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ABSTRACT

Introduction: DE-089C is a newly developed
long-acting formulation of diquafosol oph-
thalmic solution with less frequent administra-
tion (three times daily) than the currently
approved and clinically used diquafosol oph-
thalmic solution (six times daily), hereinafter
referred to as DQS. DE-089C is desirable for
achieving better patient adherence in clinical
practice for dry eye therapy. The objective of
this study was to confirm the efficacy and safety
of DE-089C in patients with dry eye compared
to placebo.

Methods: This randomized, multicenter, dou-
ble-masked, placebo-controlled, parallel-group
phase 3 study was conducted in Japan. Patients
with aqueous-deficient dry eye satisfying
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Schirmer’s test] results < 5mm/5min were
included. A total of 337 patients with dry eye
were randomized in an equal ratio to treatment
with DE-089C or placebo ophthalmic solution,
three times daily for 4 weeks. The primary
endpoint for efficacy was change in fluorescein
corneal staining score from baseline to week 4.
The incidence of adverse drug reactions was
investigated for safety evaluation.

Results: The background characteristics of
patients in the two groups were similar. Primary
endpoint of change in fluorescein corneal
staining score at week 4 in the DE-089C group
was significantly improved compared with the
placebo group (least squares mean difference
—0.51,95% CI — 0.754 to — 0.269, P < 0.0001).
The secondary endpoint of the Lissamine green
conjunctival staining score was also signifi-
cantly improved in the DE-089C group com-
pared to that in the placebo group, while other
secondary endpoints were not achieved in this
study. Commonly (incidence > 1%) reported
adverse drug reactions in the DE-089C group
were eye irritation (3.6%) and eye discharge
(1.8%) with mild severity, and the incidences of
these two events were not higher than those in
previous clinical studies on DQS.

Conclusion: The efficacy and safety of DE-089C
administered three times daily at half the
dosage of DQS in patients with dry eye were
confirmed in this study.

Trial  Registration: Japan  Pharmaceutical
Information Center ID, JapicCTI-205177.
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Key Summary Points

Why carry out this study?

Diquafosol is an agonist of the P2Y,
receptor involved in tear and mucin
secretion directly on the ocular surface,
and diquafosol ophthalmic solution
administered six times daily has been
approved and widely used in Japan for the
treatment of dry eye

To achieve better adherence, diquafosol
ophthalmic solution with less frequent
administration is desirable in clinical
practice for the treatment of dry eye, a
chronic disease requiring long-term
treatment

DE-089C is a new long-acting formulation
of diquafosol ophthalmic solution, which
was developed by Santen Pharmaceutical
Co., Ltd., for dry eye treatment
administered three times daily, and a
randomized, multicenter, double-masked,
placebo-controlled, parallel-group phase 3
study of DE-089C was conducted in Japan

What was learned from the study?

In this study, DE-089C instillation three
times daily significantly improved the
primary endpoint of change in fluorescein
corneal staining scores from baseline to
week 4 in patients with dry eye compared
with that in the placebo group

Secondary endpoint of the Lissamine
green conjunctival staining score was also
significantly improved in the DE-089C
group compared to that in the placebo
group, while other secondary endpoints
were not achieved in this study

Commonly (incidence > 1%) reported
adverse drug reactions in the DE-089C
group were eye irritation and eye
discharge with mild severity, and the
incidences of these two events were not
higher than those in previous clinical
studies on currently approved
formulation of diquafosol ophthalmic
solution

INTRODUCTION

Dry eye is defined as a multifactorial disease
characterized by unstable tear film causing a
variety of symptoms and/or visual impairment,
potentially accompanied by ocular surface
damage [1]. It is a common eye disease with
prevalence ranging from 5% to 50% worldwide,
especially in Asia, with a higher prevalence of
over 30% [2]. A significant risk factor for dry eye
is reported to be older age, and dry eye is com-
mon in the elderly [2, 3]. However, it also fre-
quently occurs over a wide age range because
contact lens use and visual display terminal
work are known to be risk factors for dry eye [4].
The high prevalence of dry eye in patients with
a wide age range makes it a socially important
disease.

The first-line therapy for dry eye is treatment
with ophthalmic solutions. Use of artificial
tears, sodium hyaluronate ophthalmic solu-
tions, rebamipide ophthalmic solution, and
diquafosol ophthalmic solution have been
approved in Japan for the treatment of dry eye.
Diquafosol ophthalmic solution was launched
in 2010 in Japan, and subsequently in other
Asian countries, such as China and Korea.
Diquafosol is an agonist of the P2Y, receptor,
which is involved in tear and mucin secretion
directly on the ocular surface [5, 6]. Diquafosol
ophthalmic solution is reported to significantly
improve dry eye signs, such as corneal and
conjunctival epithelial damage, in several ran-
domized controlled trials and improve tear film
breakup time (BUT), Schirmer’s test scores, and
subjective symptoms in some studies [5, 6]. The
efficacy of diquafosol ophthalmic solution for
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several types of dry eye, including soft contact
lens-related dry eye [7] and surgery-induced dry
eye [8], has also been reported.

Because of the involvement of multiple fac-
tors in dry eye [3, 4], it is difficult to eliminate
all risk factors. Therefore, continuous instilla-
tion of an ophthalmic solution for dry eye leads
to improvement of its symptoms, and to maxi-
mize the effects of ophthalmic solution, it is
important to instill the ophthalmic solution in
compliance with the dosage regimen specified
in the drug package insert. A web-based cross-
sectional questionnaire survey with 2645
patients with dry eye in Japan revealed that the
proportion of participants who instilled at the
frequency specified in the package insert was
10.2% [9]. The majority (about 80%) of patients
using diquafosol ophthalmic solution instilled
the eye drop four times or fewer daily, which
was nearly half of the specified frequency, six
times daily. One of the reasons why patients
instill the eye drop at a frequency lower than
the specified was the high frequency of the
dosage. A lower frequency of instillation than
specified may lead to less effectiveness of the
eye drop for dry eye. In the web-based cross-
sectional questionnaire survey, improvement in
the subjective symptoms score was significantly
greater in patients who regularly instilled eye
drops at the specified frequency than in patients
who did not [9]. To achieve better adherence, a
new formulation of diquafosol ophthalmic
solution with less frequent administration and
efficacy similar to that of the currently
approved formulation is desired in clinical
practice for the treatment of dry eye.

DE-089C is a new long-acting formulation of
diquafosol ophthalmic solution developed by
Santen Pharmaceutical Co., Ltd. and is designed
to sustain the efficacy of diquafosol by the
addition of polyvinylpyrrolidone to the solu-
tion. The efficacy of DE-089C administered
three times daily for improving corneal epithe-
lial damage score was confirmed to be similar
with currently approved diquafosol ophthalmic
solution administered six times daily in a rat
model of dry eye. On the basis of this non-
clinical study, a dosage of three times daily was
recommended as the clinical dosage for DE-
089C. The objective of this study was to confirm

the efficacy and safety of three times a day
dosage with 3% DE-089C ophthalmic solution
in patients with dry eye, comparing with pla-
cebo ophthalmic solution.

METHODS

Study Design

This study was a randomized, multicenter,
double-masked, placebo-controlled, parallel-
group phase 3 study conducted between Febru-
ary 20 and July 30, 2020 in Japan, to evaluate
the efficacy and safety of DE-089C in patients
with dry eye. The study had a 2-week washout
period, followed by a 4-week treatment period
(Fig. 1). During the washout period, the patients
received three times daily instillation of placebo
ophthalmic solution (placebo), which was the
vehicle of DE-089C ophthalmic solution con-
taining polyvinylpyrrolidone. Investigators
accessed the Randomization and Trial Supply
Management (RTSM) system after confirming
that the patient met all the inclusion and none
of the exclusion criteria. Eligible patients were
randomly assigned to the DE-089C ophthalmic
solution (DE-089C)-treated group or placebo
ophthalmic solution-treated group in equal
ratios through the RTSM system, according to
the randomization list pre-created by the third
party. The patients received each study drug
three times daily during the treatment period.
Patients were asked to record the number of eye
drop instillations per day on the patient diary
every day during the study period. Total num-
ber of actual instillations during the study per-
iod was calculated from the patient diary
records and divided by the total number of
planned instillations to calculate the treatment
compliance rate (%).

This study was conducted in compliance
with the Declaration of Helsinki and Good
Clinical Practice guidelines. The study protocol
was approved by the institutional review board
of each site, and written informed consent was
obtained from all participants before the initi-
ation of the study. This study was registered
with the Japan Pharmaceutical Information
Center (JapicCTI-205177).
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Visit 1 Visit 2
Week -2 Week 0

Washout period
(2 weeks)

Visit 3 Visit 4
Week 2 Week 4

Treatment period
(4 weeks)

N
\4
N

Eligible patients
were randomized.

\4

Placebo ophthalmic solution
One drop at a time, 3 times daily

Placebo ophthalmic solution
One drop at a time, 3 times daily

Double masked

Fig. 1 Study design

Study Patients

Informed consent was obtained from male and
female patients aged 20 years or older who were
diagnosed with dry eye in both eyes. Inclusion
criteria at visit 1 were to meet the following two
criteria at least in one eye: (1) fluorescein cor-
neal staining score [10] > 1, and (2) score of dry
sensation in eyes (dryness score) > 1 in the Dry
Eye-Related Quality-of-Life Score (DEQS) ques-
tionnaire [11]. Inclusion criteria at visit 2 before
randomization were to meet the following all
criteria at least in one eye which met the
inclusion criteria at visit 1: (1) fluorescein cor-
neal staining score > 1; (2) dryness score > 1 in
the DEQS questionnaire; (3) Schirmer’s testl
results < 5 mm/5 min; and (4) BUT < Ss.
Patients were excluded if they had eyelid
closure failure including blepharospasm, a his-
tory of allogeneic hematopoietic stem cell
transplantation, refractive corneal surgery,
internal eye surgery within 90 days prior to
visit 1, or continued treatment for obstruction
of the lacrimal punctum until within 30 days
prior to visit 1. Patients were also excluded if
they had corneal conjunctival abnormalities
other than dry eye affecting the ocular surface,
ocular disease other than dry eye requiring

3% DE-089C ophthalmic solution

One drop at a time, 3 times daily

treatment, allergic conjunctivitis that was likely
to worsen during the treatment period, or a
need for contact lens use during the treatment
period.

Prohibited drugs or therapies during the
treatment period were as follows: (1) combina-
tion use of any topical eye medications includ-
ing eye drops, eye ointments, and injections; (2)
use of corticosteroids except for topical dermal
administration other than to the eyelids; (3)
treatment for obstruction of the lacrimal punc-
tum; (4) use of contact lenses or dry eye glasses;
and (5) heat therapy for dry eye.

Efficacy Evaluation

The primary endpoint for efficacy was change in
fluorescein corneal staining score from baseline
to week 4. The key secondary endpoint was the
change in dryness score on the DEQS ques-
tionnaire from baseline to week 4. Other sec-
ondary endpoints included change in Lissamine
green conjunctival staining score from baseline
to week 2 or 4, change in BUT from baseline to
week 2 or 4, and change in Schirmer’s testl
result from baseline to week 4. Fluorescein cor-
neal staining score, dryness score in the DEQS
questionnaire, and BUT were assessed at all
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visits. The Lissamine green conjunctival stain-
ing score was assessed at visit 2, 3, and 4. The
Schirmer’s test I score was assessed at visit 2 and
4.

Subjective symptoms of dry eye were asses-
sed using the dry sensation score (column B) in
the DEQS questionnaire before the BUT
measurement.

For calculating BUT, after staining of tear
film with 2 uL of 1% fluorescein solution, the
interval between the last complete blink and
the appearance of the first corneal black spot in
the stained tear film was measured three times
with a stopwatch for each eye, and the mean
value of the measurements was calculated.

Fluorescein corneal staining was performed
to evaluate corneal epithelial disorders after
BUT measurement. For fluorescein corneal
staining, the cornea was divided into three
equal zones: upper, middle, and lower. Each
zone had a staining score ranging between 0
and 3 points, with minimum and maximum
total staining scores ranging between O and 9
points. The degree of staining was scored as
follows: 0 =no staining, 1 = staining of less
than half of the corneal area, 2 = staining of
more than half of the corneal area, and
3 = staining of the whole corneal area.

Lissamine green staining was performed with
2 pL of 1% Lissamine green solution to evaluate
conjunctival epithelial disorder. In Lissamine
green staining, the conjunctiva was divided into
the nasal and temporal areas. Each area had a
staining score ranging between 0 and 3 points
with the minimum and maximum total stain-
ing scores ranging between 0 and 6 points. The
degree of staining was scored using the same
criteria as those for fluorescein staining.

Schirmer’s test] was performed without
anesthesia to measure the tear volume for
Smin. The length in millimeters of tear fluid
absorbed on the Schirmer’s test strip from the
edge of the strip was measured.

Evaluation of Feelings Experienced During
Use of Eye Drops

Feeling of using the DE-089C ophthalmic solu-
tion was investigated using a questionnaire

survey at visit 4. In the questionnaire, patients
were asked the question “Is the feeling experi-
enced during investigational drug instillation
better, same, or worse comparing with previous
eye drops, which was used immediately before
the initiation of the study?” If patients had used
ophthalmic solutions immediately before the
initiation of the study, the question was asked
for each ophthalmic solution.

Safety Evaluation

Safety was assessed in patients who had instilled
the investigational eye drops at least once and
for whom some information on safety was
available. The frequency of adverse events and
adverse drug reactions, defined as adverse
events causally related to the study drug, was
assessed during the 4-week treatment period.

Data Management

We captured the data in Electronic Data Cap-
ture system and cleaned up the data by system
edit check and manual data review.

Statistical Analyses

The sample size was calculated with reference to
a late phase II study of placebo-controlled 3%
diquafosol eye drops six times daily [12]. A total
of 143 patients per treatment group would
provide 80% power to detect such a difference
in the key secondary efficacy endpoint between
the DE-089C group and placebo group using a
two-sample two-sided f test with alpha level of
0.05. Taking both endpoints into consideration,
we calculated that a total of 300 patients (150
patients per arm) were to be randomized,
assuming that 5% patients would prematurely
discontinue the study without providing any
post-baseline information of the fluorescein
corneal staining score.

The mean and SD for continuous variables
and number and percentage of patients for
categorical variables were calculated. For effi-
cacy evaluation, mixed-effects models for repe-
ated measures (MMRM) were conducted using
the change from baseline to week?2 or 4
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(evaluation point) in each efficacy endpoint as
the dependent variable, treatment group, eval-
uation point, interaction of treatment group
and evaluation point, interaction of baseline
value in each efficacy endpoint and evaluation
point as fixed effects, and patient as a random
factor for the full analysis set (FAS) population.
Least squares (LS) mean and 95% confidence
interval (CI) of LS mean of each efficacy end-
point at week 4 in each group was estimated
with MMRM. In addition, LS mean and 95% CI
of group difference (DE-089C group — placebo
group) in LS mean of each efficacy endpoint at
week 4 were also estimated. Superiority was
determined if the difference between the DE-
089C and placebo groups in the primary end-
point of change in fluorescein corneal staining
score at week 4 was statistically significant. For
the secondary endpoint of change in Schirmer’s
testI result, the analysis of covariance
(ANCOVA) model was used with Schirmer’s test
I values at baseline as the covariate. The signif-
icance level was set at P < 0.05. SAS® version
9.4 software (SAS Institute) was used for data
analysis.

RESULTS

Patient Disposition

Informed consent was obtained from 413
patients, of whom 337 patients were randomly

assigned to receive DE-089C or placebo at an
equal ratio. Seven patients discontinued the
study, and 330 patients completed the study
(166 patients in the DE-089C group and 164
patients in the placebo group, respectively). The
FAS included 168 patients in each group for
efficacy evaluation. The safety analysis set (SAF)
included 169 patients in the DE-089C group
and 168 patients in the placebo group. The
treatment compliance rate during the study
period averaged 99.4% (SD, 1.936; minimum,
85.2%) in the DE-089C eye drops group and
99.7% (SD, 1.355; minimum, 92.0%) in the
placebo eye drops group.

Patient Background

Background characteristics of patients in the
two groups were similar (Table 1).

Efficacy Evaluation

Primary Endpoint (FAS)

Figure 2 shows the change from baseline in
fluorescein corneal staining scores in each
treatment group, and Table 2 shows change
from baseline in fluorescein corneal staining
scores in each treatment group and the group
differences. Primary endpoint of change in flu-
orescein staining score at week4 in the DE-
089C group was significantly improved as
compared to that with the placebo group (LS

Table 1 Baseline demographics and background characteristics of patients (SAF)

Characteristics

Placebo (N = 168) DE-089C (IV = 169)

Age, years (mean £ SD)

Gender, female, 7 (%)

Sjdgren’s syndrome 7 (%)

Fluorescein corneal staining score (mean £ SD)
Lissamine green conjunctival staining score (mean %+ SD)
BUT, s (mean + SD)

Schirmer’s test I, mm (mean 4 SD)

Dryness score in the DEQS questionnaire (mean £ SD)

627 & 154 61.9 % 15.0
146 (86.9) 153 (90.5)
12 (7.1) 20 (11.8)
27 £ 15 28 + 1.6
25+ 14 25+ 15
2.0 & 1.1 22+ 11
35 4 2.9 39 + 3.0
19 £ 0.9 2.0 £ 0.9

SAF safety analysis set, SD standard deviation, BUT tear film breakup time, DEQS Dry Eye-Related Quality-of-Life Score
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—O—Placebo (N=168)
--DE-089C (N=168)

0.0 T

-0.5 1

LS mean change from baseline

} } }
0 2 4
Week

Fig. 2 Change in fluorescein corneal staining scores
(MMRM FAS). Data are expressed as the LS mean change
from baseline to week 2 or 4. Error bar shows 95% CI.
Fluorescein corneal staining score was significantly
improved in the DE-089C group compared to the placebo
group at week2 and 4 (P =0.0022 and < 0.0001,
respectively). MMRM mixed-effects models for repeated
measures, FAS full analysis set, LS least squares, CI
confidence interval

mean difference —0.51, 95% CI
—0.754 to — 0.269, P < 0.0001). Therefore, the
superiority of DE-089C group over placebo
group in improving corneal epithelial damage
was verified. In addition, a statistically signifi-
cant improvement was observed at week 2
(Table 2).

Secondary Endpoints (FAS)
LS mean and 95% CI of the LS mean of scores in
secondary endpoints in each group and the

group difference in LS mean are shown in
Table 3.

Dryness Score in the DEQS Questionnaire No
significant difference was found in the
improvement of the dryness score in the DEQS
between the DE-089C and placebo groups at
week 4. In addition, no significant differences
were observed at week 2.

Lissamine Green Conjunctival Staining The
improvement in Lissamine green staining score
at all time points in the DE-089C group was
significantly greater than that in the placebo

group.

BUT No significant difference was noted in
the improvement of BUT between the DE-089C
and placebo groups at any time point.

Schirmer’s Test I No significant difference was
observed in the improvement of Schirmer’s
test I between the DE-089C and placebo groups
at week 4.

Evaluation of Feeling Experienced During
Use of DE-089C Ophthalmic Solution
(Questionnaire Survey) (FAS)

In the DE-089C group, 89.4% of patients who
used the currently approved formulation of
diquafosol ophthalmic solution (DQS) imme-
diately prior to initiation of the study reported

Table 2 Change from baseline in fluorescein corneal staining scores (MMRM FAS)

Placebo (N = 168)

DE-089C (N = 168)

Week 2
LS means (95% CI) in cach group
Group difference (95% CI)
P value 0.0022
Week 4
LS means (95% CI) in each group
Group difference (95% CI)

P value < 0.0001

— 0.66 (— 0.832 to — 0.489)
— 038 (— 0.623 to — 0.138)

— 0.81 (— 0.984 to — 0.639)

— 1.04 (— 1.212 to — 0.869)

— 1.32 (— 1494 to — 1.152)

— 051 (— 0.754 to — 0.269)

MMRM mixed-effects models for repeated measures, FAS full analysis set, LS least squares, CI confidence interval
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Table 3 Analysis for secondary endpoints

Secondary endpoints

Placebo (N = 168°)

DE-089C (N = 168°)

Change from baseline in dryness score®

Week 2
LS means (95% CI) in cach group
Group difference (95% CI)
P value

Week 4
LS means (95% CI) in each group
Group difference (95% CI)

P value

— 0.52 (— 0.665 to — 0.378)
— 0.03 (— 0.231 to 0.175)
0.7840

— 0.69 (— 0.828 to — 0.559)
— 0.13 (— 0.319 to 0.060)
0.1808

Change from baseline in Lissamine green conjunctival staining score®

Week 2
LS means (95% CI) in each group
Group difference (95% CI)
P value

Week 4
LS means (95% CI) in each group
Group difference (95% CI)
P value

Change from baseline in BUT®

Week 2
LS means (95% CI) in each group
Group difference (95% CI)
P value

Week 4
LS means (95% CI) in cach group
Group difference (95% CI)
P value

Change from baseline in Schirmer’s test I°

Week 4
LS means (95% CI) in each group
Group difference (95% CI)

— 035 (— 0.524 to — 0.183)
— 0.30 (— 0.544 to — 0.061)
0.0141

— 044 (= 0.615 to — 0.264)
— 033 (= 0577 to — 0.082)
0.0093

0.46 (0.292 to 0.630)
0.19 (— 0.052 to 0.426)
0.1242

0.56 (0.368 to 0.757)
0.21 (— 0.070 to 0.479)
0.1439

1.52 (0.768 to 2.262)
0.75 (— 0311 to 1.805)

— 0.55 (— 0.693 to — 0.406)

— 0.82 (— 0956 to — 0.689)

— 0.66 (— 0.826 to — 0.485)

— 077 (— 0.944 to — 0.594)

0.65 (0.480 to 0.817)

0.77 (0.573 to 0.961)

2.26 (1.515 to 3.009)
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Table 3 continued

Secondary endpoints

Placebo (V = 168°)

DE-089C (N = 168°)

0.1657

P value

LS least squares, CI confidence interval, BUT tear film breakup time, MMRM mixed-effects models for repeated measures,

ANCOVA analysis of covariance
"MMRM analysis
PANCOVA

“For the analysis of change from baseline in Schirmer’s test I, N = 166 for each group

that “Feeling with use of eye drops was better in
DE-089C than DQS, or same between two oph-
thalmic solutions” (Table 4). Among patients
who used hyaluronic acid, rebamipide, or arti-
ficial tears immediately prior to initiation of the
study, the percentage of patients who answered
that DE-089C was better than or the same as
prior eye drops was 80.0%, 91.7%, and 69.2%,
respectively (Table 4). Meanwhile, in the pla-
cebo group, similar results were obtained with
the DE-089C group.

Safety (SAF)

No deaths or serious adverse events were
reported. Incidence of adverse events was 9.5%
(16/168 patients) in the placebo group and
13.6% (23/169 patients) in the DE-089C group.
In DE-089C group, all reported adverse events
were mild, and adverse events with inci-
dence > 1% included eye irritation (3.6%), eye
discharge (1.8%), and conjunctival hemorrhage
(1.2%). Adverse drug reactions with inci-
dence > 1% in the DE-089C group were eye
irritation (3.6%) and eye discharge (1.8%)
(Table 5). Regarding visual acuity, anterior seg-
ment examination, and intraocular pressure, no
clinically significant changes from baseline
were observed in both groups.

DISCUSSION

In the present study, DE-089C, a new long-act-
ing formulation with a reduced clinical dosing
of three times a day of diquafosol ophthalmic
solution was shown to significantly improve the
primary endpoint of change in fluorescein

corneal staining scores from baseline to week 4
compared to that of placebo in patients with
dry eye. The secondary endpoint of Lissamine
green conjunctival staining score was also sig-
nificantly improved in the DE-089C group
compared to that with the placebo group, while
other secondary endpoints were not achieved in
this study. The efficacy of diquafosol adminis-
tered three times daily was demonstrated in a
clinical study for the first time.

Patients with aqueous-deficient dry eye sat-
isfying Schirmer’s test I results < S mm/5 min
were included in this study. Overall, the back-
ground characteristics of the patients in the DE-
089C and placebo groups were similar. Mean
age of study patients was 61.9 and 62.7 years in
the DE-089C and placebo groups, respectively,
and more female patients were enrolled than
male patients with the female proportion of
90.5% and 86.9% in the DE-089C and placebo
groups, respectively. The mean age and pro-
portion of woman in this study were similar to
those in the DQS, currently approved formula-
tion of diquafosol ophthalmic solution (six
times daily) group in the previous phase 2b and
phase 3 studies on DQS [12, 13]. Many study
patients were elderly and female in this study as
observed in the previous phase 2b and phase 3
study on DQS. These are consistent with a
report that dry eye is common among elderly
people and women [2, 3].

DE-089C instillation three times daily sig-
nificantly improved the primary endpoint of
change in fluorescein corneal staining scores
from baseline to week 4 compared to that in
placebo in patients with dry eye. The secondary
endpoint of Lissamine green conjunctival
staining score was also significantly improved
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Table 4 Feelings experienced during use of DE-089C ophthalmic solution compared with those experienced during use of
prior eye drops (questionnaire survey)

Prior eye drop  Placebo DE-089C
(N = 168) (N = 168)
DQS N = 66 N =66

Better eye drop
N

% (95% CI)
Hyaluronic acid

Better eye drop
N

% (95% CI)
Rebamipide

Better eye drop
N

% (95% CI)
Artificial tears

Better eye drop
N

% (95% CI)
Others

Better eye drop
N

% (95% CI)

Placebo or same

58

87.9% (77.51-94.62%)
N =94

Placebo or same

72

76.6% (66.74-84.71%)
N =33

Placebo or same

31

93.9% (79.77-99.26%)
N =15

Placebo or same

12

80.0% (51.91-95.67%)
N=11

Placebo or same

11

100.0% (71.51-100.00%)

Prior eye drop
8
12.1% (5.38-22.49%)

Prior eye drop
22
23.4% (15.29-33.26%)

Prior eye drop
2
6.1% (0.74-20.23%)

Prior eye drop
3
20.0% (4.33-48.09%)

Prior eye drop
0
0.0% (0.00-28.49%)

DE-089C or same

59

89.4% (79.36-95.63%)
N =90

DE-089C or same

72

80.0% (70.25-87.69%)
N = 36

DE-089C or same

33

91.7% (77.53-98.25%)
N =13

DE-089C or same

9

69.2% (38.57-90.91%)
N=13

DE-089C or same

12

92.3% (63.97-99.81%)

Prior eye drop
7
10.6% (4.37-20.64%)

Prior eye drop
18
20.0% (12.31-29.75%)

Prior eye drop
3
8.3% (1.75-22.47%)

Prior eye drop
4

30.8% (9.09-61.43%)

Prior eye drop
1
7.7% (0.19-36.03%)

DE-089C new long-acting formulation of 3% diquafosol ophthalmic solution (three times daily), DQS currently approved

formulation of 3% diquafosol ophthalmic solution (six times daily), CI confidence interval

in the DE-089C group compared with that in
the placebo group. These data demonstrated the
efficacy of DE-089C over placebo in improving
corneal and conjunctival epithelial damage. A
preliminary post hoc integrated analysis for
change in fluorescein corneal staining score in
the present study and the previous DQS
phase 2b study (six times daily) [12] indicated
that the improvement in fluorescein corneal
staining score was similar between these for-
mulations (TableS1 in the supplementary

material). The concentration of diquafosol is
3% in both formulations, and the effect on
corneal fluorescein staining scores is considered
equivalent. Therefore, DE-089C, with a lower
frequency of instillation than DQS, is suggested
to have comparable efficacy for corneal epithe-
lial damage in dry eye with DQS. The longer
efficacy duration of DE-089C than DQS is
thought to be achieved by the addition of
polyvinylpyrrolidone into the ophthalmic
solution of DE-089C, and this has been
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Table S Incidence of adverse drug reactions (> 1%)

Events Placebo DE-089C
(N = 168) (N = 169)
Any 1 (0.6%) 12 (7.1%)
Eye irritation 0 6 (3.6%)
Eye 0 3 (1.8%)
discharge

supported by the results of non-clinical studies
of DE-089C. Polyvinylpyrrolidone has been
reported to retain water in its polymer structure
and has an affinity for mucin [14, 15]. There-
fore, after the instillation of DE-089C, water and
mucin secreted from the patient’s eye by the
pharmacological action of diquafosol seems to
bind to polyvinylpyrrolidone in the ophthalmic
solution, which may lead to retention of water
and mucin in the patient’s eye for a longer
period with a lower frequency of instillation
than DQS.

The dryness score was not significantly
improved in the DE-089C group compared with
the placebo group in the present study,
although DE-089C significantly improved cor-
neal epithelial damage. One possible reason for
the lack of significant differences could be the
insufficient sample size. Since the dryness score
is a secondary endpoint, the sample size was not
designed to detect significant differences in it.
However, the change in the dryness score in the
DE-089C group was greater than that in the
placebo group. Therefore, the instillation of DE-
089C ophthalmic solution may improve dry
sensation in patients with dry eye, although this
cannot be confirmed in the current study. In
the post hoc analysis, the dryness score among
patients who were not previously treated with
DQS was significantly improved in the DE-089C
group compared to the placebo group at week 4
(Table S2 in the supplementary material).

The secondary endpoint of change in BUT
was not achieved in this study. One possible
reason for the lack of significant differences
could be that the sample size was also insuffi-
cient. The sample size was not designed to
detect significant differences in BUT. A prelim-
inary post hoc integrated analysis for change

from baseline in BUT in the present study and
the DQS phase 2b study (six times daily) [12]
indicated that there was no statistically signifi-
cant difference in improvement of BUT between
these formulations at week 2 and 4 (Table S1 in
the supplementary material). The concentra-
tion of diquafosol is 3% in both formulations,
and the effect on BUT is also considered equiv-
alent. Mean change from baseline in BUT in the
DE-089C group was approximately 0.75s at
week 4 in this study, while it was reported to be
approximately 1.95s at week 52 in patients
treated with DQS in a previous long-term
treatment study of DQS [16]. Therefore, a longer
treatment period (e.g., 52 weeks) is thought to
be necessary to verify the improvement in BUT
in patients treated with DE-089C.

Safety evaluation showed that commonly
(incidence > 1%) reported adverse drug reac-
tions in the DE-089C group were eye itritation
(3.6%) and eye discharge (1.8%) with mild
severity. These adverse drug reactions have
already been reported in a phase 2b study of
DQS with incidence of 12.5% (12/96 patients)
for eye irritation [12] and in a phase 3 study of
DQS with incidence of 6.3% (9/144 patients) for
eye irritation and 2.8% (4/144 patients) for eye
discharge [13]. Two post-marketing surveillance
studies of DQS conducted in real-world clinical
practice also reported the incidence of these
adverse drug reactions, with 0.9% (30/3196
patients) and 2.4% (14/580 patients) for eye
irritation, and 0.9% (30/3196 patients) and
2.9% (17/580 patients) for eye discharge
[17, 18]. The incidence of adverse drug reactions
of eye irritation and eye discharge reported in
the present study was not higher than those in
phase 2b and phase 3 studies of DQS, and are
already identified risks for the diquafosol oph-
thalmic solution. Therefore, the adverse drug
reactions of DE-089C were considered accept-
able. Regarding visual acuity, anterior segment
examination, and intraocular pressure, no clin-
ically significant changes from baseline were
observed in the DE-089C and placebo groups.
Regarding the safety evaluations in this study,
the tolerability of DE-089C was confirmed.

DE-089C contains a polymer,
polyvinylpyrrolidone, in the ophthalmic solu-
tion. The properties of the solution were
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reported to vary depending on the added
lubricating agents, including polyvinylpyrroli-
done [19], and the added polyvinylpyrrolidone
possibly affected the feeling experienced during
use of DE-089C. Moreover, dry eye is a chronic
disease requiring long-term treatment, and
feeling experienced during use of eye drops may
be significantly associated with adherence to
treatment with eye drops for dry eye therapy.
Therefore, the feeling experienced during use of
DE-089C compared with prior eye drops was
investigated using a questionnaire survey in the
present study. Most (89.4%) patients reported
that “Feeling with use of DE-089C was compa-
rable to or better than that of DQS”. Therefore,
DE-089C is expected to have the same or better
usability as DQS. Furthermore, many
(69.2-91.7%) patients reported that feeling
experienced during use of DE-089C was com-
parable to or better than that of ophthalmic
solutions such as hyaluronic acid, rebamipide,
or artificial tears, suggesting that DE-089C has
the same or better usability as currently
approved eye drops in Japan. More detailed data
than those in Table 4 are shown in Table S3 in
the supplementary material for reference.

A new long-acting formulation of diquafosol
ophthalmic solution, DE-089C, was shown to
improve keratoconjunctival epithelial damage
with acceptable safety profiles. It was also sug-
gested to have the same or better feeling expe-
rienced during use of eye drops compared to
DQS and other eye drops for dry eye. The fre-
quency of eye drop administration of DE-089C
(three times daily) is less than that of currently
approved eye drops for dry eye treatment in
Japan [20]. A web-based cross-sectional ques-
tionnaire survey with 2645 patients with dry
eye in Japan revealed that 26.6% of patients use
DQS three times daily, the highest percentage of
all patients [9], suggesting that DE-089C with a
dosage of three times daily is well accepted by
patients with dry eye. Therefore, DE-089C may
be an optimal therapeutic option for patients
with dry eye who have trouble with continuous
eye drop use because of the frequent prescribed
daily dose and is expected to increase patient
adherence to dry eye therapy and encourage
long-term treatment with eye drops, which
contributes to better outcomes for dry eye.

A limitation of this study is that the duration
of DE-089C treatment was short, with a 4-week
treatment, although dry eye is a chronic disease
requiring a long-term treatment. A long-term
study is needed to evaluate the safety and effi-
cacy of DE-089C in the future. Head-to-head
studies are required to directly compare the
efficacy and safety of DE-089C with other eye
drops for dry eye. Finally, the efficacy of DE-
089C was verified in patients with aqueous-de-
ficient dry eye in this study, and therefore the
efficacy of DE-089C in patients with other types
of dry eye is uncertain.

CONCLUSIONS

This study confirmed the efficacy and safety of a
new long-acting formulation of diquafosol
ophthalmic solution with a reduced clinical
dosing compared to available formulation, DE-
089C, in patients with dry eye. DE-089C is
effective at a lower frequency of administration
than the currently approved formulation of
diquafosol ophthalmic solution. Therefore, DE-
089C may contribute to improvement in treat-
ment adherence of patients with dry eye, which
will lead to the better eye outcomes.

ACKNOWLEDGEMENTS

Funding. Sponsorship for this study and the
journal’s Rapid Service and Open Access Fees
were funded by Santen Pharmaceutical Co., Ltd.

Medical Writing, Editorial, and Other
Assistance. Medical writing support was pro-
vided by Yoshiaki Kita, Ph.D. of Medical Pro-
fessional Relations Inc. and was funded by
Santen Pharmaceutical Co., Ltd.

Authorship. All authors meet the Interna-
tional Committee of Medical Journal Editors
(ICMJE) criteria for authorship of this article,
take responsibility for the integrity of the work
as a whole, and have given their approval for
this version to be published.

I\ Adis



3666

Adv Ther (2022) 39:3654-3667

Author Contributions. All authors con-
tributed to the conception and design of the
study, and the analysis and interpretation of
data. All authors drafted the first manuscript,
revised the manuscript critically, and approved
the final manuscript.

Disclosures. Yuichi Hori has received con-
sulting fees from Santen Pharmaceutical Co.,
Ltd. and research grants from Alcon Japan Co.,
Ltd. and Senju Pharmaceutical Co., Ltd. Koji
Oka and Maya Inai are employees of Santen
Pharmaceutical Co., Ltd.

Compliance with Ethics Guidelines. All
procedures performed in this study were in
accordance with the ethical standards of the
institutional and/or national research commit-
tee and with the Helsinki Declaration. Informed
consent was obtained from all patients for being
included in the study. This study was approved
by the institutional review board at each site,
and was registered at the Japan Pharmaceutical
Information Center (JapicCTI-205177).

Data Availability. The datasets generated
during and/or analyzed during the current
study are available from the corresponding
author on reasonable request.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit  http://creativecommons.org/licenses/by-
nc/4.0/.

REFERENCES

1. Tsubota K, Yokoi N, Shimazaki J, et al. New per-
spectives on dry eye definition and diagnosis: a
consensus report by the Asia Dry Eye Society. Ocul
Surf. 2017;15:65-76.

2. Stapleton F, Alves M, Bunya VY, et al. TFOS DEWS I1
epidemiology report. Ocul Surf. 2017;15:334-65.

3. de Paiva CS. Effects of aging in dry eye. Int Oph-
thalmol Clin. 2017;57:47-64.

4. Uchino M, Nishiwaki Y, Michikawa T, et al. Preva-
lence and risk factors of dry eye disease in Japan:
Koumi study. Ophthalmology. 2011;118:2361-7.

5. Lau OC, Samarawickrama C, Skalicky SE. P2Y,
receptor agonists for the treatment of dry eye dis-
ease: a review. Clin Ophthalmol. 2014;8:327-34.

6. Keating GM. Diquafosol ophthalmic solution 3 %: a
review of its use in dry eye. Drugs. 2015;75:911-22.

7. Ogami T, Asano H, Hiraoka T, Yamada Y, Oshika T.
The effect of diquafosol ophthalmic solution on
clinical parameters and visual function in soft
contact lens-related dry eye. Adv Ther. 2021;38:
5534-47.

8. Inoue Y, Ochi S. Effects of 3% diquafosol sodium
ophthalmic solution on higher-order aberrations in
patients diagnosed with dry eye after cataract sur-
gery. Clin Ophthalmol. 2017;11:87-93.

9. Uchino M, Yokoi N, Shimazaki J, Hori Y, Tsubota K,
On Behalf Of The Japan Dry Eye Society. Adherence
to eye drops usage in dry eye patients and reasons
for non-compliance: a web-based survey. ] Clin
Med. 2022;11:367.

10. Shimmura S, Ono M, Shinozaki K, et al. Sodium
hyaluronate eyedrops in the treatment of dry eyes.
Br J] Ophthalmol. 1995;79:1007-11.

11. Sakane Y, Yamaguchi M, Yokoi N, et al. Develop-
ment and validation of the dry eye-related quality-
of-life score questionnaire. JAMA Ophthalmol.
2013;131:1331-8.

12. Matsumoto Y, Ohashi Y, Watanabe H, Tsubota K.
Efficacy and safety of diquafosol ophthalmic solu-
tion in patients with dry eye syndrome: a Japanese
phase 2 clinical trial. Ophthalmology. 2012;119:
1954-60.

13. Takamura E, Tsubota K, Watanabe H, Ohashi Y. A
randomised, double-masked comparison study of
diquafosol versus sodium hyaluronate ophthalmic
solutions in dry eye patients. Br ] Ophthalmol.
2012;96:1310-5.

A\ Adis


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Adv Ther (2022) 39:3654-3667

3667

14.

15.

16.

17.

Suknuntha K, Tantishaiyakul V, Worakul N,
Taweepreda W. Characterization of muco- and
bioadhesive properties of chitosan, PVP, and chi-
tosan/PVP blends and release of amoxicillin from
alginate beads coated with chitosan/PVP. Drug Dev
Ind Pharm. 2011;37:408-18.

Baszkin A, Proust JE, Boissonnade MM. Adsorption
of bovine submaxillary mucin on silicons contact
lenses grafted with poly(vinyl pyrrolidone). Bio-
materials. 1984;5:175-9.

Yamaguchi M, Tsubota K, Watanabe H, Ohashi Y.
The safety and efficacy of long-term treatment with
3% diquafosol ophthalmic solution for dry eye.
Atarashii Ganka (Journal of the Eye). 2012;29:
527-35 (In Japanese).

Yamaguchi M, Nishijima T, Shimazaki ], et al.
Clinical usefulness of diquafosol for real-world dry

18.

19.

20.

eye patients: a prospective, open-label, non-inter-
ventional. Observ Study Adv Ther. 2014;31:
1169-81.

Ohashi Y, Munesue M, ShimazakiJ, et al. Long-term
safety and effectiveness of diquafosol for the treat-
ment of dry eye in a real-world setting: a prospec-
tive observational study. Adv Ther. 2020;37:
707-17.

White CJ, Thomas CR, Byrne ME. Bringing comfort
to the masses: a novel evaluation of comfort agent
solution properties. Cont Lens Anterior Eye.
2014;37:81-91.

Shimada K, Kawai S, Izutsu K, Imai Y, editors.
Today’s drug therapy in 2022. Tokyo: Nankodo;
2022. (In Japanese).

I\ Adis



	Efficacy and Safety of the Long-Acting Diquafosol Ophthalmic Solution DE-089C in Patients with Dry Eye: A Randomized, Double-Masked, Placebo-Controlled Phase 3 Study
	Abstract
	Introduction
	Methods
	Results
	Conclusion
	Trial Registration

	Introduction
	Methods
	Study Design
	Study Patients
	Efficacy Evaluation
	Evaluation of Feelings Experienced During Use of Eye Drops
	Safety Evaluation
	Data Management
	Statistical Analyses

	Results
	Patient Disposition
	Patient Background
	Efficacy Evaluation
	Primary Endpoint (FAS)
	Secondary Endpoints (FAS)
	Dryness Score in the DEQS Questionnaire
	Lissamine Green Conjunctival Staining
	BUT
	Schirmer’s Test I


	Evaluation of Feeling Experienced During Use of DE-089C Ophthalmic Solution (Questionnaire Survey) (FAS)
	Safety (SAF)

	Discussion
	Conclusions
	Acknowledgements
	References




