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Purpose: To evaluate the efficacy and safety of two ophthalmic solutions in patients with mild
to moderate dry eye.

Methods: We performed a prospective, 2-month-long, randomized, double-blind, single-center,
parallel clinical trial to compare the efficacy and safety of two ophthalmic solutions for dry eye
treatment. Patients were randomly assigned to one of the two treatment groups, study group or
active-control group, and received one drop four times a day. The primary efficacy endpoint was
to extend the tear film break-up time (TBUT) after 2 months of treatment. The Ocular Surface
Disease Index (OSDI) was also evaluated. Safety measures were assessed by the presence of
adverse events.

Results: A total of 28 patients with mild to moderate dry eye were included in the per protocol
analysis. TBUT was similar between groups at baseline (chondroitin sulfate and xanthan gum
[CS/XG] group, 5.2 £ 2.3; Systane® group, 4.7 £ 2.6; P = 0.488), after 2 months of treatment,
TBUT was still similar in both groups (CS/XG group, 6.1 + 2.5; Systane® group, 7.3 + 2.5;
P =0.088). Baseline OSDI was similar between the groups (CS/XG group, 18.8 + 5.3; Systane®
group, 19.8 £ 7.1; P=0.810), but after 2 months of treatment, the OSDI was significantly lower
in the CS/XG group (6.7 £ 5.7 versus 10.8 = 6.4; P = (0.049). An adverse event was present in
the CS/XG group, but it was not related to the treatment.

Conclusions: In this population of patients with mild to moderate dry eye, treatment with
CS/XG was as effective as treatment with Systane® with regard to TBUT; nevertheless, treatment
in the CS/XG group was more effective at diminishing OSDI.
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Introduction

Dry eye is recognized as one of the most common eye diseases, with a high prevalence
in many countries.! It has been estimated to affect more than 3.2 million middle-aged
and older women and nearly 1.7 million men in the United States alone.* Dry eye is a
complex disease of inadequate lubrication of the ocular surface and is characterized by
ocular irritation resulting from an alteration of the tear film. The effects can vary from
a minor inconvenience for most sufferers to rare sight-threatening complications in
severe cases.’ The International Dry Eye Workshop defined dry eye as a “multifactorial
disease of the tears and ocular surface that results in symptoms of discomfort, visual
disturbance, and tear film instability, with potential damage to the ocular surface. It is
accompanied by increased osmolarity of the tear film and inflammation of the ocular
surface.”® Risk factors for dry eye syndrome include age older than 50 years, female
sex, environments with low humidity, systemic medications, autoimmune disorders,
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extensive visual tasking, nutrition (poor intake of fatty acids
omega 3, 6 and vitamins A, E), and contact lenses.>” Patients
who suffer from dry eye experience varying levels of dryness,
burning, photophobia, foreign body sensation, grittiness,
and redness. Patients may or may not have signs that include
rapid tear film breakup, increased osmolarity, and increased
ocular surface staining.®

Various strategies are employed in the treatment and
management of dry eye, including the topical use of
lubricants (artificial tears or biological tear substitutes) and
antiinflammatory therapies, systemic use of antioxidants (eg,
omega-3 fatty acids), and control of external factors associated
with increased ocular dryness (medications and environmental
conditions).® Current treatment is heavily weighted toward
supplementation, stimulation, or preservation of aqueous
tears.’

Artificial tears are one of the primary treatments for
dry eye. This treatment is mainly palliative and focuses on
reducing the symptoms of discomfort to improve quality of
life for a patient. There is no gold standard test to evaluate
the efficacy of treatment, nevertheless tear film break-up
time (TBUT) is more repeatable than other objective tests
for dry eye.’

Extending TBUT is the primary aim of artificial tears.
Even the best artificial tear provides a limited extension
of TBUT (mean extension, usually 5-20 minutes after
instillation).!?

Natural polymers have proved to be effective in sustaining
drug releases from a matrix system.!' In ocular drugs, the
incorporation of polymers in the conventional dosage forms
has been found to be an efficient method of increasing the
retention time of the dosage form on corneal tissue to enhance
the ocular bioavailability.'?

Xanthan gum (XQ) is a high-molecular-weight, water-
soluble, heteropolysaccharide of sodium, calcium, or
potassium obtained from the aerobic fermentation of a
carbohydrate with Xanthomonas campestris. 1t is a low-
viscosity solution that forms viscoelastic gels. The viscous
gels reduce the drainage and improve the contact time
better than conventional eye drops. XG has been used in
combination with other polymers to increase viscosity of
the solutions.!>!?

Chondroitin sulfate (CS) has been used as a lubricant
in combination with other components such as sodium
hyaluronate for treatment of dry eye;'* however, there is no
previous information about the clinical use of a combination
of CS and XG in dry eye. This study compared this
combination with polyethylene glycol 400 0.4%, propylene

glycol 0.3%, and hydroxypropyl guar to determine whether
CS/XG could improve TBUT in patients with dry eye.

Methods

We conducted a prospective, 2-month-long, parallel, random-
ized, double-blind, single-center clinical trial to compare the
efficacy and safety of two ophthalmic solutions in patients
with dry eye disease.

The protocol was reviewed and approved by an ethics
committee (CECEIBAC, Guadalajara, Jalisco, México).
The research was conducted in compliance with the
Declaration of Helsinki and in accordance with Good
Clinical Practice Standards. All patients who participated
in the study provided written informed consent. The study
is registered at ClinicalTrials.gov with the identifier number
NCTO01541891.

Inclusion criteria for both groups was age 18 years or older,
ability to give informed consent, de novo patients diagnosed
with mild to moderate dry eye disease based on the Report
of International Dry Eye Workshop,® and an Ocular Surface
Disease Index (OSDI) score between 12 and 45.'° Primary
exclusion criteria included patients with one blind eye, visual
acuity lower than 20/40 in any eye, any active ocular disease
(such as infection or autoimmune inflammation) that would
interfere with study interpretation, patients in treatment with
any other lubricant or treatment for dry eye disease, contrain-
dication of any medication used in the protocol, history of
eye surgery within 3 months before baseline, contact lens use,
and patients that were pregnant, at risk for pregnancy without
birth control treatment, or breastfeeding.

The primary efficacy endpoint was to evaluate the efficacy
(extended TBUT) and safety of two ophthalmic solutions in
patients with mild to moderate dry eye.

Patients were assessed for eligibility at a screening visit,
when a medical and ocular history was taken. Both eyes
were assessed and used for analysis. The screening visit was
considered the baseline visit in enrolled patients.

Patients were evaluated during six study visits: at baseline
and 2, 7, 15, 30, and 60 days (final visit) after enrollment.
Clinical assessments during baseline and the final visit con-
sisted of intraocular pressure (with a calibrated Goldmann
applanation tonometer), TBUT, Schirmer I test, indirect
ophthalmoscopy under pharmacological mydriasis, OSDI,
slit lamp examination (biomicroscopy), and fluorescein and
green lissamine dyes. For evaluation of both fluorescein
and green lissamine dyes, the Oxford grading scheme was
used.® Safety outcome measures included adverse events
and ocular signs.
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At each follow-up visit, TBUT, Schirmer I test,
biomicroscopy, and fluorescein and green lissamine dyes were
performed. Use of concomitant medications was recorded.

Patients were randomly assigned to receive the study
medication (study group [CS/XG; PRO-148; Laboratorios
Sophia, SA de CV, Guadalajara, Mexico]) or be in the active-
control group and receive polyethylene glycol 400 0.4%,
propylene glycol 0.3%, and hydroxypropyl guar (Systane®;
Alcon Laboratories, Inc, Fort Worth, TX, USA). To maintain
masking, medications were bottled and provided in containers
that appeared to be identical. To maintain sterility, aseptic
techniques were used in a laminar flow cabinet according
to good compounding practices. Patients were instructed to
instill a single drop of either PRO-148 or Systane® in each
eye four times a day for 60 days.

Study treatment was discontinued if either the investigator
or the patient thought it was not in the patient’s best interest
to continue or if the patient became pregnant.

Ocular findings and adverse events regardless of relation
to treatment were monitored throughout. The investigators
recorded observed adverse events as well as those reported
by the patient or elicited by questioning. Adverse events were
classified as absent, mild, moderate, or severe, according to the
Common Terminology Criteria for Adverse Events v 4.0.

Only randomized patients who concluded the study
without a major protocol violation and who provided all
measurements at all visits were included in the per protocol
analysis.

Statistical analysis was performed using SPSS version 19
(IBM Corporation, Armonk, NY, USA), and differences
between treatments in TBUT, OSDI, intraocular pressure,
Schirmer I test, and fluorescein and green lissamine dyes
were analyzed with a Mann—Whitney U test. A Wilcoxon
test was used to evaluate differences between baseline and
final evaluations in each group.

Before study initiation, it was determined that at least
15 patients were needed per group, and a significance level
of 0.05 and a power of 0.80 were used.

Results
A total of 30 patients per group were recruited, and a total
of 56 eyes of 28 patients were included in the per protocol
analysis.

There were no significant differences noted in baseline
characteristics between groups (Table 1).

The primary efficacy endpoint was extending TBUT after
2 months of treatment. TBUT was similar between groups at
baseline (PRO-148, 5.2 + 2.3; Systane®, 4.7 £2.6; P=0.488),

Table | Summary of patient baseline characteristics between
study groups

Characteristic PRO-148 Systane® P

Age 558+84  559+96 0710
TBUT 52+23 47126 0.488
Schirmer | test 85+47 9.7+34 0.092
Total corneal staining score 1.2+1.8 1.8+2.8 0.943
Total conjunctival staining score 05+ 1.0 09+ 1.6 0.407
Global staining score 1.7+1.7 2.7+40 0.970
OsDI 188+5.3 19.8+7.1 0.810

Note: Data are presented in mean =* standard deviation.
Abbreviations: TBUT, tear film break-up time; OSDI, Ocular Surface Disease
Index.

and after 2 months of treatment, TBUT was similar in both
groups (PRO-148, 6.1 £ 2.5; Systane®, 7.3 £2.5; P =0.088).
Although there was a mild increase in TBUT in both groups
when compared with baseline, this increase was not statistically
significant (PRO-148, 5.2 + 2.3 versus 6.1 £ 2.5 [P =0.222];
Systane®, 4.7 £ 2.6 versus 7.3 £2.5 [P =0.321]; Figure 1).

Baseline OSDI was similar between groups (PRO-148,
18.8 £ 5.3; Systane®, 19.8 =+ 7.1; P = 0.810). At study
conclusion, OSDI was reduced in both groups when
compared with baseline, and this reduction was statistically
significantly lower in the PRO-148 group compared with
the Systane® group (6.7 £ 5.7 versus 10.8 £ 6.4; P = 0.049;
Figure 2). The rest of the study measurements did not present
differences between the groups.

With regard to Schirmer I and staining scores, there were
no differences between groups.

There was a single adverse event present in a patient from
the PRO-148 group; this event, a mild-intensity cephalea at
visit 1 that did not need medications for its relief, was not
related to the treatment. The rest of the patients in both groups
did not present any adverse events.
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Figure | Mean change from baseline tear film break up time at each visit between
groups.
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Figure 2 Mean change from baseline Ocular Surface Disease Index at each visit
between groups.

Discussion
Dry eye results in disruption of the tear film and subsequent
damage to epithelial cells on the ocular surface, which may
exacerbate signs and symptoms of the disease experienced
by the patient. Significant advances have been made in
treating the many facets of dry eye; current therapy focuses
on restoring a normal ocular surface through tear supple-
mentation as well as inhibition of the aberrant inflammation
seen in chronic dry eye disease. Regardless of the etiology
and severity of dry eye, artificial tears are the first line of
treatment.>'® Commercial artificial tears differ in electrolyte
composition, thickening agents, physiologic buffering, tonic-
ity, and preservatives.®

Studies in which treatments for dry eye have been com-
pared show us that some have better efficacy than others.
Although TBUT is the best screening test for dry eye disease —
and is more repeatable — compared with other objective tests
for dry eye,’ the OSDI has shown good reliability and validity
for measuring the severity of dry eye disease and has been
proposed as a valuable tool in clinical treatment trials.'

There is no previous information about the clinical use of
CS and XG in dry eye. Nevertheless, there are some studies in
which other combinations have been compared. For example,
Davitt et al® compared carboxymethylcellulose 0.5%, glyc-
erin 0.9%, and compatible solutes with polyethylene glycol
400 0.4%, propylene glycol 0.3%, and hydroxypropyl guar.
In this study, both groups reported a significant reduction in
the mean scores for the ocular symptoms of dryness, gritty/
sandy feeling, and burning. Ocular staining scores were lower
in the polyethylene glycol 400 0.4%, propylene glycol 0.3%,
and hydroxypropyl guar group at days 28 and 42. For TBUT
there was no difference between treatments, but mean OSDI
was significantly reduced in both groups.

A review by Benelli!” concluded that a solution of
polyethylene glycol 400 0.4%, propylene glycol 0.3%, and

hydroxypropyl guar offers extended relief of dry eye symp-
toms and improvement of the signs associated with dry eye
disease. In this review, this combination exhibits a superior
profile in TBUT, extensional viscosity, coefficient of friction
and lubrication, and conjunctival and/or corneal staining
when compared with other marketed products.

Another study by Gensheimer et al'® evaluated the
effectiveness of glycerin 1% with a new excipient in
extending TBUT compared with polyethylene glycol 400
0.4%, propylene glycol 0.3% and hydroxypropyl guar. In this
study the formulation of glycerin 1% with the new excipient
significantly extended TBUT.

Faraldi et al”® investigated an ophthalmic gel contain-
ing sodium hyaluronate and XG for the management of
posttraumatic corneal abrasions. In this study, the author
demonstrated that sodium hyaluronate and XG are high-
molecular-weight polysaccharides with water binding and
mucoadhesivity properties, providing effective hydration and
protection of the cornea.

The present study compared two ophthalmic solu-
tions, one containing CS and XG and the other containing
polyethylene glycol 400 0.4%, propylene glycol 0.3%, and
hydroxypropyl guar. We demonstrated that the new combina-
tion (PRO-148) effectively reduced OSDI and is similar in
regard to TBUT when compared with Systane®.

In this reduced population of patients with dry eye, both
groups demonstrated a reduction of OSDI scores toward the
normal range, with a slight difference favoring the test group.

The limitations of our study are that we only included
a small number of patients with mild to moderate dry eye,
and we did not conduct a crossover or internal control
study. Larger studies with longer duration and employing
different designs are warranted to assess the long-term
safety and efficacy of this formulation in patients with dry
eye disease.

Conclusion

Increasing TBUT is important in the treatment of dry eye
disease because it can improve clinical signs and symp-
toms of dry eye disease and promote epithelial repair. The
goal of topical therapy in dry eye is to relieve symptoms in
conjunction with potentially replacing deficient components
(eg, aqueous fluid) so that the tear film is thickened and
stabilized in the short-term to provide healing of the ocular
surface over time. The OSDI permits quantification of com-
mon symptoms and an objective approach to the evaluation
of symptoms over time; therefore, OSDI reduction could
indicate that treatment goals are achieved.
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In the present study, the combination CS and XG was as

effective in prolonging TBUT and was better at diminishing
OSDI compared with polyethylene glycol 400 0.4%,
propylene glycol 0.3%, and hydroxypropyl guar.
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