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Abstract
Purpose: The Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2018 
recommendations support maintenance treatment with long-acting bronchodilators in most 
symptomatic patients with chronic obstructive pulmonary disease (COPD). While restricting 
the overuse of inhaled corticosteroids (ICS) may influence healthcare utilization required to 
treat inadvertent respiratory (exacerbations and pneumonia) and diabetes-related events, 
it may also change the total medication cost. This analysis was performed to estimate the 
5-year budget impact of switching from ICS-containing treatment combinations to dual 
bronchodilation, in line with the recommendations.
Methods: The model quantified the budget impact of treatment and healthcare resource 
utilization when COPD patients were anticipated to switch from ICS-containing treatments to 
dual bronchodilation. Three switch scenarios were calculated with increasing proportions of 
patients on dual long-acting bronchodilators, to the detriment of ICS-containing double and 
triple combinations. Clinical and cost input data were based on results from clinical trials and 
Greek and Portuguese healthcare cost databases.
Results: Healthcare resource use to manage exacerbations, pneumonia and diabetes-related 
events were projected to increase between 2019 and 2023 in parallel with the growing COPD 
patient population and associated costs were estimated at 52–57% of the total disease cost in 
the Greek and Portuguese base case scenarios. Total cost savings between 21 and 112 million 
EUR were projected when the proportion of patients on double and triple ICS-containing 
treatments was gradually reduced to 50% in scenario A, 20% in scenario B and 7% in scenario 
C. Sensitivity analyses showed that none of the model assumptions had a major impact on the 
projected savings.
Conclusion: The alignment of COPD treatment with current recommendations may bring 
clinical benefits to patients, without substantial cost increases and even cost savings for 
payers.
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Introduction
Chronic obstructive pulmonary disease (COPD) is 
known to be associated with a significant clinical, 
social and economic burden, which usually needs 
to be addressed with limited health care funds.1–3

Worldwide prevalence rates of COPD are high 
and even expected to increase in the aging popu-
lation, when more people will express the effects 
of continued exposure to the risk factors, that is, 
tobacco smoking and air pollution.1 A systematic 
literature review of studies conducted between 
1990 and 2014 estimated the prevalence of spirom-
etry-diagnosed COPD at 12% of the European 
population aged 30 years or older.1 This percent-
age increased by 22% between 1990 and 2010, 
which is substantial but slower than in the rest of 
the world, probably thanks to extensive public 
smoking cessation campaigns.4 Although com-
parison between studies requires caution, data 
from Portugal found lower prevalence rates com-
pared with other European countries, probably in 
relation to lower prevalence of smoking; Cardoso 
et al. found prevalence rates of 9% in 1995 and 
5% in 2002 in individuals above 35 years of age.5 
COPD prevalence in Greece was estimated at 8% 
in the population older than 35 years with a smok-
ing history of at least 100 cigarettes per lifetime.6 
Considering the high smoking degree per capita in 
Greece, these values are probably an under-esti-
mation of the true prevalence with many patients 
remaining undiagnosed.7

Pharmacological treatment aims at reducing 
symptoms on the one hand and reducing the risk 
of inadvertent events (e.g. exacerbations) on the 
other hand to improve patients’ general health 
status and exercise tolerance. Guidelines for the 
pharmacological treatment of COPD have gradu-
ally evolved over the past decades. Recently, the 
update of the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD 2019) recom-
mendations have confirmed the central role of 
long-acting bronchodilators (LAMA, long-acting 
antimuscarinics and LABA, long-acting β2-
agonists) in the management of stable COPD.1 
While patients may be started on single or dual 
long-acting bronchodilator therapy, dual bron-
chodilator treatment is advised if dyspnoea or 
exercise limitation persist.1 The use of inhaled 
corticosteroids (ICS) has been associated with 
side effects such as pneumonia and, therefore, 
careful consideration of risks/benefits is required 
if ICS-containing treatments are prescribed as 

initial therapy in COPD.1 Today, the combina-
tion of ICS and LABA is considered an appropri-
ate starting treatment in selected patients only, 
that is, patients with a history of asthma or symp-
tomatic patients who have frequent exacerbations 
(GOLD classification category D) and high blood 
eosinophil counts (⩾300 cells/µl).1 The ‘follow-
up’ pharmacological management of COPD 
includes ICS-containing regimens if patients have 
further exacerbations despite appropriate treat-
ment with dual long-acting bronchodilators.1 In 
these patients, low blood eosinophil counts (<100 
cells/µl) may predict a low likelihood of a benefi-
cial response to ICS treatment.1

Over the years, the uptake of the COPD treatment 
recommendations into clinical practice has been 
particularly slow despite significant educational 
efforts.8,9 ICS continue to be inappropriately pre-
scribed in COPD outside the recommended indi-
cations.10 Such inconsistent implementation of 
clinical recommendations, however, may induce 
unnecessary risks and associated costs for patients 
and health service payers.11–14

The global economic crisis in the last years has 
severely affected many European countries such as 
Greece and Portugal. The broader socioeconomic 
effects of the crisis such as rising unemployment, 
income reduction, increased out-of-pocket spend-
ing (through coinsurance and shared payments) 
and retrenchment of welfare support were more 
pronounced in the most affected countries, which 
had also instituted stringent austerity measures 
(e.g. Greece, Spain, Ireland and Portugal).15

Our study is a budget impact analysis (BIA) that 
quantifies the 5-year economic impact of changes 
in treatment and healthcare resource utilization 
related to clinical respiratory events (exacerba-
tions and pneumonias) and diabetes, when 
patients on ICS-containing treatment regimens 
are switched to dual bronchodilation, according 
to current recommendations for the maintenance 
treatment of COPD according to the current and 
possible future scenarios, from the perspective of 
the Greek and Portuguese health care systems.

Material and methods

Model design
This BIA was undertaken in accordance with the 
Good Practice principles of the International 
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Society for Pharmacoeconomics and Outcomes 
Research (ISPOR) to estimate the clinical and 
economic impact of an anticipated change in pre-
scription patterns from ICS-containing medica-
tion towards dual bronchodilator treatment in 
patients taking COPD maintenance treatment.16 
The annual, multi-cohort, transition model was 
parameterized to include COPD local data from 
two different health care systems from Greece 
and Portugal. The model tracked the progression 
of the 2019 prevalent COPD population and 
added a new cohort of incident patients. Changes 
in resource usage were based on reported differ-
ences in the risk profile of COPD maintenance 
therapies, regarding the occurrence of treatment-
related respiratory adverse events, which include 
moderate and severe exacerbations, pneumonia 
and diabetes-related events.

The time horizon was 5 years, ranging from 2019 
to 2023. No discounting was applied. The consid-
eration of direct health care costs for medication, 
hospitalization, emergency room and ambulatory 
visits was viewed from the perspective of the 
national health service. Impact on indirect costs 
(e.g. work productivity losses) was not considered 
in the model. The model calculated different sce-
narios related to the consumption of resources for 
COPD treatment and for the management of 
exacerbations and pneumonia. 

Patient population
In the model, the studied patient population con-
sisted of patients with COPD (GOLD categories 
B to D) on pharmacological maintenance treat-
ment with long-acting bronchodilator(s), with or 
without an ICS component. GOLD A patients 
were excluded from the analysis since there is no 

recommendations for ICS in this population, 
treatment can be either a short- or long-acting 
bronchodilator and the choice of treatment 
depends on the effect of breathlessness.1 The size 
and growth of the Greek and Portuguese COPD 
population on maintenance treatment was taken 
from the literature.6,7,17–19 COPD-related mortal-
ity was taken into consideration.

Intervention mix
The most commonly prescribed maintenance 
treatments in COPD were integrated in the model. 
These include LAMA mono-treatment, LAMA 
and LABA dual bronchodilator treatment, LABA 
and ICS combination treatment and triple combi-
nations of LAMA, LABA and ICS. The current 
COPD treatment mix (base case) in Greece was 
estimated to be of 40% for triple combinations 
(LAMA/LABA/ICS), 35% for LABA/ICS, 15% 
for LAMA/LABA and finally 10% for LAMA 
based on published literature and adjusted with 
market forecast research (Boehringer Ingelheim, 
data on file).20,21 In Portugal, current patient 
shares per therapeutic class were estimated to be 
41% LABA/ICS, 27% LAMA/LABA/ICS, 17% 
LAMA and 15% LAMA/LABA based on pub-
lished literature and market forecast research 
(Boehringer Ingelheim, data on file).17

To examine the impact of evolving treatment strat-
egies, three hypothetical scenarios were considered 
(Table 1). Scenario A reflects a partial switch of 
patients on ICS-containing regimes to the LAMA/
LABA treatment. In scenario B the LAMA/LABA/
ICS patient segment represents 15%, while the 
LABA/ICS segment is reduced to 5%. This sce-
nario mimics the GOLD 2018 recommendations, 
where ICS are reserved for patients with high 

Table 1.  Current patient share by treatment regimen and evaluated alternative scenarios for future treatment 
mix.

Base case Alternative scenarios (Greece and Portugal)

  Greece Portugal Scenario A Scenario B Scenario C

LAMA 10% 17% 14% 14% 14%

LAMA/LABA 15% 15% 36% 66% 79%

LABA/ICS 35% 41% 20% 5% 2%

LAMA/LABA/ICS 40% 27% 30% 15% 5%

ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting antimuscarinic drug.
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(>300 cells/mm3) eosinophil counts, estimated at 
around 20% of the COPD population.1,22 Finally, 
more drastic increases of LAMA/LABA patient 
shares and decreases of ICS-containing regimes 
are considered in scenario C. In all scenarios, the 
market share of LAMA mono-treatment regimen 
was considered to be always 14%.

Clinical input
In line with the main differences between the risk 
profiles of COPD maintenance therapies, the 
clinical outcomes of interest or inadvertent events, 
considered in our model were moderate and 
severe exacerbations, pneumonia and diabetes-
related events.1 The baseline exacerbation risk 
was altered according to the relative risk of exac-
erbation associated with prior exacerbation his-
tory (relative to no prior exacerbations) and 
treatment choice (relative to LAMA/LABA). The 
model assumed that exacerbation history had the 
same impact on the risk for moderate as for severe 
exacerbations, and that the proportion of moder-
ate versus severe exacerbations was equal across 
treatment regimens. It was assumed that, at base-
line, 53% of patients had no exacerbations, 25% 
of patients had one exacerbation and 22% of 
patients had two or more exacerbations for all 
treatments.23 Table 2 summarizes the assump-
tions that were made regarding the inadvertent 
events used in the model.

Exacerbations.  Baseline exacerbation risk (for 
both moderate and severe exacerbations) was esti-
mated for a population with no prior exacerbations 
and receiving LAMA/LABA. In the absence of 
data in a population with no prior exacerbations, 
the GOLD 2 population was used as a proxy for 
this patient subgroup. In the TONADO trial, the 
absolute annual exacerbation risk was of 39% for 
GOLD 1 and 2 (forced expiratory volume (FEV1) 
⩾50% predicted) patients.24 The distribution of 
moderate and severe exacerbations was deter-
mined using the TONADO trial. In the analysis by 
Derom et al., in patients experiencing an exacerba-
tion, 15% and 85% were severe and moderate, 
respectively.25 Consequently, this resulted in an 
annual absolute risk of 33% for moderate and 6% 
for severe exacerbations for GOLD 2 patients not 
using ICS and with <2 prior exacerbations. 

The relative risk of LAMA versus LAMA/LABA 
was calculated based on the DYNAGITO study,29 
of LABA/ICS based on the FLAME study28 and 

of LAMA/LABA/ICS using the data from the 
WISDOM study.30,31

Pneumonia.  As the use of ICS is associated with a 
higher incidence of pneumonia events, a pneumo-
nia rate of 4.7% was used for non-ICS and 7.4% 
for ICS treated patients.32 Using data from a ret-
rospective study of US claims database, 28% of 
pneumonia cases were considered to require hos-
pitalization while in all other cases outpatient care 
was sufficient.37

Diabetes-related events.  Some evidence suggests 
that the use of ICS is associated with higher inci-
dence of diabetes-related hospitalizations.36 Esti-
mates for ICS-associated diabetes hospitalizations 
and costs were derived from a cohort study of 
COPD patients with comorbid type II diabetes.36 
The model used an annual risk of diabetes-related 
hospitalization of 4.5% versus 6.0% and an annual 
risk of progression to insulin of 2.0% versus 4.7% 
in the non-ICS patients and in ICS patients, 
respectively.36

Cost input
All input data used for cost calculations were 
derived from national literature and expressed in 
Euros (Table 3). When necessary, costs were 
inflated to 2019 Euros.

Sensitivity analyses
In order to assess the robustness of the model, 
one-way deterministic sensitivity analyses were 
conducted. Different model assumptions were 
tested, including the treatment cost (± 20%), cost 
of health resources used to manage exacerbations 
(± 20%) or pneumonia (± 20%), the exacerba-
tion risk [alternative risk 1 (LAMA: 1.08; LAMA/
LABA: 1.00; LABA/ICS: 1.22; LAMA/LABA/
ICS: 0.86) and risk 2 (LAMA: 1.11; LAMA/
LABA: 1.00; LABA/ICS: 1.15; LAMA/LABA/
ICS: 0.87) based on published network metanaly-
ses], the pneumonia risk (± 2.5%) and the per-
centage of patients with pneumonia requiring 
hospitalization to manage pneumonia (± 1/3).45,46

Results

Population
The number of COPD patients on maintenance 
therapy in 2019 was estimated at 260,925 in 
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Table 2.  Assumptions concerning the risk of moderate and severe exacerbations, pneumonia and diabetes-
related events.

Parameter Estimate

Exacerbation events  

Baseline exacerbation risk (patient without prior exacerbation,
on LABA/LAMA treatment)24–26

  Moderate exacerbation 33%

  Severe exacerbation 6%

Relative exacerbation risk by exacerbation history27

  No prior exacerbation 1

  1 exacerbation 2.24

  ⩾ 2 exacerbations 5.72

Relative exacerbation risk by treatment regimen

  LAMA/LABA 1
1

  LABA/ICS28 1.133 (severe)
1.229 (moderate, calculated)

  LAMA29 1.133 (severe)
1.136 (moderate, calculated)

  LAMA/LABA/ICS30,31 0.985 (severe)
0.947 (moderate, calculated)

Pneumonia events  

Risk of pneumonia events by therapy32

  Non-ICS 4.7%

  ICS 7.4%

Proportion of pneumonia events requiring hospitalization33 28%

ICS-associated diabetes events  

Diabetes prevalence in COPD population in Portugal34,35 30.5%

Diabetes prevalence in COPD population in Greece34 40.9%

Diabetes-related hospitalizations (%)36

  Non-ICS 4.5%

  ICS 6%

Progression to insulin (%)36

  Non-ICS 2.0%

  ICS 4.7%

COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-
acting antimuscarinic drug.
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Greece and 132,340 in Portugal. Considering an 
annual growth of 4.4%, this number is projected 
to increase to 309,612 in 2023 in Greece. In 
Portugal, with an estimated annual growth 2.9%, 
the total number of COPD patients on mainte-
nance therapy will rise to 148,439 in 2023.

Clinical and cost outcomes
The model, presented in Tables 4 and 5, shows 
that switching from ICS-containing regimens to 
dual bronchodilation will lead to cost savings in 
the Greek and Portuguese healthcare system, 
mainly by reducing the resources needed to treat 
inadvertent events. 

Base case.  If the current therapeutic approach 
is left unaltered (base case), the associated num-
ber of moderate and severe exacerbations of 
COPD is projected to reach a total number of 
1,335,806 exacerbations over the 5-year period 
(Table 4). Similarly, the number of moderate 
and severe exacerbations will amount to 673,313 

cases over the period of 5 years in Portugal (Table 
5) rising from 127,047 exacerbations in 2019 to 
142,501 exacerbations. The related total cost to 
treat these exacerbations in the base over the 
5-year period is calculated to be approximately 
850 million Euro in Greece and 250 million Euro 
in Portugal (Tables 4 and 5). In parallel, the base 
case expects the number of pneumonia events to 
increase from 17,547 to 20,821 in Greece and 
from 8,650 to 9,702 in Portugal, representing 
more than 140,000 pneumonia events in total 
for both countries over 5 years, with an associ-
ated management cost estimated at more than 
85 million Euro. Also in the base case, the num-
ber of diabetes-related hospitalizations amounts 
to 56,330 and 19,980 in Greece and Portugal, 
respectively, which corresponds with a total 
treatment cost over 111 million Euro in 5 years 
of time. COPD treatment costs are estimated to 
represent between 47.6% and 43.0% of the cost 
of the disease, which also includes cost of inad-
vertent event management, in Greece and Portu-
gal, respectively.

Table 3.  Baseline cost parameters.

Parameter Cost, €

  Greece Portugal

Cost per exacerbation event

  Moderate (antibiotic use, emergency room per visit)19,38–40 476.00 109.89

 � Severe (hospitalization, antibiotic use, emergency room per visit, 
specialist pulmonologist visit)38,40,41

1,512.40 1,775.29

Average annual maintenance drug cost 39,42,43

  LAMA/LABA 630.51 373.87

  LAMA 415.50 233.40

  LABA/ICS 427.29 281.04

  LAMA/LABA/ICS 842.79 502.23

Pneumonia event costs

  Cost of hospitalized cases40,41 1,040.00 2,427.21

  Cost of outpatient cases40,41 325.00 134.60

Diabetes-related events

  Cost of hospitalized cases40,41 1,735.00 2,942.65

  Progression to insulin – per year40–42,44 713.93 352.87

ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting antimuscarinic drug.
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Scenario A.  Switching from base case to scenario 
A avoids 60,461 exacerbations, 13,019 cases of 
pneumonia and 7,735 diabetes-related events 
during the 5-year period for both countries taken 
together. On the other hand, the cost of COPD 
treatment increases by 0.1% in Greece and 8.0% 
in Portugal. In scenario A, the total cost of the 
disease equates to 1,835 million Euro in Greece 
and 571 million Euro in Portugal, which repre-
sents savings of 1.5% and 1.0% for the respective 
countries compared with the base case.

Scenario B.  Switching from base case to scenario 
B avoids almost twice as many exacerbations 
(113,717 in total), 30,223 cases of pneumonia 

and 17,768 diabetes-related events during the 
5-year period for both countries. This is in parallel 
with a 0.1% decrease in the cost of COPD treat-
ment in Greece and an increase of 6.4% in Portu-
gal. In scenario B, the total cost of the disease 
equates to 1,800 million Euro in Greece and 
555 million Euro in Portugal, which represents 
savings of 3.4% and 1.7% for the respective coun-
tries compared with the base case.

Scenario C.  Finally, scenario C compared with 
base case avoids 121,632 exacerbations, 37,692 
cases of pneumonia and 22,115 diabetes-related 
events during the 5-year period for both countries 
taken together, while the cost of COPD treatment 

Table 4.  5-year clinical and budget impact of alternative scenarios of treatment strategies (Greece).

Base case Scenario A Scenario B Scenario C

Exacerbations

Number of exacerbations 1,335,806 1,305,524 1,269,846 1,264,543

Difference versus base case - −30,282 −65,961 −71,264

Exacerbation costs (k€) 851,793 835,439 815,961 813,709

Difference versus base case (k€) - −16,354 −35,832 −38,084

Pneumonia

Number of pneumonias 95,747 86,136 74,604 69,607

Difference versus base case - −9,610 −21,143 −26,140

Pneumonia costs (k€) 50,286 45,239 39,182 36,557

Difference versus base case (k€) - −5,047 −11,104 −13,729

Diabetes-related events

Number of diabetes-related events 56,330 50,201 42,846 39,659

Difference versus base case - −6,129 −13,484 −16,671

Diabetes-related events costs (k€) 73,743 67,132 59,199 55,761

Difference versus base case (k€) - −6,611 −14,544 −17,982

Treatment

Treatment costs (k€) 886,698 887,630 885,695 864,152

Difference versus base case (k€) - 932 −1,003 −22,546

Total costs

Total costs (k€) 1,862,520 1,835,439 1,800,037 1,770,179

Difference versus base case (k€) - −27,080 −62,483 −92,340

k€: thousands €
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decreases by 2.5% in Greece and increases by 
3.5% in Portugal. This scenario brings the total 
cost of the disease to 1,770 million Euro in Greece 
and 545 million Euro in Portugal, offering a cost 
saving of 5.0% and 3.6% versus base case in 
Greece and Portugal, respectively.

Sensitivity analyses
The results of the sensitivity analyses are shown 
in Figure 1. None of the tested scenarios had a 
major impact on the projected savings. The high-
est effect was seen when exacerbation risk and 
cost varied; treatment cost had a low impact.

Discussion
The COPD patient population is expected to 
grow steadily from 2019 to 2023, which inher-
ently leads to more patients being treated but also 
more exacerbations and inadvertent events being 
managed.47 Our analysis was performed to better 
understand the 5-year budget impact on Greek 
and Portuguese healthcare systems, if COPD 
maintenance treatment would become better 
aligned with the current GOLD recommenda-
tions.1 The misalignment with treatment guide-
lines, particularly the persistent overuse of 
ICS-containing treatment regimens in COPD 
patients without appropriate indication, has been 

Table 5.  5-year clinical and budget impact of alternative scenarios of treatment strategies (Portugal).

Base case Scenario A Scenario B Scenario C

Exacerbations

Number of exacerbations 673,313 643,134 625,557 622,945

Difference versus base case - −30,179 −47,756 −50,368

Exacerbation costs (k€) 248,916 240,084 236,178 236,106

Difference versus base case (k€) - −8,832 −12,738 −12,810

Pneumonia

Number of pneumonias 45,842 42,433 36,752 34,290

Difference versus base case - −3,409 −9,090 −11,552

Pneumonia costs (k€) 35,597 32,950 28,539 26,627

Difference versus base case (k€) - −2,647 −7,058 −8,970

Diabetes-related events

Number of diabetes-related events 19,880 18,274 15,596 14,436

Difference versus base case - −1,606 −4,284 −5,444

Diabetes-related events costs (k€) 37,391 35,338 31,917 30,435

Difference versus base case (k€) - −2,053 −5,474 −6,957

Treatment

Treatment costs (k€) 243,086 262,415 258,677 251,628

Difference versus base case (k€) - 19,329 15,591 8,541

Total costs

Total costs (k€) 564,990 570,788 555,311 544,796

Difference versus base case (k€) - 5,798 −9,679 −20,194

k€: thousands €
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extensively discussed elsewhere.13,14,48 It is now 
well accepted that in COPD, ICS should be 
restricted to a small group patients with a positive 
risk/benefit ratio for ICS (e.g. patients with a his-
tory of asthma, patients with exacerbations 
despite optimal bronchodilation).1 Consequently, 
there is also increasing interest in ICS withdrawal 
studies and practical advice on how to implement 
the switch from current treatment schedules in 
daily practice.30,49–51 The cost implications of 
optimization of care are becoming more and more 
important.

In the current model, the use of long-acting dual 
bronchodilator medication (LAMA/LABA) was 

projected to increase from being used in 15% of 
COPD patients to 36% (scenario A), 66% (sce-
nario B) and 79% of patients (scenario C). This 
switch would happen at the expense of ICS-
containing treatments (either LABA/ICS or 
LAMA/LABA/ICS combinations). On top of 
pharmaceutical treatment costs, the model esti-
mated changes in healthcare resource usage, such 
as moderate and severe exacerbations and pneu-
monia, including those requiring hospital admis-
sion and progression and/or hospitalization of 
patients with diabetic comorbidity.

Estimations of future exacerbations took into 
consideration differences in patient’s baseline 
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Alterna�ve exacerba�on risk 2

Scenario A Scenario B Scenario C

Figure 1.  5-year budget impact of alternative scenarios of treatment strategies with different sensitivity 
analyses (data pooled Greece and Portugal).
ICS, inhaled corticosteroids.
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exacerbation risk, depending on prior exacerba-
tion history as in the ECLIPSE study, as well as 
the type of treatment regimen.27 Relative effica-
cies of COPD maintenance treatments (LAMA, 
LABA/ICS, LAMA/LABA and LAMA/LABA/
ICS) to prevent exacerbations were calculated 
from large COPD studies, FLAME, DYNAGITO 
and WISDOM.28–30 Annual rates of pneumonia 
with ICS- versus non-ICS containing treatments 
were taken from the meta-analysis of Singh et al.32 
Moreover, it was assumed that one in three pneu-
monia cases would require hospitalization.33 By 
using different studies to assess the impact of dif-
ferent scenarios on pneumonia and exacerba-
tions, and considering the potential lack of 
differentiation between both events, it is possible 
that our analysis double counted events and 
therefore overestimated the cost benefits of the 
switch to LAMA/LABA.

We also integrated into the model the evidence of 
Price’s cohort study, showing that COPD patients 
with type II diabetes had a higher risk of progres-
sion to insulin use and hospitalization when using 
ICS.36 In that study, there was no description on 
the reason for hospitalization so we used the tariff 
of a diabetes-related hospitalization in our cost 
analysis. In clinical practice, it is possible that 
such hospitalizations are coded with a different 
primary cause for admission, which would lead to 
a different cost of the disease. In our analysis, 
changing the cost of diabetes-related hospitaliza-
tion would not change the direction of the results.

Overall, the model predicted that the healthcare 
resources needed to manage moderate and severe 
exacerbations, pneumonias and progression or 
hospitalization of diabetic patients would con-
sume more than 50% of the total disease cost. 
However, these inadvertent events were projected 
to occur less frequently with decreasing propor-
tions of patients taking ICS-containing treat-
ments from scenario A to C. While in Greece the 
switch of ICS-containing regimen patients to 
LAMA/LABA would lead to savings due to less 
inadvertent events and less treatment costs, the 
results for Portugal lead to increase in pharma-
ceutical expenditure that is largely compensated 
with the decrease in inadvertent events and their 
relative costs. In the most drastic scenario (sce-
nario C), the savings obtained with the with-
drawal of ICS in COPD patients correspond to 
an extra 29,300 Greek patients and 10,800 
Portuguese patients who could be treated.

The sensitivity analysis showed that the model 
was robust. Compared with the base case, reduc-
ing ICS use was cost-saving in all scenarios. 
However, the model also has its limitations. First, 
diagnosis of COPD patients is often delayed and, 
therefore, the number of patients on maintenance 
treatment may be underestimated, particularly in 
the less severe groups. Second, the baseline exac-
erbation risk and treatment shares were taken 
from the literature and may be slightly outdated. 
Finally, while comparing ICS and non-ICS con-
taining treatments, this model largely focused on 
ICS-related avoidable adverse events.

This budget impact model, applied to the Greek 
and Portuguese health systems, demonstrated 
that reducing inappropriate use of ICS in COPD 
patients, according to the guidelines, not only has 
a positive impact on clinical outcomes, but may 
equally provide cost savings to the payers. 
Therefore, not only clinical but also cost consid-
erations underline the need for better adherence 
to the guidelines.

Conclusions
The GOLD 2018 recommendations support 
LAMA/LABA dual bronchodilation treatment in 
most symptomatic COPD patients. Our budget 
impact model shows that the switch from ICS-
containing regimens to LAMA/LABA, while 
reducing the number of COPD exacerbations, 
pneumonias and diabetes-related events, pro-
vides cost savings to both the Portuguese and 
Greek national health systems. In two countries 
where the financial crisis put much pressure on 
healthcare expenditure, aligning COPD treat-
ment with the current recommendations is thus 
not only beneficial for patients’ clinical out-
comes, but also constitutes a critical cost saving 
strategy for payers.
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