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Abstract The randomized, double-blind trial UPLIFT�

demonstrated in 5,993 patients with moderate to very

severe COPD that 4 years of tiotropium bromide therapy

were associated with improvements in lung function,

exacerbations, quality of life, and mortality compared with

placebo. The pharmacoeconomic evaluation was per-

formed through a probabilistic, patient-level simulation

Markov model. Routine COPD care (RC) was compared

with the inclusion of tiotropium bromide on it. The analysis

was conducted over a lifetime horizon, with 1 year cycles

and a 3.5% annual discount rate. Patients were character-

ized by gender, age, height, smoking status, and forced

expiratory volume in 1 s (FEV1). FEV1 time trend was

modeled according to the annual decline recorded in

UPLIFT�. Mortality derived from that of the general

Italian population was adjusted by smoking status and

FEV1. Health utilities derived from published Italian

observational studies and were varied in time according to

UPLIFT� data. Exacerbation rates were derived from a

published Italian observational prospective study. The cost

perspective was that of the Italian National Health Service.

Healthcare resource consumption for RC and exacerbations

derived from Italian observational studies were valued

according to current price and tariffs. Simulated patients

in the tiotropium arm gained an average (95% CI) 0.50

(-1.63 to 6.27) Life Years (LYs) and 0.42 (-0.25 to 3.05)

Quality-Adjusted Life Years (QALYs). The incremental

lifetime cost resulted €3,357 (-€10,669 to €29,820). The

incremental cost-effectiveness ratio (ICER) was €6,698/LY

and €7,916/QALY. In the cost-effectiveness acceptability

curve (CEAC), tiotropium had a 90% probability of being

cost-effective for a willingness to pay (WTP) threshold of €
10,000/QALY.

Keywords COPD � Economic evaluation � Italy �
UPLIFT � Tiotropium

JEL Classification I19

Introduction

Chronic obstructive pulmonary disease (COPD) is a pre-

ventable and treatable disease with some significant extra

pulmonary effects that may contribute to the severity in

individual patients. Its pulmonary component is character-

ized by airflow limitation that is not fully reversible. The

airflow limitation is usually progressive and associated with

an abnormal inflammatory response of the lung to noxious

particles or gases. It is the fourth cause of death in the world

[1] and one of the first causes of disability in developed

countries. The disease affects more than 600 million people

worldwide, and 2.6 million patients aged 45–70 years in

Italy [2], where COPD is the 7th disease by number of

hospital admissions and the 4th by number of hospital days.

Because of the progressive aging of the population and the

increasing use of tobacco in the past years, the burden of

COPD is projected to further increase in the next years

[2, 3]. The disease imposes a substantial economic burden

to the health-care service and exacerbations contribute to

35–45% of the total costs for the disease treatment [4–6],

resulting particularly expensive when associated with
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hospitalizations [4, 5]. In Italy, annual per COPD patient

direct costs have been estimated between €1,300 and

€4,500, with hospitalizations contributing for 40–75% and

drugs accounting for about 20% of the total [7–9]. These

figures suggest that interventions aimed at preventing

exacerbations could alleviate the burden of COPD in Italy

[7, 8].

Bronchodilators, which are central to the symptomatic

management of COPD, may be short- or long-acting and

include inhaled beta2-agonists or anticholinergics, and oral

methylxanthines. The most recently marketed bronchodi-

lator is tiotropium bromide (Spiriva�), a once-daily anti-

cholinergic with duration of action of at least 24 h, which

has been developed as a more convenient alternative to

ipratropium, a short-acting anticholinergic bronchodilator

to be administered four times daily. In clinical trials, tiot-

ropium bromide was compared with placebo, ipratropium

or salmeterol, the most frequently used long-acting beta-2

agonist. When compared with ipratropium or placebo,

tiotropium bromide resulted associated with reduced

exacerbation rate and dyspnoea, and improved health-

related quality of life (QoL) [10, 11]. In comparison to

salmeterol, it provided a superior improvement in lung

function [12]. Recently, the randomized, double-blind trial

UPLIFT� [13] demonstrated that 4 years of therapy with a

routine care including tiotropium bromide in 5,993 patients

with moderate to very severe COPD were associated with

improvements in lung function, exacerbations, QoL, and

mortality compared with a routine care not including it.

Initial post-bronchodilator forced expiratory value in one

second (PB-FEV1) improvement resulted statistically sig-

nificant, whereas its rate of decline did not.

The aim of this study is the evaluation of the pharma-

coeconomic performance of tiotropium bromide when

included in routine care for COPD, in the perspective of the

Italian National Healthcare System (INHS).

Methods

Study design

In general, the economic assessment of a therapy can be

conducted directly on the results of randomized clinical

trials (RCTs), but data emerged from these studies have a

validity which is restricted to the within-trial time horizon

and the patient population defined by often strict inclusion

criteria. The use of simulation models for pharmacoeco-

nomic evaluations has become increasingly widespread in

order to overcome these limits and extrapolate results to

longer time horizons and generalize them to different

geographic and social settings. The present study was

conducted by developing a probabilistic, patient-level

Markov model that simulates life-time clinical and eco-

nomical outcomes for the Italian COPD population treated

with routine care with or without the addition of tiotropium

bromide. For this purpose, the model merges tiotropium

bromide efficacy data with Italian demographic and

economical data. Efficacy data derive from UPLIFT�: the

model incorporates the measured effects of tiotropium

bromide on PB-FEV1 and QoL, mortality and exacerbation

rate.

The characteristics of the COPD population are extrac-

ted from four Italian observational studies: the SIRIO

study, a recent and large observational study on 561 COPD

patients from 32 respiratory medicine centers [14], the

cohort study by Koleva and colleagues enrolling 268

COPD patients from 11 Italian respiratory medicine

departments [8], the ICE (Italian Costs for Exacerbations in

COPD) prospective analysis conducted on 570 patients

followed for 6 months after a COPD exacerbation [9] and

the earlier multicenter cohort survey ‘‘Salute Respiratoria

nell’Anziano’’ (SaRA), which investigated various aspects

of chronic airway diseases in the elderly population

attending pulmonary or geriatrics outpatient clinics [15].

Most patient characteristics, like gender, age, smoking

status and PB-FEV1, are taken from the SIRIO cohort,

deemed as the most representative of the general COPD

population for its numerousness and broad inclusion cri-

teria [14]. Some parameters were inadequately detailed in

SIRIO for our modeling purposes, so we relied on the best

available alternative source: GOLD stage-specific exacer-

bation rates were taken from Koleva et al. [8], QoL utilities

from SaRA [15], while cost structure was modeled

according to ICE and Koleva et al. [8, 9].

Model structure

The Markov chain-based simulation model (Fig. 1) was

developed with TreeAge Pro 2009 (TreeAge Software Inc.,

Williamstown, MA) and has a lifetime simulation horizon

in Markov cycles of 1 year. The analysis compares routine

COPD care (RC), consisting of short- and long-acting

inhaled beta-agonists, oral and inhaled corticosteroids,

xanthines and other drugs (expectorants, leukotrienes

receptors blockers, oxygen therapy, etc.), with the inclu-

sion of tiotropium bromide in RC. At the beginning of the

simulation, the model generates a cohort of virtual patients

by individually assigning gender, age, height, smoking

status (current or ex-smoker), and baseline PB-FEV1 (% of

predicted). These individual characteristics influence the

patient trial through the model. The Markov chain con-

sisting of 4 mutually exclusive health states: GOLD stages

II to IV and a death state. GOLD stage I is not considered,

as long-acting anticholinergics are not recommended in

this stage of the disease. The transitions between Markov
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states depend on PB-FEV1 and, for the transition toward

the death state, on treatment-specific mortality probabili-

ties. Each year a patient spends in a particular GOLD stage

is associated with a specific exacerbation incidence and

health-care resource consumption. The results are calcu-

lated on 10,000 iterations, each ideally representing a

couple of identical patients, one treated with tiotropium

and the other with RC. A 3.5% annual discount rate is

applied to costs and clinical outcomes.

Cohort characteristics and input data

The distributions of initial patient characteristics in the

simulated population [14] are presented in Table 1.

Patients are divided into smokers and ex-smokers, while

the ‘‘never smoker’’ status was not considered since this

category of COPD patients was not included in the

recruitment protocol of the UPLIFT� study and all other

main tiotropium bromide RCTs [10, 12, 16–23]. During the

simulation, patient’s age naturally increases with time,

while PB-FEV1 varies depending on the treatment. PB-

FEV1 (calculated in mL and transformed into a % of

predicted value using height, gender and current age of the

individual being modeled) time trend is modeled according

to the annual decline recorded in UPLIFT� for the corre-

sponding treatment group; in patients assigned to tiotropi-

um, the initial improvement recorded in UPLIFT� is

assigned at the end of the first year.

Probability of dying is calculated as the gender- and

age-specific mortality of the general Italian population

[24], adjusted by smoking status [25] and PB-FEV1 [26].

In the tiotropium arm, the mortality rate is additionally

corrected to reproduce the 4-year relative risk (RR)

recorded in UPLIFT�. This last adjustment implies the

assumption of an adjunctive and FEV1-independent effect

on mortality of tiotropium (e.g. due to the adverse events or

to the exacerbations reduction). The relevance of this

assumption on the final results is tested in a scenario

analysis. Baseline GOLD stage-specific distributions of St.

George’s Respiratory Questionnaire (SGRQ) scores,

determining the initial value of the total score, derive from

SaRA study [15]. The variation of SGRQ score in time is

modeled according to the trend recorded in UPLIFT�.

SGRQ scores are converted in health utilities through the

Ståhl’s equation [27]. Exacerbation rates according to

GOLD stages derive from the study conducted by Koleva

et al. [8]. For the tiotropium arm, these rates are adjusted

for the reduction recorded in the UPLIFT� study.

The last effect of tiotropium bromide we factored into

the model, besides the adjustment of the mortality, the

initial PB-FEV1 and SGRQ improvements, and the RR of

Fig. 1 Simplified structure of

the Markov model

Table 1 Characteristics of the simulated cohort

Parameter Mean SD Source

Age ([18) 70.3 9.2 [14]

Gender (% F) 27.0 – [14]

Smoking (% current smokers) 18.5 – [14]

Height (cm)

Females 162.6 5.99 [61]

Males 175.2 5.96

PB-FEV1 (% of predicted value) 46.6 16.60 [14]
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exacerbation is the lower incidence of specific severe

adverse events (SAEs) observed in UPLIFT�. The model

considers only SAEs reported by more than 1% of patients

in both UPLIFT� study groups, and a significantly dif-

ferent incidence rate between groups. These are myocardial

infarction (MI), congestive heart failure (CHF), dyspnoea,

respiratory failure, and COPD exacerbation. As for mor-

tality, incidence rates of MI and CHF are imputed based on

age- and gender- specific general population incidence

rates [28, 29], adjusted for the RR related to COPD diag-

nosis [30], and for the RR recorded in UPLIFT� in patients

receiving tiotropium bromide. Table 2 summarizes clinical

and utility parameters distribution used for the simulation.

Resources consumption

The analysis is conducted in the INHS perspective thus only

direct sanitary costs are considered and they refer to

resources needed for the routine treatment of COPD, and for

the management of incident exacerbations and SAEs

(Tables 3, 4). Annual resource consumption for each

GOLD stage is derived from Koleva et al. Some elabora-

tions have been necessary for our modeling purposes. In

first instance, these consumptions are not detailed into those

accruing for the routine management and those dedicated to

exacerbation management. For each type of resource, total

consumption has been divided into routine- and exacerba-

tion-related, according to the ratios reported by the ICE

study. Second, to reflect UPLIFT� cohort characteristics,

acquisition cost of anti-cholinergic drugs has been exclu-

ded. Except for hospitalization, specialist consultation,

oxygen therapy, and drug acquisition costs that are directly

based on Koleva and coll., the resources are valued

according to current reimbursement tariffs [31]. Cost for MI

and CHF management is estimated based on INHS reim-

bursement tariffs [32] weighted by relative frequencies of

events as of National hospital discharge records [33] and

result, respectively, of €4,187.41 and €3,091.51 per event.

The cost of tiotropium bromide treatment at the dosage of

18 mcg/die, equal to 618.07 €/year (retail price for 30

capsules packaging: 50.8 €), is added [34].

Table 2 Clinical risk and utility modifiers

FEV1—related

PB-FEV1

(% predicted)

Females Males Source

RR of all-cause deatha C80 1.0 1.0 [26]

60–79 1.6 1.3

40–59 2.5 1.5

\40 5.0 2.7

GOLD stage—related

GOLD stage Mean SD Source

Annual exacerbations rate II (moderate) 0.8 1.0 [8]

III (severe) 1.1 1.1

IV (very severe) 1.0 1.1

Initial SGRQ total score II (moderate) 38 20 [15]

III (severe) 50 16

IV (very severe) 62 17

COPD—diagnosis related

Age Mean SD Source

RR of myocardial infarctiona \64 2.430 0.281 [30]

[65 1.730 0.107

RR of CHFa \64 7.890 1.372 [30]

[65 3.240 0.194

Tiotropium—treatment related

Mean SD Source

RR of all-cause deathb 0.910 0.055 Elaboration on [13]

RR of exacerbationb 0.86 0.03 [13]

RR of myocardial infarctionb 0.71 0.14

RR of CHFb 0.59 0.18

Initial PB-FEV1 increase (mL) 56 4.59

Initial SGRQ total score decrease 2.7 0.31

a Versus general population
b Versus RC

Table 3 One year routine costs

Resource GOLD

II

GOLD

III

GOLD

IV

Diagnostic tests (€) 126.26 144.15 146.67

Laboratory tests (€) 20.96 32.66 35.95

Visits (pneumologists, other

specialists, Day Hospital) (€)

462.82 453.33 440.40

Therapy (drugs and oxygen therapy)

(€)

811.72 900.92 1,710.06

Total (€/pt/year) 1,421.76 1,531.06 2,333.09

Table 4 Costs per exacerbation

Resource GOLD

II

GOLD

III

GOLD

IV

Diagnostic and laboratory tests (€) 62.96 79.32 87.96

Visits (pneumologists, other

specialists, Day Hospital) (€)

110.52 107.68 102.88

Hospitalization 841.88 1,696.18 2,337.20

Therapy (drugs and oxygen therapy)

(€)

186.64 189.99 279.57

Total (€/exacerabation) 1,202.00 2,073.17 2,807.61
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All relevant parameters being stochastic, the probabi-

listic sensitivity analysis (PSA) is already incorporated in

the model. PSA results are presented as a scatter plot on the

cost-utility plane and as cost-effectiveness acceptability

curves (CEAC), where the probability of resulting cost-

effective is plotted against varying ‘‘acceptable’’ cost-

effectiveness thresholds. As mentioned earlier, a scenario

sensitivity analysis is performed by eliminating from the

model the direct effect of tiotropium on mortality, allowing

only its (indirect) effect on FEV1 to determine mortality

differences among treatment groups (Table 5).

Results

In the life-time horizon, patients treated with tiotropium

gain an average of 0.50 life years(LYs) or 0.42 Quality-

Adjusted Life Years (QALYs), and experience a lower

mean number of exacerbations (reduction of 0.79 events)

with respect to RC patients (Table 6). Tiotropium bromide

treatment is also associated with an estimated reduction in

CHF and MI events (Table 7). However, tiotropium life-

time cost is expected to be about € 3,360 higher than ST:

the higher routine expenditure, which includes tiotropium

bromide cost, is only partially offset by the reduction in

exacerbations- and adverse events-related costs (Table 8).

The incremental cost-effectiveness ratio (ICER) is calcu-

lated in terms of LY and QALY gained and exacerbation

avoided. When considering LY, the average ICER of

tiotropium versus RC results in €6,698/LY gained that

increases to €7,916/QALY when taking into account QoL.

The cost per exacerbation avoided is €4,240/ex. avoided. In

exploratory subgroups analyses (data not shown), the

ICERs are relatively homogeneous in all explored sub-

groups, with the main exception represented by GOLD

stage IV patients, where the estimated ICER is higher,

being slightly below €12,000/QALY gained.

The dispersion of the cohort level estimates in the PSA

is displayed in Fig. 2: the tiotropium strategy presents

mean cost and effectiveness values always greater than ST,

with a 95% CI of incremental cost-utility ratio ranging

between €4,109 and €11,541. Another indication of results

variability is given by the cost-effectiveness acceptability

curve (CEAC) (Fig. 3), where the willingness to pay

(WTP) for a benefit unit gained (QALY) from a hypo-

thetical decision maker (i.e. the cost-effectiveness thresh-

old considered as acceptable) is placed on the X-axis, and

the rate of iterations where the resulting cost-effectiveness

is lower than the threshold on the Y-axis. From the curve

reported in Fig. 3, it can be seen that tiotropium bromide

treatment has a 40% chance of resulting cost-effective if a

WTP threshold of €7,500/QALY gained is adopted. This

probability increases to 90% for a WTP up to €10,000/

QALY and becomes certain for thresholds higher than

€16,450/QALY.

The results of the tiotropium indirect-only effect

scenario indicate a significantly lower gain in LYs and

QALYs, but also in lifetime costs, leading to broadly

equivalent incremental cost-effectiveness estimates

(Table 9).

Discussion and conclusions

The present model, combining UPLIFT� clinical out-

comes with national epidemiological and economical data,

estimates that the inclusion of tiotropium bromide in the

therapeutic regimen allows avoiding an average 0.8 exac-

erbation per patient and gaining 0.5 LY and 0.4 QALYs at

a cost increase of about €3,400 over a lifetime period. It is

of note that in the UPLIFT� trial, in contrast with most of

the previous randomized trials, patients were receiving

concomitant medications such as LABA (60%) and/or ICS

(62%), and this could have limited the effectiveness of

tiotropium.

Table 5 Four year mortality estimates and RRs in UPLIFT�, base-

case model and tiotropium indirect-only effect scenario

Group UPLIFT� Base-case

model

Indirect-only

scenario

4 year mortality TIO 0.144 0.146 0.159

RC 0.163 0.165 0.165

RR 0.883 0.888 0.967

Table 6 Main effectiveness

results expressed as mean (95%

CI)

LYs Life Years, QALYs Quality-

Adjusted Life Years. 95% CI

Outcome Tiotropium RC Increments

LYs/pt 8.04 (0.50; 18.09) 7.54 (0.50; 17.69) 0.50 (-1.63; 6.27)

QALYs/pt 4.34 (0.23; 12.29) 3.92 (0.20; 11.68) 0.42 (-0.25; 3.05)

Exacerbations/pt 9.33 (0.15; 26.66) 10.12 (0.14; 29.94) -0.79 (-7.16; 8.06)

Table 7 Secondary effectiveness results

Outcome Tiotropium RC Increments RR

CHF/100 pt-years Mean 3.00 4.97 -1.97 0.604

MI/100 pt-years Mean 1.72 2.39 -0.67 0.719

10 year mortality Mean 0.56 0.60 -0.04 0.935
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Any decision maker is clearly willing to improve the

clinical benefits, but the point is how much he/she is

willing to pay for it. This generates the need for a cost-

effectiveness benchmark, the so-called WTP threshold, in

order to define the acceptability of the cost increase for

gained benefit unit. According to the WHO, health inter-

ventions which cost/DALY averted is below the annual per

capita gross domestic product (GDP) are to be considered

very cost-effective; strategies where the cost for averted

DALY is between 1 and 3 times the per capita GDP are to

be considered cost-effective [35]. Since the DALY concept

combines years of potential life lost due to premature

mortality with years of productive life lost due to disability,

the DALY benefit of the intervention evaluated must be at

least as high as the number of LY gained. Consequently,

adopting the GDP-based thresholds proposed by WHO for

the DALY in a cost/LY analysis is surely conservative.

Other thresholds are largely accepted; in the 1990s, cost-

effectiveness ratios below US$ 20,000–25,000/QALY were

generally considered an appropriate way of using society

and health-care service resources [36, 37]. Kanis and

Jonnson [38] have more recently suggested that a value of

US$ 30,000 per QALY gained is a reasonable benchmark

for developed countries. Also in the United Kingdom,

£30,000/QALY is considered a good cost-effectiveness

threshold, according to NICE (National Institute for Clin-

ical Excellence) recommendations [39]. The present model

estimates that on a life-time horizon, a patient treated with

tiotropium bromide gains averagely 0.50 LYs (0.42

QALYs) with ICERs of about €7,000/LY and €8,000/

QALY as compared to RC alone. The PSA forecasts a

100% chance of resulting cost-effective if a €16,450/

QALY threshold is adopted. Considering that the per capita

GDP in Italy was about €26,000 in 2007 [40], these figures

seem to be very favorable.

Several economic analyses conducted on tiotropium

bromide in international settings provided results that

compare quite well with those presented here. The study by

Oostenbrink et al. [41], one of the first economic models

evaluating tiotropium bromide, compared its cost-effec-

tiveness with ipratropium and salmeterol in the Nether-

lands and Canada. This Markov model predicted, for a time

horizon of 1 year, a mean difference in the number of

exacerbations of 0.17 (-0.02 to 0.37) for tiotropium bro-

mide vs salmeterol, and of 0.12 (-0.17 to 0.44) for

salmeterol vs ipratropium, whereas the number of quality-

adjusted life months did not substantially differ between

treatment groups. In the Netherlands, tiotropium bromide

Table 8 Lifetime cost analysis

expressed as mean (95%CI)
Cost (€/pt) Tiotropium RC Increments

Routine 18,131 (1,001; 41,832) 12,506 (661; 30,800) 5,625 (309; 18,593)

Exacerbation 14,155 (247; 40,754) 15,902 (218; 46,580) -1,747 (-12,960; 11,390)

CHF cost 663 (28; 2,225) 1,024 (45; 3,190) -361 (-1,582; 529)

MI cost 535 (28; 1,506) 695 (38; 1,871) -160 (-738; 418)

Total 33,484 (1,572; 81,590) 30,127 (1,286; 77,425) 3,357 (-10,669; 29,820)

Fig. 2 PSA results: scatter plot of the incremental costs and benefits

on the cost-effectiveness plane

Fig. 3 Cost-effectiveness acceptability curve

Table 9 Results of the tiotropium indirect-only effect scenario

Outcome Tiotropium RC Increments

LYs/pz 7.73 7.54 0.19

QALY/pz 4.19 3.92 0.28

Exacerbations/pt 8.90 10.12 -1.22

Total cost (€/pt) 32,095 30,127 1,968

ICERs

€/LY gained 10,357

€/QALY gained 7,028

€/Exacerbation avoided 1,613
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was expected to dominate salmeterol; whereas in the

Canadian context, the ICER of tiotropium bromide vs

salmeterol was about €150/QALY. Salmeterol dominated

ipratropium in both countries. In a Spanish adaptation of

the same model [42], tiotropium bromide was associated

with an ICER of just over €4,000/QALY vs salmeterol over

5 years, while the ICER for salmeterol versus ipratropium

was estimated in almost €40,000/QALY. Adapted to

Greece on a 1-year temporal horizon, the same model

expected tiotropium bromide to dominate salmeterol [43],

and so did it in Japan [44], where also ipratropium and

usual care are expected to be outperformed by tiotropium

bromide. In a Spanish economic analysis based on a

decision tree, tiotropium bromide was compared with

ipratropium and standard treatment on a temporal horizon

of 13 years, resulting in an ICER of about €3,000/LY

gained versus standard therapy, and slightly above €4,000/

LY versus ipratropium [45]. In another Spanish study,

conducted with a time horizon of 1 year and based on data

from a real-world clinical trial, tiotropium bromide vs

placebo determined an ICER of €320 per avoided exacer-

bation [46]. In a cost-effectiveness analysis based on data

from a real-world sample of US veterans, tiotropium bro-

mide was associated with an ICER of US $2,360 per

avoided exacerbation. Tiotropium bromide dominated

ipratropium in patients with very severe disease and in

patients with a previous COPD-related hospitalization [47].

A cost-effectiveness analysis developed for the Swiss

public health insurance system [48], which compared the

use of tiotropium bromide, salmeterol and standard care for

a 12 months time horizon, also indicated dominance over

the competing strategies, as the higher acquisition cost of

tiotropium bromide was fully offset by the fewer number of

exacerbations. The same expectation of overall cost

reduction was indicated by a budget impact model adapted

to the Singapore reality [49].

Widening the scope on the more general COPD therapy

may help further benchmark the present results. In a

Markov model developed for the United States basing on

the results from the large TORCH trial, the ICERs of

salmeterol, fluticasone, and salmeterol/fluticasone combi-

nation therapy versus a therapeutic strategy encompassing

only rescue medications on an as-needed basis all resulted

above US $50,000/QALY [50]. Another TORCH-based

decisional analysis conducted in the US setting with a

lifetime horizon [51] estimated ICERs of US $20,797/

QALY and US $33,865/QALY for salmeterol and salme-

terol/fluticasone versus the same therapeutic strategy based

on as-needed rescue medications only, while fluticasone

was dominated by this latter strategy. In Canada, 25 years

of salmeterol/fluticasone combination therapy were asso-

ciated with an estimated ICER of Can $74,887/QALY vs.

usual therapy [52].

Comparing our data with previously published evidence

in this area, it can be noted that the cost estimate for

exacerbation management (1,200–2,800 €) is higher than

indicated elsewhere. In Sweden, average cost per exacer-

bation was reported to be between about 12 Euros for mild

and about 2,150 Euros for severe exacerbations [6].

A Spanish study reported a mean cost of $159 per exac-

erbation managed during years 1996–1997 in a primary

care setting [53]. In a review conducted on international

databases, COPD exacerbation management cost ranged

between £500 to 900 for hospital at home schemes and

£649–1,753 for inpatient care [54]; while in Poland, the

direct health-care costs were about 1,000 and 110 Euros per

exacerbation managed in secondary and primary care,

respectively [55]. Finally, mean cost per exacerbation was

estimated in about €400 in Germany, with large differences

observed between the costs of exacerbations requiring

in-hospital treatment and those treated at the outpatient

setting [56]. One reason to explain this may be that Italian

studies reporting the detailed information needed for our

modeling purposes were conducted on patients afferent to

hospital pneumology centers and may therefore be repre-

sentative of a population averagely more severe or more

intensively treated. However, it’s reasonable to assume that

tiotropium bromide will be mainly used in settings much

alike the ones we relied on to estimate resource con-

sumption and costs. Another explanation for the relatively

variable cost per event estimates may be in the different

definition used across studies. Other authors have already

underscored that the lack of a conventionally accepted

exacerbation definition complicates any comparison in

frequency and interventions across different settings

[57, 58]. In fact, there are some indications that the studies

we relied on used a more stringent definition, leading to an

analysis of averagely more severe, hence more expensive,

exacerbations. First, 40–50% of the exacerbations analyzed

by Koleva et al. and Lucioni et al. were treated in hospital,

while this figure ranged between 3 to 23% in other studies

[6, 53, 59]. Second, the average annual number of exac-

erbations used in the model is quite consistent with other

Italian data [9, 60] and compares very well with the one

reported in UPLIFT�, but is lower than that reported

in other international papers. For severe patients

(FEV1% \ 40%), the Swedish study reported about one

exacerbation during the winter period only, while Koleva

et al. recorded about one exacerbation in the entire year. In

Spain, the annual exacerbation rate was 3, the same fre-

quency reported for Poland. In general, data are quite

heterogeneous: a recent review reported an annual rate of

COPD exacerbations varying between 0.5 and 3.5 [58].

Other basal patient parameters considered in the model,

like portion of current smokers, mean age or gender

distribution, are consistent with the other national and
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international evidence. Basal pulmonary function charac-

teristics in our model are slightly worse than data emerged

from some observational study (PB-FEV1%: 47% vs. 56%

[8, 53]). This gap is probably explained by the exclusion of

mild GOLD stage patients from our model, as tiotropium

bromide isn’t indicated for the treatment of this subgroup.

The model incorporated the mortality benefit demon-

strated for tiotropium bromide in UPLIFT�. In a scenario

analysis, even removal of this benefit although significantly

reducing the absolute clinical benefit did not heavily

impact the ICER estimates. This is probably explained by

one of the best known paradoxes in pharmacoeconomics,

where the effect of prolonging life expectancy is often

associated with worsening ICERs, due to the higher health-

care costs incurring during the gained survival.

In conclusion, the results of this study indicate that the

inclusion of tiotropium bromide in routine care for mod-

erate to very severe COPD patients represents good value

for money in Italy, as well as in the other health-care set-

tings where it has been evaluated.
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