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ABSTRACT

Perfluorohexyloctane ophthalmic solution
(Miebo) and water-free cyclosporine oph-
thalmic solution 0.1% (Vevye) are recently
approved treatments for dry eye disease (DED).
Perfluorohexyloctane (PFHO) uses a novel
approach to treat evaporative DED, whereas
water-free cyclosporine (CsA 0.1%) is formulated
to increase ocular delivery of its active ingredi-
ent to improve tear production. The two medi-
cations utilize the distinctive properties of two
different semifluorinated alkanes (SFAs) to elicit
their therapeutic effects. PFHO consists of 100%
active ingredient and forms a monolayer on the
surface of the tear film to inhibit evaporation.
CsA 0.1% utilizes a vehicle consisting of per-
fluorobutylpentane (PFBP) and ethanol to facili-
tate delivery of cyclosporine to ocular tissues.
The structure of these SFAs determines their
differing behaviors and functions. The longer
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chain length of PFHO results in a slower evapo-
ration rate and facilitates formation of a stable
monolayer on the ocular surface. In vitro, PFHO
demonstrated a substantially lower evaporation
rate versus PFBP or human meibum, as well as
a significantly longer ocular surface residence
time. Ex vivo, PFHO demonstrated a longer ocu-
lar surface residence time than PFBP. The shorter
chain length of PFBP enables it to better solu-
bilize cyclosporine and improve drug delivery
to ocular tissues. Although both of these oph-
thalmic drops utilize SFAs, their differences—in
physicochemical properties and the mechanisms
by which they are understood to intervene in
the DED cycle—are important considerations in
treatment selection for patients with DED.
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Key Summary Points

Two water-free, preservative-free drops were
recently approved by the US Food and Drug
Administration for treatment of the signs and
symptoms of dry eye disease (DED).

Perfluorohexyloctane ophthalmic solu-

tion (PFHO, Miebo) consists of 100% active
ingredient, and water-free cyclosporine (CsA
0.1%, Vevye) utilizes a vehicle containing
perfluorobutylpentane (PFBP).

Although both are semifluorinated alkanes
(SFAs), PFHO and PFBP have distinctive
physiochemical properties that lead to differ-
ences in behavior and function.

PFHO forms a stable monolayer on the
ocular surface and slows tear film evapora-
tion, whereas PFBP is used to better solubilize
cyclosporine and improve drug delivery to
ocular tissues.

PFHO may be an optimal SFA-based treat-
ment for patients with evaporative DED,
whereas CsA 0.1% may be more advanta-
geous for patients with primarily aqueous-
deficient DED.

INTRODUCTION

Dry eye disease (DED) is characterized by a loss of
tear film homeostasis, resulting from insufficient
tear production, excess evaporation, or both [1].
Excess tear film evaporation is implicated in up to
90% of all DED cases; approximately 30% of DED
cases are due to a combination of aqueous defi-
ciency and excess tear evaporation, whereas only
14% are due to aqueous deficiency alone [1-4].
Regardless of initial cause, loss of tear film homeo-
stasis leads to a cycle of desiccation stress and fric-
tion at the ocular surface, resulting in tissue dam-
age and inflammation, which then exacerbate
stress on the ocular surface [1, 5]. Because DED
operates as a cycle of stress, tissue damage, and
inflammation, it is possible to address DED from
multiple points in the disease process, whether it
is excess evaporation, which is a leading driver of

DED, or elsewhere in the cycle, such as tear pro-
duction or ocular surface inflammation.

NOVEL APPROACHES TO THE
COMPLEX PROBLEM OF DRY EYE
DISEASE

Two water-free, preservative-free drops have
recently been approved by the US Food and
Drug Administration (FDA) for the treat-
ment of the signs and symptoms of DED: per-
fluorohexyloctane ophthalmic solution (Miebo®;
Bausch +Lomb) [6] and water-free cyclosporine
ophthalmic solution 0.1% (Vevye®; Harrow Eye,
LLC) [7]. Both perfluorohexyloctane (PFHO) and
this formulation of cyclosporine (CsA 0.1%) obvi-
ate the need for an aqueous solvent, and there-
fore preservatives, by either consisting entirely of
a semifluorinated alkane (SFA; PFHO) or including
an SFA as a component of the formulation’s vehi-
cle (CsA 0.1%). SFAs are amphiphilic compounds
with low surface tension that are both chemically
inert and biocompatible [8]. Though both drugs
contain an SFA, each plays a very different role in
the formulation, with the physiochemical proper-
ties of each SFA helping facilitate the mechanisms
of action for PFHO and CsA 0.1% (anti-evapora-
tive vs. stimulating tear production, respectively),
making them uniquely designed for their respec-
tive target DED patient populations [6, 7].

This review summarizes the preclinical and
clinical characteristics of PFHO and CsA 0.1% to
provide a comprehensive overview of how their
respective physicochemical properties underpin
their respective places in DED therapy. This article
is based on previously conducted studies and does
not contain any new studies performed by any of
the authors on human participants or animals.

PFHO AND CSA 0.1%: TWO
SFA-BASED DROPS, TWO VERY
DIFFERENT DED TREATMENTS

SFAs are a class of molecules that are amphi-
philic in nature as a result of their two differ-
ent segments: a more polar fluorinated segment
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Fig.1 Molecular structures of a perfluorohexyloctane
(PFHO) and b perfluorobutylpentane (PFBP). Repro-
duced from Tsagogiorgas C, Otto M. Semifluorinated
alkanes as new drug carriers—an overview of poten-
tial medical and clinical applications. Pharmaceutics.
2023;15:1211. https://doi.org/10.3390/pharmaceutic515
041211 [13], under Creative Commons Attribution (CC
BY) license (https://creativecommons.org/licenses/by/4.
0/)

Table 1 Distinct properties and functions of PFHO and PFBP

and a lipophilic hydrocarbon segment [9]. The
chain lengths of the respective segments give
rise to substantially different physiochemical
properties. Longer lengths of the fluorinated and
hydrocarbon segments increase the intramolec-
ular interactions between the two segments of
the SFAs, decreasing their volatility (evaporation
rate) [10, 11] and enabling them to form more
stable monolayers at air-water interfaces [12].
As a DED therapy, PFHO (C,,H;,F,; [F6HS8]) is
both the active ingredient and sole component,
whereas CsA 0.1% contains perfluorobutylpen-
tane (CoH;;Fy [F4HS5]; PFBP) as part of the vehicle
to deliver the active ingredient, cyclosporine, to
ocular surface tissues (Fig. 1; Table 1) [6, 7, 13].
PFHO has longer fluorinated and hydrocarbon
segments than PFBP, enabling it to form a sta-
ble monolayer at the air-water interface of the
tear film [12]. Additionally, PFHO has a higher
boiling point than PFBP and is less volatile,
and thus evaporates more slowly, resulting in a
longer ocular surface residence time [14, 15]. On
the other hand, PFBP has a greater cyclosporine
solubilization capacity and, although PFHO
is retained longer on the ocular surface, PFBP
appears to be the more suitable drug delivery

PFHO CsA 0.1%
Active ingredient PFHO 100% CsA 0.1%
MOA Anti-evaporative Immunomodulation
Included SFA PFHO PFBP
Role of SFA in product Active ingredient, anti-evapora-  Vehicle component (along with ethanol;
tive enhances corneal bioavailability of active
ingredient)
PFHO PFBP

Evaporation rate (in vitro gravimetric
assay)
Corneal residence time (ex vivo model,

% remaining)

Slow (< 1.5% evaporated in 1 h)

Fast (93% evaporated in 1 h)

54.5% (approx. 3 X more) 18.6%

Abbreviations: CsA cyclosporine, MOA mechanism of action, PFBP perfluorobutylpentane, PFHO perfluorohexyloctane,

SFA semifluorinated alkane

Table created with data from Agarwal P, et al. Iz J Pharm. 2018;538(1-2):119-129 [10]; Vittitow JL, et al. Curr Ther Res
Clin Exp. 2023;98:100704 [9]; Micbo package insert. Bausch + Lomb; 2023 [6]; and Vevye package insert. Harrow, LLC;

2023 [7]
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vehicle. The physiochemical properties of the
individual SFAs in these two DED therapies—
PFHO and, for CsA 0.1%, PFBP—therefore ena-
ble each therapy to achieve its respective goal:
anti-evaporation for PFHO and, for CsA 0.1%,
improved bioavailability of its active ingredient,
the immunomodulator cyclosporine [10].

EVAPORATION RATES AND
RESIDENCE TIME

The particular physiochemical properties of
PFHO, with a lipophobic/aerophilic fluorinated
segment and a lipophilic hydrocarbon segment,
cause it to self-aggregate to form a well-organ-
ized monolayer at the air-tear film interface
[9, 15]. PFHO has a greater inhibitory effect on
the evaporation of saline than human meibum
lipids in vitro [9] and demonstrated extended
ocular surface residence time in a rabbit phar-
macokinetic model [15].

An in vitro gravimetric analysis comparing
the evaporation rate of PFHO directly with PFBP
showed that<1.5% of PFHO had evaporated at
1 h compared with 93% of PFBP, and <50% of
PFHO had evaporated at 24 h, the last studied
timepoint, whereas PFBP had completely evapo-
rated at 2 h (Fig. 2a) [10]. In an ex vivo model
in porcine eyes, both PFHO and PFBP had sig-
nificantly longer precorneal residence times
than cyclosporine-containing DED drops, cyclo-
sporine ophthalmic emulsion 0.05% (Restasis®;
Allergan, Inc), or cyclosporine ophthalmic emul-
sion 0.1% (Ikervis®; Santen Pharmaceutical)
(Fig. 2b) [10]. There was, however, a substantial
(approximately threefold) difference between
the two SFAs, with 54.5% of PFHO remaining
on the corneal surface at 1 h versus 18.6% of
PFBP [10]. Based on the observed lower evapo-
ration rate and longer ocular surface residence
time, these direct comparative data support the
distinct anti-evaporative properties of PFHO.
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Fig.2 Preclinical evaluations of perfluorohexyloctane
(PFHO) and perfluorobutylpentane (PFBP). a In vitro
percent evaporation rates over time. Evaporation rates were
evaluated gravimetrically, adding 500 puL SFA to a pre-
weighed tissue culture dish, and incubated at 35 + 3 °C; the
dish was then weighed again at each timepoint. b Ex vivo
precorneal residence time measured by fluorescence inten-
sity (0.05% w/v of fluorescent dye) of PFHO and PFBP vs.
cyclosporine ophthalmic emulsion 0.05% and cyclosporine
ophthalmic emulsion 0.1%. Fresh porcine corneas were
incubated in a tissue culture dish at 35+ 3 °C with a cor-
neal sleeve placed on top. A peristaltic pump continuously
perfused HBSS at a flow rate of 5.7 pL/min in and out of
the dish, and 10 uL of each test formulation—each con-
taining 0.05% w/v of fluorescent dye—was added. Fluores-
cence was then measured at each timepoint: every 30 s for
the first 30 min, then every 2 min for up to 60 min. Note:
The clinical significance of these data has not been estab-
lished. Abbreviations: HBSS Hank’s balanced salt solution,
PFBP perfluorobutylpentane, PFHO perfluorohexyloc-
tane, SFA semifluorinated alkane, w/v weight per volume.
Figures reprinted with permission from Agarwal P, et al.
Int ] Pharm. 2018;538(1-2):119-129 [10]
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SOLUBILIZATION OF
CYCLOSPORINE

In contrast to PFHO, the active ingredient in the
PFBP-based DED drop (CsA 0.1%) is the immu-
nomodulator cyclosporine; PFBP, along with
ethanol, acts as the vehicle [7]. Thus, the mech-
anism of action for CsA 0.1% is mediated via
the ability of cyclosporine to inhibit calcineurin-
mediated dephosphorylation of the nuclear fac-
tor of activated T cells, resulting in an increase
in tear production (Table 1) [7]. However, cyclo-
sporine has poor water solubility, which has his-
torically made it difficult to formulate for topical
ocular use [16]. In an ex vivo, whole-eye model
in rabbits, both PFHO and PFBP facilitated deliv-
ery of cyclosporine to the cornea, but PFBP had
better solubilization capacity of cyclosporine
(Fig. 3) [10]. Although PFHO better enabled
corneal penetration of cyclosporine at a 0.05%
concentration than did PFBP, PFHO had less
capacity to solubilize the higher 0.1% concen-
tration of cyclosporine used in the PFBP-based

60,000 -
50,000 -
E’
< 40,000
()]
[
< 30,000
O 20,000+ 23,088
< 10,000
~ PFHO PFBP PFBP
(0.05%) (0.05%) (0.1%)

Fig.3 Corneal penetration at 4 h of CsA solubilized in
PFHO (0.05%) or PFBP (0.05% or 0.1%) from the test
formulations (n=3 for each). Amount of CsA (ng) per
gram of corneal tissue following a 50-pL dose of test solu-
tion. Error bars represent the SEM. Note: PFHO (0.1%)
was not included in the analysis as a result of difficulty
solubilizing CsA 0.1%. There was no statistical analysis
provided for the comparison of PFHO (0.05%) vs. PFBP
(0.1%). The clinical significance of these data has not been
established. Abbreviations: AUC;_,) area under the curve
from 0 to 4 h, CsA cyclosporine, PFBP perfluorobutylpen-
tane, PFHO perfluorohexyloctane, SEM standard error of
the mean. Figure created with data from Agarwal P, et al.
Int ] Pharm. 2018;538(1-2):119-129 [10]

drop. Thus, PFBP was selected for use as a vehicle
component in the ultimate formulation of CsA
0.1%. Of note, a pharmacokinetics study in rab-
bits found that an 11-pL drop of CsA 0.1% and
a 50-uL drop of cyclosporine ophthalmic emul-
sion 0.1%, an oil-based emulsion indicated for
DED, have similar degrees of cyclosporine pen-
etration in the cornea, conjunctiva, and lacrimal
glands after topical ocular administration [17].
Therefore, similar anterior ocular tissue levels of
the active ingredient could be delivered to the
target tissues with the use of the PFBP vehicle as
compared to the emulsion formulation, despite
the much smaller drop size.

PFHO AND CSA 0.1% PHASE 3
CLINICAL STUDIES

PFHO and CsA 0.1% have not been compared
head-to-head in clinical studies, but both have
been examined individually in multiple rand-
omized, controlled clinical studies that assessed
their efficacy and safety for the treatment of
DED. The PFHO phase 3 program included
the pivotal GOBI (NCT04139798; N=597) and
MOJAVE (NCT04567329; N=620) studies in US
adult patients with DED associated with Meibo-
mian gland dysfunction (MGD) [18, 19]. Both
studies randomized patients 1:1 to treatment
with PFHO or hypotonic saline four times per
day (QID). Additionally, the KALAHARI study
(NCT04140227) assessed the long-term clinical
efficacy and safety of PFHO through 52 weeks in
208 patients from the GOBI study [20].

CsA 0.1% was evaluated in the pivotal
ESSENCE-1 (phase 2B/3; NCT03292809; N=328)
and ESSENCE-2 studies (phase 3; NCT04523129;
N=834) and a phase 3 study parallel to
ESSENCE-2 conducted in 206 Chinese patients
(NCT05841043) [21-23]. Following a 14-day
artificial tear run-in period, patients were ran-
domized 1:1 to treatment with CsA 0.1% or its
vehicle twice per day (BID). Unlike the PFHO
clinical studies, the presence of MGD was an
exclusion criterion in the CsA 0.1% pivotal stud-
ies. Additionally, patients in CsA 0.1% studies
typically had more severe DED signs: baseline
mean total corneal fluorescein staining (tCFS)
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scores by treatment group were nearly twofold
higher in CsA 0.1% studies than PFHO clinical
studies (CsA 0.1% studies, 11.5-12.3; PFHO stud-
ies, 6.7-7.1), and average baseline Schirmer test
scores by treatment group were nearly 8 points
lower in CsA 0.1% studies than PFHO stud-
ies (CsA 0.1% studies, 3.6-5.2; PFHO studies,
11.7-12.8) [18, 19, 21-23]. Therefore, consist-
ent with their respective mechanisms of action
(tear stimulator vs. anti-evaporative), in the CsA
0.1% trials, all patients had aqueous deficient
DED (Schirmer score inclusion criteria of >1 and
<10 mm) and severe corneal staining (tCFS>10
on the 0-15 National Eye Institute [NEI] scale),
while in the PFHO studies all patients had
evaporative DED (MGD score of >3 on a 0-15
scale, tCFS 4-11 on the NEI scale, and Schirmer
score>5 mm).

Efficacy in PFHO and CsA 0.1% Phase 3
Clinical Studies

The GOBI and MOJAVE studies consistently
met both of their primary efficacy endpoints:
PFHO provided significant improvements in
tCES and visual analog scale (VAS) eye dryness
score versus saline control at day 57 (P<0.001
for each; Table 2) [18, 19]. The ESSENCE-1 and
ESSENCE-2 studies also met the primary sign
endpoint: at 4 weeks, CsA 0.1% significantly
improved tCFS versus vehicle (ESSENCE-1,
P=0.0002; ESSENCE-2, P=0.03; Table 2) [21].
In addition, in the study by Peng et al., which
replicated ESSENCE-2 in a Chinese population,
CsA 0.1% significantly improved tCFS versus
vehicle at week 4 (P<0.001) [23]. However, CsA
0.1% did not significantly increase tear produc-
tion versus vehicle as measured by Schirmer
test in ESSENCE-1 [21], and Schirmer test scores
were not reported for ESSENCE-2 [22], nor was
the primary symptom endpoint met in any
of the studies [21-23]. In GOBI and MOJAVE,
DED signs and symptoms were improved at
day 15, with significant reductions in tCFS
and VAS eye dryness scores. The ESSENCE-1
and ESSENCE-2 studies both met their primary
DED sign endpoint: at 4 weeks, CsA 0.1% sig-
nificantly improved tCFS change from base-
line versus vehicle (ESSENCE-1, P=0.0002;

ESSENCE-2, P=0.03; Table 2). In ESSENCE-1,
the primary symptom endpoint of total Ocular
Surface Disease Index score was not significantly
improved with CsA 0.1% versus vehicle [21], and
in ESSENCE-2 [22] and the study by Peng et al.
[23], CsA 0.1% did not significantly improve the
primary symptom endpoint, eye dryness score,
versus vehicle (the same primary endpoint as the
PFHO pivotal studies).

In terms of onset of action, in GOBI and
MOJAVE, DED signs and symptoms were
improved with PFHO at day 15, with significant
reductions in both tCFS and VAS eye dryness
scores [18, 19]. In the three CsA 0.1% studies,
a significantly greater reduction versus vehicle
was evident at day 15 for tCFS but not symp-
toms [21-23]. Sustained efficacy in terms of
reduction from baseline was demonstrated
for both drugs for both signs and symptoms.
Patients treated with PFHO who proceeded
from GOBI to the open-label, long-term exten-
sion KALAHARI study continued to demonstrate
significant reductions from baseline in tCFS and
VAS eye dryness scores through week 52 [20].
Patients in the saline crossover to PFHO group in
KALAHARI demonstrated improvements in tCES
and VAS eye dryness scores at 4 weeks after ini-
tiating PFHO, which were maintained through
week 52. In the ESSENCE-2 open-label extension
(OLE) study in which patients received CsA 0.1%
for 52 weeks, there were statistically significant
improvements from ESSENCE-2 baseline in both
tCFS and eye dryness score at week 4, which
were sustained through week 52, with a more
pronounced improvement from OLE baseline at
week 4 for tCFS than for eye dryness score in the
patients who switched to CsA 0.1% [24].

Safety in PFHO and CsA 0.1% Clinical
Studies

In the GOBI, MOJAVE, and KALAHARI studies
of PFHO, most adverse events (AEs) were mild
or moderate in severity; there were no serious
ocular AEs, and discontinuation rates were low
[18-20]. In GOBI, the most common ocular AE
in the PFHO group was blurred vision (3.0%)
[18]; in MOJAVE, the most common ocular AE in
the PFHO group was blepharitis (1.6%) [19]. The
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most common ocular AEs in KALAHARI (occur-
ring in>2 patients) were vitreous detachment
(1.9%; none considered related to study treat-
ment), allergic conjunctivitis (1.4%), blurred
vision (1.4%), and increased lacrimation (1.4%)
[20]. There was one severe AE of eye irritation in
GOBI that led to treatment discontinuation [18],
and in KALAHARI, there was one severe AE of
bilateral eyelid irritation, which the investigator
considered possibly related to PFHO, but which
did not result in discontinuation [20].

Across its clinical studies, CsA 0.1% demon-
strated a favorable safety profile [21-23]. All
three vehicle-controlled studies examining CsA
0.1%—ESSENCE-1, ESSENCE-2, and the study by
Peng et al.—reported that AE rates were com-
parable between CsA 0.1% and control groups,
and ocular AEs were largely mild-to-moderate
in intensity. In both ESSENCE studies, the most
common ocular AEs were reduced visual acuity
(ESSENCE-1, 3.1%; ESSENCE-2, 1.7%), blurred
vision (ESSENCE-1, 1.2%; ESSENCE-2, 0.5%), and
instillation site pain or reactions (ESSENCE-1,
2.5%; ESSENCE-2, 10.2%) [21, 22]. Similar to
what was observed in ESSENCE-2, the study by
Peng et al. also reported common (>2%) ocular
AEs of reduced visual acuity (12.6%), ocular dis-
comfort (3.9%), eye pain (2.9%), blurred vision
(2.9%), and installation site reactions (2.9%)
[23]. Few serious treatment-emergent AEs were
reported in either ESSENCE-1 or ESSENCE-2 and
none were considered related to the study drug
[21, 22]. No severe ocular AEs were reported in
ESSENCE-1, ESSENCE-2, or the study by Peng
et al. [22, 23]. In the ESSENCE-OLE study, the
most common AE was mild instillation site pain
(6.5%); other AEs occurring at an incidence 22%
included vitreous detachment (4.5%), reduced
visual acuity (3.0%), and posterior capsule opaci-
fication (1.5%) [24]. One patient discontinued as
a result of an ocular AE (mild ocular burning on
instillation) [24].

CLINICAL CONTEXT

The longer chain length of the PFHO molecule
makes PFHO especially well suited for inhibit-
ing tear film evaporation, a pathophysiological

process that is a key factor in the development
and progression of the majority of DED cases
[1, 9, 10]. PFBP, on the other hand, has a shorter
chain length and evaporates more rapidly, but is
better able to solubilize a 0.1% concentration of
cyclosporine, an established treatment targeting
low tear production in DED [7, 10].

Accordingly, these differences appear to
translate to different clinical outcomes in the
respective pivotal trials, which target two dis-
tinct patient populations. In the case of PFHO,
study participants had predominantly evapora-
tive dry eye, while in the CsA 0.1% studies, par-
ticipants had aqueous-deficient DED with severe
tCFS. PFHO and CsA 0.1% both demonstrated
significant improvement in corneal staining, but
only PFHO met its primary symptom endpoints,
significantly improving VAS eye dryness scores
among users [18-23]. Although the immu-
nomodulatory and anti-inflammatory effects
of cyclosporine have historically been used to
increase tear production in patients with aque-
ous-deficient DED [25], CsA 0.1% did not signifi-
cantly increase tear production in ESSENCE-1,
nor did it improve patient symptoms as meas-
ured by VAS eye dryness score in ESSENCE-2 [21,
22].

In clinical practice, we benefit from the con-
tinued proliferation of treatments to manage
the complex, multifactorial condition that
is DED. When considering how to best apply
SFA-based therapies for DED, it is important
for us to understand what makes each distinct
in order to provide the best treatment for our
patients. For example, PFHO has demonstrated
reduction in both signs and symptoms of DED
in patients with DED and MGD, whereas CsA
0.1% has demonstrated reduction in ocular sur-
face damage in patients with aqueous-deficient
DED (including those with very low Schirmer
test scores). PFHO may be an optimal SFA-based
treatment for patients with evaporative DED,
whereas CsA 0.1% may be more advantageous
for patients with primarily aqueous-deficient
DED.
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CONCLUSIONS

PFHO and CsA 0.1% are both FDA-approved
therapies for the treatment of DED, and the
inclusion of SFAs makes them distinct from
other topical formulations: they are both
water- and preservative-free. Although their
similarities may prompt clinicians to group
PFHO and CSA 0.1% together, their differ-
ences—in physicochemical properties and the
mechanisms by which they are understood to
intervene in the DED cycle—are notable and
important to consider.

Medical Writing/Editorial Assistance. Edi-
torial assistance was provided by Synchrony
Medical Communications, LLC, West Chester,
PA, and funded by Bausch + Lomb, Bridgewater,
NJ, USA.

Author Contributions. Laura M. Periman,
Darrell E. White, and Douglas Katsev contrib-
uted to the conception, drafting, and critical
revision of the article.

Funding. The journal’s Rapid Service Fee
was funded by Bausch +Lomb, Bridgewater, NJ,
USA.

Data Availability. Data sharing is not appli-
cable for this article, as no original datasets were
generated or analyzed.

Declarations

Conflict of Interest. Laura M. Periman
reports serving on advisory boards, speak-
ers bureaus, and/or as a consultant for Alcon,
Aldeyra Therapeutics, Allergan, Amgen, Azura
Ophthalmics, Bausch + Lomb, Bruder Health-
care, Dompé, Eyedetec Medical, Kala Pharma-
ceuticals, Lumenis Be, Mallinckrodt, Myze,
Novartis Pharmaceuticals, Nusight Medical,
Olympic Ophthalmics, Science Based Health,
Scope Health, Sun Pharmaceutical Industries,
Tarsus, ThermaMEDX, Verséa, Visant, and Via-
tris; serving as a principal investigator for Alcon,
Bausch + Lomb, Kala Pharmaceuticals, Lumenis

Be, Novartis Pharmaceuticals, Olympic Ophthal-
mics, Tarsus, and Viatris; and is a shareholder of
Eyedetec Medical, Myze, Quench Method, Ther-
maMEDx, Verséa, and Visant. Darrell E. White
reports serving as a consultant and speaker to
Bausch + Lomb. Douglas Katsev reports serving
as a consultant and speaker to Bausch + Lomb.
Douglas Katsev has no financial interest in the
subject matter of this manuscript. The authors
report no other conflicts of interest in this work.

Ethical Approval. This article is based on
previously conducted studies and does not con-
tain any new studies performed by any of the
authors on human participants or animals.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommercial
4.0 International License, which permits any
non-commercial use, sharing, adaptation, distri-
bution and reproduction in any medium or for-
mat, as long as you give appropriate credit to the
original author(s) and the source, provide a link
to the Creative Commons licence, and indicate
if changes were made. The images or other third
party material in this article are included in the
article’s Creative Commons licence, unless indi-
cated otherwise in a credit line to the material.
If material is not included in the article’s Crea-
tive Commons licence and your intended use is
not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain per-
mission directly from the copyright holder. To
view a copy of this licence, visit http://creativeco
mmons.org/licenses/by-nc/4.0/.

REFERENCES

1. Craig JP, Nelson JD, Azar DT, et al. TFOS
DEWS II report executive summary. Ocul Surf.
2017;15(4):802-12.

2. Lemp MA, Crews LA, Bron A], Foulks GN, Sullivan
BD. Distribution of aqueous-deficient and evapo-
rative dry eye in a clinic-based patient cohort: a
retrospective study. Cornea. 2012;31(5):472-8.

3. Rabensteiner DF, Aminfar H, Boldin I, Schwantzer
G, Horwath-Winter J. The prevalence of

A\ Adis


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Ophthalmol Ther (2025) 14:283-293

293

10.

11.

12.

13.

14.

15.

meibomian gland dysfunction, tear film and
ocular surface parameters in an Austrian dry
eye clinic population. Acta Ophthalmol.
2018;96(6):e707-11.

Badian RA, Utheim TP, Chen X, et al. Meibomian
gland dysfunction is highly prevalent among first-
time visitors at a Norwegian dry eye specialist
clinic. Sci Rep. 2021;11(1):23412.

Pflugfelder SC, de Paiva CS. The pathophysi-
ology of dry eye disease: what we know and
future directions for research. Ophthalmology.
2017;124(11S):54-13.

MIEBO (perfluorohexyloctane ophthalmic solu-
tion), for topical ophthalmic use [package insert].
Bridgewater: Bausch & Lomb Americas Inc; 2023.

Vevye 0.1%, for topical ophthalmic use [package
insert]. Heidelberg: Novaliq GmbH; 2023.

Meinert H, Roy T. Semifluorinated alkanes—a new
class of compounds with outstanding properties
for use in ophthalmology. Eur ] Ophthalmol.
2000;10(3):189-97.

Vittitow ], Kissling R, DeCory H, Borchman D.
In vitro inhibition of evaporation with per-
fluorohexyloctane, an eye drop for dry eye disease.
Curr Ther Res Clin Exp. 2023;98:100704.

Agarwal P, Scherer D, Giinther B, Rupenthal
ID. Semifluorinated alkane based systems for
enhanced corneal penetration of poorly soluble
drugs. Int J Pharm. 2018;538(1-2):119-29.

Morgado P, Das G, McCabe C, Filipe EJM. Vapor
pressure of perfluoroalkylalkanes: the role of the
dipole. ] Phys Chem B. 2015;119:1623-32.

Broniatowski M, Sandez-Macho I, Minones ]J,
Dynarowicz-tatka P. Langmuir monolayers char-
acteristic of (perfluorodecyl)-alkanes. ] Phys Chem
B. 2004;108(35):13403-11.

Tsagogiorgas C, Otto M. Semifluorinated alkanes
as new drug carriers—an overview of potential
medical and clinical applications. Pharmaceutics.
2023;15(4):1211.

Liang Y, Kociok N, Leszczuk M, et al. A cleaning
solution for silicone intraocular lenses: “sticky sili-
cone oil.” Br ] Ophthalmol. 2008;92(11):1522-7.

Krosser S, Spencer E, Grillenberger R, Struble CB,
Fischer K. Ocular and systemic distribution of
14C-perfluorohexyloctane following topical ocular
administration to rabbits [abstract]. Invest Oph-
thalmol Vis Sci. 2018;59(9):2656.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Agarwal P, Rupenthal ID. Modern approaches to
the ocular delivery of cyclosporine A. Drug Discov
Today. 2016;21(6):977-88.

Agarwal P, Korward J, Krosser S, Rupenthal ID. Pre-
clinical characterization of water-free cyclosporine
eye drops—factors impacting ocular penetra-
tion ex vivo and in vivo. Eur J Pharm Biopharm.
2023;188:100-7.

Tauber ], Berdy GJ, Wirta DL, Krosser S, Vittitow
JL, on behalf of the GOBI Study Group. NOVO03 for
dry eye disease associated with meibomian gland
dysfunction: results of the randomized phase 3
GOBI study. Ophthalmology. 2023;130(5):516-24.

Sheppard JD, Kurata F, Epitropoulos AT, Krosser
S, Vittitow JL, MOJAVE Study Group. NOVO03
for signs and symptoms of dry eye disease asso-
ciated with meibomian gland dysfunction: the
randomized phase 3 MOJAVE study. Am ] Ophthal-
mol. 2023;252:265-74.

Protzko EE, Segal BA, Korenfeld MS, Krdosser S,
Vittitow JL. Long-term safety and efficacy of per-
fluorohexyloctane ophthalmic solution for the
treatment of patients with dry eye disease: the
KALAHARI study. Cornea. 2024;43(9):1100-7.

Sheppard JD, Wirta DL, McLaurin E, et al. A
water-free 0.1% cyclosporine A solution for
treatment of dry eye disease: results of the ran-
domized phase 2B/3 ESSENCE study. Cornea.
2021;40(10):1290-7.

Akpek EK, Wirta DL, Downing JE, et al. Efficacy
and safety of a water-free topical cyclosporine,
0.1%, solution for the treatment of moder-
ate to severe dry eye disease: the ESSENCE-2
randomized clinical trial. JAMA Ophthalmol.
2023;141(5):459-66.

Peng R, Jie Y, Long Q, et al. Water-free cyclosporine
ophthalmic solution vs vehicle for dry eye disease:
a randomized clinical trial. JAMA Ophthalmol.
2024;142(4):337-43.

Wirta DL, Galor A, Aune CA, et al. Long-term
safety and efficacy of a water-free cyclosporine
0.1% ophthalmic solution for treatment of dry eye
disease: ESSENCE-2 OLE. Cornea. 2024. https://
doi.org/10.1097/1C0O.0000000000003567.

Periman LM, Mah FS, 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.

A\ Adis


https://doi.org/10.1097/ICO.0000000000003567
https://doi.org/10.1097/ICO.0000000000003567

	Differentiating Between Perfluorohexyloctane Ophthalmic Solution and Water-Free Cyclosporine Ophthalmic Solution 0.1% for Dry Eye Disease: A Review of Preclinical and Clinical Characteristics
	Abstract
	Introduction
	Novel Approaches to the Complex Problem of Dry Eye Disease
	PFHO and CsA 0.1%: Two SFA-Based Drops, Two Very Different DED Treatments
	Evaporation Rates and Residence Time
	Solubilization of Cyclosporine
	PFHO and CsA 0.1% Phase 3 Clinical Studies
	Efficacy in PFHO and CsA 0.1% Phase 3 Clinical Studies
	Safety in PFHO and CsA 0.1% Clinical Studies

	Clinical Context
	Conclusions
	References




