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ABSTRACT

Introduction: Diquafosol is a P2Y, receptor
agonist that has been shown to be effective in
the treatment of dry eye disease (DED) in short-
term studies; however, its long-term safety and
effectiveness have not been evaluated in a real-
world setting.

Methods: This prospective, multicentre, open-
label observational study was conducted in
patients with DED over 12 months. Safety end-
points included the incidence of adverse drug
reactions (ADRs) and serious ADRs. Effective-
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ness endpoints included change from baseline
in keratoconjunctival staining score, tear film
break-up time (BUT) and Dry Eye-related Qual-
ity of Life Score (DEQS).

Results: A total of 580 patients were included,
most of whom were female (82.9%). The pro-
portion of patients who completed 12 months
of observation was 55.0%, the most common
reason for discontinuation was patient decision
(54.6%). The incidence of ADRs was 10.7% and
was highest during the first month of treatment
(5.5%); no serious ADRs were reported. Com-
pared with baseline, significant improvements
in all effectiveness outcomes, including kerato-
conjunctival fluorescein staining score, BUT
and DEQS summary score, were observed at
each evaluation during the treatment period
(p <0.001).

Conclusion: The present, real-world study
showed that diquafosol 3.0% ophthalmic solu-
tion was well tolerated and effective in the long-
term treatment of DED.
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Why carry out this study?

Diquafosol is a P2Y, receptor agonist that
is approved for the treatment of dry eye
disease (DED) in Japan.

Short-term treatment with diquafosol was
effective and safe in a prospective,
observational, post-marketing study.

Obijective findings do not always correlate
with subjective symptoms in patients with
DED, and determining the treatment
effects based on subjective symptoms in a
real-world setting may be of great clinical
significance.

The aim of this study was to evaluate the
safety and effectiveness of long-term
diquafosol in the real-world setting,
including the effect on Dry Eye-related
Quality of Life Score (DEQS).

What was learned from the study?

During the 12-month observational
period, the incidence of adverse drug
reactions (ADRs) was 10.7% without any
serious ADRs, and significant
improvements in keratoconjunctival
fluorescein staining score, tear film break-
up time and DEQS were observed.

Patient-reported outcomes such as DEQS
represent better criteria for evaluating the
effectiveness of DED therapies than
objective parameters.

Long-term diquafosol treatment is safe
and effective.

INTRODUCTION

Dry eye disease (DED) is a common ocular
condition. In the USA, the prevalence of DED
among adults has been estimated at 6.8% [1]. In

Japan, 11.6% of office workers have been diag-
nosed with definite DED and 54.0% with prob-
able DED [2].

The definition of DED has evolved over time
[3]. In 2017, the Tear Film and Ocular Surface
Society (TFOS) International Dry Eye Workshop
(DEWS) II and the Asia Dry Eye Society (ADES)
proposed similar definitions, both of which
defined DED as a multifactorial disease charac-
terised by tear film instability and accompanied
by ocular symptoms [4, 5]. In the latest edition
of the Japanese dry eye definition and diag-
nostic criteria (2016), dry eye was defined as a
disease with the following criteria: (1) subjective
symptoms such as ocular discomfort and
abnormal visual function and (2) tear film
break-up time (BUT) of 5 s or less [6]. This differs
from the definition in the former diagnostic
criteria (2006), in which DED is diagnosed on
the basis of the presence of keratoconjunctival
epithelial disorder and abnormal tear function
assessed by the Schirmer’s test I and/or BUT [7].

In many patients with DED, the severity of
ocular symptoms does not appear to correlate
with clinical findings [8, 9]. Therefore, several
questionnaires have been developed that aim to
provide objective and standardised assessment
of patient-reported outcomes in DED, including
the Ocular Surface Disease Index (OSDI), Dry
Eye Questionnaire-5 (DEQ-5) and Dry Eye-re-
lated Quality of Life Score (DEQS) [10].

Diquafosol is a wuridine 5'-triphopsphate
(UTP) derivative and potent P2Y, receptor ago-
nist. P2Y, receptors are found on palpebral and
bulbar conjunctival epithelium cells, and on
corneal epithelium and Meibomian gland cells,
where they are involved in the regulation of
aqueous fluid and mucin secretion. By stimu-
lating P2Y, receptors, diquafosol promotes tear
film stabilisation which may help in improving
symptoms, since tear film instability is closely
correlated with subjective symptom severity
[11]. In a randomised, double-blind, phase III
clinical trial conducted in 287 adult patients
with DED over 4 weeks, diquafosol 3.0% oph-
thalmic solution was non-inferior to sodium
hyaluronate 0.1%  ophthalmic solution,
improving the mean corneal fluorescein stain-
ing score and BUT, and was significantly more
effective in improving the keratoconjunctival
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rose bengal staining score [12]. Diquafosol 3.0%
ophthalmic solution was approved for the
treatment of DED in Japan in 2010, followed by
subsequent approval in several other countries
including South Korea, Thailand, Vietnam and
China [13].

In a prospective, observational, post-mar-
keting study conducted in 3196 patients with
DED over 2 months, treatment with diquafosol
3.0% ophthalmic solution was effective and
well tolerated [14], but long-term experience
with this agent in a real-world clinical practice
population is limited. The current study (also a
post-marketing study) was therefore undertaken
to evaluate the safety and effectiveness of
diquafosol in patients with DED over a longer
period of 1 year.

METHODS

Study Design

This prospective, multicentre, open-label,
observational study was conducted upon
request from the Pharmaceuticals and Medical
Devices Agency of Japan, which reviewed and
approved the study protocol prior to initiation.
The duration of the observational period was
12 months. According to Japanese regulations,
post-marketing studies do not require approval
of the ethics committees at individual study
sites or patients’ informed consent. Verbal
consent was obtained from all patients, with the
option of also obtaining written consent. The
study was conducted in accordance with the
Good Post-marketing Study Practice regulations
(Ministry of Health, Labour and Welfare ordi-
nance no. 171, 20 December 2004).

Participants

Patients with DED who had not used diquafosol
previously and who underwent fluorescein
staining of the cornea and conjunctiva, and
completed the DEQS questionnaire, were eligi-
ble for inclusion. DED diagnosis was established
if a patient met both of the following criteria:
(1) DEQS > 1 in at least one of the ocular

symptoms and (2) BUT < 5s. Once verbal con-
sent was obtained from the patient, anon-
ymised patient information was recorded in a
central database.

Outcome Measurement

Safety outcomes evaluated in this study inclu-
ded adverse drug reactions (ADRs) and serious
ADRs. An ADR was defined as an adverse event
for which causal relationship to study treatment
could not be denied. ADRs were classified
according to the International Conference on
Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use
(ICH) Medical Dictionary for Regulatory Activ-
ities Japanese edition (MedDRA/J) version 19.1.

Effectiveness outcomes included mean fluo-
rescein staining score, BUT and DEQS summary
score. Fluorescein staining was evaluated in
three areas (cornea, temporal conjunctiva and
nasal conjunctiva), with each area graded on a
four-point scale, where O indicates no staining
and 3 indicates staining in the entire sec-
tion. BUT was defined as the time between a
patient opening his or her eyes and the
appearance of a dark spot in the tear film
[12, 14]. The DEQS questionnaire contains six
questions about ocular symptoms and nine
questions about their effect on the quality of
life, making a total of 15 questions. For each
question, respondents are first asked to rate how
often they experience a symptom on a five-
point scale, where O indicates never, 1 indicates
occasionally, 2 sometimes, 3 often and 4 indi-
cates always. Those who select any answer other
than O are asked to rate how much the symptom
bothers him or her on a four-point scale, where
1 indicates “hardly bothers” and 4 indicates
“bothers very much” [15]. The scores for indi-
vidual items are used to generate an overall
summary score, and two multi-item subscale
scores measuring impact on daily life (based on
the nine questions about daily life) and both-
ersome ocular symptoms (based on the six
questions about ocular symptoms) [15].

Effectiveness outcomes were evaluated at
baseline and every 3 months thereafter (at O, 3,
6, 9 and 12 months).
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Statistical Analysis

For qualitative variables, proportions of patients
affected were calculated, while for quantitative
variables, mean and standard deviation (SD)
were calculated, and paired t test was used to
determine the p values. Statistical analyses were
performed using SAS version 9.2 (SAS Institute,
Japan), with a two-sided significance level of
5%.

RESULTS

Patients

A total of 580 patients with DED were included
in this study. Patient flow is shown in Fig. 1.
Most patients were female (82.9%); patients
aged 70-79 years comprised the largest age cat-
egory (Table 1). Most patients (63.1%) were
treatment-naive and received diquafosol as
monotherapy.

Registered
(n=687)

Treatment Administration and Follow-Up

The most common frequency of administration
was six times per day (69.5%), followed by four
times per day (24.7%; Table 2). The mean
duration of the treatment was 264.0 days (SD
147.8; range 3-712). Overall, 55% (95% confi-
dence interval CI 50.9%-59.0%) of patients
completed the 12-month observation period, as
estimated using the Kaplan-Meier method.
Reasons for discontinuation before 12 months
were patients did not attend follow-up visits
(54.6%), development of adverse events
(15.2%), improvement of symptoms (14.5%)
and experienced insufficient effectiveness
(10.8%; Table 2).

Safety

In the present study, ADRs occurred in 62
patients (10.7%). ADRs that occurred in three or
more patients are summarised in Table 3. None
of the ADRs were serious.

The incidence of ADRs was highest in the
period between day 1 and 30 from the start of
treatment (5.5%), followed by day31-60

Surveillance forms collected
(n=677)

A 4

Surveillance forms not collected (n = 10)

Safety analysis set
(n =580)

Fig. 1 Patient flow diagram

Excluded from safety analysis set (n = 97)
Did not meet inclusion criteria (n = 35)
Stopped visiting hospital/clinic after
first visit (n = 62)
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Table 1 Baseline patient characteristics Table 1 continued

Characteristic, # (%) n =580 Characteristic, 7 (%) n =580

Sex Not meet criteria 25 (4.6)
Male 99 (17.1) Unknown 3
Female 481 (82.9) Concurrent disease

Age (years) Allergic conjunctivitis 97 (16.7)
<20 0 (0.0) Conjunctivochalasis 35 (6.0)
20-29 21 (36) Sjogren’s syndrome 46 (8.4)
30-39 42(72) Meibomian grand dysfunction 33 (5.7)
40-49 59 (102) Contact lens wearers 39 (6.7)
50-59 73 (12.6) Therapeutic pattern
60-69 137 (23.6) Treatment-naive, monotherapy 301 (63.1)
70-79 188 (324) Add-on to sodium hyaluronate 58 (10.0)
>
= 80 60 (103) Switch from sodium hyaluronate 44 (7.6)

BUT (s) Treatment-naive, combination 61 (10.5)
<2 249 (43.5) therapy with sodium hyaluronate
3-5 299 (52.2) BUT tear film break-up time
>5 25 (4.4) * Patients with missing data excluded: BUT (2 = 7), flu-

) ) ) orescein staining score (7 = 5)

Keratoconjunctival fluorescein b Suspected (1): defined as positive for subjective symp-
staining score® toms and abnormal tear fluid, but not for corneal and
0 116 (20.2) conjunctival epithelium disorder

) © Suspected (2): defined as positive for subjective symp-

1-2 164 (28.5) toms and corneal and conjunctival epithelium disorder,
3.5 249 (43.3) dbut not for abnormal tear fluid

Suspected (3): defined as positive for abnormal tear fluid

6-9 46 (8.0) and corneal and conjunctival epithelium disorder, but not

Dry eye disease according to the for subjective symptoms
2006 criteria [7]

» (1.3%). After day 61, the incidence of ADRs was
Definicive 272 (497) less than 1.0% during all subsequent 30-day
Suspected (1)b 250 (45.7) periods until the end of treatment.

Suspected (2)° 7 (1.3)
d Effectiveness
Suspected (3) 1(0.2)
Did not meet criteria 17 (3.1) Diquafosol therapy was associated with signifi-
Unknown 33 cant improvements from baseline in fluorescein
. . staining scores (Fig. 2a) and BUT (Fig. 2b) at 3,

Dry eye disease according to 6, 9 and 12 months (p < 0.001).
the 2016 criteria [6] Compared with baseline, significant reduc-
Definitive 522 (95.4) tions in the DEQS overall summary score, ocular

symptoms score and impact on daily life score
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Table 2 Status of administration

Table 3 Adverse drug reactions

Status of administration, 7 (%) n =580 ADRs, # (%)* n = 580

Frequency of administration of diquafosol at the beginning Any ADR 62 (10.7)
of treatment (times per day) ADRs in > 3 patients
1 0 Eye discharge 17 (2.9)
2 1(02) Eye irritation 14 (2.4)
3 20 (3.4) Eye pruritus 6 (1.0)
4 143 (247) Eye pain 6 (1.0)
5 12 (2.1) Conjunctivitis 5 (0.9)
6 403 (69.5) Lacrimation increased 5 (0.9)

Discontinued or terminated treatment, 7z (%) 269 (46.4) Foreign body sensation 5 (0.9)
Due to symptom improvement 39 (14.5) Blepharitis 3 (0.5)
Due to insufficient effectiveness 29 (10.8) Allergic conjunctivitis 3 (0.5)
Due to AEs 41 (152) ADR adverse drug reaction
Stopped visiting hospital/clinic 147 (54.6) * ADRs were classified according to the International

Conference on Harmonisation of Technical Requirements

Other reasons 13 (4.8)

AE adverse event

were observed with diquafosol therapy at 3, 6, 9
and 12 months (Fig. 3; p < 0.001). Mean indi-
vidual question scores were also significantly
reduced from baseline (Table 4, Supplementary
Fig. Sla, b).

DISCUSSION

This prospective observational study reports the
long-term safety and effectiveness of diquafosol
3.0% ophthalmic solution in 580 patients with
DED over a period of 12 months in the real-
world clinical setting. During the study, the
incidence of ADRs was 10.7% and no serious
ADRs were reported. Compared with baseline,
significant improvements in all effectiveness
outcomes, including keratoconjunctival fluo-
rescein staining score, BUT and DEQS summary
score, were observed at each evaluation during
the treatment period.

In previous studies, the incidence of ADRs
associated with diquafosol was 15.3% in the

for Registration of Pharmaceuticals for Human Use (ICH)
Medical Dictionary for Regulatory Activities Japanese
edition (MedDRA/J) version 19.1

randomised, double-blind, phase III study con-
ducted in 287 patients with DED over 4 weeks
[12] and 4.9% in the prospective, real-world
observational study conducted in 3196 patients
with DED over 2 months [14]. In our real-world
study, the incidence of ADRs was twice these
values, but this was likely the result of the
longer observation period during which ADRs
could be reported. No serious ADRs were
reported in any of these studies or in the current
study, and the types of ADRs observed, such as
eye irritation and eye discharge, were similar
[12, 14]. Our results indicate that there are no
new ADRs associated with long-term treatment.

The key goals of therapy in DED are to relieve
symptoms and improve quality of life [16].
Therefore, it is important for treatments to
demonstrate beneficial effects on patient-re-
ported outcomes as well as on objective mea-
sures of ocular surface structure and function.
The Osaka study showed that subjective symp-
tom severity was associated with shorter tear
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Fig. 2 Mean change in a fluorescein staining score and b tear film break-up time. Error bars represent standard deviation.

*p < 0.001, versus baseline determined using paired # test

film BUT (< 5s) and fluorescein staining
intensity [11]. Therefore, in Japan, where a high
proportion of patients have short BUT [2],
treatment that improves tear film stability (such
as diquafosol) would be expected to produce
symptomatic improvement. Indeed, in the pre-
sent study, all effectiveness outcomes, including
fluorescein staining score, BUT and DEQS
(summary and subscale), were significantly
improved relative to baseline at 3 months and

the scores were maintained until the end of the
1-year study.

Similar to the present study, previous studies
of diquafosol showed rapid improvements in
fluorescein staining score and BUT, after
2 weeks in the phaselll study [12] and after
1month in the observational study [14].
Therefore, diquafosol appears to be consistently
effective in improving objective measures of
ocular surface health, regardless of study design.
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Fig. 3 Mean change in the Dry Eye-related Quality of Life Score (DEQS). Error bars represent standard deviation.

*» < 0.001, versus baseline determined using paired # test

Strengths of our study included the unse-
lected patient population, reflecting a range of
patients with DED seen in routine clinical
practice, and the inclusion of patient-reported
outcome measures, such as DEQS, along with
objective assessments. The DEQS questionnaire
was developed to evaluate the symptoms of
DED and its effect on quality of life [15]. DEQS
has good retest consistency, is easy to adminis-
ter and its scores correlate well with other
methods for assessing patient-reported out-
comes, facilitating its use in clinical trials. For
example, DEQS correlate closely with those of
the mental component of the 8-item Short-
Form Health Survey (SF-8) and with Ocular
Pain, Near Vision, Distance Vision and Mental
Health subscales of the National Eye Institute
Visual Function Questionnaire-25 (VFQ-25)
[15].

This study had several limitations. Firstly,
open-label observational studies may be subject
to significant bias in favour of the study drug,
both in the subjective and objective outcome
measures. In addition, DED severity is influ-
enced by circumstances such as working status,

time since diagnosis and the level of computer
use, which were not considered. The current
study included a high proportion of elderly
patients (42.8% were aged > 70years), and
therefore, may under-represent some patient
groups, such as office workers who experience
DED during daily visual display terminal (VDT)
use. Secondly, the proportion of patients who
discontinued the study was relatively high. The
most common reason was that the patient
stopped visiting the hospital or clinic (54.6%),
and a further 14.5% of patients reported an
improvement in symptoms as the reason why
they stopped treatment. Collectively, these
reasons accounted for almost 70% of all dis-
continuations. It is not always possible to
determine the precise reason why patients stop
attending follow-up visits, particularly in
observational studies, which tend to have less
rigorous follow-up procedures compared with
randomised clinical trials, and this is another
limitation inherent in observational research
[17, 18]. There have been little long-term
observational research in a real-world setting
including other therapeutic drugs for DED like
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Table 4 Change from baseline to final observation in
mean Dry Eye-related Quality of Life Score

Mean £ SD Number p value®

of
patients
Ocular symptoms
Foreign body — 0.6 £ 13 468 < 0.001
sensation
Dryness — 07 £ 12 465 < 0.001
Pain or soreness — 04 £ 1.2 458 < 0.001
Fatigue — 07+ 12 463 < 0.001
Heaviness in the — 04 12 459 < 0.001
eyelids
Redness — 04 12 459 < 0.001
Impact on daily life
Difficulty opening — 04 £ 1.2 456 < 0.001
the eyes
Blurred vision — 04 + 12 460 < 0.001
during activities
that require
sustained visual
concentration
Light sensitivity — 04 12 456 < 0.001
Symptoms worsen ~ — 0.4 £ 1.2 458 < 0.001
when reading
Symptoms worsen  — 0.5 = 1.2 455 < 0.001
when watching
television or using
a computer or cell
phone
Eye symptoms — 04+ 12 454 < 0.001
reduce the ability
to concentrate
Eye symptoms — 05+ 12 453 < 0.001
affect work or
study
Not feeling like — 0.1 +£0.8 456 < 0.001

going out because

of eye symptoms

Table 4 continued

Mean £ SD Number p value®
of

patients

Feeling depressed — 04 12 457 < 0.001

because of eye

symptoms

8D standard deviation
* Versus baseline determined using paired # test

this study. Taking those into consideration, the
result from this study of high discontinuation
rate may reflect the reality of treatment for DED
in clinical practice.

CONCLUSION

The results of the present, real-world study
showed that diquafosol 3.0% ophthalmic solu-
tion was well tolerated and effective in the long-
term treatment of DED.
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