
Day 7 onward. In the primary analysis, the CMC-HA 
UD formulation was non-inferior to CMC UD in terms 
of change in OSDI score from baseline to 90 days in the 
PP population, meeting the primary endpoint. Significant 
improvements from baseline in OSDI scores were 
observed with both CMC-HA UD and CMC UD at each 
study visit, but there was no significant difference between 
the formulations. Improvements in OSDI score were simi-
lar with both formulations irrespective of baseline symp-
tom severity or baseline ocular staining.

Significant improvements in subjective measures of 
individual dry eye symptoms, subject acceptability and 
clinical signs of dry eye were also evident with both 
treatments in the secondary efficacy measures. 
A significant treatment difference in favor of CMC-HA 
UD was demonstrated in the Symptom Survey for overall 
ocular pain/discomfort at Day 90, and there was a trend in 
favor of CMC-HA UD at all timepoints for this category 
and those relating to difficult/uncomfortable vision and 
dryness. These findings were obtained at a dosing fre-
quency of between 4.0 and 4.5 drops per day on average 
for both treatments.

Distinguishing between evaporative and aqueous- 
deficient dry eye is a critical factor in the successful 
management of DED. In this study, we identified evapora-
tive dry eye subjects based on cut-offs described in the 
guidelines and previously reported studies,25,28–32 and 
demonstrated similar improvements with both formula-
tions in signs and symptoms of dry eye irrespective of 
the subtype (evaporative, aqueous-deficient, or mixed dry 
eye), supporting the use of these treatments in a broad dry 
eye population. Significant benefits with CMC-HA UD 
were evident at earlier timepoints in terms of the compo-
site score for ocular symptoms/vision-related function/ 
environmental triggers (ie, OSDI score) in the evaporative 
dry eye cohort, and in ocular pain/discomfort, difficult/ 
uncomfortable vision, and corneal staining in the aqueous- 
deficient cohort, in which there was also a general trend in 
favor of CMC-HA UD in the improvement of symptoms at 
Day 90.

Table 4 Adverse Events Summary (Safety Population)

Adverse Events, n (%) CMC-HA UD 
(n=224)

CMC UD 
(n=236)

All treatment-emergent 

adverse events

113 (50.4) 108 (45.8)

Treatment-related adverse 
eventsa

23 (10.3) 25 (10.6)

Eye irritation 7 (3.1) 2 (0.8)

Blurred vision 5 (2.2) 7 (3.0)
Foreign body sensation in 

eyes

5 (2.2) 1 (0.4)

Conjunctival hyperemia 3 (1.3) 4 (1.7)
Eye pain 3 (1.3) 2 (0.8)

Photophobia 3 (1.3) 0 (0.0)
Instillation site pain 0 (0.0) 4 (1.7)

Note: aTreatment-related adverse events occurring in at least 1% of subjects in 
either treatment group listed below. 
Abbreviations: CMC, carboxymethylcellulose; HA, hyaluronic acid; n, number of 
subjects; UD, unit dose.
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The study confirms a significant benefit of CMC-based 
artificial tear formulations in subjects with dry eye, who 
had used artificial tears prior to the study. The presence of 
the HA polymer appeared to confer additional advantages 
in terms of symptom relief, which was most evident in 
subjects with aqueous-deficient dry eye. The combination 
of CMC and HA has synergistic potential to further 
improve hydration and tolerability, as demonstrated by 
the decrease in ocular discomfort and pain in this group. 
The additional benefits seen with CMC-HA UD on symp-
tom relief in aqueous-deficient dry eye may be attributed 
to the viscoelastic and hydrophilic properties of HA and its 
interaction with CMC. Despite sharing similar viscosity 
(~15 cP; Table 1), the rheological behavior of both for-
mulations differs due to the interaction between CMC and 
HA. Combining both polymers promotes entanglement 
and increases the viscosity of the tear film, which in turn 
optimizes ocular hydration between blinks. Simmons et al 
demonstrated that the viscosity of a combined solution of 
CMC and HA was 60% higher than predicted by additive 
effects.21 In a rheological analysis of combinations of 
CMC and HA polymers at 0.5% + 0.1%, 0.5% + 0.15%, 
and 1.0% + 0.25%, viscosity varied from 15.3 cP (at 10/ 
second [open eye]) to 5.2 cP (at 10,000/second [blinking 
eye]), 25.0 cP (at 10/second) to 5.8 cP (at 10,000/second), 
and 127.5 cP (at 10/second) to 11.9 cP (at 10,000/second), 
respectively.21 During blinking, the polymer combination 
produced reduced viscosity (shear thinning), resulting in 
improved ocular comfort and reduced stickiness and 
blurring.21 Nevertheless, more quantitative data are war-
ranted to further our understanding of this synergistic 
interaction. Other physicochemical differences between 
the formulations include the molecular weight of CMC, 
which is low (<100 kDa) in the CMC-HA formulation, 
versus a blend of medium (~250 kDa) and high (~700 
kDa) in the CMC UD formulation, and the lactate versus 
borate buffer (Table 1); however, we would not expect the 
difference in buffers to impart any clinically relevant ben-
efit. Both formulations are preservative-free and contain 
added organic osmolytes: glycerin, erythritol, and levo- 
carnitine. While it is important to recognize the synergistic 
benefit of osmoprotectants used in conjunction with CMC- 
and HA-based formulations,17 because both formulations 
in this study contained the same osmolytes, the most likely 
factors responsible for the observed benefit with CMC-HA 
relate to formulation differences in viscoelasticity and 
enhanced ocular surface protection via the CD-44 receptor, 

which binds HA,20 promoting ocular surface hydration and 
tear film stability.

The results reported in this study are consistent with 
previous studies investigating CMC- and HA-based for-
mulations. Single polymer artificial tears containing CMC 
or HA alone have demonstrated comparable efficacy and 
safety.33–36 Previously, we demonstrated that a preserved 
formulation containing CMC and HA was non-inferior 
compared with a preserved formula containing CMC 
alone, and was efficacious in improving ocular symptoms 
and reducing ocular staining in a heterogeneous population 
of subjects with dry eye.18 The same preserved formula-
tion was also reported to be non-inferior to a non- 
preserved HA-based formula, with some advantages 
observed in symptom relief and subject acceptance.37 

Formulations (with and without preservatives) combining 
CMC and HA have also demonstrated symptom reduction 
and improved clinical outcomes in contact lens wearers38 

and following cataract39 or refractive surgery,40 which are 
both known to exacerbate dry eye symptoms. This post- 
surgical benefit with CMC and HA combined probably 
also relates to the additional mechanism of action invol-
ving activation of the CD-44 receptor by HA,20 which 
helps promote corneal epithelial cell adhesion41 and 
migration,42 and improve ocular surface health. It is also 
important to consider those additional factors that can 
affect the behavior and physical property of HA in artifi-
cial tear formulations, such as the molecular weight of HA 
and the sodium concentration. High molecular weight HA, 
such as that used in the CMC-HA formulation in this study 
(ie, 1,178 kDa), allows higher low-shear viscosity at 
a lower concentration of HA.43,44 Furthermore, the mole-
cular weight of HA is known to influence the production 
of inflammatory mediators; high molecular weight HA 
exhibits anti-inflammatory properties while low molecular 
weight HA promotes pro-inflammatory mediators.45 A low 
sodium concentration also appears to increase the water- 
binding capacity of HA-containing formulations.46

Both formulations were well tolerated and the inci-
dence of blurred vision, indicative of excessive viscosity, 
was comparable between CMC-HA UD and CMC UD.

Despite enrolling a heterogeneous dry eye population, 
the small cohort of aqueous-deficient dry eye subjects, in 
which a potential benefit with CMC-HA UD was evident, 
allows only preliminary conclusions to be made at this 
stage. Larger studies in specific subpopulations stratified 
by severity and etiology of dry eye are warranted to 
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confirm whether the benefits observed in this study are 
applicable to the general dry eye population.

In conclusion, CMC-HA UD was shown to be non- 
inferior to CMC UD in terms of symptom improvement 
after 3 months’ treatment, meeting the primary endpoint of 
this study. Overall, this study demonstrates that the CMC- 
HA UD artificial tear formulation is comparable with 
CMC UD in reducing signs and symptoms of DED; how-
ever, symptom improvement was generally more rapid and 
sustained with CMC-HA UD compared with CMC UD. 
Both formulations were effective regardless of the etiology 
of dry eye, although there was evidence to suggest 
a potential benefit with CMC-HA UD versus CMC UD 
in subjects with aqueous-deficient dry eye. The CMC-HA 
UD formulation was safe and well tolerated, with a similar 
safety profile to CMC UD. These results support the use of 
this non-preserved CMC-HA UD formulation in a broad 
range of subjects with dry eye.
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