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and large-scale studies are required to confirm the
therapeutic efficacies of these treatments.

Abstract

Dry eye disease is characterized by impaired tear film
homeostasis and ocular surface inflammation. Topical
ocular medications for moderate-to-severe dry eye
disease include hyaluronic acid (HA), cyclosporine
A (CsA), serum eyedrops, and lifitegrast. Effective
HA-based formulations and regimens include topical
aqueous HA 0.15% and 0.18% ,HA gel 0.30%, sequential
administration of HA 0.30% and 0.15%, a combination
of HA 0.15% and polyethylene glycol, and multi-agent
eyedrops containing 0.15% HA. Preservative-free
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Introduction

Dry eye disease (DED) is characterized by tear film
instability and ocular surface inflammation, resulting in
ocular distress and visual impairment.' Despite its increasing
incidence worldwide, DED is commonly underdiagnosed.**
Moderate-to-severe DED can result in substantial decreases

hydrocortisone and loteprednol, known as soft steroids,
are effective and have a reduced risk of steroid-related
adverse effects. Effective CsA formulations include
0.05% CsA gel, CsA nanoemulsions, water-free CsA, and
CsA combinations with lubricants (eg, HA). Autologous,
allogeneic, and umbilical cord serum eyedrops, as well
as the novel lymphocyte function-associated antigen-1
antagonist lifitegrast, are also effective. Various treatment
options may improve treatment adherence. Long-term

in productivity and daily activities.’ Currently, treatments
for DED are not standardized.®’ In this systematic review,
we aimed to analyze the effectiveness and safety of five
therapeutic options for moderate-to-severe DED: hyaluronic
acid (HA), topical steroids, cyclosporine A (CsA), serum
eyedrops, and lifitegrast. Additionally, we sought to provide
guidance concerning selection of appropriate treatment
options for moderate-to-severe DED. Other treatment
options (eg, topical and oral secretagogues, tacrolimus,
macrolides, and vitamins A and E) were not included in
the analysis owing to the unavailability of secretagogues in
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Hong Kong, the specific use of tacrolimus for lid eczema,
the targeted nature of macrolides for meibomian gland
dysfunction, and the roles of vitamin A and E as additives in
lubricants and ointments, respectively.

Methods

On 30 December 2023, we searched PubMed using the
keywords ‘moderate to severe dry eye disease’ AND
‘treatment’. We identified 450 randomized controlled
studies written in English and published between 2015 and
2023. After excluding duplicates, reviews, editorials, and
case reports/series, as well as studies of other treatment
options, we included 20 studies related to the five treatment
options (HA, topical steroids, CsA, serum eyedrops, and
lifitegrast) for moderate-to-severe DED, which was defined
as a severity level of =2 according to the Dry Eye Workshop
I grading scheme.®

Hyaluronic acid

HA is a viscoelastic anionic glycosaminoglycan that binds
water and resists dehydration, thereby increasing ocular
surface lubrication, tear stability, epithelium healing,
and relief of DED symptoms.>!® Although topical HA
at concentrations of 0.1% to 0.2% is effective for milder
DEDs,!"* its therapeutic efficacy for moderate-to-severe
DED remains unclear.

Topical HA at concentrations of 0.15% to 0.30% was
effective for moderate-to-severe DED (Table 1). Topical
0.15% HA was comparable to 0.05% CsA in terms of
improving tear breakup time (TBUT), corneal staining
score (CSS1), strip meniscometry score, and ocular
surface disease index (OSDI) after 12 weeks (all p<0.05).!4
In addition, topical 0.18% HA drops were effective in
improving the CSS1, conjunctival staining score, TBUT,

Table 1. Studies of hyaluronic acid for moderate-to-severe dry eye disease

6 times daily vs 0.15% HA 6 times +
0.05% CsA twice daily

tolerated and had lower prevalence of
TRAE:s.

Study No.of Intervention Evaluation Findings Limitations
patients timepoint
Leeetal,' 438 0.15% HA drop 6 times daily vs Baseline, 0.05% CsA and 0.15% HA were comparable Different instillation frequencies
2022 0.05% CsA drop twice + 0.5% weeks 4 in terms of improvements in CSS1, TBUT, among groups, short follow-
carboxymethylcellulose medication and 12 SMS, and OSDI. 0.15% HA was well- up period, concomitant

effect from co-existing
carboxymethylcellulose
medication

Calonge et 70 0.30% HA gel vs 0.18% HA drop 4 to 6 Baseline,

0.18% HA improved CSS1, CSS2, TBUT,

Short follow-up, small sample

(p=0.001), TBUT (p<0.001), and staining
(p=0.004). Both CXHAL and trehalose were
generally safe and well-tolerated; no serious
TRAESs were reported.

al,’”> 2023 times daily days 35 DEQ-5, and ODSS at 84 days (all p<0.001). size, lack of placebo group,
and 84 Both 0.18% HA drop and 0.30% HA gel different etiologies causing
were comparable in terms of CSS1,CSS2,  biased results
TBUT, DEQ-5, and ODSS. Both HA
formulations were well-tolerated, and no
serious TRAEs were reported.
Jun et al,'® 76 0.30% HA drop (1 drop) followed by Baseline, = Compared with 0.15% and 0.30% HA Short follow-up, lack of placebo
2022 0.15% HA drop (1 drop) vs 0.30% HA  weeks 4 monotherapies, HA combination therapy is ~ group, open-label design
drop (2 drops) vs 0.15% HA drop (2 and 8 superior in terms of CSS1 (p<0.001) and (participants not blinded)
drops) 4 times daily OSDI (p=0.037). All formulations were
well-tolerated, and no serious TRAEs were
reported.
Labetoulle 78 Polyethylene glycol solution (0.15% Baseline, = Compared with 0.18% HA monotherapy, Short follow-up
et al,'” 2022 HA and 0.5% PEG 8000) vs sodium days 28 polyethylene glycol solution showed greater
hyaluronate (0.18% HA) 3 to 6 times and 90 improvements in OSD-QoL, CSS1, and
daily as needed TBUT at 90 days (all p<0.05). Both drops
were well-tolerated; no serious TRAEs were
reported.
Roszkowska 4 CXHAL drops vs trehalose drops 4 Baseline, At 2 months, CXHAL drops showed Small sample size, short follow-
et al,'® 2022 times daily day 60 significant improvements in SANDE up

Abbreviations: CsA=cyclosporine A, CSS1=corneal staining score, CSS2=conjunctival staining score, CXHAL=cross-linked hyaluronic acid, trehalose,
liposomes, and stearylamine, DEQ-5=>5-item Dry Eye Questionnaire, HA=hyaluronic acid, ODSS=ocular dryness symptoms score, OSDI=ocular surface
disease index, OSD-QoL=0Ocular Surface Disease-Quality of Life, PEG=poly(ethylene glycol), SANDE=Symptom Assessment iN Dry Eye, SMS=strip
meniscometry score, TBUT=tear breakup time, TRAE=treatment-related adverse event.
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ocular dryness symptoms score, and 5-Item-Dry-Eye-
Questionnaire score after 12 weeks (all p<0.001)." Both
0.30% HA gel and 0.18% HA aqueous drops improved the
CSS1, TBUT, ocular dryness symptoms score, and 5-Item-
Dry-Eye-Questionnaire score after 12 weeks (all p<0.001);
no dose-response relationship was observed."

A single 0.30% HA drop followed by a single 0.15% HA
drop significantly improved signs and symptoms (all
p<0.05) and outperformed monotherapy with either HA
drop in terms of the CSS1 (p<0.001) and OSDI (p=0.037)
at 8 weeks."" The effectiveness of HA was not dose-
dependent; the combination of 0.30% and 0.15% HA drops
outperformed monotherapy with 0.30% HA drop. Compared
with 0.18% HA monotherapy, a combination of 0.15% HA
and polyethylene glycol resulted in greater improvements in
CSS1, TBUT, and Ocular Surface Disease-Quality of Life
questionnaire scores at 12 weeks (all p<0.05).”” CXHAL
drops (containing 0.15% cross-linked HA , 3% trehalose, 1%
liposomes, and 0.25% stearylamine) significantly improved
TBUT (p<0.001), corneoconjunctival staining (p=0.004),
and Symptom Assessment in Dry Eye score (p=0.001) at
8 weeks.'®

Concerning safety and tolerability, 0.15% aqueous HA,
0.18% aqueous HA, 0.30% HA gel, the 0.15% HA and
0.30% HA combination, polyethylene glycol, and CXHAL
are well-tolerated and generally safe to use. Most treatment-
related adverse events (TRAEs) have been mild to moderate;
patients were satisfied with the various HA regimens,
formulations, and combinations.

Topical aqueous HA at concentrations of 0.15% and 0.18%
is likely to provide effective relief for moderate-to-severe
DED. Aqueous HA drops at concentrations of >0.18% have
better ocular surface healing effects!!!°% but are associated
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with suboptimal treatment outcomes (eg, hazy vision and
ocular discomfort)."*?!?2 HA gels enable administration of
higher HA concentrations in a form that patients can tolerate.
However, considering the non-dose-dependent relationship,
it is unclear whether a higher HA concentration will have
a greater therapeutic benefit. HA gels enable longer HA
retention when administered before bedtime. Alternatively,
combinations of HA with different lubricants can enhance
the effects of HA; all-in-one HA drops can increase HA
effectiveness while improving patient convenience and
satisfaction.

Topical steroids

Topical steroids exert anti-inflammatory effects by reducing
cytokine expression, preserving corneal epithelium
integrity, enhancing tear production, and decreasing
pro-inflammatory cytokine levels in tears.?? However,
conventional steroid drops (eg, methylprednisolone and
fluorometholone) often have adverse effects such as elevated
intraocular pressure (IOP) and cataract development.
Newer steroid formulations, known as soft steroids, such
as preservative-free hydrocortisone (PFH) and loteprednol
can minimize adverse effects while maintaining anti-
inflammatory efficacy by limiting penetration through the
anterior chamber.””?® These newer drugs have reduced risks
of elevated IOP and cataract development.

Regarding efficacy, in patients with Sjogren syndrome,
a short-term pulsed regimen of topical 0.335% (low-
dose) PFH over 3 consecutive months, followed by
alternating discontinuation and resumption of treatment
in a 1-month interval for 3 months, effectively improved
corneoconjunctival staining, tear film osmolarity, and OSDI
(all p<0.05) [Table 2].° Pulsed PFH demonstrated rapid
symptom improvement and sustained anti-inflammatory

Table 2. Studies of hyaluronic acid for moderate-to-severe dry eye disease

Studies No. of patients Intervention

Evaluation Findings
timepoint

Limitations

etal,® syndrome

for 2 days for 3 consecutive months,
followed by alternating discontinuation
and resumption of treatment in a
1-month interval for 3 months

Menchini 40 with Sjogren ~ Topical PFH for 6 days with a pulsed ~ Baseline,
posology: 3 times daily for 2 days, months 3
2023 twice daily for 2 days, and once daily  and 6

Topical PFH regimen improved OSDI, Retrospective study design,
CSS1, CSS2, and tear film osmolarity short follow-up, non-
throughout the study period (all p<0.05).  uniform concomitant topical
There was no significant change in IOP at  lubricant treatments, lack of
any timepoint. control group

Yinetal,® 42,including

graft-vs-host-
disease

Loteprednol etabonate 0.5% vs Baseline,
2018 21 with chronic artificial tears twice daily week 4

In patients without graft-vs-host disease, ~ Small sample size, lack of
loteprednol treatment decreased the mean — exclusion criteria concerning
OSDI score by 34% (p=0.001) and the pre-existing ophthalmic
mean corneal fluorescein staining score regimens

by 41% (p=0.02). In patients with graft-

vs-host disease, loteprednol treatment led

to minimal changes in OSDI (p=0.85) and

corneal fluorescein staining (p=0.1).

Abbreviations: CSS1=corneal staining score, CSS2=conjunctival staining score, IOP=intraocular pressure, OSDI=ocular surface disease index,

PFH=preservative-free hydrocortisone.
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effects beyond the treatment period; there were no
significant differences in OSDI and TBUT values at 3 and
6 months. In patients without graft-vs-host disease, twice-
daily application of loteprednol etabonate 0.5% (low-dose)
ophthalmic suspension for 4 weeks significantly reduced
OSDI (p=0.01) and corneal fluorescein staining (p=0.02).3!
However, patients with graft-vs-host disease experienced
minimal changes in OSDI (p=0.1) and corneal fluorescein
staining (p=0.85).>!

Concerning safety, both PFH with pulsed posology and
loteprednol etabonate 0.5% drops are generally safe. The
topical PFH regimen showed a high level of safety, with
no significant changes in IOP2*® Loteprednol etabonate
0.5% drops had low rates of TRAEs and minimal impact on
IOP323% There were no specific safety concerns associated
with the use of loteprednol etabonate 0.5% drops.*!

PFH drops exhibit efficacy and safety comparable to
conventional topical steroid drops (methylprednisolone
and fluorometholone) for moderate-to-severe DED,
particularly among patients with Sjogren syndrome.®
Additionally, short-term (4 weeks) use of topical 0.5%
(low-dose) loteprednol etabonate was effective in patients
without graft-vs-host disease.’! PFH drops used in a pulsed
regimen demonstrated prolonged efficacy despite treatment
cessation.*® Soft steroids with a pulsed and tapered dosing
schedule (6 days/month) can be used in patients with
moderate-to-severe DED, especially those with Sjogren
syndrome for whom lubricants alone are insufficient.*
Further research is needed to confirm the role of soft
steroids as a transitional therapy before CsA eye drops take
full effect. However, in patients with graft-vs-host disease,
topical steroids may have reduced efficacy and necessitate
more frequent or prolonged treatment.’! Stronger anti-
inflammatory medications, such as CsA and lifitegrast, may
be used to manage ocular surface inflammation in these
patients.’!

Cyclosporine A

Topical CsA suppresses inflammatory activities such as
interleukin-2-mediated T-cell activation and lymphocyte
migration.** Although topical 0.05% CsA is effective for
moderate-to-severe DED,* its aqueous formulation is
associated with ocular burning and stinging,’** which
reduces patient adherence®“® and leads to lower therapeutic
effectiveness. 84142

Novel gel and nanoemulsion formulations of CsA can
significantly improve the signs and symptoms of moderate-
to-severe DED (Table 3).4*6 Compared with 0.05% aqueous
CsA, all 0.05% CsA gel (CyclAGel) regimens (0.05% once
daily, 0.05% twice daily, and 0.1% once daily) improved
the CSS1, TBUT, and Schirmer test score (ST1) at 12 weeks
(all p<0.05).* Furthermore, CyclAGels have greater overall
effects than aqueous CsA; the once-daily regimen of 0.05%
CyclAGel provided the greatest efficacy. In a phase III
trial, the once-daily regimen of 0.05% CyclAGel elicited
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positive clinical response; a higher proportion of patients
experienced at least a 1-point improvement in the inferior
CSS1 (p<0.0001) and a greater improvement in the ST1
(p<0.05) by day 84, compared with the vehicle.* Similarly,
a 0.08% CsA nanoemulsion preparation (TJO-087)
significantly improved the OSDI, TBUT, CSS1, and ST1 at
32 weeks.® A 0.05% CsA micellar nanoparticle preparation
yielded superior improvements in the CSS1, ST1, OSDI,
and individual dry eye symptom scores, compared with an
equivalent dose of aqueous CsA (p<0.05).4

In the ESSENCE-2 trial, water-free CsA (0.1%)
demonstrated early therapeutic effects on the ocular surface,
along with greater improvements in the total corneal
fluorescein score at 15 days (p<0.05) and 29 days (p=0.03)
and the central corneal fluorescein score at 15 days (p<0.05),
compared with the aqueous vehicle.*” Combinations of
lower-concentration CsA with trehalose (0.01% CsA and
3% trehalose; 0.02% CsA and 3% trehalose) resulted in
significant improvements in the CSS1, conjunctival staining
score, TBUT, and Standard Patient Evaluation of Eye
Dryness Questionnaire score (all p<0.05) at 12 weeks.*®
A combination of CsA with HA significantly reduced tear
interleukin-6 levels at 1 month, compared with 0.1% CsA
monotherapy (p<0.05).* The percentages of improvement
in the OSDI, TBUT, and ocular staining were consistently
greater in the combination treatment group.

All CsA gel regimens and nanoparticle formulations are
safe and well-tolerated, as are water-free CsA. No serious
TRAESs have been recorded. Two major adverse events were
reported in the water-free CsA trial, but they were not linked
to the study drug. Patients receiving CsA combination
therapies reported high levels of treatment satisfaction and
no TRAEs.

Novel CsA formulations and combinations may enhance the
effectiveness of topical CsA. Gels and nanoemulsions may
improve treatment satisfaction and drug adherence, whereas
the water-free formulation enables more rapid onset of
therapeutic effects, thereby increasing treatment adherence
despite modest TRAEs. The reduced tear interleukin-6
levels suggest that combination therapies can enhance the
anti-inflammatory effects of CsA.

Serum eyedrops

Blood derivatives supply tear components (eg, growth
factors, vitamins, and proteins) to the ocular surface.®
Blood sources are from the patient’s own peripheral blood
(autologous) and donor tissues, particularly allogeneic
peripheral blood and umbilical cord blood.”® These serum
eyedrops are intended for patients with severe DEDs who
have not responded to HA or CsA >

Autologous serum eyedrops (ASEs), allogeneic serum
eyedrops (HSEs), and umbilical cord serum eyedrops
(USEs) are effective treatments for moderate-to-severe
DED. Both 20% and 50% ASE preparations improved

HK)Ophthalmol & Vol.28 No.I



REVIEW ARTICLE

Table 3. Studies of cyclosporine A for moderate-to-severe dry eye disease

Studies No.of Intervention Evaluation Significant findings Limitations
patients timepoint
Peng et 240 0.05% CyclAGel once daily vs Baseline, = Compared with 0.05% aqueous CsA, all 0.05% Open-label design, biased
al,® 2021 0.05% CyclAGel twice daily vs weeks 2,6, CyclAGel regimens improved the eye dryness  perception of symptom reporting

0.1% CyclAGel once daily vs 0.05% and 12 due to formulation differences

Restasis twice daily

score, dryness symptoms, CSS1, TBUT, and
ST1 at 12 weeks (all p<0.05). 0.05% CyclAGel
once daily showed the greatest overall efficacy.
No serious TRAEs were noted; all CyclAGel
regimens were safe and well-tolerated.

Peng et 627 0.05% CyclAGel vs vehicle drops Baseline, = Compared with patients receiving vehicle Short follow-up, limited inclusion
al #2022 once nightly days 14, drops, more patients receiving 0.05% CyclAGel of patients with different DED
42,and 84  once nightly experienced at least a 1-point etiologies
improvement in inferior CSS1 (p<0.0001) and
a greater improvement in ST1 (p<0.05) by day
84.0.05% CyclAGel once nightly was well-
tolerated, and no serious TRAEs were reported.
Eom et 155 0.08% nanoemulsion CsA (TJO-087) Baseline,  TJO-087 and CsA 0.05% showed similar Possible unblinding of
al,* 2023 once daily vs 0.05% emulsion CsA  weeks 8§, improvements in OSDI, TBUT, CSS1, and ST1 blinded design, confounding
twice daily 16,24,and at 32 weeks. TJO-087 was well-tolerated, and  effect from concomitant

32 no serious TRAEs were reported. carboxymethylcellulose

medication

Rao et al 90 0.05% CsA MNP twice daily for the Baseline, Compared with Restasis, both CsA MNP
2023 entire period vs 0.05% CsA MNP weeks 4,8, formulations yielded superior improvements
twice daily for the first 4 weeks and  12,and 24  in CSS1, ST1, OSDI, and individual dry eye
once daily for the remaining period symptom scores (all p<0.05). No serious
vs 0.05% Restasis twice daily for the TRAESs were reported, and both MNP
entire period formulations were well-tolerated.

Endpoints susceptible to bias (eg,
symptom score), short follow-up

Akpek et 817 Water-free 0.1% CsA drops vs Baseline, = Water-free CsA yielded superior improvements Inclusion of mainly aqueous-
al,* 2023 vehicle twice daily days 15 in total corneal fluorescein score at 15 days deficient DED patients, short
and 29 (p<0.05) and 29 days (p=0.03) and in central follow-up
corneal fluorescein score at 15 days (p<0.05).
Two serious TRAEs were documented; neither
was associated with the study drug.

Shin et 114 HU00701 (0.01% CsA + 3% Baseline,  Both HU00701 and HUOO7 significantly Unclear minimum therapeutic
al*® 2021 trehalose) vs HUOO7 (0.02% CsA+  weeks 4,8, improved CSS1,CSS2, TBUT, and SPEED dose of CsA, unclear synergistic
3% trehalose) vs placebo vs 0.05%  and 12 score by week 12 (all p<0.05). Both resulted in  effects between CsA and
Restasis (0.05% CsA) no major TRAEs and were well-tolerated. trehalose, phase II study without
active competitor, Restasis only
served as reference treatment
Priani et 20 0.1% CsAvs 0.1% CsA+0.1% HA Baseline, = Compared with patients receiving CsA Small sample size, short follow-
al,* 2023 1 drop once daily month 1 0.1% monotherapy, more patients receiving up period

combination therapy experienced improvements
in OSDI, TBUT, ocular staining, and
interleukin-6 levels. The CsA/HA combination
was generally safe and well-tolerated.

Abbreviations: CsA=cyclosporine A, CyclAGel=cyclosporine A gel, CSS1=corneal staining score, CSS2=conjunctival staining score, DED=dry eye disease,
HA=hyaluronic acid, MNP=micellar nanoparticle, OSDI=ocular surface disease index, SPEED=Standard Patient Evaluation of Eye Dryness, ST1=Schirmer
test score, TBUT=tear breakup time, TRAE=treatment-related adverse event.

the subjective and objective parameters of moderate
DED (all p<0.05) [Table 4].% However, only the 50%
ASE preparation was effective in improving subjective
and objective parameters of severe DED at 12 weeks (all
p<0.05). HSEs and ASEs demonstrated similar efficacy
in terms of improving the OSDI, TBUT, punctate lesions,
and visual acuity by 1 month.>* USEs and ASEs produced
persistent improvements in TBUT and tear protein levels

HKJOphthalmol & Vol.28 No.I

(eg, lysozyme) at 12 weeks.™ All three types of serum
eyedrops were similarly effective in terms of improving
TBUT, ST1, visual acuity, and the fluorescein staining
score among patients with severe DED.%

All three serum eyedrops are generally well-tolerated and

safe to use. Only one study reported mild transient TRAEs
after the use of ASEs and HSEs.

37



REVIEW ARTICLE

Table 4. Studies of serum eyedrops for moderate-to-severe dry eye disease
Studies No. of Intervention Evaluation Findings Limitations
patients timepoint
Kumari et al,” 44 20% ASE vs Baseline,  In moderate DED, both 20% and 50% ASE Need for refrigeration during storage,
2023 50% ASE weeks 2,4, improved subjective and objective parameters short follow-up, lack of lissamine
8,and 12 (p<0.05), but in severe DED, only 50% ASE green and rose bengal staining, lack of
improved both objective and subjective parameters  impression cytology for ocular surface
(p<0.05). Both ASE preparations were generally
safe and well-tolerated. No serious TRAEs were
documented.
van der Meer 19 ASEs vs HSEs  Baseline,  ASEs and HSEs were comparable in terms of OSDI, Lack of inclusion criteria regarding graft-
etal,* 2021 month 1 TBUT, tear production, punctate lesions, and visual  vs-host disease or Stevens-Johnson
acuity. Both were well-tolerated and safe for use. syndrome, small sample size
TRAEs were mild and resolved completely.
Mukhopadhyay 144 with ASEs vs USEs  Baseline, = Both USEs and ASEs significantly improved TBUT = Short follow-up, possible confounding
etal,® 2015 Hansen’s weeks 6 and tear protein levels at 12 weeks. Both were well-  effects from systemic antileprosy therapy
disease and 12 tolerated, and no serious TRAEs were reported.
Rodriguez 63 (21 per  ASEs vs HSEs Baseline,  All 3 therapies had similar effects in terms of Limited number of molecules determined
Calvo-de- arm) vs USEs months 1 improving visual acuity, ST1, TBUT, fluorescein and and analyzed, lack of conjunctival
Mora et al > and 3 lissamine green staining scores, and questionnaire impression cytology, lack of control group
2022 scores. All 3 therapies had good tolerability and receiving conventional treatment
safety. No TRAEs were documented.

Abbreviations: ASE=autologous serum eyedrop, DED=dry eye disease, HSE=allogeneic serum eyedrop, OSDI=ocular surface disease index, ST1=Schirmer
test score, TBUT=tear breakup time, TRAE=treatment-related adverse event, USE=umbilical cord serum eyedrop.

The 20% ASE preparation is effective for moderate DED,
whereas the 50% ASE preparation is effective for severe
DED. HSEs and USEs are effective for moderate-to-severe
DED in patients who are unable to provide blood owing to
logistical or clinical restrictions.

Lifitegrast

Lifitegrast is a lymphocyte function-associated antigen-1
antagonist specifically designed to treat DED.’ By
suppressing T-cell adherence to intercellular adhesion
molecule 1, lifitegrast prevents the interaction of integrin
lymphocyte function-associated antigen-1 and intercellular
adhesion molecule 1, thereby inhibiting the inflammatory
cascade associated with DED . Lifitegrast is used in the
treatment of patients with severe DED who exhibit resistance
to standard DED medications such as HA and CsA.%°

Two phase III trials evaluated the efficacy of lifitegrast
in patients with moderate-to-severe DED (ie, a corneal
fluorescein staining score of >1.5 and an eye dryness
score of =60) [Table 5].°'%2 In the OPUS-2 trial, compared
with placebo, lifitegrast treatment did not lead to greater
improvements in the inferior corneal fluorescein staining
score (p=0.6186), total CSS1 (p=0.3711), or nasal
lissamine staining score (p=0.6982) at 84 days; however,
it significantly improved the eye dryness score (p<0.0001),
ocular discomfort score (p=0.001), and eye discomfort score
(p<0.0001) at 84 days.’' In the OPUS-3 study, lifitegrast
was superior to placebo in improving the eye dryness score,
symptoms of itching (p=0.032), foreign body sensations
(p=0.042), and eye discomfort (p=0.005) at 42 days,
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although lifitegrast did not exhibit greater effectiveness
by day 84.° Post hoc analysis further demonstrated the
efficacy of lifitegrast against moderate-to-severe DED at
all endpoints (p<0.001).% The greatest improvement was
observed in patients with an inferior corneal fluorescein
staining score of >1.5 and an eye dryness score of =60 at
baseline.

Lifitegrast appears to be well-tolerated and safe. There have
been no reports of serious ocular TRAESs; all TRAEs have
been mild to moderate.

Lifitegrast is superior to topical CsA among patients with
moderate-to-severe DED. Lifitegrast is effective as early
as day 14. In contrast, topical CsA tends to have a delayed
onset, and 16% to 29% of patients who use topical CsA may
experience pain/irritation/burning in the eye %%

Discussion

The optimal approach for management of moderate-to-
severe DED is a stepwise and sequential approach. In
patients with moderate-to-severe DED, HA drops can be
used as the primary daytime treatment. Instillations of topical
0.15% HA drops six times daily for 12 weeks provides relief
comparable to CsA. For nighttime therapy requiring longer
retention, a 0.30% HA gel formulation is recommended.
It is important to note that the effectiveness of HA is not
dose-dependent. Therefore, increased concentrations may
not provide greater benefits. Combination HA therapies
involving different lubricants can enhance the efficacy of
HA, but further research is needed to confirm this finding.

HK)Ophthalmol & Vol.28 No.I
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Table 5. Studies of lifitegrast for moderate-to-severe dry eye disease

timepoint

Studies No. of patients Intervention Evaluation Findings Limitations

Tauber et 718, including 413 with Lifitegrast vs placebo  Baseline,
al' 2015 moderate-to-severe twice daily days 14,
DED 42, and 84

Compared with placebo, lifitegrast yielded Short follow-up, selection bias
superior improvements in eye dryness (inclusion of patients actively
(p<0.0001), ocular discomfort (p=0.0005), using artificial tears), exclusion
and eye discomfort (p<0.0001). Lifitegrast of patients with active lid margin
was generally well-tolerated and safe. Most ~ disease

TRAEs were mild to moderate.

Holland 711, including 390 with  Lifitegrast vs placebo ~ Baseline,
et al,? moderate-to-severe twice daily days 14,
2017 DED 42, and 84

Lifitegrast yielded superior improvements in  Short follow-up, exclusion of
symptoms of itching (p=0.032), foreign body patients with a history of LASIK
sensations (p=0.042), and eye discomfort in preceding 12 months and
(p=0.005) at 42 days. Lifitegrast was generally patients wearing contact lenses
safe and well-tolerated. Most TRAEs were

mild to moderate.

Abbreviations: DED=dry eye disease, LASIK=laser in situ keratomileusis, TRAE=treatment-related adverse event.

For patients who do not respond to the HA regimen, short-
term use of topical soft steroids (eg, a pulsed regimen of
PFH and loteprednol) is recommended. Topical soft steroids
display efficacy comparable to conventional steroid drops
while providing superior safety benefits with minimal
effects on IOP. Short-term pulsed topical PFH is particularly
beneficial for patients with Sjogren syndrome. However,
topical soft steroids may be less effective in patients with
graft-vs-host disease; these patients may require more
frequent or longer duration of treatment.’' Alternatively,
immunomodulatory agents such as CsA and lifitegrast can
be used for ocular surface inflammation in patients with
graft-vs-host disease.’’ These medications have stronger
anti-inflammatory effects and may be useful for patients
who do not adequately respond to soft steroids.’! The use
of 5.0% lifitegrast or 0.05% CsA twice daily for at least
12 weeks can alleviate symptoms of moderate-to-severe
DED #62% Patients with intolerable adverse effects from
topical aqueous CsA can switch to gel or nanoemulsion
formulations of CsA. Effective regimens include 0.05%
CyclAGel once daily for 12 weeks and 0.08% nanoemulsion
CsA (TJO-087) once daily for 32 weeks. Lifitegrast is
recommended for patients who are sensitive to the adverse
effects of aqueous CsA.

Patients who do not respond to anti-inflammatory
medications, such as steroids and immunomodulatory
agents, may consider ASEs. For moderate DED, we
recommend using a 20% ASE preparation four times daily
for 2 to 4 weeks. The 20% concentration is intended to
prevent excessive antiproliferative effects.’” However, a
50% ASE preparation may be needed for patients with
severe DED. ASEs are considered the last resort for
the management of moderate-to-severe DED; ASEs are
associated with difficulties in preparation and refrigeration
and risks of contamination.®® Human HSEs and USEs can
be considered for patients who require serum eyedrops but
are unable to provide their own blood because of logistical
or clinical constraints.

HKJOphthalmol & Vol.28 No.I

Careful monitoring is essential to ensure patient compliance
and to assess improvement in symptoms and signs. The
timing of assessments for therapeutic success varies among
different individuals and therapies.® Assessment after 1
to 3 months is recommended for most treatments, except
CsA, which may require a longer duration to demonstrate
therapeutic effects.®®’*"! Patients with moderate DED may
be examined every 6 weeks, whereas patients with severe
DED may require more frequent monitoring (eg, every 2 to 3
weeks). Diagnostic tests, such as corneal fluorescein staining
and TBUT, should be performed during follow-up visits to
assess treatment response.’”>”> Patients with autoimmune
disease—related DED, such as Sjogren syndrome and graft-
vs-host disease, should be referred to specialists for further
evaluation and treatment.

This systematic review focused on randomized controlled
studies of five therapeutic options (HA, topical steroids,
CsA, serum eyedrops, and lifitegrast) for moderate-to-
severe DED, which is defined as a severity level of =2
according to the Dry Eye Workshop I grading scheme.?
However, the scheme is not evidence-based and lacks
objectivity and universality. A standardized classification
system that can objectively categorize different severities
of DED is necessary to facilitate personalized treatment
strategies.

This systematic review had some limitations. Most
included studies had short follow-up periods and
relatively small sample sizes. According to the Grading
of Recommendations, Assessment, Development, and
Evaluations framework,” the quality of evidence for most
included studies was moderate, owing to publication bias
and corporate sponsorship. As a result, the findings should
be interpreted with caution.

Contributors

Both authors designed the study, acquired the data, analyzed

39



REVIEW ARTICLE

the data, drafted the manuscript, and critically revised the
manuscript for important intellectual content. Both authors
had full access to the data, contributed to the study, approved
the final version for publication, and take responsibility for
its accuracy and integrity.

Conflicts of interest

Both authors have disclosed no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

40

Craig JP, Nichols KK, Akpek EK, et al. TFOS DEWS II
Definition and Classification Report. Ocul Surf2017;15:276-
83. crossref

Shih KC, Lai JSM, Ng ALK. Management of dry eye disease:
a systematic approach for the primary care physician. Hong
Kong Pract 2016,38:113-9.

O’Neil EC, Henderson M, Massaro-Giordano M, Bunya VY.
Advances in dry eye disease treatment. Curr Opin Ophthalmol
2019,’30.‘]66-78. Crossref

Farrand KF, Fridman M, Stillman 10, Schaumberg DA.
Prevalence of diagnosed dry eye disease in the United States
among adults aged 18 years and older. Am J Ophthalmol
201 7,']82.'90—8. Crossref

Patel VD, Watanabe JH, Strauss JA, Dubey AT. Work
productivity loss in patients with dry eye disease: an online
survey. Curr Med Res Opin 2011;27:1041-8. crossref
Aragona P, Giannaccare G, Mencucci R, Rubino P, Cantera E,
Rolando M. Modern approach to the treatment of dry eye, a
complex multifactorial disease: a P1.C.A.S.S.O. board review.
Br J Ophthalmol 2021 ;105:446-53. crossref

Baudouin C, Aragona P, Van Setten G, et al. Diagnosing the
severity of dry eye: a clear and practical algorithm. Br J
Ophthalmol 2014,;98:1168-76. crossref

The definition and classification of dry eye disease: report
of the Definition and Classification Subcommittee of the
International Dry Eye WorkShop (2007). Ocul Surf2007,;5:75-
92. Crossref

Ang BCH, Sng JJ, Wang PXH, Htoon HM, Tong LHT. Sodium
hyaluronate in the treatment of dry eye syndrome: a systematic
review and meta-analysis. Sci Rep 2017;7:9013. crossref
Johnson ME, Murphy PJ, Boulton M. Effectiveness of sodium
hyaluronate eyedrops in the treatment of dry eye. Graefes Arch
Clin Exp Ophthalmol 2006,244:109-12. crossret

You IC, Li Y, Jin R, Ahn M, Choi W, Yoon KC. Comparison
of 0.1%, 0.18%, and 0.3% hyaluronic acid eye drops in the
treatment of experimental dry eye. J Ocul Pharmacol Ther
2018,’34.‘557—64. Crossref

Lemp MA. Management of dry eye disease. Am J Manag Care
2008;14(3 Suppl):S88-101.

Gomes JAP, Santo RM. The impact of dry eye disease treatment
on patient satisfaction and quality of life: a review. Ocul Surf
20]9,']7.'9—]9. Crossref

Lee JE, Kim S, Lee HK, et al. A randomized multicenter
evaluation of the efficacy of 0.15% hyaluronic acid versus
0.05% cyclosporine A in dry eye syndrome. Sci Rep
2022;]2.']8737. Crossref

Calonge M, Sahyoun M, Baillif S, et al. Sodium hyaluronate
0.30% ocular gel versus sodium hyaluronate 0.18% eye drop
in the treatment of moderate to severe dry eye disease. Eur J

Funding/support

This study received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

Data availability

All data analyzed during the present study are available
from the corresponding author upon reasonable request.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Ophthalmol 2023;33:188-95. crossret

Jun JH, Bang SP, Park HS, et al. A randomized multicenter
clinical evaluation of sequential application of 0.3% and
0.15% hyaluronic acid for treatment of dry eye. Jpn J
Ophthalmol 2022;66:58-67 . crossref

Labetoulle M, Mortemousque B; CBL-101 Study Group.
Performance and safety of a sodium hyaluronate tear substitute
with polyethylene glycol in dry eye disease: a multicenter,
investigator-masked, randomized, noninferiority trial. J Ocul
Pharmacol Ther 2022;38:607-16. crossref

Roszkowska AM, Inferrera L, Spinella R, et al. Clinical
efficacy, tolerability and safety of a new multiple-action
eyedrop in subjects with moderate to severe dry eye. J Clin
Med 2022,‘]] :6975. crossref

Hynnekleiv L, Magno M, Vernhardsdottir RR, et al. Hyaluronic
acid in the treatment of dry eye disease. Acta Ophthalmol
2022;100:844-60. crossret

Zheng X, Goto T, Ohashi Y. Comparison of in vivo efficacy of
different ocular lubricants in dry eye animal models. Invest
Ophthalmol Vis Sci 2014;55:3454-60. crossret

Oechsner M, Keipert S. Polyacrylic acid/polyvinylpyrrolidone
bipolymeric systems. 1. Rheological and mucoadhesive
properties of formulations potentially useful for the treatment
of dry-eye-syndrome. Eur J Pharm Biopharm 1999;47:113-
8. crossref

Pires NR, Cunha PLR, Maciel JS, et al. Sulfated chitosan
as tear substitute with no antimicrobial activity. Carbohydr
Polym 2013,91 :92-9. Crossref

De Paiva CS, Corrales RM, Villarreal AL, et al. Apical corneal
barrier disruption in experimental murine dry eye is abrogated
by methylprednisolone and doxycycline. Invest Ophthalmol Vis
Sci 2006,472847—56 Crossref

Lekhanont K, Leyngold IM, Suwan-Apichon O, Rangsin R,
Chuck RS. Comparison of topical dry eye medications for the
treatment of keratoconjunctivitis sicca in a botulinum toxin
B-induced mouse model. Cornea 2007 ,;26:84-9. crossret

De Paiva CS, Corrales RM, Villarreal AL, et al. Corticosteroid
and doxycycline suppress MMP-9 and inflammatory cytokine
expression, MAPK activation in the corneal epithelium in
experimental dry eye. Exp Eye Res 2006;83:526-35. crossref
Carnahan MC, Goldstein DA. Ocular complications of
topical, peri-ocular, and systemic corticosteroids. Curr Opin
Ophthalmol 2000;11:478-83. crossret

McGhee CNJ, Dean S, Danesh-Meyer H. Locally administered
ocular corticosteroids: benefits and risks. Drug Saf
2002 ,'25.'33—55. Crossref

Sheppard JD, Comstock TL, Cavet ME. Impact of the
topical ophthalmic corticosteroid loteprednol etabonate on
intraocular pressure. Adv Ther 2016,;33:532-52. crossref
Adatia FA, Michaeli-Cohen A, Naor J, Caffery B, Bookman A,
Slomovic A. Correlation between corneal sensitivity, subjective

HK)Ophthalmol & Vol.28 No.I


https://doi.org/10.1016/j.jtos.2017.05.008
https://doi.org/10.1097/ICU.0000000000000569
https://doi.org/10.1016/j.ajo.2017.06.033
https://doi.org/10.1185/03007995.2011.566264
https://doi.org/10.1136/bjophthalmol-2019-315747
https://doi.org/10.1136/bjophthalmol-2013-304619
https://doi.org/10.1016/S1542-0124(12)70081-2
https://doi.org/10.1038/s41598-017-08534-5
https://doi.org/10.1007/s00417-005-0028-1
https://doi.org/10.1089/jop.2018.0032
https://doi.org/10.1016/j.jtos.2018.11.003
https://doi.org/10.1038/s41598-022-21330-0
https://doi.org/10.1177/11206721221096321
https://doi.org/10.1007/s10384-021-00885-x
https://doi.org/10.1089/jop.2022.0048
https://doi.org/10.3390/jcm11236975
https://doi.org/10.1111/aos.15159
https://doi.org/10.1167/iovs.13-13730
https://doi.org/10.1016/S0939-6411(98)00070-8
https://doi.org/10.1016/j.carbpol.2012.08.011
https://doi.org/10.1167/iovs.05-1281
https://doi.org/10.1097/01.ico.0000240079.24583.a1
https://doi.org/10.1016/j.exer.2006.02.004
https://doi.org/10.1097/00055735-200012000-00016
https://doi.org/10.2165/00002018-200225010-00004
https://doi.org/10.1007/s12325-016-0315-8

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

4.

45.

dry eye symptoms and corneal staining in Sjogren’s syndrome.
CanJ Ophthalmol 2004,39767—7] . Crossref

Menchini M, Sartini F, Figus M, Gabbriellini G. Short-term
results of a pulsed therapy with hydrocortisone eye drops to
treat moderate to severe dry eye in primary Sjogren syndrome
patients. Graefes Arch Clin Exp Ophthalmol 2023,261 :1029-
36. Crossref

Yin J, Kheirkhah A, Dohlman T, Saboo U, Dana R. Reduced
efficacy of low-dose topical steroids in dry eye disease
associated with graft-versus-host disease. Am J Ophthalmol
201 8,]901 7-23. Crossref

Comstock TL, Paterno MR, Bateman KM, Decory HH,
Gearinger M. Safety and tolerability of loteprednol etabonate
0.5% and tobramycin 0.3% ophthalmic suspension in pediatric
subjects. Paediatr Drugs 2012;14:119-30. crossref

Amon M, Busin M. Loteprednol etabonate ophthalmic
suspension 0.5 %: efficacy and safety for postoperative anti-
inflammatory use. Int Ophthalmol 2012;32:507-17. crossref
Deveney T, Asbell PA. Patient and physician perspectives
on the use of cyclosporine ophthalmic emulsion 0.05%
for the management of chronic dry eye. Clin Ophthalmol
20]8,]2569-76 Crossref

Periman LM, Mah F'S, Karpecki PM. A review of the mechanism
of action of cyclosporine A: the role of cyclosporine A in
dry eye disease and recent formulation developments. Clin
Ophthalmol 2020;14:4187-200. crossref

Mah F, Milner M, Yiu S, Donnenfeld E, Conway TM, Hollander
DA. PERSIST: Physician’s Evaluation of Restasis(®)
Satisfaction in Second Trial of topical cyclosporine ophthalmic
emulsion 0.05% for dry eye: a retrospective review. Clin
Ophthalmol 2012;6:1971-6. crossret

Periman LM, Perez VL, Saban DR, Lin MC, Neri P. The
immunological basis of dry eye disease and current topical
treatment options. J Ocul Pharmacol Ther 2020;36:137-
46. crossref

Sall K, Stevenson OD, Mundorf TK, Reis BL. Two multicenter,
randomized studies of the efficacy and safety of cyclosporine
ophthalmic emulsion in moderate to severe dry eye disease.
CsA Phase 3 Study Group. Ophthalmology 2000;107:631-
9. Crossref

Kim CY, Park KH, Ahn J, et al. Treatment patterns and
medication adherence of patients with glaucoma in South
Korea. Br J Ophthalmol 2017;101:801-7 . crossref

White DE, Zhao Y, Ogundele A, et al. Real-world treatment
patterns of cyclosporine ophthalmic emulsion and lifitegrast
ophthalmic solution among patients with dry eye. Clin
Ophthalmol 2019;13:2285-92. crossref

Razeghinejad MR, Katz LJ. Steroid-induced iatrogenic
glaucoma. Ophthalmic Res 2012;47:66-80. crossref

Kallab M, Szegedi S, Hommer N, et al. Topical low dose
preservative-free hydrocortisone reduces signs and symptoms
in patients with chronic dry eye: a randomized clinical trial.
Adv Ther 2020,'37.‘329—4] . Crossref

Peng WY, Chen RX, Dai H, et al. Efficacy, safety, and
tolerability of a novel cyclosporine, a formulation for dry
eye disease: a multicenter phase Il clinical study. Clin Ther
202],'43.'6]3-28. Crossref

Peng W, Jiang X, Zhu L, et al. Cyclosporine A (0.05%)
ophthalmic gel in the treatment of dry eye disease: a
multicenter, randomized, double-masked, phase 1l1I, COSMO
trial. Drug Des Devel Ther 2022;16:3183-94. crossref

Eom Y, Yoon KC, Kim HK, Song JS, Hyon JY, Kim HM. A
multicenter, randomized, double-blind evaluation of the
efficacy of TJO-087 versus 0.05% cyclosporine A in moderate
to severe dry eye. J Ocul Pharmacol Ther 2023;39:27-

HKJOphthalmol & Vol.28 No.I

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

REVIEW ARTICLE

35. Crossref

Rao AT, Gupta A, Chauhan T, et al. Efficacy and safety
of 0.05% micellar nano-particulate (MNP) cyclosporine
ophthalmic emulsion in the treatment of moderate-to-severe
keratoconjunctivitis sicca: a 12-week, multicenter, randomized,
active-controlled trial. BMC Ophthalmol 2023;23:121 . crossref
Akpek EK, Wirta DL, Downing JE, et al. Efficacy and safety
of a water-free topical cyclosporine, 0.1%, solution for
the treatment of moderate to severe dry eye disease: the
ESSENCE-2 randomized clinical trial. JAMA Ophthalmol
2023,]4] :459-66. crossref

Shin J, Rho CR, Hyon JY, Chung TY, Yoon KC, Joo CK. A
randomized, placebo-controlled phase Il clinical trial of
0.01% or 0.02% cyclosporin A with 3% trehalose in patients
with dry eye disease. J Ocul Pharmacol Ther 2021;37:4-
11. crossret

Priani D, Muhiddin HS, Sirajuddin J, Eka HB, Bahar B,
Bukhari A. Effectiveness of topical cyclosporin-A 0.1%
compared to combined topical cyclosporin-A 0.1% with topical
sodium hyaluronate on interleukin-6 levels in the tears of
patients with dry eye disease. Vision (Basel) 2023;7:31 . crossref
Higuchi A. Autologous serum and serum components. Invest
Ophthalmol Vis Sci 2018;59:DES121-DES129. crossref
Giannaccare G, Carnevali A, Senni C, Logozzo L, Scorcia V.
Umbilical cord blood and serum for the treatment of
ocular diseases: a comprehensive review. Ophthalmol Ther
2020,9235-48 Crossref

Wong J, Govindasamy G, Prasath A, et al. Allogeneic umbilical
cord plasma eyedrops for the treatment of recalcitrant dry eye
disease patients. J Clin Med 2023;12:6750. crossret

Kumari N, Kusumesh R, Kumari R, Sinha BP, Singh V.
Comparative evaluation of effectiveness of twenty versus fifty
percent autologous serum eye drops in treatment of dry eye.
Indian J Ophthalmol 2023;71:1603-7 . crossref

van der Meer PF, Verbakel SK, Honohan A, et al. Allogeneic
and autologous serum eye drops: a pilot double-blind
randomized crossover trial. Acta Ophthalmol 2021;99:837-
42. crossref

Mukhopadhyay S, Sen S, Datta H. Comparative role of 20%
cord blood serum and 20% autologous serum in dry eye
associated with Hansen'’s disease: a tear proteomic study. Br
J Ophthalmol 2015;99:108-12. crossref

Rodriguez Calvo-de-Mora M, Dominguez-Ruiz C, Barrero-
Sojo F, et al. Autologous versus allogeneic versus umbilical
cord sera for the treatment of severe dry eye disease: a
double-blind randomized clinical trial. Acta Ophthalmol
2022,]006396-6408 Crossref

Haber SL, Benson V, Buckway CJ, Gonzales JM,
Romanet D, Scholes B. Lifitegrast: a novel drug for
patients with dry eye disease. Ther Adv Ophthalmol
2019;11:2515841419870366. crossref

Murphy CJ, Bentley E, Miller PE, et al. The pharmacologic
assessment of a novel lymphocyte function-associated
antigen-1 antagonist (SAR 1118) for the treatment of
keratoconjunctivitis sicca in dogs. Invest Ophthalmol Vis Sci
2011 ,5231 74-80. crossref

Perez VL, Pflugfelder SC, Zhang S, Shojaei A, Haque R.
Lifitegrast, a novel integrin antagonist for treatment of dry
eye disease. Ocul Surf2016;14:207-15. crossref

Abidi A, Shukla P, Ahmad A. Lifitegrast: a novel drug for
treatment of dry eye disease. J Pharmacol Pharmacother
20]6,7]94—8 Crossref

Tauber J, Karpecki P, Latkany R, et al. Lifitegrast ophthalmic
solution 5.0% versus placebo for treatment of dry eye
disease: results of the randomized phase IIl OPUS-2 study.

41


https://doi.org/10.1016/S0008-4182(04)80071-1
https://doi.org/10.1007/s00417-022-05840-1
https://doi.org/10.1016/j.ajo.2018.03.024
https://doi.org/10.2165/11596320-000000000-00000
https://doi.org/10.1007/s10792-012-9589-2
https://doi.org/10.2147/OPTH.S115098
https://doi.org/10.2147/OPTH.S279051
https://doi.org/10.2147/OPTH.S30261
https://doi.org/10.1089/jop.2019.0060
https://doi.org/10.1016/S0161-6420(99)00176-1
https://doi.org/10.1136/bjophthalmol-2016-308505
https://doi.org/10.2147/OPTH.S226168
https://doi.org/10.1159/000328630
https://doi.org/10.1007/s12325-019-01137-8
https://doi.org/10.1016/j.clinthera.2020.12.023
https://doi.org/10.2147/DDDT.S370559
https://doi.org/10.1089/jop.2022.0119
https://doi.org/10.1186/s12886-023-02838-z
https://doi.org/10.1001/jamaophthalmol.2023.0709
https://doi.org/10.1089/jop.2020.0104
https://doi.org/10.3390/vision7020031
https://doi.org/10.1167/iovs.17-23760
https://doi.org/10.1007/s40123-020-00239-9
https://doi.org/10.3390/jcm12216750
https://doi.org/10.4103/IJO.IJO_2684_22
https://doi.org/10.1111/aos.14788
https://doi.org/10.1136/bjophthalmol-2013-304801
https://doi.org/10.1111/aos.14953
https://doi.org/10.1177/2515841419870366
https://doi.org/10.1167/iovs.09-5078
https://doi.org/10.1016/j.jtos.2016.01.001
https://doi.org/10.4103/0976-500X.195920

REVIEW ARTICLE

62.

63.

64.

65.

66.

67.

68.

42

Ophthalmology 2015;122:2423-31 . crossref

Holland EJ, Luchs J, Karpecki PM, et al. Lifitegrast for
the treatment of dry eye disease: results of a phase IlI,
randomized, double-masked, placebo-controlled trial (OPUS-
3). Ophthalmology 2017 ;124:53-60. crossref

Holland EJ, Jackson MA, Donnenfeld E, et al. 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 2021 ;139:1200-
8. Crossref

Boboridis KG, Konstas AGP. Evaluating the novel application
of cyclosporine 0.1% in ocular surface disease. Expert Opin
Pharmacother 2018;19:1027-39. crossref

Leonardi A, Van Setten G, Amrane M, et al. Efficacy and safety
of 0.1% cyclosporine A cationic emulsion in the treatment of
severe dry eye disease: a multicenter randomized trial. Eur J
Ophthalmol 2016;26:287-96. crossret

Stevenson D, Tauber J, Reis BL. Efficacy and safety of
cyclosporin A ophthalmic emulsion in the treatment of
moderate-to-severe dry eye disease: a dose-ranging,
randomized trial. The Cyclosporin A Phase 2 Study Group.
Ophthalmology 2000;107:967-74. crossret

Rodriguez-Garcia A, Babayan-Sosa A, Ramirez-Miranda A,
et al. A practical approach to severity classification and
treatment of dry eye disease: a proposal from the Mexican Dry
Eye Disease Expert Panel. Clin Ophthalmol 2022;16:1331-
55. Crossref

Foulks GN, Forstot SL, Donshik PC, et al. Clinical guidelines

69.

70.

71.

72.

73.

74.

75.

76.

for management of dry eye associated with Sjogren disease.
Ocul Surf20]5,]3118—32 Crossref

Jones L, Downie LE, Korb D, et al. TFOS DEWS II
Management and Therapy Report. Ocul Surf 2017;15:575-
628. crossret

de Oliveira RC, Wilson SE. Practical guidance for the use of
cyclosporine ophthalmic solutions in the management of dry
eye disease. Clin Ophthalmol 2019;13:1115-22. crossref
Barber LD, Pflugfelder SC, Tauber J, Foulks GN. Phase Il
safety evaluation of cyclosporine 0.1% ophthalmic emulsion
administered twice daily to dry eye disease patients for up to
3 years. Ophthalmology 2005;112:1790-4. crossret

Bron AJ, Evans VE, Smith JA. Grading of corneal and
conjunctival staining in the context of other dry eye tests.
Cornea 2003;22:640-50. crossref

Pellegrini M, Bernabei F, Moscardelli F, et al. Assessment
of corneal fluorescein staining in different dry eye subtypes
using digital image analysis. Transl Vis Sci Technol
2019,834 Crossref

Paugh JR, Tse J, Nguyen T, Sasai A, et al. Efficacy of the
fluorescein tear breakup time test in dry eye. Cornea
2020,3992—8 Crossref

Begley CG, Himebaugh N, Renner D, et al. Tear breakup
dynamics: a technique for quantifying tear film instability.
Optom Vis Sci 2006,83:15-21 . crossref

Guyatt GH, Oxman AD, Kunz R, et al. What is “quality
of evidence” and why is it important to clinicians? BMJ
2008,336995-8 Crossref

HK)Ophthalmol & Vol.28 No.I


https://doi.org/10.1016/j.ophtha.2015.08.001
https://doi.org/10.1016/j.ophtha.2016.09.025
https://doi.org/10.1001/jamaophthalmol.2021.3943
https://doi.org/10.1080/14656566.2018.1479742
https://doi.org/10.5301/ejo.5000779
https://doi.org/10.1016/S0161-6420(00)00035-X
https://doi.org/10.2147/OPTH.S351898
https://doi.org/10.1016/j.jtos.2014.12.001
https://doi.org/10.1016/j.jtos.2017.05.006
https://doi.org/10.2147/OPTH.S184412
https://doi.org/10.1016/j.ophtha.2005.05.013
https://doi.org/10.1097/00003226-200310000-00008
https://doi.org/10.1167/tvst.8.6.34
https://doi.org/10.1097/ICO.0000000000002148
https://doi.org/10.1097/01.opx.0000195569.36185.fd
https://doi.org/10.1136/bmj.39490.551019.BE



