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Abstract

Purpose To assess the cost-effectiveness of

latanoprost or timolol in glaucoma treatment

in Norway, Sweden, Denmark (Scandinavia)

and the United Kingdom (UK).

Methods A Markov model was constructed to

perform a cost-effectiveness analysis. Health

states were ‘stable’ and ‘progressed’ glaucoma,

and transition probabilities for both primary

open-angle and exfoliation glaucoma were

derived from the medical literature. Practice

patterns were obtained from surveys

completed by 54 ophthalmologists

geographically dispersed throughout each

country. Country specific unit costs were used

for medications, patient visits, diagnostics,

and therapeutic procedures.

Results Over the life of the model

latanoprost was less expensive than timolol by

5.3–7.6% (Scandinavia) and 2.1% (UK).

Following adjustments, therapy in the original

timolol-treated cohort was slightly more

effective in each country with a difference in

0.003–0.015 years to progression of glaucoma

existing between latanoprost. This may have

resulted from the model design, which

reflected that physicians ultimately control

most patients’ glaucoma over 5 years by

adding or changing therapy. The associated

incremental cost-effectiveness ratios for

latanoprost vs timolol generated by the

Scandinavian and the UK models,

respectively, were: Norway 351 396 NOK;

Sweden 988 985 SEK; Denmark 351 641; and

the UK 4751 GBP.

Conclusions Over 5 years, in the UK timolol

is the cost-effective option, whereas in

Scandinavia latanoprost may be the cost-

effective alternative to timolol.

Eye (2009) 23, 132–140; doi:10.1038/sj.eye.6702964;

published online 24 August 2007

Keywords: cost; latanoprost; timolol; Markov

Introduction

The most commonly used first-line agents

worldwide to treat glaucoma are timolol

maleate and the F2a prostaglandin analogues.

Generally, prostaglandin analogues are believed

to have the advantage over timolol of being

more efficacious and more convenient to dose.1

However, in Europe timolol is frequently

prescribed as first-line therapy since, due to the

availability of generics, it generally is less

expensive per bottle than the prostaglandin

analogs. However, other factors exist that might

increase the cost of timolol therapy long-term.

Previous studies have shown that latanoprost

(XalatanTM, Pfizer Inc., New York, NY, USA),

the first prostaglandin analogue made available,

is a more persistent therapy (remaining

unaltered) compared to timolol.1–6

Consequently, treatment with timolol more

often may necessitate therapy changes
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potentially due to side effects or compliance problems.1

In addition, since the prostaglandin analogs are more

effective in reducing the intraocular pressure, timolol

treatment might require the addition of a second

medication.7

Accordingly, both the lower persistency rate and

efficacy might make timolol a more expensive long-term

therapeutic option than the prostaglandin analogs. These

additional long-term costs might result from extra

patient visits, diagnostics, as well as glaucoma medicines

and therapeutic procedures.1 Unfortunately, little

previous data have evaluated the prostaglandin analogs

compared to timolol with regard to long-term clinical

outcomes and cost of therapy.

The purpose of this study was to assess the long-term

cost-effectiveness of latanoprost and timolol as

monotherapy in the treatment of open-angle glaucoma

in Norway, Sweden, Denmark (Scandinavia) and

the United Kingdom (UK) by use of a Markov

decision-analytic health model.

Materials and methods

Procedures

A Markov model was created to assess the

cost-effectiveness in association with the quality of life

gained (quality-adjusted life years [QALY]).8 This type of

model has the advantage in analysing medical situations

where the treatment outcomes and costs may be

dissimilar. Consequently, the model allows determination

of cost per unit of benefit of treatment. The unit of benefit

chosen for glaucoma was the prevention of disease

progression as defined by further thinning of the optic

nerve head or worsening of the visual field (ie, nasal step,

or arcuate, paracentral or Seidel’s scotoma).9–11 The time

horizon for our model was 5 years.

Markov model: medical aspects

The Markov model was developed using TreeAge Pro

Healthcare software (release 1.5, TreeAge Software Inc.,

Williamstown, MA, USA). The model analysed the cost

effectiveness of beginning monotherapy treatment with

either latanoprost or timolol. The potential of developing

progressive glaucomatous long-term visual field loss

over 5 years, based on previous studies evaluating

progression at different mean intraocular pressure levels

in primary open-angle and exfoliation glaucoma, is

demonstrated in the model (see Supplementary

Information).12–15 Figure 1 demonstrates the model steps.

Glaucomatous progression was assumed to be slow and

staged over time. Patients beginning the model in year 1

were assumed to have early glaucomatous damage

consistent with being begun on monotherapy.

We based our utility weights on different levels of

glaucoma published by Kobelt16 using 0.84 for mild

visual loss, 0.72 for advanced (the second progressed

state). Since our model required an intermediate state

(the first progressed state), which is not described in the

literature, we used a utility derived between the two

described states from Kobelt by the following formula:

84þ 72/2¼ 78. Also, we used the 0.50 utility weight for

legal blindness as published by Tengs and Wallace.17

We performed systematic literature reviews on

Pubmed (www.ncbi.nlm.nih.gov/sites/entrez) to assure

our model followed current medical practice. Specific

information for each country was used when possible.

If country-specific information was not available then

generalized medical literature was used. Differences in

progression rates between primary open-angle and

exfoliation glaucoma were calculated by the known

incidence of glaucoma in each country.18–26 To determine

frequency of visits and procedures, as well as indications

for laser and conventional therapy, we completed

surveys of practicing ophthalmologists dispersed

throughout the country; 12 in Norway, 14 in Sweden,

19 in Denmark and 9 in the UK.

To create the model (Figure 2) we assumed that a

glaucoma patient would begin either latanoprost or

timolol monotherapy. The model supposed that from

the initial treatment patients would enter into one of

four health states: controlled (ie pressure p18 mmHg)

without a side effect, uncontrolled (ie pressureX

18 mmHg) without a side effect, discontinue the

medication due to a side effect and be controlled on the

new medicine, or discontinue the medication due

to a side effect and be uncontrolled on the new

medicine.4,7,27–31 The cycle stage was assumed to be

1 year. Previously published persistency rates were used

to determine discontinuation rates during the first year of

therapy.1–3,32–35 We assumed that patients who

discontinued timolol would be switched to latanoprost,

and vice versa, and additional visits and procedures

associated with the change were calculated.

The cohort of patients initially controlled (ie, pressure

p18 mmHg) without a side effect were assumed to be

stable or progressed based on known rates in the

literature.12–15 We presupposed that those who were

stable (no additional glaucomatous optic disc or visual

field progression) maintained therapy, and remained

stable, for the remaining life of the model. Those who

were unstable, ie, suffered progression, received a second

medication. Control rates for the new lower pressure

(assumed 15 mmHg) using two medicines were

presumed to be equal among all Markov branches since

prior literature does not differentiate glaucoma
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Figure 1 A demonstration of the Markov model to determine progressive glaucomatous long-term visual field loss over 5 years based on
previous studies evaluating progression at different mean intraocular pressure levels in primary open-angle and exfoliation glaucoma.

SRAEY 5 TSAP4 RAEY3 RAEY2 RAEY1 RAEY

controlled
controlled

< 18 mm Hg controlled
progressed add treatment < 15 mm Hg

controlled
progressed trab

Timolol
failed trab repeat trab controlled

Latanoprost

side effect*

controlled
uncontrolled ALT blindness
progressed

failed trab controlled

controlled
uncontrolled add treatment uncontrolled add medicine
> 18 mm Hg dellortnocelbats

failed ALT

failed ALT trab controlled

controlled

Trab = trabeculectomy

* Patients with side effects were placed back into the model on the opposite medicine

ALT = Argon laser trabeculoplasty

Note: Controlled patients were assumed to remain controlled and not progress for the remainder of the model.

Figure 2 The Markov model demonstrates the potential of developing progressive glaucomatous long-term visual field loss over five years
based on previous studies evaluating progression at different mean intraocular pressure levels in primary open-angle and exfoliation glaucoma.
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medicines at such low levels of pressure. This adjunctive

therapy cohort progressed or remained stable according

to rates published previously for 15 mmHg.12–15 Stable

patients again were assumed to maintain their therapy,

and to remain stable, for the remaining life of the model.

Unstable patients, at such a low pressure, were

progressed to trabeculectomy at rates determined from

previously published success/failure rates.36–41 We

believed that laser trabeculoplasty would have only

a minimal further hypotensive effect in a patient with

a pressure of 15 mmHg, so this therapy was excluded.

The cohort of patients initially uncontrolled had a

second medication added and transition probabilities for

control were based on known response rates.28,42 Those

who were controlled with adjunctive therapy were

assumed to maintain their therapy, and to be stable, for

the remaining life of the model. Those who were

uncontrolled on two medicines entered either the stable

or unstable Markov branch and were assumed to

undergo argon laser trabeculoplasty. The controlled

cohort of these patients was considered not to progress

for the remaining life of the model. Those uncontrolled

after argon laser trabeculoplasty, based on rates from

previous literature, were progressed to trabeculectomy

at previously published success/failure rates.43–45

In addition, we assumed that a certain percentage of all

patients would suffer legal blindness despite therapy.

The specific rates of legal blindness were taken from the

literature for Denmark and the United Kingdom and

general rates were used from the United States and

Europe for Norway, and Sweden. We assumed that the

rates were associated for timolol since the literature was

published before the release of the prostaglandin

analogues.46–53 We also assumed that all legal blindness

occurred only in patients in the unstable branches of the

Markov model. Adjustments to blindness rates were then

made for each country based on the percentage of unstable

patients in the latanoprost group compared to timolol.

Markov mode: economic aspects

The Markov model was completed with economic

information from physician surveys and specific pricing

information they use in their own practice from each

country as shown in Table 1. In addition, we performed

personal interviews with a practicing ophthalmologist

within each Scandinavian country and the UK to obtain

unit cost information for visits, procedures, and therapy.

Only direct medical costs were considered (ie, cost of

visits, procedures, and therapy). For timolol the cost of

the generic products was used.

Costs were measured in local monetary units, and by

converting currency values from Scandinavia and the UK

to United States dollars at the exchange rate for 31

December 2005 (www.oanda.com; 1 Swedish

Krona¼ 0.12565 US $ 1 Norwegian Kroner¼ 0.14750 US $

1 Danish Krone¼ 0.15846 US $ 1 British Pound¼ 1.72079

US $ for Scandinavia and 3.5% for the UK.

Markov model sensitivity analysis

For the sensitivity testing the following analyses were

performed for costs: a one-way analysis of a single unit

cost of latanoprost, a one-way analysis of the cost of a

routine visit and a one-way analysis of the cost of

blindness. In each case the cost was changed by 710%.

The analyses were performed separately for each

country.

Table 1 Unit costs of procedures by countries

Treatment options Norway USD Sweden USD Denmark USD UK USD

Adjunctive treatment 138 20 147 18 145 23 7 12
ALT 915 135 1779 224 945 150 158 272
Bimatoprost 212 31 206 26 194 31 11 19
Blindness54 28 993 4276 33 165 4167 26 829 4251 2460 4233
DTFC 200 30 191 24 210 33 10 17
Dilation 0 0 0 0 192 30 0 0
Latanoprost 212 31 206 26 216 34 13 22
Prostaglandins* 208 31 203 26 201 32 12 21
Photo disc imaging 152 22 550 69 228 36 57 98
Timolol 87 13 64 8 46 7 2 3
Trabeculectomy 12 918 1905 6128 770 9523 1509 681 1172
Travoprost 199 29 198 25 194 31 11 19
Visual field 150 22 591 74 224 36 46 79
Visit 613 90 689 87 201 32 75 129
LTFC 212 31 225 28 262 42 15 26

ALT, argon laser trabeculoplasty; DTFC, dorzolamide/timolol fixed combination; LTFC, latanoprost/timolol fixed combination.

*Average of latanoprost, travoprost and bimatoprost.
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Results

Key assumptions of the study and how the Markov

model was populated based on the previous literature

are listed in Table 2. The cost-effectiveness results of this

study are shown in Table 3. Over the life of the model

latanoprost was consistently less expensive compared to

timolol in each country evaluated by 5.3–7.6% in

Scandinavia and 2.1% in the UK. In all four countries the

average cost over the life of the model was $5339 for

latanoprost and $5653 for timolol.

Differences in the long-term costs of latanoprost and

timolol are at least partially explained by comparing

several arms within the Markov model. First, patients

originally begun on timolol and who were switched to

latanoprost due to lack of persistency (higher incidence

in the timolol maleate group) had higher costs (Norway

40 487 NOK; Sweden 48 430 SEK; Denmark 32 772 DKK;

and the UK 3495 GBP) than patients begun and

maintained on latanoprost therapy alone (Norway 37 477

NOK; Sweden 40 961 SEK; Denmark 27 814 DKK; and the

UK 3032 GBP). Second, patients who were uncontrolled

on timolol (higher incidence in the timolol group) had

higher costs (Norway 55 605 NOK; Sweden 53 326 SEK;

Denmark 41 819 DKK; and the UK 4732 GBP) than

patients who were controlled on latanoprost therapy

(Norway 23 884 NOK; Sweden 28 282 SEK; Denmark

20 323 DKK; and the UK 2080 GBP).

A narrow range of effectiveness 0.003–0.015 QALY

existed between latanoprost and timolol. The associated

incremental cost-effectiveness ratios (ICER) for

latanoprost vs timolol generated by models for each

country are shown in Table 3. The slightly greater QALY

with timolol may have occurred because 450% of

patients were not persistent on timolol and changed to

latanoprost in the first year of therapy. Accordingly, for

patients who maintained on their original therapy the

effectiveness was greater for latanoprost (Norway 3.973;

Sweden 3.955; Denmark 4.039; and the UK 4.055)

compared to timolol (Norway 3.959; Sweden 3.942;

Denmark 4.003; and the UK 4.009).

With none of the sensitivity tests did the 710% change

in either the cost of the latanoprost, an uncomplicated

visit or blindness, influence the overall cost of therapy. In

each country, for each sensitivity analysis, latanoprost

remained less expensive than the timolol (ranges:

Norway 297 901–404 890 NOK; Sweden 850 301–1127 669

SEK; Denmark 349 210–413 990 DKK; and the UK

631–5201 GBP). In each country the cost of the unit bottle

of latanoprost provided the greatest variance in the

sensitivity testing.

Discussion

A number of economic analyses have been performed

with glaucoma medicines over the past few years. Initial

evaluations provided a short-term assessment of cost of

therapy by simply comparing the unit bottle cost of

various newer glaucoma agents. Generally these studies

showed that latanoprost, bimatoprost, and travoprost

had similar costs per bottle, at least within the United

Table 3 Cost-effectiveness results from the Markov model currency
(United States conversion)

Country Strategy Cost USD Efficacy (QALY) Cost/efficacy USD ICER USD

Norway Latanoprost NOK 38 600 5694 3.9733 NOK 9705 1431
Timolol NOK 40 800 6018 3.9796 NOK 10 251 1512 NOK 351 396 51 831

Sweden Latanoprost SEK 42 900 5391 3.9548 SEK 10 839 1362
Timolol SEK 46 300 5818 3.9583 SEK 11 708 1471 SEK 988 985 124 270

Denmark Latanoprost DKK 29 000 4595 4.0183 DKK 7216 1143
Timolol DKK 31 400 4976 4.0251 DKK 7798 1236 DKK 351 641 55 722

UK Latanoprost GBP 3298 5676 4.0227 GBP 820 1411
Timolol GBP 3370 5799 4.0378 GBP 835 1437 GBP 4751 8175

ICER, incremental cost-effectiveness ratios; QALY, quality-adjusted life years.

Table 2 Key assumptions of the study and how the Markov
model was populated

Key assumptions Latanoprost Timolol By
country

% controlled to o21 mmHg
on monotherapy4,26–29

67 48

Persistency rate at
1 year1–3,30–33

48 36

% of exfoliation glaucoma17–25

Norway7 53.0
Sweden 71.0
Denmark 15.0
UK 4.4

% controlled on two
medications6,26,29,30

74 61

Blindness rate47–52

Norway 7.4 8
Sweden 7.5 8
Denmark 4.2 5
UK 9.5 11.4
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States.55,56 In contrast, Costagliota et al57 found the

generic timolol was approximately six times cheaper

than latanoprost in Europe. However, in the United

States, Stewart et al58 found that switching to latanoprost

from timolol when medically indicated, compared to

adding latanoprost to reduced cost over 1 year of

therapy.

More recently, several papers have created economic

models based on the per bottle price of the medicine and

efficacy shown in the literature. These studies speculated

that bimatoprost would show greater long-term cost

efficiency in the United States and Europe compared to

latanoprost and travoprost.59–61

Although economic modelling may be a useful tool to

evaluate the long-term cost efficiency of a medicine

additional factors should be considered including patient

adherence to the medication, adverse events, influence of

additional medical as well as surgical therapies, and the

impact of long-term rates of blindness. Such factors can

be evaluated in a Markov model approach to outcomes

research.

Several previous studies of glaucoma medications

have been evaluated by the Markov model with a time

horizon of 5 years.9–11 Le Pen et al9 evaluated travoprost

vs latanoprost and timolol in Austria, France, Germany,

the Netherlands, and the United Kingdom. The health

states were stable and progressed glaucoma. They

assumed a greater efficacy with travoprost over

latanoprost and timolol and they concluded that

travoprost economically dominated the other medicines

in several countries. Nordmannet al10 evaluated first to

fourth-line treatment in glaucoma with a variety of

medicines. They concluded that a more powerful first- or

second-line treatment would contribute to preservation

of long-term vision.

Christensen et al11 evaluated bimatoprost as an

alternative to filtration surgery for glaucoma patients on

maximum tolerable medical therapy in Italy over 4 years.

They concluded that bimatoprost was less expensive

than filtration surgery and had important implications

for waiting list planning.

The purpose of this current study was to assess the

long-term cost-effectiveness of latanoprost or timolol as

monotherapy in the treatment of open-angle glaucoma in

Scandinavia and the United Kingdom using a Markov

model.

This study showed that when latanoprost was begun

as monotherapy it was less expensive than timolol over 5

years in Scandinavia and the UK. This finding goes

against conventional wisdom that timolol is a less

expensive therapy than latanoprost based upon per unit

cost (cost per month).

The reason why latanoprost was less expensive than

timolol in our model can mostly be explained by several

reasons: first, latanoprost, when given as monotherapy,

more often controls the intraocular pressure.

Accordingly, the controlled arm for latanoprost, in the

Markov model, demonstrated lower long-term costs than

patients in the uncontrolled arm for timolol with its

accompanying higher costs for a greater number of

diagnostics, visits medicines, and surgeries. Second,

patients on latanoprost were more likely to be persistent

than those on timolol. Accordingly, in the Markov model

latanoprost-treated patients who began and maintained

this medicine demonstrated lower costs than those

initiated on timolol and were switched later to the

prostaglandin therapy with the associated extra costs for

visits and procedures. Finally, because patients were

more often stable on latanoprost they were less likely to

go blind in the model with its associated additional costs.

The narrow increase of effectiveness with the original

cohort of timolol-treated patients compared to

latanoprost over the 5 years was a surprise to the authors.

However, the gain in quality adjusted life year in each

country with timolol represented by these findings was

small (0.003–0.015 QALYs). The extra cost per QALY

gained in Scandinavia and the UK was from $8175 to

$124 270. Although controversial, the National Institute

for Clinical Excellence (NICE) stated that if an ICER is

lower than 33 000–50 000 euros ($39 087–$59 223) the

strategy could be considered effective and a specific

resource allocation could be made available.62 The

QALYs in our study did not appear close to the NICE

definition in Scandinavia. However, in the UK the ICER

was $8175, which falls under the NICE definition. On a

practical basis, however, the small gain in quality-

adjusted life year (5 days) in the UK, for the additional

cost, does not seem worthwhile. Nonetheless, no set

standards are available generally to guide physicians to

the value of glaucoma treatments based on ICER levels.

Why timolol was more cost-effective in the UK long-

term compared to Scandinavia is not clear by our results.

Several potential explanations were that timolol generic

was even less expensive in the UK, than in Scandinavia.

This factor may have further benefited the cost-utility of

this timolol in the UK. In addition, the UK had a

markedly lower incidence of exfoliation glaucoma

compared to Scandinavia. Because of the higher rate of

blindness and the more elevated intraocular pressures

with exfoliation glaucoma it could be that the use of a

prostaglandin first line provides a greater cost-benefit

ratio long-term in Scandinavia specifically to better

control this more difficult glaucoma.

The slightly greater effectiveness of timolol over

latanoprost in this study most likely resulted from the

design which recognized that a physician, over the long-

term course of a patient’s disease, will adjust their

therapy to reach a chosen target pressure and to limit
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side effects.12–14 Accordingly, based on the literature,

within the first year of therapy a majority of patients

started on timolol were switched to latanoprost.1–3,7

Consequently, these patients were able to gain the

efficacy and advantage of prostaglandin therapy.

The evaluation of the effectiveness for the latanoprost

and timolol arms, which excluded patients who were

switched to the other medicine because of lack of

persistency, is instructive. These arms represent the pure

effectiveness of latanoprost or timolol since they are not

switched to the other medication. The effectiveness for

the latanoprost arm in this portion of the model was

greater than timolol. This finding is consistent with the

majority of past studies which demonstrated that

latanoprost is a more effective ocular hypotensive agent

than timolol.7,63–66 For the above reasons, this study does

not support the greater effectiveness of timolol over

latanoprost.

Economic sensitivity testing for the costs of the

latanoprost bottle, blindness, and visits added little to the

results in each country. Even a 10% greater unit cost for

latanoprost did not alter the basic finding that, for each

country, latanoprost was a less expensive long-term

therapeutic option compared to timolol.

This study suggests that over the course of 5 years, in

the United Kingdom timolol is the most cost-effective

option, whereas in Scandinavia latanoprost may be the

cost-effective alternative to timolol.

Importantly, the findings of this study resulted from a

model that is based on clinical data from the literature

and do not represent results from actual patients.

This study did not evaluate the long-term clinical

effectiveness and cost of latanoprost, and timolol in a

prospective, randomized, double-masked manner.

In addition, the model, to limit over complexity had to

make assumptions, such as a stable year period between

health states. Such assumptions limit the accuracy of the

Markov model to real clinical settings. Further, more

specific utility weights related to the various

degenerative stages of glaucoma are needed to help

create a more accurate Markov model for this disease

state. Care should be utilized by the physician in

applying modelled information, based on limited

assumptions to clinical practice. Modelled data should

not supersede clinical judgment. More research is needed

in a prospective, long-term design, using a naturalistic

follow-up approach, to more accurately describe the

long-term differences in cost and effectiveness between

latanoprost and timolol.
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