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Purpose: To evaluate the ocular-surface safety of a 0.001% benzalkonium chloride-containing 

tafluprost/timolol fixed combination (TTFC) in patients with primary open-angle glaucoma 

(POAG) or ocular hypertension who have inadequate intraocular pressure (IOP) control with 

latanoprost monotherapy.

Methods: This study is a multicenter, prospective, single-arm, open-label clinical study. 

Patients with POAG or ocular hypertension who have inadequate IOP control with latanoprost 

monotherapy were considered eligible. After providing informed consent, patients continued 

latanoprost monotherapy for 12 weeks, followed by a switch to TTFC. We evaluated the extent 

of ocular-surface damage using superficial punctate keratopathy (SPK) score, tear breakup time 

(TBUT), hyperemia score, IOP, systolic blood pressure (SBP), diastolic blood pressure (DBP), 

and heart rate at 0, 4, and 12 weeks after switching.

Results: A total of 68 patients were enrolled, of whom, 64 patients were included in the final 

analysis. No significant changes in SPK score, TBUT, or hyperemia score were observed at 

4 and 12 weeks compared with week 0. IOP decreased significantly at 4 (13.9±2.5 mmHg) and 

12 (14.1±2.5 mmHg) weeks, relative to week 0 (15.3±2.7 mmHg). No significant changes in 

either SBP or DBP were observed during the study, although patients’ mean heart rate decreased 

significantly after switching to TTFC. Adverse drug reactions to TTFC occurred in seven patients 

including two incidences of asthma and one of arrhythmia, and no events were serious.

Conclusion: The ocular-surface safety of TTFC is not significantly different to that of latano-

prost. Furthermore, switching from latanoprost to TTFC in patients with insufficient IOP 

control has additive IOP-lowering effects. TTFC is an effective approach for patients receiving 

latanoprost monotherapy who require more intensive IOP reduction.

Keywords: tafluprost/timolol fixed combination, latanoprost, glaucoma, ocular-surface safety, 

intraocular pressure

Introduction
Glaucoma is a progressive neurodegenerative disease affecting the optic nerve and 

is a major cause of blindness.1,2 Reduction of intraocular pressure (IOP) is currently 

the only evidence-based treatment of glaucoma. The initial treatment approach for 

patients with primary open-angle glaucoma (POAG), the commonest type of glaucoma, 

is usually to reduce IOP using a single topical ocular hypotensive agent, such as a 

prostaglandin analog. Prostaglandin analogs are highly effective IOP-lowering agents, 

although combination treatment with two or more IOP-lowering agents is required for 

adequate long-term control of IOP in almost half of all patients with POAG.3 However, 

the concurrent use of multiple IOP-lowering agents often leads to problems such as poor 
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adherence to treatment and ocular-surface disorders (OSDs). 

Fixed combinations have the advantage of better adherence 

compared with treatment with separate formulations of the 

same component medications.4 Patients with POAG require 

continuous treatment, owing to the fact that IOP-lowering 

agents are non-curative and can only prevent or delay disease 

progression. To encourage good adherence to treatment, IOP-

lowering agents should be well tolerated and safe because 

adverse effects increase the risk of poor adherence. Therefore, 

physicians should aim to prescribe fixed combinations of 

IOP-lowering agents to patients with glaucoma.

Tafluprost/timolol fixed combination (TTFC) is a com-

mercially available formulation (Tapcom®, Santen Pharma-

ceutical Co., Ltd., Osaka, Japan) consisting of a fixed-dose 

combination of a prostaglandin analog (tafluprost) and a 

β-blocker (timolol). TTFC has been previously shown to sig-

nificantly reduce IOP after switching from tafluprost mono-

therapy (Tapros®, Santen Pharmaceutical Co., Ltd.).5,6

The long-term use of multiple topical IOP-lowering agents 

may cause OSDs, and such disorders are much more prevalent 

in patients with POAG than in the general population.7,8 OSDs 

can be caused by chronic exposure to IOP-lowering medica-

tions and preservatives.9 Benzalkonium chloride (BAC) is a 

typical preservative used in ophthalmic solutions, and, at high 

concentrations, can cause keratoconjunctival epitheliopathy.9 

Owing to the risk of toxic effects with long-term use, 

preservative-free or less toxic formulations of IOP-lowering 

agents have been developed to reduce the risk of OSDs. Treat-

ment with tafluprost formulations containing 0.001% BAC 

has been shown to result in a lower prevalence of superficial 

punctate keratopathy (SPK) than treatment with standard 

latanoprost formulations containing 0.02% BAC (Xalatan®, 

Pfizer Inc., New York, NY, USA).10 In addition, certain 

active ingredients such as timolol might also encourage the 

development of corneal epithelial disorders.11 TTFC contains 

0.001% BAC, less than many other formulations and, similar 

to tafluprost, results in lower levels of corneal cytotoxicity; 

however, this formulation also contains timolol, which may 

increase the risk of corneal cytotoxicity. However, the exact 

safety profile of TTFC in clinical use remains unknown.

In this study, we investigated the ocular-surface safety 

and IOP-lowering effects of TTFC after switching from 

latanoprost monotherapy. We evaluated ocular-surface 

safety by measuring SPK score, tear breakup time (TBUT), 

and hyperemia score. We also evaluated the systemic effects 

of TTFC, which are a major safety concern, by measuring 

systolic blood pressure (SBP), diastolic blood pressure (DBP) 

and heart rate, and the occurrence of adverse drug reactions 

using clinical observation and medical interviews.

Methods
Study design
This study is a multicenter, prospective, single-arm, open-label 

clinical study, registered as UMIN000016465 in the University 

Hospital Medical Information Network Clinical Trials Reg-

istry (UMIN–CTR). Patients were enrolled at one of seven 

participating hospitals, and the study protocol was approved 

by the Institutional Review Boards of Hiroshima University 

Hospital, Shirai Hospital, Hiroshima Memorial Hospital, 

Konko Hospital, Saneikai Tsukazaki Hospital, Hiroshima 

General Hospital, and Hiroshima Prefectural Hospital. The 

study design is in compliance with the Tenets of The Declara-

tion of Helsinki and Ethical Guidelines for Clinical Research 

of the Japanese Ministry of Health, Labour and Welfare.

Patients
Patients with POAG or ocular hypertension were included 

in this study, inclusion criteria included age over 20 years, 

POAG or ocular hypertension of unilateral or bilateral eye(s), 

insufficient IOP control, but good adherence with latanoprost 

monotherapy (Xalatan®). Patients receiving treatment for 

keratoconjunctival epithelial disorder or dry eye, patients who 

had received corneal refractive surgery, those using contact 

lenses, those with active inflammatory or infectious diseases 

of the eye or eyelid, those who had undergone ocular surface 

or intraocular surgery within 12 months or glaucoma surgery 

including laser surgery within 12 months, patients who were 

contraindicated to β-blockers, or who were hypersensitive to 

any ingredients of latanoprost or TTFC, or were pregnant or 

planned pregnancy for the study period, breast feeding, or 

failed to meet any one of the inclusion criteria were excluded 

from this study.

Patients were enrolled between January 2015 and 

March 2016, after informed written consent was provided. 

Each patient initially continued to receive latanoprost (pre-

served with 0.02% BAC) monotherapy, applied once daily 

in the morning for 12 weeks as the run-in period (latano-

prost phase), followed by a switch to TTFC (preserved 

with 0.001% BAC) applied once daily in the morning for 

12 weeks (TTFC phase). The end of the latanoprost phase was 

defined as “week 0”. All study participants underwent ocular 

and systemic examinations at -12, -8, 0, 4, and 12 weeks 

(Figure 1). No IOP-lowering medications other than latano-

prost or TTFC nor ocular topical medications, including 

drugs to treat dry eye or keratoconjunctival disorders were 

allowed during the study period.

If both eyes satisfied the study criteria, we selected the 

study eye on the basis of higher SPK score, higher IOP, or if 

both of these parameters were equal, the right eye.
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Measurements
Slit-lamp examinations with fluorescein staining were used 

to examine patients’ eyes prior to SPK scoring and measure-

ment of TBUT. We graded the presence of SPK in three areas 

of the cornea (superior, central, inferior) separately between 

0 and 3 (Table 1) and the total SPK score was calculated. 

TBUT was measured three times and the average was deter-

mined. We graded the presence of conjunctival hyperemia 

between 0 and 3 (Table 1). SPK scores and hyperemia scores 

were graded using standard-grading photographs.12 IOP 

was measured three times using a Goldmann applanation 

tonometer at as close to the same time of day during every 

visit as possible, and the average value was determined.

To examine systemic effects, SBP, DBP, and heart rate 

were measured. If an adverse event was detected, the physician 

evaluated the possibility of a causal relationship with the drug. 

Events for which a causal relationship with use of the drug could 

not be excluded were classified as adverse drug reactions.

Statistical analyses
Intragroup differences in SPK scores and hyperemia scores 

were analyzed using a Wilcoxon’s signed-rank test. TBUT, 

IOP, SBP, DBP, and heart rate were analyzed using a paired 

t-test. Data were analyzed using R statistical analysis software 

version 3.3.1 (64 bit [2016], The R Foundation for Statistical 

Computing, Vienna, Austria, http://www.R-project.org/). 

All P-values were two-sided and were considered statistically 

significant when the values were less than 0.05. If the patient 

used TTFC in both eyes, and the IOP of the study eye was 

lower than that of the other eye at week 0, we excluded the 

patient from IOP analysis.

Data were collected by Bell Medical Solutions, Inc., 

Tokyo, Japan. All statistical analyses were conducted by H.T. 

of Saneikai Tsukazaki Hospital, Himeji, Japan, all analyses 

were inspected by Sugimoto Data Analysis Service.

Sample size
We estimated that 70 patients would be required to detect 

a mean difference of 0.3 in SPK score between week 0 and 

week 12, with a SD of 0.88,12 at a two-sided α level of 5% 

and a power of 80%. Considering the possibility of discon-

tinuation of treatment and dropout from the study cohort, we 

planned to enroll 85 patients at the beginning of this study. 

Interim results from 50 patients who completed the study 

by March 2016 showed that it was possible to evaluate the 

ocular-surface safety of TTFC. Further patient enrollment 

was terminated at that time.

Results
Sixty-eight patients participated in this study and two with-

drew during the latanoprost phase. The remaining 66 patients 

(37 men and 29 women) received TTFC treatment. Mean 

age upon enrollment (±SD) was 68.2±11.5 years. Sixty-

four patients had POAG and two had ocular hypertension. 

One patient discontinued TTFC immediately after switching 

owing to an adverse reaction to TTFC, and another patient, 

who was suspected of having exfoliation glaucoma, was 

disqualified from the study. Following exclusion of these two 

patients, 64 patients were included in the final analysis.

Patients’ mean SPK scores in all areas (the superior area, 

the central area, the inferior area, and also the total area) 

at weeks 4 and 12 were not significantly different to those 

obtained at week 0 (Table 2). Forty-four patients (69%) had 

a total SPK score of 0, 10 patients (16%) had a total SPK 

score of 1, eight patients (13%) had a total SPK score of 2, 

Figure 1 Study design.
Abbreviation: TTFC, tafluprost/timolol fixed combination.

Table 1 Grading of SPK score and hyperemia score

SPK score Hyperemia score

0 No staining No hyperemia
1 Partial staining of less than half of the area Slight hyperemia
2 Staining of more than half of the area Moderate hyperemia
3 Staining of the entire area Severe hyperemia

Notes: Data from Kanamoto et al.12 SPK score was evaluated separately in three 
sections (the superior area, the central area, and the inferior area).
Abbreviation: SPK, superficial punctate keratopathy.

Table 2 SPK score

Area Week 0 Week 4 Week 12

SPK score SPK score P-value SPK score P-value

Superior 0.02±0.13 0.00±0.00 1.00 0.02±0.13 1.00
Central 0.17±0.38 0.08±0.27 0.27 0.06±0.24 0.07
Inferior 0.31±0.50 0.24±0.43 0.39 0.33±0.54 1.00
Total area 0.50±0.84 0.32±0.57 0.07 0.41±0.68 0.43

Notes: Data are presented as mean ± SD. All P-values indicate the results of 
comparisons with the same values obtained at week 0. No statistically significant 
differences were observed (Wilcoxon signed-rank test).
Abbreviation: SPK, superficial punctate keratopathy.
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and two patients (3%) had a total SPK score of 3. Of the 

20 patients with a total SPK score of 1–3 at week 0, this score 

decreased in 12 patients (60%) after 12 weeks, increased in 

two patients (10%), and did not change in six patients (30%). 

However, of the 44 patients without an SPK score at week 0, 

seven patients (16%) had an increase in SPK score, indicating 

worsening of symptoms at week 12 (Figure 2).

Mean TBUTs at 0, 4, and 12 weeks were 6.8±3.6 s, 

7.0±3.4 s and 6.8±3.1 s, respectively. No statistically signifi-

cant differences in TBUT were observed at 4 and 12 weeks 

(paired t-test, P=0.78, P=0.95,) compared with TBUT at 

week 0 (Figure 3).

Hyperemia scores at 0, 4, and 12 weeks were 0.36±0.52, 

0.29±0.49 and 0.27±0.45, respectively. No statistically 

significant differences in hyperemia scores were observed 

at 4 and 12 weeks (Wilcoxon’s signed rank test, P=0.55, 

P=0.18) compared with week 0 (Figure 4).

IOP levels of 57 patients were evaluated (56 patients at 

weeks 4 and 12, owing to lack of data from one patient). IOP at 

weeks -12, 0, 4, and 12 was 15.2±2.5 mmHg, 15.3±2.7 mmHg, 

13.9±2.5 mmHg, and 14.1±2.5 mmHg, respectively. No 

statistically significant differences between IOP levels 

were observed at weeks -12 and 0 (paired t-test, P=0.64); 

however, significant decreases in IOP levels were observed 

at weeks 4 and 12 (paired t-test, P,0.0001,) compared with 

week 0 (Figure 5).

Mean SBP at weeks 0, 4, and 12 was 127.9±17.5 mmHg, 

125.5±18.9 mmHg, and 129.9±19.0 mmHg, respectively. 

No statistically significant changes in SBP were observed at 

weeks 4 and 12 (paired t-test, P=0.13, P=0.36, respectively) 

compared with week 0. Similarly, mean DBP at weeks 0, 

4, and 12 was 73.0±10.9 mmHg, 73.0±10.7 mmHg, and 

73.8±11.9 mmHg, respectively, with no statistically significant 

differences at weeks 4 and 12 (paired t-test, P=0.82, P=0.61, 

respectively) compared with week 0 (Figure 6).

Mean heart rate at weeks 0, 4, and 12 was 74.7±12.8 bpm, 

69.7±10.7 bpm, and 68.7±11.3 bpm, respectively, reflecting 

a significant decrease at weeks 4 and 12 (paired t-test, 

P,0.001, P,0.0001,) compared with week 0 (Figure 7).

Figure 2 Changes in SPK score.
Notes: Of the 20 patients who had an SPK at week 0, 12 patients (60%) had an 
improved SPK score at week 12, six patients (30%) had no change in SPK score, and 
two patients (10%) had a worse SPK score. Of the 44 patients without an SPK score 
at week 0, seven patients (16%) developed an SPK score at week 12.
Abbreviation: SPK, superficial punctate keratopathy.

Figure 3 TBUT.
Notes: Data are presented as mean ± SD. No statistically significant differences were 
observed at weeks 4 and 12 (paired t-test; P=0.78, P=0.95) compared with week 0.
Abbreviation: TBUT, tear breakup time.

Figure 4 Hyperemia score.
Notes: Data are presented as mean ± SD. No statistically significant differences 
were observed at weeks 4 and 12 (Wilcoxon signed-rank test; P=0.55, P=0.18) 
compared with week 0.

Figure 5 IOP.
Notes: Data are presented as mean ± SD. *Indicates P,0.05, paired t-test (vs week 0). 
No statistically significant differences were observed between weeks -12 and 0 
(P=0.64, paired t-test). IOP decreased significantly at weeks 4 and 12 (paired t-test; 
P,0.0001) compared with week 0.
Abbreviation: IOP, intraocular pressure.
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Adverse reactions to TTFC occurred in seven patients; 

self-reported asthma in two patients, and arrhythmia, 

blepharitis, shoulder stiffness, eye irritation and eye pain in 

one patient each. All of the observed adverse events were 

considered non-serious and patients recovered with/without 

discontinuation of treatment (Table 3).

Discussion
Reduction of IOP is the first priority of glaucoma treatment. 

In this study, patients with POAG or ocular hypertension 

who had insufficient control of elevated IOP on latanoprost 

monotherapy were switched to TTFC. To eliminate the 

possibility that the true IOP-lowering effects of TTFC are 

simply the result of improved adherence owing to study 

participation, the run-in period was set to 12 weeks. During 

this period, patients continued to use latanoprost. As a result, 

no statistically significant differences in IOP were observed 

between the beginning (week -12) and the end (week 0) of 

the latanoprost phase. After switching to TTFC, a significant 

decrease in IOP was observed at weeks 4 and 12 compared 

with week 0, as reported previously.5,6,13 These findings 

suggest that the IOP reduction observed in this study is an 

additive effect of the β-blocker, timolol, and not a result of 

improved adherence.

Keratoepithelial disorders caused by eye drops are mostly 

associated with the concentration of BAC in the formulation. 

Data from in vitro studies using human corneal epithelial 

cells and in vivo studies using rabbit models have revealed 

that BAC is the major cause of keratoepithelial disorders.14 

After switching from latanoprost to a tafluprost formulation 

containing lower levels of BAC or to a travoprost formulation 

containing SofZia instead of BAC, the prevalence of SPK 

was found to decrease in two clinical studies.10,15 In addition, 

topical β-blockers, which decrease corneal sensitivity16 and 

the number of goblet cells in the conjunctiva,17 have also 

been associated with an increased risk of keratoepithelial 

disorders.11 The cytotoxic effects of timolol were revealed 

by data from an in vitro study comparing latanoprost with a 

fixed-combination latanoprost/timolol formulation containing 

BAC at the same concentration. In the presence of the same 

concentration of BAC, the latanoprost/timolol combination 

was more toxic to human corneal epithelial cells in vitro than 

latanoprost alone.18 In a comparison of two fixed combined 

formulations, TTFC had fewer cytotoxic effects on corneal 

epithelial cells in vitro than latanoprost/timolol, owing to a 

lower concentration of BAC.19 Our results indicate no statisti-

cally significant change in SPK score after switching from 

latanoprost to TTFC. Furthermore, no significant change in 

SPK score was observed after switching from latanoprost to 

travoprost/timolol without BAC.20 These findings suggest 

that the deleterious effects of timolol may counter the reduc-

tion in cytotoxicity owing to reduced exposure to BAC.

In this study, 69% (44/64) of patients had no SPK at 

week 0 and the mean total SPK score was 0.50. At 12 weeks 

of treatment, 60% (12/20) of the patients with an SPK score 

at week 0 had an improved SPK score, despite receiving no 

treatment for OSDs; however, SPK appeared in 16% (7/44) 

Figure 6 Blood pressure.
Notes: Data are presented as mean ± SD. No statistically significant differences in 
systolic or diastolic blood pressure were observed at weeks 4 (paired t-test; P=0.13, 
P=0.82) and 12 (paired t-test; P=0.36, P=0.61) compared with week 0.

Figure 7 Heart rate.
Notes: Data are presented as mean ± SD. *Indicates P,0.05, paired t-test (vs 
week 0). A significant decrease in heart rate was observed at weeks 4 and 12 (paired 
t-test; P,0.001, P,0.0001) compared with week 0.

Table 3 Adverse drug reactions

Instillation

Latanoprost phase
Eye discharge 1 Continued

TTFC phase
Asthma 2 Discontinued
Arrhythmia 1 Discontinued
Blepharitis 1 Discontinued
Shoulder stiffness 1 Continued
Eye irritation 1 Continued
Eye pain 1 Continued

Abbreviation: TTFC, tafluprost/timolol fixed combination.
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of patients without an SPK score at week 0. The presence 

of patients with low SPK scores at week 0 might explain the 

finding of no statistically significant change in SPK scores 

between weeks 0 and 12, despite the majority of patients 

with an SPK score having an improvement in this parameter. 

A further study, in which only patients with high SPK scores 

are eligible for inclusion, may provide further insight.

Abnormal tear film conditions have been suggested to 

contribute to the development of OSDs. Anti-glaucoma eye 

drops containing BAC and β-blockers may also disturb the 

stability of tear films and affect TBUT. In previous studies, 

switching from prostaglandin formulations also containing 

high concentrations of BAC to tafluprost, containing lower 

concentrations of BAC led to the prolongation of TBUT,21 

and the use of topical β-blockers shortened the duration of 

TBUT.22 In our study, TBUT was unaffected by switching 

from latanoprost to TTFC. The effects of BAC and β-blockers 

on TBUT might, therefore, cancel each other out, resulting 

in no overall change in TBUT.

Conjunctival hyperemia, which is the most frequent side 

effect of prostaglandins,23 causes concern to patients for 

cosmetic reasons and might also reduce their adherence to 

treatment. In a study using quantitative hyperemia analysis 

software, tafluprost, among the prostaglandin analogs tested, 

was reported to cause the lowest level of hyperemia.24 Data 

from a meta analysis25 indicate that receiving treatment with 

prostaglandin/timolol fixed combinations results in a lower 

risk of hyperemia than treatment with prostaglandins alone, 

although the mechanism of this effect is unknown.26 In this 

study, a reduction in hyperemia was expected after switching 

from latanoprost to TTFC, however, no significant differ-

ences in hyperemia scores were detected.

The potential for adverse effects on cardiovascular and 

respiratory systems is the major concern regarding the use 

of fixed combinations containing β-blockers. To evaluate the 

effects of timolol on cardiovascular function, SBP, DBP, and 

heart rate were measured in all patients. SBP and DBP did not 

change significantly, and heart rate decreased significantly 

after switching from latanoprost to TTFC. The same results 

were shown in previous studies involving switching from 

latanoprost to fixed combinations of travoprost/timolol20 

and from tafluprost to TTFC.5 This reduction in heart rate 

might be induced by timolol, a non-selective β-adrenergic 

antagonist,27 although in this study, this reduction did not 

lead to clinical problems such as dyspnea or difficulties in 

daily life.

Asthma is a contraindication to the use of β-blockers. 

At enrollment, patients were confirmed, by interview, not to 

have asthma, although two patients developed asthma after 

the switch to TTFC. Reportedly, only 10% of asthma patients 

had a prior diagnosis.28 Therefore, physicians should not 

only ask the patient whether they have asthma or not before 

starting β-blockers, but should also monitor the condition of 

patients during the course of treatment. All of the adverse 

drug reactions observed with use of TTFC, including asthma 

and arrhythmia, were not serious and patients recovered.

As limitations, in our study investigators were not masked 

to the details of the treatment and this was not a cross-over 

study. Although we used the standard grading photographs 

to evaluate SPK and conjunctival hyperemia scores, these 

methods are subjective, and therefore could be affected by 

investigator bias. Furthermore, the observation period was 

only 12 weeks after switching to TTFC and we did not 

evaluate the effects of switching to TTFC in patients with 

other types of glaucoma, such as angle-closure glaucoma 

and secondary glaucoma. Only patients with insufficient 

IOP control were enrolled and the definition of insufficient 

IOP control was subject to the judgement of the examining 

physician. This might cause some selection bias, but also 

reflects the general clinical situation in which switching of 

IOP-lowering agents takes place. Finally, even if a major 

proportion of patients with SPK had improved SPK scores 

after switching to TTFC, this result might have been more 

pronounced had the inclusion criteria also required signs/

symptoms of OSDs while receiving prior medication.

Conclusion
The ocular-surface safety of TTFC is not significantly dif-

ferent to that of latanoprost. Furthermore, switching from 

latanoprost to TTFC in patients with insufficient IOP control 

has additive IOP-lowering effects. Therefore, TTFC is an 

effective approach for patients receiving latanoprost mono-

therapy who require more intensive IOP reduction.
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