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Purpose: The objective of this study was to assess the clinical and cost benefits of treating patients with chronic obstructive
pulmonary disease (COPD) according to global and national guidelines compared to real-life clinical practice in the United States and
three European countries (Belgium, Germany, Sweden).

Patients and Methods: A cost-consequence model was developed to compare current prescribing patterns with two alternative
scenarios, the first aligned with the Global Initiative for Chronic Obstructive Lung Disease (GOLD 2022) recommendations and the
second with national guidelines. Costs and clinical outcomes were modeled for these alternative scenarios over a time horizon of one
year, based on real-world evidence and health insurance data.

Results: Current clinical practice in each of the countries was inconsistent with published recommendations. A redistribution to
prescribing patterns according to global and national recommendations led to a substantial decrease in the use of inhaled corticosteroid
(ICS) containing therapies of more than 80% and 44%, respectively. There was a reduced incidence of up to 16% of mild-to-moderate
pneumonia and up to 29% of severe pneumonia. Exacerbations decreased across all countries apart from Sweden, where a small
increase in the rate of exacerbations was due to the redistribution of some patients currently undergoing inhaled triple therapy to non-
ICS-containing therapies. Adapting treatment to recommendations could provide potential cost savings of up to 13% in estimated
annual direct costs, resulting predominantly from the reduction in cost of healthcare resource use, including hospitalization associated
with treating incident pneumonia, particularly severe pneumonia. Cost savings for prevalent adult patients with COPD on long-acting
inhaler therapy ranged from €31 to €675 per patient per year.

Conclusion: Redistribution of COPD patients from current clinical practice to treatment according to published recommendations
would provide clinical benefits and substantial cost savings.
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Introduction
Chronic obstructive pulmonary disease (COPD) is chronic and progressive and is associated with significant societal and
economic burden. It is underdiagnosed, preventable and treatable.! Globally, age-standardized estimates of COPD
prevalence are around 3.2% in males and 2.0% in females.”

The aim of treatment for COPD is to reduce symptoms, frequency and severity of exacerbations and complications
and improve patients’ quality of life,® using an individualized approach based on patient characteristics, particularly
symptom burden and risk of exacerbations. In addition to global evidence-based strategy documents developed for the

management of COPD,? many countries produce national guidelines, for example, in Germany.*
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There is often a divergence between treatment recommendations in COPD guidelines and real-life clinical practice.’
Real-world evidence suggests that prescribing patterns do not always follow evidence-based treatment strategies, in
particular, inhaled corticosteroid (ICS)-based regimens. For example, triple therapy with ICS alongside a long-acting
muscarinic antagonist (LAMA) bronchodilator and a long-acting 3, agonist (LABA) is prescribed frequently to patients
outside of treatment recommendations.®'® There are clinical and cost consequences of the divergence between recom-
mendations and real-life clinical practice. Over-utilization of ICS-based regimens can increase the risk of pneumonia'®
and other adverse effects associated with ICS use,?” thereby increasing healthcare resource use and associated costs.?!

There are limited data evaluating the clinical and cost outcomes of treating COPD patients in line with Global
Initiative for Chronic Obstructive Lung Disease (GOLD) recommendations and national guidelines. We developed a
cost-consequence model to estimate the clinical and cost benefits of prescribing according to global and national COPD
recommendations compared to real-life clinical practice in the United States and three European countries (Belgium,
Germany and Sweden).

Materials and Methods
Model Design

A cost-consequence analysis was conducted to estimate the difference in costs and clinical outcomes, over a one-year
time horizon, between two alternative treatment scenarios: treatment according to current clinical practice based on real-
world evidence (current treatment) and treatment according to either GOLD or national recommendations (proposed
treatment). The model structure is outlined in Figure 1.

The impact of this redistribution of current treatment to an alternative recommendation-based treatment scenario was
estimated for the International GOLD 2022° strategy recommendations in Belgium, Germany, Sweden and the United
States and national guidelines in Belgium and Germany. National guidelines included the ABC approach defined in a
2017 consensus meeting of the committee for the evaluation of the medical practice regarding medicines in Belgium®
and the 2018 S2k guideline for the diagnosis and treatment of patients with COPD in Germany.*

Population

The model population in each country included adult patients with diagnosed COPD treated with maintenance long-
acting bronchodilators. This population was estimated using country population estimates for adults >18 years, published
COPD prevalence and the proportion of COPD patients using maintenance inhaler therapy (Supplementary Table 1). In
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Figure | Model structure.

Note: *Treatment distributions are broken down into four disease profiles based on exacerbation history and severity of symptoms.

Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroids; LABA, long-
acting B agonist; LAMA, long-acting muscarinic antagonist; NICE, National Institute for Health and Care Excellence.
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the current treatment scenario, the population is distributed into four patient disease profiles for classification of symptom
burden and risk of exacerbation and five classes of drug treatment, based on real-world evidence.

The four disease profiles are based on the profiles outlined in the GOLD ABCD assessment tool.> GOLD A, patients
with low exacerbation history (defined as <1 moderate exacerbations, not leading to hospitalization) and current low
symptoms (defined as modified Medical Research Council [mMRC] 0-1 [dyspnea]; COPD Assessment Test [CAT] <10);
GOLD B, patients with low exacerbation history and current high symptoms (defined as mMRC >2; CAT >10); GOLD
C, patients with high exacerbation history (defined as >2 moderate exacerbations or >1 exacerbation leading to
hospitalization) and current low symptoms; GOLD D, patients with high exacerbation history and current high
symptoms.

The five treatment classes include monotherapy with LAMA or LABA; dual therapy with LAMA/LABA or LABA/
ICS (fixed- or free-dose combination); or triple therapy consisting of LAMA with LABA and ICS (fixed-dose or free-
dose combination). LABA monotherapy is infrequently prescribed in the United States, therefore this treatment option
was not included in the United States adaptation of the model.

Treatment Distributions

The distribution of the prevalent COPD population into each of the four disease profiles and within these, into five
treatment classes representing current treatment was carried out using observational data, which was country-specific
where available (Supplementary Table 2). Real-world evidence included an ongoing, longitudinal, non-interventional

study within the German COPD National Prospective Registry (DACCORD),** a European Delphi online general
practitioner and pulmonologist questionnaire,”* the Swedish National Airways Register,”> and an analysis of data in an
administrative claims database in the United States.*

The GOLD 2022 strategy suggests that peripheral blood eosinophil counts could be used as a biomarker to guide the
use of ICS therapy.® Within each of the four disease profiles, the proportion of patients with high eosinophil levels
(defined as a blood eosinophil count =300 cells/pL) was estimated from published evidence.”’ *° The proportion of
patients with high eosinophil levels was assumed to be equally distributed across all current treatment profiles in the
United States (27% in each) and Sweden (27%) and distributed according to a UK database study in Belgium®® and based
on the results of a large observational cohort study in Germany (14%).*!

In order to estimate the change in clinical and economic outcomes resulting from prescribing according to guideline
recommendations, the model hypothetically redistributed patients from current treatment to proposed treatment according
to either GOLD or national recommendations (Figure 2).

Clinical Outcomes

The impact on the annual rate of moderate and severe exacerbations and mild-to-moderate and severe pneumonia
episodes resulting from a hypothetical redistribution of patients from current treatment to proposed treatment based on
guideline recommendations was calculated.

The definition of moderate exacerbations used in this study included those that required treatment with antibiotics
and/or systemic corticosteroids, prescribed in the primary care or outpatient hospital setting. Severe exacerbations
included those that required inpatient hospital treatment.

The rate of moderate or severe exacerbations were calculated by establishing the baseline absolute risk of moderate or
severe exacerbations in LAMA/LABA-treated patients with no history of exacerbations** and then applying relative risks
of other treatments compared to LAMA/LABA, without a constant for patients with no prior exacerbation history and
with a constant for those with a prior exacerbation history.*>** This constant was derived from risk estimates reported in
patients who had experienced at least one exacerbation event subsequent to a year where no exacerbations were
experienced®* (Supplementary Table 3).

The definitions of mild-to-moderate pneumonia were those that required treatment with antibiotics prescribed in the
primary care setting and severe pneumonia were those that required inpatient hospital treatment. The relative risk
between different drug classes was calculated by establishing the absolute pneumonia risk for LAMA/LABA and then
applying the relative risk for other treatments® (Supplementary Table 3).
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Figure 2 Treatment redistribution according to guideline recommendations. (A) Patients with LOW EXACERBATION history and current LOW SYMPTOMS. (B) Patients
with LOW EXACERBATION history and current HIGH SYMPTOMS. (C) Patients with HIGH EXACERBATION history and current LOW SYMPTOMS, (D) Patients with
HIGH EXACERBATION history and current HIGH SYMPTOMS. *German national guidelines do not consider blood eosinophil counts in treatment choice (for all disease
profiles) and ICS is not recommended in patients with a low exacerbation history.

Notes: The model includes a prevalent population of COPD patients. A large proportion of patients will have a previous treatment history and therefore be on
maintenance/follow-up therapy (not initial therapy). Therefore, when redistributing, consideration was given to both initial treatment recommendations and follow-up
treatment recommendations. LABA monotherapy is infrequently prescribed in the United States, therefore was not included in the calculations for that country.
Abbreviations: COPD, chronic obstructive pulmonary disease; EOS, eosinophils; GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticoster-
oids; LABA, long-acting B, agonist; LAMA, long-acting muscarinic antagonist; N, no; Y, yes.
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Economic Outcomes

Direct costs of treatment, including drug cost and physician visits and hospitalization costs of moderate and severe
exacerbations and mild-to-moderate and severe pneumonia events, were estimated for current treatment and proposed
treatment, and the difference in total costs was calculated over a time horizon of one year. Annual costs were estimated
from the perspective of a healthcare payer in the United States, statutory health insurance in Germany, the National Board
of Health and Welfare in Sweden, and the payer perspective in Belgium with a 2020 cost year. Data sources included
prescription data, national reference cost data based on the International Classification of Diseases revision 10 (ICD-10)
or Diagnosis-Related Group (DRG) codes, and other published sources (Supplementary Table 4).

Results

Changes in Treatment Patterns, Costs and Outcomes

A change in treatment pattern is seen in each country when treatment is redistributed from current clinical practice to
published recommendations (Table 1). In general, there is a substantial decrease in the use of ICS-containing dual or
triple therapy with an increase in the use of LAMA/LABA, particularly in patients with low exacerbation history and
current low symptoms and in patients with low exacerbation history and current high symptoms. Redistribution of
patients from treatment according to current clinical practice to treatment according to GOLD recommendations led to a
reduced incidence of pneumonia across all countries (Table 2 and Figure 3).

A reduction in the incidence of exacerbations was also seen in all countries except Sweden where there was a small
increase (Table 2 and Figure 3), which was due to the high proportion of patients being redistributed from triple therapy
to LABA/LAMA (Table 1).

Compared with current clinical practice, treating patients according to GOLD or national recommendations resulted
in reductions of up to 13% in estimated annual direct costs (Table 2 and Figure 3). These cost savings resulted
predominantly from reducing the cost of healthcare resource use, including hospitalization, associated with treating
incident pneumonia, particularly severe pneumonia. Cost savings for prevalent adult patients with COPD on long-acting

inhaler therapy ranged from €31 to €675 per patient per year (Table 3).

Table |1 Change in Proportion of Patients with COPD in Each Treatment Category Following Redistribution in Accordance with
GOLD Recommendations and National Guidelines

ICS-Containing Regimens Triple Therapy LAMA/LABA

Current Proposed Relative | Current Proposed Relative | Current Proposed Relative
Treatment | Treatment | Change Treatment | Treatment | Change Treatment | Treatment | Change

GOLD 2022

Belgium 64.9% 8.2% —87.3% 1.4% 0.3% —78.2% 9.7% 67.1% 593.6%
Germany | 36.3% 6.9% —81.0% 32.1% 6.4% —80.1% 17.4% 65.7% 277.7%
Sweden 50.5% 2.7% —94.6% 44.6% 2.7% —94.0% 25.1% 73.8% 194.5%
United 63.0% 2.6% —95.8% 11.5% 0.6% —94.6% 11.7% 74.2% 534.3%
States

National guidelines

Belgium | 64.9% 20.0% —69.2% 1.4% 16.3% 1062.2% | 9.7% 67.4% 597.2%
(2017)
Germany | 36.3% 20.2% -445% | 32.1% 18.6% ~41.9% 17.4% 30.6% 76.1%
(2018)

Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroids; LABA, long-
acting f3, agonist; LAMA, long-acting muscarinic antagonist.
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Table 2 Change in Annual Costs and Annual Clinical Events Following Redistribution in Accordance with GOLD Recommendations and National Guidelines

Impact on Costs

Impact on Outcomes

Treatment Moderate Severe Mild-to- Severe Total | Moderate Severe Mild-to- Severe
Exacerbations | Exacerbations | Moderate Pneumonia Exacerbations | Exacerbations | Moderate Pneumonia
Pneumonia Pneumonia

GOLD 2022
Belgium 9% —8% —8% —-15% —27% 7% —8% —8% —14.7% —27.2%
Germany —2% —-1% -1% —8% —16% —4% —1% —1% —8% —16%
Sweden —14% 5% 5% -13% —25% -13% | 5% 5% -13% —25%
United States —11% —5% —5% -16% —29% -13% | —5% —5% -16% —29%
National guidelines
Belgium (2017) 21% -12% -12% -12% -22% -3% —12% -12% -11.7% -21.6%
Germany (2018) -3% 0% 0% —5% -9% -3% 0% 0% —5% -9%

Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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Figure 3 Percentage impact on (A) annual costs and (B) annual clinical events.
Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease.

GOLD 2022 Strategy Country Variations
In the United States, 63% of patients with COPD who were being treated were prescribed ICS-containing regimens,
based on real-world data. Treating this patient population in accordance with GOLD recommendations would reduce this
proportion by 96% to 2.6%. The majority of these patients were a redistribution of patients on LABA/ICS in the current
treatment scenario to LAMA/LABA in the proposed treatment scenario. This led to a large reduction in the incidence of
mild-to-moderate pneumonia of 16% and severe pneumonia of 29%. There was also a small reduction in the rate of
exacerbations due to the high proportion of patients being redistributed from LABA/ICS to LAMA/LABA. Cost savings
amounted to around $7133 million, a reduction of 13%, with a corresponding saving of €675 per patient with COPD on
maintenance inhalers per year. These savings resulted from the reduction in pneumonia events and also savings in
treatment costs resulting from less triple therapy use.

In Sweden, 50% of COPD patients were being treated with ICS-containing regimens. A redistribution of patients with
COPD from current practice to a proposed treatment scenario based on the GOLD strategy led to a reduction in the
allocation of patients to ICS-containing regimens of 95%, all but a very small proportion of which was a redistribution of
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Table 3 Cost Savings Resulting from Prescribing According to Recommendations

Savings in Total Costs Savings in Total Total Prevalent COPD | Savings per COPD
(Local Currency) Costs (€) Population of Inhaler Inhaler User/per
Users Year (€)

GOLD 2022

Belgium —25,257,773 (€) —25,257,773 346,051 73

Germany —184,594,251 (€) —184,594,251 4,863,367 38

Sweden —444,300,842 (Kroner) —43,541,483° 330,223 132

United States —7,133,000,405 ($) —6,063,050,344° 8,986,880 675

National guidelines

Belgium (2017) —-10,601,102 (€) —-10,601,102 346,051 31

Germany (2018) —156,733,870 (€) —156,733,870 4,863,367 32

Notes: *Kroner to €: 0.098. °$ to €: 0.85.
Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease.

patients from LABA/ICS and triple therapy to LABA/LAMA. This led to a reduction in the incidence of mild-to-
moderate pneumonia of 13% and severe pneumonia of 25%. There was a small increase in the rate of exacerbations of
5% arising from the redistribution of patients on ICS-containing therapy to LABA/LAMA. Cost savings amounted to
around €43.5 million, a reduction of 13%, with a corresponding saving of €132 per patient with COPD per year. These
savings resulted mainly from the reduction in pneumonia events and treatment costs. The annual costs of triple therapy
are 35% higher than LABA/LAMA.

In Belgium, 65% of patients with COPD were being treated with ICS-containing regimens, based on real-world data.
Treating this patient population according to GOLD recommendations would reduce this proportion by 87%, predomi-
nately due to a redistribution of patients on LABA/ICS to LAMA/LABA. This led to a large reduction in the incidence of
mild-to-moderate pneumonia of 15% and severe pneumonia of 27%. There was also a small decrease in the rate of both
moderate and severe exacerbations of 8% arising from the redistribution of patients on ICS-containing regimens to
LAMA/LABA. Cost savings amounted to around €25.2 million, a reduction of 7%, with a corresponding saving of €73
per patient with COPD per year. Treatment costs increased resulting from the high proportion of patients redistributed
from LABA/ICS (—88%) to LAMA/LABA (+606%).

In Germany 29% of patients were redistributed from ICS-containing regimens, the majority of which was LAMA/
LABAVJICS (26%). This led to a reduction in the incidence of mild-to-moderate pneumonia of 8% and severe pneumonia
of 16%. There was also a very small reduction in the rate of exacerbations. Cost savings amounted to around €184.6
million, a reduction of 4%, with a corresponding saving of €38 per patient with COPD per year. These savings resulted

from the reduction in pneumonia events and treatment costs.

National Guidelines
In Belgium®? and Germany,* where there are also national guidelines outlining treatment recommendations, redistribution
of treatment patterns in line with these guidelines led to improved clinical and economic outcomes.

Overall, a reduction in the incidence and cost associated with treatment of exacerbations and pneumonia led to a
projected reduction in the annual cost associated with treatment of COPD of 3% in Belgium and Germany, a saving of
€31 and €32 per patient with COPD per year, respectively.

In Belgium, treatment according to national guidelines led to an increase in treatment costs of 21%. This was due to
the very low use of triple therapy in current treatment practice and the recommendation in the Belgian national guidelines
to use triple therapy in patients with historically high exacerbation risk and high blood eosinophils. The redistribution of
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patients from LABA/ICS to triple therapy resulting from adherence to the national guideline recommendations, increased
use of triple therapy from a 1.4% share to 16.1%.

Discussion

Our cost-consequence model examined the economic and clinical impact of adapting the treatment of patients with
COPD, profiled based on their exacerbation history and symptoms, from current clinical practice to treatment advised by
published national and global recommendations. The results indicate that adherence to treatment guidelines would, in
general, lead to a reduction in the prescription of ICS-containing regimens to patients with COPD of over 8§0% and 44%
for global and national recommendations, respectively. The magnitude of this reduction for ICS-containing regimens
overall and for triple therapy and LABA/ICS separately, is dependent on the clinical characteristics of the patient
population, current prescribing patterns, and guideline recommendations.

Adapting treatment to recommendations could provide potential cost savings of up to 13% in estimated annual direct
costs, resulting predominantly from decreased rates of pneumonia, with associated reductions in costs arising from
antibiotic use and hospitalization. There was a reduced incidence of up to 16% of mild-to-moderate pneumonia and up to
29% of severe pneumonia. Exacerbations decreased across all countries, apart from Sweden where a small increase in the
rate of exacerbations was due to the redistribution of certain patients currently undergoing triple inhaled therapy to non-
ICS-containing therapies. Treatment cost savings were seen in some countries where there was a larger redistribution of
patients from triple therapy to other treatment regimens. Cost savings for prevalent adult patients with COPD on long-
acting inhaler therapy ranged from €31 to €675 per patient per year depending on country and guideline scenario.

Potential cost savings were higher for a redistribution to the GOLD strategy compared to national guidelines. GOLD
recommendations led to a 4% (Germany) to 13% (the United States and Sweden) reduction in annual direct costs. In
contrast, national guidelines led to a 3% reduction in Belgium and in Germany. Confirmation of these potential savings in
well-controlled prospective observational studies is warranted.

Our results indicate that, overall, real-world adherence to recommendations is higher for national guidelines
compared with the GOLD strategy. The main reason for this difference is that the GOLD strategy restricts the use of
ICS to a limited number of high-risk patients. For example, guidelines recommend that triple therapy with LAMA/
LABAJ/ICS should be reserved for patients who have a high symptom burden, a history of exacerbations, continue to
experience persistent exacerbations while treated with LAMA/LABA and/or have evidence of high eosinophil levels.?
Restricting use to this high-risk population is based on clinical evidence suggesting that the balance of risks and benefits
is favorable for this population but not in other lower-risk populations where patients would be exposed to unnecessary
adverse events associated with ICS use.’

Previous studies have reported that treatments administered for patients with COPD do not always follow global or
national guidelines. Patients with an unclear diagnosis or milder forms of the disease are frequently overtreated and,
although less frequently, patients with more severe COPD may be undertreated.'”-'*~%*7 Evidence across Europe and the
United States demonstrates that up to three-quarters of patients with less severe COPD, defined by exacerbation history
and/or symptoms, are receiving ICS-based therapy, which is not in accordance with treatment strategies or guidelines.®”
13.1821 Another factor in the closer adherence to national guidelines may be that there are yearly updates to GOLD
guidelines, while national guidelines are updated at much longer intervals. National guidelines are written by local
experts in the local language, keeping national specifics and preferences in mind, facts which may also increase guideline
adherence. The fact that international guidelines are written in English may still be a barrier for some physicians.

There are a number of limitations to this study. First, assumptions made in the development of this model include that
a treatment distribution matrix is hypothesized to transfer patients from current treatment patterns to an alternate scenario
aligned with GOLD 2022 or national guideline recommended maintenance inhaler therapy. The model does not represent
switching patients to a new treatment. Second, model inputs and any other unspecified systemic and environmental
factors (for example, population, treatment, market, and patient characteristics) remain unchanged over the time horizon.
Third, while this framework was designed to represent real-world COPD care (for example, treatment patterns and
adherence), the parameters were derived from multiple sources and may vary for different populations. In relation to
adherence, no adjustment was made to account for treatment adherence when calculating annual treatment costs and, for
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efficacy and safety, adherence levels of the synthesized clinical trials used to derive outcome parameters were assumed.
As adherence levels are likely to be lower in actual clinical practice this may have led to an overestimation of cost
savings resulting from treatment according to clinical guideline recommendations, however the relative change in costs
and outcomes would remain the same. Real-world data for fixed-dose combination triple therapy inhalers, approved in
recent years, was limited in the United States. Data were not available on the distribution of high eosinophil levels
between disease profiles in a number of countries and therefore an equal distribution was assumed. This assumption was
based on available data demonstrating that the proportion of patients within each disease profile was similar.*° Indirect
costs were not included. Country-specific data were used where available; however, in a small number of cases where
this was not possible, data from other countries, in a similar geographical location and with similar healthcare systems
were used.

It should be noted that individual patient or physician preference with regard to a decision to de-escalate or change
treatment cannot be accounted for in the model. In specific cases, there may be a medical reason for deviating from the
recommendations. Therefore, the results of this study should not be interpreted to mean that switching patients en masse
is appropriate. Any proposed change to treatment should be discussed with the patient and should include a review of the
diagnosis, management of comorbidities, symptoms and exacerbation history, inhaler technique, adherence to medication
and any adverse events that may be associated with moving patients from one treatment to another. Finally, this model
included patients diagnosed with COPD and prescribed inhaler treatment only. Studies conducted in North America and
Europe have demonstrated that 10% to 12% of adults aged >40 years have evidence of persistent airflow limitation on
spirometry, but only 20% to 30% of these subjects have been formally diagnosed with COPD.*®

Conclusion

This study demonstrates that adherence to published research-based national or global guidelines for the treatment of
COPD can lead to cost savings in four countries with distinct healthcare systems, by reducing healthcare resource use
associated with the consequences of inappropriate treatment.
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