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Abstract

Purpose To assess the clinical efficacy of 0.1% cyclosporine A (CsA) in dry eye patients who have shown inadequate
responses to previous treatment with 0.05% CsA.

Design This study was designed as a switching, prospective, multicenter, 12-week, open-label study.

Methods Patients with dry eye disease (DED), who experienced inadequate responses to at least 3 months of
treatment with 0.05% cyclosporine, were enrolled in this study. Clinical evaluations included the National Eye Institute
(NEI) corneal and conjunctival staining scores, tear film break-up time (TF-BUT), Symptom Assessment in Dry Eye
(SANDE), ocular discomfort scale (ODS), and tear volume. These parameters were assessed at baseline, and again at 4,
8,and 12 weeks after switching to 0.1% CsA.

Results Ninety-one patients were enrolled in the study, and 70 patients completed the trial. Statistical analysis was
performed on the full analysis set (FAS) using the Markov Chain Monte Carlo (MCMC) method to account for missing
data. After switching to 0.1% CsA, subjective symptoms assessed by the Symptom Assessment in Dry Eye (SANDE)
and Ocular Discomfort Scale (ODS) showed improvement (p <0.0001). Objective signs of dry eye, including the
National Eye Institute (NEI) score, tear film break-up time (TF-BUT), and tear volume also improved (p <0.0001).

Conclusions In patients with dry eye disease (DED) who exhibited inadequate responses to 0.05% cyclosporine A
(CsA), switching to 0.19% CsA resulted in significant improvements in both subjective symptoms and objective clinical
signs. This finding suggests that higher concentrations of CsA may be more effective in treating individuals with
moderate to severe DED.
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Introduction

Dry eye disease (DED) is defined as a multifactorial dis-
ease of the ocular surface characterized by a loss of the
tear film homeostasis with various ocular symptoms
[1]. Tear instability leads to tear hyperosmolarity, which
damages the ocular surface and triggers inflammatory
responses [2]. Since this inflammation ultimately results
in chronic ocular surface damage and induce clinical
symptoms and signs, controlling ocular surface inflam-
mation is essential for relieving the symptoms and signs
of DED [3-5]. Therefore, anti-inflammatory therapy,
including the use of topical corticosteroids and cyclospo-
rine A, is considered a key factor in the successful treat-
ment of DED [6, 7].

CsA was isolated from the fungus Tolypocladium infla-
tum and is well known for blocking the T cell infiltration,
and activation and the subsequent release of inflamma-
tory cytokines [8]. Although topical steroid provides sev-
eral benefits to control the ocular surface inflammation
including DED, it might provoke some complications
such as cataract progression and high intraocular pres-
sure in long term use [9]. There have been many clinical
trials to prove the efficacy of topical CsA in moderate to
severe DED and to avoid the complications caused by ste-
roid use [10-12]. Although both concentrations of 0.05%
and 0.1% CsA showed significant effects compared to the
vehicle, a clear dose-response effect was not observed
among the different drug concentrations, and 0.05%
CsA anionic emulsion (Restasis®, Allergan, Irvine, CA,
US) was approved by US Food and Drug Administration
(FDA) as a first CsA ophthalmic solution [13]. Although
there are many cases of successful treatment of DED with
0.05% CsA, there are also numerous instances of inad-
equate response. To enhance treatment efficacy, various
formulations and concentrations of CsA medications are
being developed and used [14, 15].

0.1% CsA (Ikervis’Santen, Evry, France) is a cationic
emulsion (CE) which has reported a good drug deliv-
ery in experiments [16]. In clinical trials, 0.1% CsA CE
reduced the corneal fluorescein staining and inflamma-
tory marker level in moderate to severe DED [17, 18].
In patients with Sjogren’s syndrome, 0.1% CsA CE have
been showed effective outcomes after switching to 0.1%
CsA [19]. However, there have been no studies conducted
in non-Sjogren’s patients with moderate to severe DED.
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For these reasons, a prospective multicenter clinical trial
was needed to identify the effectiveness of 0.1% CsA in
patients with DED with inadequate effects from previous
treatment with 0.05% CsA. In this study, we focused on
the clinical efficacy of switching to 0.1% CsA from 0.05%
CsA in Sjogren’s and non Sjogren’s patients with dry eye
with inadequate effects from previous treatment.

Methods

Study design

This prospective, multicenter, 12-week, open-label study
conducted at eight medical centers in Korea. Patients
who were inadequate response to 0.05% topical CsA
applied twice daily for at least 3 months were included in
this study. The inadequate response was considered if (1)
the Symptom Assessment in Dry Eye (SANDE) score was
>40, (2) corneal staining score (National Eye Institute
grading system) was 23, (3) Tear Film Break-up Time
(TE-BUT) was <10 s, (4) tear volume by tear meniscom-
etry was <5 mm, and (5) involved one or more symptoms
including burning, stinging, itching sensation, and blurry
vision.

Study papulation
A screening visit was conducted for participants aged
between 19 and 80 years who had used 0.05% topical
CsA for 3 months but experienced inadequate response.
Patients were asked whether they had used any eye drops
other than 0.05% CsA. All the patients stopped all the
other eyedrops except artificial tears and 3% diquafosol
until the end of study. They were then given a 2-week
washout period during which they continued to use
preservative-free artificial tears or 3% diquafosol tetra-
sodium eye drops containing 0.05% CsA, while all other
ophthalmic medications were discontinued. If there were
no prohibited drugs, the patients started baseline visit
immediately without 2 weeks washout. The following vis-
its consisted of 3 visits over 12 weeks (4, 8, and 12 weeks)
using 0.1% topical CsA CE with one drop once a day at
bedtime with continuous use of unpreserved artificial
tears or 3% diquafosol tetrasodium eyedrops which were
identified during the screening visit (Fig. 1).

At baseline visit, they were switched to 0.1% topi-
cal CsA CE applied once daily from 0.05% topical CsA.
The exclusion criteria were as follows: (1) use of topical
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Fig. 1 Study design. CsA=cyclosporine A, AT = Artificial tears, DT = Diquafosol tetrasodium, CE = Cationic emulsion
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eyedrops such as steroid, anti-glaucoma, anti-allergy, and
anti-inflammation drugs or systemic steroids within 4
weeks, (2) recent use of immunomodulators for uncon-
trolled systemic disease for or the dose changed within
4 weeks, (3) presence of severe pterygium or Meibomian
gland dysfunction, (4) a history of ocular or laser surgery
within 3 months before study enrollment, (5) contact lens
user, (6) past or active ocular infection and inflammation.

Efficacy assessments

At each visit, SANDE and ocular discomfort scale (ODS)
questionnaire, NEI ocular staining score in cornea and
conjunctiva, TF-BUT, and tear volume were evaluated.
For the analysis of NEI ocular staining score, ODS ques-
tionnaire, NEI ocular staining score, TF-BUT, and tear
volume, the eye with worse NEI ocular staining score of
cornea was chosen. When both the eyes had the same
value, the right eye was chosen for analysis.

All clinical assessments were done in the order of
assessing TF-BUT, corneal and conjunctival staining,
SANDE score, tear volume assessment, and ODS evalu-
ation. TE-BUT was assessed through recording the time
interval between the last complete blinking and the first
appearance of a dry spot or disruption of the tear film
with a moistened fluorescein strip (Haag-Sterit, Koeniz,
Switzerland). Corneal and conjunctival staining scores
were determined the total scores which sum of the sepa-
rated 5 and 6 regions by NEI workshop after fluorescein
staining. Each region was recorded quantitatively as 0-3
(0=no staining, 1 =few punctate spots that can easily be
counted, 2=moderate staining, or more punctate spots
than can easily be counted, 3=dense punctate staining
that have coalesced). Conjunctival staining scores were
assessed under the yellow filter.

SANDE is a short and intuitive questionnaire based
on a visual analog scale that quantifies both severity and
frequency of dry eye symptoms. SANDE comprises two
questions and each question employs a 100 mm horizon-
tal linear visual analog scale and the mean of two scores
is used. The measurement of symptom frequency ranges
from “rarely” to “all of the time,” and the symptom sever-
ity from “very mild” to “very severe” ODS consists of
four questions about the following symptoms of dry eye
syndrome: burning or stinging, foreign body sensation,
itching sensation, and blurred vision. Symptom severity
is assessed on a scale from 0 to 40, with scores of 0-10 for
each category.

Tear volume was estimated using strip meniscometry
(SMTube. Echo Electricity Co., Ltd., Fukushima, Japan)
which had a good correlation with Schirmer’s test [20].
The examiner immersed the tip of the strip into the tear
meniscus of the lower eyelid for 5 s to absorb tears, caus-
ing the attached SMTube to turn blue as it indicates the
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volume, after which the strip was removed and the length
of the blue-stained column was measured.

Statistical analysis

Statistical analysis was performed using the Statistical
Package for Social Sciences v23.0 software for Windows
(SPSS, Inc., Chicago, IL). The results are expressed as
means t standard deviations in numerical data and fre-
quency (fraction) in categorical data. Statistical analysis
was done on the full analysis set (FAS) and per protocol
set (PP). FAS comprised all patients and multiple imputa-
tion with Markov Chain Monte Carlo (MCMC) method
was applied for missing data. Missing data were consid-
ered as the patients who dropped out with any protocol
deviation and showed the medication compliance under
70% based on the following calculation. PP comprised
patients who completed the scheduled study except miss-
ing data which described as above. Medication compli-
ance was defined as percentage that the days used study
medication once a day per follow up days.

The primary efficacy endpoint of this study was the dif-
ference of corneal staining score between baseline and 12
weeks with pared t-test or singed rank test. The second-
ary efficacy endpoint included as follows: (1) The differ-
ences of corneal staining score at each visit prepared to
baseline and over 12 weeks, (2) The differences of con-
junctival staining score, TF-BUT, tear volume, SANDE,
and ODS between baseline and 12 weeks, at each visit
prepared to baseline and over 12 weeks, (3) The improve-
ment rate of SANDE (including more than 10% of score
change) between each visit with baseline, (4) Patient
reported outcome (PRO) at 12 weeks. The t-test or singed
rank test was used to analyze the difference between
baseline and 12 weeks. Generalized estimating equation
was used to analyze over 12 weeks and contrast for mul-
tiple comparison. The probability values <0.05 were con-
sidered significant.

Sample size calculations were based on the results of a
previous studies on dry eyes. The expected effect differ-
ence of CSS from baseline and standard deviation were
1 and 2.5, respectively. The expected no effect of CSS
was 0. On setting the risk a at 5% and the power at 90%,
around 72 evaluable patients were needed to detect a sig-
nificant difference compared to baseline. Accounting for
non-evaluable patients (approximately 20%), a total of 90
patients were to be recruited.

Safety assessment

The safety analysis set was used for reporting the safety
data that included all patients for this trial. This included
all adverse events (AE) and adverse drug reactions (ADR)
regardless of any evidence which were used in study
medication throughout the study (all visits from baseline
to 12 weeks).
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Fig. 2 Patient flow during this study. CsA=cyclosporine A, NEI=The National Eye Institute, SANDE = Symptom Assessment in Dry Eye

Table 1 Baseline demographic characteristics

Characteristics Total (n=90)
Age, years 57.99+1256
Sex, M:F 5:85

TBUT, seconds 428+122
Ocular staining score(NEI)

Corneal staining score 452+241
Conujnctival staining score 2.09+3.86
SANDE 67.69+16.50
0oDS 17301724
Tear volume 2811164

All continuous variables are presented as mean + standard deviation

N=numbers, M=male, F=female, TBUT=Tear film breakup time, NEI=The
National Eye Institute, SANDE =Symptom Assessment in Dry Eye, ODS=ocular
discomfort scale

Results

This study was conducted between October 2020 and
March 2022. A total of 91 patients diagnosed with DED
with inadequate effects from previous topical 0.05% CsA
treatment and 90 patients including 11 patients with Sjo-
gren’s syndrome underwent the study protocol (Fig. 2).
A total of 56 patients (62.2%) used hyaluronic acid artifi-
cial tears, 18 patients (20%) used carboxymethyl cellulose
artificial tears, 1 patient (1.1%) used 3% diquafosol, and
15 patients did not use other eyedrops. During this study,
a total of 17 patients withdrew from the study early. This
included 12 patients who withdrew their consent, four
patients who used prohibited medications after trial
registration, and one patient who was withdrawn by the
investigator’s decision. This included an additional three
patients who determined the exclusion by the investiga-
tor after the end of this study; 70 patients were set as per

protocol set (PP) and 90 patients as FAS. The baseline
clinical characteristics of the patients are summarized in
Table 1. Seventy-four patients (82.22%) out of a total 90
patients had other systemic disease history including Sjo-
gren’s syndrome (11 cases), rheumatoid arthritis (1 case),
diabetic mellitus (14 cases), atopic dermatitis (1 case),
hypothyroidism (7 cases), and others (Supplement 1).

In both FAS set and PP populations, the corneal and
conjunctival staining scores showed significant changes
over 12 weeks (p<0.0001). The corneal staining score in
FAS showed 4.52+2.41 at baseline, 1.64+ 1.51 at 4 weeks,
1.25+1.39 at 8 weeks, and 1.04+1.76 at 12 weeks. In PP
papulations, the corneal staining score showed 4.39+1.96
at baseline, 1.70+1.52 at 4 weeks, 1.21+1.40 at 8 weeks,
and 1.01+1.50 at 12 weeks. Each visit had statistically
significant difference with baseline (all p<0.0001). The
primary end point (corneal staining score difference
between baseline and 12 weeks) had significant differ-
ence in both FAS and PP (p<0.0001). The conjunctival
staining score showed 2.09+3.86 at baseline, 1.43+3.13
at 4 weeks (p<0.05), 1.14+£2.59 at 8 weeks (p<0.01),
and 1.02+2.63 at 12 weeks (p<0.001) with statistical
significance in FAS. The conjunctival staining score in
PP showed 2.03+3.72 at baseline, 1.37 £3.10 at 4 weeks
(p<0.05), 1.09+2.63 at 8 weeks (p<0.01), and 0.96 +2.69
at 12 weeks (p<0.001) with same statistical results as
FAS. Conjunctival staining score difference between
baseline and 12 weeks had significant difference in both
FAS and PP (p <0.0001). (Fig. 3).

There were significant changes over 12 weeks in
TF-BUT, mean SANDE, ODS, and tear volume (all
p<0.0001). TF-BUT was 4.28+1.22 at baseline,
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Fig. 3 Changes in the corneal and conjunctival staining score over 12 weeks after switching to 0.1% from 0.05% cyclosporine A in FAS and PP. A. Corneal
staining score: All corneal staining score differences compared to baseline at each visit showed significant improvement (all p <0.0001). The change by
time showed significance (both p<0.0001). B. Conjunctival staining score: All conjunctival staining score differences compared to baseline at each visit
showed significant improvement (all p <0.05). The change by time showed significance (both p <0.0001). NEI=The National Eye Institute, FAS=full analy-

sis set, PP=per protocol set. *: p<0.0001. #: p<0.05, ##: p < 0.01, ###: p<0.001

5.21+1.35 at 4 weeks (p<0.0001), 5.35+1.43 at 8 weeks
(p<0.0001), and 5.55+1.53 at 12 weeks (p<0.0001)
in FAS, and 4.29+1.21 at baseline, 5.20+1.30 at 4
weeks (p<0.0001), 5.37+1.43 at 8 weeks (p<0.0001),
and 5.54+1.44 at 12 weeks (p<0.0001) in PP. Mean
SANDE was 67.69+16.50 at baseline, 57.26 £19.50 at 4
weeks (p<0.0001), 48.55+22.41 at 8 weeks (p<0.0001),
and 42.40+23.25 at 12 weeks (p<0.0001) in FAS,
and 68.10+16.40 at baseline, 57.19+20.36 at 4 weeks
(p<0.0001), 49.69+22.52 at 8 weeks (p<0.0001), and
43.71+24.24 at 12 weeks (p<0.0001) in FAS in PP.
ODS was 17.30+7.24 at baseline, 14.33+6.53 at 4
weeks (p<0.0001), 11.95+6.48 at 8 weeks (p<0.0001),
and 1043+7.16 at 12 weeks (p<0.0001) in FAS,
and 17.27+7.29 at baseline, 14.13+6.88 at 4 weeks
(p<0.0001), 12.19+6.37 at 8 weeks (p<0.0001), and
10.49+6.80 at 12 weeks (p<0.0001) in PP. Tear vol-
ume was 2.81+1.64 at baseline, 3.53+2.46 at 4 weeks
(p<0.05), 3.81+2.86 at 8 weeks (p<0.01), and 3.71+2.21
at 12 weeks (p<0.01) in FAS, and 2.69 £ 1.41 at baseline,
3.41+2.41 at 4 weeks (p<0.05), 3.73+2.53 at 8 weeks
(p<0.01), and 3.71+2.34 at 12 weeks (p<0.001) in PP
(Fig. 4).

The improvement rate of SANDE represented 44
(48.89%) at 4 weeks, 69 (76.67%) at 8 weeks, and 73
(81.11%) at 12 weeks in FAS, and 36 (51.43%) at 4 weeks,
52 (74.29%) at 8 weeks, and 56 (80.00%) at 12 weeks in
PP. There was a significant increase in both FAS and PP
(p<0.0001) (Fig. 5). PRO of 75 patients who had fin-
ished this clinical trial showed 4 much improvement

(5.33%), 46 improvement (61.33%), 24 no change (32.00),
1 aggravation (1.33%), and no one much aggravation
(0%). Discomforts in the use of 0.1% CsA were blur-
ring (26, 34.67%), pain (16, 21.33%), foreign body sensa-
tion (14, 18.67%), irritation (10, 13.33%), and others (9,
12%). The mean medication compliance of 0.1% CsA was
95.57+10.34 and there were two cases which showed
compliance under 70%.

In the FAS, eleven of ninety patients had Sjogren’s syn-
drome, and in the PP analysis, nine of seventy patients
were diagnosed with Sjogren’s syndrome. In the FAS,
both groups showed significant decreases over 12 weeks
in corneal and conjunctival staining scores (p<0.0001,
p<0.001 respectively), but no significant differences
were observed between the groups (p=0.60, p=0.29).
The conjunctival staining score was significantly lower
in the non-Sjogren’s syndrome group (p<0.0001). TE-
BUT, mean SANDE, ODS, and tear volume all showed
significant decreases over 12 weeks in both groups (all
p<0.0001), with no significant differences between two
groups (all p>0.05). However, the non-Sjogren’s syn-
drome group exhibited significantly longer TF-BUT
and lower SANDE scores compared to the Sjogren’s
syndrome group (Fig. 6). In the PP analysis, the corneal
staining score significantly decreased over 12 weeks in
both groups (p<0.0001), with no significant differences
between two groups (p=0.24). There were also no sig-
nificant differences between two groups (p=0.52). The
conjunctival staining score was significantly lower in
the non-Sjogren’s syndrome group than in the Sjogren’s
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Fig. 4 Changes in the tear film break-up time, SANDE, ODS, and tear volume over 12 weeks after switching to 0.1% from 0.05% cyclosporine A in FAS and
PP. A. Tear Film Break-up time (TF-BUT): All TF-BUT differences compared to baseline at each visit showed significant improvement (all p <0.0001). The
change by time showed significance (both p<0.0001). B. SANDE (symptom assessment in dry eye): All SANDE differences compared to baseline at each
visit showed significant improvement (all p <0.0001). The change by time showed significance (both p <0.0001). C. ODS (ocular discomfort scale): All ODS
differences compared to baseline at each visit showed significant improvement (all p <0.0001). The change by time showed significance (both p <0.0001).
D.Tear volume: All tear volume differences compared to baseline at each visit showed significant improvement (all p < 0.05). The change by time showed
significance (both p<0.0001). FAS: full analysis set, PP: per protocol set. *: p<0.0001. #: p <0.05, ##: p <0.01

syndrome group (p<0.0001), but there was no signifi-
cant change over 12 weeks (p=0.06). Furthermore, no
significant differences were found between two groups
(p=0.18). TE-BUT, mean SANDE, and ODS all showed
significant decreases over 12 weeks in both groups (all
p<0.0001), with no significant differences between two
groups (all p>0.05). The non-Sjogren’s syndrome group
had significantly longer TF-BUT, lower SANDE, and
lower ODS scores than the Sjogren’s syndrome group (all
p<0.05). However, tear volume showed no significant dif-
ferences between two groups (all p>0.05) (Fig. 7).

There was no significant difference of change in the
corneal staining score (p=0.60), conjunctival staining
score (p=0.29), TE-BUT (p=0.09), SANDE (p=0.38)
ODS (p=0.9), tear volume (p=0.66) between non-Sjo-
gren’s syndrome patients (79 cases) and Sjogren’s syn-
drome patients (11 cases) through the study. Moreover,
there was no significant difference at each visit compared
to baseline in all parameters (all p >0.05).

Adpverse effects were observed in 16 patients (23 cases)
out of 90 patients. There were 7 cases of ocular symptoms
associated with adverse events (AEs), of which pain after
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instillation had a clear association. The remaining 22
cases were not relevant with the clinical trial. Most of the
AEs were grade I (18 cases, 78.26% of all AEs) and grade
IT AE was seen in four patients (17.39%). A Grade III AE
of mechanical ileus was reported in one patient. It was
not associated with the clinical trial, and the patient has
recovered. The information regarding AEs is provided in
Supplement 2.

Discussion
Ocular surface inflammation is one of the key factor in
DED [21]. The recent guidelines of Dry Eye Workshop
(DEWS) II by the Tear Film and Ocular Surface Society
(TFOS) recommend anti-inflammatory agents, such as
corticosteroids, lifitegrast, oral tetracyclines, and CsA in
DED [22]. As topical corticosteroids have possible com-
plications like cataract, ocular hypertension, decreased
wound healing, and risk of infection, the agent with less
complications are required for long term use [23]. Since
2003, an early model of 0.05% CsA has shown a good per-
formance to control the symptoms and signs of DED [23]
and reduce level of histocompatibility human leukocyte
antigen-DR isotype gene (HLA-DR) which represent the
grade of inflammation on epithelial cells [24].

However, a group of patients with moderate to severe
DED have inadequate clinical responses to twice-
daily instillation of 0.05% CsA. Insufficient dosing, low

concentration to target cells or tissues and unresponsive-
ness to ocular surface specific immunologic mechanisms
may explain this inadequate responsiveness [13].

To overcome the inadequate efficacy of 0.05% CsA,
several methods such as frequent instillation or formu-
lation change have been studied [25, 26]. There is close
relationship between systemic CsA concentration and
its immunosuppressive potency, and frequent dosing of
0.05% CsA showed the clinical improvement in patients
with severe inflammatory DED. However, the regimen
can reduce patient compliance and it leads to inadequate
results [27].

0.1% CsA CE has higher drug concentration than con-
ventional CsA and showed the higher conjunctival drug
concentrations in rabbit eyes for its electrostatic interac-
tions between the positively charged droplets and nega-
tively charged mucin proteins of ocular surface [28]. With
this drug characteristics, 0.1% CsA CE was presented and
it showed potent clinical efficacy in various ocular sur-
face diseases, including DED [11, 17, 29, 30]. However,
there has been no study on the superiority of 0.1% CsA
over 0.05% CsA in the treatment of DED. In this study,
we aimed to evaluate the switching efficacy to 0.1% CsA
CE from conventional 0.05% CsA anionic emulsion in
patients with moderate to severe DED.

After switching to 0.1% CsA, objective signs
including NEI score, TE-BUT and tear volume were
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Fig. 6 Subgroup analysis between Sjogren’s syndrome and non-Sjogren’s syndrome in FAS. A. Corneal staining score: Change pattern by time was no
significant difference between two group (p=0.60). Change by time was significant (p <0.0001). B. Conjunctival staining score: Change pattern by time
was no significant difference between two group (p=0.60). Change by time was significant (p < 0.0001). There were significant differences between two
groups at baseline, 4, 8, 12 weeks. C. Tear Film Break-up time (TF-BUT): Change pattern by time was no significant difference between two group (p=0.08).
Change by time was significant (p <0.0001). There were significant differences between two groups at baseline, 4, 8, 12 weeks. D. SANDE (symptom as-
sessment in dry eye): Change pattern by time was no significant difference between two group (p=0.08). Change by time was significant (p <0.0001).
There were significant differences between two groups at 8, 12 weeks. E. ODS (ocular discomfort scale): Change pattern by time was no significant dif-
ference between two group (p=0.91). Change by time was significant (p <0.0001). F. Tear volume: Change pattern by time was no significant difference
between two group (p=0.91). Change by time was significant (p <0.0001). There were significant differences between two groups at 12 weeks. FAS: full

analysis set. *: p<0.05, #: p<0.01, §: p<0.001

improved, SANDE and ODS scores also was decreased.
We enrolled Sjogren’s syndrome patients who demon-
strated inadequate responses to 0.05% CsA and per-
formed subgroup analyses for both the Sjogren’s and
non-Sjogren’s groups. While the conjunctival staining
score, TF-BUT, SANDE in Sjogren’s syndrome was
significantly severe than non-Sjogren’s syndrome in
FAS, Sjogren’s syndrome group showed similar change
patterns to non-Sjogren’s syndrome over 12 weeks.
According to SICCANOVE and SANSIKA study,
0.1% CsA CE presented a clinical efficacy against the
vehicle control group [11, 12]. Two studies included
Sjogren syndrome cases and both the corneal stain-
ing score and OSDI were improved in the treatment
group with 0.1% CsA. Kim et al. reported a higher effi-
cacy by switching to 0.1% CsA CE (Ikervis) from 0.05%
CsA (Restasis) in patients with Sjogren syndrome [19].
Forty patients with an ocular surface staining score
of more than 4 (Sjogren’s International Collaborative
Clinical Alliance, SICCA) showed significant improve-
ments than those with a staining score of under 4 after
switching. Likewise, this study also demonstrated the
efficacy of switching to 0.1% CsA CE in the Sjogren’s
group, which was comparable to the effects observed
in the non-Sjogren’s subgroup, despite the more severe
disease severity in the Sjogren’s group.

Topical CsA has an issue about ocular discomfort after
instillation which had been reported in various clinical
trials. In our study, patients who experienced ocular pain
and discomfort after using 0.1% CsA CE were reported
in 16 and 14 of 75 cases (21.33% and 18.67%). Of the 20
dropout participants, 2 discontinued the clinical trial
due to pain after instillation of the test drug. Consider-
ing the relatively small number of dropouts compared
to the number of participants experiencing discomfort
after eyedrop administration, it can be inferred that the
medication adherence is relatively high. According to a
meta-ananalysis, pain after instillation was consistently
reported in studies of topical CsA, regardless of the
concentration and formulation used [10]. The correla-
tion between the discomfort and CsA concentration or

formulation remains unclear. Although the discomfort
has been issued in this trial, there has not observed any
clinically significant side effects of 0.1% CsA CE. There-
fore, long-term safety was also demonstrated during the
study period.

0.1% CsA CE is formulated as a cationic emulsion due
to the lipophilicity and poor water solubility of CsA [31].
In contrast to the anionic emulsion, the CE formula has
been reported to stabilized the tear film lipid layer of the
ocular surface [32]. Consequently, although the increased
concentration in this study might have contributed to its
efficacy, the benefits derived from the formulation itself
should also be considered.

This study aimed to determine the additional
effects that could be obtained by replacing the insuf-
ficient effect of 0.05% CsA with 0.1% CsA CE. There-
fore, artificial tears or diquafosol eyedrops that were
previously used were maintained, and the patients
were instructed to continue using their usual medi-
cations without change. Therefore, this study had an
advantage to find the direct effect of switching based
on these reasons. However, this strategy of the study
has a limitation that different reactivity to 0.1% CsA
CE may vary across patients because the eye drops or
systemic drugs used by the patients were not identical.
And open label design was another major limitation
of this study. A double-blinded, randomized clinical
trial should be considered to evaluate the efficacy and
safety of 0.1% CsA CE, but it has the disadvantages
of being difficult to have a washout period and con-
ducting a long-term study when targeting moderate to
severe DED patients. Therefore, we designed switch-
ing clinical trial, and it proved the additional effect of
0.1% CsA CE. Despite of these limitations, this study
demonstrated the effectiveness of 0.1% CsA CE in the
patients who had inadequate effects by treatment with
0.05% CsA with DED. In the clinical setting, the choice
of drug is very important because patients have differ-
ent drug responses. In patients who are less responsive
to the safe 0.05% CsA we use, we recommend switch-
ing to 0.1% CsA CE.
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Fig. 7 Subgroup analysis between Sjogren’s syndrome and non-Sjogren’s syndrome in PP. A. Corneal staining score: Change pattern by time was no
significant difference between two group (p=0.52). Change by time was significant (p <0.0001). B. Conjunctival staining score: Change pattern by time
was no significant difference between two group (p=0.18). Change by time had no significance (p =0.06). There were significant differences between two
groups at baseline, 4, 8, 12 weeks. C. Tear Film Break-up time (TF-BUT): Change pattern by time was no significant difference between two group (p=0.06).
Change by time was significant (p <0.0001). There were significant differences between two groups at baseline, 4, 8, 12 weeks. D. SANDE (symptom as-
sessment in dry eye): Change pattern by time was no significant difference between two group (p=0.14). Change by time was significant (p <0.0001).
There were significant differences between two groups at 8, 12 weeks. E. ODS (ocular discomfort scale): Change pattern by time was no significant differ-
ence between two group (p=0.80). Change by time was significant (p <0.0001). There were significant differences between two groups at 12 weeks. F.
Tear volume: Change pattern by time was no significant difference between two group (p=0.52). Change by time had no significance (p=0.27). PP: per
protocol set. *: p<0.05, #: p<0.01, §: p<0.001
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