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a b s t r a C t

Background: The aim of this study was to estimate the 
cost-effectiveness of tiotropium versus salmeterol to inform 
decision making within the Dutch healthcare setting. 
Methods: A previously published, validated COPD 
progression model was updated with new exacerbation 
data and adapted to the Dutch setting by including 
Dutch estimates of healthcare use for COPD maintenance 
treatment and Dutch unit costs. Exacerbation data from 
the POET-COPD trial were combined with evidence from 
earlier tiotropium studies using Bayesian meta-analysis. 
The model-based analysis was performed using a one- and 
five-year time horizon. Main health outcomes were the 
number of exacerbations and quality-adjusted life years 
(QALYs). 
Results: One-year costs per patient from the healthcare 
perspective were v1370 for tiotropium and v1359 for 
salmeterol; a difference of v11 (95% uncertainty interval 
(UI): -198-212). The annual number of exacerbations 
was 0.068 (-0.005-0.140) lower in the tiotropium group. 
The number of QALYs in the tiotropium group was 
0.011 (-0.019-0.049) higher, resulting in an incremental 
cost-effectiveness ratio (ICER) of v1015 per QALY. After 
five years, the difference in exacerbations, QALYs and costs 
between the tiotropium and salmeterol group were -0.435 
(-0.915-0.107), 0.079 (-0.272-0.520) and v-277 (-1586-1074), 
respectively, indicating that tiotropium was more effective 
and less costly. Using a societal perspective, tiotropium 
dominated salmeterol both after one and five years.
Conclusion: Tiotropium reduced exacerbations and 
exacerbation-related costs. After one year the cost per QALY 
of tiotropium compared with salmeterol was very low, 
while after five years tiotropium was found to dominate 
salmeterol. 
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i n t r o d U C t i o n

Chronic obstructive pulmonary disease (COPD) is a 
common and treatable disease characterised by persistent 
airflow limitation that is usually progressive and is 
accompanied by extrapulmonary effects that can lead to 
important comorbidities. In the Netherlands the prevalence 
of COPD is estimated to be as high as 4.1-5.4% for the 
population above 40 years1-3 making COPD one of the 
leading causes of disability and mortality.4,5 The burden of 
COPD is substantial and expected to increase in the near 
future due to ageing of the population and an increase 
in the prevalence of smoking among women in the past 
decades. Given the limited healthcare budgets, the need 
for information on efficient treatment options for COPD 
in terms of both effects and costs is high. Data on costs 
and cost-effectiveness are very relevant for guideline 
development and policy making, because they allow 
calculating the total costs of using one treatment instead 
of another treatment and the total effect in return for 
incurring these costs.
An important part of the treatment of COPD consists of 
pharmacotherapy to relieve symptoms, improve quality 
of life and prevent exacerbations. Current national and 
international guidelines for the treatment of COPD 
recommend the use of long-acting bronchodilating agents 
for patients with moderate to very severe COPD (according 
to the GOLD guidelines).6-8 Available long-acting 
bronchodilating agents can be divided into long-acting 
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beta-agonists (salmeterol, formoterol and indacaterol) 
and long-acting anticholinergic drugs (tiotropium).9 
Although the Dutch General Practitioners (NHG) 
guideline for COPD7 expresses a slight preference for 
tiotropium in patients with more severe COPD or cardiac 
comorbidity, other guidelines do not favour one type 
of long-acting bronchodilator over the other,6,8 because 
direct comparisons of both types of long-acting agents 
were limited or had a short duration.10,11 Recently, however, 
results of a large multinational head-to-head comparison, 
the Prevention Of Exacerbations with Tiotropium 
(POET-COPD) trial, were published. This one-year trial 
in patients with moderate to very severe COPD and a 
history of at least one exacerbation in the previous year 
showed that tiotropium was more effective in preventing 
exacerbations than salmeterol.12,13 The trial-based economic 
evaluation showed that tiotropium significantly reduced 
exacerbation-related costs, but total costs were higher 
than in the salmeterol group.14 The costs per exacerbation 
avoided were estimated to be v1961, using the perspective 
of the German Statutory Health Insurance (SHI). The aim 
of the current study was to estimate the cost-effectiveness 
of tiotropium versus salmeterol in the Dutch setting. Due 
to the very small number of Dutch COPD patients included 
in the trial (n=2) a subgroup analysis on Dutch patients in 
the POET-COPD trial was not possible. Instead of such a 
trial-based analysis, a model-based analysis was done using 
a previously published COPD cost-effectiveness model.15-17 
The exacerbation probabilities and healthcare use in this 
model were updated with data from the POET-COPD 
trial.13 This updated model was used to estimate the 
cost-effectiveness of tiotropium versus salmeterol in the 
Netherlands, to extrapolate results up to five years and to 
calculate quality-adjusted life-years (QALYs). 

M e t H o d s

Model structure
The Markov model used has been described in detail 
previously.15-17 The model is a state-transition model that 
simulates how a cohort of COPD patients progresses 
over time. It has four states, three COPD severity states, 
moderate, severe and very severe COPD defined by the 
lung function boundaries of the GOLD guidelines,6 and 
death. The starting distribution of patients over the three 
COPD severity states was based on Dutch data: 75% in 
moderate, 21% in severe and 4% in very severe COPD.18 In 
each COPD severity state patients have a risk to experience 
a non-severe or severe exacerbation. The model has a 
cycle length of one month, which means that each month 
patients have a certain probability to move between states 
and experience an exacerbation. Healthcare costs, mortality 
rates and quality of life (utilities) were assigned to the 

COPD states and the exacerbations. The time horizon of 
the model can vary between one and five year. The model 
was validated in previous publications.14,15 
The model is filled with data on the probability to have an 
exacerbation and the probability that an exacerbation is 
severe. In the POET-COPD trial an exacerbation was defined 
as an increase or new onset of more than one symptom 
(cough, sputum, wheezing, dyspnoea, chest tightness), with 
at least one symptom lasting at least three days requiring 
treatment with systemic steroids or antibiotics (non-severe 
or moderate exacerbation) or hospitalisation (severe 
exacerbation). Exacerbation data from the tiotropium group 
of the POET-COPD trial were synthesised with evidence on 
COPD exacerbations from previous tiotropium studies10,19,20 
by performing a Bayesian fixed-effects meta-analysis. The 
relative risks of salmeterol versus tiotropium obtained from 
the salmeterol-controlled tiotropium trials10,13 were applied 
to the pooled exacerbation probabilities of tiotropium to 
obtain the probabilities for salmeterol. The exacerbation 
probabilities are shown in table 1. The risk of experiencing 
an exacerbation varies by COPD state and treatment group 
and was assumed to be constant over time. 
The model is also filled with probabilities to move between 
states. These transition probabilities were not affected by 
the POET-COPD trial and remained the same as previously 
published.17 The probabilities to move to another COPD 
severity stage for the first year were obtained from the 
pooled patient-level data of six tiotropium trials.10,19,20 The 
transition probabilities for salmeterol were calculated in 
the same way as the exacerbation probabilities by applying 
the relative risks observed in the two trials directly 
comparing tiotropium and salmeterol with the transition 
probabilities of tiotropium.9,12 The resulting probabilities 
to move to a more severe COPD state in the first year were 
slightly higher for salmeterol compared with tiotropium. 
The decline in lung function after the first year was 
assumed to be 52 ml per year in both treatment groups.16 

table 1. Mean (SE) monthly exacerbation probabilities 
by treatment group after update with data from 
the POET-COPD trial using Bayesian fixed-effects 
meta-analysis*

Probability to  
experience an 
exacerbation

Probability that the 
exacerbation is severe, 
given an exacerbation

Tio-
tropium

Salme terol Tio-
tropium

Salme terol

Moderate 
COPD

.0483 
(.002)

.0495 
(.004)

.1098 
(.014)

.1093 
(.026)

Severe COPD .0624 
(.001)

.0681 
(.002)

.1697 
(.010)

.1776 
(.015)

Very severe 
COPD

.0765 
(.003)

.0844 
(.004)

.2439 
(.017)

.2738 
(.028)

*reproduced with permission of the european respiratory society.14
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The probabilities to die within each COPD severity state 
were derived from the Dutch all-cause age- and sex-specific 
mortality rates among COPD patients.21,22 
Input data with regard to quality of life consisted of the 
utility values per COPD severity in the stable state23 
and the proportional reduction in the utility during 
an exacerbation. During the month in which patients 
experienced an exacerbation the utility value in the stable 
state was reduced by 15% for a non-severe exacerbation and 
by 50% for a severe exacerbation. 

Perspective
The cost-effectiveness study for the Dutch setting was 
performed from two different perspectives: 1) the Dutch 
healthcare perspective, including all national healthcare 
insurance costs and 2) the societal perspective, including 
all national healthcare insurance costs, patient co-payments, 
travel expenses and costs of absence from paid work. 

resource use and costs
The model distinguishes two types of healthcare 
utilisation: healthcare use for maintenance treatment 
(table 2) and for a non-severe or severe exacerbation (table 

3). Exacerbation-related resource use and medication use 
for maintenance treatment were obtained from all patients 
included in the trial-based cost-effectiveness study of 
the POET-COPD trial.14 Other healthcare utilisation 
associated with maintenance treatment was based on 
Dutch data sources, which can be found in table 2. The 
number of GP visits for maintenance treatment of COPD 
was calculated as the total number of GP visits among 
COPD patients minus the average number of visits for 
age-matched controls without COPD as obtained from 
the PHARMO database26 minus the exacerbation-related 
visits as observed in the POET-COPD trial. The number 
of visits to the respiratory specialist for maintenance 
treatment was based on the average number of visits to 

table 2. Annual costs of maintenance treatment in the Netherlands, in 2011 v

Costs of 
maintenance
therapy (per year)

Unit
cost

Moderate CoPd severe CoPd Very severe CoPd

resource use total cost resource use total costs resource use total costs

Mean se Mean se Mean se Mean se Mean se Mean se

Outpatient 
visits to general 
practitioner26

29.27 5.09 0.09 149.01 2.68 4.43 0.14 129.56 4.0 4.09 0.32 119.84 9.33

Home visits 
by general 
practitioners26

44.95 0.57 0.03 25.43 1.37 1.11 0.09 49.74 3.84 2.34 0.25 105.17 11.14

Outpatient visits 
to respiratory 
specialists27,28

75.27 0.26 0.05 19.26 4.14 2.37 0.21 178.66 15.90 2.37 0.21 178.66 15.90

Spirometries24 17.67 0.33 0.07 5.83 1.17 1.0 0.20 17.67 3.53 1.0 0.20 17.67 3.53

Influenza vacci-
nation (%)25

15.71 0.73 0 11.48 0.05 0.73 0 11.48 0.05 0.73 0 11.48 0.05

Days antibiotics 
used*

0.53 2.75 0.34 1.46 0.18 2.67 0.39 1.42 0.21 1.34 0.26 0.71 0.14

Days systemic 
steroids used*

0.06 7.36 0.85 0.44 0.05 10.56 1.05 0.64 0.06 11.08 2.44 0.67 0.15

Days short-acting 
beta-agonists 
used*

0.17 6.73 0.82 1.18 0.14 8.87 0.98 1.55 0.17 9.95 2.30 1.74 0.40

Days short-acting 
anticholinergics 
used*

0.30 1.39 0.34 0.41 0.10 1.44 0.38 0.43 0.11 2.91 1.21 0.87 0.36

Days inhaled cor-
ticosteroids used*

0.68 141.23 2.99 95.47 2.02 156.38 3.24 105.72 2.19 139.72 7.15 94.45 4.83

Days theophylline 
used*

0.04 60.60 2.24 2.50 0.09 76.67 2.65 3.16 0.11 73.07 2.64 3.01 0.11

Days mucolytics 
used*, #

0.71 9.03 0.91 6.41 0.65 12.00 1.16 8.51 0.82 11.06 2.29 7.85 1.62

Days oxygen 
used*

4.34 0.86 0.26 3.73 1.13 3.71 0.63 16.09 2.73 5.81 1.72 25.20 7.46

Travel costs (km)*, # 0.21 7.39 1.48 1.55 0.31 21.48 4.30 4.49 0.90 21.12 4.22 4.42 0.88

Total costs healthcare perspective 316.21 5.74 516.11 17.56 559.47 23.57

Total costs societal perspective 324.16 5.79 529.12 17.60 571.73 23.64

*source resource use: all patients in Poet-CoPd trial; #Costs only included using the societal perspective.
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specialists specified by level of dyspnoea,27 the percentage 
of patients visiting the respiratory specialist28 and the 
exacerbation-related visits to the respiratory specialist 
in the POET-COPD trial. Unit costs for contacts with 
the different healthcare providers were obtained from 
the Dutch costing manual29 and updated to the year 
2011.30 The unit costs for an inpatient hospital day for 
COPD were obtained from a Dutch clinical trial.31 All 
medication costs were based on the list prices of 2011 
minus the clawback including 6% VAT as obtained 
from the Taxe (October 2011). The average costs of study 
medication were calculated as the weighted average costs 
per daily defined dose (DDD) of all available devices of 
either tiotropium or salmeterol using the total DDDs 
in the Netherlands as a weight. This resulted in an 
average cost per day of v1.35 for tiotropium and v0.91 for 
salmeterol. All medications were fully reimbursed, except 
for the mucolytics. Therefore medication costs from the 
healthcare and societal perspective were equal except for 
the mucolytics for which the costs were only included in 
the societal perspective. 

Health outcomes
The main health outcomes of the model were the total 
number of non-severe and severe exacerbations and the 
total number of QALYs. The total number of QALYs was 
calculated as the sum of the annual number of life years 
(=number of patients alive) weighted by the quality of life 
during these years using the utility weights specified by 
COPD severity state. For each exacerbation a reduction in 
utility weights was applied. 

Cost-effectiveness
The incremental cost-effectiveness ratios (ICERs) were 
calculated as the difference in total costs between the 
tiotropium and the salmeterol group divided by the 
difference in the number of QALYs or the difference in 
exacerbations resulting in the costs per QALY gained and 
the costs per exacerbation avoided, respectively.

base-case analysis
The base-case analysis was performed for a one-year and 
five-year time horizon, both for the healthcare and the 

table 3. Costs per COPD exacerbation in the Netherlands, in 2011 v

Unit
cost

non-severe exacerbation severe exacerbation

Per exacerbation resource use Costs resource use Costs

Mean se Mean se Mean se Mean se

ICU days 2282.23 na na na na 0.76 0.18 1734.49 408.52

Non-ICU days 228.14 na na na na 12.39 0.33 2825.92 75.90

Ambulance rides 346.05 na na na na 0.31 0.02 107.27 5.88

Outpatient visits to general 
practitioners

29.27 0.58 0.01 17.10 0.42 0.40 0.03 11.72 0.81

Outpatient visits to respiratory 
specialists

75.27 0.60 0.02 44.86 1.23 0.46 0.03 34.93 2.13

Outpatient visits to non-respiratory 
specialists

75.27 0.04 0.01 3.12 0.39 0.07 0.01 4.99 0.80

Outpatient visits to other healthcare 
providers

37.64 0.03 0.01 1.13 0.26 0.03 0.01 1.13 0.30

ER visits not followed by hospital 
admission

157.86 0.04 0.03 6.31 0.47 0.20 0.02 31.57 2.53

Ambulance rides to ER 346.05 0.01 0.02 3.46 0.69 0.12 0.01 41.53 4.50

Days antibiotics 0.53 8.54 0.34 4.54 0.18 13.19 1.02 7.0 0.54

Days systemic steroids 0.06 6.82 0.38 0.41 0.02 14.89 1.25 0.90 0.08

Days short-acting beta-agonists 0.17 0.31 0.13 0.05 0.02 1.44 0.47 0.25 0.08

Days short-acting anticholinergics 0.30 0.39 0.13 0.12 0.04 2.73 0.34 0.82 0.10

Days inhaled corticosteroids 0.68 3.45 0.45 2.33 0.30 8.40 1.29 5.68 0.87

Days theophylline 0.04 2.02 0.36 0.08 0.01 11.13 1.43 0.46 0.06

Days mucolytics# 0.71 2.26 0.22 1.61 0.15 6.95 0.77 4.93 0.55

Travel costs (km)# 0.21 5.45 1.09 1.14 0.23 5.62 1.12 1.17 0.23

Costs for days absence paid work# 304.27 1.01 0.06 307.26 17.79 2.65 0.26 806.60 80.32

Total costs of exacerbation healthcare perspective 83.52 1.65 4808.67 415.59

Total costs of exacerbation societal perspective 393.52 17.87 5621.38 426.28

na=not applicable; #costs only included using the societal perspective.
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societal perspective. In the five-year analysis costs were 
discounted with 4%, effects with 1.5%.32

sensitivity analyses
Several one-way sensitivity analyses were performed on 
changes in the starting distribution of the patients over 
the COPD severity states (100% in either moderate, severe 
or very severe COPD), different methods of meta-analysis 
for the exacerbation probabilities (frequentist fixed- and 
random-effects meta-analysis) and different discount 
rates (0% or 4% discounting for both costs and effects). 
Furthermore, the impact of three other assumptions 
was tested: assuming no difference in exacerbation risk 
between tiotropium and salmeterol after one year, using 
different unit costs for an inpatient hospital day based 
on the Dutch costing manual (v478) and applying a 50% 
smaller reduction in utility due to an exacerbation. All 
one-way sensitivity analyses were performed from the 
healthcare perspective. The model had a fully probabilistic 
design, which means that uncertainty around the 
transition and exacerbation probabilities, utilities and 
costs was taken into account.15 After making 5000 random 
draws from the probability distributions of the uncertain 
parameters, the model was run for each set of parameters. 
This resulted in 5000 different outcomes for effects and 
costs, which were plotted on cost-effectiveness planes 
(CE plane). A CE plane is an x-y diagram with the x-axis 
representing the difference in health outcome between 
tiotropium and salmeterol and the y-axis representing 
the difference in costs. The information in the CE plane 
was summarised in cost-effectiveness acceptability 
curves, which show the probability that the incremental 
cost-effectiveness ratio of tiotropium falls below a range 
of ceiling ratios. These ceiling ratios reflect the maximum 
the decision makers would be willing to invest to gain one 
QALY. 

r e s U l t s

one-year results
After one year, treatment with tiotropium resulted in 
0.011 (95% uncertainty interval (UI) -0.019-0.049) 
more QALYs and 0.068 (95% UI -0.005-0.14) less 
exacerbations compared with salmeterol (table 4). The 
reduction in severe exacerbations was 0.025 (95% 
UI -0.003-0.055). As a result the total exacerbation-
related costs were more than 20% lower in the 
tiotropium group compared with the salmeterol group. 
Hospitalisation-related exacerbation costs were reduced 
by 22%, while other exacerbation-related costs decreased 
by 12%. Costs for study medication were v157 (95% 
UI 144-173) higher for tiotropium. The total costs per 
patient from the healthcare perspective were v1370 (95% 

UI 1268-1482) in the tiotropium group and v1359 (95% 
UI 1191-1544) in the salmeterol group, resulting in a 
difference of v11 (95% UI -198-212). The incremental 
cost-effectiveness ratios were v162 for the cost per 
exacerbation avoided and v1015 for the costs per QALY. 
From a societal perspective the total costs per patient 
were v1628 (95% UI 1520-1747) for the tiotropium group 
and v1650 (95% UI 1463-1856) for the salmeterol group, 
a difference of v-22 (95% UI -251-197). In the tiotropium 
group costs for productivity loss due to an exacerbation 
were v33 (95% UI -16-83) lower compared with salmeterol. 
Because tiotropium dominated salmeterol from a societal 
perspective, i.e. was more effective and less costly, no 
ratios have been calculated. The CE plane from the 
healthcare perspective using QALYs as outcome showed 
that in 41% of the simulations treatment with tiotropium 
resulted in more effects and higher costs, while in 36% 
tiotropium was more effective and cost saving compared 
with salmeterol. Using exacerbations as outcome these 
percentages were 51% and 45%, respectively. Figure 1 
shows the acceptability curve for the costs per QALY from 
the two perspectives. For a maximum-willingness-to-pay 
for a QALY of v20,000, the probability that tiotropium 
would be cost-effective was 73% from a healthcare 
perspective and 76% from a societal perspective. 

table 4. One-year and five-year results from the model-based cost-
effectiveness analysis, healthcare perspective (costs in 2011 v)

tiotropium* salmeterol* difference*

One year:

Total 
exacerbations

0.647 
(0.614-0.681)

0.716 
(0.648-0.780)

-0.068 
(-0.410-0.005)

Quality-adjusted 
life-years

0.747 
(0.726-0.763)

0.736 
(0.700-0.756)

0.011 (-0.019-
0.049)

Costs of study 
medication

485 (473-491) 328 (313-332) 157 (144-173)

Costs of mainte-
nance therapy

390 (371-410) 410 (378-443) -19 (-57-18)

Exacerbation-
related costs 

495 
(401-600)

621 (471-749) -127 (-320-56)

Total costs 1370 
(1268-1482)

1359 
(1191-1544)

11 (-198-212)

Five year:

Total 
exacerbations

3.189 
(2.937-3.400)

3.624 
(3.133-4.035)

-0.435 
(-0.915-0.107)

Quality-adjusted 
life-years

3.355 
(3.108-3.522)

3.276 
(2.869-3.517)

0.079 
(-0.272-0.520)

Costs of study 
medication

2130 
(1987-2222)

1440 
(1273-1525)

690 (514-885)

Costs of mainte-
nance therapy

1889 
(1726-2046)

1996 
(1733-2226)

-107 
(-386-212)

Exacerbation-
related costs 

2600 
(2103-3148)

3459 
(2581-4458)

-860 
(-1970-178)

Total costs 6618 
(5957-7296)

6895 
(5757-8073)

-277 
(-1586-1074)

*data are mean (95% uncertainty interval)
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five-year results
The model results using a time horizon of five years 
showed that the gain in QALYs due to tiotropium was 
0.079 (95% UI -0.272-0.520) compared with salmeterol 
(table 4). The total number of exacerbations was 
almost 14% lower in the tiotropium group than in the 
salmeterol group. The reduction in severe exacerbations 
was significant, 0.184 (95% UI 0.008-0.367). From a 
healthcare perspective the total five-year costs were v6618 
(95% UI 5957-7296) for tiotropium and v6895 (95 UI 
5757-8073) for salmeterol, a difference of v-277 (95% UI 
-1586-1074) (table 4). The higher costs of tiotropium were 
completely offset by the savings in exacerbation-related 
costs. From a societal perspective the difference in costs 
between tiotropium and salmeterol was v-409 (95% UI 
-2040-1180). Tiotropium reduced costs for productivity 
loss for exacerbations by v120 (95% UI-182-433) (12% 
reduction) compared with salmeterol. Both from a 
healthcare and societal perspective, tiotropium dominated 
salmeterol, so no cost-effectiveness ratios were calculated. 
The acceptability curve for the five-year analysis (figure 

1) showed that the probability that tiotropium was 

cost-effective at a threshold value of v20,000 per QALY 
was 67% from a healthcare perspective and 70% from a 
societal perspective. 

one-way sensitivity analyses
One-year results were most sensitive to the severity 
distribution assumed at baseline. The incremental 
cost-effectiveness ratios for both the costs per QALY 
and the costs per exacerbation avoided increased when 
all patients had moderate COPD at start of treatment, 
whereas tiotropium was dominant over salmeterol when all 
patients had severe or very severe COPD at the start. Using 
the exacerbation probabilities based on random-effects 
meta-analysis and using the higher unit costs of an 
inpatient hospital day also resulted in tiotropium being 
more effective and less costly than salmeterol. For all 
remaining one-year sensitivity analyses the ICERs were 
well below v20,000 per QALY. For the five-year analyses 
tiotropium was more effective and less costly in all 
sensitivity analyses, except one. If no exacerbation benefit 
for tiotropium was assumed after the first year, the costs 
per QALY would become v130.

d i s C U s s i o n

The current study aimed to estimate the cost-effectiveness 
of tiotropium versus salmeterol in the Dutch setting. 
From a healthcare perspective the one-year total costs for 
tiotropium were v11 (95% UI -198-212) higher. The higher 
medication costs (v157 per patient) for tiotropium were for 
more than 80% compensated by a reduction in costs for 
COPD exacerbations. The ICERs were v162 for the costs 
per exacerbation avoided and v1015 for the costs per QALY. 
If the reduction in costs due to productivity loss during 
exacerbations in the tiotropium group were also included, 
as was done in the analysis from the societal perspective, 
the higher medication costs for tiotropium would be 
completely compensated, resulting in tiotropium being 
more effective and less costly than salmeterol. 
Using a five-year time horizon, the total costs per 
patient from a healthcare perspective were v277 (95% 
UI -1074;1586) lower for tiotropium compared with 
salmeterol. The higher medication costs of tiotropium 
(v690 per patient in five years) were fully offset by the 
reduction in costs of COPD exacerbations. From a societal 
perspective the total five-year costs in the tiotropium group 
were v409 (95% UI -2040-1180) lower compared with 
the salmeterol group. As a result tiotropium dominated 
salmeterol irrespective of the perspective used. Five-year 
results were better than one-year results because in the 
five-year analyses the impact of disease progression of 
COPD was also taken into account. Because the reduction 
in exacerbations in tiotropium compared with salmeterol 

figure 1. Acceptability curve for the costs per QALY 
gained for A) one-year analysis and B) five-year analysis 
(dashed line: healthcare perspective, black line: societal 
perspective)
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was greater in patients with severe and very severe COPD, 
the difference in effect between tiotropium and salmeterol 
became greater when patients progressed towards more 
severe stages of COPD. 

In all one-year sensitivity analyses, the ICER remained 
below v20,000. The results were most sensitive to the 
severity of COPD at the start of treatment, i.e. tiotropium 
was dominant in patients with severe and very severe 
COPD, whereas in moderate COPD the costs per 
exacerbation avoided were v527 and the costs per QALY 
v3200. Results were also sensitive to the unit costs for an 
inpatient hospital day. Using the reference unit costs of a 
non-ICU hospital day from the Dutch costing manual29 
(v478 per day in 2011) resulted in tiotropium dominating 
salmeterol. Because we had indications that the unit costs 
for a non-ICU inpatient hospital day for COPD were lower 
than this reference price, we used a lower unit cost of v228 
in the base-case analysis. This lower estimate of the costs 
of an inpatient hospital day was based on a clinical trial 
investigating the effectiveness of early assisted discharge 
in patients hospitalised for a COPD exacerbation.31 Because 
the patients in that trial had exacerbations that were 
probably less severe than the average exacerbation that 
requires a hospital admission, our estimate of the unit 
costs used in the base-case analysis is likely to be a 
minimum estimate of the costs of an inpatient hospital day 
for COPD. Therefore, the results of the base-case analyses 
are conservative. The five-year sensitivity analyses showed 
that tiotropium was dominant in all cases, except one. 
Results were most sensitive to the assumption that was 
made about the difference in exacerbation probabilities 
between the two treatments after the first year. In the 
base-case this difference was assumed to remain constant 
during year 2 to 5. If, in the extreme case, we did not 
assume any additional exacerbation benefit of tiotropium 
compared with salmeterol after the first year, tiotropium 
would no longer be dominant. The costs per QALY would 
become v130, still a very low ratio. 

The updated model used in the current study was validated 
by using the exacerbation probabilities, COPD severity 
distribution and time horizon of the POET-COPD trial as 
input for the model.14 Comparison of the model results 
with the outcomes of the trial showed that the model 
was able to reproduce the difference in total number of 
exacerbations and severe exacerbations in the trial. The 
resulting cost per QALY gained was also comparable.14 The 
model could not be validated for the five-year time horizon. 
The decline in lung function of 52 ml per year that was 
assumed after the first year may be relatively high given 
recent publications.33-35 The impact of this assumption on 
the results is, however, limited because the same annual 
decline was used for both treatment options. 

A recent review on pharmacological maintenance 
treatment of COPD found six studies investigating the 
cost-effectiveness of tiotropium versus salmeterol, one for 
the Dutch setting.36 All of these studies were modelling 
studies, mostly based on the same model as used in this 
study. Tiotropium was found to be more effective and 
less costly in four out of the six studies, including the 
study for the Netherlands. The other two studies reported 
cost-effectiveness ratios below v4118 per QALY gained. 
The difficulty with these modelling studies was that input 
data for the difference in exacerbations were obtained from 
studies directly comparing tiotropium and salmeterol that 
had a short duration and were underpowered to detect a 
difference in COPD exacerbations.10 The current study 
showed that update of the input data of the model with 
exacerbation data from the large POET-COPD trial did 
not change the conclusions. Tiotropium was still very 
cost-effective compared with salmeterol and even cost 
saving using a societal perspective or a five-year time 
horizon. 

The severity distribution for COPD used in the current 
version of the model was based on the degree of airflow 
limitation. Recently the GOLD committee proposed a new 
grading of COPD severity based on airflow obstruction, 
symptoms and exacerbations.37 Although the new 
classification reflects the complexity of COPD better 
than the classification based on airflow limitation alone, 
evidence on the prognostic value of the new classification 
in predicting future health outcomes is lacking. If in the 
future treatment effects and cost-effectiveness results are 
found to be different between the severity classes of this 
new classification, changes in the structure of the model 
need to be considered.

Up to the publication of the POET-COPD trial most 
international and national guidelines did not specify 
a preference for either long-acting anticholinergics or 
long-acting beta-agonist as evidence on difference in 
exacerbations was still limited. Only the NHG practice 
guideline ‘COPD’ reported a preference for tiotropium 
in a specific subgroup of patients.7 The new available 
information on the difference in effects between 
tiotropium and salmeterol from the POET-COPD trial 
and the difference in costs from the current study can 
contribute to future guideline development and policy 
making for COPD in the Netherlands. 

In conclusion, both over a one- and five-year time horizon 
tiotropium was found to reduce exacerbations compared 
with salmeterol among patients with moderate to very 
severe COPD, leading to a reduction in exacerbation costs. 
After one-year the total costs for tiotropium were slightly 
higher than for salmeterol leading to a cost per QALY of 
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v1015, which is regarded to be very cost-effective in the 
Netherlands. After five years the higher drug costs for 
tiotropium were completely compensated by the savings 
in exacerbation-related costs, resulting in tiotropium being 
more effective and cost saving. 
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