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Abstract

Introduction: The aim of the study was to systematically
review the evidence from randomized controlled trials that
evaluate the efficacy and safety of perfluorohexyloctane in
the treatment of dry eye disease. Methods: Literature search
was conducted on PubMed and Scopus in April 2024 with
the search strategy (“perfluorohexyloctane” or “NOV03” or
“semifluorinated alkane”) and “dry eye.” Extension and
paired-eyes study were excluded. The risk of bias was as-
sessed using the Cochrane risk-of-bias tool. Forest plots and
a summary of findings were prepared for total corneal
fluorescein staining (tCFS), tear film break-up time (TFBUT),
eye dryness score (EDS), and Ocular Surface Disease Index
(OSDI). Results: The pooled standardized mean difference
(SMD) for tCFS after 8 weeks of treatment was —0.53 (95%
Cl: —0.68 to —0.38; p < 0.001), indicating a significant im-
provement in patients treated with perfluorohexyloctane.
The between-study heterogeneity was moderately high (/> =

52.0%). No significant differences in TFBUT were observed
(SMD = 0.05; 95% Cl: —0.16 to 0.25; p = 0.654). Regarding
symptoms, patients treated with NOV03 had significantly
lower EDS compared to controls (SMD = —0.49; 95% Cl: —0.66
to —0.32; p < 0.001), with moderately high heterogeneity
(> = 71.1%). Conversely, the pooled SMD of OSDI was —0.13
(95% Cl: —0.43 to 0.17; p = 0.412), indicating no significant
difference. Conclusion: Perfluorohexyloctane is an effective
and safe alternative for the treatment of evaporative dry eye
disease due to MGD that can significantly reduce tCFS and
eye dryness symptoms. More well-designed non-sponsored
randomized clinical trials are required to investigate the
impact on other ocular surface parameters.

© 2024 The Author(s).
Published by S. Karger AG, Basel

Introduction

Dry eye disease (DED) is a very common ophthalmic
condition, affecting millions of patients worldwide [1]. It
is characterized by a loss of homeostasis of the tear film,
which manifests through a variety of symptoms including
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ocular discomfort and visual disturbance. DED can be
caused by both aqueous deficiency and evaporative loss of
the tear film, determining a vicious cycle of hyper-
osmolarity, tear film instability, and ocular surface in-
flammation [2, 3]. Traditional management strategies for
DED range from artificial tear substitutes to more ad-
vanced therapeutic interventions, such as nano-based
drug delivery systems for eye drops [4-7]. However,
the variability in patient response underlines the unmet
need for more effective and diverse therapeutic agents.
Recent therapeutic strategies for DED have focused on
new compounds to mitigate evaporation rate.

Perfluorohexyloctane is an inert semifluorinated alkane
which has emerged as a novel agent and was recently
approved in Europe as a medical device for the treatment
of DED [8]. This fully saturated, linear molecule is
characterized by a hydrogenated carbon chain, which
confers hydrophobic properties to the compound [9].
Perfluorohexyloctane has multiple mechanisms of action.
Primarily, it replaces the defective tear film lipid layer while
forming a protective overlay at the tear film-air interface,
significantly reducing evaporation rate [10-12]. The
structural properties of the hydrocarbon chains in meibum
lipids play a crucial role in maintaining tear film stability.
The degree of unsaturation of these chains determines the
fluidity and spreading of the lipid layer on the ocular
surface. Less unsaturated lipids are stiffer, which increases
lipid clumping, eventually obstructing meibomian glands
[13, 14]. Perfluorohexyloctane improves the structure of
the lipid layer, stabilizing the tear film and reducing DED
symptoms [15]. Finally, perfluorohexyloctane shows
oxygen-carrying capacity, allowing the delivery of non-
reactive oxygen species to the cornea, which is critical for
the health of the ocular surface [16].

These properties make perfluorohexyloctane a com-
pelling candidate for addressing the evaporative com-
ponent of DED [17]. Randomized controlled trials
(RCTs) have suggested the efficacy of per-
fluorohexyloctane in ameliorating signs and symptoms in
patients affected by evaporative DED [18-22]. The
purpose of this meta-analysis is to systematically review
the evidence from RCTs that evaluate the efficacy and
safety of perfluorohexyloctane in the treatment of DED.

Methods

Study Selection

Comprehensive literature search was conducted by
two authors (A.T. and M.P.) on PubMed and Scopus in
April 2024. The website clinicaltrials.gov was queried to
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identify ongoing unpublished RCTs. The search
strategy used was (“perfluorohexyloctane” or “NOV03”
or “semifluorinated alkane”) and “dry eye.” The
analysis of the literature was performed according to
the PRISMA guidelines. After removing duplicates,
titles and abstracts were evaluated. Relevant articles
were subjected to full-text examination. References of
all the full texts were manually checked for additional
related studies. Included studies were limited to RCTs
involving adult human subjects affected by DED. Only
English-written articles were included. Extension
studies, trials involving less than 30 eyes, and/or paired
eyes were excluded.

Bias Assessment

The risk of bias for each RCT was assessed by two
authors (A.T. and M.P.) using the Cochrane risk-of-
bias tool [23]. Five domains were evaluated: (1)
randomization process, (2) deviations from intended
interventions, (3) missing outcome data, (4) mea-
surement of the outcome, and (5) selection of the
reported results. Disagreements were resolved by
discussion and consensus with a third author (G.G.).
Each domain was classified as “low risk,” “some
concerns,” “high risk.”

Data Extraction

Data extraction was independently performed by two
authors (A.T. and M.P.), using a standardized form. From
each RCT, results about the following study variables with
2-, 4-, 8-week follow-ups (FUs) were recorded: (1) total
corneal fluorescein staining (tCFS), (2) tear film break-up
time (TFBUT), (3) eye dryness score (EDS) assessed by a
visual analogue scale (VAS), (4) ocular burning/stinging
assessed by VAS scale, (5) Ocular Surface Disease Index
(OSDI), (6) unanesthetized Schirmer test (ST), and (7)
meibomian gland dysfunction (MGD) score. In case of
missing data, the principal investigators of the RCTs were
emailed to request access to the original data sets. The
meta-analysis was conducted using the available infor-
mation when no response was received within a 4-week
period.

Statistical Analysis

Forest plot analyses were performed for the fol-
lowing outcomes: tCFS, TFBUT, EDS, and OSDI. Re-
sults were reported as mean + standard deviation. For
continuous variables, mean differences (MDs) and
standardized mean differences (SMD) with 95% con-
fidence intervals (CIs) and p values were calculated. A
random-effects model was used by default to perform
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Fig. 1. PRISMA flowchart for the article
selection process.

the meta-analysis. For TFBUT, the DerSimonian and
Laird estimator (1) was negative; therefore, a random-
effects model could not be applied, and a fixed-effects
model was used instead. Heterogeneity values were
calculated. The quality of evidence for each outcome
was graded according to the GRADE classification
system in “very low,” “low,” “moderate,” or “high.” The
incidence of ocular treatment-emergent adverse events
(TEAEs) was reported and analyzed as relative effect
(95% CI). A “Summary of Findings” table was prepared
for all outcomes.

A p value <0.05 was considered statistically sig-
nificant (two-sided test). Sensitivity and subgroup
analyses were not performed due to the small number
of RCTs involved in the meta-analysis. All data were
entered into an electronic database via Microsoft
Office Excel 365 (Microsoft Corp., Redmond, WA,
USA) and analyzed with IBM SPSS Statistics (version
29.0; IBM, Armonk, NY, USA). Forest plots were
created using R.

Results

Results of Search

A total of 81 articles were retrieved in the literature
search. After removing duplicates (n = 30), 51 abstracts
were screened. After excluding unrelated items, full-text
examination was conducted on 10 articles. One study was

Efficacy of Perfluorohexyloctane in Dry Eye
Disease

excluded because it investigated severe dry eye cases due
to graft-versus-host disease [24], 2 because they were
extension studies [25, 26], 1 because it reported data for
paired eyes, which could lead to intra-subject correlation
[10], and 1 because of the comparative design with a non-
control cohort [27]. Overall, 5 RCT's were included in the
meta-analysis (one phase 2 studies, three phase 3 studies,
and one phase 4 studies) (shown in Fig. 1).

Study design and inclusion criteria for each RCT are
reported in Table 1. In all studies, the investigated in-
tervention was the instillation of perfluorohexyloctane
eye drops administered 4 times daily. Four RCT's used the
NOVO03 formulation (Novaliq GmbH, Heidelberg, Ger-
many), while Schmidl et al. [18] used NovaTears (Novaliq
GmbH, Heidelberg, Germany). For comparison, patients
instilled a sodium chloride solution (either 0.6 or 0.9%)
4 times daily. All RCTs were multicentric, double-
masked, with an 8-week FU, except for the study by
Schmidl et al. [18], which was conducted in a single site
(Austria, Vienna), was single-masked, and had a FU
period of 4 weeks. Inclusion criteria were identical in the 4
multicentric studies (TFBUT <5 s; ST I >5; OSDI >25;
tCFS >4, <11; MGD score >3), while the criteria for the
study by Schmidl et al. [18] were less strict.

Risk of Bias

A risk-of-bias summary is shown in Figure 2.
Randomization was computer-based and provided
by the sponsor in the study by Schmidl et al. [18]; in
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Fig. 2. Risk-of-bias assessment according to the Cochrane risk-of-bias tool. D1, randomization process; D2,
deviations from the intended interventions; D3, missing outcome data; D4, measurement of the outcome;
D5, selection of the reported result; + = low risk; ! = some concerns; — = high risk. RCT, randomized
controlled trial.

Tian et al., 2023 [22]

Table 2. Summary of findings of the following outcomes: tCFS, TFBUT, EDS as assessed by a VAS, and OSDI score

Outcomes Mean in Mean in MD (95% Cl)  SMD (95% Cl), p value Participants Certainty of the
intervention control (studies), n evidence
group (SD) group (SD) (GRADE)?
tCFS 4.28 (2.05) 538 (201) -1.06 —0.53 (—0.68, —0.38), <0.001 1,802 (5) @aad high
(-1.31, -0.81)

TFBUT 4.54 (2.19) 445 (242) 0.2 0.05 (—0.16, 0.25), 0.654 360 (2) @000 very low
(-0.34, 0.59)

EDS VAS  34.51 (17.32) 43.61(17.81) -7.22 —-0.49 (-0.66, —0.32), <0.001 1,577 (4) @@®d high
(=17.25, 2.8)

OSDI 36.24 (15.44) 39.28 (15.19) —1.89 —0.13 (—0.43, 0.18), 0.412 585 (3) ®d00 low
(—9.18, 5.39)

SD, standard deviation; Cl, confidence interval. High: this research provides a very good indication of the likely effect; the
likelihood that the effect will be substantially different® is low. Moderate: this research provides a good indication of the likely
effect; the likelihood that the effect will be substantially different® is moderate. Low: this research provides some indication of the
likely effect; however, the likelihood that it will be substantially different® is high. Very low: this research does not provide a reliable
indication of the likely effect; the likelihood that the effect will be substantially different® is very high. Perfluorohexyloctane eye
drops for the treatment of DED: (a) patients or population: 1,802; 465 (25.8%) M, 1,337 (74.2%) F; mean age 54.02 years; (b) settings:
96 sites (USA, China, Austria); (c) design: one phase 2, three phase 3, and one phase 4 RCTs, double-masked (except Schimdl et al.
[18], single-masked); (d) FU: 8 weeks; (e) intervention: perfluorohexyloctane eye drops 4 times daily; (f) comparison: hypotonic
saline solution (either 0.6 or 0.9% NaCl) 4 times daily. °GRADE working group grades of evidence. PSubstantially different, a large
enough difference that it might affect a decision.

the other RCTs, randomization was centralized across
study centers. Stratification was based on clinical site
and EDS in the MOJAVE (Sheppard et al. [19]) and
GOBI (Tauber et al. [21]) studies. Allocation con-
cealment was not clearly explained in any RCT, except
the GOBI study. Participants were not masked in the
study by Schmidl et al. [18]. The MOJAVE, SEECASE

Efficacy of Perfluorohexyloctane in Dry Eye
Disease

(Tauber et al. [20]), and GOBI studies included
baseline data about TFBUT, ST, and MGD score at
baseline, but did not provide the same measure-
ments for the last visit. Additionally, the GOBI study
did not report OSDI at the last visit. All studies were
sponsored and financed by Novaliq GmbH (Heidel-
berg, Germany) and Bausch + Lomb (NY, USA). In
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Table 3. Baseline, last visit, and CFB for both intervention and control groups of the five included RCTs

RCT (first  Time tCFS (0-15) TFBUT (s) EDS VAS (0-100) OSDI (0-100) Patients
author, point with >1, ocular
study TEAE, n (%)
name,
year) study control  study control  study control  study control  study control
Schmidl Baseline 4.1+14 3.8+14 3.7+17 3.8+2.1 35%15 32+14 44422 40+14 - -
etal. [18] Lastvisit 2.8£1.6 3.1+£1.6 51+27 57+3.1 2224173 20.2+17.3 33.4+21.6 3041216 - -
(2020) CFB -1.3 -0.7 1.4 1.9 -12.8 -11.8 -10.6 -9.6 - -
Sheppard Baseline 7+2 7.1£21  3.2+0.9 3.1+£0.9 64.7£19.5 64.3£19.8 55.2+174 55.8+17.2 - -
etal. [19] Lastvisit 47+1.6 6119 - - 35.2+15.5 453+16.5 31.9 39.9 40 38(12.3)
(2023), (12.9)
MOJAVE CFB -2.3 -1.1 - - -29.5 -19 =233 -15.9 - -
Tauber Baseline 7+2.2 6.712 3+0.9 3+0.9 68.6+21.8 66.8+21.7 553+£74 54+169 - -
et al. [20] Last visit 4.89+1.8 5.77+1.8 - - 37 47.1 51£9.2 51+£9.2 13 13(11.7)
(2021), (11.4)
SEECASE  CFB =-2.11 -0.93 - - -31.6 -19.7 -43 -3 - -
Tauber Baseline 6.7+1.8 6.7+1.9 3.2+0.8 3.320.8 66.5+£19.1 66.8£18.7 53.9+£17.6 54.4+17 - -
et al. [21] Lastvisit 47422 5.7+2 - - 39.1£164 47.1£174 - - 29 22 (7.5)
(2023), (9.6)
GOBI CFB -2 -1 - - =274 -19.7 - - - -
Tian et al. Baseline 6.2+1.9 6.3+1.7 3+0.9 2.9+0.9 64.7£15.1 65.6£16.5 55.8+£16.6 56.2+16.6 - -
[22] (2023) Lastvisit 2.4+2.7 3.6+24 4.452+2.1 4.263+2.3 26.1+21.9 37.3+20.9 25.9+17.8 323+17.3 22 24 (15.4)
(14.1)
CFB -3.8 -2.7 1.5 1.4 -38.6 -28.3 -29.9 -23.9 - -

tCFS, total corneal fluorescein staining; TFBUT, tear film break-up time; EDS, eye dryness score; VAS, visual analogue scale; OSDI,
Ocular Surface Disease Index; TEAE, treatment-emergent adverse event.

b

Source

Schmidl et al., 2020 [18]
Sheppard et al., 2023 [19]
Tauber et al., 2021 [20]
Tauber et al., 2023 [21]
Tian et al., 2023 [22]
Total

Standardized Mean

Tear Film Break-Up Time

SMD (95% CI)
-0.20 [-0.77; 0.36]

0.09 [-0.14; 0.31]
0.05 [-0.16; 0.25]

Heterogeneity: x?= 0.86 (P = .35), I? = 0%

a Total Corneal Fluorescein Staining
Source SMD (95% Cl)
Schmidl et al., 2020 [18] ~ -0.18 [-0.75; 0.38] —
Sheppard et al., 2023 [19] -0.74 [-0.90; -0.58] —Jl—
Tauber et al., 2021 [20] -0.49 [-0.75; -0.22] —a—
Tauber et al., 2023 [21] -0.47 [-0.64; -0.31] .
Tian et al., 2023 [22] -0.47 [-0.69; -0.24] —
Total -0.53 [-0.68; -0.38] _—
[ —
Heterogeneity: x3= 8.33 (P = .08), I? = 52% .05 0 05

Difference (95% ClI)

I T T
06 -04 02 0

02 04 06

Standardized Mean Difference (95% CI)

C

Source

Schmidl et al., 2020 [18]
Sheppard et al., 2023 [19]
Tauber et al., 2021 [20]
Tauber et al., 2023 [21]
Tian et al., 2023 [22]
Total

Eye Dryness Score

SMD (95% Cl)
0.1 [-0.45; 0.68]
-0.63[-0.79; -0.47]

-0.47 [-0.64; -0.31]
-0.52 [-0.75; -0.30]
-0.49 [-0.66; -0.32]

Heterogeneity: x3=6.92 (P = .07), I = 57%

d

Source

Schmidl et al., 2020 [18]
Sheppard et al., 2023 [19]
Tauber et al., 2021 [20]
Tauber et al., 2023 [21]
Tian et al., 2023 [22]
Total

SMD (95% Cl)
0.14 [-0.43; 0.70]

0.00 [-0.26; 0.26]

-0.36 [-0.59; -0.14]
-0.13[-0.43; 0.18]

Heterogeneity: x3= 5.61 (P = .06), I? = 64%

-06 -0.4

_._
—_—
e

-0.5

1
] 0.5

Standardized Mean Difference (95% Cl)

Ocular Surface Disease Index

0.2
Standardized Mean Difference (95% CI)

0 02 04 06

Fig. 3. Forest plots for tCFS (a), TFBUT (b), EDS (c) as assessed by a VAS, and OSDI (d). SMD, standardized
mean difference; CI, confidence interval.
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a 2 1 Ocular Treatment-Emergent Adverse Events (TEAESs)

Source

Schmidl et al., 2020 [18]
Sheppard et al., 2023 [19]
Tauber et al., 2021 [20]
Tauber et al., 2023 [21]

RR (95% Cl)

1.05 [0.69; 1.58] ih
0.97 [0.47; 2.01] E
1.280.75; 2.17] - =

Total

b

Source

Total

c
Source

Total

Fig. 4. Forest plots for number of patients
with at least ocular TEAEs (a), blurred
vision (b), and eye pain (c). RR, relative
risk; CI, confidence interval; PI, prediction
interval.

Tian et al., 2023 [22]

Heterogeneity: x5= 0.82 (P = .84), I = 0%

Schmidl et al., 2020 [18]
Sheppard et al., 2023 [19]
Tauber et al., 2021 [20]
Tauber et al., 2023 [21]
Tian et al., 2023 [22]

Heterogeneity: x3= 0.57 (P = .90), I? = 0%

Schmidl et al., 2020 [18]
Sheppard et al., 2023 [19]
Tauber et al., 2021 [20]
Tauber et al., 2023 [21]
Tian et al., 2023 [22]

Heterogeneity: x3=2.18 (P = .54), I> = 0%

0.92 [0.54; 1.56] =
1.05 [0.84; 1.32]
[0.56; 2.00]

0.5

Vision Blurring
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summary, the risk of bias was low in all studies, ex-
cept for the RCT by Schmidl et al. [18], which pre-
sented some concerns related to randomization and
masking.

Summary of Findings

A summary of findings is shown in Table 2. Overall,
1,802 patients were recruited in 96 different sites
(USA, China, Austria) between December 2016 and
July 2021. By design, the SEECASE study included two
distinct treatment groups: one received per-
fluorohexyloctane 4 times daily and the other twice
daily. For the purpose of the meta-analysis, only re-
sults from the group treated 4 times daily were con-
sidered. Similarly, the control group also encompassed

Efficacy of Perfluorohexyloctane in Dry Eye
Disease

2 dosage regimens (twice daily and 4 times daily), but
the two subgroups were not divided by the authors.
Therefore, it was not possible to differentiate between
the 2 dosage subgroups for the purpose of the sta-
tistical analysis.

In total, 908 patients were treated with per-
fluorohexyloctane eye drops 4 times daily, while 894
received a saline solution (either 0.6 or 0.9% NaCl).
Most participants were females (F = 1,337; M = 465).
Weighted mean age was 54.0 years. The last visit was
performed at week 8 in all studies, except in the RCT by
Schmidl et al. [18] (week 4). Baseline, last visit, and
change from baseline (CFB) for both intervention and
control groups of the 5 included RCTs are shown in
Table 3.
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Total Corneal Fluorescein Staining

A meta-analysis in relation to tCFS was performed for
all 5 studies (1,802 patients). The pooled MD of tCFS after
treatment was —1.06 (95% CI: —1.31 to —0.81). The pooled
SMD was —0.53 (95% CI: —0.68 to —0.38; p < 0.001),
indicating a significantly lower tCFS in patients treated
with perfluorohexyloctane eye drops (shown in Fig. 3a).
The between-study heterogeneity was moderately high
(I? = 52.0%).

Tear Film Break-Up Time

A meta-analysis in relation to TFBUT was performed
in 2 out of 5 studies (360 patients), because 3 studies did
not include last visit data for this parameter. The pooled
MD of TFBUT after treatment was 0.12 (95% CI: —0.34 to
0.59). The pooled SMD was 0.05 (95% CI: —0.16 to 0.25;
p = 0.654), showing no significant difference between the
treatment and control group (shown in Fig. 3b), with a
low heterogeneity (I* = 0%).

VAS for Eye Dryness

A meta-analysis in relation to EDS was performed in 4
out of 5 studies (1,577 patients), because 1 study did not
include sufficient data to analyze this parameter. The
pooled MD of the EDS after treatment was —7.22 (95%
CIL: —17.25 to 2.8). The pooled SMD was —0.49 (95% CI:
-0.66 to —0.32; p < 0.001), indicating a significantly lower
EDS in patients treated with perfluorohexyloctane eye
drops (shown in Fig. 3c). A moderate heterogeneity was
observed (I? = 56.6%).

Ocular Surface Disease Index

A meta-analysis in relation to OSDI score was per-
formed in 3 out of 5 studies (583 patients), because 2
studies did not include sufficient data to analyze this
parameter. The pooled MD of the EDS after treatment
was —1.89 (95% CIL: -9.18 to 5.39). The pooled SMD
was —0.13 (95% CI: —0.43 to 0.17; p = 0.412), indicating
no significant difference between patients treated with
perfluorohexyloctane and control subjects, along with a
moderately high heterogeneity (I* = 64.4%) (shown in
Fig. 3d).

Ocular TEAEs

The number and percentage of ocular TEAEs were
reported in 4 out of 5 RCTs. Overall, 104 patients (11.7%)
in the intervention group and 97 (11.1%) in the control
group presented at least 1 ocular TEAE, with a nonsig-
nificant relative risk (RR) of 1.05 (95% CI: 0.84 to 1.32; p =
0.506) (shown in Fig. 4a). The most common TEAE was
vision blurring, reported by 22 patients (2.5%) of the
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intervention group and 4 patients (0.5%) in the control
group. The RR was statistically significant (RR = 5.10,
95% CI: 2.39 to 10.91; p = 0.006) (shown in Fig. 4b). Eye
pain was rarer, occurring in 8 patients (0.9%) of the
intervention group and 12 patients (1.4%) of the control
group (RR = 0.68, 95% CI: 0.18 to 2.56; p = 0.418) (shown
in Fig. 4c).

Discussion

In this meta-analysis, the efficacy and safety of eye drops
based on semifluorinated alkane perfluorohexyloctane
(F6H8) have been evaluated across available RCTs.
These eye drops only include a lipidic component;
therefore, they may be considered as the first water-free
eye drops [21]. However, unlike typical lipid-containing
eye drops, which are often viscous, perfluorohexyloctane
has a refractive index similar to water, minimizing vision
blurring [28].

The mechanism of action of perfluorohexyloctane has
been extensively investigated. Its efficacy depends on the
replenishment and enhancement of the lipid layer of the
tear film [15]. Both in vitro and in vivo studies dem-
onstrated that perfluorohexyloctane eye drops reinforce
the lipid layer, greatly reducing the evaporation rate of the
aqueous layer of the tear film [9, 18]. Such effect is de-
termined by perfluorohexyloctane’s hydrophobic struc-
ture and low surface tension, allowing for uniform dis-
tribution of the eye drops on the ocular surface, and
forming a protective layer on top of the defective meibum,
at the tear film-air interface [29]. In addition, per-
fluorohexyloctane has oxygen-carrying capacity, which
improves healing in DED patients [16].

Another possible mechanism of action is the bio-
chemical interaction with the meibum. Kroesser et al. [30]
demonstrated high affinity of carbon 14-labeled per-
fluorohexyloctane for the meibomian gland in a rabbit
model. After penetrating the gland, perfluorohexyloctane
solubilized the pathological, viscous meibum. If dem-
onstrated in humans, these synergistic properties could be
especially useful for the treatment of evaporative DED
due to MGD.

In the context of evaporative DED, MGD has tradi-
tionally been thought to play a key role, predominantly
through the mechanism of increased tear film evapora-
tion due to lipid layer insufficiency [31, 32]. However,
recent in vitro studies have shown a negligible impact of
meibum lipids in inhibiting tears” evaporation rate. As a
consequence, this finding raises questions about the
impact of the native tear film lipid layer in reducing tear
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evaporation in vivo [9]. Furthermore, several authors
have found no significant differences in lipid layer
thickness (LLT) between patients with and without DED
[33-36]. Remarkably, researchers reported that patients
affected by evaporative DED with obstructive MGD were
found to have higher LLT than those affected by evap-
orative DED with nonobstructive MGD [37-39]. It
should also be noted that LLT measurements can vary
widely both among individuals and within the same tear
film lipid layer, complicating their interpretation [35,
40-42]. These findings suggest that the relationship be-
tween LLT and tear film evaporation may be more
complex than previously thought, necessitating further
investigation.

Based on our literature search, the results of ten
completed RCTs were published. Of these, 5 were in-
cluded in the meta-analysis [18-20]. Adult patients af-
fected by mild to moderated DED participated in the
trials. The FU was 8 weeks in all RCTs, except in the study
by Schmidl et al. [18] (4 weeks). In the SEECASE study,
Tauber et al. [21] found that the efficacy of per-
fluorohexyloctane in improving signs and symptoms of
DED is dose dependent. Consequently, all subsequent
studies adopted a QID dosing schedule (4 times daily)
instead of a BID one (twice daily). The MOJAVE,
SEECASE, and GOBI studies, as well as the trial by Tian
et al. [22], employed the NOV03 formulation (Novaliq
GmbH, Heidelberg, Germany). These 4 RCTs were
multicentric and double-masked. Instead, the other RCT
by Schmidl et al. [18] tested the NovaTears formulation
(Novaliq GmbH, Heidelberg, Germany). It was per-
formed in a single site, and only observers were masked.
Baseline tCFS, TFBUT, EDS, unanesthetized ST, MGD
score, and OSDI were measured in all studies; however,
last visit measurements were not always reported for all
the variables. The study by Schmidl et al. [18] was the
only one to evaluate NITFBUT, LLT, and tear film
thickness by the means of optical coherence tomography.
However, the sample size was very limited (24 patients for
the intervention group).

The meta-analysis was conducted for tCFS, TFBUT,
EDS, and OSDI. Last visit data for tCFS were reported by
all studies. A significant SMD of —0.53 (p < 0.001) was
found between intervention and control group, with a
medium heterogeneity. This outcome can be attributed to
the long-lasting protection of perfluorohexyloctane on
the ocular surface (up to 6 h in rabbit models) [15].

It is well known how a physiological lipid layer is es-
sential to stabilize the tear film [43]. Schmidl et al. [18] were
the only authors to report data about LLT. The LLT relative
CFB was significantly higher for perfluorohexyloctane than

Efficacy of Perfluorohexyloctane in Dry Eye
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for the saline solution at 4 weeks (least squared MD =
16.34%, p < 0.01). An increased thickness of the lipid layer
has been statistically correlated to higher values of TFBUT
and ST score [44]. However, in our meta-analysis, last visit
data for TFBUT showed no significant difference between
intervention and control group (SMD = 0.05, p = 0.654).
This unexpected result is probably due to the small sample
size and short FU of the studies reporting TFBUT data (2
out of 5).

Tian et al. [22] were the only authors to report MGD
score and ST values for last visit. The improvements were
comparable between intervention and control groups, for
both MGD score (intervention group CFB = -2.1, control
group CFB = —1.8; p = 0.33) and ST (intervention group
CFB = -1.0, control group CFB = 0.3; p = 0.12).

Concerning symptoms, EDS data were reported in 4
out of 5 studies. The meta-analysis showed an overall
significant reduction of EDS after treatment
(SMD = -0.49, p < 0.001). OSDI last visit data were
available in 3 out of 5 studies. There was no significant
difference between intervention and control group
(SMD = -0.13, p = 0.412); however, a significant effect
was found for the study by Tian et al. [22] (SMD = —0.36,
p = 0.001).

These findings were recently confirmed by the KA-
LAHARI study, a phase 3, multicenter, open-label ex-
tension study of the GOBI trial, with a 12-month FU.
Both the intervention and control groups of the GOBI
study were treated with perfluorohexyloctane. The re-
ductions in tCFS and EDS observed in the GOBI study
were sustained throughout the KALAHARI study. The
patients who switched from saline solution to per-
fluorohexyloctane showed significant improvements in
DED signs and symptoms compared to baseline [26].

The certainty of the evidence was considered high for
the analyses of tCFS and EDS, low for TFBUT and OSDL
In general, perfluorohexyloctane eye drops were well-
tolerated, with a low percentage of patients affected by
ocular TEAEs (11.7%), mainly blurred vision (2.4%). No
severe adverse events related to the treatment were
reported.

The main limitation of this meta-analysis was the low
quantity of published RCTs. All studies were sponsored,
introducing a possible bias. In the MOJAVE, SEECASE,
and GOBI studies, outcome selection may be biased, as
several baseline variables (TFBUT, OSDI, ST, and MGD
score) were not assessed at last visit.

Different sodium chloride solutions were used for the
control groups, which may have altered results. In the
SEECASE study and in the trial by Schmidl et al. [18],
0.9% saline solution was used. The SEECASE study
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included 2 different dosage regimens (twice a day and
4 times a day) for controls, without providing separate
results for the 2 subgroups. Conversely, Sheppard et al.
[19], Tauber et al. [21], and Tian et al. [22] used a hy-
potonic 0.6% saline solution. Hypotonic saline solutions
are arguably better comparators, as they have been re-
ported to be effective in the treatment of DED. In fact,
they reduce the hyperosmolarity of the tear film, which
plays a key role in the vicious cycle of DED [22, 45].

Additionally, the perfluorohexyloctane formulations
used were preservative-free. This was not always the case
for the control saline solutions. Except for Schmidl et al.
[18], saline solutions were either preserved with ben-
zalkonium chloride (BAK) or the authors did not provide
information about the presence of preservatives. BAK has
been clearly associated with ocular surface toxicity [46].
BAK induces an inflammatory response, alters the via-
bility and functionality of meibomian glands, damages
corneal epithelial cells, and triggers conjunctival goblet
cell apoptosis [47]. Therefore, chronic exposure to BAK
may lead to tear film instability, exacerbating the
symptoms of DED [48].

In conclusion, the results of this meta-analysis dem-
onstrated a significant effect of perfluorohexyloctane in
reducing tCFS and eye dryness symptoms. Per-
fluorohexyloctane is an effective and safe alternative for
the treatment of evaporative DED; however, more well-
designed non-sponsored RCTs are required to investigate
the impact on TFBUT, MGD score, and ST values.

References

—
N

Stapleton F, Alves M, Bunya VY, Jalbert I,
Lekhanont K, Malet F, et al. TFOS DEWS II
epidemiology report. Ocul Surf. 2017;15(3):
334-65. https://doi.org/10.1016/j.jt0s.2017.
05.003

Bron AJ, de Paiva CS, Chauhan SK, Bonini S,
Gabison EE, Jain S, et al. TFOS DEWS II
pathophysiology report. Ocul Surf. 2017;
15(3):438-510. https://doi.org/10.1016/j.jtos.
2017.05.011

Di Cello L, Pellegrini M, Vagge A, Borselli, M,
Ferro Desideri, L, Scorcia, V, et al. Advances
in the noninvasive diagnosis of dry eye dis-
ease. Appl Sci. 2021;11(21):10384. https://doi.
0rg/10.3390/app112110384

4 Honda M, Asai T, Oku N, Araki Y, Tanaka
M, Ebihara N. Liposomes and nanotechnol-
ogy in drug development: focus on ocular
targets. Int ] Nanomedicine. 2013;8:495-503.
https://doi.org/10.2147/I]N.S30725
Kamaleddin MA. Nano-ophthalmology: ap-
plications and considerations. Nano-
medicine. 2017;13(4):1459-72. https://doi.
0rg/10.1016/j.nano.2017.02.007

apsb.2016.09.001

[\S}
~

nano14080669

w
[o°]

10.001

=}

w

2023.100704

50 Ophthalmic Res 2025;68:41-51
DOI: 10.1159/000542149

Coco G, Buffon G, Taloni A, Giannaccare G.
Recent advances in nanotechnology for the
treatment of dry eye disease. Nanomaterials. 1
2024;14(8):669. https://doi.org/10.3390/

Ballesteros-Sanchez A, De-Hita-Cantalejo C,
Sédnchez-Gonzédlez MC, Jansone-Langine Z,
de Sotomayor MA, Culig J, et al. Per-
fluorohexyloctane in dry eye disease: a sys- 12 Nagar S, Ajouz L, Nichols KK, Kumar S, Zhao
tematic review of its efficacy and safety as a
novel therapeutic agent. Ocul Surf. 2023;30:
254-62. https://doi.org/10.1016/j.jtos.2023.

Vittitow ], Kissling R, DeCory H, Borchman
D. In vitro inhibition of evaporation with
perfluorohexyloctane, an eye drop for dryeye 13 Georgiev GA, Borchman D, Eftimov P, Yokoi
disease. Curr Ther Res Clin Exp. 2023;98:
100704. https://doi.org/10.1016/j.curtheres.

Statement of Ethics

A statement of ethics and a consent to participate are not ap-
plicable because this study is based exclusively on published literature.

Conflict of Interest Statement

The authors have no conflicts of interest to declare.

Funding Sources

This study was not supported by any sponsor or funder.

Author Contributions

Conceptualization, G.G., G.C, M.P,, and A.T.; methodology, G.G.,
M.P,, and V.S, validation and visualization, G.G., A.T.,, M.P., G.C,, and
V.S, formal analysis and data curation, A.T. and M.P.; investigation,
G.G., AT, M.P, and G.C; writing - original draft preparation, A.T. and
G.C,; writing - review and editing, G.G., and V.S.; supervision, G.G.,
M.P., and V.S; project administration, G.G., G.C,, and V.S. All authors
have read and agreed to the published version of the manuscript.

Data Availability Statement

Further inquiries can be directed to the corresponding author
Giuseppe Giannaccare at giuseppe.giannaccare@unica.it. This study is
a meta-analysis, based on publicly available data in: [18-22].

Weng Y, Liu J, Jin S, Guo W, Liang X, HuZ. 10 Steven P, Scherer D, Krosser S, Beckert M,
Nanotechnology-based strategies for treat-
ment of ocular disease. Acta Pharm Sin B.
2017;7(3):281-91. https://doi.org/10.1016/j.

Cursiefen C, Kaercher T. Semifluorinated
alkane eye drops for treatment of dry eye
disease-a prospective, multicenter non-
interventional study. ] Ocul Pharmacol Ther.
2015;31(8):498-503. https://doi.org/10.1089/
jop.2015.0048

Nguyen A, Naidoo KK, Ajouz L, Xu X, Zhao C,
Robinson MR, et al. Changes in human mei-
bum lipid composition related to the presence
and severity of meibomian gland dysfunction.
J Ocul Pharmacol Ther. 2024;40(9):562-70.
https:/doi.org/10.1089/j0p.2024.0063

—

C, Naidoo KK, et al. Relationship between
human meibum lipid composition and the
severity of meibomian gland dysfunction: a
spectroscopic analysis. Invest Ophthalmol
Vis Sci. 2023;64(10):22. https://doi.org/10.
1167/i0vs.64.10.22

N. Lipid saturation and the rheology of hu-
man tear lipids. Int ] Mol Sci. 2019;20(14):
3431. https://doi.org/10.3390/ijms20143431

Taloni et al.

G20z aunr og uo jsenb Aq Jpd-611.2S000/95080E /L #/1/89/sPpd-0|o1E/810/W0D"10B1EY//:d)Y WOl papeojumoq


mailto:giuseppe.giannaccare@unica.it
https://doi.org/10.1016/j.jtos.2017.05.003
https://doi.org/10.1016/j.jtos.2017.05.003
https://doi.org/10.1016/j.jtos.2017.05.011
https://doi.org/10.1016/j.jtos.2017.05.011
https://doi.org/10.3390/app112110384
https://doi.org/10.3390/app112110384
https://doi.org/10.2147/IJN.S30725
https://doi.org/10.1016/j.nano.2017.02.007
https://doi.org/10.1016/j.nano.2017.02.007
https://doi.org/10.1016/j.apsb.2016.09.001
https://doi.org/10.1016/j.apsb.2016.09.001
https://doi.org/10.3390/nano14080669
https://doi.org/10.3390/nano14080669
https://doi.org/10.1016/j.jtos.2023.10.001
https://doi.org/10.1016/j.jtos.2023.10.001
https://doi.org/10.1016/j.curtheres.2023.100704
https://doi.org/10.1016/j.curtheres.2023.100704
https://doi.org/10.1089/jop.2015.0048
https://doi.org/10.1089/jop.2015.0048
https://doi.org/10.1089/jop.2024.0063
https://doi.org/10.1167/iovs.64.10.22
https://doi.org/10.1167/iovs.64.10.22
https://doi.org/10.3390/ijms20143431
https://doi.org/10.1159/000542149

14

15

16

17

18

19

20

2

—_

22

23

24

Borchman D. The optimum temperature for
the heat therapy for meibomian gland dys-
function. Ocul Surf. 2019;17(2):360-4.
https://doi.org/10.1016/j.jtos.2019.02.005
Millar TJ, Vittitow J, Cavet M, Ahmed S,
Borchman D. In vitro and in vivo visuali-
zation of perfluorohexyloctane, an eye drop
for dry eye disease, using infrared emissivity.
Cornea. In Press.

Stolowich N, Vittitow J, Kissling R, Borch-
man D. Oxygen-carrying capacity of per-
fluorohexyloctane, a novel eye drop for dry
eye disease. Curr Ther Res Clin Exp. 2023;98:
100705. https://doi.org/10.1016/j.curtheres.
2023.100705

Seitzman GD, Lietman TM. Will the long-
named perfluorohexyloctane produce long-
lasting improvements in patients with mei-
bomian gland disease? JAMA Ophthalmol.
2023;141(4):392-3. https://doi.org/10.1001/
jamaophthalmol.2023.0399

Schmidl D, Bata AM, Szegedi S, Aranha Dos
Santos V, Stegmann H, Fondi K, et al. In-
fluence of perfluorohexyloctane eye drops on
tear film thickness in patients with mild to
moderate dry eye disease: a randomized
controlled clinical trial. J Ocul Pharmacol
Ther. 2020;36(3):154-61. https://doi.org/10.
1089/jop.2019.0092

Sheppard JD, Kurata FK, Epitropoulos A,
Krosser S, Vittitow J. Efficacy of NOV03
(perfluorohexyloctane) on signs and symp-
toms of dry eye disease associated with
meibomian gland dysfunction: the Mojave
study. Invest Ophthalmol Vis Sci. 2022;63(7):
1531-A0256.

Tauber J, Wirta DL, Sall K, Majmudar PA,
Willen D, Krésser S, et al. A randomized clinical
study (SEECASE) to assess efficacy, safety, and
tolerability of NOVO03 for treatment of dry eye
disease. Cornea. 2021;40(9):1132-40. https:/
doi.org/10.1097/1C0O.0000000000002622
Tauber J, Berdy GJ, Wirta DL, Krésser S,
Vittitow JL; GOBI Study Group. NOV03 for
dry eye disease associated with meibomian
gland dysfunction: results of the randomized
phase 3 GOBI study. Ophthalmology. 2023;
130(5):516-24. https://doi.org/10.1016/j.
ophtha.2022.12.021

Tian L, Gao Z, Zhu L, Shi X, Zhao S, Gu H,
et al. Perfluorohexyloctane eye drops for dry
eye disease associated with meibomian gland
dysfunction in Chinese patients: a random-
ized clinical trial. JAMA Ophthalmol. 2023;
141(4):385-92. https://doi.org/10.1001/
jamaophthalmol.2023.0270

RoB 2. A revised Cochrane risk-of-bias tool
for randomized trials. Cochrane Bias. https://
methods.cochrane.org/bias/resources/rob-2-
revised-cochrane-risk-bias-tool-randomized-
trials

Eberwein P, Krosser S, Steven P. Semi-
fluorinated alkane eye drops in chronic oc-
ular graft-versus-host disease: a prospective,
multicenter, noninterventional study. Oph-
thalmic Res. 2020;63(1):50-8. https://doi.org/
10.1159/000499158

Efficacy of Perfluorohexyloctane in Dry Eye
Disease

25

26

27

28

29

30

31

32

33

34

35

36

Steven P, Augustin AJ, Geerling G, Kaercher
T, Kretz F, Kunert K, et al. Semifluorinated
alkane eye drops for treatment of dry eye
disease due to meibomian gland disease.
J Ocul Pharmacol Ther. 2017;33(9):678-85.
https://doi.org/10.1089/jop.2017.0042

Protzko EE, Segal BA, Korenfeld MS, Krésser
S, Vittitow JL. Long-term safety and efficacy

37

Lee PK, Chung JL, Kim DR, Yoon YC, Yang
S, Whang WJ, et al. Categorization of
meibomian gland dysfunction using lipid
layer thickness and meibomian gland
dropout in dry eye patients: a retrospective
study. Korean ] Ophthalmol. 2024;38(1):
64-70. https://doi.org/10.3341/kjo.2023.
0126

of perfluorohexyloctane ophthalmic solution 38 Jung JW, Park SY, Kim JS, Kim EK, Seo KY,
for the treatment of patients with dry eye Kim TI. Analysis of factors associated with
disease: the KALAHARI study. Cornea. 2024; the tear film lipid layer thickness in normal
43(9):1100-7. https://doi.org/10.1097/ICO. eyes and patients with dry eye syndrome.
0000000000003418 Invest Ophthalmol Vis Sci. 2016;57(10):
Habbe K]J, Frings A, Saad A, Geerling G. The 4076-83. https://doi.org/10.1167/iovs.16-
influence of a mineral oil cationic nano- 19251
emulsion or perfluorohexyloctane on the tear 39 Sang X, Li Y, Yang L, Liu JH, Wang XR, Li
film lipid layer and higher order aberrations. CY, et al. Lipid layer thickness and tear
PLoS One. 2023;18(1):€0279977. https://doi. meniscus height measurements for the dif-
0rg/10.1371/JOURNAL.PONE.0279977 ferential diagnosis of evaporative dry eye
Sheppard JD, Nichols KK. Dry eye disease subtypes. Int J Ophthalmol. 2018;11(9):
associated with meibomian gland dysfunc- 1496-502. https://doi.org/10.18240/ijo.2018.
tion: focus on tear film characteristics and the 09.11
therapeutic landscape. Ophthalmol Ther. 40 Korb DR, Baron DF, Herman JP, Finnemore
2023;12(3):1397-418. https://doi.org/10. VM, Exford JM, Hermosa JL, et al. Tear film
1007/540123-023-00669-1 lipid layer thickness as a function of blinking.
Delicado-Miralles M, Velasco E, Diaz-Tahoces Cornea. 1994;13(4):354-9. https://doi.org/10.
A, Gallar J, Acosta MC, Aracil-Marco A. De- 1097/00003226-199407000-00012
ciphering the action of perfluorohexyloctane 41 King-Smith PE, Nichols JJ, Braun R]J, Nichols
eye drops to reduce ocular discomfort and pain. KK. High resolution microscopy of the lipid
Front Med. 2021;8:709712. https://doi.org/10. layer of the tear film. Ocul Surf. 2011;9(4):
3389/FMED.2021.709712 197-211. https://doi.org/10.1016/s1542-
Kroesser S, Spencer E, Grillenberger R, 0124(11)70033-7
Struble C, et al. Ocular and systemic distri- 42 Glasgow BJ. Ellipsometry of human tears.
bution of 14C- perfluorohexyloctane fol- Ocul Surf. 2019;17(2):341-6. https://doi.org/
lowing topical ocular administration to rab- 10.1016/j.jt0s.2019.02.008
bits. Invest Ophthalmol Vis Sci. 2018;59(9): 43 Craig JP, Nichols KK, Akpek EK, Caffery B,
2656. Dua HS, Joo CK, et al. TFOS DEWS II
McCulley JP, Shine WE. Meibomian gland definition and classification report. Ocul Surf.
function and the tear lipid layer. Ocul Surf. 2017;15(3):276-83. https://doi.org/10.1016/j.
2003;1(3):97-106. https://doi.org/10.1016/ jt0s.2017.05.008
$1542-0124(12)70138-6 44 TIsreb MA, Greiner JV, Korb DR, Glonek T,
Shimazaki ], Sakata M, Tsubota K. Ocular Mody SS, Finnemore VM, et al. Correlation
surface changes and discomfort in patients with of lipid layer thickness measurements with
meibomian gland dysfunction. Arch Oph- fluorescein tear film break-up time and
thalmol. 1995;113(10):1266-70. https://doi.org/ Schirmer’s test. Eye. 2003;17(1):79-83.
10.1001/archopht.1995.01100100054027 https://doi.org/10.1038/sj.eye.6700224
Ajouz L, Nguyen A, Zhao C, Ho C, Robinson 45 Aragona P, Di Stefano G, Ferreri F, Spinella
MR. Tear film lipid layer thickness in subjects R, Stilo A. Sodium hyaluronate eye drops of
with increasing severity of MGD. Invest different osmolarity for the treatment of dry
Ophthalmol Vis Sci. 2024;65(7):1-6780 eye in Sjogren’s syndrome patients. Br J
(Accessed 24 September, 2024). Ophthalmol. 2002;86(8):879-84. https://doi.
Bai Y, Ngo W, Khanal S, Nichols KK, Nichols org/10.1136/bjo.86.8.879
JJ. Human precorneal tear film and lipid layer ~ 46 Goldstein MH, Silva FQ, Blender N, Tran T,
dynamics in meibomian gland dysfunction. Vantipalli S. Ocular benzalkonium chloride
Ocul Surf. 2021;21:250-256. https://doi.org/ exposure: problems and solutions. Eye. 2022;
10.1016/j.jt0s.2021.03.006 (Accessed 24 Sep- 36(2):361-8. https://doi.org/10.1038/s41433-
tember, 2024). 021-01668-x
Bai Y, Ngo W, Khanal S, Nichols JJ. Char- 47 Steven DW, Alaghband P, Lim KS. Preser-
acterization of the thickness of the tear film vatives in glaucoma medication. Br J Oph-
lipid layer in meibomian gland dysfunction thalmol. 2018;102(11):1497-503. https://doi.
using high resolution optical microscopy. org/10.1136/bjophthalmol-2017-311544
Ocul Surf. 2022;24:34-9. https://doi.org/10. ~ 48 Baudouin C, Labbé A, Liang H, Pauly A,
1016/j.jtos.2021.12.011 Brignole-Baudouin F. Preservatives in
Zhou W, Yu H, Feng Y. Decrease in tear film eyedrops: the good, the bad and the ugly.
lipid layer thickness in patients with kera- Prog Retin Eye Res. 2010;29(4):312-34.
toconus. J Clin Med. 2022;11(18):5252. https://doi.org/10.1016/j.preteyeres.2010.
https://doi.org/10.3390/jcm11185252 03.001

Ophthalmic Res 2025;68:41-51 51

DOI: 10.1159/000542149

G20z aunr og uo jsenb Aq Jpd-611.2S000/95080E /L #/1/89/sPpd-0|o1E/810/W0D"10B1EY//:d)Y WOl papeojumoq


https://doi.org/10.1016/j.jtos.2019.02.005
https://doi.org/10.1016/j.curtheres.2023.100705
https://doi.org/10.1016/j.curtheres.2023.100705
https://doi.org/10.1001/jamaophthalmol.2023.0399
https://doi.org/10.1001/jamaophthalmol.2023.0399
https://doi.org/10.1089/jop.2019.0092
https://doi.org/10.1089/jop.2019.0092
https://doi.org/10.1097/ICO.0000000000002622
https://doi.org/10.1097/ICO.0000000000002622
https://doi.org/10.1016/j.ophtha.2022.12.021
https://doi.org/10.1016/j.ophtha.2022.12.021
https://doi.org/10.1001/jamaophthalmol.2023.0270
https://doi.org/10.1001/jamaophthalmol.2023.0270
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials
https://doi.org/10.1159/000499158
https://doi.org/10.1159/000499158
https://doi.org/10.1089/jop.2017.0042
https://doi.org/10.1097/ICO.0000000000003418
https://doi.org/10.1097/ICO.0000000000003418
https://doi.org/10.1371/JOURNAL.PONE.0279977
https://doi.org/10.1371/JOURNAL.PONE.0279977
https://doi.org/10.1007/s40123-023-00669-1
https://doi.org/10.1007/s40123-023-00669-1
https://doi.org/10.3389/FMED.2021.709712
https://doi.org/10.3389/FMED.2021.709712
https://doi.org/10.1016/s1542-0124(12)70138-6
https://doi.org/10.1016/s1542-0124(12)70138-6
https://doi.org/10.1001/archopht.1995.01100100054027
https://doi.org/10.1001/archopht.1995.01100100054027
https://doi.org/10.1016/j.jtos.2021.03.006
https://doi.org/10.1016/j.jtos.2021.03.006
https://doi.org/10.1016/j.jtos.2021.12.011
https://doi.org/10.1016/j.jtos.2021.12.011
https://doi.org/10.3390/jcm11185252
https://doi.org/10.3341/kjo.2023.0126
https://doi.org/10.3341/kjo.2023.0126
https://doi.org/10.1167/iovs.16-19251
https://doi.org/10.1167/iovs.16-19251
https://doi.org/10.18240/ijo.2018.09.11
https://doi.org/10.18240/ijo.2018.09.11
https://doi.org/10.1097/00003226-199407000-00012
https://doi.org/10.1097/00003226-199407000-00012
https://doi.org/10.1016/s1542-0124(11)70033-7
https://doi.org/10.1016/s1542-0124(11)70033-7
https://doi.org/10.1016/j.jtos.2019.02.008
https://doi.org/10.1016/j.jtos.2019.02.008
https://doi.org/10.1016/j.jtos.2017.05.008
https://doi.org/10.1016/j.jtos.2017.05.008
https://doi.org/10.1038/sj.eye.6700224
https://doi.org/10.1136/bjo.86.8.879
https://doi.org/10.1136/bjo.86.8.879
https://doi.org/10.1038/s41433-021-01668-x
https://doi.org/10.1038/s41433-021-01668-x
https://doi.org/10.1136/bjophthalmol-2017-311544
https://doi.org/10.1136/bjophthalmol-2017-311544
https://doi.org/10.1016/j.preteyeres.2010.03.001
https://doi.org/10.1016/j.preteyeres.2010.03.001
https://doi.org/10.1159/000542149

	Efficacy of Perfluorohexyloctane for the Treatment of Patients with Dry Eye Disease: A Meta-Analysis
	Introduction
	Methods
	Study Selection
	Bias Assessment
	Data Extraction
	Statistical Analysis

	Results
	Results of Search
	Risk of Bias
	Summary of Findings
	Total Corneal Fluorescein Staining
	Tear Film Break-Up Time
	VAS for Eye Dryness
	Ocular Surface Disease Index
	Ocular TEAEs

	Discussion
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


