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Purpose: This study aimed to describe the real-world treatment of German incident COPD patients, compare that treatment with
clinical guidelines, and provide insight into disease development after incident diagnosis. In addition, the economic burden of the
disease by assessing COPD-related healthcare costs was described.

Patients and Methods: Based on a German claims dataset, continuously insured individuals (04/2014-03/2019) aged 40 years or older
with at least two incident pulmonologist’s diagnoses or one inpatient diagnosis of COPD (ICD-10-GM code J44.-; no respective
diagnosis in a 12-month baseline period) were selected. Treatment patterns after incident diagnosis considering inhaled maintenance
therapies identified by ATC codes (outpatient prescriptions) were analyzed. Prescription patterns were compared with recommendations
of German COPD treatment guidelines. Severe exacerbations were assessed as hospitalizations with main diagnosis ICD-10-GM code
J44.1. COPD-associated costs from the perspective of the health insurance fund AOK PLUS were calculated per patient-year (PY).
Results: The sample comprised 17,464 incident COPD patients with a mean age of 71.5 years. 58.9% were male and the mean
Charlson-Comorbidity-Index was 5.3. During follow-up (median: 2.0 years), 57.1% of the patients received at least one prescription of
an inhaled maintenance therapy, whereas 42.9% did not. Among treated patients, 35.2% started their treatment with LABA/LAMA,
25.3% with LAMA monotherapy, 16.2% with LABA/ICS, and 7.8% with LABA/LAMA/ICS therapy. Within four weeks after initial
diagnosis, ICS-containing therapies were prescribed in 14.1% of patients. Of all patients with a prescribed triple therapy, 68.9% had no
corresponding exacerbation history documented. On average, 0.16 severe exacerbations and 0.19 COPD-related hospitalizations were
observed per PY during available follow-up. Direct COPD-related costs were 3,693 €/PY, with COPD-related hospitalizations being
responsible for about 79.2% of these costs.

Conclusion: Long-acting bronchodilators are the mainstay of pharmacological treatment of incident COPD patients in Germany, in
line with guideline recommendations. Yet, a considerable proportion of incident COPD patients did not receive any inhaled
maintenance therapy.

Keywords: COPD, real-world treatment, exacerbation frequency, healthcare costs

Introduction

Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity and mortality throughout the world.'~
COPD is characterized by persistent airflow limitation and chronic respiratory symptoms and is often associated with
high rates of hospital admission due to risk of exacerbation.” > Severe exacerbations are significantly associated with an
overall deterioration in disease-specific health-related quality of life.®® Furthermore, severe COPD may lead to chronic
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respiratory failure requiring patients to receive supplemental oxygen therapy and/or ventilation support in addition to
medical treatment.'%!!

Pharmacological treatment of COPD aims to relieve respiratory symptoms and prevent future risk, in particular acute
exacerbation.'> Guidelines recommend as maintenance treatment option for patients with moderate and stable COPD
therapy with long-acting muscarinic antagonists (LAMAs), either as monotherapy or in combination with a long-acting
beta-agonist (LABA)."> In moderate to severe disease, treatment with a combination of different classes of COPD
medications is recommended over increasing the dosage of a single agent, avoiding side effects due to dose-related
toxicity.'*"'* For patients with severe COPD and a high risk of acute exacerbations, triple therapy including a LAMA,
a LABA, and an inhaled corticosteroid (ICS) may be beneficial.'* However, there are concerns about the long-term side-
effects of ICS use in COPD as it might be associated with, in particular, pneumonia but also osteoporosis, diabetes,
tuberculosis, and non-tuberculous mycobacterial infection.'>'® Thus, the German COPD guidelines recommend combi-
nation treatments including ICS mainly as escalation therapy in well-defined subpopulations.'’

Generally, a patient-specific approach that integrates all relevant clinical, genetic, and biological information for each
individual aims at optimizing the pharmacological treatment to maximize the therapeutic benefit and reduce the risk of side
effects.'® The Global Initiative for Chronic Obstructive Lung Disease (GOLD) proposed an ABCD grouping approach in
2017, enabling a risk assessment based on symptoms and exacerbation risk.'*"'®!” The ABCD grouping should be performed
after the initial diagnosis of COPD to facilitate a more individualized approach to pharmacological management.

The knowledge on real-world treatment patterns in incident COPD patients as well as on the degree of guideline
adherence is limited. Therefore, this study investigated the real-world treatment of a cohort of German incident COPD
patients. Furthermore, the analysis compared initial maintenance therapies for COPD with clinical guideline recommen-
dations to provide new insight into disease development after incident diagnosis, focusing on exacerbation and COPD-
related hospitalization frequency. Finally, this study describes the economic disease burden by assessing the direct
COPD-related healthcare costs.

Materials and Methods

Data Source
This study is based on a retrospective claims data analysis using an anonymized dataset covering the period 01/04/2014
to 31/03/2019 that was provided by the sixth largest German statutory health insurance fund (AOK PLUS). The claims
database included about 3.1 million insured persons in Germany (Saxonia, Thuringia), which reflects 4.3% of the
German population insured by statutory health insurance funds. German claims data provide information on patients’
demographics (age, gender, date of death) and detailed reimbursement claims on outpatient care, inpatient care,
pharmaceuticals, therapeutic devices, rehabilitation, and sick leaves. For outpatient medication prescriptions, the follow-
ing information is available: drug class (according to the Anatomical Therapeutic Chemical [ATC] classification system),
date of prescription/filling in the pharmacy, prescribed package size, and related Defined Daily Dose (DDD) as published
by the German Institute of Medical Documentation and Information (DIMDI).?°

The study was coordinated and led by a Scientific Steering Committee consisting of the authors of this manuscript. As the
study addressed a retrospective anonymized dataset, ethical approval and informed consent of patients were not required.

Sample Selection and Analysis Periods
The selection of the analysis sample was based on data of all individuals who were continuously insured by the AOK
PLUS in the period from 01/04/2014 to 31/03/2019 or until the date of death, whatever came first.

An individual was considered to be an incident COPD case if at least two confirmed outpatient COPD diagnoses
documented by a pulmonologist in two separate quarters or one inpatient COPD diagnosis (International statistical
Classification of Diseases and related health problems, 10th revision, German Modification - ICD-10-GM code: J44.-)
could be identified between 01/04/2015-31/03/2018, without observing any respective COPD diagnosis or COPD-related
drug prescription (Table S1) in the baseline period of at least 12 months. The date of the first documented COPD
diagnosis was defined as the index date. Patients aged below 40 years at index were excluded from the analysis sample.
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Furthermore, patients receiving any concomitant diagnosis of asthma (ICD-10-GM code: J45.-) after the index date were
not considered in the final analysis sample to exclude subjects for whom an existing COPD could not be clearly
confirmed.

A baseline period of 12 months prior to the index date was defined, enabling the description of patient characteristics,
including comorbidity and treatment history, at the time of the incident COPD diagnosis. The observational period started
at the index date and ended on 31/03/2019 or the date of death, whatever came first. The overall sample included all
incident COPD patients with their respective patient-individual follow-up time. For a comparison of initiated main-
tenance therapies in real-world practice with clinical guideline recommendations, a subsample of patients who could be
observed for a period of 12 months was considered (sufficient follow-up period in terms of data availability and no death
within 12 months after incident COPD diagnosis). For a specific analysis on long-term treatment patterns and observable
switches, a subsample of patients who could be observed for a period of 36 months was considered (sufficient follow-up
period in terms of data availability and no death within 36 months after incident COPD diagnosis).

Study Endpoints and Statistical Analysis
Patient characteristics were descriptively analyzed for all patient samples (overall incident sample and subsamples
observable for 12, and 36 months). In addition to age, gender, and comorbidities based on the Charlson Comorbidity

Index?'??

(CCI without age factor; described in Table S2), the ten most frequently observed comorbidities and the top five
prescribed agents at baseline (at least one prescription in the 12 months before the incident COPD diagnosis) were reported.
Furthermore, the forced expiratory volume in one second (FEV)), available as ICD-10-GM subcodes (J44.-) of the incident
diagnosis, was described. Frequency analysis was applied for all categorical variables, reporting the number and percentage
of patients for each category (FEV;<35%, FEV; 35-50%, FEV; 50-70%, and FEV; >70%). For continuous variables,

summary statistics, including mean and standard deviation (SD), were reported.

Description of Treatment of Incident COPD Patients

Maintenance treatments for COPD, including long-acting bronchodilators and ICS, identified by ATC codes on outpatient
prescriptions (see Table S1 for specific codes per medication class), were considered within the treatment pattern analysis.
Patients were analyzed regarding observed prescriptions of the relevant agent (Table S1) longitudinally, starting the
observation at the index date (incident diagnosis) until the end of follow-up. Combined usage of prescribed therapies
was assumed if the respective agents were filled within a 21-day window and a similar prescription behavior was repeated at
least once. In all other cases, a switch to a new treatment regimen was assumed. Treatment discontinuation was considered
if a supply gap of at least 60 additional days after the end of the available medication stock for the respective agent (as
approximated based on DDDs) was observed. Kaplan-Meier analysis was applied to evaluate the time to treatment
initiations for any long-acting therapy and separately for dual-therapy (LABA/LAMA) and triple-therapy (LABA/
LAMA/ICS). Main Kaplan-Meier statistics were reported, and respective Kaplan-Meier curves were depicted.
Furthermore, the frequency of different agents/combinations per observable therapy line was described. Finally, based
on a subsample of patients with a 36-month follow-up, treatment patterns by means of a Sankey diagram were reported.

Comparison with National Guideline Recommendations

Based on a subsample of patients with a 12-month follow-up, adherence with German treatment guidelines from 2012*
and 20187 was determined by the percentage of patients with any ICS therapy within four weeks after initial diagnosis
as well as the percentage of patients with LABA/LAMA/ICS prescription but <1 outpatient diagnosis and no inpatient
diagnosis of an exacerbation (ICD-10 J44.1) at the first date of the LABA/LAMA/ICS prescription.

Exacerbation Frequency
Hospitalizations with a main diagnosis ICD-10-GM J44.- were considered as COPD-related exacerbations.
Hospitalizations with the specific code ICD-10-GM J44.1 were counted as severe exacerbations.

COPD-related healthcare costs were reported per observed PY. COPD-related costs as a percentage of total all-cause
costs were determined by considering outpatient care, inpatient care, pharmacy sales of COPD medications (any
prescription of an agent listed in Table S1), therapeutic devices related to long-term oxygen therapy (ICD-10-GM
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codes J96.1, 7299.0, 7Z99.1, 799.8, 799.9, 746.8, Z46.9; or OPS codes 8-712.1, 8-713.0, 8-716), and inpatient COPD-
related rehabilitation.
All statistical analyses were performed using STATA (Version 14.1) and Microsoft Office Excel 16.

Results

Incident COPD Patients

Out of 2,327,309 patients with continuous insurance status in our AOK PLUS database, 100,055 prevalent COPD
patients were identified. Among them, 17,464 were classified as incident COPD cases with a new diagnosis of COPD
from 01/04/2014 to 31/03/2019 (Figure 1). These patients represented the main analysis sample (all incident COPD
patients) and provided an observation of 34,648 patient-years, with a median patient-individual follow-up of 2.01 years
(interquartile range: 1.18-2.89).

Sociodemographic characteristics, most common preexisting comorbidities, and frequently prescribed non-COPD
medications at baseline are described in Table 1. The baseline characteristics of patients in the subsamples with a 12- and
36-month follow-up period were similar to the ones of the primary sample, with a tendency towards younger age and
lower CCI. Within the observed study period, 5,238 patients died, corresponding to an overall mortality rate of 0.15 cases
per patient-year.

Treatment of Incident COPD Patients

The median time to initiation of any inhaled maintenance therapy after incident diagnosis of COPD was 4.4 months (95%
CI: 3.9-4.9). The proportion of patients who did not receive any maintenance COPD treatment after 12, 24, and 36
months was 43.8% (95% CI: 43.0—44.6), 39.2% (95% CI: 38.440.0), and 36.0% (95% CI: 35.2-36.9), respectively
(Figure 2). Among patients who started maintenance therapy in the first year, it took a median of 15 days to initiate that
treatment. Patients first diagnosed in the hospital were found to have a lower rate of COPD treatment (45.3%) than
patients initially diagnosed by outpatient pulmonologists (80.3%). Of the former, 82.3% of inpatient diagnosed cases had
a hospital main diagnosis other than COPD. Considering the first twelve months of follow-up, patients who did not
initiate any maintenance therapy were older than treated patients (mean 73.6 years versus 69.7 years), more female

?ﬁ:&gﬂ%ﬁ Continuously insured patients between 01/04/2014-31/03/2019
. N = 2,327,309
requirement
At least 1 inpatient diagnosis OR 2 outpatient diagnoses COPD by a
pulmonologist between 01/04/2014-31/03/2018 X
) ) N = 100,055 Excluded:
Diagnosis 4 Asthma
criteria l """""""""""""""""""""""""""""""""" ~»  diagnosis
- - - . - - during follow-up
Patients without COPD diagnosis in the pre-index period of at least 12 months N =1,220
N = 23,722
Treatment No COPD-related medication in the pre-index period of at least 12 months
criterion N =17,749
s Patients > 40 years
N = 17,464
Main analysis sample
17,464 incident COPD patients
Subsamples:
14, 213 incident COPD patients with 12-month follow-up
3,804 incident COPD patients with 36-month follow-up
Figure | Attrition chart of patient selection.
Abbreviation: COPD, chronic obstructive pulmonary disease.
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Table | Characteristics of the Identified Incident COPD Patients

All Incident COPD Incident Patients with | Incident Patients with
Patients 12-Month FU? 36-Month FUP
N 17,464 14,213 3,804
Observed total PY (FU) 34,648 14,213 11,412
Sex, female
N (%) 7,170 (41.1%) 5,855 (41.2%) 1,565 (41.1%)
Age, at index date
Mean (SD) 71.5 (123) 70.1 (12.1) 68.6 (11.8)
Median (Range) 73 (40-105) 71 (40-100) 69 (40-97)
CCI©
Mean (SD) 5.3 (3.2) 4.8 (3.0 43 (2.7)
Median (Range) 5(1-21) 4 (1-20) 4 (1-18)
TOP-10 comorbidities, N (%)
Hypertension 14,520 (83.1%) 11,847 (83.4%) 3,155 (82.9%)
Hyperlipidemia 8,802 (50.4%) 7,148 (50.3%) 1,901 (50.0%)
Heart failure 8,588 (49.2%) 6,997 (49.2%) 1,846 (48.5%)
Type 2 diabetes 7,510 (43.0%) 6,133 (43.2%) 1,631 (42.9%)
Coronary artery disease 7,132 (40.8%) 5,800 (40.8%) 1,573 (41.3%)
Back pain 6,965 (39.9%) 5,667 (39.9%) 1,497 (39.3%)
Dyspnea 6,403 (36.7%) 5,178 (36.4%) 1,394 (36.6%)
Chronic kidney diseases 6,031 (34.5%) 4,887 (34.4%) 1,264 (33.2%)
Hypertensive heart disease 5,782 (33.1%) 4,687 (33.0%) 1,207 (31.7%)
Respiratory failure® 5,741 (32.9%) 4,661 (32.8%) 1,239 (32.6%)
Medication history, N (%)
Beta-blocking agents 8,196 (46.9%) 6,612 (46.5%) 1,761 (46.3%)
Proton pump inhibitors 7,476 (42.8%) 6,015 (42.3%) 1,599 (42.0%)
Sulfonamide diuretics 6,793 (38.9%) 5,465 (38.5%) 1,411 (37.1%)
Statins 5,848 (33.5%) 4,671 (32.9%) 1,236 (32.5%)
ACE inhibitors 5,412 (31.0%) 4,371 (30.8%) 1,191 (31.3%)
Initial Dx observed during an inpatient stay, N (%) 13,660 (78.2%) 10,542 (74.2%) 2,589 (68.1%)
Disease severity
COPD with FEV, <35% 1,171 (6.7%) 926 (6.5%) 240 (6.3%)
COPD with FEV, 35-50% 1,490 (8.5%) 1,227 (8.6%) 315 (8.3%)
COPD with FEV, 50-70% 2,813 (16.1%) 2,439 (17.2%) 731 (19.2%)
COPD with FEV, >70% 1,952 (11.2%) 1,757 (12.4%) 513 (13.5%)
FEV| not specified 10,038 (57.5%) 7,864 (55.3%) 2,005 (52.7%)

Notes: *Subsample of all incident COPD patients: Exclusion of patients with index date after 31/03/2018 and of patients who died within the first 12 months after incident
COPD diagnosis. bSubsample of all incident COPD patients: Exclusion of patients with index date after 31/03/2016 and of patients who died within the first 36 months after
incident COPD diagnosis. “Index was assessed based on diagnoses observed in the |2-month pre-index period and was calculated without consideration of age component.
9Previously unspecified respiratory failure was identified via ICD-10 code J96.

Abbreviations: ACE, angiotensin-converting enzyme; CCl, Charlson Comorbidity Index; COPD, chronic obstructive pulmonary disease; Dx, diagnosis; FEV,, forced
expiratory volume in | second; FU, follow-up; N, number; PY, patient-years; SD, standard deviation.

(58.3% versus 41.7%), and had less severe FEV restrictions (FEV{<50%, 10.7% versus 19.3%) with a higher percentage
diagnosed with unspecified FEV; (63.6% versus 52.0%). Furthermore, these patients were more comorbid as measured
by the CCI (mean of 5.90 versus 4.73), and their mortality in the first twelve months was higher than in the treated
sample (27.3% versus 10.8%). However, even among patients with severe airflow limitation (FEV;<50%), about one-
third did not receive at least one prescription for inhaled maintenance therapies (Figure S1). Of the 8,225 patients without
any maintenance treatment for COPD in the first twelve months after initial diagnosis, 81.5% also received no
prescription of any short-acting bronchodilator (SABA/SAMA).
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Proportion of
untreated patients

0 6 12 18 24 30 36 42 48
Time since incident COPD diagnosis in months

At-risk table

Any long-acting therapy 17,464 7,047 5,980 4,508 3,322 2,221 1,362 614 1 0

LABA + LAMA 17,464 11,990 10,869 8,516 6,446 4,370 2,738 1,192 2 0

LAMA + LABA + ICS 17,464 14,308 13,209 10,529 7,974 5,426 3,406 1,467 3 0
Any long-acting therapy = ====-LABA+LAMA+ICS et LABA+LAMA 95% ClI

Figure 2 Kaplan-Meier curves depicting the time to treatment initiation after incident COPD diagnosis.

Note: Censoring events: death or end of follow-up (31/03/2019).

Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; ICS, Inhaled glucocorticosteroids; LABA, long-acting beta-agonist; LAMA, long-
acting muscarinic antagonist.

The median time to initiation of dual-therapy with LABA/LAMA and initiation of triple-therapy with LABA/
LAMA/ICS was not reached (Figure 2). The estimated mean time to treatment initiation restricted to the observa-
tional period was 35.8 months (95% CI: 35.5-36.1) for dual-therapy and 43.7 months for triple-therapy (95% CI:
43.5-43.9).

During the available observation period, the combined usage of LABA/LAMA was the most frequent initial regimen
among the treated patients (35.2% in 1st line treatment group), followed by a LAMA monotherapy (25.3% in Ist line
treatment group) and use of LABA combined with ICS (16.2% in 1st line treatment group; Figure 3). Almost 8.1% of the
treated patients initiated their COPD treatment with a triple therapy consisting of LABA/LAMA/ICS.

A subsample of 3,804 patients with a follow-up of 36 months was analyzed to observe not only the frequency of
different agents in the initial treatment but the treatment cascade over time (Figure 4). About 10.9% of observed patients
received respective maintenance treatment with a prescription exactly on the day of the incident diagnosis. After 12
months, the most frequently prescribed treatment regimens were LABA/LAMA (19.4% of all patients), LAMA mono
(12.9%), LABA/ICS (9.4%), and triple therapy LABA/LAMAV/ICS (5.7%). Treatment patterns remained relatively stable
after 24 and 36 months, with a slight increase of LABA/LAMA to 22.5% after 36 months, LABA/ICS to 11.6%, and
triple therapy to 7.3%. The most frequent treatment changes were observed in the 10.8% of patients treated with LAMA
at 12 months after the initial diagnosis switching to LABA/LAMA after 24 months, and in the 4.6% of patients on
LABA/LAMA after 12 months switching to LABA/LAMA/ICS after 24 months (Figure 4).

Comparison with Treatment Guideline Recommendations

Of the patients with a 12-months follow-up, 2008 (14.1%) received an ICS-containing therapy within four weeks after
the initial diagnosis, which was not in line with 2012 and 2018 guideline recommendations. The same is true for 1019
incident patients who have been prescribed a LABA/LAMA/ICS therapy within 12 months after diagnosis. Of these, 702
patients (68.9%) had fewer than two outpatient diagnoses and no inpatient diagnosis of a prior exacerbation.
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Figure 3 Frequency of inhaled maintenance therapies per line of treatment.

Notes: Only based on patients receiving either long-acting bronchodilators or ICS; a combination treatment was assumed if the respective agents were prescribed within a
60-days window and a similar prescription behavior was repeated at least once.

Abbreviations: ICS, inhaled glucocorticosteroids; LABA, long-acting beta-agonist; LAMA, long-acting muscarinic antagonist.

T T T
Initial COPD diagnosis (index) At 12 months At 24 months At 36 months

Figure 4 Treatment cascades observed after incident COPD diagnosis in a sample of patients with a follow-up of 36 months (n=3,804).
Notes: Other treatments include use of LABA alone, ICS alone, roflumilast and methylxanthines (alone or in combination with other therapies).
Abbreviations: ICS, inhaled glucocorticosteroids; LABA, long-acting beta-agonist; LAMA, long-acting muscarinic antagonist.

Exacerbations and COPD-Related Hospitalizations

Of all incident COPD patients, 2,619 (15.0%) were initially diagnosed with an acute exacerbation (incident diagnosis was
ICD-10-GM code J44.1). Figure 5 shows the Kaplan-Meier curve evaluating the time to the first acute exacerbation
(hospitalization with the main diagnosis of ICD-10-GM code J44.1) after the index date (incident diagnosis). During the
available follow-up (median: 24.1 months), hospitalizations due to exacerbations were seen in less than half of the
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Proportion of
not exacerbated patients
5

Event-free function 95% Cl

0 6 12 18 24 30 36 42 48
Time since incident COPD diagnosis in months

N at-risk (failures) 17,464 13,879 12,870 10,346 7,865 5,389 3,352 1,482 4 0

Figure 5 Kaplan-Meier curve depicting the time to first severe exacerbation (hospitalization with main diagnosis ICD-10GM code J44.1) after incident COPD diagnosis.
Note: Censoring events: death or end of follow-up (31/03/2019).
Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease.

sample. After 12.2 months (95% CI: 10.0-14.4), a severe exacerbation requiring hospitalization occurred in one-tenth of
patients, and the mean event-free time restricted to the available follow-up period was 42.2 months (95% CI: 42.0-42.5).
The overall number of observed severe exacerbations requiring a hospitalization per patient-year was 0.16. This
number decreased to 0.08 when exacerbations observed as index events (incident diagnosis) were not taken into account.
Considering any COPD diagnosis (ICD-10-GM code J44.-), the COPD-related hospitalization rate was 0.19 per
patient-year, with 2,513 patients (14.4%) having at least one COPD-related hospitalization during the first 12 months
after the incident COPD diagnosis.

COPD-Related Direct Healthcare Costs

Based on the overall sample of incident patients and addressing the whole available patient-individual follow-up time,
Figure 6 outlines the identified direct COPD-related healthcare cost. The total of COPD-related direct costs per observed
patient-year was 3,693 €. The inpatient costs were the main driver, with 2,922 € per patient-year (79.1% of total costs). The

- 3,693 €
000 240€ 0€
247 €
3,500€ - .
2921€ ieas .
3,000€ - .
2,500 €
2,000 € -
1,500 € -
1,000 € A
500 €
- €
COPD-related COPD-related COPD-related Costs of long- COPD-related Total direct
inpatient medication  outpatient care term oxygen rehabilitation COPD-related
treatment costs costs costs therapy costs healthcare costs

Figure 6 COPD-related direct healthcare cost per patient-year.
Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease.
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observed COPD-related medication costs accounted for 7.7% of the total costs (285 € per patient-year), the outpatient cost
for 6.7% (246 € per patient-year), and the costs of long-term oxygen therapy for 6.5% (240 € per patient-year). The costs
incurred by COPD-related rehabilitation were negligible, with 0.37€ per patient-year. Moreover, COPD-related costs as
a whole accounted for one-tenth of total health care costs from the statutory health insurance (SHI) perspective (Figure S2).
Other common diagnoses included heart failure, pneumonia, and lung cancer.

Discussion

Our analyses show that German real-world COPD patients are rather old (mean age of 71.5 years) and suffer from a high
number of comorbidities (mean CCI [without age factor] of 5.3). This is in marked contrast to the typical COPD patient
included in clinical trials and raises the question of whether clinical trial results in highly selected and much younger patients
can simply be extrapolated to this population. This question is even more relevant as the proportion of patients receiving
oxygen therapy is quite high (>20%), and almost 20% of German COPD patients died within the first year after their initial
COPD diagnosis. This fact may in part explain why a significant proportion of these patients, almost 40%, did not receive
COPD medication. However, as the cause of death is not recorded in claims data, we could not assess the influence of COPD in
this dataset. However, because the overall annual mortality of persons in the age cohort >65 years in Germany was 5.3% in
2019, the mortality observed in this study indicates a considerable COPD-associated excess mortality.

In the analyzed sample, the median time to the initiation of any inhaled maintenance therapy after incident diagnosis of COPD
was estimated to be 4.4 months, with a proportion of patients who did not receive any maintenance regimen, including ICS, after
12, 24, and 36 months of 43.8%, 39.2%, and 36.0%. Most of these patients were initially diagnosed during hospitalization.
However, in the vast majority of them, COPD was not the main diagnosis, so many patients did not subsequently receive
outpatient pharmacological treatment. Therefore, we recommend further investigation of the interface between inpatient and
outpatient sectors to improve intersectoral care of patients with newly diagnosed COPD, for example, by implementing more
proactive therapeutic approaches to prevent COPD progression to exacerbation as previously described.***

Some of the untreated patients suffered from a very low FEV, indicating a high probability that immediate treatment
with maintenance therapies might have been needed and helpful. However, the majority of these patients already needed
regular care, demonstrated by a documented level of need for care according to statutory long-term care insurance, and it
is probable that a substantial percentage of these patients live in a nursing home or receive regular domestic care.
Whether this explains the presumed undertreatment with inhaled maintenance therapies is unknown, but we recommend
that the quality of care of these patients should be investigated more in detail. Since previous studies have shown that
early use of long-acting bronchodilators as maintenance therapy is beneficial, more emphasis should be placed on early
treatment in patients with suspected COPD diagnosis to slow disease progression.”®

Among treated patients, about one-third of the patients started their treatment with a LABA/LAMA combination, one-
fourth received a LAMA monotherapy, whereas around one-sixth received LABA/ICS, and only eight percent started
a triple-therapy (LABA/LAMA/ICS). So, the majority of initial prescriptions for newly diagnosed COPD patients was in
line with current COPD guideline recommendations. However, treatment of triple-therapy patients is not in line with
current treatment guidelines as these do not recommend the initial use of triple-therapy.'” In addition, the use of triple
therapy was not consistent with previously documented exacerbations, which were missing in almost 70% of all triple
therapy prescriptions within the first year after diagnosis. One factor that may have contributed to the prescription of triple
therapy in patients without exacerbation in clinical practice is that some physicians perceive LABA/LAMA/ICS to be more
effective than LABA/LAMA in relieving symptoms and improving lung function (“3 must be better than 2”’) which has
been observed in the UK,?’ Japan,28 and elsewhere.?’ ! Recent randomized trials have demonstrated a reduction in
mortality and exacerbations among patients with symptomatic COPD treated with inhaled triple therapy (LABA/LAMA/
ICS) compared with patients treated with dual therapy®** (LABA/LAMA). However, real-world data from the UK showed
that in patients with COPD who were newly prescribed LABA/LAMA/ICS, all-cause mortality and the number of severe
exacerbations increased slightly in the first year of use, as compared with those initiating treatment with LAMA and
LABA.** In addition, a recent pooled analysis of patients with mild-to-very-severe COPD and predominantly low
exacerbation risk showed no differences in mortality with LAMA/LABA vs LAMA/LABA/ICS.*® As there has been no
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increase in mortality in patients with a history of exacerbations or asthma, escalation of treatment to triple therapy should
occur only when recommended.

While our study demonstrated that the proportion of COPD patients receiving LABA/LAMA/ICS is currently rather
low, previous data from a German registry (DACCORD) in 2016 indicated that 36.4% of the patients are on LAMA
monotherapy, 16.1% on LABA/LAMA, and 29% on triple-therapy.>® The same study also showed that treatment with
LABA/LAMA/ICS did not improve outcomes compared with dual bronchodilation in terms of either exacerbations or
health status based on a matched-pairs analysis.>’ So, the percentage of treated patients and the percentage of patients on
triple-therapy were higher in DACCORD, which might be explained by the fact that all these patients were included in
a registry and, in that sense, were pre-selected, whereas in our study, only newly diagnosed COPD cases were observed.
In another recent study based on electronic medical records, Quint et al reported that the most common pathway to triple
COPD therapy is LABA/ICS therapy or no previous therapy.>® We can confirm that most of our observed triple-therapy
patients did not receive any previous maintenance treatment, but the percentage of patients who received a previous
mono- or dual-therapy and then switched to triple-therapy was very low. A few years ago, the COSYCONET study
showed a very different picture with respect to the use of ICS in COPD patients with low exacerbation rates.
Accordingly, two-thirds of these patients had received ICS despite opposite recommendations in clinical guidelines.*
The present study, therefore, clearly shows that a rebalancing of the early use of ICS in clinical practice has taken place.
Based on our longitudinal analysis of treatment patterns in the first three years after the incident COPD diagnosis in those
patients who could be observed for these three years, 22.5% of the patients were treated with LABA/LAMA within 36
months (compared to 19.4% within the first 12 months), 12.3% of the patients were treated with LAMA only (with
a similar proportion observed after 12 months), 11.6% were treated with LABA/ICS (compared to 9.4% after 12 months),
and only 7.3% of patients progressed to triple-therapy (compared to 5.7% after 12 months).

In the overall follow-up period, a rate of exacerbation-/COPD-related hospitalizations of 0.16/0.19 per patient-year
was observed. In addition, more than one in five patients received oxygen therapy during the observable follow-up
period. Our cost analysis demonstrated the respective associated high economic burden of COPD, which is consistent
with previous findings from the literature.*®*' The overall direct COPD-related costs were 3,693 € per patient-year, with
COPD-related hospitalizations being responsible for about 79.2% of these costs. These numbers are slightly lower with
regard to outpatient and medication costs in comparison to an earlier analysis published by Wacker et al.>* This might be
related to our large percentage of untreated patients and our observation of incident COPD patients only. In addition, the
above previous analysis considered all-cause medication costs, whereas we only considered costs directly related to
COPD medications. In our study, however, only about 10% of all-cause costs were directly related to COPD. Because
respiratory complications (pneumonia, lung cancer, etc.) or cardiovascular comorbidities (eg, heart failure) may be
fundamentally related to COPD, the total COPD-related costs are likely higher than reported here.

There are some limitations of this retrospective claims data analysis that need to be acknowledged. Firstly, we were only
able to assess the comorbidity history as well as the treatment history of our patients for a baseline period of 12 months.
Secondly, we did not include patients if they had been diagnosed by GPs only, so there is a risk of underestimating the
incidence of COPD. However, as there exists a trade-off between the accuracy of COPD diagnoses and the higher
generalizability of data, we decided to focus on reliably diagnosed COPD patients. For this reason, we also excluded all
patients aged below 40 years and/or who had received a diagnosis of asthma after the incident COPD diagnosis. Treatment
patterns and cost of these patients might differ from the included patients, but uncertainty around diagnosis reliability of
these patients led us to exclude them. Thirdly, an exact assessment of the severity of disease was not feasible in our study,
given the nature of the data. So, even if it is unlikely that all untreated patients did not require any inhaled maintenance
therapy, our conclusions are limited in this way. Fourthly, our longitudinal analysis of treatment patterns in the three years
after the incident diagnosis addressed patients who survived the first 36 months only. Thus, the respective results can be
influenced by an immortal time bias. The same bias applies to the 12-month study cohort, which was analyzed to assess
adherence to guideline recommendations. We accepted these limitations as the objective of the respective analyses was to
observe long-term treatment patterns in patients who were treated for 12 and 36 months, respectively. Finally, any treatment
rationale around the initiation of escalation therapies was not documented in the dataset. So, a final assessment of the level
of guideline adherence of the treatment of patients is limited by this lack of data.
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However, the main strength of this study is the analysis of a large, unbiased incident COPD patient sample with
coverage of all relevant outpatient and inpatient prescriptions (no missing prescriptions due to treatment by more than
one physician and/or treatment by both outpatient and inpatient physicians).

Conclusion

Although COPD in Germany is associated with a substantial patient and economic burden, a high proportion of newly
diagnosed patients remains untreated after the incident diagnosis. It was found that these patients were often initially
diagnosed in the inpatient setting while suffering from other serious comorbidities such as heart failure. Therefore, early
prescription of long-acting bronchodilators for these patients according to current COPD guidelines could reduce the
likelihood of exacerbations and disease progression, thereby significantly improving survival prognosis while avoiding
treatment with ICS whenever possible to keep the medication-related burden low. In addition, interdisciplinary and cross-
sectoral care of COPD patients should be improved in order to ensure early treatment initiation.
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