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Purpose: This study describes the pharmacological treatment as well as the clinical and economic burden of disease in chronic
obstructive pulmonary disease (COPD) patients initiating triple therapy (TT) defined as a combination of a long-acting muscarinic
antagonist (LAMA), a long-acting beta2-agonist (LABA) and an inhaled corticosteroid (ICS) in Germany.

Patients and Methods: All COPD patients aged 40 years and older in an anonymized claims database who initiated TT in 2017
were included. Adherence to TT and the use of the guideline-recommended escalation therapies were measured during two years of
follow-up. We also describe the number of exacerbations, healthcare resource utilization, and direct healthcare costs observed during
the follow-up. Results are reported for the total study population and a subgroup adherent to TT.

Results: Of the 3,458,989 insured individuals in 2017, 6,532 initiated TT. Cardiovascular, respiratory, metabolic, and psychiatric
comorbidities were common. Only one in six patients was adherent to TT over two years and one third experienced exacerbations;
18% had one exacerbation, 7% had two, 3% had three and 5% had four or more exacerbations during the follow-up. Both COPD-
related and all-cause healthcare costs increased with the number of exacerbations during follow-up, as did the proportion of COPD-
related costs among all healthcare costs. Mean all-cause costs per person-year of follow-up were €8,110 for patients without and
€20,832 for patients with four or more exacerbations, respectively. Escalation therapy with roflumilast, which is recommended in
German guidelines, was prescribed to 3.1% of patients, of whom two-thirds discontinued the drug during the two-year follow-up.
Conclusion: A substantial proportion of COPD patients initiating TT experience exacerbations resulting in high resource utilization
and costs for the healthcare system. With poor treatment adherence and rare use of guideline-recommended escalation therapies,
effective new treatments are needed to address the unmet medical need in this patient population.
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Introduction

Chronic obstructive pulmonary disease (COPD) is associated with high mortality rates and is currently the third leading
cause of death worldwide.'” Its severity is heavily influenced by exacerbations—episodes of worsening symptoms,
severe and persistent airflow limitation as well as systemic, in particular cardiovascular, consequences.” Frequent
exacerbations significantly drive disease progression, accelerating the decline in lung function, reducing quality of life,
and contributing to the high risk of death in COPD patients.* ® Minimizing the impact of exacerbations and reducing the
risk of future exacerbations are therefore critical goals in the management of COPD.?
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The recommended initial maintenance therapy for moderate to severe COPD includes a long-acting muscarinic antagonist
(LAMA), a long-acting beta,-agonist (LABA), or a combination of both (LAMA+LABA).>’ Accordingly, a combination of
these was the most common first-line therapy for newly diagnosed COPD patients in Germany.*” For patients who continue
to experience exacerbations on LAMA+LABA dual therapy, escalation to triple therapy (TT) by adding inhaled corticoster-
oids (ICS) is recommended.*”® In Germany, both multiple-inhaler triple therapy (MITT) and single-inhaler triple therapies
such as fluticasone furoate/umeclidinium/vilanterol (FF/UMEC/VI) and beclomethasone dipropionate/glycopyrronium/for-
moterol (BDP/GLY/FOR) are frequently used, although MITT remains most common among both incident and prevalent TT
users.'® Several studies have shown that TT with combined bronchodilation (LABA + LAMA) and an anti-inflammatory
treatment (ICS) can reduce the risk of exacerbations compared to LABA and/or LAMA therapy alone.'""'> However, the
evidence on the superiority of TT over dual therapy remains unclear.®'? Patients with low blood eosinophil (EOS) counts are
less likely to benefit from ICS treatment, and several studies have highlighted an increased risk of side effects associated with
long-term ICS use, including pneumonia.'*** Therefore, triple therapy is not recommended for certain patient groups, such as
those at high risk of infections or with low blood EOS counts.’

International studies suggest that most patients initiating TT continue to experience exacerbations within 12 months.'>™"”
For instance, a subgroup analysis of a 52-week Phase 3 trial demonstrated that up to 50% of patients on TT continue to
experience moderate and severe exacerbations.'” Exacerbations in turn are associated with progressive and potentially
irreversible lung damage.'® The occurrence of every new severe exacerbation has been shown to worsen the disease course,
to increase the risk of subsequent exacerbations, and to elevate the risk of death.'® Furthermore, exacerbations are associated
with a sustained risk of severe cardiopulmonary events, highlighting the urgency for comprehensive clinical management.*’

The economic burden of patients receiving TT who experience exacerbations is likely substantial. To our knowledge,
specific estimates for this patient group have not been reported for Germany, but data from the COSYCONET registry
yielded estimates of direct healthcare costs amounting to €8924 per year among patients with Global Initiative for
Chronic Obstructive Lung Disease (GOLD) grade 4 COPD.?! Moreover, a history of moderate or severe exacerbations
has been identified as one of the strongest predictors for future healthcare costs in COPD patients.*

However, there are limited therapy escalation options for patients who continue to experience exacerbations despite
being on TT. The 2025 GOLD report suggests either roflumilast, the antibiotic azithromycin or dupilumab,® while the
latest German guideline, published in 2017, only recommends roflumilast.” Azithromycin offers immunomodulatory
effects beyond its antimicrobial activity. Roflumilast, a PDE-4 inhibitor, reduces airway inflammation and has been
associated with improvements in lung function and exacerbation outcomes in a phase 3 trial.>> Dupilumab, a fully human
monoclonal antibody targeting the underlying type 2 inflammatory cascade by specifically inhibiting interleukin-4 (IL-4)
and interleukin-13 (IL-13) signaling pathways, key drivers of inflammatory response, was recently approved for a subset
of COPD patients with elevated eosinophils.®*** The extent to which established last-line therapies are utilized in
Germany remains unknown. Since dupilumab was not available for the treatment of COPD until recently, studies
investigating its use in real-world clinical practice are not yet available. A population-based German study reported
that 7% of newly diagnosed COPD patients received TT 36 months after diagnosis,” but did not examine the use of
roflumilast or azithromycin. However, understanding current treatment practices is crucial for guiding clinical decisions
and for improving outcomes for COPD patients.

This study therefore explored the clinical and economic burden of COPD patients treated with TT in Germany.
Specifically, we sought to identify the proportion of patients who continue to experience exacerbations on TT and to
estimate their healthcare resource utilization (HCRU) as well as direct healthcare costs. Additionally, we examined the
implementation of the — until recently — only available last-line therapies azithromycin and roflumilast among patients

who continue to experience exacerbations while receiving TT.

Materials and Methods
Study Design and Population

This retrospective cohort study is based on anonymized healthcare claims data from the WIG2 benchmark database,
a claims database held by the Scientific Institute for Health Economics and Health System Research (Wissenschaftliches
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Institut fiir Gesundheitsokonomie und Gesundheitssystemforschung, WIG2). The database contains longitudinal data
from approximately 4.5 million German residents with statutory health insurance and is representative of the German
population in terms of age, sex, and morbidity.?® In order to obtain results that are not affected by changes in healthcare
utilization during the COVID-19 pandemic, data up to the end of 2019 were used.

The study base included all individuals with prevalent COPD aged 40 years and older who initiated TT in 2017 followed
over up to two years. In German claims data, information on diagnoses and treatments in the outpatient sector are available
on a quarterly basis (four times annually). Therefore, we defined the lookback period as four consecutive quarters before the
index date and the follow-up as eight successive quarters following the index date (Figure 1). Individuals who were not
continuously insured during a 1-year lookback period, who already received TT during the lookback period, or who could
not be continuously observed during the lookback or during a two-year follow-up (unless deceased) were excluded.

All patients who newly initiated TT were included. Individual treatment history or criteria leading to the initiation of
TT in individual patients were not considered. Additionally, a subgroup of patients adherent with TT throughout the
follow-up was defined based on the proportion of days covered approach. Patients were considered adherent if they
received a sufficient amount of dispensed medication to cover at least 70% of days during their follow-up. Included
individuals were followed until the end of the two-year-follow-up or until their death, whichever came first.

Variables and Definitions

Diseases and smoking status were identified through ICD-10-GM codes (International Statistical Classification of
Diseases and Related Health Problems, 10™ edition, German modification) documented in in- or outpatient care.”’ All
ICD-codes used in this study are listed in Supplementary Table 1. COPD prevalence in 2017 was defined as (i) at least

one primary inpatient COPD diagnosis; (ii) at least two outpatient diagnoses of COPD in different quarters; or (iii)
a secondary inpatient diagnosis as well as at least one outpatient diagnosis of COPD during 2017. In Germany, outpatient
physicians must assign a level of certainty to each recorded diagnosis; in this study, only COPD-diagnoses categorized as
“confirmed” were considered while “tentative” diagnoses or diagnoses referring to a “post-disease state” were excluded.
Comorbidities and smoking status were assessed during the lookback period.

Medication use was measured through Anatomical Therapeutic Chemical (ATC) codes on prescriptions filled by
pharmacies.”® All ATC-codes used to identify COPD treatments are listed in Supplementary Table 2. Drugs administered

during hospitalizations cannot be identified in the claims data as they are not recorded individually; however, their costs
are included in the recorded hospitalization costs.

The claims data set only contains information on the total dose prescribed (by package) and not the duration for which
the treatment was intended. Therefore, we used the prescribed doses together with the defined daily dose (DDD) to
calculate the assumed number of days during which the patient was treated. DDDs are a statistical measure defined as the
assumed average maintenance dose for a drug’s main indication and set by a research institute.”® For example, in
Germany the DDD for roflumilast is 0.5mg orally.®® As an assumed average, the DDD does not reflect the individual
maintenance dose prescribed to each patient (which are not recorded in the data).

The duration of treatment was estimated using the dispensation date and the dispensed number of DDD (days of supply).
Days of supply were added in case of overlapping dispensations. For example, two consecutive fills with 30 days of supply of
the same medication totaled 60 days, regardless of whether the second prescription was filled after 20 or 30 days. A grace

TT initiated
4 quarter roll-in 8 quarter follow-up
2016 2017 2018 2019
Index year

Figure | Study timeline.
Notes: Each quarter spans three consecutive months (for example, the first quarter is January to March).
Abbreviations: Q, Quarter; TT, Triple therapy.
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period of 25% of supply days was used to cover potential gaps in prescription coverage. For instance, treatment was
considered continuous if a new prescription was filled 35 days after a previous 30-day prescription, despite the gap of 5 days.

Triple therapy was defined as an overlap of LABA, LAMA, and ICS treatment in free-dose or fixed-dose combina-
tions for at least 30 days. The prescription of the third TT component was considered the initiation of TT, ie, the index
date. Patients were considered adherent if they received prescriptions covering at least 70% of days during the follow-up.
Previous studies commonly used a cut-off of 80% to indicate good treatment adherence.'’°>? In this study, we chose
a cut-off of 70% in order to reach a sufficient size of the adherent subpopulation after conducting feasibility analyses.
A comparatively low cut-off also allowed us to obtain conservative estimates of non-adherence.

Exacerbations were defined as any moderate or severe COPD exacerbations identified in the claims data. The 2025 GOLD
report classifies exacerbations requiring treatment with systemic corticosteroids and/or antibiotics as moderate, while
exacerbations requiring hospital or emergency care are classified as severe.” Considering the inability to unequivocally
attribute drug treatments to specific diseases in German claims data, we did not consider antibiotic treatment as an indicator for
exacerbations and considered oral corticosteroids only when prescribed in certain doses for short-term therapy or when
prescribed in the same quarter as a COPD diagnosis. Specifically, we used the following algorithm to measure moderate or
severe exacerbations: (i) at least one prescription of oral or intravenous corticosteroids for at least 5 days and with a dose
equivalent to 10-40mg prednisolone (excluding packages for permanent therapy); (ii) at least one hospitalization coded with
amain COPD diagnosis; or (iii) a prescription of oral corticosteroids in the same quarter as a COPD diagnosis. The frequency
of exacerbations during the follow-up was categorized into 0, 1, 2, 3, and 4 or more (4+) moderate or severe exacerbations.

Healthcare resource utilization examined included the total number of outpatient visits, the number of outpatient
pulmonologist visits, the number of all-cause hospitalizations, and participation in a pulmonary rehabilitation program.
Due to the nature of the claims data set, it was only possible to measure whether a patient visited a physician during one
quarter while the number of visits during the quarter could not be ascertained. The measured number of visits at a specific
physician was thus limited to one per quarter or four per year. As a result, two or more reported outpatient visits within
one quarter reflect visits to at least two different physicians.

We examined healthcare costs from the payer perspective including costs due to outpatient care (both primary care
and specialist care), inpatient care, and prescription medication. Costs paid entirely out of pocket, such as for
transportation or over-the-counter medication, or societal costs such as productivity loss due to absence from work,
were not considered. We distinguished between all-cause healthcare costs and costs directly attributable to COPD. The
definition of COPD-attributable costs is available in Supplementary Table 3.

Analyses

Incidence rates were calculated as incident cases in 2017 divided by the number of insured in the database. An extrapolation
of the number of incident cases to the total population with statutory health insurance (SHI) in Germany was conducted
accounting for the relative distribution of age and gender (see Supplementary Materials for details). The German population

stratified by gender, age, and type of health insurance fund was retrieved from national statistics.®> Healthcare resource
utilization and direct healthcare costs were calculated for the total study population and the adherent subpopulation,
stratified by number of exacerbations during the follow-up. Mean values were reported together with standard deviations.
Direct healthcare costs during the follow-up were aggregated and divided by the total number of person-years observed.

Results

Study Population

We identified 119,517 patients with COPD in 2017 among approximately 1.8 million insured individuals aged 40 years
and older. Triple therapy was used by 21,325 patients (17.8%); of these, 6,532 newly initiated TT in 2017 and were
observable throughout the entire study period, comprising the study population (Supplementary Figure 1). Among 6,532
individuals in the study population, 1,044 (16,0%) received TT covering at least 70% of their follow-up (adherent
subpopulation). Non-compliance with TT was high regardless of the number of exacerbations, ranging from 76.6% to

85.5% (Supplementary Figure 2). Characteristics of the study population are shown in Table 1.
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Table | Characteristics of the Study Population

Total Study Population

N=6,532

Adherent Subpopulation

N=1,044

Female, n (%) 2,659 (40.7) 413 (39.6)
Mean age 66.8 67.2
Age, n (%)
40-49 387 (5.9) 60 (5.7)
50-59 1,478 (22.6) 233 (22.3)
60-69 2,010 (30.8) 335 (32.1)
70-79 1,778 (27.2) 273 (26.1)
80+ 879 (13.5) 143 (13.7)
Recorded smoking at baseline, n (%) | 2,272 (34.8) 371 (35.5)
Enrolled in DMP COPD, n (%) 1,699 (26.0) 249 (23.9)
Baseline comorbidities, n (%)
Asthma 2,131 (32.6) 426 (40.8)
Cardiovascular disease 4,651 (71.2) 727 (69.6)
Hypertension 4,500 (68.9) 698 (66.9)
Heart failure 1,404 (21.4) 238 (22.8)
Chronic ischemic heart disease 1,855 (28.4) 294 (28.2)
Dyslipidemia 2,964 (45.4) 476 (45.6)
Type-2-Diabetes mellitus 1,809 (27.7) 277 (26.5)
Obesity 1,709 (26.2) 264 (25.3)
Osteoporosis 814 (12.4) 137 (13.1)
Anxiety 613 (9.4) 92 (8.8)
Depression 1,486 (22.7) 232 (22.2)
Exacerbations during follow-up, n (%)
0 4,333 (66.3) 627 (60.1)
| 1,184 (18.1) 183 (17.5)
2 484 (7.4) 113 (10.8)
3 128 (2.0) 51 (4.9)
4+ 313 (4.8) 70 (6.7)
Mean number (SD) 0.7 (1.5) 0.9 (1.6)
Mean days to first exacerbation (SD) | 123 (163) 122 (165)

Abbreviations: COPD, Chronic obstructive pulmonary disease; DMP, Disease Management Program; SD, Standard

deviation.
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Men comprised 59.3% of the study population and the majority was aged 60 years or older (71.4%). Approximately
one third had medical records indicating tobacco use (smoking) at baseline. Cardiovascular diseases (CVD) were the
most common comorbidities and recorded among 71.2% of the study population. Among these, hypertension, chronic
ischemic heart disease, and heart failure were most commonly recorded. An asthma diagnosis was recorded in 32.6% of
the study population, while depression and anxiety were present in 22.7% and 9.4%, respectively. One in four patients
was enrolled in the structured disease management plan for COPD-treatment.

During the follow-up, one third of the study population experienced exacerbations; 18.1% had one, 7.4% had two,
2.0% had three, and 4.8% had 4+ exacerbations. It took a mean of 123 days (SD: 163) for a patient to experience an
exacerbation during follow-up. On average, individuals in the study population experienced a mean of 0.7 exacerbations
across 8 quarters of follow-up.

These numbers correspond to an incidence of 366.7 COPD-cases with incident TT per 100,000 individuals aged 40
years and older in the database. Extrapolated to the total German population, this corresponds to 178,216 cases with
incident TT in this age group annually.

Utilization of Recommended Therapy Escalations
Overall, 914 patients (14.0%) with newly initiated TT in the database were treated with azithromycin and 201 (3.1%) with
roflumilast during the two-year follow-up (Figure 2). The proportion of patients prescribed azithromycin and roflumilast
increased with increasing follow-up exacerbations; 12.9% and 1.3% of patients with no exacerbations, and 18.5% and 15.7%
of patients with 4+ exacerbations were prescribed azithromycin and roflumilast, respectively. Azithromycin treatment was
overall more common in the total study population than among adherent patients, while only minor differences between the
total study population and adherent subpopulation were found in roflumilast treatment.

In patients with at least one prescription, the mean number of DDD dispensed per patient-year were 5.3 and 181.0 for
azithromycin and roflumilast, respectively. The mean number of DDD of azithromycin dispensed were highest among
patients with 4+ exacerbations, reaching 10 DDD in the study population (Supplementary Table 4). The association

between number of follow-up exacerbations and roflumilast treatment was less clear, but an overall fewer number of
DDD per patient-year were observed among individuals with 2 or more exacerbations during follow-up than among those
with 0—1 exacerbations (Table 2). Generally, we observed a large variation in the number of DDD of roflumilast dispensed.
Considering this large variation, differences between the total study population and adherent subpopulation were small.

In total, 69% of patients in the total study population with one or more roflumilast prescriptions discontinued
treatment during follow-up. In the adherent subpopulation, 72% of patients discontinued roflumilast. There was no
clear association between number of exacerbations during follow-up and roflumilast discontinuation in the total study
population or in the adherent subpopulation. Due to the low average number of DDD of azithromycin prescribed, it was
concluded that the vast majority of patients are treated during short episodes only and data on treatment discontinuation
was thus not reported.

Healthcare Resource Utilization: In- and Outpatient Care

All COPD-patients had at least one outpatient visit and on average, patients accumulated 30 outpatient contacts during
two years of follow-up (Table 3). Among these, we observed an average of 5 pulmonologist consultations. While we did
not observe a correlation between all-cause outpatient contacts and follow-up exacerbations, the number of hospitaliza-
tions increased substantially with an increasing number of follow-up exacerbations. While only 60% of the study
population without exacerbations were hospitalized, over 90% of those with 3 or more exacerbations were hospitalized
at least once. On average, we observed 6.4 hospitalizations per person with 4+ exacerbations, and 1.7 hospitalizations per
person without exacerbations in the study population during the 2-year follow-up period. COPD and CVD were the most
common main diagnoses and recorded for 18.5% and 17.0% of all hospitalizations in the total study population,
respectively. In the adherent subpopulation, 27.0% and 15.0% of hospitalizations had main diagnoses of COPD and
CVD, respectively. There were only minor differences in the number of in- and outpatient contacts between the total
study population and the adherent subpopulation (Table 3).
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Figure 2 Proportion of patients with dispensed last-line therapies by number of exacerbations during the follow-up. (A and B) depict the proportion of patients with
azithromycin (A) and roflumilast (B) dispensations in the total study population, (C and D) depict the proportion of patients with azithromycin (C) and roflumilast (D)
dispensations in the adherent subpopulation.

Costs

The economic burden measured through all-cause and COPD-attributable costs is shown in Figure 3. Mean outpatient costs
ranged between €1,272 and €1,615 per person-year of follow-up, of which up to €909 were attributable to COPD. There was
no clear association between the number of exacerbations during the follow-up and average outpatient costs. Mean medication
costs per person-year ranged from €2,494 among COPD patients with no exacerbations during the follow-up in the total study
population to €4,038 among those with three exacerbations during the follow up in the adherent subpopulation. Overall,
increasing numbers of exacerbations during the follow-up were associated with higher medication costs. COPD accounted for
approximately 40% and 50% of medication costs in the total study population and adherent subpopulation, respectively.

In the total study population, the highest amount of costs was generated by inpatient care, with increasing average inpatient
costs among patients with higher numbers of follow-up exacerbations. In the total study population, mean costs increased from
€4,232 per person-year among patients without exacerbations to €15,521 among those with 4+ exacerbations. A similar trend
was observed in the adherent subpopulation. The proportion of inpatient costs directly attributable to COPD increased with
increasing numbers of exacerbations during the follow-up from 2.7% to 51.2% in the total study population and 5.3% to 56.7%
in the adherent population.
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Table 2 Escalation of Therapy with Roflumilast Among Patients with Newly Initiated Triple Therapy

Exacerbations Patients > | Roflumilast- Discontinued Number of DDD

during Follow-up (total) Prescription Treatment Per Patient-
N=6,532 n (%) n (%) Year® Mean (SD)

Total study population

0 4,333 56 (1.3) 40 (71.4) 198.4 (304.9)
[ 1,184 35 (3.0) 23 (65.7) 2229 (317.0)
2 484 31 (6.4) 22 (71.0) 193.5 (244.9)
3 218 30 (13.8) 20 (66.7) 157.7 (222.5)
4+ 313 49 (15.7) 34 (69.4) 137.6 (221.1)

Adherent subpopulation

0 627 13 Q1) 10 (76.9) 213.1 (283.3)
[ 183 8 (4.4) 6 (75.0) 2328 (318.9)
2 13 8 (7.1) 5 (62.5) 149.9 (252.6)
3 51 9 (17.6) 8 (88.9) 1143 (197.9)
4+ 70 9 (12.9) 5 (55.6) 131.6 (202.2)

Notes: “among patients with 2 | prescription; | DDD=0.5 mg when administered orally. Number of patients treated during
the follow-up, proportion discontinuing roflumilast treatment and average number of DDD per person-year by number of
exacerbations during the follow-up.

Abbreviations: DDD, defined daily dose; SD, standard deviation.

Table 3 Healthcare Resource Utilization Among Patients with Newly Initiated TT by Number of Exacerbations During the Two-year
Follow-up

Number of All Outpatient Pulmonologist  Individuals Number of Pulmonary Died

Exacerbations = Contacts during Contacts with at least | Hospitalizations per Rehabilitation during

during Follow-up Mean (SD) Hospitalization COPD-Patient n (%) Follow-up
Follow-up Mean (SD) n (%) Mean (SD) n (%)

Total study population

0 29.4 (15.7) 42 (26) 2599 (60.0) 1.7 (2.5) 87 (2.0) 611 (14.1)
| 29.9 (I5.1) 46 2.7) 907 (76.6) 25 3.1) 29 (24) 220 (18.6)
2 30.0 (15.9) 48 (2.7) 424 (87.6) 33 (32) <5 484 (24.6)
3 29.6 (16.4) 49 (2.6) 200 (91.7) 42 (37) <5 218 (26.6)
4+ 30.6 (15.8) 47 (2.8) 303 (96.8) 6.4 (4.5) 5 (1.6) 106 (33.9)

Adherent subpopulation

0 269 (16.7) 53 (27) 377 (60.1) 1.6 (2.1) 14 (2.2) 154 (24.6)
[ 285 (15.4) 50 (27) 147 (80.3) 2.2 (2.0) 527) 41 (224)
2 289 (18.1) 5.5 (2.8) 102 (90.3) 35 (2.8) <5 40 (35.4)
3 30.1 (18.6) 5.1 (2.6) 49 (96.1) 44 (3.0) 0(0) 12 (23.5)
4+ 29.0 (14.0) 5.0 (3.0) 68 (97.1) 5.8 (3.8) <5 17 (24.3)

Abbreviation: SD, standard deviation.
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Figure 3 Mean all-cause and COPD-attributable costs by sector (inpatient, outpatient, and medications) in (€) per personyear and by number of exacerbations during
follow-up. (A and B) depict all-cause costs (A) and costs directly attributable to COPD (B) in the total study population, (C and D) depict all-cause costs (C) and costs
directly attributable to COPD (D) in the adherent subpopulation.

Discussion

Patients who receive TT comprise a group of patients in an advanced stage of COPD with a high exacerbation frequency.
This study underscores the substantial clinical and economic burden of this patient population and reveals a critical gap
in feasible and effective therapy escalation. This is even more relevant given the elevated cardiopulmonary and mortality
risk of COPD patients following exacerbations.

In the present study, only one in six patients newly initiating TT was adherent over two years. In line with these
results, a German study conducted by Vogelmeier et al recently found that only a minority of COPD patients initiating TT
were persistent with their treatment for six months or longer.** Vogelmeier et al also showed that less than one in five
patients on single-inhaler TT were persistent users after 18 months of treatment although the use of a single inhaler has
been associated with a higher patient adherence and persistence compared to the treatment with multiple inhalers.**
Similar findings of poor treatment adherence and persistence have been reported in international studies, all of which
showed that most patients initiating TT discontinued treatment within one year.**>*3°

The poor treatment adherence in this patient group is associated with a considerable exacerbation risk. Our study
showed that approximately one in three patients experienced exacerbations during a two-year follow-up. Other observa-
tional studies reported even higher numbers of exacerbations among COPD patients.'>'®*>% Two studies from the
United States, for instance, found that two thirds of patients with TT exacerbate within one year of initiating
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treatment.'>'® In a multinational study including data from Germany, Benson et al reported that approximately one third
of German TT patients exacerbated during a 12-month period, but no data on patients initiating TT was reported.*®
Differences in the reported frequency of exacerbations may be attributable to challenges in accurately identifying
exacerbations within claims data. Our study employed an algorithm with lower sensitivity — but a presumably higher
positive predictive value — likely resulting in a conservative estimate of exacerbation numbers.

The high comorbidity level constitutes an additional burden of disease for patients with COPD. Our study population
had a high prevalence of cardiovascular, respiratory, metabolic, and psychiatric comorbidities which is overall in line
with previous studies on COPD patients in Germany, including patients initiating TT.”'%**% The complexity of
comorbidities not only complicates disease management but can negatively impact quality of life and exacerbation
risk in COPD patients.*'*** This underscores the importance of integrated care approaches that address the treatment of
COPD not only as a single disease, but as a multimorbid state comprising both respiratory and comorbid conditions.**

Asthma is one comorbid condition that could potentially affect treatment adherence among COPD patients. In our study,
one third of patients had concurrent asthma diagnoses and we therefore explored the association between asthma prevalence
and treatment adherence in sensitivity analyses. In these, we found no apparent association between asthma prevalence and
adherence with TT. Nevertheless, it is possible that the high comorbidity level and associated challenges for patients and
clinicians may be one mechanism behind the poor adherence with TT observed in our and in previous studies.

In accordance with the considerable comorbidity level and exacerbation risk, we observed high healthcare resource
utilization and costs among patients initiating TT. Our estimates of COPD-related costs are largely consistent with those
previously reported in Germany, especially when comparing our study cohort to patients with moderate-to-severe
COPD.*** In addition to the healthcare costs estimated in this study, direct costs not covered by insurance as well as
indirect costs contribute to the total economic burden of COPD patients.*'** These may include societal costs due to sick
leave, early retirement, and productivity losses of COPD patients or their family members, costs for rehabilitation or
medical aids (such as non-invasive home ventilation or physiotherapy), and healthcare costs paid entirely out-of-pocket.

The outpatient costs estimated in this study may appear low in comparison with medication and with hospitalization
costs. However, the burden of frequent physician visits on the German outpatient care system is presumably high. We
observed an average of 30 outpatient visits per patient during a two-year follow-up which corresponds well with previous
German studies reporting 12—16 annual outpatient visits among COPD patients.*****® However, these numbers may still
underestimate the true number of outpatient contacts taking place since physician contacts are not billed individually in
German healthcare claims.

It is essential to address the clinical and economic burden of COPD patients insufficiently controlled on TT. Although
roflumilast is one medication recommended as escalation therapy for patients with suboptimal response to TT,>” our
results show that roflumilast is only used in a minority of patients in clinical practice. Furthermore, we found that
a substantial proportion (69%) of patients who initiated roflumilast discontinued their treatment during the two-year
follow-up. This aligns with a previous study from Denmark which reported 72% of patients using roflumilast to
discontinue treatment within one year*’ and underlines the limitation of this therapy as effective and save treatment
escalation. The limited uptake and poor persistence with roflumilast likely reflect multiple barriers in clinical practice.
This may be attributable to the elevated risk of adverse effects and scepticism about potential benefits of roflumilast in
patients without an obvious risk of severe exacerbations.*® Physicians may also hesitate to prescribe roflumilast due to
lack of awareness of its indication, a low efficacy regarding prevention of exacerbations, or concerns about a particularly
high incidence of adverse events observed in real-world populations.*’*%->

In addition to roflumilast, the 2025 GOLD report further suggests escalation treatment using the antibiotic azithromycin
or the monoclonal antibody dupilumab.? Since it had not yet been approved for COPD treatment in Germany during the
study period, we did not examine the use of dupilumab in this study. However, our results show that azithromycin was not
commonly prescribed in this patient population in Germany. This corresponds with a previous study from the United States,
which found an even lower proportion of patients using azithromycin.”' The minimal use of azithromycin as maintenance
therapy despite guideline recommendations reflects several potential clinical concerns including antimicrobial resistance
and potential hearing impairment with long-term use as shown in a meta-analysis in patients with chronic lung diseases.”
Altogether, these results point towards a critical gap between guideline recommendations and real-world clinical practice
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and to an unmet treatment need in this group of COPD patients with advanced disease progression and frequent
exacerbations. These barriers highlight the need for more nuanced guideline recommendations that address not only
when to escalate therapy but also how to manage potential adverse effects and select appropriate patients. Clinical practice
may benefit from implementation strategies that address physician education on these mechanistically distinct escalation
options and provide clear algorithms for identifying suitable candidates based on biomarkers, phenotypes, and comorbidity
profiles. Since dupilumab has been approved for COPD treatment in Germany during 2024 and shown good efficacy in
preventing exacerbations and improving lung function in some groups of COPD patients treated with TT in clinical
trials,*** future research should explore how treatment patterns and outcomes continue to evolve.

This study has several strengths including a large study population and low attrition rates. Administrative claims data
allowed us to measure all direct healthcare costs from a payer perspective and the WIG2 benchmark database has been
shown to be representative of the total German population with respect to age, sex, and morbidity indicating that our
results are generalizable to the total German population.™

Nevertheless, our results must be considered in light of some limitations. Since claims data are not collected for
research purposes, data on some clinical characteristics including lung function and blood EOS count is not conclusively
available and diagnoses are not validated through gold standard methods. Considering that COPD is a common disease
and that TT recipients are usually severely affected, it is likely that COPD diagnoses among TT recipients are in most
cases present and correct. By contrast, the prevalence of some diseases or risk factors, such as depression or smoking, is
likely underestimated in claims-based studies.”* Secondly, while exact dates of drug prescriptions and hospitalizations are
known, dates of outpatient physician visits are only recorded in three-month intervals. This may have led to some
inaccuracy in the identification of exacerbations. Since we identified exacerbations through either inpatient diagnoses or
through a combination of outpatient diagnoses and prescriptions or oral corticosteroids, milder exacerbations solely
treated in outpatient care and without oral corticosteroids or exacerbations treated with antibiotics could not be identified.
As a result, the number of exacerbations is likely underestimated in our study. Finally, the choice of a 70% of days
covered cut-off for treatment adherence may have led to an overestimation of TT adherence in our study in comparison to
studies using a higher threshold and to a dilution of differences between the total study population and adherent
subpopulation. Moreover, we could not identify drugs supplied by physicians or hospitals and could not assure that
dispensed drugs were indeed taken as prescribed. If some patients did not comply with prescribed therapies, treatment
adherence may have been overestimated. These limitations point towards an overestimation of treatment adherence; the
true share of patients adherent with TT may thus be even lower than reported in our study.

Conclusion

This retrospective claims data analysis underlines significant care gaps in COPD management. Only a minority of COPD
patients who initiate TT remain adherent to treatment over a two-year follow-up period and a significant proportion of
this patient group continues to experience exacerbations. Guideline-recommended last-line therapies are rarely pre-
scribed, and when they are, most patients discontinue them. Overall, our findings highlight the substantial disease burden
faced by COPD patients on TT and emphasize an unmet medical need for an effective therapy escalation.

Data Sharing Statement

The data used in this study are anonymized health insurance claims data provided by statutory health insurance funds in
Germany. Due to data protection regulations and contractual agreements with the data provider, these data are not
publicly available.
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