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Background: Preserved prostaglandin analogs (PGAs) have been linked to ocular surface disease (OSD). While the benefits of
preservative-low (PL) or -free (PF) Tafluprost (Santen Inc., Japan) were reported in real-world studies in Western countries, this is the
first study in Asia to assess the effectiveness and safety of switching from preserved PGA to PL or PF-Tafluprost.

Methods: We conducted a meta-analysis on studies that included adults (>18 years of age) with a Corneal Fluorescein Staining Score
(CFS) >1. These individuals had switched to PL or PF-tafluprost after using a preserved PGA therapy for at least 3 months for
glaucoma and were identified from Santen’s tafluprost study database. A total of six studies from South Korea, Philippines, Malaysia,
Singapore, Thailand, Taiwan were pooled for analysis.

Results: An intraocular pressure (IOP) reduction of 5.9% (0.91 mmHg) was seen in 265 patients. However, this result was not
statistically significant (95% CI: —3.64, 1.81; Figure 1). Among 132 patients, a 47.9% reduction in the CFS (95% CI: —3.65, —1.91)
was seen. Tear film break-up (n=183) significantly increased by 1.06 seconds (95% CI: 0.65, 1.47). In 88 patients, the bulbar
conjunctiva score decreased by —0.46 (95% CI: —0.81, —0.10) and palpebral conjunctiva score decreased by —0.42 (95% CI: —0.67—
0.17). One or more new adverse reactions were reported in 3% of the individuals after switching.

Conclusion: Tafluprost IOP reduction is comparable to other PGAs, with significant improvements in the ocular surface and minimal
adverse reactions which were already previously reported.

Keywords: ocular surface disease, glaucoma, preserved prostaglandins, tafluprost, PGA, preservative-free, preservative-low, Asian
population, meta analysis

Introduction

Glaucoma is the leading cause of irreversible blindness, and its prevalence in Asia is on the rise.' The two main types of
glaucoma are primary open-angle glaucoma (POAG) and primary angle-closure glaucoma (PACG).> Glaucoma is
a progressive disease that is exacerbated by increased intraocular pressure (IOP), which leads to retinal ganglion loss,
thinning and loss of neuroretinal rim and retinal nerve fiber layer. Reducing IOP to delay progression and maintain
quality of life are key interventions in the clinical management of glaucoma.® These have been the mainstay of treatment
since 1875 when pilocarpine was first discovered, followed by epinephrine in the early 1900s.>* Prostaglandin analogs
(PGAs) were developed in the mid-1990s as a more effective and safer topical option, leading them to become the first
line of treatment in POAG, PACG and ocular hypertension (OHT).’
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PGAs facilitate a hypotensive effect via the prostaglandin FP receptors, located in the ciliary muscle and in the
trabecular meshwork that provide increased uveoscleral and trabecular meshwork outflow.® Prior to 2009, as infections
have been long associated with eye drops, PGAs were preserved with benzalkonium chloride (BAC), which is
a quaternary ammonium compound with effective bactericide and fungicide actions. Clinicians in Asia routinely
prescribe preserved PGAs, such as latanoprost (0.02% BAC), bimatoprost 0.03% containing 0.005% BAC or bimatoprost
0.01% containing 0.02% BAC), and travoprost [containing 0.015% BAC or polyquaternium-1 (Polyquad)].

As treatments for glaucoma are typically long-term, continued use of the above-mentioned preserved PGAs is
associated with ocular surface disease (OSD) that manifests into signs and symptoms, such as irritation (burning
sensations), itchiness, foreign body sensations, conjunctival hyperemia, redness, dry eye and tearing.”’ Consequently,
this can lead to patient’s lack of compliance, glaucoma progression and eventually result in decreased quality of life.’

Tafluprost (Santen Inc., Osaka, Japan) was the fourth-generation and first preservative-free PGA to be introduced in
Europe and Japan for more than 12 years (2009). Tafluprost is offered as low-preservative (0.001% BAC) and
preservative-free options.® Randomized control trials and isolated real-life studies have confirmed the effectiveness
and safety of tafluprost. While there have been a few large-scale, real-life studies assessing the potential, added benefits
of using a preservative-free or low-preservative PGA, such studies are concentrated in Western countries.” "' In fact,
there is a lack of large, real-life studies of pharmaco-efficacy and safety of switching to tafluprost after continued use of
preserved PGAs in Asian populations. Therefore, our study aimed to assess the clinical efficacy and safety of switching

from preserved PGA to preservative-low (PL) or preservative-free (PF)-tafluprost in Asia.

Methods

Real-life studies from Asia that assessed the clinical efficacy (via measurement of IOP) and/or safety (via assessment of
OSD) of switching from preserved PGA to tafluprost were identified via Santen’s tafluprost study database, which, as
a common funder, provided expedited access to the data and study groups. Eligibility criteria for this pooled study were
as follows: data collection in the years 2014-2020, studies that included patients who were >18 years of age, Corneal
Fluorescein Staining Score (CFS) score >1, switched to tafluprost after using a preserved PGA therapy for at least 3
months for glaucoma and similarity in outcomes assessment. Two independent reviewers confirmed the eligibility of the
studies for the pooled analysis by reviewing protocols, manuscripts and/or study reports. This study was conducted
according to the 2020 edition of the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA).'?

A total of six studies were compiled from six Asian countries including South Korea, Philippines, Malaysia,
Singapore, Thailand, Taiwan (Table 1). Data from all countries were published (Philippines,'® Singapore,'* Thailand,'®
Malaysia,'® Korea,'” Taiwan'®) at the time of this analysis (it is stated in the references section that the Taiwan study was
just presented as poster in a scientific meeting and not published). Assessment of study outcomes for all studies was
performed using a similar method: IOP and OSD [CFS, tear film break-up time (TBUT), hyperemia]. Outcomes were
operationalized (Table 2) across all studies as follows:

IOP: intraocular pressure was assessed via a Goldmann applanation tonometer.

Table | Outcomes and Studies Included

I | Intraocular pressure (IOP) 6 Korea, Malaysia, Philippines, Singapore, Thailand, Taiwan
2 | Corneal Fluorescein Staining Score (CFS) | 4 Korea, Malaysia, Singapore, Taiwan
3 | Tear film break-up time (TBUT) 5 Korea, Malaysia, Singapore, Thailand, Taiwan
4 | Hyperemia — bulbar conjunctiva (BC) 3 Malaysia, Singapore, Taiwan
5 | Hyperemia — palpebral conjunctiva (PC) | 3 Malaysia, Singapore, Taiwan
2670  "tes Clinical Ophthalmology 2022:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

a0

91:720T ASojoweyaydQ [eaud

isdpy

1L9T

Table 2 Characteristics and Main Results from the Observational Studies That Switched from Preserved PGAs to Tafluprost

preservative-low

Study Patientst | Age, Yrs Female, | Condition Product Concentration | Follow-Up Main Results
(Mean, SD) n(%) (Frequency) Time
Wong'* 51 66.6 (11.7) 29(56) POAG, Tafluprost 0.0015% 12 wks Significant improvement in CFS, TBUT, hyperemia and
OHT preservative-low | (I drop/day) subjective OSD symptoms.
Tumbocon'? 73 64.8 (14-94) 43(59) POAG, Tafluprost 0.0015% 12-24 wks Significant reduction in IOP was sustained through the study
PACG, preservative-low | (I drop/day) period and in sub-groups (treatment-naive, add-on, or
OHT, replacement therapy).
secondary,
NTG
Lim'® 28 65.5 (9.55) 9(32) POAG, Tafluprost 0.0015% 12-wks Significant improvement in CFS, and OSDI.
OHT preservative- (I drop/day)
free
Yen'® 20 63.9 (10.4) 8(40) POAG, Tafluprost 0.0015% 12-wks Effectiveness was seen via TBUT, CFS and hyperemia.
OHT preservative-low | (I drop/day)
Park'” 37 63.2 (13.16) 22(59) Glaucoma Tafluprost 0.0015% 12-wks Significant improvement was seen via CFS, TBUT score, and
with OSD, preservative- (I drop/day) OSDL.
OHT free
Ruangvaravate'® | 30 61.2 (11.5) 24(80) POAG Tafluprost 0.0015% 24 wks Clinical signs of OSD and TBUT were significantly improved.
preservative- (I drop/day) TBUT improvement was higher in the PF group. No
free and significant improvement in Conjunctival Hyperemia.

Notes: The studies without a reference citation have not reached the publication stage, results from study reports and/or patient-level datasets were used for analyses. tNumber of patients enrolled, please note, the number analyzed at

baseline or at follow-up will vary depending on level of completeness for each outcome.

Abbreviations: PF, preservative-free; P, preserved; POAG, primary open-angle glaucoma; OHT, ocular hypertension; PACG, primary angle-closure glaucoma; NTG, normal tension glaucoma; OSD, ocular surface disease; yrs, years; SD,

standard deviation; wks, weeks; CFS, Corneal Fluorescein Staining Score; TBUT, tear break-up time; IOP, intraocular pressure; OSDI, Ocular Surface Disease Index.
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CFS: Corneal Fluorescein Staining Score was collected on five areas of the cornea (central; superior; temporal; nasal
and inferior) using the National Eye Institute Industry (NEI) grade method). This assesses the viability of the corneal
epithelium.

TBUT: tear film break-up time was observed using the slit-lamp microscope, which helps to evaluate the stability of
the tear film and for evaporative dry eye.

Conjunctival hyperemia was assessed via reference photographs as per the criteria of the Japanese Guideline for
Allergic Conjunctival Diseases (0 = none; 1 = mild; 2 = moderate; 3 = severe)."’

Patient-level, de-identified datasets or summary results were used to compile data from all studies. The results of
continuous (IOP, TBUT) and ordinary-scaled (CFS, hyperemia scores) outcomes were extracted via mean differences
(standard deviations). The results of each study and the pooled results were shared with each investigator for review and
confirmation. One study from Thailand'® assessed both PL- and PF-tafluprost; data for these two groups were extracted
and entered into analysis as separate studies. Patient-reported new adverse events (AE) after the intervention, such as
irritation, itching, redness, burning sensation, and foreign body sensation, were extracted (AEs by country can be found
in Table S1). Thailand was not included in the AE analysis as diagnosis of OSD was part of the inclusion criteria. In
Singapore, Malaysia, and Taiwan 3-5 enrolled patients were excluded from the study due to adverse events under the
principal investigator’s discretion.

The heterogeneity and percentage of variation across studies due to heterogeneity (I12) were assessed during all pooled
analyses. Although the studies were similar in design and analysis, significant heterogeneity was noted (12 >50%) for all
outcomes, and random effects models were adopted for all analyses. As the study populations were derived from
different countries, using random effects models offered the most conservative approach while allowing for differences,
such as demographic or clinical characteristics, that may confound the results.

The internal validity of all studies was assessed using the “Quality Assessment Tool for Before—After (pre-post)
Studies with No Control Group” provided by the National Institutes of Health.?” Review Manager (RevMan) [Computer
program, Version 5.4, The Cochrane Collaboration, 2020] was used for analysis and construction of forest plots.
R version 4.1.0 was used to rerun all outcome assessments to replicate results from RevMan and ensure that the results
were reliable as a quality control measure, specifically regarding the precise calculation of standard error and 95%
Confidence Intervals (CI). Statistical significance was assessed with a 0.05 margin of error. All RevMan results (Tables/
Figures) were annotated by the study’s first author and the year of publication.

Results

All six studies were similar in study design, methods of data collection, outcome assessment, and study population
parameters that were reported. After confirming congruency between studies, those that assessed the same outcomes were
pooled (see Table 2 for breakdown of outcomes and studies included). For all studies, the primary outcome of interest
was the change in IOP or CFS after switching from a preserved PGA (latanoprost, travoprost, or bimatoprost) to PL- or
PF-tafluprost (0.0015%) for at least 12 weeks.

A total of 239 unique patients from Singapore, Taiwan, Philippines, Korea, Malaysia, and Thailand were eligible for
the study. The average age among the pooled population was 64.2 years, and 57% of the total population was female. The
patient sample had one or more of the following diagnoses: POAG and/or OHT and/or PACG. Individual study
characteristics are summarized in Table 2. To clarify, Table 2 shows the eligible, unique patient sample of each study
(n=239) that was used for reporting demographic characteristics. The sample size shown in all figures or forest plots
denotes the final sample size of contributing studies. For CFS and IOP assessments, Thailand’s study'> sample size (30)
was treated as two individual samples and entered twice as each patient received PL-tafluprost in one eye and PF-
tafluprost in the other eye.

With a pooled sample of 265 patients that switched to tafluprost, an IOP reduction of 5.9% (0.91 mmHg) was seen,
yet this result was not statistically significant (95% CI: —3.64, 1.81; Figure 1). Among 132 patients, switching to PL- or
PF-tafluprost was associated with a significant improvement in the CFS. To clarify, after 12 weeks of PL-or PF-tafluprost,
there was a 47.9% reduction in the CFS (95% CI: —3.65, —1.91; Figure 2). Similarly, TBUT (n=183) significantly
increased by 1.06 seconds (95% CI: 0.65, 1.47; Figure 3) after 12 weeks of receiving PL-or PF-tafluprost. In 88 patients,
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12-weeks Baseline Mean Difference Mean Difference
Study or Subgroup Mean [mmHg] SD [mmHg] Total Mean [mmHg] SD [mmHg] Total Weight IV, Random, 95% CI IV, Random, 95% CI
Lim 2021 13.52 2.49 25 13.67 3.44 27 10.9% -0.15[-1.77, 1.47] -1
Park 2022 13.73 3.47 37 13.76 2.31 37 16.0% -0.03 [-1.37, 1.31] I
Ruangvaravate (P) 2020 13.93 2.9 30 13.5 2.73 30 14.2% 0.43 [-1.00, 1.86] T
Ruangvaravate (PF) 2020 14 2.68 30 134 297 30 14.1% 0.60 [-0.83, 2.03] T
Tumbocon 2019 14.84 3.06 73 15.84 4.1 73 20.9% -1.00 [-2.17, 0.17] ]
Wong 2018 14.3 2.8 47 14.4 3.2 51  20.4% -0.10[-1.29, 1.09] .
Yen 2021 12.3 4 17 131 45 17  35% -0.80 [-3.66, 2.06] .
Total (95% CI) 259 265 100.0% -0.13 [-0.67, 0.40] 4
o Taz . Chiz = - - 2= 0 } } } t
Heterogeneity: Tau? = 0.00; Chi? = 3.94, df = 6 (P = 0.69); I> = 0% 10 5 0 : 10

Test for overall effect: Z = 0.49 (P = 0.63)

Figure | Change in IOP when switched from other PGAs to Tatfluprost, 0—12 weeks.
Notes: The study from Thailand (Ruangvaravate) assessed both P- and PF-tafluprost; therefore, respective groups are included in the analysis as separate cohorts.
Abbreviations: |V, interval variable; SD, standard deviation; Cl, confidence interval; IOP, intraocular pressure.

Decrease in IOP Increase in IOP

12-weeks Baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Lim 2021 0.84 1.28 25 3 1.88 27 33.6% -2.16 [-3.03, -1.29] ——
Park 2022 245 241 37 5.86 3.57 37 23.0% -3.41 [-4.74, -2.08] —
Wong 2018 33 27 47 6.9 3.1 51 26.8% -3.60 [-4.75, -2.45] —
Yen 2021 529 1.76 17 7.06 3.21 17  16.6% -1.77 [-3.51, -0.03] -
Total (95% CI) 126 132 100.0%  -2.77 [-3.63, -1.90] L
Heterogeneity: Tau? = 0.38; Chiz = 6.02, df = 3 (P = 0.11); I? = 50% 4 2 5 2 4’,

Test for overall effect: Z = 6.27 (P < 0.00001)

Decrease in NEI

Figure 2 Change in fluorescein staining score when switched from other PGAs to tafluprost 0—12 weeks.
Abbreviations: |V, interval variable; SD, standard deviation; Cl, confidence interval; NEI, National Eye Institute/Industry grading system.

Increase in NEI

12-weeks Baseline Mean Difference Mean Difference
Study or Subgroup Mean [seconds] SD [seconds] Total Mean [seconds] SD [seconds] Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Lim 2021 75 2.04 24 7.37 219 27 116% 0.13[-1.03,1.29] I
Park 2022 4.64 1.88 37 3.71 1.5 37 26.1% 0.93[0.16, 1.70] =
Ruangvaravate (P) 2020 6.48 2.54 30 521 2.46 30 9.8%  1.27[0.00, 2.54] -
Ruangvaravate (PF) 2020 7.25 2.49 30 5.38 2.16 30 11.3% 1.87[0.69, 3.05] I
Wong 2018 3.7 25 a7 3 1.8 51 20.8% 0.70[-0.17,1.57] el
Yen 2021 4.1 1.3 17 29 1.3 17  20.5% 1.20[0.33, 2.07] —
Total (95% CI) 185 192 100.0% 0.98 [0.59, 1.38] L J
Heterogeneity: Chi? = 5.11, df = 5 (P = 0.40); I* = 2% M ) 0 2 2

Test for overall effect: Z = 4.87 (P < 0.00001)

Figure 3 Change in tear film break-up time when switched from other PGAs to tafluprost, 0—12 weeks.
Notes: The study from Thailand (Ruangvaravate) assessed both P- and PF-tafluprost, therefore, respective groups are included in the analysis as separate cohorts.
Abbreviations: 1V, interval variable; SD, standard deviation; Cl, confidence interval; TBUT, tear break-up time.

TBUT decrease TBUT increase

the reduction in hyperemia that was observed in individual studies was sustained in the pooled effect for both bulbar
(BC) and palpebral conjunctiva (PC). The BC score decreased by —0.46 (95% CI: —0.81, —0.10; Figure 4) and PC score
decreased by —0.42 (95% CI: —0.67-0.17; Figure 5). As for AEs, 3% of the study cohort reported one or more new
adverse reaction after switching, such as itching, burning, tearing, dizziness, blurred vision. The most frequently reported

complaint was eye redness (n=4, 0.01%; see Table S1).

12-weeks Baseline Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Lim 2021 1.33 0.56 24 219 0.85 27 28.8% -0.86 [-1.25, -0.47] —

Wong 2018 1.5 05 47 1.7 05 51 38.6% -0.20 [-0.40, -0.00] —

Yen 2021 1.06 0.24 17 147 0.62 17 32.7% -0.41[-0.73, -0.09] —a

Total (95% Cl) 88 95 100.0%  -0.46 [-0.82, -0.10] -

Heterogeneity: Tau? = 0.08; Chiz = 8.87, df =2 (P = 0.01); 2= 77% 2 1 5 1 2

Test for overall effect: Z =2.50 (P = 0.01) Decrease in BC Increase in BC
Figure 4 Change in bulbar conjunctiva when switched from other PGAs to tafluprost.
Abbreviations: |V, interval variable; SD, standard deviation; Cl, confidence interval; BC, bulbar conjunctiva.
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12-weeks Baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Lim 2021 142 0.65 24 222 1.01 27 20.7% -0.80 [-1.26, -0.34] -
Wong 2018 1.5 05 47 1.8 0.6 51 46.1% -0.30 [-0.52, -0.08] -
Yen 2021 1.06 0.24 17 141 0.62 17  33.2% -0.35[-0.67, -0.03] ——
Total (95% Cl) 88 95 100.0%  -0.42[-0.67, -0.17] <>
Heterogeneity: Tau? = 0.02; Chiz = 3.74, df = 2 (P = 0.15); 12 = 46% 2 1 5 1 2
Test for overall effect: Z = 3.31 (P = 0.0009) Decrease in PC  Increase in PC

Figure 5 Change in palpebral conjunctiva when switched from other PGAs to tafluprost.
Abbreviations: IV, interval variable; SD, standard deviation; Cl, confidence interval; PC, palpebral conjunctiva.

A majority (4 out of 6) of the studies received a “good” grade and two received a “fair” grade for level of risk of bias.
According to the GRADE?'**? approach (https:/gdt.gradepro.org/app/handbook/handbook.html), a high certainty of
evidence was evident in this meta-analysis as the results of the individual studies were consistent, had a low risk of

bias, used direct outcomes that were established clinically, and had precise results (small CI bands for all outcomes
assessed). Three studies had zero patients lost to follow-up and in the remaining three studies all others had less than 18%
lost to follow-up with results from all outcomes reported. Therefore, the potential for reporting bias was low.

Discussion

After pooling six similar studies with comparable study populations from Asia, tafluprost maintained the reduction of
IOP when switched from other PGAs and effectively lowered OSD. The switch to tafluprost was shown to maintain the
IOP level from baseline to at least 12 weeks as the reduction in IOP was not significant. This may be due to receiving
tafluprost as a second line of therapy after having received the initial PGA for 3 months where a clinically meaningful
reduction had already been achieved. In PGA-naive and switch patients, there has been continued empirical evidence
showing that the IOP lowering effect of tafluprost is similar to other PGAs in both controlled and in real-life
settings.+1011:23:24

Our findings are supported by multiple previous studies in Europe that also revealed that a switch from preserved
prostaglandin to PL- or PF-tafluprost reduces IOP while conserving the ocular surface morphology.”> 2’ Uusitalo et al*’
investigated the tolerability and IOP after switching from latanoprost to tafluprost. They also demonstrated that after
receiving tafluprost for 12 weeks, baseline IOP was maintained, and a significant reduction in the proportion of patients
reporting subjective OSD symptoms (eg, itching, irritation/burning, foreign body sensation) and showing abnormal
clinical signs of OSD (eg, CFS, Schirmer’s test, hyperemia) was achieved. Hommer et al’® assessed the effect of
changing from preserved prostaglandin to PF-tafluprost on tear film thickness and detected a significant increase in
TBUT and tear film thickness after the switch.

Additionally, a large regional study of 577 patients in Europe found improvements in corneal staining score,
hyperemia and OSD subjective symptoms when patients receiving a preserved PGA (including PL-tafluprost), or beta-
blockers switched to a fixed-dose combination of PF-tafluprost/timolol.'®

As prostaglandin therapy is long-term and lifelong for some, an easy-to-use (one drop per day), effective treatment
with minimum side effects is a sustainable treatment option. However, in overall PGA therapy, the average adherence
rate was reported to be 76%, suggesting a need to improve therapy persistence.”® Additionally, there is speculation that
hyperemia may be related to low adherence as patients complain of a visible red-eye appearance.”” We can expect an
improvement in therapy persistence with tafluprost as patients recover ocular surface quality with significant decrease in
clinical indications and complaints of ocular disease, such as hyperemia, as we have noted in this study. Although our
patients were not followed-up for a long duration, a multicenter, real-world evidence study in Japan that monitored 4502
patients for 2 years showed that 84.6% of the patients continued taking tafluprost for 1 year and 76.1% for 2 years.**

This is the first large, real-world study of tafluprost effectiveness and safety in Asian patients.
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The pooling of data was warranted due to the high level of congruence in methodology and patient population
between the included studies, as described in the methods section. The results of this study are reliable as supported by
the high level of evidence and internal validity of the studies included.

There were innate limitations to this analysis. As studies were conveniently identified via a study group under Santen
Pharmaceutical Asia Pte. Ltd, other relevant studies were not included. As not all studies had the same outcomes, sample
sizes were smaller in outcomes such as CFS, hyperemia and TBUT when compared to IOP. There was a mixture of PL-
and PF-tafluprost in the pooled analysis as different studies used one product or both. Moreover, a subgroup analysis of
PL-tafluprost and PF-tafluprost could not be conducted due to the current study being underpowered since not all studies
evaluated both tafluprost products. Although this study was conducted in accordance with the PRISMA 2020 guidelines
where and when feasible, the study protocol was not constructed nor was it registered as a review analysis.

Conclusion

Preservative-low or preservative-free PGA can help to maintain ocular surfaces. Compared to preservative-high PGAs,
tafluprost was similar in IOP reduction but relatively superior in restoring the ocular surface quality with minimal AEs.
Tafluprost may be a better treatment option for those experiencing OSD signs or symptoms and prefer to avoid further
worsening of the condition or for treatment-naive patients who wish to avoid OSD.
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