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Abstract

Purpose To evaluate 24-h efficacy of

travoprost/timolol fixed combination (TTFC)

vs latanoprost/timolol fixed combination

(LTFC) in exfoliative glaucoma (XFG).

Design A prospective, single-masked,

crossover, active-controlled, randomized

24-h comparison.

Methods After up to a 6-week medicine-free

period, XFG patients were randomized to either

TTFC or LTFC for 3 months, dosed each

evening, and then changed to the opposite

treatment for another 3 months. At the end of

the washout, and both treatment periods, a 24-h

intraocular pressure (IOP) curve was measured.

Results In total, 40 patients completed the

study. The TTFC group showed a lower

mean absolute 24-h IOP (18.7±2.6 vs

19.6±2.6mmHg, Po0.001), maximum IOP

(20.5±2.6 vs 21.5±2.6mmHg, Po0.001) and

24-h IOP range (3.4±1.3 vs 4.1±1.6mmHg,

P¼ 0.01). At individual time points, TTFC

showed reduced IOPs compared with LTFC,

after a Bonferroni correction, at 1000, 1800,

and 2200 hours (Pp0.04). No statistical

differences existed at hours: 0600, 1400, and

0200 (PX0.05) and for the minimum IOP

(P¼ 0.09).

Conclusions This study suggests that

evening-dosed TTFC may provide greater 24-h

IOP reduction, primarily at the 1800 hours

time point, compared with LTFC in XFG.
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Introduction

Recently, the travoprost/timolol maleate fixed

combination (DuoTrav, Alcon Laboratories, Inc.,

Fort Worth, TX, USA) gained commercial

approval in Europe. Barnebey et al1 showed in a

regulatory trial that morning-dosed travoprost/

timolol fixed combination (TTFC) provided a

further reduction of intraocular pressure (IOP)

of 0.9–2.4 mm Hg compared with evening-dosed

travoprost.

In contrast, the latanoprost/timolol maleate

fixed combination (Xalacom, Pfizer, Inc., New

York City, NY, USA), the first prostaglandin/

timolol fixed combination available, showed

a 1.1–1.2 mm Hg difference between this

preparation, dosed in the morning, to evening-

dosed latanoprost.2,3 Therefore, it is possible

that the travoprost-based fixed combination

might have a slight efficacy advantage over the

latanoprost-based product. Recent data by

Topouzis et al4 showed little difference in a

direct comparison between both these fixed

combinations, when both were dosed in the

morning, over a three-point diurnal curve.

Nonetheless, previous data by Konstas et al5–7

evaluating the latanoprost/timolol and TTFCs,

have shown that evening dosing provides better
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24-h IOP control compared with the respective

individual prostaglandin component. Therefore, evening

dosing might better separate any potential efficacy

differences between the latanoprost and travoprost-

based fixed combinations.

The purpose of this study was to evaluate the 24-h IOP

efficacy between evening-dosed TTFC and latanoprost/

timolol fixed combinations (LTFCs) in exfoliative

glaucoma (XFG) patients.

Materials and methods

Patients

Patients were recruited for this prospective, single-

masked, crossover study from the Glaucoma Unit of the

First University Department of Ophthalmology, AHEPA

Hospital, Thessaloniki, Greece (Clinical Trial Number:

NCT00757835). We included patients of either gender,

older than 39 years of age, who had a clinical diagnosis of

XFG in at least one eye (study eye) and, at baseline, an

untreated IOP of 425 mm Hg at 1000 hours (±1 h). The

clinical diagnosis of XFG relied on the clinical detection

of exfoliation material visible on the anterior lens surface

in a typical configuration and open, anterior chamber

angles on indentation gonioscopy.8 All study patients

had early-to-moderate XFG (for this study this was

defined as glaucomatous disc damage with disc cupping

not exceeding 0.8 and reproducible glaucomatous visual

field loss o14.0 dB in the study eye with Humphrey

24–2 automated perimetry).

We excluded XFG patients who received therapy if

they had a previous history of unresponsiveness

(deemed to be a morning IOP reduction of o10%) to any

anti-glaucoma medication, including LTFC or timolol, or

there was a history of non-adherence. Patients were also

excluded if they showed: unreliable applanation

tonometry; inadequate visualization of the ocular

fundus or anterior chamber; a concurrent infectious/

noninfectious conjunctivitis, keratitis, or uveitis; a history

of hypersensitivity to any components of the

preparations used in this trial; woman of child-bearing

potential or not using reliable birth control; pregnancy or

lactation; a clinically severe medical or psychiatric

condition; participation (or current participation) in any

investigational drug or device trial within the previous 3

months before the screening visit; an intraocular

conventional surgery or laser surgery in the participating

eye; risk of visual field or visual acuity worsening as a

consequence of participation in the trial; an inability to

give informed consent; anticipated change in systemic

hypotensive therapy during the active treatment portion

of the trial; progressive retinal or optic nerve disease

apart from glaucoma; unwillingness to accept the risk of

iris colour or eyelash changes; risk for uveitis or cystoid

macular oedema in this trial; or history of ocular herpes

simplex, reactive airway disease, second- or third-degree

heart block, poorly compensated congestive heart failure

or concomitant use of systemic b-blockers.

Methods

All patients signed an informed consent agreement

approved by an institutional review board (Bioethics

Committee of the Medical School, Aristotle University

of Thessaloniki, Thessaloniki, Greece) before any

procedures were performed. The Treaty of Helsinki

was followed for this study. At visit 1, subjects had an

ophthalmic and systemic history taken and had dilated

funduscopy, gonioscopy, and automated full threshold

perimetry performed (Humphrey 24–2 test, SITA

standard). At this visit, as well as at all other visits,

the IOP (two measurements at 1000 hours±1 h were

averaged) was measured and Snellen visual acuity

and slit lamp biomicroscopy were performed. This

time was chosen as the peak pressure in Greece based

on previous data.9,10 Qualified XFG patients were then

washed out of their glaucoma medications in both

eyes and asked to return in 6 weeks for patients on

previous prostaglandin therapy, and 4 weeks for

those on previous b-blocker therapy, for the baseline

visit (visit 2).

At visit 2, and at all other 24-h monitoring visits (visits

4 and 6), patients had sitting IOP measurements at 0600,

1000, 1400, 1800, 2200, and 0200 hours. Patients who met

the IOP entry requirements were randomly assigned, by

a computer generated randomized number list, to receive

either the TTFC or LTFC for the first 3-month treatment

period (±2 weeks) to be instilled one drop to the study

eye at 2000 hours. No washout period was used between

groups. The study was designed to accomplish the

washout of the period 1 medicine over the 3-month

treatment of period 2.11

A safety evaluation was performed after 2 weeks of

treatment (visit 3). At the end of period 1, a 24-h curve

was again performed (visit 4). Patients were then

switched to the second study medicine for period 2.

A safety visit was again performed after 2 weeks of

treatment (visit 5) and a final 24-h curve was performed

at the end of the second 3-month (±2 weeks) treatment

period (visit 6).

The same investigators at the clinical site measured the

IOP and used the same calibrated instrument (Goldmann

Applanation Tonometer, Haag-Streit, Koeniz,

Switzerland) to perform the 24-h monitoring of the IOP.

During the study, the investigators, staff, and patients

were masked to the treatment regimen. A dosing

coordinator allocated the medications to the patients
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according to a code and did not participate in this trial in

any other way. This was a single-masked study. The

commercially available medicine bottles were masked by

placing a label over the medicine bottle. Patients were

instructed not to show the labeled medicine bottle to the

staff or investigators. The medicine was single masked

because of the cost in time and in money to arrange for

sterile transfer of both treatments to similar unmarked

bottles. The staff was masked to the study medicine

except a dosing coordinator.

Patients were admitted to the hospital in the morning

and measurements were recorded at 1000, 1400, 1800,

2200, 0200, and 0600 hours. At the 2200 hours

measurement, patients were awake at bed rest. The 0200

and 0600 hours IOP measurements were performed

immediately after wakening and at the slit lamp. Patients

were encouraged to carry out a normal life as much as

possible within the hospital boundaries.

Patients were instructed regarding correct medication

instillation and adherence. In this study, all patients were

instructed to perform nasolacrimal occlusion for 1 min

after instillation of each study eye drop. At each visit,

local and systemic side effects that occurred during the

treatment period were recorded. Side effects were

evaluated by asking patients a general query regarding

their state of health. Patients also were asked their

compliance to the study medicine using a general query.

Statistics

Statistical analyses compared the primary efficacy

variable, mean 24-h IOP curve (the average pressure for

the six time points evaluated), using a repeated measures

of analysis. Individual time points were evaluated with a

paired t-test within the analysis of variance (ANOVA), in

case of significant treatment and time effect.12 A modified

Bonferroni-correction was used to adjust P-values for

multiple comparisons in all individual time points

using a range of corrections from a/1–6 depending on

the respective P-value rank.13 The significance level

was set at 5% and a two-way analysis was used for all

other tests.

As calculated from the PS programme, this 24-h study

had an 80% power to identify a 1.25 mm Hg difference

between individual time points and between mean 24-h

pressures assuming a SD of 2.8 mm Hg between

treatments.14–16 In those patients that both eyes qualified,

only one eye was randomly selected for analysis.

The secondary primary efficacy variables for pressure,

the mean 24-h range (average of the highest time point

minus the lowest time point for each individual patient)

as well as the mean maximum and minimum pressures

were analyzed by a paired t-test. In addition, baseline

characteristics were compared in patients first started on

TTFC than on latanoprost/timolol maleate fixed

combination using unpaired t-test for quantitative

variables and w2 test or Fisher’s exact test, when the

expected cell count was o5, for qualitative variables. A

correlation coefficient was used to analyze the reduction

in the IOP.12 Adverse events were evaluated by a

McNemar’s test, a paired w2 test, because of the crossover

design of the study.17 Analyses were conducted using

SPSS 15.0 (SPSS, Inc., Chicago, IL, USA).

Results

Patients

Patient characteristics of those included in this study are

shown in Table 1. In all, 40 phakic patients completed the

study of 44 enrolled. Four patients were discontinued

from study medicine before the completion of both

24-h IOP curves; for either adverse events (two in the

travoprost/timolol period, one in the latanoprost/

timolol period), and one patient was lost to follow-up.

In total, 22 were randomized to TTFC and 18 to LTFC

treatment in period 1. The baseline characteristics of

the treatment groups were similar except for the age

(P¼ 0.002) and the visual acuity (P¼ 0.04).

Intraocular pressure

The mean IOP and the pressure reductions from baseline

are shown in Tables 2 and 3, as well as Figure 1. The IOP

was significantly reduced from untreated baseline at

each individual time point and for the mean 24-h

pressure for both treatment groups (Po0.001). When

treatments were compared directly, for the primary

efficacy variable, the 24-h average pressure, the TTFC

showed a lower absolute IOP levels for the 24-h curve

(Po0.001, Table 2). The difference between the two

medicines was 0.9±1.2 mm Hg. This was true also for the

maximum pressure (20.5±2.6 vs 21.5±2.6 mm Hg,

Po0.001) and for the 24-h range of pressure (3.4±1.3 vs

4.1±1.6 mm Hg, P¼ 0.01).

There was a significant treatment effect (Po0.001) and

time effect (P¼ 0.01) within the ANOVA, therefore the

treatments were compared at individual time points in

these post hoc analyses. There was also a significant period

effect (P¼ 0.02) with both medicines showing a slightly

lower pressure at the end of period 2 compared with

period 1. However, there was no carry over effect so the

treatment order did not affect the IOP results (P¼ 0.74).

At individual time points, the TTFC reduced the IOP

better than the LTFC, after a modified Bonferroni

correction, at 1000, 1800, and 2200 hours (Pp0.04). In

contrast, no statistical differences existed at hours: 06 00,

1400, and 0200 (PX0.05) and for the minimum pressure
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(P¼ 0.09). When the pressure reduction from untreated

baseline was compared between treatment groups

(Table 3), the findings mirrored those of the absolute IOP.

Further, there was no correlation of IOP to corneal

thickness for TTFC (r¼ 0.17, P¼ 0.31) or LTFC treatment

group (r¼ 0.23, P¼ 0.15). The baseline and mean corneal

thickness measurements are shown in Table 1.

Adverse events

There was no statistical difference between the two

treatment groups for any adverse event (Table 4). The

most common adverse event detected was conjunctival

hyperaemia, which was found in 10% (n¼ 4) of patients

treated with LTFC compared with 20% (n¼ 8) when

patients were treated with the TTFC (P¼ 0.29). In all, 22

adverse events were detected in the LTFC group and 27

were noted in the TTFC therapy. There were no serious

adverse events recorded in this study.

Table 1 Overall baseline characteristics and comparison between treatments

Characteristic Baseline N¼ 40 TTFC N¼ 22a LTFC N¼ 18a P-value

Male 19 (47) 11 (50) 10 (56) 0.76
Female 21 (53) 11 (50) 8 (44)
Mean age (years) 68.2±8.4 64.7±8.8 72.6±6.0 0.002
Mean morning baseline intraocular pressure (mm Hg) 31.3±2.8 29.9±2.4 30.3±3.3 0.64
Mean Snellen best-corrected visual acuity 0.8±0.2 0.9±0.2 0.7±0.3 0.04
Mean vertical cup/disc ratio 0.6±0.1 0.6±0.1 0.6±0.1 0.80
Mean visual field loss mean deviation (dB) �7.5±3.3 �7.7±3.4 �7.4±4.4 0.85
Mean corneal thickness 539±27 534±26 545±27 0.22
Most common previous therapies 0.44

Dorzolamide/timolol fixed combination 11 (27) 6 (27.3) 5 (27.8)
TTFC 5 (12) 4 (18.2) 1 (5.6)
Bimatoprost/timolol fixed combination 4 (10) 2 (9.1) 2 (11.1)
Travoprost 4 (10) 3 (13.6) 1 (5.6)
LTFC 3 (7) 0 (0) 3 (16.7)
Dorzolamide/timolol fixed combinationþ travoprost 3 (7) 1 (4.5) 2 (11.1)
Other 10 (25) 6 (27.3) 4 (22.2)

Abbreviations: LTFC, latanoprost/timolol fixed combination; TTFC, travoprost/timolol fixed combination.

Data are shown as mean±SD, or as number of patients (%).
aThese two columns represent first period treatment characteristics before changing to the opposite treatment.

Table 2 Absolute intraocular pressure levels (P-values are adjusted for the Bonferroni correction so any value o0.05 is statistically
significant)

Baseline TTFC LTFC Mean difference P-valuea

Mean 24-h 28.5±2.6 18.7±2.6 19.6±2.6 �0.9±1.2 o0.001
0600 hours 29.7±3.5 19.1±2.6 19.7±2.3 �0.6±1.5 0.06
1000 hours 30.4±3.5 18.3±2.3 19.2±2.3 �0.8±1.8 0.04
1400 hours 28.7±2.9 18.7±2.6 19.6±2.9 �0.9±2.4 0.05
1800 hours 28.7±3.2 18.6±2.6 20.3±2.9 �1.7±2.6 o0.001b

2200 hours 27.1±2.9 18.6±3.2 19.3±3.2 �0.7±1.8 0.04
0200 hours 26.6±4.5 18.8±3.2 19.4±3.9 �0.6±1.8 0.05
Maximum 31.9±3.2 20.5±2.6 21.5±2.6 �1.1±1.5 o0.001
Minimum 25.3±2.6 17.0±2.3 17.5±2.6 �0.4±1.6 0.09
24-h range 6.6±2.6 3.4±1.3 4.1±1.6 �0.6±1.5 0.01

Abbreviations: LTFC, latanoprost/timolol fixed combination; TTFC, travoprost/timolol fixed combination.
aBetween treatments.
bBonferroni adjusted P-values.

Data are shown as mean±SD (mm Hg).

Table 3 Intraocular pressure reduction from baseline

TTFC LTFC Mean difference P-valuea

Mean 24-h 9.8±2.3 8.9±1.9 �0.9±1.2 o0.001
0600 hours 10.6±2.6 10.0±2.9 �0.6±1.5 0.06
1000 hours 12.1±3.5 11.2±3.2 �0.8±1.8 0.04
1400 hours 10.1±3.2 9.1±2.6 �0.9±2.4 0.05
1800 hours 10.0±3.2 8.3±2.9 �1.7±2.6 o0.001b

2200 hours 8.6±3.2 7.9±3.2 �0.7±1.8 0.04
0200 hours 7.8±3.5 7.2±3.5 0.6±1.8 0.05

Abbreviations:LTFC, latanoprost/timolol fixed combination; TTFC,

travoprost/timolol fixed combination.
aBetween treatments.
bBonferroni adjusted P-values.

Data are shown as mean±SD (mm Hg).
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Discussion

XFG is a common, sight-threatening form of glaucoma,

which develops as a consequence of an age-related

malfunction of the extracellular matrix.18 The worldwide

number of individuals who suffer with XFG or

exfoliation syndrome is between 60 and 70 million.18 XFG

is believed to be a more severe form of glaucoma, with a

worse long-term prognosis, than primary open-angle

glaucoma. This is thought to be due to the worse

24-h pressure characteristics observed in XFG.19–21

However, the higher level of pressure associated with

XFG may have the advantage of allowing for a greater

separation between therapies when performing clinical

trials. In a separate 24-h study, a significantly better mean

24-h pressure with travoprost (0.6 mm Hg) vs latanoprost

was noted in XFG primarily because of improved efficacy

in the late afternoon and evening with travoprost.22

However, a separate trial by Parmaksiz et al23 did not find

a difference in pressure reduction in XFG patients in a

three-point diurnal curve. Nonetheless, published

evidence suggests that because of the higher 24-h

pressure curve characteristics, evaluating patients with

XFG might help elucidate if a difference exists in ocular

hypotensive efficacy between two glaucoma

preparations.

The purpose of this study was to evaluate the 24-h IOP

efficacy between evening-dosed TTFC and LTFC

specifically in XFG patients.

This crossover study showed that both the TTFCs and

the LTFCs reduced the IOP from untreated baseline over

the 24-h pressure curve and for each individual time

points. However, when these fixed combinations were

compared directly, the travoprost-based fixed

combination provided a lower pressure over the 24 h, a

lower maximum pressure and a lower range of the

pressure. In addition, following a Bonferroni correction,

individual time points at 1000, 1800, and 2000 hours were

statistically lower with the TTFC. In contrast, no

statistically significant difference was observed between

groups at the other time points and for the minimum

pressure.

These findings differ from those of Topouzis et al4 who

found, on the final efficacy visit, no difference between

the latanoprost and travoprost-based fixed combinations

except for the pooled 0900 hours time point when TTFC

was better. However, the study design between the

earlier trial and our study differed in several ways.

The crossover design of the current trial allowed us to

compare the 24-h IOP characteristics of the two fixed

combinations in the same eyes. Further, our study carried

out a complete 24-h pressure evaluation, which may

allow better separation between two medications.

In addition, we dosed the two fixed combinations in

the evening. Previous studies have shown that when the

prostaglandin-based fixed combinations were dosed in

the evening a greater separation could be observed from

its individual components, or compared with morning

dosing.5,6,24,25 These 24-h studies have suggested that

prostaglandin analogues show a peak effect 12 to 24-h

after dosing.24–26 Consequently, when dosed in the

evening the peak effect of the medicine may occur in the

following daytime hours when pressures tend at the

highest by most studies. A retrospective, cross-sectional

study found TTFC to provide significantly lower

pressure than latanoprost/timolol maleate fixed

combination 24-h after instillation.27

Finally, our study population consisted of XFG patients

vs primary open-angle glaucoma and ocular

hypertension patients in the Topouzis trial.4 As stated

previously, previous research has shown that XFG

patients typically show higher pressures than those with

primary open-angle glaucoma.9,10 This may have allowed

for a greater reduction in pressure and a greater potential

to differentiate any differences between these two fixed

combination preparations. Other factors potentially

related to the greater efficacy of the TTFC in our study

remain unknown and highly speculative. Travoprost is

known to bind to the receptor more strongly that does

latanoprost.28 This might allow for more prolonged

contact with the prostanoid receptor and might have

provided the greater efficacy especially at the end of the

dosing cycle at 1800 hours as observed in this trial and in

a previous study by Konstas et al.22

What does the approximately 1 mm Hg diurnal mean

clinically? Since short-term IOPs are an excepted marker

for long-term clinical outcomes in glaucoma one has to
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project long-term results. Several studies have noted that

1 mm Hg differences over 5 years can alter the incidence

of progression in primary open-angle and exfoliation

patients.29–33 The Early Manifest Glaucoma Trial (EMGT)

showed specifically for every 1 mm Hg increase in

pressure there was a 12–13% increased likelihood of

progression over 5 years.34

However, in exfoliation, pressures are even higher and

progression more frequent even at normalized

pressures.33 Just recently, further data from the EMGT

showed that pressures in exfoliation tend to rise over

time (1 mm Hg per year) as opposed to primary open-

angle glaucoma, which remained stable.35 Consequently,

in exfoliation a 1 mm Hg decrease in pressure may be

even more important than in primary open-angle

glaucoma. However, prospective long-term studies are

needed to confirm this speculation.

This study suggests that evening-dosed TTFC

may provide greater mean 24-h IOP reduction,

primarily at the 1800 hours time point, than the LTFC

in XFG.

This study did not evaluate the long-term 24-h efficacy

of the TTFC compared with LTFC in primary open-angle

glaucoma or for the long-term visual outcomes between

the two preparations. In addition, we did not evaluate

directly morning dosing of these two fixed combinations.

Further research is needed to more completely elucidate

the efficacy of the TTFC and LTFCs compared with other

fixed and unfixed therapies. This study was also limited

by the crossover design which has threatens a carryover

effect of the medicine between treatment periods.

Although this effect was not observed statistically an

influence from the first period medicines can never be

completely rule-out. In addition because of the small

Table 4 Adverse events recorded in the study

Adverse eventra LTFC TTFC P-value

Yes No Total

Conjunctival hyperemia Yes 2 2 4 (10) 0.29
No 6 30 36 (90)
Total 8 (20) 32 (80) 40 (100)

Stinging Yes 3 3 6 (15) 0.62
No 1 33 34 (85)
Total 4 (10) 36 (90) 40 (100)

Hypertrichosis Yes 3 0 3 (7) 0.25
No 3 34 37 (93)
Total 6 (15) 34 (85) 40 (100)

Skin pigmentation Yes 0 0 0 (0) 0.25
No 3 37 40 (100)
Total 3 (7) 37 (93) 40 (100)

Itchiness Yes 0 3 3 (7) 0.25
No 0 37 37 (93)
Total 0 (0) 40 (100) 40 (100)

Watering Yes 1 0 1 (2) 1
No 1 38 39 (98)
Total 2 (5) 38 (95) 40 (100)

Superficial punctuate keratitis Yes 1 1 2 (5) 1
No 0 38 38 (95)
Total 1 (2) 39 (98) 40 (100)

Dry eye sensation Yes 0 1 1 (2) 1
No 2 37 39 (98)
Total 2 (5) 38 (95) 40 (100)

Eyelid swelling Yes 1 1 2 (5) 1
No 0 38 38 (95)
Total 1 (2) 39 (98) 40 (100)

Abbreviations: LTFC, latanoprost/timolol fixed combination; TTFC, travoprost/timolol fixed combination.
aSome patients experienced multiple adverse events.

Data are shown as number of patients (%).
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samples size, an evaluation of safety could not be

made as extensive as in a parallel design.
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