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Background: We have shown a decrease in mean intraocular pressure (IOP) by switching
to travoprost/timolol fixed combination (TTFC) in subjects receiving prostaglandin analogue
(PGA) monotherapy and requiring additional medication in a previous report. For analyzing
factors affecting IOP reduction, baseline IOP and preceding PGA were selected as statistically
and clinically significant factors. In this report, we examine IOP-lowering effect and adverse
drug reactions by preceding PGA.

Methods: Patients with primary open angle glaucoma or ocular hypertension who received
monotherapy with one of four PGAs (travoprost, latanoprost, tafluprost, or bimatoprost) for at
least 3 months at 26 institutions and were determined to require additional medication by their
primary physician were included. IOP reduction and adverse events were examined at 4, 8, and
12 weeks for each of four PGAs after switching to TTFC.

Results: In total, 157 patients who could be followed up for at least 4 weeks after switching to
TTFC were included in the efficacy analysis. Multiple regression analysis was performed, and
baseline IOP and PGA were found to be significant factors to IOP reduction. IOP reduction at
week 12, adjusted with the regression model, was —3.5, —1.8, and —1.4 mmHg in the tafluprost,
latanoprost, and travoprost groups, whereas it was —0.5 mmHg in the bimatoprost group. Along
with differences in baseline IOP between groups, an IOP-lowering effect of >1 mmHg was
noted in the tafluprost, latanoprost, and travoprost groups after the switch. IOP was maintained
at 13.8-14.8 mmHg throughout the follow-up period. No serious adverse events or noteworthy
issues were observed in any group after the switch.

Conclusion: Clinically significant IOP-reducing effects of TTFC were observed in the
latanoprost, travoprost, and tafluprost groups when switching from each PGA monotherapy,
while there were some differences in effects between groups, with minimal safety concerns.
Keywords: adverse event intraocular pressure, prostaglandin analogue, switching therapy,
travoprost/timolol fixed combination

Introduction

Prostaglandin analogue (PGA) is currently the first-line therapy with ophthalmic
solution for glaucoma and is considered a potent agent for lowering intraocular pressure
(IOP).'? Over 40% of glaucoma patients require further reduction of IOP owing to the
chronic progressive nature of the disease.>?

submit your manuscript

Dove nyﬁu

http:

Clinical Ophthalmology 2017:11 55-61 55
© 2017 Nakano et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY NG

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OPTH.S120639
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:tnakano@jikei.ac.jp

Nakano et al

Dove

The fixed combination (FC) drug containing PGA and a
B-blocker has additional IOP-lowering effects and no major
safety issues when switching from PGA.** The additional
administration of an ophthalmic solution has been shown to
reduce medication adherence,’ a key factor in the success
or failure of treatment.!® A recently developed FC drug
containing PGA and a B-blocker did not increase the fre-
quency of instillation and therefore exhibited additional
IOP-lowering effects as well as a favorable effect on medi-
cation adherence.'"'?

In the previous report, we examined the efficacy of
travoprost/timolol fixed combination (TTFC: DuoTrav®,
Alcon Laboratories, Inc., Fort Worth, TX, USA) in patients
who had switched from one of four PGAs approved for use
in Japan (travoprost, latanoprost, tafluprost, and bimatoprost),
including those with IOP values =19 mmHg before the
switch. Linear multiple regression analysis was performed
to investigate the factors affecting IOP reduction in patients
who could be followed up for a minimum of 4 weeks after
the instillation of TTFC. Preceding PGA and baseline IOPs
were found to be statistically and clinically significant factors
affecting IOP reduction. Subgroup analysis of [OP reduction
by baseline IOP was performed, and significant reductions
were observed in proportion to the baseline IOP."

This report aimed to examine the IOP-lowering effect by
preceding PGA in patients with glaucoma.

Methods

Subjects

Patients with primary open angle glaucoma (POAG, broad
sense) and ocular hypertension (OH) receiving monotherapy
with one of the four PGAs approved for use in Japan were
included in this study. The attending physician for various
reasons, including progression of visual field disturbance and
insufficient IOP control, prescribed additional administra-
tion of ophthalmic solution for these patients. The exclu-
sion criteria were as follows: a mean visual field deviation
of <-20 dB; history of hypersensitivity to -blockers or con-
ditions where B-blockers are contraindicated (eg, bronchial
asthma, inadequately controlled cardiac failure); concurrent,
chronic or recurrent uveal inflammation, scleral inflamma-
tion, or corneal herpes; history of ocular trauma, internal
eye surgery, or laser surgery within 3 months before the
baseline examination; difficulty in undergoing applanation
tonometry; use of corticosteroid ophthalmic solution; seri-
ous ocular complication; pregnant or lactating women; and
severe dementia. In addition, patients with serious ocular
complications and those determined to be inappropriate

to participate in the study by their primary physician were
excluded from the study. Gender and the presence or absence
of dry eye were not evaluated at the time of enrollment in
the study.

Procedures

This study was approved by the respective institutional
ethical review boards of the Jikei University School of
Medicine, Tohoku University Hospital, Juntendo University
Urayasu Hospital, Nakano General Hospital, Fussa Hospital,
Fukui-ken Saiseikai Hospital, and Minami Matsuyama
Hospital, as well as by the ethical review board of Kita-machi
Clinic for other institutions.

Potential subjects who met the inclusion criteria received
sufficient explanation regarding the study and information
concerning the treatment according to the principles of the
Declaration of Helsinki. Written informed consent was
obtained from all patients included in the study.

A single drop of TTFC was instilled into the conjuncti-
val sac of one or both eyes of the patients once a day in the
morning, 1 day after discontinuation of PGA.

During the study period, IOP was measured twice
by the same examiner using the Goldmann applanation
tonometer, and the mean of the measurement values was
adopted. In principle, IOP was measured ~2 hours from the
time of initial measurement. We examined safety endpoint
by preceding 4 PGAs. This study was conducted between
August 2011 and March 2013.

Statistical analysis

IOP values and changes in these values from baseline were
considered as the efficacy end points, whereas adverse events
and symptoms such as Superficial Punctate Keratitis (SPK
and hyperemia were taken as the safety end points.

The eye with a higher eligible baseline IOP, or the right
eye in cases where the IOP of both eyes was equivalent,
was used as the study eye. IOP reduction by preceding PGA
was investigated with mean IOP changes from baseline
values adjusted by a regression model, as described in our
previous report.'* Furthermore, descriptive statistics includ-
ing mean and standard deviation (SD) of the IOP value at
each visit were provided in order to examine the IOP profile
of the patient throughout the study period after switching to
TTFC. Missing IOP values after a period of 4 weeks were
imputed with preceding measured values (last observation
carried forward; LOCF method).

Analysis was conducted by QOL RD Co., Ltd (Nihonbashi,
Chuo-ku, Tokyo) and SOC Corporation (Akasaka, Minato-ku,
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Tokyo). The software used for the analyses was JMP ver. 9.0
and SAS® 9.3 (SAS Institute Inc., Cary, NC, USA).

Results

Of 166 patients who provided informed consent, 162 (97.6%)
satisfied the inclusion criteria and five dropped out within
4 weeks (three discontinued at their own discretion, two made
no hospital visits); thus, a total of 157 patients (96.9%) who
could be followed up for more than 4 weeks were included
in the final efficacy analysis set. These 157 patients included
54 men and 103 women, with a mean age of 66.6+11.3 years
(age range, 39-88 years). As shown in Table 1, of the four
preceding PGAs used, travoprost was most commonly
administered (n=70, 44.6%), followed by latanoprost
(n=45, 28.7%), tafluprost (n=29, 18.5%), and bimatoprost
(n=13, 8.3%). Mean IOP changes from baseline at 12 weeks
adjusted with a linear regression model were —1.4 mmHg in
travoprost, —1.8 mmHg in latanoprost, —3.5 mmHg in the
tafluprost group (P<<0.0001), and —0.5 mmHg in the bimato-
prost group (P=0.3720; Table 2). However, baseline IOPs
before switching were different among the four PGA groups:
16.1£2.6 mmHg in the travoprost group, 15.612.9 mmHg in
the latanoprost group, 17.5+3.2 mmHg in the tafluprost group,
and 17.245.1 mmHg in the bimatoprost group (Table 3).
To examine IOP profile irrespective of baseline IOP after

Table | Demographic data of per protocol set

switching to TTFC, descriptive statistics (arithmetic mean
and SD) of the IOP values were provided for each PGA
group (Table 3). Patients who switched from travoprost,
latanoprost, and tafluprost presented with IOP values rang-
ing from 13.8 to 14.8 mmHg from weeks 4 to 12 after
switching to TTFC, and showed IOP reductions of 1 mmHg
or more when compared to baseline values; whereas the
IOP values of patients in the bimatoprost group ranged
from 15.4 to 17.5 mmHg (Table 3). Missing IOP values
were observed in four patients belonging to the travoprost,
latanoprost, and tafluprost groups, and in two patients from
the bimatoprost group.

SPK was compared against baseline values for each
PGA by dividing the cornea into five quadrants. No clini-
cally significant worsening was noticed in any of the groups
(Table 4). Similarly, no clinically significant worsening of
conjunctival hyperemia was observed in the patients after
switching from PGA to TTFC (Table 4).

During the study period, 43 adverse events occurred in
27 (16.3%) of the 166 patients; of these, 26 (15.7%) patients
presented with 42 adverse drug reactions whose causal
relationship with TTFC could not be ruled out. All events
ranged from mild to moderate in intensity. In the case of
preceding PGA administration, seven events had occurred
in six patients in the travoprost group, 14 events in nine

Previous PGA Travoprost Latanoprost Tafluprost Bimatoprost
Sex, n
Male, n 23 18 10 3
Female, n 47 27 19 10
N 70 45 29 13
Age, year
Mean £+ SD 66.0£11.6 67.0£1.0 68.6x11.6 64.2+11.1
Range 39-88 40-83 42-88 43-84
N 70 45 29 13
Baseline IOP, mmHg
Mean £ SD 16.11£2.6 15.612.9 17.51£3.2 17.2+5.1
Range 10-22.5 9.5-22 11-22.5 10.5-27.5
N 52 26 21 10
Corneal thickness, um
Mean £ SD 522.0+33.3 527.0+£34.0 527.0£35.9 530.0+34.4
Range 434.0-590.0 454.0-584.0 476.0-629.0 472.0-568.0
N 66 43 27 13
MD, dB
Mean £ SD —4.541+4.57 —4.841+4.88 —5.25+5.81 —5.08+4.36
Range —14.94 to 2.54 —16.06 to 1.79 —19.49 to 1.53 —14.73 to —0.62
N 66 43 27 13
PSD, dB
Mean £+ SD 6.19+4.18 6.8614.67 6.18+4.69 5.64+3.55
Range 1.15-14.56 1.25-16.68 1.15-14.93 1.72-11.79
Abbreviations: |OP, intraocular pressure; MD, mean deviation; PSD, pattern standard deviation; SD, standard deviation.
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Table 2 Least-squares mean of IOP changes from baseline at
12 weeks (mmHg)

Table 4 Superficial punctate keratopathy scores and conjunctival
hyperemia scores

LSM 95% CI P-value Visit Baseline 4 weeks 8 weeks 12 weeks
Travoprost, n=70 —1.4 -1.9to -0.9 <0.0001 Superficial punctate keratopathy scores
Latanoprost, n=45 -1.8 —25to—I.1 <0.0001 Travoprost, n=69
Tafluprost, n=29 -35 —43t0-2.7 <0.0001 Mean 0.58 0.80 0.65 0.85
Bimatoprost, n=13 —0.5 ~1.7t0 0.6 0.3720 D 1.40 141 1.25 .43
Note: Least squares means and confidence intervals were based on a multiple Latanoprost, n=43
linear modsl. Mean 027 0.62 0.67 0.49
Abbreviations: Cl, confidence interval; IOP, intraocular pressure; LSM, least SD 0.58 1.25 1.43 I.16
squares mean. Tafluprost, n=29
Mean 1.24 1.55 1.69 1.72
SD 1.84 2.63 3.02 2.89
patients in the latanoprost group, 18 events in nine patients  Bimatoprost, n=13
in the tafluprost group, and three events in two patients in Mean 0.23 1.00 1.08 1.00
. SD 0.60 1.35 1.12 1.29
the bimatoprost group (Table 3). Conjunctival hyperemia scores
Mean systolic and diastolic blood pressure were main-  Trayoprost, n=70
tained at 127.9—138.3 and 72.4-81.9 mmHg, respectively, Mean 0.46 0.49 0.44 0.44
in all groups during the study period, whereas mean pulse Sb 0.67 0.65 0.61 0.63
L. Latanoprost, n=45
rate was maintained at 63.0-75.6 bpm. Mean 029 051 0.44 049
SD 0.51 0.73 0.59 0.55
Discussion Tafluprost, n=29
In our previous report, we showed the safety and efficacy Mean 0.38 0.59 048 0.62
o ) ) _ SD 0.62 073 0.69 073
of switching from PGA to TTFC in Japanese patients with Bimatoprost, n=13
POAG and OH."* We had performed a multiple linear regres- Mean 0.69 0.62 0.38 0.46
SD 0.85 0.77 0.65 0.66

sion analysis in order to identify the factors that affect the
reduction of IOP 12 weeks after switching to TTFC; types
of preceding PGA treatments, age, sex, baseline IOP, dosing
period of premedication, baseline MD, and baseline PSD
were set as independent variables, and changes from baseline
in IOP at 12 weeks was used as the dependent variable in
that study. Multiple linear regression is ordinarily used as
a statistical method to identify the relationship between a
dependent variable and one or more independent variables.
Baseline IOP and PGA were selected as significant factors

Table 3 Summary of measured IOP

Visit Baseline 4 weeks 8 weeks 12 weeks
IOP (mmHg)
Travoprost, n=70
Mean = SD 16.1£2.6 14.7£3.3 14.8£3.3 14.7£3.1
Range 10-22.5 9-26 8-26 8-26
Latanoprost, n=45
Mean £+ SD 15.6+2.9 14.242.6 13.8+2.7 14.2+2.6
Range 9.5-22 8-19 8-20 9-20
Tafluprost, n=29
Mean = SD 17.5£3.2 14.4+2.9 14.5£2.9 13.912.8
Range 11-22.5 9-21.25 8-20 9-20
Bimatoprost, n=13
Mean + SD 17.245.1 15.414.1 17.5+5.0 16.5+5.2
Range 10.5-27.5 9-22.5 11-26 11-28

Abbreviations: |OP, intraocular pressure; SD, standard deviation.

Abbreviation: SD, standard deviation.

(statistical and clinical) that may have an effect on IOP
reduction at 12 weeks. In the present report, we analyzed and
compared the IOP-lowering effect of four preceding PGAs,
since we had already examined the association between
baseline IOP values and the changes from baseline values
in our previous report; we found that the higher the baseline
IOP, the larger the reduction in IOP."

The mean IOP reductions at 12 weeks after switching
from the three PGAs, except for bimatoprost, to TTFC,
were —3.5, —1.8, and —1.4 mmHg in the tafluprost, latano-
prost, and travoprost groups (P<<0.0001), showing additional
1OP-lowering effect, respectively. Since only IOP reduction
using a regression model was evaluated in the above analysis,
the descriptive statistics of the [OP (arithmetic mean and SD)
at baseline as well as at observation time points of 4, 8, and
12 weeks after switching to TTFC were also calculated in
order to examine the changes in IOP in more detail. There
was a maximum difference of ~2 mmHg in baseline IOP
between the four groups. However, patients in the tafluprost,
latanoprost, and travoprost groups maintained mean IOP
values ranging from 13.8 to 14.8 mmHg from weeks 4 to 12
after switching to TTFC, and showed a mean IOP reduction
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Table 5 Adverse events related to the study drug

Travoprost,
n=73

Latanoprost,
n=48

Tafluprost,
n=31

Bimatoprost,
n=14

Type (n)
Eye disorders
Deepening of eye lid sulcus |
Growth of eyelashes
Blepharal pigmentation
Superficial punctate keratopathy 2
Dry eyes |
Foreign body sensation in eyes
Eyelid ptosis
Eye irritation
Eye pruritus |
Iritis
Keratitis
Vision blurred |
Visual acuity reduced
Conjunctival hyperemia
Corneal epitheliopathy |
Other
Blood pressure increased
Headache
Herpes zoster
Itchy skin
Rash
No of events 7

—_ AN W

—_—_— _ _ = NN -

of 1 mmHg or more when compared to the baseline. Patients
in bimatoprost group presented with mean IOP values of 15.4
to 17.5 mmHg from weeks 4 to 12. These findings indicate
the clinically significant IOP-lowering effect of TTFC when
switching from PGA, except for bimatoprost.

The largest IOP reduction was observed in patients
belonging to the tafluprost group, followed by those in the
travoprost and latanoprost groups. The IOP-lowering effect
of tafluprost cannot be sufficiently evaluated because of the
fewer number of reports available when compared to those
of other PGAs; some of these reports indicate that the effect
of tafluprost might be slightly inferior to those of the other
PGAs."*'¢ In the present report, it is suggested that the IOP-
lowering effect of TTFC may reflect not only the additional
effect of the B-blocker but also the changes in PGA when
switching from tafluprost.

Stable IOP-lowering effect was also observed after
switching from travoprost to TTFC, demonstrating the effect
of adding a p component while switching to a compounded
drug. TTFC has been reported to have a neutral pH, which
allows for the high permeability of the f component into the
eye.'” Quaranta et al discussed the IOP-lowering effect of
TTFC when switched from travoprost monotherapy in their
review report.'3! From their reports there is a possibility of

greater [OP-lowering effect of TTFC when switched from
travoprost than other FC when switched from each PGA. This
feature may be reflected in the results of the present study.

The mean IOP level was maintained at 13.8-14.2 mmHg
throughout the study period, and additional IOP-lowering
effects of 1.4-1.8 mmHg were observed in patients who
switched from latanoprost to TTFC. Furthermore, the
baseline IOP was lower in this group when compared to the
other three groups. There are a lot of patients with normal
tension glaucoma in Japan,”*?! and several of them often
require further IOP reduction due to progression of visual
field disturbance.?? The results of the present study suggest
that switching to combination drugs such as TTFC is useful
for patients with adequately lowered IOP, and that TTFC can
be an option while considering a switch from latanoprost to
a combination drug containing PGA.

Meanwhile, no IOP reduction was noted in patients
switching from bimatoprost to TTFC. Bimatoprost has been
reported to have the most superior [OP-lowering effect,'* and
there is a possibility that the effect of switching to the FC
has not been clearly exhibited in the present report because
IOP was already reduced to adequate levels. In addition,
among the four types of PGA approved for use in Japan,
the number of patients using bimatoprost is small, thus

Clinical Ophthalmology 2017:1 1
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a sufficient number of patients could not be enrolled in this
group in the study. Hence, more patients may be needed to
examine the efficacy in future studies.

Safety was examined in each group considering the pos-
sibility that there might be a difference in the trend of adverse
drug reactions by preceding PGA; however, no apparent
differences were noted.

The IOP-lowering effect of TTFC had some differences
between previous PGA groups. Nevertheless, there was an
imbalance in the number of patients in each PGA group in
this study. Moreover, owing to the absence of randomiza-
tion, there were discrepancies in the distributions of the
baseline characteristics of the patients resulting in insufficient
statistical accuracy, which is a limitation of this study. The
usefulness of switching to combination drugs from PGA can
be further exhibited by planning a prospective confirmatory
study with randomization of the premedication.

Meanwhile, the importance of adherence to instillation
therapy is attracting attention as a measure against visual
function impairment associated with glaucoma.” The use of
FC drugs requiring no increase in the number of ophthalmic
solutions has been reported to actually achieve favorable
adherence.”

In conclusion, the findings of this study show that switch-
ing from tafluprost, latanoprost, and travoprost to TTFC
achieved further clinically significant IOP-lowering effect,
revealing no major safety issues, thereby indicating the
usefulness of switching to a combination drug in patients
receiving PGA.
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