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ABSTRACT

Keratoconjunctivitis sicca, also known as dry
eye disease (DED), is a prevalent, multifactorial
disease associated with compromised ocular
lubrication, ocular surface inflammation and
damage, and ocular symptoms. Several anti-in-
flammatory, topical ophthalmic therapies are
available to treat clinical signs and symptoms of
DED in the USA and Europe. Cyclosporine A
(CsA)-based formulations include an oph-
thalmic emulsion of 0.05% CsA (CsA 0.05%), a
cationic emulsion (CE) of CsA 0.1% (CsA CE),
and an aqueous nanomicellar formulation of
0.09% CsA (OTX-101). Lifitegrast is a 5% oph-
thalmic solution of a lymphocyte function-as-
sociated antigen 1 antagonist that is believed to
target T cell activation and recruitment to

inhibit ocular inflammation. Here we provide a
comprehensive review summarising preclinical
studies and pivotal trial data for these treat-
ments to provide a complete understanding of
their efficacy and safety profile. Overall, data in
the evaluated studies show a favourable
risk–benefit profile for the use of targeted topi-
cal anti-inflammatory pharmacologic treat-
ments in patients with DED. Pivotal trials for
CsA 0.05%, CsA CE, OTX-101, and lifitegrast
clearly demonstrate treatment efficacy com-
pared to vehicle across treatments with no
serious ocular treatment-emergent adverse
events (TEAEs). Patients using ophthalmic
treatments reported ocular TEAEs more fre-
quently than those treated with vehicle; how-
ever, relatively few TEAEs led to treatment
discontinuation. The specific signs and symp-
toms of DED that improve with treatment vary
with the treatment prescribed. Long-term and
direct comparative studies between treatments
are needed to further understand treatment
differences in efficacy and safety profiles.
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Key Summary Points

Several topical pharmacologic therapies
are approved for the treatment of dry eye
disease; however, there are no head-to-
head pivotal trials comparing these
treatments.

A comprehensive review summarising
data from preclinical studies and pivotal
trials for cyclosporine ophthalmic
emulsion 0.05%, cyclosporine emulsion
0.1%, cyclosporine ophthalmic solution
0.09%, and lifitegrast ophthalmic solution
5% was conducted to provide a complete
understanding of their efficacy and safety
profile.

Overall, these topical ophthalmic
therapies are safe and well tolerated and
demonstrate clinically and statistically
significant improvements in signs and
symptoms of dry eye disease.

Clinical data show a favourable
risk–benefit profile for the use of targeted
topical anti-inflammatory pharmacologic
treatments in patients with dry eye
disease; although many patients treated
with these agents experience ocular
treatment-emergent adverse events, the
rate of treatment discontinuation is
relatively low.

The specific signs and symptoms of dry
eye disease that improve vary with the
treatment prescribed.

INTRODUCTION

Dry eye disease (DED), also known as kerato-
conjunctivitis sicca, is a prevalent, multifacto-
rial disease of the ocular surface, in which there
is a loss of tear film homeostasis accompanied
by ocular symptoms [1]. Factors that contribute
to the development of DED include tear film
instability and hyperosmolarity, ocular surface

inflammation and damage, and neurosensory
abnormalities [1]. A key characteristic of DED is
the chronic cycle of inflammation triggered by
tear film instability and hyperosmolarity [2, 3].
An increase in inflammatory mediators at the
ocular surface tissue amplifies the inflammatory
response, perpetuates the disease, and ulti-
mately leads to ocular surface damage [2].

There are a number of clinical signs and
symptoms of DED that often function inde-
pendently rather than interdependently and are
not highly correlated [4, 5]. Key DED symptoms
include ocular irritation, pain, dryness, foreign
body sensation, and visual disturbance; objec-
tive clinical signs include tear film instability
and hyperosmolarity, reduced tear volume,
ocular surface inflammation and damage, and
neurosensory abnormalities [1, 4, 5]. There are
several methods for clinically assessing DED
signs and symptoms, such as corneal and con-
junctival staining to identify ocular surface
damage and ocular surface symptom patient
questionnaires [6, 7]. A low association between
DED signs and symptoms makes integrating dry
eye clinical research into practice challenging.

Treatment for DED often begins with patient
education, environmental modification, and
over-the-counter artificial tears, with patients
progressing to pharmacologic treatments if
non-pharmacologic options are inadequate [8].
Several topical pharmacologic therapies are
approved for the treatment of DED. These
therapies inhibit ocular surface inflammation
that leads to clinical manifestations of DED as
well as ocular surface damage. Cyclosporine A
(CsA), an immunomodulatory agent with anti-
inflammatory properties, is the active pharma-
ceutical ingredient (API) in several topical
preparations. CsA inhibits calcineurin and
blocks T lymphocyte activity and the subse-
quent release of proinflammatory mediators
[9, 10]. CsA 0.05% (Restasis�, 0.05% ophthalmic
emulsion, Allergan, Irvine, CA) is an oph-
thalmic oil-in-water anionic emulsion approved
in the USA (since 2002) indicated to increase
tear production in patients whose tear produc-
tion is presumed to be suppressed as a result of
ocular inflammation associated with DED [11].
A cationic emulsion (CE) of CsA 0.1% (CsA CE;
Ikervis� [ciclosporin ophthalmic emulsion],
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Santen Pharmaceutical, Osaka, Japan) is
approved in Europe (since 2015) to treat severe
keratitis in patients with DED that has not
improved with tear substitutes [12]. An aqueous
nanomicellar formulation of 0.09% CsA (OTX-
101; CequaTM [cyclosporine ophthalmic solu-
tion 0.09%], Sun Pharmaceutical Industries,
Inc., Cranbury, NJ) is approved in the USA
(since 2018) to increase tear production in
patients with DED [13]. Lifitegrast 5% oph-
thalmic solution (Xiidra�, Novartis, East Han-
over, NJ) is a lymphocyte function-associated
(LFA) antigen 1 antagonist approved in the USA
(since 2016) for the treatment of both signs and
symptoms of DED [14]. Lifitegrast decreases
T cell activation and recruitment by blocking
the interaction between the integrin LFA anti-
gen 1 and intercellular adhesion molecule 1,
thereby inhibiting inflammation. Lastly,
loteprednol etabonate 0.25% is a unique pro-
prietary mucus-penetrating particle vehicle
(EysuvisTM, Kala Pharmaceuticals, Watertown,
MA) indicated for short-term treatment (up to
2 weeks) of the signs and symptoms of DED
[15]. As loteprednol etabonate 0.25% is a lim-
ited duration treatment with no pivotal trials to
date, it is not included in this review.

Preclinical studies and pivotal trials have
established the safety and efficacy of DED
treatments. In clinical trials, the active treat-
ment is typically directly compared against the
vehicle, a treatment that resembles the active
drug but does not include the active compo-
nent. There are no head-to-head pivotal trials
comparing topical ophthalmic DED treatments.
Therefore, a comprehensive review summaris-
ing preclinical studies and pivotal trials data for
these treatments can be valuable in providing a
more complete understanding of their efficacy
and safety profile. This review examines the
efficacy, tolerability, and safety data from pre-
clinical studies and pivotal trials for topical DED
treatments.

SELECTION OF INCLUDED
PUBLICATIONS

All publications selected for this review met the
prespecified criteria of (1) industry-sponsored

and (2) preclinical study, clinical trial for regu-
latory approval, or multi-year clinical trial. The
treatments included were pharmacologic DED
therapies approved in the USA and/or Europe.
Data from these studies were summarised; no
additional quantitative or statistical analyses
were performed.

The quality of evidence for clinical outcomes
discussed in this review was objectively assessed
using the grading of recommendation, assess-
ment, development, and evaluation (GRADE)
approach [16–18]. Detailed methods for the
GRADE approach have been previously pub-
lished [17, 18]. Briefly, the GRADE system was
used to assess both the quality of data from
included studies and the overall quality of evi-
dence for each outcome stratified by treatment.
GRADE scores range from 1 (very low quality) to
4 (high quality). For each outcome, an initial
quality score was given on the basis of whether
the evidence for the outcome was from pri-
marily randomised controlled trials (starting
score of 4) or non-randomised controlled trials
(starting score of 2). Next, the five primary
GRADE criteria (risk of bias, inconsistency,
indirectness, imprecision, and publication bias)
were assessed for each outcome using a modi-
fied checklist to ensure consistent scoring [17].
Three additional criteria (magnitude of effect,
dose response, and effect of confounding fac-
tors) were also assessed to determine if the
quality of evidence for an outcome should be
upgraded; however, these criteria were only
applied to outcomes that started with an initial
quality score of 2 [18]. Last, the initial quality
score was adjusted on the basis of the results for
each of the GRADE assessment criteria, and an
overall score for quality of evidence was deter-
mined. Supplementary Table 1 shows the sum-
mary of findings for each outcome by treatment
type.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.
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CSA 0.05%

The first ophthalmic treatment for DED in the
USA was CsA 0.05%, an oil-in-water anionic
emulsion formulation approved in 2002. CsA
0.05% was the only Food and Drug Adminis-
tration-approved topical CsA treatment avail-
able in the USA until 2018 [19, 20].

Clinical Pivotal Trials

Efficacy
The efficacy of CsA 0.05% was demonstrated in
two pivotal clinical trials and one phase 4 trial
(Table 1). The first pivotal trial compared the
efficacy of 0.05%, 0.1%, 0.2%, and 0.4% CsA to
vehicle in patients with moderate-to-severe
DED [21]. No dose–response relationship was
observed; all formulations significantly
improved ocular signs and symptoms of DED
over 12 weeks of treatment compared to base-
line (Table 2, P\0.050) [21]. CsA 0.1%
demonstrated consistent improvements in
conjunctival staining (P B 0.016) and Schir-
mer’s tear test scores and CsA 0.05% demon-
strated consistent improvements in patient
symptoms such as ocular dryness (P B 0.036).
As higher doses of CsA did not show further
benefit compared to the 0.05% and 0.1% doses,
only the lower doses were utilised for future
development [21].

In the second pivotal trial, Sall et al. com-
pared the efficacy of CsA 0.05% and 0.1% to
vehicle in patients with moderate-to-severe
DED. Both concentrations significantly
improved corneal staining and Schirmer’s
scores over 6 months of treatment, but treat-
ment with CsA 0.05% led to earlier and more
consistent improvements [22]. Furthermore,
CsA 0.05% significantly improved the subjec-
tive efficacy endpoints of blurred vision and
need for concomitant artificial tears compared
to vehicle (Table 2) [22]. These results are com-
parable to the first pivotal trial, which demon-
strated similar significant improvements from
baseline in the subjective efficacy endpoint
(sandy or gritty feeling) with CsA 0.05% com-
pared to vehicle after 12 weeks of treatment

(P B 0.027), which was sustained through
4 weeks post-treatment (Table 2) [21].

A phase 4, open-label study confirmed the
clinical benefit of CsA 0.05% as a treatment for
DED (Table 2). Patients with bilateral DED
administered CsA 0.05% twice daily (BID) for
6 months; inferior corneal, central corneal, total
corneal, and total ocular surface (total
corneal ? conjunctival) fluorescein staining
significantly improved from baseline to
6 months (P\ 0.001) [23]. Patients also showed
significant improvements from baseline in
composite and visual function scores of the
Ocular Surface Disease Index (OSDI; P B 0.041),
Schirmer’s test scores (P = 0.010), and tear film
break-up time (P\0.001), and reported signifi-
cant improvement in ocular discomfort and dry
eye symptoms (P\0.001) [23]. After 6 months
of treatment with CsA 0.05%, 35.1% and 18.9%
of patients achieved at least 5 mm or at least
10 mm improvement in the average eye Schir-
mer score, respectively, compared to baseline
[23].

Safety
Clinical studies found few adverse effects (AEs)
reported with the use of CsA 0.05% and no
severe topical or systemic adverse safety find-
ings [21–23]. Over 6 months of treatment in the
open-label, phase 4 study, one patient (2.5%)
reported one systemic AE (headache) consid-
ered treatment-related [23]. Overall, CsA 0.05%
was well tolerated by patients. In one study,
1.7% of patients discontinued CsA 0.05%
treatment because of ocular burning and sting-
ing [22] (Table 3). The most commonly reported
treatment-emergent AEs (TEAEs) with use of
CsA 0.05% were instillation site burning and
stinging [22, 23] (Table 4). Ocular burning,
ocular stinging/pain, and ocular discharge were
reported in 14.7%, 3.4%, and 3.1% of CsA
0.05% patients and 6.5%, 1.4%, and 2.4% of
vehicle patients, respectively [22]. Generally,
CsA 0.05% had a higher rate of most TEAEs
compared to the vehicle; however, an exception
was visual disturbance, which occurred in 1.7%
and 4.1% of CsA 0.05% and vehicle patients,
respectively [22]. Most TEAEs in the CsA 0.05%
pivotal trials were mild to moderate.
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Table 1 Differences in study design, patient demographics, and disposition of included studies

Design Treatment
arms

Dose and
duration

Follow-up
period
(months)

Patient
Demographics
Age, yrs
(mean – SD)

Male, n (%)
Majority race

Key inclusion criteria

Hwang et al. (2020) [26]

Preclinical CsA 0.05%
1:50

Once, 24
hours

24 hours N/A

N/A

N/A

N/A

CsA CE
1:50

CsA CE
1:100

Sall et al. (2000) [22]

Multicentre, randomised,
double-masked, parallel-
group, 6-month, vehicle-
controlled, phase 3

CsA 0.05%
(n = 293)

1 drop in
both eyes
BID for 6
months

1, 3, 4, 6 58.7 ± 13.9

49 (16.7)

Caucasian

Adults diagnosed with moderate-to-
severe DED

Schirmer’s test B5 mm/5 min in C1 eye

Sum of corneal and interpalpebral
conjunctival staining of C?5 with
CFS C?2

OSDI score of 0.1

Subjective Facial Expression Scale score
C3

Vehicle
(n = 292)

59.9 ± 14.3

59 (20.2)

Caucasian

Stevenson et al. (2000) [21]

Randomised, multicentre,
double-masked, parallel-
group, dose-response
controlled, phase 2

CsA 0.05%
(n = 31)

1 drop in
both eyes
BID for
84 days

1, 2, 3 59 (range:
31–88)

26 (16.0)

Caucasian

C21 years of age with diagnosis of DED
with or without Sjögren’s syndrome
refractory to conventional
management

Schirmer’s test 7 mm/5 min in C1 eye

CFS C1 in either eye

C1 moderate dry eye-related
symptom(s)

Vehicle
(n = 33)

Stonecipher et al. (2016) [23]

Prospective, single-centre,
open-label, phase 4

CsA 0.05%
(n = 40)

1 drop in
both eyes
BID for 6
months

1, 6 59.4 ± 9.1

5 (12.5)

Caucasian

Adults with history of bilateral DED

Use of or desire to use artificial tear
substitutes within past 6 months

Score of C2 for at least 1 dry eye
symptom

OSDI score[12

Schirmer’s test\10 mm/5 min

CFS of 2–4 in C1 region and central
corneal staining C2

Conjunctival redness score C1

Ophthalmol Ther (2022) 11:1333–1369 1337



Table 1 continued

Design Treatment
arms

Dose and
duration

Follow-up
period
(months)

Patient
Demographics
Age, yrs
(mean – SD)

Male, n (%)
Majority race

Key inclusion criteria

Baudouin et al. (2017) [28]

Multicentre, double-masked,
randomised, parallel-group,
controlled, phase 3

CsA CE
(n = 241)

1 drop QD
in both
eyes for
6
months

1, 3, 6 57.6 ± 12.9

36 (14.9)

Caucasian

Moderate-to-severe DED
refractory to conventional
management

C1 symptoms of ocular
discomfort in at least 1 eye
(eligible eye)

Eligible eye TBUT B8 seconds,
CFS score 2–4 (modified
Oxford scale), Schirmer’s test
score C2 mm/5 min and\10
mm/5 min, and a corneal and
conjunctival staining score C4
(Van Bijsterveld scale)

No use of systemic or topical
CsA, tacrolimus, or sirolimus
within 6 months prior to study
entry

No use of topical corticosteroids
or prostaglandins within 1
month before study entry

Vehicle
(n = 248)

58.8 ± 12.7

40 (16.1)

Caucasian

Baudouin et al. (2017) [29]

Multicentre, double-masked,
randomised,

vehicle-controlled, parallel-group,
phase 3, 6 month period (part 1),
followed by an open-label 6 month
follow-up period (part 2)

CsA CE
(n = 154)*

CsA CE/
CsA CE
(n = 128)�

1 drop QD
for 12
months

6, 9, 12 NR

NR

NR

Adults with severe DED, as
determined by CFS score = 4
(modified Oxford scale)

Schirmer’s test C2 mm/5 min and
\10 mm/5 min; OSDI score
C23Vehicle

(n = 91)*

Vehicle/CsA
CE
(n = 79)�

NR

NR

NR

Leonardi et al. (2016) [27]

Multicentre, randomised, double-
masked, vehicle-controlled, parallel-
group, phase 3

CsA CE
(n = 154)

1 drop in
both
eyes QD
for 6
months

1, 3, 6 60.8 ± 13.5

28 (18.2)

NR

Adults with severe DED

CFS score = 4 (modified Oxford
scale)

Schirmer’s test 2–10 mm/5 min

OSDI score C23
Vehicle
(n = 91)

62.1 ± 11.8

8 (8.8)

NR
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Table 1 continued

Design Treatment

arms

Dose and duration Follow-up

period

(months)

Patient

Demographics

Age, yrs

(mean – SD)

Male, n (%)

Majority race

Key inclusion criteria

Burade et al. (2020) [34]

Preclinical OTX-101

0.09%

BID

(n = 11)

10 lL in

conjunctival sac

of both eyes QD

or BID for 60

days

0.5, 1, 1.5,

2

0.31 - 0.36

77 (100)

N/A

NOD mice spontaneously develop

Sjögren’s syndrome. This disease model

manifests typical features of dry eye and

secretory dysfunction

OTX-101

0.09%

QD

(n = 11)

CsA 0.05%

BID

(n = 11)

CsA CE

QD

(n = 11)

Vehicle BID

(n = 11)

Untreated

Healthy

C57Bl6/J

(n = 11)

Untreated

NOD

(n = 11)

Goldberg et al. (2019) [36]

Randomised,

multicentre,

vehicle-controlled,

double-masked,

phase 3

OTX-101

0.09%

(n = 371)

1 drop in both eyes

BID for 84 days

1, 2, 3 58.4 ± 14.1

56 (15.1)

Caucasian

Adults with a self-reported history of

DED C6 months

Clinical diagnosis of bilateral DED at

screening

Conjunctival staining score 3–9

Global symptom score C40

Vehicle

(n = 373)

59.5 ± 14.7

62 (16.6)

Caucasian
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Table 1 continued

Design Treatment
arms

Dose and
duration

Follow-up
period
(months)

Patient
Demographics
Age, yrs
(mean – SD)

Male, n (%)
Majority race

Key inclusion criteria

Karpecki et al. (2019) [42]

Open-label, single-centre, single-arm,
phase 1

OTX-101
0.09%
(n = 16)

1 drop in
both eyes
BID for 7
days

0.23, 0.27,
0.30

38.2 ± 10.9

10 (62.5)

Caucasian

Adults with BMI 18–32 kg/
m2; medically healthy

No nicotine/tobacco use

Non-diseased eyes

IOP 10–21 mm Hg in each
eye

Corrected visual acuity[20/
40 in each eye

Malhotra et al. (2019) [37]

Randomised, multicentre, double-masked,
vehicle-controlled, pooled analysis of
phase 2b/3 and phase 3 studies

OTX-101
0.09%
(n = 523)

1 drop in
both eyes
BID for 84
days

1, 2, 3 58.6 ± 14.2

86 (16.4)

Caucasian

Adults with a self-reported
history of DED C6
months

Clinical diagnosis of bilateral
DED

Conjunctival staining score
3–9 in same eye at
screening and baseline
visits

Snellen VA[20/200 in each
eye

Vehicle
(n = 525)

59.5 ± 14.4

94 (17.9)

Caucasian

Sheppard et al. (2020) [39]

Randomised, multicentre, double-masked,
vehicle-controlled, pooled analysis of
phase 2b/3 and phase 3 studies

OTX-101
0.09%
(n = 311)

1 drop in
both eyes
BID for 84
days

1, 2, 3 60.6 ± 13.4

46 (14.8)

Caucasian

Adults with a self-reported
history of DED C6
months

Clinical diagnosis of bilateral
DED

Conjunctival staining score
3–9 in same eye at
screening and baseline
visits

Snellen VA[20/200 in each
eye

SANDE score C40 at both
screening and baseline
visits

Vehicle
(n = 310)

61.7 ± 13.0

58 (18.7)

Caucasian
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Table 1 continued

Design Treatment
arms

Dose and
duration

Follow-up
period
(months)

Patient
Demographics
Age, yrs
(mean – SD)

Male, n (%)
Majority race

Key inclusion criteria

Sheppard et al. (2021) [40]

Randomised, multicentre, double-masked,
vehicle-controlled, phase 3 treatment
phase with subsequent long-term,
open-label extension phase

OTX-101
0.09%
(n = 371)§

OTX-101
0.09% /
OTX-101
0.09%
(n = 129)}

1 drop in
both eyes
BID for 84
days

1, 2, 3, 7,
10, 13,
16

58.4 ± 14.1

56 (15.1)

Caucasian

58.4 ± 15.5

20 (15.5)

NR

Adults with a self-reported
history of DED C6
months

Clinical diagnosis of
bilateral DED

Conjunctival staining score
3–9 in same eye at
screening and baseline
visits

Snellen VA[20/200 in
each eye

SANDE score C40 at both
screening and baseline
visits

Vehicle
(n = 373)§

Vehicle/
OTX-101
0.09%
(n = 129)}

59.5 ± 14.7

62 (16.6)

Caucasian

61.5 ± 14.2

22 (17.1)

NR

Smyth-Medina et al. (2019) [38]

Randomised, multicentre, double-masked,
vehicle-controlled, pooled analysis of
phase 2b/3 and phase 3 studies

OTX-101
0.09%
(n = 523)

1 drop in
both eyes
BID for 84
days

0.5, 1, 1.5,
2, 3

58.6 ± 14.2

86 (16.4)

Caucasian

Adults with a clinical
diagnosis of bilateral
DED for C6 months

Conjunctival staining score
3–9 in same eye at
screening and baseline
visits

Vehicle
(n = 525)

59.5 ± 14.4

94 (17.9)

Caucasian

Tauber et al. (2018) [35]

Randomised, multicentre, double-masked,
vehicle-controlled, dose-ranging, phase
2b/3

OTX-101
0.05%
(n = 151)

1 drop in
both eyes
BID for 84
days

0.5, 1, 1.5,
2, 3

61.9 ± 13.3

32 (21.2)

Caucasian

Adults with a self-reported
history of DED for C6
months

Diagnosis of bilateral DED

Snellen VA of C20/200

Conjunctival staining score
3–9

SANDE score C40 at
screening and baseline
visits

OTX-101
0.09%
(n = 152)

59.2 ± 14.6

30 (19.7)

Caucasian

Vehicle
(n = 152)

59.3 ± 13.8

32 (21.1)

Caucasian
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Table 1 continued

Design Treatment arms Dose and
duration

Follow-up period
(months)

Patient
Demographics
Age, yrs
(mean – SD)

Male, n (%)
Majority race

Key inclusion criteria

Weiss et al. (2019) [33]

Preclinical Single dose OTX-
101 0.05%
(n = 20)

Single bilateral
distribution of
treatment

0.25, 0.5, 1, 2, 4, 8, 12,
24, 48, 72 hours

NR

NR

N/A

NR

Single dose CsA
0.05%
(n = 20)

Repeat dose OTX-
101 0.01%
(n = 10)

4 bilateral
instillations
per day for 7
days

4, 7 days

Repeat dose OTX-
101 0.05%
(n = 20)

Repeat dose OTX-
101 0.1%
(n = 20)

Repeat dose CsA
0.05%
(n = 20)

Chung et al. (2018) [45]

Preclinical Lifitegrast OPUS-1

Rabbits
(n = 25)

Rabbits: 1.75
mg/eye/dose
BID for 5 days

Dogs: One 10
mL dose IV and
one 30 lL dose
in eye

Rabbits: 0.25, 0.5, 1, 3,
and 8 hours

Dogs: 0.25, 0.5, 1, 1.5,
2, 4, 8, 24, 48, 72, 96,
120, 144, and 168
hours

Rabbits:

C0.5

N/A

Dogs:

0.50–0.58

6 (54.5)

N/A

N/A

Lifitegrast OPUS-2

Rabbits
(n = 25)

14C-lifitegrast

Dogs
(n = 10)

Donnenfeld et al. (2016) [52]

Prospective, randomised,
multicentre, double-
masked, vehicle-
controlled phase 3

Lifitegrast 5.0%
(n = 221)

1 drop in both
eyes BID for
360 days

0.5, 3, 6, 9, 12 58.8 ± 12.4

56 (25.3)

Caucasian

Adults with a self-
reported history of
DED

BCVA of 0.7 logMAR
or better

CFS score C2 in C1
region

VAS C40 for eye
dryness or
discomfort

Use of artificial tears
within 6 months

Schirmer’s test 1–10
mm

Vehicle
(n = 111)

61.0 ± 13.2

26 (23.4)

Caucasian
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Table 1 continued

Design Treatment

arms

Dose and

duration

Follow-up

period

(months)

Patient

Demographics

Age, yrs

(mean – SD)

Male, n (%)

Majority race

Key inclusion criteria

Holland et al. (2017) [49]

Randomised, double-

masked, multicentre,

vehicle-controlled,

phase 3

Lifitegrast

(n = 355)

1 drop in both

eyes BID for

84 days

0.5, 1.5, 3 58.8 ± 14.1

87 (24.5)

Caucasian

Adults with a self-reported history of

DED

BCVA of C0.7 logMAR; CFS score C2

in C1 region

VAS C40 for EDS in both eyes;

conjunctival redness score C1 in C1

eye

Use of artificial tears within 30 days

Positive response in at least 1 eye at

visits 1 and 2 based on these criteria:

ICSS C0.5 and Schirmer’s test 1–10

mm

Placebo

(n = 356)

58.6 ± 14.8

87 (24.4)

Caucasian

Nichols et al. (2018) [53]

Prospective, multicentre,

randomised, double-

masked, vehicle-

controlled, phase 3

Lifitegrast

(n = 355)

1 drop in both

eyes BID for

84 days

0.5, 1.5, 3 58.8 ± 14.1

87 (24.5)

Caucasian

Adults with a self-reported history of

DED

Schirmer’s test 1–10 mm

EDS score VAS C40

Corneal staining score C2 in C1 region

Artificial tear use within 30 days of

study

Placebo

(n = 356)

58.6 ± 14.8

87 (24.4)

Caucasian

Nichols et al. (2019) [54]

Multicentre, randomised,

prospective,

double-masked, placebo-

controlled,

parallel-arm, pooled

analysis of

phase 2 and phase 3

studies

Lifitegrast

(n = 1287)

1 drop in both

eyes BID for

84 or 360

days

3, 12 59.3 ± 13.3

291 (22.6)

Caucasian

Adults with DED

Corneal staining score C2

Redness score C1

Schirmer’s test 1–10 mm

Change in ICSS C1; ICSS C0.5

ODS C3 at 2 consecutive time points

during CAE 1 and 2

Artificial tear use within 30 days of

study

EDS score VAS C40

Placebo

(n = 1177)

59.6 ± 13.7

298 (25.3)

Caucasian
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Table 1 continued

Design Treatment
arms

Dose and
duration

Follow-up
period
(months)

Patient
Demographics
Age, yrs
(mean – SD)

Male, n (%)
Majority race

Key inclusion criteria

Paskowitz et al. (2012) [51]

Prospective, randomised, double-
masked,
phase 1b

Lifitegrast 0.1%
(n = 4)

1 drop in test
eye BID for
1 week

NR NR

NR

NR

Adults scheduled for pars
plana vitrectomy

Lifitegrast 1.0%
(n = 4)

Lifitegrast 5.0%
(n = 5)

Pepose et al. (2019) [50]

Prospective, single-arm, open-label,
12-week, longitudinal, phase 4

Lifitegrast
(n = 26)

1 drop in both
eyes BID for
84 days

0.5, 1.5, 3 67.4 ± 9.6

3 (11.5)

Caucasian

Adults diagnosed with
DED

VAS score C40

In Group 1: tear osmolarity
308–320 mOsm/L in C1
eye

In Group 2: tear osmolarity
C320 mOsm/L in C1
eye

Semba et al. (2012) [48]

Prospective, randomised, double-
masked, vehicle-controlled, parallel-
arm, phase 2

Lifitegrast 0.1%
(n = 57)

1 drop in both
eyes BID for
84 days

0.5, 1.5, 3 63.1 ± 13.1

10 (17.5)

Caucasian

Adults with history of
bilateral DED

Use or desire to use
artificial tear substitutes
within past 6 months

Conjunctival redness

CFS C2

Schirmer’s test 1–10 mm

BCVA of C0.7 logMAR

Lifitegrast 1.0%
(n = 57)

63.6 ± 11.9

17 (29.8)

Caucasian

Lifitegrast 5.0%
(n = 58)

62.3 ± 12.2

11 (19.0)

Caucasian

Placebo
(n = 58)

60.4 ± 12.9

13 (22.4)

Caucasian

Sheppard et al. (2014) [46]

Multicentre, randomised, prospective,
double-masked, placebo-controlled,
parallel-arm, phase 3

Lifitegrast 5.0%
(n = 293)

1 drop in both
eyes BID for
84 days

0.5, 1.5, 3 60.2 ± 12.2

64 (21.8)

Caucasian

Adults with history of
bilateral DED

Use or desire to use
artificial tear substitutes
within past 6 months

Conjunctival redness

CFS C2

Schirmer’s test 1–10 mm

BCVA of C0.7 logMAR

Placebo
(n = 295)

61.1 ± 11.8

78 (26.4)

Caucasian
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Table 1 continued

Design Treatment

arms

Dose and duration Follow-up

period

(months)

Patient

Demographics

Age, yrs

(mean – SD)

Male, n (%)

Majority race

Key inclusion criteria

Tauber et al. (2015) [47]

Multicentre, randomised, prospective,

double-masked, vehicle-controlled,

parallel-arm, phase 3

Lifitegrast

5.0%

(n = 358)

1 drop in both eyes

BID for 84 days

0.5, 1.5, 3 58.7 ± 13.9

73 (20.4)

Caucasian

Adults with a self-

reported history of

DED

Use of artificial tears

within past 30 days

BCVA of C0.7 logMAR

CFS score C2 in C1

region

VAS C40 for EDS in

both eyes

Conjunctival redness

score C1 in C1 eye

EDS score VAS C40

Positive response in C1

eye at visits 1 and 2

ICSS C0.5 and

Schirmer’s test 1–10

mm

Vehicle

(n = 360)

58.9 ± 14.3

95 (26.4)

Caucasian

BCVA best-corrected visual acuity, BID twice daily, BMI body mass index, CAE controlled adverse environment, CFS corneal fluorescein

staining, CsA 0.05% cyclosporine ophthalmic emulsion 0.05%, CsA CE 0.1% (1 mg/mL) cyclosporine A cationic emulsion, DED dry eye

disease, EDS eye dryness score, ICSS inferior corneal staining score, IOP intraocular pressure, IV intravenous, logMAR logarithm of the

minimum angle of resolution in both eyes, min minimum, N/A not applicable, NOD NOD.B10.H2b, NR not reported, ODS ocular

discomfort score, OSDI Ocular Surface Disease Index, OTX-101 cyclosporine ophthalmic solution 0.09%, QD once daily, SANDE

Symptom Assessment iN Dry Eye, SD standard deviation, TBUT tear break-up time, VA visual acuity, VAS visual analogue scale

*Part 1, 0–6 months of treatment
�Part 2, 6–12 months of CsA CE
§Treatment phase
}Open-label extension
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Table 2 Summary of statistically significant between-group differences (P\ 0.05) in clinical efficacy

Intervention Efficacy endpoints* Time point# Estimate by
group
Treatment Comparison�

Sall et al. 2000 [22]

CsA 0.05% CFB in corneal staining Month 4 NR NR

Month 6 NR NR

Mean CFB in Schirmer’s score (anaesthetised) Month 3 NR NR

Decrease in artificial tear use Month 6 NR NR

CFB in blurred vision Month 1 NR NR

Month 3 NR NR

Month 4 NR NR

Month 6 NR NR

Stevenson et al. 2000 [21]

CsA 0.05% Improvement in sandy or gritty feeling Treatment week

12

NR NR

Post-treatment

week 2

NR NR

Post-treatment

week 4

NR NR

Improvement in ocular dryness Post-treatment

week 4

NR NR

Baudouin et al. 2017 [28]

CsA CE Mean CFB in CFS Month 1 - 0.8 - 0.5

Month 3 - 0.9 - 0.7

Month 6 - 1.1 - 0.8

Percent of patients with

C 25% improvement in ocular discomfort (VAS)

Month 6 50.2% 42.0%

Median HLA-DR expression CFB Month 6 - 21,875.6 - 1334.2

Leonardi et al. 2016 [27]

CsA CE Mean adjusted CFB in CFS Month 3 NR NR

Month 6 - 1.76 - 1.42

Ocular surface inflammation (HLA-DR

expression)

Month 1 52,306.0 66,825.0

Month 6 49,917.0 76,062.0
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Table 2 continued

Intervention Efficacy endpoints* Time point# Estimate by
group
Treatment Comparison�

Goldberg et al. 2019 [36]

OTX-101

0.09%

Percentage of eyes with an increase of C 10 mm

from baseline in Schirmer’s test scores

Day 84 16.6 (95% CI

13.4, 19.7)

9.2 (95% CI 6.8,

11.7)

Mean CFB in total corneal staining scores Day 28 - 0.8 ± 1.9 - 0.6 ± 1.8

Day 56 - 1.3 ± 1.9 - 0.9 ± 2.0

Day 84 - 1.4 ± 2.0 - 1.2 ± 2.2

Percentage of eyes with clear central corneas Day 28 54.1 47.3

Day 56 61.7 52.1

Day 84 65.0 56.9

LS mean CFB

In total conjunctival staining

Day 56 NR NR

Day 84 NR NR

Malhotra et al. 2019 [37]

OTX-101

0.09%

LS mean CFB in CFS total scores Day 28 - 0.9 ± 0.1 - 0.5 ± 0.1

Day 56 NR NR

Day 84 - 1.4 ± 0.1 - 0.9 ± 0.1

Sheppard et al. (2020) [39]

OTX-101

0.09%

ITT population: Percentage of eyes with increase in

Schirmer’s score C 10 mm from baseline

Day 84 or at early

discontinuation

16.6 9.0

ITT population: Percentage of eyes with increase in

Schirmer’s score[ 5 mm from baseline

Day 84 or at early

discontinuation

28.1% 17.7%

ITT population: Schirmer’s score Day 84 or at early

discontinuation

14.6 ± 9.9 12.8 ± 9.2

Subgroup with Schirmer’s score\ 10 mm:

Percentage of eyes with increase in Schirmer’s

score C 10 mm from baseline

Day 84 or at early

discontinuation

18.7 10.2

Subgroup with Schirmer’s score\ 10 mm:

Percentage of eyes with increase in Schirmer’s

score[ 5 mm from baseline

Day 84 or at early

discontinuation

31.0% 19.6%

Subgroup with Schirmer’s score\ 10 mm:

Schirmer’s score

Day 84 or at early

discontinuation

9.9 ± 7.7 8.1 ± 6.6
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Table 2 continued

Intervention Efficacy endpoints* Time point# Estimate by
group
Treatment Comparison�

Sheppard et al. (2021) [40]

OTX-101

0.09%

(worse

eye)

Percentage of patients with Schirmer’s score

increase of C 10 mm from baseline

Week 12 20.5 11.3

Mean CFB in Schirmer’s scores Week 12 4.0 ± 7.8 2.2 ± 6.8

LS mean ± SE CFB in total conjunctival staining Week 8 - 1.5 ± 0.1 - 0.9 ± 0.1

Week 12 - 1.7 ± 0.1 - 1.1 ± 0.1

Percentage of patients with clear central corneas Week 4 55.1 45.6

Week 12 64 55.3

Smyth-Medina et al. (2019) [38]

OTX-101

0.09%

Mean total conjunctival staining score in both eyes Day 28 NR NR

Day 56 NR NR

Day 84 3.9 ± 2.3 4.5 ± 2.5

Mean inferior conjunctival staining score in both

eyes

Day 28 NR NR

Day 56 NR NR

Day 84 1.1 ± 0.7 1.3 ± 0.7

Mean superior conjunctival staining score in both

eyes

Day 28 NR NR

Day 56 NR NR

Day 84 0.7 ± 0.6 0.9 ± 0.7

Mean lateral conjunctival staining score in both

eyes

Day 56 NR NR

Day 84 0.6 ± 0.7 0.8 ± 0.7

Tauber et al. (2018) [35]

OTX-101

0.09%

LS mean CFB in total conjunctival staining scores Day 84 NR NR

Mean CFB in total CFS scores Day 28 NR NR

Day 84 NR NR

Mean CFB in Schirmer’s test scores Day 84 3.5 mm 0 mm

Holland et al. (2017) [49]
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Table 2 continued

Intervention Efficacy endpoints* Time point# Estimate by
group
Treatment Comparison�

Lifitegrast Mean CFB in eye dryness score (VAS) Day 14 7.9} (95% CI

4.3, 11.4)

Day 42 9.3} (95% CI

5.4, 13.2)

Day 84 7.2} (95% CI

3.0, 11.3)

Semba et al. (2012) [48]

Lifitegrast Percentage of subjects demonstrating an increase of

inferior corneal staining[ 1.0 point CFB

Day 84 0 16.1

Percentage of subjects demonstrating improvement

in OSDI visual-related score

Day 84 50.0% 19.6%

Inferior corneal staining score mean CFB Day 84 NR NR

Sheppard et al. (2014) [46]

Lifitegrast Mean CFB in inferior CFS score Day 84 NR NR

Percentage of subjects with C 1.0-point

reduction in inferior corneal staining score

Day 84 22.2 13.9

Mean CFB in total CFS score Day 84 NR NR

Mean CFB in superior CFS score Day 84 NR NR

Mean CFB in nasal conjunctival staining score Day 14 NR NR

Day 42 NR NR

Day 84 NR NR

Mean CFB in total conjunctival staining score Day 14 NR NR

Day 84 NR NR

Proportion of subjects with C 1.0-point reduction

in nasal conjunctival staining

Day 84 24.6% 15.6%

Mean eye dryness score Day 42 NR NR

Day 84 NR NR

Mean ocular discomfort score Day 84 NR NR

Tauber et al. (2015) [47]
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Findings from these pivotal trials demon-
strated significant improvements in ocular signs
and symptoms of moderate-to-severe DED with
few AEs, indicating a favourable risk–benefit
profile for CsA 0.05%. Improvements in objec-
tive measures, such as corneal staining and
Schirmer’s tear test scores, in addition to sub-
jective measures like blurred vision and the use
of artificial tears, suggest that treatment with
CsA 0.05% improves the underlying patho-
physiology of DED. While effective in managing
DED signs and symptoms, CsA 0.05% is
accompanied by a higher rate of most TEAEs
compared to using the vehicle, although few of
these led to treatment discontinuation. The
results from these three clinical trials demon-
strate that the clinical benefit of CsA 0.05% is
accompanied by minimal patient risk.

CSA CE 0.1%

In 2015, CsA CE became the first topical CsA
treatment for patients with DED available in
Europe [19]. In contrast to the anionic emulsion
CsA 0.05%, CsA CE is a cationic nanoemulsion
of CsA 0.1%. Encapsulation of CsA in a CE cre-
ates a net positive charge of the oil nan-
odroplets, which may improve the residence
time and the ocular bioavailability of CsA
compared to other formulations [24, 25].

Preclinical Studies

Preclinical studies provide valuable information
relating to the efficacy and mechanism of
action of DED treatments. In an in vitro dry eye
model, human corneal epithelial cells were
subjected to desiccation stress and then treated
with CsA 0.05% 1:50, CsA CE 1:50, CsA CE
1:100, or control (Table 1). Cellular inflamma-
tion was evaluated through production of the
inflammatory cytokine tumour necrosis factor
alpha (TNFa), the phosphorylated proinflam-
matory factors nuclear factor kappa B (NF-jB)
and inhibitor of kappa B alpha (IjBa), and
activation of the NF-jB/IjBa pathway. Apop-
totic effects were determined through quantifi-
cation of the proapoptotic protein, Bax, and the
antiapoptotic protein, B cell lymphoma-extra
large. Levels of the cell proliferation and sur-
vival factors phosphorylated extracellular sig-
nal-regulated kinase 1/2 and phosphorylated
protein kinase B were quantified to investigate
cell survival [26].

CsA CE 1:50 and 1:100 had dose-dependent
and more potent anti-inflammatory and anti-
apoptotic effects than CsA 0.05% [26]. Addi-
tionally, CsA CE 1:50 decreased cellular levels of
inflammatory factors (P\ 0.05) while increas-
ing expression of antiapoptotic factors com-
pared to CsA 0.05%-treated and untreated cells

Table 2 continued

Intervention Efficacy endpoints* Time point# Estimate by
group
Treatment Comparison�

Lifitegrast Eye dryness (VAS) CFB Day 84 - 35.3 ± 28.6 - 22.75 ± 28.4

Data presented as mean ± SD, unless indicated otherwise
CFB change from baseline, CFS corneal fluorescein staining, CI confidence interval, CsA 0.05% cyclosporine ophthalmic
emulsion 0.05%, CsA CE 0.1% (1 mg/mL) cyclosporine A cationic emulsion, F Fisher exact test, HLA-DR human leukocyte
antigen DR, ITT intent-to-treat, lifitegrast lifitegrast ophthalmic solution 5.0%, LS least squares, NR not reported, OSDI
ocular surface disease index, OTX-101 cyclosporine ophthalmic solution 0.09%, SE standard error, SD standard deviation,
VAS visual analogue scale
*Only endpoints with statistically significant between-group results are included in this table
�Comparison group is vehicle, unless indicated otherwise
§Nominal p value
}Treatment effect
#Time points reported as published
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Table 3 Adverse events leading to treatment discontinuation

Study Treatment Adverse event Treatment
n (%)

Comparator
n (%)

Sall et al. (2000) [22] CsA 0.05% Any TEAE 19 (6.5) 13 (4.5)

Burning and stinging 5 (1.7) 5 (1.7)

Stevenson et al. (2000) [21] CsA 0.05% Any ocular TEAE 0 2 (6.0)

Stonecipher et al. (2016) [23] CsA 0.05% Any non-ocular TEAE 2 (5.0) NA

Baudouin et al. (2017) [28] CsA CE Any ocular TEAE 24 (9.9) 18 (7.2)

Baudouin et al. (2017) [29] CsA CE Any TEAE 21 (13.6)*

10 (7.8)�
9 (10.0)*

Any ocular TEAE 18 (11.7)*

9 (7.0)�
6 (6.7)*

Treatment-related TEAE 16 (10.4)*

8 (6.3)�
5 (5.6)*

Instillation site pain 5 (3.9)�

Goldberg et al. (2019) [36] OTX-101 Instillation site pain 9 (2.4) 0

Sheppard et al. (2021) [40] OTX-101 Any TEAE 25 (9.7) NA

Smyth-Medina et al. (2019) [38] OTX-101 Any TEAE 15 (2.9) 5 (1.0)

Tauber et al. (2018) [35] OTX-101 Any TEAE 5 (3.3) 6 (3.9)

Donnenfeld et al. (2016) [52] Lifitegrast Any TEAE 27 (12.3) 10 (9.0)

Any ocular TEAE 18 (8.2) 6 (5.4)

Instillation site reaction 4 (1.8) 0

Lacrimation increased 3 (1.4) 1 (0.9)

Visual acuity reduced 3 (1.4) 0

Instillation site irritation 2 (0.9) 2 (1.8)

Vision blurred 2 (0.9) 1 (0.9)

Instillation site pain 2 (0.9) 1 (0.9)

Any non-ocular TEAE 9 (4.1) 4 (3.6)

Dysgeusia 4 (1.8) 0

Holland et al. (2017) [49] Lifitegrast Any TEAE 21 (5.9) 9 (2.5)

Any ocular TEAE 17 (4.8) 6 (1.7)

Instillation site reaction 5 (1.4) 2 (0.6)

Instillation site irritation 4 (1.1) 0

Any non-ocular TEAE 6 (1.7) 3 (0.8)
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(P\0.05). Cell proliferation and survival fac-
tors were significantly increased in CsA CE-
treated cells compared to CsA 0.05%-treated
and untreated cells (P\0.05); there was no
significant difference in these factors when cells
were treated with CsA 0.05% or the control [26].
These preclinical findings suggest that CsA CE
may provide improved anti-inflammatory ben-
efits compared to CsA 0.05% treatment. Com-
parative clinical studies are needed to confirm
these preclinical findings.

Clinical Pivotal Trials

Efficacy
Two clinical pivotal trials investigated the effi-
cacy of CsA CE 0.1% (Table 1). The phase 3
SANSIKA study in patients with severe DED had
two parts—a vehicle-controlled, double-masked
6-month phase where patients were randomised
to CsA CE 0.1% or vehicle, followed by a

6-month, open-label extension (OLE) where all
patients received CsA CE 0.1% [27, 28]. Treat-
ment with once daily (QD) CsA CE 0.1% for
6 months led to significantly greater improve-
ments in corneal damage and ocular surface
inflammation compared to vehicle (Table 2)
[27]. Both vehicle- and CsA CE 0.1%-treated
patients demonstrated improved corneal fluo-
rescein staining (CFS) scores over 6 months, but
treatment with CsA CE 0.1% resulted in a sig-
nificantly greater decrease from baseline than
vehicle after 3 months of treatment and was
sustained through 6 months of treatment
(P = 0.024 and P = 0.037, respectively). Ocular
surface inflammation was assessed by human
leukocyte antigen DR (HLA-DR) expression; CsA
CE demonstrated significantly decreased HLA-
DR expression at 1- and 6-month time points
(Table 2) [27].

Despite the significant differences between
CsA CE 0.1% and vehicle in clinical signs of
DED in the SANSIKA double-masked

Table 3 continued

Study Treatment Adverse event Treatment
n (%)

Comparator
n (%)

Nichols et al. (2018) [53] Lifitegrast Instillation site reaction 5 (1.4) 2 (0.6)

Instillation site irritation 4 (1.1) 0

Nichols et al. (2019) [54] Lifitegrast Any TEAE 90 (7.0) 31 (2.6)

Any ocular TEAE 71 (5.5) 18 (1.5)

Instillation site pain 8 (0.6) 1 (0.1)

Instillation site irritation 13 (1.0) 2 (0.2)

Instillation site reaction 12 (0.9) 2 (0.2)

Any non-ocular TEAE 24 (1.9) 13 (1.1)

Dysgeusia 6 (0.5) 0

Semba et al. (2012) [48] Lifitegrast Any TEAE 6 (10.3) 1 (1.7)

Tauber et al. (2015) [47] Lifitegrast Any TEAE 26 (7.2) 3 (0.8)

Any ocular TEAE 23 (6.4) 2 (0.6)

Any non-ocular TEAE 6 (1.7) 1 (0.3)

CsA 0.05% cyclosporine ophthalmic emulsion 0.05%, CsA CE 0.1% (1 mg/mL) cyclosporine A cationic emulsion, TEAE
treatment-emergent adverse event, NA not applicable, OTX-101 cyclosporine ophthalmic solution 0.09%
*Part 1, 0–6 months of treatment
�Part 2, 6–12 months of CsA CE
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Table 4 Summary of the most common (occurring in more than 5% of patients) TEAEs

Study Treatment Adverse event Treatment, n
(%)

Vehicle, n
(%)

Sall et al. (2000)§ [22] CsA 0.05% Burning eye 43 (14.7) 19 (6.5)

Stonecipher et al. (2016) [23] CsA 0.05% Instillation site burn 3 (7.5) NA

Instillation site pain 3 (7.5)

Eye irritation 2 (5.0)

Baudouin et al. (2017)* [28] Eye irritation 39 (16.1) 6 (2.4)

CsA CE Instillation site irritation 22 (9.1) 4 (1.6)

Eye pain 17 (7.0) 7 (2.8)

Baudouin et al. (2017)*� [29] CsA CE Instillation site pain 10 (7.8) NA

Leonardi et al. (2016)* [27] CsA CE Instillation site pain 45 (29.2) 8.1 (8.9)

Goldberg et al. 2019 [36] OTX-101

0.09%

Instillation site pain 90 (24.2) 16 (4.3)

Conjunctival hyperaemia 30 (8.1) 19 (5.1)

Karpecki et al. (2019)* OTX-101

0.09%

Eye irritation 1 (6.2) NA

Eye pain 1 (6.2)

Eye pruritis 1 (6.2)

Malhotra et al. (2019) [37] OTX-101

0.09%

Instillation site pain 114 (21.8) 21 (4.0)

Conjunctival hyperaemia 30 (5.7) 19 (3.6)

Sheppard et al. (2020) [39] OTX-101

0.09%

Instillation site pain 114 (21.8) 21 (4.0)

Conjunctival hyperaemia 30 (5.7) 19 (3.6)

Sheppard et al. (2021) [40] OTX-101

0.09%

Instillation site pain 59 (22.9) NA

Conjunctival hyperaemia 26 (10.1)

Punctate keratitis 16 (6.2)

Smyth-Medina et al. (2019)

[38]

OTX-101

0.09%

Instillation site pain 114 (21.8) 21 (4.0)

Conjunctival hyperaemia 30 (5.7) 19 (3.6)

Tauber et al. (2018) [35] OTX-101

0.09%

Instillation site pain 23 (15.1) 5 (3.3)

Donnenfeld et al. (2016) [52] Lifitegrast Dysgeusia 36 (16.4) 2 (1.8)

Instillation site irritation

(burning)

33 (15.0) 5 (4.5)

Instillation site reaction 29 (13.2) 2 (1.8)

Visual acuity reduced 25 (11.4) 7 (6.3)

Dry eye 4 (1.8) 6 (5.4)
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comparative study period, both treatments
demonstrated substantial improvements in
DED symptoms from baseline to 6 months with
no significant difference between treatments
[27]. Adjusted mean change in OSDI score from
baseline to month 6 (95% confidence interval)
was - 13.6 (- 17.0, - 10.0) and - 14.1
(- 18.6, - 9.5) for CsA CE 0.1% and vehicle,
respectively (P = 0.858). This emphasises that
the vehicle for CsA CE, an unpreserved cationic

oil-in-water nanoemulsion, may have the abil-
ity to improve DED symptoms on its own.

Efficacy results from the OLE phase of the
SANSIKA study reiterated the findings from the
6-month, double-masked, comparative phase.
Corneal fluorescein staining scores continued to
improve while reductions in HLA-DR expression
were primarily maintained in patients who
received CsA CE 0.1% throughout the compar-
ative and OLE phases. Patients who received

Table 4 continued

Study Treatment Adverse event Treatment, n
(%)

Vehicle, n
(%)

Holland et al. (2017) [49] Lifitegrast Instillation site irritation 65 (18.2) 11 (3.1)

Dysgeusia 46 (12.9) 1 (0.3)

Instillation site reaction 45 (12.6) 19 (5.4)

Nichols et al. (2018) [53] Lifitegrast Instillation site irritation 4.7 (18.2) 0.5 (3.1)

Instillation site reaction 3.3 (12.6) 0.9 (5.4)

Nichols et al. (2019) [54] Lifitegrast Instillation site irritation 195 (15.2) 33 (2.8)

Dysgeusia 186 (14.5) 4 (0.3)

Instillation site reaction 158 (12.3) 27 (2.3)

Instillation site pain 126 (9.8) 25 (2.1)

Semba et al. (2012) [48] Lifitegrast Any instillation site condition} 35 (60.3) 9 (15.5)

Conjunctival haemorrhage 3 (5.2) 0

Sheppard et al. (2014) [46] Lifitegrast Instillation site irritation 69 (24.0) 12 (4.0)

Instillation site pain 63 (22.0) 11 (4.0)

Instillation site reaction 50 (17.0) 2 (1.0)

Instillation site pruritis 19 (7.0) 6 (2.0)

Tauber et al. (2015) [47] Lifitegrast Dysgeusia 58 (16.2) 1 (0.3)

Instillation site irritation 28 (7.8) 5 (1.4)

Instillation site reaction 25 (7.0) 4 (1.1)

Reduced visual acuity 18 (5.0) 23 (6.4)

CsA 0.05% cyclosporine ophthalmic emulsion 0.05%, CsA CE 0.1% (1 mg/mL) cyclosporine A cationic emulsion, N/A not
applicable, TEAE treatment-emergent adverse event, OTX-101 cyclosporine ophthalmic solution 0.09%
*Noted as treatment-related TEAEs
�Part 2 of study
§TEAEs listed occurred cyclosporine groups combined
}Includes all adverse events at the site of treatment administration (e.g. discomfort, irritation, pain)
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vehicle during the comparative phase and then
received CsA CE 0.1% in the OLE phase exhib-
ited improved mean (± standard deviation
[SD]) CFS scores from month 6 to 12 (2.5 ± 1.1
vs 2.0 ± 1.3, respectively) and similarly reduced
median HLA-DR levels from month 6 to 12
(76,062 vs 57,728 arbitrary units of fluores-
cence, respectively). These findings emphasise
the benefit of the active component of CsA CE
0.1% [28].

The randomised, double-masked SICCA-
NOVE study compared the efficacy of CsA CE
0.1% to vehicle in patients with moderate-to-
severe DED over 6 months of treatment
(Table 1) [29]. After 1 month of treatment,
patients receiving CsA CE 0.1% demonstrated
significantly greater improvements in mean CFS
change from baseline (CFB) than the vehicle
group; this improvement was sustained through
6 months of treatment (Table 2). As in SAN-
SIKA, both CsA CE 0.1% and vehicle groups in
SICCANOVE had notable improvements in the
coprimary symptom efficacy endpoint, mean
change (± SD) in global ocular discomfort (vi-
sual analogue scale [VAS]) score, from baseline
to 6 months with no significant difference
between groups (- 12.82 ± 18.59 vs - 11.21 ±

19.34, respectively; P = 0.808) [29]. However,
at month 6, significantly more patients in the
CsA CE group vs vehicle had at least a 25%
improvement in global VAS score (50.2% vs
42.0%, P = 0.048), indicating a greater number
of patients with a clinically relevant reduction
in ocular discomfort [29].

Safety
Safety analyses in the SICCANOVE and SAN-
SIKA studies demonstrated that CsA CE 0.1%
was well tolerated by patients and the safety
profile was as expected on the basis of other CsA
formulations. Most TEAEs were mild or moder-
ate; numerically higher incidence of severe
ocular TEAEs was observed with patients using
CsA CE 0.1% compared to vehicle [27, 29]. In
SICCANOVE, 38.0% of CsA CE 0.1% patients
reported an ocular treatment-related AE after
6 months of treatment, whereas 16.4% of vehi-
cle patients reported treatment-related AEs [29].
Eye irritation and eye pain were the most
common TEAEs in the CsA CE 0.1% and vehicle

groups, respectively (Table 4). In SANSIKA,
during the 6-month comparative phase, treat-
ment-related AEs were reported by 37.0% and
21.1% of CsA CE 0.1% and vehicle patients,
respectively [27]. In patients who continued on
CsA CE 0.1% for the OLE phase, 14.8% reported
treatment-related AEs through 6 and 12 months
[28]. Instillation site pain was the most fre-
quently reported treatment-related ocular AE in
SANSIKA for both groups in the comparative
and OLE study periods (Table 4) [27, 28]. Over-
all, 6.7–11.7% of all patients in SICCANOVE
and SANSIKA discontinued because of ocular
TEAEs, with patients receiving CsA CE 0.1%
having slightly higher discontinuation rates
(Table 3).

Baudouin et al. measured systemic CsA levels
in a subset of 85 CsA CE patients in SICCA-
NOVE; four patients had quantifiable, albeit
negligible systemic CsA levels [29]. Similarly in
SANSIKA, most systemic CsA levels were not
detectable or, if measurable, were deemed neg-
ligible [27, 28].

The risk–benefit profile of CsA CE 0.1% is
consistent with other CsA-based treatments.
The SICCANOVE and SANSIKA studies estab-
lished the clinical benefit of CsA CE compared
to vehicle for the treatment of clinical signs of
DED. Improvements in DED symptoms are
observed with CsA CE 0.1%, but no significant
improvement was found over treatment with
vehicle [27–29]. As expected, patients receiving
CsA CE 0.1% typically reported more TEAEs
than patients using vehicle only (Table 4)
[27, 29]. However, despite a higher incidence of
TEAEs in CsA CE 0.1%-treated patients, the
percentage of patients who discontinued treat-
ment because of an ocular TEAE is relatively
comparable between CsA CE 0.1% (9.9%) and
vehicle-treated (7.2%) groups (Table 3) [29].
This highlights the favourable risk–benefit pro-
file of CsA CE 0.1%.

CSA 0.09% SOLUTION

The clear, aqueous, nanomicellar CsA 0.09%
solution, OTX-101, was approved in the USA in
2018 to increase tear production in patients
with DED and is designed to provide high CsA
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delivery to target ocular tissues [30]. Ocular
delivery of CsA is enhanced as the novel for-
mulation optimises the encapsulation of CsA in
the micelle core through hydrophobic interac-
tion [30, 31]. Improved bioavailability in ocular
tissues may affect duration of efficacy, which
patients report to influence their satisfaction
[32].

Preclinical Studies

A preclinical study in New Zealand white rabbits
evaluated the ocular distribution, tolerability,
and systemic exposure of CsA after administra-
tion of OTX-101 as a single dose and a repeated
dose instilled four times per day for 7 days;
multiple doses of OTX-101 (0.01%, 0.05%,
0.1%) were compared to CsA 0.05% (Table 1)
[33]. OTX-101 approximately doubled the CsA
concentration in the conjunctiva and cornea
after a single (OTX-101 0.05%) or repeat (OTX-
101 0.05% and OTX-101 0.1%) dose compared
with CsA 0.05% [33]. Even with the demon-
strated ocular tissue CsA concentrations with
OTX-101, no signs of toxicity were found.
However, there was notable accumulation in
ocular tissues with both CsA 0.05% and OTX-
101 in the repeated dose phase, which suggests
a dose regimen of four times per day may be
excessive and could increase likelihood of toxi-
city development.

A head-to-head study in NOD.B10.H2b mice
compared the efficacy of OTX-101 0.09% (ad-
ministered QD or BID), CsA 0.05% BID, and CsA
CE 0.1% QD (Table 1) [33, 34]. Efficacy assess-
ments included tear volume, corneal staining,
conjunctival goblet cell density, and inter-
leukin-1b cytokine levels. Over 60 days of
treatment, OTX-101 0.09% BID significantly
increased tear volume compared with CsA
0.05% on day 30, 45, and 60 (P\ 0.05,
P\ 0.001, and P\ 0.001, respectively) and CsA
CE 0.1% on day 60 (P\0.05) [34]. Mice treated
with OTX-101 0.09% BID also had significantly
higher goblet cell density compared to the pla-
cebo and untreated diseased control groups,
emphasising that OTX-101 improves ocular
surface hydration [34]. Overall, OTX-101 BID
had greater increases in tear volume and goblet

cell density compared to CsA 0.05% and CsA CE
treatments, supporting the efficacy of OTX-101
0.09% BID in treating patients with DED. There
were no statistical differences observed between
treatment groups for corneal staining or inter-
leukin-1b cytokine levels [34].

Clinical Pivotal Trials

Efficacy
Numerous pivotal clinical trials investigated the
efficacy of OTX-101 0.09% in the treatment of
patients with DED. These studies include a
phase 2b/3 dose-ranging and phase 3 trials on
the safety and efficacy of OTX-101 [35, 36].
Further analyses have been conducted in pooled
data from the OTX-101 phase 2b/3 and phase 3
trials [37–39]. Lastly, a phase 3 worse-eye effi-
cacy analysis and a 1-year OLE evaluated long-
term safety of OTX-101 in patients with DED
[40]. Study design details are presented in
Table 1.

The phase 2b/3 study evaluated the efficacy
of two concentrations of OTX-101, 0.05% and
0.09%, compared to its vehicle over 84 days
[35]. Efficacy assessments included both ocular
signs and symptoms. Both OTX-101 groups
demonstrated significant improvement at
day 84 in mean CFB in total conjunctival lis-
samine green staining scores, CFS scores, and
Schirmer’s test scores compared to vehicle
(Table 2) [35]. Patient-reported symptoms
assessing the frequency and severity of dryness
and/or irritation (modified ‘‘symptom assess-
ment in dry eye’’ [SANDE] questionnaire)
improved in both vehicle and OTX-101 groups
by approximately 30%; there were no signifi-
cant differences between groups [35]. Results
from this study led to the decision to advance
OTX-101 0.09% for further clinical develop-
ment [35].

Results from the OTX-101 0.09% pivotal
phase 3 trial built upon the phase 2b/3 results.
Assessments included CFS, conjunctival lis-
samine staining, modified SANDE scores, and
the percentage of eyes with a clinically mean-
ingful improvement (increase of at least 10 mm)
in Schirmer’s test score after treatment for
84 days [36]. A significantly greater proportion
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of eyes treated with OTX-101 0.09% achieved
an increase of at least 10 mm in the Schirmer’s
test score at day 84 (16.6% vs 9.2%), indicating
a significant increase in tear production com-
pared to vehicle (P\0.001) (Table 2). The OTX-
101 0.09%-treated eyes also demonstrated sig-
nificantly improved CFS compared to vehicle
(P\0.01) at days 28, 56, and 84 and signifi-
cantly improved conjunctival staining com-
pared to vehicle (P\0.001) at days 56 and 84
(P = 0.007) (Table 2) [36]. Lastly, a significantly
larger percentage of eyes treated with OTX-101
0.09% demonstrated clear central corneas
compared with the vehicle group; this differ-
ence emerged by day 28 (P = 0.04) of treatment
and lasted throughout day 84 (P = 0.02) [36].

Analysis of the worse eye (defined for Schir-
mer’s test and conjunctival staining assessments
as the eye with lower baseline Schirmer’s score
and for CFS assessments as the eye with lower
baseline CFS score) further confirmed the effi-
cacy of OTX-101 0.09% for improving objective
signs of DED [40]. Treatment with OTX-101
0.09% significantly improved the percentage of
eyes with complete corneal clearing and total
conjunctival staining as early as week 4
(P = 0.010) and week 8 (P\0.001) compared to
vehicle, respectively (Table 2) [40].

In pooled phase 2b/3 and 3 analyses, OTX-
101 0.09% improved total corneal staining, and
therefore corneal surface integrity, after only
4 weeks of treatment, and this improvement
was maintained throughout the study [37]. The
individual zones of the cornea were also asses-
sed; the central, inferior, lateral, and medial
zones all had significantly improved corneal
clearing with OTX-101 0.09% compared to
vehicle (P = 0.001) at all time points, with the
exception of the lateral zone on day 28 [37]. A
significantly high correlation between reduced
central corneal staining and improved visual
acuity (VA) was found on day 84 (P = 0.012)
[37], which is important as impaired visual
function is associated with central corneal
epithelial damage in DED [41]. Another pooled
analysis showed treatment with OTX-101 sig-
nificantly improved total conjunctival staining
compared with vehicle at 28 days and was
maintained through 84 days (Table 2) [38].
Conjunctival staining in the inferior and

superior zones at all time points and in the
lateral zone on days 56 and 84 was also signifi-
cantly reduced in eyes treated with OTX-101
compared with vehicle (Table 2) [38]. In a
pooled analysis, significantly more eyes receiv-
ing OTX-101 had an increase in Schirmer’s score
of at least 10 mm from baseline at day 84 in
both the intent-to-treat population (P\0.0001)
and a subgroup population of patients with an
unanaesthetised Schirmer’s test score of less
than 10 mm at baseline (P = 0.0001) (Table 2)
[39]. Additionally, treatment with both OTX-
101 and vehicle led to improved DED symp-
toms (SANDE scores) from baseline to day 84,
but there was no difference in improvement
between OTX-101 and vehicle (P = 0.354) [39].

Safety
Safety findings in the OTX-101 pivotal trials are
consistent with the established safety and tol-
erability profiles of topical ophthalmic CsA. The
phase 1 safety study showed systemic exposure
to CsA was negligible in healthy participants
after BID ocular administration of OTX-101 for
7 days and QD on day 8 [42]. Over the study
period, three participants reported a total of
three ocular TEAEs; all were mild and resolved
without additional treatment (Table 4).

The majority of ocular AEs reported in the
phase 2b/3 and phase 3 OTX-101 studies were
mild to moderate [35, 36]. In the phase 2b/3
trial, four (2.6%) patients in the vehicle group
reported a serious TEAE vs zero patients in the
OTX-101 0.09% group. The most common
TEAE in both the phase 2b/3 and phase 3 stud-
ies was instillation site pain, occurring more
often in OTX-101-treated patients compared to
vehicle (Table 4) [35, 36]. The number of
patients who discontinued from either study
was low (less than 4%) and similar between
OTX-101 and vehicle groups (Table 3) [35, 36].
The percentage of patients discontinuing treat-
ment because of TEAEs and the most common
TEAEs are summarised in Table 3 and 4.

The 1-year OLE following the 12-week treat-
ment phase from the OTX-101 phase 3 clinical
trial is the longest follow-up of OTX-101 in
patients with DED (Table 1). The safety and
tolerability profile in the long-term safety phase
was consistent with results from the 12-week
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treatment phase [40]. Patients most commonly
reported instillation site pain (22.9%), followed
by conjunctival hyperaemia (10.1%) and punc-
tate keratitis (6.2%) (Table 4) [40]. Over the
1-year safety phase, 9.7% of patients discontin-
ued treatment because of TEAEs (Table 3) [40].
These findings support the long-term tolerabil-
ity of OTX-101 for the treatment of DED.

Overall, these numerous pivotal trials on the
safety and efficacy of OTX-101 show a favour-
able risk–benefit profile. The clinical benefit of
OTX-101 compared to vehicle has been thor-
oughly established, as it significantly improves
objective signs of tear production, conjunctival
staining, or corneal staining in patients with
moderate-to-severe DED. OTX-101 also
improved symptoms of DED, although it was
not significant compared to vehicle [35, 36]. As
consistent with other CsA-based treatments,
more patients taking OTX-101 reported TEAEs
compared to vehicle; however, most of these
TEAEs were mild to moderate in severity and
did not lead to treatment discontinuation
[36–38].

LIFITEGRAST OPHTHALMIC
SOLUTION 5%

Lifitegrast, the small molecule LFA-1 antagonist
formerly known as SAR 1118, was a first-in-class
integrin anti-inflammatory specifically engi-
neered for the treatment of DED. By inhibiting
T cell adhesion to intercellular adhesion
molecule 1 (ICAM-1), lifitegrast blocks the
interaction between the integrin LFA antigen 1
and ICAM-1, thereby inhibiting the inflamma-
tory cascade associated with DED [43, 44]. The
US Food and Drug Administration approved
lifitegrast in 2016 for the treatment of signs and
symptoms of DED.

Preclinical Studies

The ocular distribution, pharmacokinetic (PK),
and excretion profile of lifitegrast was investi-
gated in two preclinical animal models exam-
ining the exposure of lifitegrast across anterior
and posterior ocular tissues and in plasma of

female pigmented rabbits, and the excretion
profile of lifitegrast after topical administration
in male and female Beagle dogs (Table 1) [45]. In
the ocular distribution and PK rabbit study, two
slightly different lifitegrast formulations were
examined (formulations from phase 3 trials
OPUS-1 and OPUS-2) (Table 1) [46, 47]. The
distribution and exposure of lifitegrast was
generally highest in the anterior segment tissues
after 5 days BID of treatment. The highest
lifitegrast concentrations were seen in the con-
junctiva and cornea, the target tissues for DED
treatment, and low concentrations were
observed in posterior segment tissues [45].
There were no significant differences between
the formulations in distribution and exposure
in the plasma and ocular tissues. Rapid elimi-
nation of radiolabeled lifitegrast (14C-lifitegrast)
was found in the Beagle study after intravenous
or topical ophthalmic administration. Approx-
imately 90% of elimination occurred in the first
48 h post intravenous dose, primarily through
faecal excretion [45]. These findings suggest
minimal metabolism of lifitegrast in vivo and
that it reaches the intended ocular surface tis-
sues for DED treatment; furthermore, off-target
AEs are unlikely [45].

Clinical Pivotal Trials

Efficacy
One phase 2 and three phase 3 trials assessed
the efficacy of lifitegrast (Table 1) [46–49].
Overall, lifitegrast significantly improved both
the clinical signs and symptoms of DED com-
pared to treatment with vehicle.

The phase 2 trial evaluated the therapeutic
potential of LFA-1 inhibition by assessing the
efficacy of 84 days of treatment with multiple
lifitegrast concentrations (0.1%, 1.0%, 5.0%)
compared to vehicle in patients with DED [48].
A dose-dependent reduction in the progression
of corneal staining was observed, with lifitegrast
5.0% showing the greatest improvement in
inferior corneal staining mean CFB compared to
vehicle at day 84 (P = 0.021) [48]. Additionally,
lifitegrast demonstrated symptomatic improve-
ment of DED; a significantly greater percentage
of patients treated with lifitegrast demonstrated
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improvement in the OSDI visual-related score at
day 84 vs vehicle (50.0% vs 19.6%, P\ 0.0001)
(Table 2) [48].

The OPUS-1 pivotal phase 3 trial further
confirmed the therapeutic clinical responses of
lifitegrast from the phase 2 study [46]. Lifite-
grast significantly reduced CFS (regions: infe-
rior, P = 0.001; superior, P = 0.039; total,
P = 0.015) and conjunctival lissamine staining
(nasal and total regions) over 84 days of treat-
ment (P\0.05) (Table 2) [46]. Significant
improvements in conjunctival staining were
observed as early as day 14 for both nasal
(P = 0.002) and total (P = 0.015) regions
(Table 2). Additionally, lifitegrast significantly
improved symptoms of ocular discomfort at
day 84 (P = 0.027) and eye dryness at day 42
(P = 0.044) and day 84 (P = 0.029) compared
with vehicle [46]. The OPUS-1 study demon-
strated that lifitegrast reduced inflammatory
changes of the ocular surface associated with
DED as early as week 2 when administered BID
over a 12-week treatment period [46].

A second confirmatory pivotal phase 3 study
(OPUS-2) built on the OPUS-1 results but with
some key differences, including not using a
controlled adverse environment as a screening
method, requiring a minimal threshold of dis-
ease severity at baseline, and requiring recent
use of artificial tears [47]. In contrast to the
OPUS-1 trial, there were no differences in infe-
rior or total CFS or conjunctival lissamine
staining between lifitegrast and vehicle groups.
However, lifitegrast demonstrated significant
improvement vs vehicle in symptoms of eye
dryness score (P\0.0001), ocular discomfort
score (nominal P = 0.001), and eye discomfort
score (nominal P\ 0.0001) [47].

In the final phase 3 pivotal trial (OPUS-3) the
primary efficacy end point was change from
baseline to day 84 in eye dryness score [49].
Additional VAS items assessed included burn-
ing/stinging, itching, foreign body sensation,
eye discomfort, photophobia, pain; ocular dis-
comfort score was a secondary efficacy end
point. Patients treated with lifitegrast experi-
enced greater improvement in eye dryness than
patients treated with vehicle at days 14, 42, and
84 (Table 2). Additionally, greater improve-
ments for lifitegrast over vehicle at day 42 were

seen in itching (nominal P = 0.032), foreign
body sensations (nominal P = 0.042), and eye
discomfort (nominal P = 0.005), but these dif-
ferences were not apparent at day 84 [49].

A phase 4, open-label, 12-week study mea-
sured longitudinal changes in DED signs and
symptoms [50]. Over 12 weeks of treatment,
statistically significant reductions from baseline
were observed for all DED symptoms (dryness,
burning, foreign body sensation, pain, photo-
phobia, itching, and blurred vision) at week 6
and 12 (P\0.010) [50]. In contrast, no signifi-
cant changes from baseline in clinical signs
were noted at any time point over the 12-week
treatment period. Therefore, this study adds to
the body of literature demonstrating the effi-
cacy of lifitegrast for treatment of DED
symptoms.

Safety
Numerous pivotal trials demonstrated that
lifitegrast ophthalmic solution 5.0% is generally
safe and well tolerated for the treatment of
DED. Patients scheduled for vitrectomy partici-
pated in a phase 1b study, in which they
received one of three lifitegrast concentrations
(0.1%, 1.0%, or 5.0%) BID for 7 days (Table 1)
[51]. In addition to AE monitoring, lifitegrast
concentrations were measured in samples of
aqueous and vitreous fluid. All AEs were mild
and transient; no severe ocular or systemic AEs
were reported. Patients receiving the 5.0% dose
achieved pharmacologically relevant levels of
lifitegrast in the aqueous humour, while lifite-
grast was undetectable in vitreous fluid for all
patients except one (1.0 ng/ml).

The phase 2 and phase 3 pivotal trials reiter-
ated that lifitegrast was well tolerated with no
reports of serious ocular TEAEs [46–49]. The
most common (occurring in more than 5% of
patients) TEAEs in these trials are summarised in
Table 4. TEAEs rarely led to treatment discon-
tinuation; however, more patients treated with
lifitegrast discontinued treatment because of
TEAEs compared to patients treated with vehi-
cle (Table 3). The most common ocular TEAE
that led to treatment discontinuation was con-
sistently instillation site irritation [47, 49].

A 1-year safety trial (SONATA) further
demonstrated the long-term safety and
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tolerability of lifitegrast compared with vehicle
in patients with DED [52]. Over 12 months, no
serious ocular TEAEs were reported. The rate of
discontinuations due to any TEAE was 12.3%
and 9.0% in lifitegrast and vehicle groups,
respectively (Table 3). The most common ocular
TEAE was instillation site irritation, reported in
15.0% and 4.5% of patients administered lifite-
grast and vehicle, respectively [52]. The safety
profile of lifitegrast in SONATA was consistent
with the shorter-term pivotal trials; no new
safety concerns were identified and no evidence
of systemic toxicity was found in this 1-year
study [52].

The OPUS-3 trial evaluated the ocular com-
fort of lifitegrast [53]. Drop comfort plays a large
role in overall ocular tolerability of DED treat-
ment and may not only affect patient treatment
preference but also adherence and ultimately
the effectiveness of treatment. The drop com-
fort score ([DCS]; scale, 0–10; 0 = very comfort-
able, 10 = very uncomfortable) was assessed
over 12 weeks of treatment with lifitegrast or
vehicle. DCS was measured at each time point at
0, 1, 2, and 3 min post-instillation, and up to
15 min until DCS was at most 3 [53]. Over the
first 3 min following administration, mean DCS
for the vehicle group was lower than in the
lifitegrast group. By 3 min, post-instillation,
lifitegrast DCS improved and 64–66% of lifite-
grast-treated patients had DCS less than 3 [53].
Notably, there were also consistent improve-
ments in DCS over time, with mean DCS less
than 3 achieved more rapidly across visits.

A pooled analysis of safety findings from the
five clinical trials (phase 2, OPUS-1, OPUS-2,
OPUS-3, and SONATA) furthermore established
the favourable safety profile of lifitegrast for the
treatment of DED [54]. This pooled analysis
covered more than 2400 patients with DED,
presenting an extremely comprehensive data
set that characterised the safety and tolerability
of lifitegrast (Table 1). The pooled analysis
confirmed that across individual trials, lifite-
grast BID appears to be safe and well tolerated
[54]. Overall, treatment discontinuations due to
TEAEs were low; however, the proportion of
patients that discontinued in the lifitegrast
group (7.0%) was higher than that in the vehi-
cle group (2.6%) (Table 3). Although the most

common ocular TEAEs (instillation site irrita-
tion, instillation site reaction, and instillation
site pain) were reported more frequently in
lifitegrast patients, less than 2% of patients
discontinued treatment because of these TEAEs
[54]. The most common non-ocular TEAE
reported was dysgeusia (Table 4), which results
from normal tear drainage through the naso-
lacrimal duct into the nose and oropharynx, but
discontinuations due to dysgeusia were very low
(Table 3) [54].

The comprehensive efficacy and safety data
for lifitegrast show promising therapeutic ben-
efit as a treatment for DED with low safety risk.
Pivotal trials comparing lifitegrast treatment to
treatment with vehicle demonstrate improved
efficacy for treating symptoms of DED in
patients with moderate-to-severe baseline dis-
ease [49]. Lifitegrast may improve clinical signs
of DED as well; however, most of the evidence is
in patients with mild-to-moderate DED [49]. As
is common with topical ophthalmic treatments,
more TEAEs are reported in lifitegrast patients
compared to vehicle-treated; however, most
TEAEs are mild to moderate in severity and few
lead to treatment discontinuation. The long-
term safety analysis confirms the lifitegrast
safety profile is maintained over extended
treatment duration [52].

Efficacy, Safety, and Tolerability of DED
Treatments

While a surplus of data is available regarding the
efficacy, safety, and tolerability of CsA 0.05%,
CsA CE 0.1%, OTX-101 0.09%, and lifitegrast,
comparative studies for DED treatments are
lacking. Here we summarise primary efficacy
and safety results across the treatments. Table 1
presents key differences in study design
parameters and patient populations in the piv-
otal trials included in this review, which should
be taken into consideration when comparing
results from different studies. A summary of all
statistically significant key efficacy findings for
each treatment compared to its vehicle control
is shown in Table 2.
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Efficacy
Conjunctival Staining Conjunctival staining
is an objective sign of DED and correlates with
disease severity [4]. Reduced conjunctival
staining correlates with improved underlying
ocular surface inflammation and likely
improved ocular surface integrity [55, 56]. Mean
CFB in conjunctival staining scores published in
pivotal trials for CsA 0.05% [21], CsA CE [28],
OTX-101 0.09% [35, 36, 38, 40], and lifitegrast
[46, 47] are shown in Fig. 1.

All treatments improved conjunctival stain-
ing compared to baseline. Pivotal trials for CsA
0.05%, OTX-101 0.09%, and lifitegrast analysed
conjunctival staining through 12 weeks of
treatment, whereas CsA CE followed patients
for 12 months and assessed conjunctival stain-
ing at 6 and 12 months. Over 12 weeks, patients
treated with OTX-101 0.09% had the numeri-
cally largest improvements in conjunctival
staining, followed by lifitegrast and CsA 0.05%,
respectively. It should be noted that OTX-101
0.09% data is presented as least squares mean
CFB, unlike the other studies that present mean
CFB. While patients with DED receiving CsA CE
for 12 months had substantial long-term
improvements in mean (± SD) conjunctival
staining at month 6 (- 1.8 ± 2.1) and
month 12 (- 1.8 ± 2.0), there was a large
amount of variability between patients, indi-
cating that this improvement was not consis-
tent for all CsA CE-treated patients [28].

Corneal Staining Corneal fluorescein staining
is used to quantify corneal surface damage [57].
Improvement in CFS may indicate an
improvement in corneal surface integrity [57].
Mean CFB in corneal staining score in the piv-
otal trials for CsA 0.05% [22], OTX-101 0.09%
[35, 37], and lifitegrast [46–48] are shown in
Fig. 2. OTX-101 and lifitegrast studies presented

bFig. 1 Change from baseline in conjunctival staining score
with a CsA 0.05%, b CsA CE, c OTX-101 0.09%, and
d lifitegrast treatments. CsA 0.05% cyclosporine oph-
thalmic emulsion 0.05%, CsA CE 0.1% (1 mg/mL)
cyclosporine A cationic emulsion, lifitegrast lifitegrast oph-
thalmic solution 5.0%, OTX-101 cyclosporine ophthalmic
solution 0.09%, Ph phase, SD standard deviation, SE
standard error
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Fig. 2 Change from baseline in corneal staining score with
a CsA 0.05%, b OTX-101 0.09%, and c lifitegrast
treatments. CsA 0.05% cyclosporine ophthalmic emulsion

0.05%, lifitegrast lifitegrast ophthalmic solution 5.0%,
OTX-101 cyclosporine ophthalmic solution 0.09%, Ph
phase, SE standard error
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staining in individual corneal zones in addition
to total corneal staining.

Treatment with CsA 0.05%, OTX-101 0.09%,
and lifitegrast all showed improvement in CFS
from baseline to the end of the study treatment.
OTX-101 0.09% and lifitegrast were assessed
over 12 weeks, while CsA 0.05% treatment was
assessed over 24 weeks. Across the different
pivotal trials, OTX-101 0.09% had the greatest
numerical improvements in total CFS (least
squares mean CFB), while lifitegrast showed a
comparable level of improvement, followed by
CsA 0.05%. The inferior zone demonstrated
consistently improved staining across studies
after 12 weeks of treatment with both OTX-101
0.09% and lifitegrast (Fig. 2) [37, 47]. Patients
with DED receiving lifitegrast in OPUS-2 [47]
had greater baseline disease severity (as assessed
by baseline inferior CFS scores) compared to
OPUS-1 [46], which may explain the greater
improvement observed in OPUS-2.

Tear Production Reduced quality or quantity
of tears on the ocular surface as a result of DED
may affect VA [58]. Schirmer’s tear test evaluates
tear volume in DED. Mean CFB in Schirmer’s
tear test scores for CsA 0.05% [22], CsA CE
[27, 28], and OTX-101 [35, 39, 40] are shown in
Fig. 3.

Tear production often improved in patients
with DED where it was assessed. Patients treated
with OTX-101 demonstrated large numerical
improvements in Schirmer’s test score mean
CFB, followed by CsA CE and CsA 0.05%,

respectively. However, both OTX-101 and CsA
CE treatments were associated with large vari-
ability across patients in Schirmer’s test score
mean CFB.

The percentage of eyes with an increase in
Schirmer’s scores of at least 5 mm and at least
10 mm were reported for both OTX-101 and
CsA 0.05% [23, 39]. In patients treated with
OTX-101 for 3 months, the percentages of eyes
with an increase in Schirmer’s score of at least
5 mm and at least 10 mm from baseline were
28.1% and 16.6%, respectively [39]. After
6 months of treatment with CsA 0.05%, 35.1%
of patients achieved at least 5 mm improvement
in Schirmer’s score and 18.9% of patients
achieved at least 10 mm improvement in the
Schirmer’s score [23].

Symptoms of Dry Eye Disease Treatment with
lifitegrast demonstrated superior symptomatic
DED improvement compared to vehicle. Lifite-
grast significantly improved symptoms of eye
dryness compared to vehicle in the OPUS-1,
OPUS-2, and OPUS-3 trials, although it was not
a primary symptom endpoint in OPUS-1
[46, 47, 53]. Patients treated with CsA 0.05%,
CsA CE, and OTX-101 improved symptom
scores relative to baseline, but these treatments
did not consistently provide improved benefit
over their respective vehicle. This finding may
suggest that the vehicles for CsA-based treat-
ments may have the ability to improve DED
symptoms on their own, whereas the lifitegrast
vehicle is less effective without the active

Fig. 3 Change from baseline in Schirmer’s test score with
a CsA 0.05%, b CsA CE, and c OTX-101 0.09%. *Worse
eye analysis. CsA 0.05% cyclosporine ophthalmic emulsion
0.05%, CsA CE 0.1% (1 mg/mL) cyclosporine A cationic

emulsion, NR not reported, OTX-101 cyclosporine oph-
thalmic solution 0.09%, Ph phase, SD standard deviation,
SE standard error
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treatment component. Therapies that success-
fully treat both DED signs and symptoms will
provide the largest benefit to patients for both
short- and long-term treatment. The poor cor-
relation between objectively measured signs
and patient-reported symptoms may be in part
due to a lack of repeatable clinical tests, vari-
ability in patient populations, fluctuations in
the disease process itself, seasonality, and the
subjective nature of symptom scores [58].

Safety and Tolerability

Overall, all pharmacologic DED treatments were
generally well tolerated by patients. The
majority of AEs for all treatments in this review
were mild or moderate and no long-term safety
concerns were noted. While data show that
patients who use ophthalmic treatments more
frequently experience TEAEs than those treated
with a vehicle, TEAEs leading to treatment dis-
continuation are typically infrequent (Table 3).
The percentage of patients discontinuing treat-
ment because of an ocular TEAE ranged between
5% and 10% and was comparable across
treatments.

Ocular tolerability may ultimately influence
the effectiveness of prescribed ophthalmic
treatments. The API in these treatments, which
enables the treatment benefit, may be accom-
panied by mild-to-moderate ocular discomfort,
most frequently reported at the instillation site
(Table 4). Instillation site pain was the most
common TEAE in patients treated with CsA CE
and OTX-101; the range of the percentage of
patients reporting instillation site pain was
7.8–29.2% for CsA CE and 15.1–24.2% for OTX-
101. The most common TEAE in CsA 0.05%-
treated patients was burning eye, reported in
14.7% of patients. In patients treated with
lifitegrast, instillation site irritation was the
most common TEAE, ranging from 7.8% to
24.0% of patients. Although non-ocular, dys-
geusia is a unique TEAE reported by patients
using lifitegrast.

Overall, clinical data show a favourable
risk–benefit profile for the use of targeted topi-
cal anti-inflammatory pharmacologic treat-
ments in patients with DED. While a substantial

proportion of patients with DED treated with
these agents experience ocular TEAEs, the rate
of treatment discontinuation is relatively low.
As assessed using GRADE, we found the quality
of evidence for most outcomes to be of moder-
ate quality, primarily due to possible publica-
tion bias, as all the included studies were
industry-sponsored and most included co-au-
thors employed by the industry sponsor (Sup-
plementary Table 1). Extensive efficacy data for
topical ophthalmic treatments up to 12 weeks
has been compiled and reported, yet long-term
efficacy data remains scarce. Results vary across
studies in which signs or symptoms improved
with treatment; this phenomenon is not unex-
pected, as it has been established that DED signs
and symptoms are not highly correlated [5, 59].
As there are no direct head-to-head clinical
studies comparing DED treatments, compar-
isons between treatments should be interpreted
with caution.

CLINICAL IMPLICATIONS

This is the first comprehensive comparative
review summarising preclinical studies and
pivotal trial data for CsA 0.05%, CsA CE, OTX-
101, and lifitegrast treatments for DED to pro-
vide a complete understanding of their efficacy
and safety profile. Overall, these topical oph-
thalmic therapies are safe and well tolerated and
demonstrate clinically and statistically signifi-
cant improvements in signs and symptoms of
the disease.

Effective treatments with minimal side
effects may substantially improve a patient’s
quality of life. Restoration of visual function
improves patient productivity and function in
activities of daily living, such as driving and
reading, as well as recreation [60]. Patients who
are contact lens users or have a history of
refractive surgeries may experience additional
patient-specific benefits improving their overall
quality of life [58, 60].

An earlier time to efficacy of DED treatments
may help increase patient satisfaction and
medication compliance. As TEAEs, although
often mild or moderate, are more frequent with
the use of DED treatments compared to their
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vehicle, a more rapid onset to efficacy improves
patient confidence in therapeutic effects and
may increase motivation to continue treatment
regimen despite TEAEs [61]. Patients with DED
treated with lifitegrast first exhibited significant
improvement in efficacy parameters compared
to vehicle after 2 weeks of treatment [46, 49];
CsA 0.05%, CsA CE, and OTX-101 treated
patients demonstrated significant improvement
after 4 weeks in at least one pivotal trial
(Table 2) [22, 29, 35–38, 40]. Across pivotal tri-
als, treatment with OTX-101 was frequently
reported to improve efficacy parameters at
4 weeks, including mean CFB in total CFS score
[35–37]; total, inferior, and superior conjuncti-
val staining [38]; and percentage of patients
with clear central corneas [36, 40].

Ocular tolerability may also increase patient
compliance, adherence to treatment, and sub-
sequently treatment efficacy [53, 61]. Treatment
patterns such as adherence, persistence, and
discontinuation were investigated in a retro-
spective, real-world claims database study in
patients with DED using CsA 0.05% and lifite-
grast [61]. Overall, there was low adherence to
treatment (adherence rate less than 10%) and
high incidence of treatment discontinuation
over a 12-month follow-up period; 64.4% of
lifitegrast patients discontinued treatment,
while this proportion was 70.8% in CsA 0.05%
patients [61]. Although White et al. only
investigated CsA 0.05% and lifitegrast, these
results may apply to other CsA-based anti-in-
flammatory treatments. Many factors likely play
a role in treatment adherence and discontinu-
ation rates, one being the delay of symptomatic
relief after treatment initiation. Earlier clinical
benefits may minimise patient discouragement
and improve patient retention and dropout
rates.

All currently approved ophthalmic treat-
ments vary slightly in their indications. Differ-
ences in indications may lead to differences in
patient populations receiving these treatments,
making direct comparisons between treatments
challenging. Additionally, this review high-
lights that the extent and type of clinical
improvements vary across therapies; therefore,
individual, patient-specific signs and symptoms

and DED contributing factors are important to
consider when developing treatment plans.

CONCLUSION

Topical anti-inflammatory ophthalmic treat-
ments for DED appear generally well tolerated,
with favourable and comparable safety profiles.
Treatment with CsA 0.05%, CsA CE, OTX-101,
or lifitegrast significantly improves DED signs or
symptoms compared to their vehicle, although
the specific signs and symptoms that improved
vary with treatment. Long-term and direct
comparative studies between treatments are
needed to further understand the differences in
efficacy and safety profiles between treatments.

ACKNOWLEDGEMENTS

Funding. The journal’s Rapid Service fees for
this article were funded by Sun Pharmaceutical
Industries, Inc.

Medical Writing and/or Editorial Assis-
tance. Writing and editorial support for
manuscript preparation were provided by Mar-
garet Van Horn, PhD, of AlphaBioCom, LLC,
and funded by Sun Pharmaceutical Industries,
Inc.

Author Contributions. All authors partici-
pated in the conception/design of this review;
provided critical interpretation of the data for
presentation; and reviewed, edited, and
approved all versions of the manuscript.

Disclosures. Bridgitte Shen Lee reports con-
sultant fees from Lumenis; MacuHealth; Santen
Pharmaceutical Co., Lt; research fees from
Johnson & Johnson Vision; Kala Pharmaceuti-
cals, SightGlass Vision; and speaker fees from
Lumenis, RVL Pharmaceuticals and Sun Phar-
maceutical Industries, Inc. Melissa Toyos
reports consultant fees from Bausch & Lomb;
Eyevance; Iridex; Mallinkrodt; Shire; Sun Phar-
maceutical Industries, Inc.; and Zeiss; speaker
fees from Bausch & Lomb; Iridex; Lumenis;

Ophthalmol Ther (2022) 11:1333–1369 1365



Mallinkrodt; Shire; Sun Pharmaceutical Indus-
tries, Inc.; and Zeiss; research fees from Bausch
& Lomb; DigiSight; Dompé Farmaceitici; Iridex;
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