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ABSTRACT

Introduction: This study investigated the

intraocular pressure (IOP)-lowering effects and

safety of tafluprost ophthalmic solution

0.0015% in actual clinical practice.

Methods: We started a mandatory prospective

2-year observational study, which collected IOP,

conjunctival hyperemia score, corneal staining

score, and adverse event data from glaucoma

and ocular hypertension (OH) patients not

previously treated with tafluprost at 2, 12, and

24 months. This report analyzes the 2-month

findings.

Results: Of the 4,180 patients from 553

medical institutions in Japan, most patients

had primary open-angle glaucoma (POAG,

38.1%) or normal-tension glaucoma (NTG,

44.2%). After 2 months of tafluprost

administration, IOP was significantly reduced

by 4.3 ± 5.2 mmHg in POAG, 2.4 ± 2.5 mmHg

in NTG, 3.6 ± 5.3 mmHg in primary angle-

closure glaucoma, 5.6 ± 7.1 mmHg in other

types of glaucoma, and 5.3 ± 4.8 mmHg in

OH. IOP was significantly reduced by

4.3 ± 4.0 mmHg in the naı̈ve monotherapy

group, 1.9 ± 3.5 mmHg in switching from

prior treatment, and 3.7 ± 4.1 mmHg in the

add-on therapy group. Among patients

switched, the prostaglandin analog (PGA)

latanoprost was the previous predominant

drug (57.4%), followed by travoprost (13.8%).

Significant IOP reductions were observed by

1.5 ± 3.4 mmHg in switching from latanoprost

and 1.3 ± 3.7 mmHg in switching from

travoprost. The conjunctival hyperemia score

peaked at 1 month in the naı̈ve monotherapy

and add-on therapy groups, whereas it was

significantly decreased in patients switched

from another PGA. The corneal staining score

showed no particular changes. Incidence of

adverse drug reaction (ADR) was 7.70 % (322/

4,180 patients), and all major ADRs involved

the eyes or skin around the eyes.

Conclusion: Tafluprost showed significant IOP-

lowering effects without any safety concerns in
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patients with various types of glaucoma and OH

in daily clinical practice and tafluprost is highly

effective in any therapeutic patterns.

Keywords: Glaucoma; Intraocular pressure;

Observational post-marketing study; Ocular

hypertension; Ophthalmology; Prostaglandin;

Tafluprost

INTRODUCTION

Glaucoma is the leading cause of acquired

blindness and is characterized by visual field

loss due to irreversible progressive optic nerve

damage. Elevated intraocular pressure (IOP) is

an important factor related to the progression of

glaucoma, and the only evidence-based

treatment is to delay the progression of optic

nerve damage by lowering the IOP [1–4].

Although several topical ophthalmic drugs

with IOP-lowering effects are now available,

drugs with more potent IOP-lowering effects

and better safety are always sought. Currently,

prostaglandin analogs (PGAs) are the first

choice of treatment because of their potent

IOP-lowering effects and limited systemic

adverse drug reactions (ADRs) [5].

Tafluprost (Tapros� ophthalmic solution

0.0015%, preservative, multidose, Santen

Pharmaceutical Co., Ltd., Osaka, Japan)

(hereinafter ‘‘tafluprost’’) was developed for

treatment of glaucoma and ocular

hypertension (OH). Tafluprost is a PGA with

two fluorine atoms at the carbon 15 position

that has a high affinity for the prostanoid FP

receptor [6]. A Japanese phase 3 clinical trial

conducted in patients with primary open-angle

glaucoma (POAG) and OH demonstrated that

the IOP-lowering effect of the preservative-

containing tafluprost was non-inferior to

latanoprost. In addition, a phase 3 clinical trial

in patients with normal-tension glaucoma

(NTG) showed a significant IOP-lowering effect

for tafluprost compared to placebo. Based on

these results, tafluprost received marketing

approval in October 2008 in Japan [7].

The target population in these previous

clinical trials was limited in terms of glaucoma

type, severity, concurrent diseases, and

concomitant drugs. In addition, treatment was

administered under stringent control. As a

result, these data were insufficient with regard

to generalizability in the actual clinical practice.

Performing a post-marketing study using

various therapeutic patterns in a wide variety

of patients should make it possible to evaluate

the efficacy and safety of tafluprost in routine

clinical practice, thereby providing valuable

information for daily clinical use. Therefore,

we are currently conducting a long-term

observational study with 2 years of follow-up

in a large-scale population of more than 4,000

patients. After evaluating the first 2 months of

data, this current report presents an analysis of

the short-term results for tafluprost use in a

variety of clinical settings.

METHODS

Study Design

This current on-going post-marketing,

multicenter, prospective, non-interventional,

observational study is being conducted in

accordance with the requirements of the

regulatory authority in Japan, the Good Post-

Marketing Study Practice (MHLW Ordinance

No. 171; December 20, 2004). The study began

in December 2008 and is scheduled to run

through December 2014. Since the research

protocol was reviewed and approved by the

regulatory authority in Japan prior to beginning
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the study, approval by the ethics review

committees at each participating medical

institution is not required.

Patients and Registration

The study inclusion criteria required that

patients with glaucoma and OH had not been

previously treated with tafluprost. A central

registration system was used to eliminate

patient selection bias. When patients met the

study inclusion criteria, participating

physicians registered patients by facsimile

within 2 weeks after prescribing tafluprost.

Since the Japanese regulatory authority does

not require informed consent for post-

marketing observational studies, this study did

not obtain informed consent from the patients.

Observation and Test Items

The observation period was defined as 2 years

after starting treatment with tafluprost. The

data were divided into three periods (up to

2 months, up to 12 months, and up to

24 months after starting treatment). The

compiled information includes patient

demographics, tafluprost treatment regimen,

previous and concomitant drugs, IOP,

objective findings (conjunctival hyperemia,

corneal fluorescein staining), and adverse

events.

Therapeutic patterns with tafluprost were

classified based on previous and concomitant

drug information. The groups were defined as

follows: naı̈ve monotherapy, no previous

treatment or concomitant drugs; switch from

prior treatment, switched to tafluprost after

treatment with at least one previously used

drug; add-on therapy, addition of tafluprost

while continuing previous drugs; and others,

which consisted of therapy other than as

described above.

For data collection, a 4-point scale was used

to determine the conjunctival hyperemia and

corneal staining scores. The scoring grades used

were: 0, none; 1, mild; 2, moderate; and 3,

severe. For adverse events, the physicians

evaluated a causal relationship with tafluprost.

Adverse events whose causal relationship to

tafluprost could not be ruled out were defined as

adverse drug reactions (ADRs).

Statistical Analysis

Tabulation and analysis were performed using

SAS (Version 9.2, SAS Institute, Cary, NC, USA).

Data are expressed as mean ± SD. The starting

point of treatment with tafluprost was used as

the baseline (0 month). When comparing the

IOP between 0 and 2 months, 1-month data

served as 2-month data when 2-month data

were missed. The level of statistical significance

was 5% (two-sided). The IOP was compared by a

paired t test, and the objective finding scores

were compared by Wilcoxon’s signed-rank sum

test, with the P value then calculated. The

incidence of ADRs among the subgroups was

compared using Fisher’s exact test.

RESULTS

Patient Demographic Analysis

As of April 2013, data for 4,180 patients from

553 medical institutions have been analyzed.

Table 1 summarizes the patient demographics.

In this patient group, 46.4% were males and

53.6% were females, with a mean age of

66.8 ± 12.7 years. Patient diagnoses included

38.1% with POAG (IOP [21 mmHg without

treatment), 44.2 % with NTG (IOP B21 mmHg
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without treatment), 3.9% with primary angle-

closure glaucoma (PACG), 7.0% with OH (IOP

[21 mmHg without treatment, and absence of

optic nerve damage or visual field loss), and 6.8%

with other types of glaucoma, which included

2.8% with pseudo exfoliation glaucoma, 0.8%

with uveitis secondary glaucoma, and 0.8% with

neovascular glaucoma.

Therapeutic Patterns

The therapeutic patterns used for the patients

included naı̈ve monotherapy in more than half

(52.9%), switch from prior treatment in 34.4%,

and add-on therapy in 6.0% (Table 2). Among

the patients switched from prior treatment

(n = 1,438), 3.0% were switched from multiple

drugs to tafluprost. The drugs previously used

were latanoprost in 57.4%, followed by

travoprost in 13.8%, isopropyl unoprostone in

9.5%, timolol in 8.6%, and carteolol in 6.1%

(Table 3). For the add-on therapy patients

(n = 250), 16.0% used multiple baseline drugs.

The baseline drugs were timolol in 40.4%,

followed by carteolol in 26.8%, brinzolamide

in 15.6%, and dorzolamide in 10.4% (Table 4).

IOP-Lowering Effects

The mean IOP in all analyzed patients was

18.6 ± 5.7 mmHg at baseline and 15.0 ± 4.3

Table 1 Patient demographics

n (%)

Total number of patients analyzed 4,180 (100.0)

Sex

Male 1,938 (46.4)

Female 2,242 (53.6)

Age

Mean ± SD 66.8 ± 12.7 years

Min–Max 9–99 years

Diagnosis

POAG 1,592 (38.1)

NTG 1,847 (44.2)

PACG 165 (3.9)

OH 291 (7.0)

Other glaucoma type 285 (6.8)

Pseudoexfoliation glaucoma 116 (2.8)

Uveitis secondary glaucoma 34 (0.8)

Neovascular glaucoma 35 (0.8)

Others 100 (2.4)

NTG normal-tension glaucoma, OH ocular hypertension,
PACG primary angle-closure glaucoma, POAG primary
open-angle glaucoma, SD standard deviation

Table 2 Therapeutic pattern

Therapeutic pattern n (%)

Naı̈ve monotherapy 2,213 (52.9)

Switch from prior treatment 1,438 (34.4)

Add-on therapy 250 (6.0)

Others 279 (6.7)

Total number of patients analyzed 4,180 (100.0)

Table 3 Previous drugs in patients switched to tafluprost

Previous drug (multiple entries) n (%)a

Latanoprost 825 (57.4)

Travoprost 198 (13.8)

Bimatoprost 10 (0.7)

Isopropyl unoprostone 137 (9.5)

Timolol 124 (8.6)

Carteolol 87 (6.1)

Nipradilol 38 (2.6)

Dorzolamide 20 (1.4)

Brinzolamide 13 (0.9)

a Percent of 1,438 patients who were switched from prior
treatment to tafluprost
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mmHg at 2 months, which showed a significant

reduction of 3.6 ± 4.5 mmHg (P\0.001). IOP

was significantly reduced in all types of

glaucoma by 4.3 ± 5.2 mmHg in POAG,

2.4 ± 2.5 mmHg in NTG, 3.6 ± 5.3 mmHg in

PACG, 5.6 ± 7.1 mmHg in other types of

glaucoma, and 5.3 ± 4.8 mmHg in OH (Fig. 1).

The IOP was also significantly reduced in

any types of the secondary glaucoma

by 6.0 ± 7.0 mmHg in pseudo exfoliation

glaucoma, 7.7 ± 8.0 mmHg in uveitis

secondary glaucoma, and 3.2 ± 5.2 mmHg in

neovascular glaucoma (Fig. 2).

Changes in IOP were also analyzed according

to the therapeutic pattern (Figs. 3, 4). The IOP

was significantly reduced in all groups by

4.3 ± 4.0 mmHg in naı̈ve monotherapy,

1.9 ± 3.5 mmHg in switch from prior

treatment, and 3.7 ± 4.1 mmHg in add-on

therapy. In patients switched from prior

treatment, the IOP was significantly reduced

in any types of drug used in prior treatment by

1.5 ± 3.4 mmHg in latanoprost, 1.3 ± 3.7

mmHg in travoprost, 2.4 ± 3.0 mmHg in

isopropyl unoprostone, 3.0 ± 2.5 mmHg in

timolol, and 3.5 ± 3.3 mmHg in carteolol.

Among patients switched from another PGA,

when C10% reduction in the IOP was defined as

‘‘improved,’’ and a fluctuation in the IOP within

10% was defined as ‘‘unchanged,’’ while an

increase in the IOP C10% was defined as

‘‘worsened,’’ 44.7% of patients were

‘‘improved,’’ 41.4% were ‘‘unchanged,’’ and

13.9% were ‘‘worsened’’ (Fig. 5).

Table 4 Previous baseline drugs in patients with tafluprost
add-on therapy

Base drug (multiple entries) n (%)a

Timolol 101 (40.4)

Carteolol 67 (26.8)

Nipradilol 20 (8.0)

Dorzolamide 26 (10.4)

Brinzolamide 39 (15.6)

a Percent of 250 patients who received tafluprost in
addition to the base treatment

Fig. 1 Intraocular pressure (IOP) changes in all patients
and according to type of glaucoma (paired t test, 0 M vs.
2 M). Error bars indicate SD. NTG normal-tension

glaucoma, OH ocular hypertension, PACG primary
angle-closure glaucoma, POAG primary open-angle
glaucoma
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Objective Finding Scores

The mean conjunctival hyperemia scores in all

patients analyzed were: baseline, 0.10 ± 0.34;

1 month, 0.17 ± 0.43; and 2 months,

0.14 ± 0.38. These scores were significantly

higher at 1 month and later as compared to

baseline. When analyzed according to the

therapeutic pattern, there was a significant

increase in the scores in the naı̈ve

monotherapy and add-on therapy groups at

1 month. These scores subsequently decreased

or tended to decrease by 2 months. In the group

of patients switched from another PGA, the

baseline score was higher than that observed in

the naı̈ve monotherapy and add-on therapy

groups. This score significantly decreased after

these patients were switched to tafluprost

(Fig. 6).

The mean corneal staining scores in all

patients analyzed were: baseline, 0.08 ± 0.30;

1 month, 0.08 ± 0.28; and 2 months,

0.07 ± 0.27. When analyzed according to

therapeutic pattern, there were no significant

changes up to 2 months in the naı̈ve

monotherapy or add-on therapy groups. In

patients switched from another PGA, the score

significantly decreased after switching to

tafluprost (Fig. 7).

Fig. 2 Intraocular pressure (IOP) reductions in secondary
glaucoma (paired t test, 0 M vs. 2 M) *P\0.05;
**P\0.001

Fig. 3 Intraocular pressure (IOP) changes according to therapeutic pattern (paired t test, 0 M vs. 2 M). Error bars indicate
SD
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Adverse Drug Reactions

Among all 4,180 patients, 395 cases of ADRs

were found in 322 patients (7.70%) (Table 5).

The major ADRs were conjunctival hyperemia,

blepharal pigmentation, corneal epithelium

disorder, vellus hair changes of the eyelid, iris

hyperpigmentation, conjunctivitis, and eye

itching. The incidence of ADRs was also

analyzed whether previously treated with a

PGA or not. The incidence of ADRs in patients

switched from another PGA (4.36%) was

significantly lower compared to that in

patients not previously treated with a PGA

(8.77%). Furthermore, when these patients

were analyzed according to the type of ADR,

the incidence of conjunctival hyperemia,

blepharal pigmentation, and vellus hair

changes of the eyelid was found to be

significantly lower.

Fig. 4 IOP reductions according to previous drug in
patients switched from prior treatment (paired t test, 0 M
vs. 2 M) **P\0.001

Fig. 5 Treatment responses [changes in intraocular
pressure (DIOP)] in patients switched from another
prostaglandin analog (PGA)

Fig. 6 Conjunctival hyperemia score from months 0 to 2.
*P\0.05 (Wilcoxon’s signed-rank sum test, vs. 0 M).
1)Number of patients. PGA prostaglandin analog

Fig. 7 Corneal fluorescein staining score from months 0
to 2. *P\0.05 (Wilcoxon’s signed-rank sum test, vs. 0 M).
1)Number of patients. PGA prostaglandin analog
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DISCUSSION

The majority of patients treated with

tafluprost had NTG or POAG, with both

types accounting for more than 80% of the

cases. The Tajimi Glaucoma Epidemiological

Study conducted in Japan found that C70% of

glaucoma patients had NTG [8, 9]. Almost half

of the glaucoma patients in our study had

NTG, and this study also showed that NTG is

common among Japanese glaucoma patients

who require treatment. Besides NTG, POAG,

and OH, our study also included patients

with PACG, pseudo exfoliation glaucoma,

uveitis secondary glaucoma, and neovascular

glaucoma, which have not been thoroughly

investigated in previous clinical trials.

Since tafluprost significantly reduced the

IOP in each type of glaucoma, this suggests

that it is effective for use in treating a wide

variety of glaucoma types in actual clinical

practice.

Tafluprost also significantly reduced IOP for

each therapeutic pattern. In particular, the

largest IOP reduction was 4.3 mmHg (from a

baseline of 18.7 mmHg) in the naı̈ve

monotherapy group. In a phase 3 clinical trial,

a reduction of 4.0 mmHg from a baseline IOP

value of 17.7 mmHg was reported for the naı̈ve

monotherapy NTG patients after 4 weeks [7].

Although the naı̈ve monotherapy group in the

present study also included glaucoma types

besides NTG, the IOP-lowering effect with

naı̈ve monotherapy in daily clinical use was

confirmed to be equivalent to that reported in

clinical trials.

Table 5 Adverse drug reactions (ADRs)

All patients Subgroups: patients switched from PGAs

Yes No P valuea

Number of patients analyzed 4,180 1,010 3,170

Number of patients with ADRs (%) 322 (7.70%) 44 (4.36%) 278 (8.77%) \0.001

Total number of ADR cases 395 51 344

Major adverse drug reactions

Conjunctival hyperemia 84 (2.01%) 5 (0.50%) 79 (2.49%) \0.001

Blepharal pigmentation 45 (1.08%) 2 (0.20%) 43 (1.36%) \0.001

Corneal epithelium disorder 34 (0.81%) 7 (0.69%) 27 (0.85%) 0.841

Vellus hair changes of eyelid 31 (0.74%) 1 (0.10%) 30 (0.95%) 0.003

Iris hyperpigmentation 29 (0.69%) 4 (0.40%) 25 (0.79%) 0.275

Conjunctivitis 29 (0.69%) 3 (0.30%) 26 (0.82%) 0.085

Eye itching 25 (0.60%) 5 (0.50%) 20 (0.63%) 0.815

Blepharitis 20 (0.48%) 3 (0.30%) 17 (0.54%) 0.439

Eyelash abnormality 16 (0.38%) 1 (0.10%) 15 (0.47%) 0.140

Eye irritation 13 (0.31%) 5 (0.50%) 8 (0.25%) 0.326

PGAs prostaglandins analogs
a Fisher’s exact test
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With regard to naı̈ve monotherapy safety,

although increases were initially seen for the

conjunctival hyperemia score, these tended to

decrease after 2 months. On the other hand, no

significant changes were observed for the

corneal staining score. Thus, overall there were

no concerns regarding any adverse influence of

tafluprost or the preservative on the ocular

surface.

Furthermore, there was also a significant

IOP-lowering effect when patients were

switched from another PGA (mainly

latanoprost and travoprost), with a mean IOP

reduction of about 1.5 mmHg. Clinically,

1 mmHg of IOP reduction is considered to be

significant, because the results from the Early

Manifest Glaucoma Trial (ClinicalTrials.gov

#NCT00000132) revealed an estimated 10%

decrease in risk of progression with each

millimeter of mercury of IOP reduction [1].

Analysis of the treatment response in each of

the patients who was switched from another

PGA showed that 44.7% had a C10% reduction

in their IOP, whereas 13.9% had a C10%

increase in the IOP. Previous studies have

reported that some patients exhibit low

responses to the various PGA treatments

[10–13]. In a non-clinical study, when ocular

normotensive cynomolgus monkeys who were

latanoprost low-responders were switched to

tafluprost, the IOP decreased by 2.4 mmHg from

the 16.5 mmHg baseline value at the time of

switching [14]. This finding suggests that in

actual clinical practice, switching a patient from

a PGA to a different PGA may be beneficial.

However, when switching topical ophthalmic

drugs, the safety of both the active ingredient

and any additives must be considered. In our

current study, we found that there were

decreases in both the conjunctival hyperemia

and corneal staining scores in patients switched

to tafluprost from another PGA. Furthermore,

after switching the patients to tafluprost, very

few had any new onset or worsening of typical

ADRs normally seen with PGAs, including

conjunctival hyperemia, blepharal

pigmentation, or vellus hair changes of the

eyelid. Therefore, this demonstrates that there

are no particular safety concerns when

switching to tafluprost.

When using tafluprost as add-on therapy,

precautions are necessary with regard to not

only the active ingredient, but also for any

associated additive. Although the patients in

the tafluprost add-on therapy group initially

exhibited an increase in their conjunctival

hyperemia scores, these scores peaked at

1 month and then decreased. On the other

hand, the corneal staining score was not

affected by the tafluprost add-on therapy.

Therefore, while precautions are necessary

with respect to ADRs that may occur due to

the active ingredient when using tafluprost add-

on therapy, safety is not a particular concern

just because of an increase in the number of

topical ophthalmic drugs.

Incidence of ADR in this study was 7.70%

which was lower than that in previous

interventional clinical studies [7, 15, 16]. It is

considered to be caused by the difference in the

extent of clinical monitoring for adverse events

between an interventional clinical study and a

daily clinical practice.

Since this study analyzed a large-scale

population of 4,180 patients, we were able to

evaluate both the safety and efficacy of

tafluprost under a variety of actual use

conditions due to the sufficiently large sample

size. However, there were several limitations in

this study. Unlike with an interventional study,

there was no control group, and specified

testing and drug compliance cannot be

controlled in an observational study. Standard

deviation of IOP reduction in this study was
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considered to be larger than the previous

interventional studies such as phase 3 clinical

trial of tafluprost [7]. This is because, unlike

with an interventional study, patients with a

variety of background were enrolled in this

study. It has been reported that tafluprost

showed almost equivalent IOP reduction to

latanoprost [7, 16] or travoprost [12, 17],

whereas there were statistically significant IOP

reductions in patients who were switched from

another PGA in this study. One of the reasons is

considered to be a tentative improved

compliance after the start of using tafluprost

in this open-label observational study. Despite

these limitations, data that reflect the actual use

of a treatment can be obtained in observational

studies. Thus, our current findings can serve as a

reference for assessing the actual use of

tafluprost in clinical practice. Furthermore,

even though our current study only analyzed

short-term data up to 2 months, our results

suggest that tafluprost is an effective drug for

the treatment of glaucoma in a variety of

clinical settings. Since glaucoma usually

requires chronic treatment, both long-term

efficacy and safety data will need to be

collected and analyzed. This 2-year

observational study is still ongoing. The long-

term findings are forthcoming and will be

presented once the data are analyzed at the

end of the study period.

CONCLUSION

Evaluation of the short-term results obtained

during the 2 months after starting tafluprost

treatment demonstrates that tafluprost is highly

effective when used with various therapeutic

patterns for the treatment of a wide variety of

glaucoma types and OH without particular

concerns about the safety of this drug in

actual clinical practice.
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