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Abstract

Purpose This pooled analysis of two pivotal studies (ESSENCE-1 and ESSENCE-2) evaluated treatment effects of a water-
free ciclosporin 0.1% solution in dry eye disease (DED) patients in the overall population and in subgroups according to
sex, age, and baseline severity of disease.

Methods In these randomized, multicenter, double-masked, vehicle-controlled studies patients received ciclosporin 0.1% or
vehicle (1:1 ratio) in both eyes twice daily for 85 and 29 days, respectively. Total and central corneal fluorescein staining (tCES;
cCFS; NEI scale, 0-15) were assessed at Day 15 and 29. Other endpoints included conjunctival staining and blurred vision
scores. Safety and tolerability parameters comprised adverse events, ophthalmic examinations and drop comfort assessments.
Results In total 1162 patients were included in the analysis (585 ciclosporin 0.1%; 577 vehicle). Patients age (mean [SD]: 58.3
[15.23] years) and gender distribution (73% females) are consistent with DED epidemiology. Change from baseline (LS mean
[SE]) in tCFS significantly improved compared to vehicle, both at Day 15 (ciclosporin: -3.24 [0.112]; vehicle -2.71 [0.113]; A=
-0.52 [0.144], p=0.0003) and Day 29 (ciclosporin: -3.83 [0.115]; vehicle:-3.30 [0.116]; A: -0.53 [0.147], p=0.0003). 56.8%
and 66.4% of patients responded to ciclosporin 0.1% with a tCFS improvement of > 3 scores on Day 15 and 29, respectively.
A consistent effect on tCFS favoring ciclosporin over vehicle was observed in all subgroups. Improvements favoring ciclosporin
were seen in cCFS and conjunctival staining in the overall population and in blurred vision score in patients with significant
corneal staining. Incidence of ocular adverse events was 13.2% in both treatment groups. Mild instillation site reactions were
reported by 7.9% patients in the ciclosporin group. Discontinuation rates were low with 2.6% and 2.1% in ciclosporin and
vehicle groups. Ciclosporin 0.1% was rated comfortable upon instillation by 84.7% of patients.

Conclusion The pooled analysis confirmed that the water-free ciclosporin 0.1% solution is effective in improving ocular surface
staining after 2 weeks of treatment to a clinically relevant extent in more than 50% of patients in the overall population and
subgroups. With an early onset and good tolerability, the product has the potential to address an unmet medical need in DED.
ClinicalTrials.gov identifier NCT03292809 on 21-July-2017; NCT04523129 on 20-August-2020

Key messages

What Was Known

e Ciclosporin eye drops are a standard of care in dry eye disease (DED) therapy not controlled by artificial tears. A
novel water-free ciclosporin 0.1% ophthalmic solution with improved efficacy has recently been commercialized in the
United States and approved in the European Union.

What This Paper Adds

e The water-free cyclosporine 0.1% solution showed consistent and early improvement of ocular surface damage in patients
with moderate and severe dry eye disease as well as in subgroups according to age and sex.

The results were presented in parts at the DOG Annual Meeting in
Berlin, Germany, on 28th September 2023.

Extended author information available on the last page of the article
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e Responder analysis showed the clinical relevance of these improvements in more than 50 % of treated patients after 2

weeks of treatments.

e This eye drop formulation was well tolerated and no new safety signals were detected.

Keywords Dry eye disease - Water-free - Ciclosporin 0.1% - Pooled analysis - Pivotal study

Introduction

Dry eye disease (DED), also known as keratoconjunctivitis
sicca, is one of the most common ocular surface disorders. Over
the past decades, the number of patients with DED has increased
significantly [1]. The reported global prevalence of DED is high
with up to 50% of individuals above the age of 50 years report-
ing dry eye symptoms [2]. DED becomes manifest in a wide
range of signs and symptoms, including vision related impair-
ments. This represents a significant negative impact to patients
[3, 4] and leads to reduced workplace performance. Therefore,
DED poses a substantial economic burden to society [5].

Corneal staining is considered the most critical clinical
sign of DED, as stained areas represent punctate disrup-
tion and damage of the corneal epithelium [6] and as such
an important parameter for determining the severity of the
disease [7]. It correlates with visual function-related mani-
festation of the disease such as blurred and fluctuating vision
or reading problems [8]. The severity of corneal staining in
DED patients affects also reading speed [9]. These symptoms
impact daily activities of DED patients and result in reduction
of vision related quality of life; the impact is higher than that
for other common vision-affecting eye disorders [9, 10].

DED management is not uniform [11]. It often follows a
stepwise approach, beginning with over-the-counter artificial
tears therapies, eyelid hygiene measures, and modification
of environmental factors [12].

Pharmacological treatments are initiated if the first line
approaches provide insufficient control of the condition.
Typically, anti-inflammatory or immune-modulatory thera-
peutics such as ciclosporin, lifitegrast, or short-term corti-
costeroid are added to interrupt the inflammatory cause of
the disease. Ciclosporin is the most common drug in this
category available in most geographical regions [13, 14].

Ciclosporin cannot be solubilized in aqueous ophthalmic
vehicles because of its extremely low aqueous solubility. To
date all topical ophthalmic formulations of ciclosporin on
the market are therefore emulsions/nano-emulsions. Emul-
sions contain excipients, oils and surfactants which are
often poorly tolerated and have a low local bioavailability
for ciclosporin because ciclosporin is nonpolar and thus has
a strong tendency to remain in the hydrophobic core of the
micelle [15]. These formulations are associated with a slow
onset of the anti-inflammatory effect and relative high rates
of instillation site reactions [7, 16, 17].
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The product under investigation is a clear solution of
ciclosporin 0.1% in the novel vehicle, perfluorobutylpen-
tane. This formulation leads to superior properties: It is
water-free, without pH or osmolarity. The low surface ten-
sion leads to small droplets, fast spreading on the ocular sur-
face as well as reduction of shear forces. Better penetration
into the corneal epithelium and long residence time lead to
improved bioavailability of ciclosporin and an early onset of
ocular surface regeneration [18]. The absence of preserva-
tives, oils, surfactants combined with the small drop size
makes the product comfortable upon instillation. This water-
free ciclosporin 0.1% solution was approved by FDA in May
2023 under its commercial name Vevye. In Europe it was
recently approved under the commercial name Vevizye and
in China it is currently under regulatory review.

The aim of this pooled data analysis from ESSENCE-1
and ESSSENCE-2 was to further evaluate treatment effects
of ciclosporin 0.1% solution in the overall population of
patients with dry eye disease and in patient subgroups
defined by age, sex, and disease severity. Pooling of data
also provides greater statistical power to perform subgroup
analyses and increases the likelihood of identifying uncom-
mon adverse events.

Methods

Data were pooled from two adequate controlled tri-
als ESSENCE-1 (NCT03292809) and ESSENCE-2
(NCT04523129) to demonstrate efficacy and safety of the water-
free ciclosporin 0.1% solution in the treatment of dry eye disease.

This research was reviewed by an independent ethical
review board (Alpha IRB in SanClemente, California) and
conforms with the principles and applicable guidelines for
the protection of human subjects in biomedical research.
Methodology and results from each study have been
described previously [19, 20].

Similarities in study design allowed for pooling of
patient-level data from ESSENCE-1 and ESSENCE-2. In
both trials, patients not responding to artificial tears after
a 2-week run-in phase and fulfilling the eligibility criteria
were included in the studies and randomized in a 1:1 fash-
ion to ciclosporin 0.1% solution or its vehicle. During the
treatment period study participants dosed a single drop per
eye twice daily.
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Assessment of outcome measures

This pooled analysis focused on efficacy parameters related
to ocular surface healing based on findings of individual
studies. These efficacy parameters are consistent with
the key secondary outcome parameter of ESSENCE-2,
the second pivotal study which was designed based on
ESSENCE-1 outcomes. They included change from base-
line in tCFS at Day 15 and Day 29; tCFS responders at
Day 15 and Day 29; change from baseline in conjuncti-
val staining at Day 29; and change from baseline in cen-
tral staining at Day 29. In addition, blurred vision was
assessed due to the known impact of corneal damage on
visual function. Change from baseline in blurred vision
was assessed using VAS at Day 29 in the overall popula-
tion and in patients with high central staining at baseline.
Change from baseline in eye dryness was assessed as it
was the second primary endpoint in ESSENCE-2.

The tCFS score was measured using the National Eye
Institute (NEI) scale, which ranges from 0 (no staining) to
3 (heavy staining) for each of the five areas of the cornea
(inferior, superior, central, nasal, and temporal). The total
score ranges from 0 to 15 and is the sum of the five regions,
the higher the worse. A tCFS responder was defined as >3
grades improvement in the central area of the cornea on
the NEI scale. Conjunctival staining was determined using
lissamine green dye and graded according to the Oxford
grading scale (nasal and temporal regions were graded
from O to 5 separately and the total score was the sum of
both regions). The eye dryness and blurred vision scores
were assessed using a visual analogue scale (VAS) rang-
ing from 0 to 100 with 0 =no dryness feeling / blurring,
100 =maximal dryness feeling / blurring).

Treatment-emergent adverse events (TEAEs) were
defined as adverse events (AEs) occurring after the first dose
of randomized study treatment was administered. The inves-
tigator determined the severity and relationship to the study
treatment. The drop comfort scale was assessed for each eye
immediately upon instillation, and at 1 min and 2 min fol-
lowing initial dosing. The drop comfort scale ranges from 0
to 10, with 0 indicating very comfortable and 10 indicating
very uncomfortable. Moreover, patients were asked to select
3 words out of 14 that describe the feeling of the drop.

Study participants

Populations in both studies were very similar enroll-
ing adults with subject-reported history of DED who
have used over-the-counter eye drops and gels, for dry
eye symptoms, with a total corneal fluorescein staining
(tCFS) > 10 (NEI scale), unanesthetized Schirmer’s test

score between 1 and 10 mm, total lissamine green conjunc-
tival score of >2 (Oxford scale), ocular surface disease
index (OSDI) score >20 (ESSENCE-1 only) or dryness
score > 50 (ESSENCE-2 only). One eye of each study
participant, with the highest tCFS, was designated as the
“study eye”. If tCFS score at baseline was the same, the
right eye was designated as “study eye”.

Statistical methods

The comparisons between ciclosporin 0.1% solution versus
vehicle used the Full Analysis Set (FAS) with available data
per subject. The Full Analysis Set (FAS) includes all ran-
domized patients who received at least one dose of inves-
tigational product. The continuous efficacy endpoints were
analyzed using an analysis of covariance (ANCOVA) model
with terms for baseline score, site and treatment group, con-
sistent with the individual ESSENCE-1 and ESSENCE-2
studies’ analyses. The ANCOVA LS means for each treat-
ment group and the ANCOVA LS mean difference between
treatment groups were presented as well as two-sided p-val-
ues, and two-sided 95% Cls.

The dichotomous efficacy endpoints were analyzed
using a logistic regression model with terms for baseline
value, site, and treatment group. The predictive marginal
proportions (PMP) and difference in predictive marginal
proportions were reported from the logistic regression
model. Two-sided 95% Cls and two-sided p-values for the
difference of marginal proportions were reported from the
logistic regression model.

Efficacy was analyzed for overall pooled population and
patient subgroups by age (> 18 to <65 years and > 65 years),
sex (male and female), baseline symptom severity (visual
analog scale eye dryness score moderate: <75 and severe:
>75), baseline sign severity (tCFS score of 10-11 [moder-
ate] and 12-15 [severe] based on the NEI scale), and treat-
ment differences for ciclosporin 0.1% solution versus vehicle
were summarized using Forest plots.

Results
Study participant disposition

The pooled FAS included 1162 subjects, i.e., 328 subjects
randomized in ESSENCE-1 and 834 subjects randomized in
ESSENCE-2, of which 1135 (97.7%) completed the studies.
The percentage of subjects discontinuing the studies was low
and balanced between ciclosporin 0.1% and vehicle groups
(2.6% and 2.1% in ciclosporin and vehicle groups). The
most common reason for discontinuation was subject choice,
reported for 13 (48%) of discontinued subjects overall.
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Baseline characteristics

Demographics and baseline characteristics were balanced
between treatment groups. The majority of patients were
female (72.6%) and more than one third were at least 65
years of age (38.3%). Patients had significant corneal stain-
ing with an average score of 11.5 on the NEI scale and the
central region was also affected (average 2.1) (Table 1).
Patients had low Schirmer tear test scores with an average of
around 5 mm and they were symptomatic with average dry-
ness scores of around 70 and average blurred vision scores
of around 50 (Table 1).

Efficacy

All endpoints related to ocular surface damage measured
via corneal fluorescein staining and conjunctival lissamine
staining were consistently more improved in the ciclosporin
groups compared to the respective vehicle groups.

On Day 15, the LS mean change from baseline
(ANCOVA, SE) for tCFS was — 3.24 (0.112) and — 2.71
(0.113) in the pooled ciclosporin 0.1% and vehicle groups,
respectively. The between-treatment difference (ciclosporin
0.1% - vehicle) was —0.52 (0.144) and statistically signifi-
cant (p=0.0003). On Day 29, the LS mean change from
baseline was — 3.83 (0.115) and — 3.30 (0.116) in the ciclo-
sporin 0.1% and vehicle groups, respectively. The between-
treatment difference (ciclosporin 0.1% - vehicle) was —0.53
(0.147) and statistically significant (p =0.0003). All sub-
groups showed a treatment effect favoring ciclosporin 0.1%
over vehicle (Fig. 1). The effect was statistically significant
for most subgroups at Day 15 and in all subgroups on Day
29 except for males, who represent the smallest subgroup in
the investigation. The magnitude of the treatment effect was
comparable between patients with moderate and severe DED
irrespective of the severity definition.

The ciclosporin group showed a significantly greater pro-
portion of patients (56.8%) responding clinically meaning-
ful on tCFS (improvement of >3 grades) to the treatment
compared to the vehicle group (47.9%) already after 2 weeks
(p=0.0009). At Day 29 the proportion of responders in the
ciclosporin group was 66.4% and 54.1% in the vehicle group
(p<0.0001), (Fig. 2). This response level was associated
with a significant improvement in all symptoms measured by
VAS, which were assessed in both studies (data not shown).
In line with the mean tendency analysis, subgroups showed
a comparable pattern for the responder analysis (Table 2).

For conjunctival staining at Day 29, the LS mean change
from baseline (SE) was — 1.2 (0.066) and — 0.8 (0.066) in
the pooled ciclosporin 0.1% and vehicle groups, respec-
tively. The between-treatment difference (ciclosporin 0.1%
- vehicle) was 0.40 (0.085) and statistically significant

@ Springer

(p<0.0001). All investigated subgroups also showed statisti-
cally significant improvements in the active group compared
to the vehicle group of a similar effect size (see Fig. 3).

For central corneal staining at Day 29, the LS mean
change from baseline (SE) was — 0.78 (0.036) and —0.63
(0.036) in the pooled ciclosporin 0.1% and vehicle groups,
respectively. The between-treatment difference (ciclosporin
0.1% - vehicle) was —0.15 (0.046) and statistically signifi-
cant (p=0.0008). All subgroups showed a treatment effect
numerically favoring ciclosporin 0.1% over vehicle, the
effect reached statistical significance in 5 out of the 8 sub-
groups (Fig. 3).

In the overall pooled population, eye dryness improved
in both treatment arms significantly without a group differ-
ence: LS mean change from baseline (SE) of -11.8 (1.04)
and — 11.4 (1.04) in the ciclosporin 0.1% and vehicle groups,
respectively. The subgroup results for this parameter were
consistent with the result of the overall population.

In the overall pooled population, a trend towards an
improvement in blurred vision was observed: the LS mean
change from baseline (SE) was —8.1 (1.00) and —6.3 (1.01)
in the ciclosporin 0.1% and vehicle groups, respectively. The
between-treatment difference (ciclosporin 0.1% - vehicle) was
—1.8 (1.29) and not statistically significant (p=0.1513). A
similar trend was observed in all subgroups. The difference in
blurred vision score in the subgroup of patients with corneal
staining scores of 12—15, approached statistical significance:
LS mean change from baseline (SE) was —9.8 (1.70) in the
ciclosporin 0.1% and —5.9 (1.66) in the vehicle group with a
between-treatment difference (ciclosporin 0.1% - vehicle) of
-4.0 (2.05; p=0.0521). In patients with high central staining
at baseline this effect on blurred vision was more pronounced
and reached statistical significance, LS mean change (SE)
from baseline was — 12.6 (1.96) in the ciclosporin 0.1% and
—4.1 (2.02) and vehicle group with a between-treatment dif-
ference (ciclosporin 0.1% - vehicle) of -8.5 (2.81; p=0.0028).

Safety

There were no meaningful imbalances between the ciclo-
sporin and the vehicle group in the incidence of TEAEs
overall, and of ocular and non-ocular TEAEs. There were
117 (20%) patients with any TEAEs and 77 [13.2%] with
ocular TEAEs and 2 (0.3%) patients with Serious Adverse
Events (SAEs) in the ciclosporin arm (all non-ocular). In the
vehicle arm 117 (20.3%) patients reported any TEAEs and
76 [13.2%] reported ocular TEAEs and 6 (1.0%) patients
experienced SAEs (of which 1 [0.2%] was ocular). For all of
the SAEs, the relationship was assessed as not suspected to
be related to study drug. Eight (0.7%) patients discontinued
treatment due to an AE, 5 (0.9%) in the ciclosporin 0.1% arm
and 3 (0.5%) patients in the vehicle arm (see Table 3). None
of the AEs reported resulted in death.
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Table 1 Demographics and Mean baseline characteristics (pooled
FAS)

Pooled Analysis Ciclosporin 0.1%  Vehicle
Pooled population n (%) 585 (100.0%) 577 (100.0%)
ESSENCE-1, n (%) 162 (27.7%) 166 (28.8%)

ESSENCE-2, n (%)
Demographics
Mean age (SD)

> 65 years, n (%)
Female, n (%)

423 (72.3%) 411 (71.2%)
58.7 (14.98)
220 (37.6%)
422 (72.1%)

57.9 (15.48)
225 (39.0%)
422 (73.1%)

Race, n (%)

White 453 (77.4%) 439 (76.1%)
Black 69 (11.8%) 69 (12.0%)
Asian 54 (9.2%) 58 (10.1%)
Baseline ocular characteristics

tCFS (NEI scale 0-15) 11.5(1.37) 11.5(1.33)
cCFS (NEI scale 0-3) 2.1 (0.60) 2.1 (0.60)
TBUT (sec) 3.08 (1.40) 2.99 (1.49)
Schirmer (mm) 5.1 (2.92) 4.8 (2.74)
Dryness (VAS) 69.9 (15.60) 69.9 (15.26)
Blurred vision (VAS) 52.4(27.42) 52.0 (26.02)

The only single AE term reported in more than 2% of
subjects overall was instillation site pain occurring in about
8.0% of subjects in the ciclosporin 0.1% group, which was
of mild intensity in nearly all cases. The only other term
occurring in more than 2% of subjects was visual acuity
reduced.

Patient comfort was confirmed to be high with 84.7% of
patients using a positive descriptor when they were asked to
choose three words that best characterize how the drop of
ciclosporin solution felt in both eyes. Most frequent descrip-
tors were comfortable, smooth and soothing. Mean values of
drop comfort were <2.5 (on a scale from 0= very comfort-
able to 10=very uncomfortable), which is in line with the
previously reported comfort level of water-based artificial
tears [21].

Discussion

The pooled analysis of ESSENCE-1 and ESSENCE-2 stud-
ies demonstrated that the water-free ciclosporin 0.1% solu-
tion (development name CyclASol, US brand name Vevye,
EU brand name Vevizye) had very consistent and significant
improvements on all ocular surface endpoints over vehicle in
the overall population as well as multiple patient subgroups.

The onset of effect was rapid, at the first follow up visit at
Day 15 more than 50% of patients treated with ciclosporin

0.1% solution showed an improvement of >3 grades on
the total corneal staining on the NEI scale. This proportion
increased to 66% at Day 29. The degree of corneal staining
improvement (>3 grades) is clinically meaningful based on
literature and feedback from clinicians who unanimously
consider such an effect as immediately noticeable and rel-
evant to the patient [22, 23]. In addition, this magnitude of
improvement has been shown to be associated with symp-
tom improvement and visual function improvement [19, 20,
24, 25]. This correlation is also reflected in the finding that
patients with high central corneal staining had significantly
higher reduction in their blurred vision scores in the active
arm compared to the vehicle arm.

The observed early onset of improvement of ocular sur-
face damage was earlier than reported for other ciclosporin
products used for treatment of DED [17, 26, 27]. The late
onset of effect of ciclosporin containing emulsions is attrib-
uted to its effect on T-cells which depends on T-cell turnover
rate. However, ciclosporin also possesses immediate, T-cell
independent, anti-inflammatory mechanisms such as inhibi-
tion of apoptosis in conjunctival cells and induction of T-cell
apoptosis as well as NFkB inhibition [28, 29, 30], which
have an immediate onset of action. Data from the current
study show that the formulation plays a critical role for the
onset of effect. In solution, the active ingredient does not
require liberation from micelles and in combination with
the physical properties of the water-free vehicle ciclosporin
is brought more efficiently to the target tissue [31]. Moreo-
ver, the novel formulation does not contain additives such as
phosphates or surfactants that potentially could counteract
beneficial effects of the active substance. These formulation
characteristics potentially lead to the early onset of effect.

The analysis confirmed the good tolerability profile of
the water-free ciclosporin 0.1% solution with 8% of patients
reporting only mild instillation site reactions and the major-
ity of patients describing the drop as comfortable, smooth
and soothing. Ciclosporin containing emulsions have sub-
stantially higher rates of adverse reaction upon instillation;
for a 0.05% ciclosporin containing emulsion 17% of patients
reported ocular burning [32], for a 0.09% ciclosporin nano-
emulsion 22% reported instillation site pain and 6% conjunc-
tival hyperemia [33]. The most frequently reported ocular
adverse event deemed possibly related to a 0.1% cationic
emulsion were instillation site pain (12.1%), eye irritation
(10.1%) and instillation site irritation (5.1%) [27].

In real world, about two thirds of patient discontinue
treatment within 12 months after treatment initiation. The
key reasons being discussed are adverse effects e.g., instil-
lation site pain and late onset of effect [34]. European DED
experts recommend initiating a ciclosporin dry eye disease
drug therapy concomitant with 4-8 weeks corticosteroid
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treatment, a strategy called “induction to maintenance” or
the “bridging approach”. In the current treatment landscape,
this approach has two potential advantages for patients: (1)
faster onset of effect and (2) better tolerability. Corticos-
teroids address ocular inflammation rapidly and effectively.
Their use, however, is limited to short term treatment due to
potential side effects; namely, increased IOP and increased
risk of cataract development [35]. The fast onset of effect,
combined with the good tolerability of the herein investi-
gated water-freeciclosporin-solution-formulation may obvi-
ate the need for bridging ciclosporin treatment with topical
corticosteroids, thereby sparing steroids and addressing an
important medical need.

The presented analysis further demonstrated efficacy
across multiple patient subgroups based on age, gender,
baseline severity of corneal staining and baseline sever-
ity of symptomatology. Regardless of which criterion was
applied to define DED severity, patients with moderate and
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Table 2 Proportion of

. n (Ciclo- % Responder Difference of PMP* (CI) p-value

.responders in tCFS>3 sporin/Vehi- . .

1mprovement on NEI scale and cle) Clclg- Vehicle

cCFS > 1 improvement on NEI sporin 0.1%

scale at Day 29
tCFS >3
Female 406/411 67.0% 52.6% 14.44% (1.79%, 21.09%) <0.0001
Male 160/149 65.0% 584% 6.61% (-4.22%, 17.44%) 0.2315
Age: 18- <65 years 355/339 70.1% 584% 11.73% (4.65%, 18.82%) 0.0012
Age: > 65 years 211/221 60.2% 47.5% 12.68% (3.35%, 22.00%) 0.0077
Moderate tCFS score: 10-11  327/314 65.7% 54.1% 11.61% (4.07%, 19.15%) 0.0025
Severe tCFS score: 12-15 239/246 67.4% 54.1% 13.30% (4.69%, 21.91%) 0.0025
Moderate Dryness score <75  339/334 69.6% 56.0% 13.63% (6.40%, 20.86%) 0.0002
Severe Dryness score >75 2277226 61.7% 513% 10.35% (1.27%, 19.43%) 0.0255
cCFS > 1
Female 406/411 64.5% 53.0% 11.49% (4.79%, 18.19%) 0.0008
Male 160/149 65.6% 604% 5.22% (-5.54%, 15.98%) 0.3416
Age: 18- <65 years 355/339 69.6% 59.9% 9.70% (2.62%, 16.78%)  0.0073
Age: > 65 years 211/221 56.9% 47.5%  9.36% (-0.02%, 18.74%) 0.0505
Moderate tCFS score: 10-11  327/314 66.1% 557% 10.32% (2.80%, 17.84%) 0.0071
Severe tCFS score: 12-15 239/246 63.2% 54.1% 9.11% (0.39%, 17.84%)  0.0407
Moderate Dryness score <75  339/334 66.1% 56.0% 10.09% (2.76%, 17.42%) 0.0070
Severe Dryness score > 75 2277226 63.0% 53.5% 9.46% (0.42%, 18.50%)  0.0404

* PMP=predictive marginal proportions

Active | Vehicle [ Group Difference

Pooled Analysis N N 95% CI

Overall 585 577  -0.15 (-0.24; -0.06)  0.0008 —a—

» Female 422 422 -0.17(-0.27;-0.06)  0.0021 ——
N~ Male 163 155  -0.14 (-0.31,0.04)  0.1316 ——
;i. g, 18- <65 years 365 352 -0.18(-0.29;-0.07)  0.0020 —e—
2 < > 65 years 220 225  -0.13(-0.28;0.03)  0.1039 '—0—*'
3 Moderate tCFS? 334 325  -0.11(-0.22;0.00)  0.0483 '—'—‘
} ‘5 Severe tCFS® 251 251 -0.18(-0.33;-0.04)  0.0131 T

& Moderate Dryness® 353 345 -0.18 (:0.30;-0.07)  0.0021 "

Severe Dryness? 232 232 -0.12(-0.26;0.02)  0.1038 '_°—'

a Overall 585 577 -0.40 (-0.57; -0.24) <0.0001 i

g é Female 422 422 -0.33 (-0.53; -0.14)  0.0010 5

o Male 163 155 -0.51 (-0.82; -0.25)  0.0012 :

g 2 18- <65 years 365 352 -0.40 (-0.62; -0.18)  0.0004 i

g < 265 years 220 225 -0.38 (-0.64; -0.12)  0.0039 ——— |
E Moderate tCFS? 334 325 -0.24 (-0.44; -0.05)  0.0139 —_—
E g Severe tCFSP 251 251 -0.60 (-0.89; -0.31) <0.0001 —_— '
| 3 Moderate Dryness® 353 345  -0.39(-0.59;-0.18)  0.0003 .

© Severe Dryness? 232 220) -0.45 (-0.73;-0.18)  0.0013 A

o » N N N »
& F PP P

aModerate tCFS=10-11 score, bsevere tCFS=12-15 score; ‘moderate Dryness < 75, 9severe Dryness > 75
Fig.3 Forest Plot cCFS and conjunctival staining at Day 29.*Moderate tCFS=10-11 score, °

severe tCFS=12-15 score, “moderate Dry-
ness <75, dsevere Dryness > 75
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Table 3 Summary of adverse events

All Adverse Events (number of patients/percentage)

Ciclosporin 0.1%

Vehicle (N=577)

All patients (N=1162)

(N=585)

TEAE 117 (20.0%) 117 (20.3%) 234 (20.1%)
SAEs 2(0.3%) 6 (1.0%) 8 (0.7%)
Treatment discontinuation due to an AE 5 (0.9%) 3 (0.5%) 8 (0.7%)
Ocular AEs

Ocular TEAE 77 (13.2%) 76 (13.2%) 153 (13.2%)
Ocular TEAES occurring in more than 2% of patients

Instillation site pain/pruritus 47 (8.0%) 39 6.8%) 86 (7.4%)
Mild 46 (7.9%) 38 (6.6%) 84 (7.2%)
Moderate 1(0.2%) 1(0.2%) 2(0.2%)
Severe 0 0 0

Visual acuity reduced (temporally) 12 (2.1%) 16 (2.8%) 28 (2.4%)
severe DED treated with the water-free ciclosporin 0.1% Conclusion

solution experienced a similar magnitude of improvement
compared to vehicle across all ocular surface staining out-
comes demonstrating efficacy for a wide range of patients
with aqueous deficient DED. This is important as some
approved treatments have shown only effects in severe
patients and therefore are approved to only treat severe
DED [36]. The water-free ciclosporin, 0.1% solution was
also efficacious across age groups and both female and
male, though the difference in male did not always reach
statistical significance which may be attributed to the
smaller group size.

Limitations

Limitations of this pooled analysis include the post-hoc
nature of the analysis and the relatively short duration
of the included studies. As ESSENCE-2 was the second
pivotal study, which was designed based on ESSENCE-1
outcomes, primary and key secondary endpoints of
ESSENCE-2 were selected as endpoints for the current
analysis as well to avoid bias. With regard to study dura-
tion, the ESSENCE-2 open label extension study provided
additional long-term safety and long-term efficacy data for
the product [37].

The ESSENCE-1 and ESSENCE-2 studies were con-
ducted in different years with the latter being conducted
during the COVID-19 pandemic and they differed related to
their symptom inclusion criterion, which may limit the com-
parability of results. As baseline characteristics of both trials
were similar reflecting moderate to severe predominantly
aqueous deficient DED patients the pooling is well justified.
Moreover, both studies showed very consistent results across
sex, age, and baseline severity of disease.

@ Springer

There is a high unmet need for effective treatments with
better tolerability and earlier onset of effect to better serve
moderate to severe DED patients not responding to first line
therapies such as artificial tears. The novel water-free ciclo-
sporin 0.1% formulation addresses several unmet medical
needs: The fast onset of effect, combined with good toler-
ability may obviate the need for bridging ciclosporin treat-
ment with topical corticosteroids and thereby further con-
tributing to the overall safety of patient treatment.

Author contributions Concept, design and interpretation: S Krosser,
JD Sheppard, EK Akpek, T Kaercher; statistical analyses: A Hamm;
T Kaercher and S Krosser had full access to all the data in the study
and take responsibility for the integrity of the data and the accuracy
of the data analysis.

Funding The studies were sponsored by Novaliq. No additional fund-
ing was received for this research.

Declarations

Ethical approval - Research involving human participants All proce-
dures were in accordance with the ethical standards and principles of
the Declaration of Helsinki and its later amendments and approved by
a properly constituted IRB (Alpha IRB, San Clemente, CA) per the
International Conference on Harmonization (ICH) and applicable local
regulatory requirements and laws.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Conflict of interest T Kaercher is a member of the supervisory board
of Novaliq and did not receive funding to assist with the preparation
of this manuscript, JD Sheppard and EK Akpek are consultants to No-
valiq. A Hamm is employee of SDC, the company that did the statisti-
cal analysis in these studies, as consultant for Novaliq. S. Krosser is an
employee of Novaliq.



Graefe's Archive for Clinical and Experimental Ophthalmology

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and repro-
duction 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 you modified the licensed material.
You do not have permission under this licence to share adapted material
derived from this article or parts of it. 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://crea-
tivecommons.org/licenses/by-nc-nd/4.0/.

References

1. Tsubota K, Pflugfelder SC, Liu Z et al (2020) Defining Dry Eye
from a clinical perspective. Int J Mol Sci 21(23):9271. https://doi.
org/10.3390/ijms21239271

2. Stapleton F, MaAlves M, Bunya VY et al (2017) TFOS DEWS 11
Epidemiology Report. Ocul Surf 15:334-365. https://doi.org/10.
1016/j.jt0s.2017.05.003

3. Miljanovic B, Dana R, Sullivan DA, Schaumberg DA (2007) Impact of
dry eye syndrome on vision-related quality of life. Am J Ophthalmol
143(3):409-415. https://doi.org/10.1016/j.aj0.2006.11.060

4. Nichols KK, Bacharach J, Holland E et al (2016) Impact of Dry
Eye Disease on Work Productivity, and patients’ satisfaction with
Over-the-counter Dry Eye treatments. Investig Ophthalmol Vis
Sci 57(7):2975-2982. https://doi.org/10.1167/iovs.16-19419

5. Yul, Asche C, Fairchild C (2011) The Economic Burden of Dry
Eye Disease in the United States: A Decision Tree Analysis. Cor-
nea. 30 (4): 379-387. https://doi.org/10.1097/ICO.0b013e3181
7363

6. Pflugfelder SC, de Pavia CS (2017) The pathophysiology of dry
eye disease: what we know and future directions for research.
Ophthalmology 124(11S):S4-S13. https://doi.org/10.1016/j.oph-
tha.2017.07.010

7. Messmer EM, Ahmad S, Benitez Del Castillo JM et al (2023)
Management of inflammation in dry eye disease: recommen-
dations from a European panel of experts. Eur J Ophthalmol
33(3):1294-1307. https://doi.org/10.1177/11206721221141481

8. Hirabayashi KJ, Akpek EK, Ahmad S (2022) Outcome meas-
ures to assess dry eye severity: a review. Ocul Immunol Inflamm
30(2):282-289. https://doi.org/10.1080/09273948.2022.2027461

9. Akpek EK, Karakus S, Ramulu PY, Mathews PM (2020) Sus-
tained gazing causes measurable decline in visual function of
patients with Dry Eye. Am J Ophthalmol 210:107-115. https://
doi.org/10.1016/j.2j0.2019.10.009

10. Morthen K, Magno MS, Utheim TP et al (2022) The vision-
related burden of dry eye. Ocul Surf 23:207-215. https://doi.org/
10.1016/j.jtos.2021.10.007

11. Messmer EM, Benitez-del-Castillo J, Baudouin C (2023) Treat-
ment of dry eye disease in Europe. Edited by Anat Galor. Dry Eye
Disease, Elsevier, Chap. 13 pp. 203-211. https://doi.org/10.1016/
B978-0-323-82753-9.00010-2

12. Craig JP, Nelson JD, Nichols KK et al (2017) TFOS DEWS 11
definition and classification report. Ocul Surf 15(3):276-283.
https://doi.org/10.1016/j.jtos.2017.05.008

13. de Oliveira RC, Wilson SE (2019) Practical guidance for the use
of cyclosporine ophthalmic solutions in the management of dry

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

eye disease. Clin Ophthalmol 13:1115-1122. https://doi.org/10.
2147/0PTH.S184412

Messmer EM, Ahmad S, Del Benitez JM et al (2023) Manage-
ment of inflammation in dry eye disease: Recommendations from
a European panel of experts. Eur J Ophthalmol 33(3):1294-1307.
https://doi.org/10.1177/11206721221141481. a panel of European
dry eye disease experts

Lallemand F, Felt-Baeyens O, Besseghir K et al (2003) Cyclo-
sporine A delivery to the eye: a pharmaceutical challenge. Eur J
Pharm Biopharm 56(3):307-318. https://doi.org/10.1016/s0939-
6411(03)00138-3

Shen Lee B, Toyos M, Karpecki P et al (2022) Selective pharma-
cologic therapies for dry eye disease treatment: efficacy, toler-
ability, and safety data review from preclinical studies and pivotal
trials. Ophthalmol Ther 11(4):1333-1369. https://doi.org/10.1007/
540123-022-00516-9

Sall K, Stevenson OD, Mundorf TK, Reis BL (2000) Two mul-
ticenter, randomized studies of the efficacy and safety of Ciclo-
sporin ophthalmic emulsion in moderate to severe dry eye dis-
ease. CsA Phase 3 Study Group. Ophthalmology 107(4):631-639.
https://doi.org/10.1016/s0161-6420(99)00176-1

Agarwal P, Scherer D, Giinther B, Rupenthal ID (2018) Semi-
fluorinated alkane based systems for enhanced corneal penetration
of poorly soluble drugs. Int J Pharm 538(1-2):119-129. https://
doi.org/10.1016/j.ijpharm.2018.01.019

Sheppard JD, Wirta DL, McLaurin E et al (2021) A water-free
0.1% ciclosporin A solution for treatment of dry eye disease:
results of the randomized phase 2B/3 ESSENCE Study. Cornea
40(10):1290-1297. https://doi.org/10.1097/1C0O.0000000000
002633

Akpek E, Wirta D, Downing J et al (2023) Efficacy and safety
of a water-free topical cyclosporine, 0.1%, solution for the treat-
ment of moderate to severe Dry Eye Disease: the ESSENCE-2
Randomized Clinical Trial. JAMA Ophthalmol 141(5):459-466.
https://doi.org/10.1001/jamaophthalmol.2023.0709

Ousler G 3rd, Devries DK, Karpecki PM, Ciolino JB (2015) An
evaluation of Retaine™ ophthalmic emulsion in the management
of tear film stability and ocular surface staining in patients diag-
nosed with dry eye. Clin Ophthalmol 9:235-243. https://doi.org/
10.2147/OPTH.S75297

Holland EJ, Jackson MA, Donnenfeld E et al (2021) Efficacy of
Lifitegrast Ophthalmic Solution, 5.0%, in patients with moderate
to severe Dry Eye Disease: a Post Hoc Analysis of 2 randomized
clinical trials. JAMA Ophthalmol 139(11):1200-1208. https://doi.
org/10.1001/jamaophthalmol.2021.3943

Tauber J, Berdy GJ, Wirta DL, GOBI Study Group et al (2023)
NOVO03 for Dry Eye Disease Associated with Meibomian Gland
Dysfunction: results of the Randomized phase 3 GOBI Study.
Ophthalmology 130(5):516-524. https://doi.org/10.1016/j.ophtha.
2022.12.021

Akpek EK, Sheppard JD, Hamm A et al (2024) Efficacy of a new
water-free topical cyclosporine 0.1% solution for optimizing the
ocular surface in patients with dry eye and cataract. J Cataract
Refract Surg 50(6):644-650. https://doi.org/10.1097/j.jcrs.00000
00000001423

Mathews PM, Ramulu PY, Swenor BS et al (2017) Functional
impairment of reading in patients with dry eye. Br J Ophthal-
mol 101(4):481-486. https://doi.org/10.1136/bjophthalm
0l-2015-308237

Goldberg DF, Malhotra RP, Schechter BA et al (2019) A phase 3,
randomized, double-masked study of OTX-101 ophthalmic solu-
tion 0.09% in the treatment of dry eye disease. Ophthalmology
126:1230-1237. https://doi.org/10.1016/j.ophtha.2019.03.050
Leonardi A, VanSetten G, Amrane M et al (2016) Efficacy and
safety of 0.1% ciclosporin a cationic emulsion in the treatment

@ Springer



Graefe's Archive for Clinical and Experimental Ophthalmology

28.

29.

30.

31.

32.

33.

of severe dry eye disease: a multicenter randomized trial. Eur J
Ophthalmol 26(4):287-296. https://doi.org/10.5301/€j0.5000779
Gao J, Sana R, Calder V et al (2013) Mitochondrial permeability
transition pore in inflammatory apoptosis of human conjunctival
epithelial cells and T cells: Effect of Cyclosporin A. Invest Oph-
thalmol Vis Sci 54(7):4717-4733. https://doi.org/10.1167/iovs.
13-11681

Jerkins GW, Pattar GR, Kannarr SR (2020) A review of topi-
cal cyclosporine a Formulations-A Disease-Modifying Agent for
Keratoconjunctivitis Sicca. Clin Ophthalmol 14:481-489. https://
doi.org/10.2147/OPTH.S228070

Stern ME, Schaumburg CS, Dana R et al (2010) Autoimmunity at
the ocular surface: pathogenesis and regulation. Mucosal Immu-
nol. 3(5):425-442, 2010. https://doi.org/10.1038/mi.2010.26
Agarwal P, Korward J, Krosser S, Rupenthal ID (2023) Preclini-
cal characterization of water-free cyclosporine eye drops - factors
impacting ocular penetration ex vivo and in vivo. Eur J Pharm
Biopharm 188:100-107. https://doi.org/10.1016/j.ejpb.2023.05.
005

Restasis USPI 2017.(AbbVie) https://www.accessdata.fda.
gov/drugsatfda_docs/label/2017/050790s0271bl.pdf. Accessed
2024-11-12

Cequa USPI 2018. (Sun Ophthalmics) https://www.accessdata.
fda.gov/drugsatfda_docs/label/2018/210913s0001bl.pdf. Accessed
2024-11-12

Authors and Affiliations

34. White DE, Zhao Y, Ogundele A et al (2019) Real-world treatment
patterns of cyclosporine ophthalmic emulsion and lifitegrast oph-
thalmic solution among patients with dry eye. Clin Ophthalmol
13:2285-2292. https://doi.org/10.2147/OPTH.S226168

35. Marsh P, Pflugfelder SC (1999) Topical nonpreserved methyl-
prednisolone therapy for keratoconjunctivitis sicca in Sjogren
syndrome. Ophthalmology 106(4):811e6. https://doi.org/10.1016/
S0161-6420(99)90171-9

36. Leonardi A, Messmer EM, Labetoulle M et al (2019) Efficacy and
safety of 0.1% ciclosporin a cationic emulsion in dry eye disease:
a pooled analysis of two double-masked, randomised, vehicle-
controlled phase III clinical studies. Br J Ophthalmol 103(1):125-
131. https://doi.org/10.1136/bjophthalmol-2017-311801

37. Wirta DL, Galor A, Aune CA et al (2024) Long-term safety and
efficacy of a water-free cyclosporine 0.1% Ophthalmic Solution
for treatment of Dry Eye Disease: ESSENCE-2 OLE. Cornea.
Advance online publication. https://doi.org/10.1097/1CO.00000
00000003567

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Thomas Kaercher' - John D. Sheppard? - Adam Hamm? - Esen K. Akpek® - Sonja Krosser®

DX

Sonja Krosser

skroesser @novalig.com

Ophthalmologist, Heidelberg, Germany
Virginia Eye Consultants, Norfolk, VA, USA
Statistics & Data Corporation, Tempe, AZ, USA

@ Springer

4 The Wilmer Eye Institute, The Johns Hopkins University,

Baltimore, MD, USA

5 Novalig GmbH, Heidelberg, Germany



