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Purpose: Chronic obstructive pulmonary disease (COPD) is characterized by high morbidity and mortality, with a considerable
consumption of healthcare resources (HRU). This study aims to obtain real world evidence regarding the consequences of COPD
exacerbations and to provide updated data on the burden of this disease and its treatment.

Patients and Methods: A retrospective study in seven Spanish regions was conducted among COPD patients diagnosed between 1/
01/2010 and 31/12/2017. The index date was the diagnosis of COPD and patients were followed until lost to follow-up, death or end of
the study, whichever occurred first. Patients were classified by patient pattern (incident or prevalent), type and severity of exacerba-
tions, and treatments prescribed. Demographic and clinical characteristics were evaluated, together with the incidence of exacerba-
tions, comorbidities, and the use of HRU, during the baseline (12 months before the index date) and the follow-up periods by incident/
prevalent and treatment prescribed. Mortality rate was also measured.

Results: The study included 34,557 patients with a mean age of 70 years (standard deviation: 12). The most frequent comorbidities
were diabetes, osteoporosis, and anxiety. Most patients received inhaled corticosteroids (ICS) with long-acting beta agonists (LABA),
or long-acting muscarinic agonists (LAMA), followed by LABA with LAMA. Incident patients (N=8229; 23.8%) had fewer
exacerbations than prevalent patients (N=26328; 76.2%), 0.3 vs 1.2 exacerbations per 100 patient-years. All treatment patterns present
a substantial disease burden, which seems to increase with the evolution of the disease (ie moving from initial treatments to
combination therapies). The overall mortality rate was 40.2 deaths/1000 patient-years. General practitioner visits and tests were the
HRU most frequently required. The frequency and severity of exacerbations positively correlated with the use of HRU.
Conclusion: Despite receiving treatment, patients with COPD suffer a considerable burden mainly due to exacerbations and
comorbidities, which require a substantial use of HRU.
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Introduction
Chronic obstructive pulmonary disease (COPD) causes airflow obstruction, which is not fully reversible." According to
the World Health Organization (WHO), it is estimated that 3.3 million people died of COPD in 2008, which corresponds
to 5.8% of deaths globally.? The WHO predicts that COPD will become the third leading cause of death worldwide by
2030.% In addition, COPD was reported to be the fourth leading cause of death in Spain in 2016.°

COPD symptoms include cough, sputum, and dyspnoea, and can vary in terms of frequency and severity.* Patients
with COPD also experience periods of acute worsening of respiratory symptoms, called exacerbations. These events are
triggered by factors such as smoking, pollution, and respiratory viruses and bacteria, which can infect the lower airways
and increase inflammation.”® Most patients with exacerbations can be managed in outpatient centres and receive
pharmacological therapies, but others might require hospitalization, due to severe exacerbations.’
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The pharmaceutical treatment of COPD is mainly based on long-term bronchodilator therapy.*® The cornerstone of
COPD treatment is a combination of long-acting muscarinic antagonists (LAMA) and long-acting beta agonists (LABA),
with or without inhaled corticosteroids (ICS), to decrease inflammation and exacerbation rates.”'® Patients who have
experienced moderate or severe exacerbations are more susceptible to recurrent exacerbations.'' If COPD patients
experience moderate (2 or more) or severe exacerbations, triple therapy with LABA, LAMA and ICS is indicated.'?

Although the progression of COPD is heterogeneous, exacerbations cause a significant decrease in lung function.'*'*
In particular, severe exacerbations are associated with cardiovascular complications and high mortality rates, and they
have a negative impact on patients’ quality of life."* '® Therefore, the management of COPD exacerbations is linked to
high healthcare resource utilization, which is a considerable burden on healthcare systems.'’2°

In Spain, observational studies on the management of COPD exacerbations in clinical practice are scarce. Thus, the
aim of this study was to address the evidence gap regarding to the impact of exacerbations, and to provide updated
clinical data on the treatment patterns and the burden of this disease in Spain. In particular, the primary objective was to
assess the pattern distribution and consequences (mortality and health use resources) of moderate to severe COPD
exacerbations in two separate cohorts of patients with COPD (prevalent and incident patients). The secondary objectives

were to describe the treatment patterns and to estimate the burden of COPD by treatment pattern, in both populations.

Materials and Methods

Data Source

AvoidEx was a retrospective, observational, multicenter, and longitudinal study carried out on secondary data unified in
the dissociated and anonymized BIG-PAC® database, according to clinical practice in Spain. BIG-PAC® contains the
integrated records of general practitioner (GP) visits (primary care), emergency care, pharmacy dispensation/prescription
data (verified daily dose records, time intervals, and duration of each treatments administered), hospital admissions,
working days lost and disability data, and deaths. BIG-PAC® is registered with the European Network of Centers for
Pharmacoepidemiology and Pharmacovigilance which operates under the directive of the European Medicines Agency
(EMA). Data were obtained from electronic medical records and other supplementary databases of financing/provision of
public services to seven Spanish Autonomous Communities (1.9 million patients). BIG-PAC®™ has proven to be
representative of the Spanish population.*'**

The study protocol was approved by the Institutional Research Board of the Hospital de Terrassa in Barcelona (Ethic
committee code: 02-20-399-092) on 21 September 2020. Patient consent was not obtained as Spanish legislation
excludes existing data that are aggregated for analysis. All personal data were removed as specified in Spanish Law
15/1999, of 13 December 1999, on Personal Data Protection.

Patient Population
Data for patients aged >40 years with a codified diagnosis of COPD between 1 January 2010 and 31 December 2017
were evaluated (Figure S1). The date of COPD diagnosis was considered the index date of the study population.
A diagnosis of COPD was defined by using the International Classification of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM),* code J44 in primary or secondary care.

A minimum of 12-months of history prior to index date (baseline period) was required as well as a minimum 12-
months of subsequent follow-up period. Patients were followed until lost to follow-up, death or the end of the study,
whichever occurred first.

Patient Subgroups
Patients were classified as either incident (newly diagnosed) or prevalent (previously diagnosed) patients. Incident
patients were those diagnosed with COPD for the first time between 1 January 2010 and 31 December 2017; prevalent
patients were those who had been diagnosed before 1 January 2010.

To assess the consequences of exacerbations, subgroups of patients were defined by patient pattern, type and severity
of exacerbations. According to the number and severity of patient exacerbations, the study population was grouped into 4
categories: A (0 exacerbations), B (1 moderate exacerbation), C (1 severe exacerbation), and D (>2 moderate and/or >2
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severe exacerbations). These classifications were based on exacerbations registered in prevalent patients during the
baseline period (last 12 months before inclusion) and those reported in incident and prevalent patients during the follow-
up period.

Patients were also divided into subgroups according to the treatment they had been prescribed for COPD during the
baseline period. The study considered five treatments: 1) monotherapy with LAMA or LABA, 2) monotherapy with
ICS, 3) combinations of LABA with LAMA, 4) combinations of ICS with LABA or ICS with LAMA and 5)
combinations of ICS with LABA and LAMA (open triple therapy).

Variables Analyzed
Demographic and Clinical Characteristics
Demographic and clinical characteristics of patients were analyzed at the baseline. Demographic variables included age
(continuous and by range), sex and body mass index (BMI). Clinical characteristics included forced expiratory volume in
1 second (FEV,)/forced vital capacity (FVC) values and eosinophil levels, and comorbidities (pneumonia, asthma,
osteoporosis, diabetes, ischemic heart disease, peripheral arterial disease, stroke, atrial fibrillation, dementia, heart failure,
malignant neoplasms, depression and anxiety). The average number of comorbidities per patient was also estimated.
For exacerbations, this study considered moderate exacerbations as those that required the prescription of antibiotics
and/or oral corticosteroids (OCS); severe exacerbations were defined as those that required hospital admission (ICD-10-
CM code J44 as the primary diagnosis or J44.0/J44.1 as the secondary diagnosis) or an emergency room (ER) visit (ICD-
10-CM code J44.0/J44.1 in outpatient hospital care). If more than one of these events occurred within a 2-week window,
they were considered as one exacerbation. The number of patients and the incidence rate of exacerbations were both
estimated during the follow-up period of the study.

Treatments

The consumption of medicines and other healthcare resources was estimated during the follow-up period. Medicines
were identified according to the drug dispensation records and according to the Anatomical Therapeutic Chemical (ATC)
Classification System (Table S1).** The drugs considered in the study were those for obstructive airway diseases (code
RO03), glucocorticoids (code HO2AB) and antibiotics (codes JOIAA and JOICA).

Death

All-cause mortality was estimated during in the follow-up period in terms of the number of deaths and mortality rates per
1000 patient-years (p-y). These results were estimated in the overall prevalent and incident population and by exacer-
bation categories to assess the impact of exacerbations categories on mortality.

Healthcare Resources

Healthcare resource use associated with the management of COPD and those not related to COPD were identified during
the first year after the index date. They included primary care visits (GP), ER visits, hospitalizations, specialized care
visits, and complementary tests (laboratory tests, radiology tests, computerized tomography scans, magnetic resonance
imaging, lung pulmonary function test, among others). Hospitalizations were reported as the percentage of total number
of patients hospitalized, the length of hospitalization, and the number of inpatients per 100 p-y.

Data Management and Statistical Analysis
All patient records available during the study period were obtained, and their characteristics were described in relation to
the index date (baseline and follow-up outcomes). The data were carefully reviewed through exploratory analysis and by
observing the frequency distributions to identify possible coding or recording errors. All categorical variables were
summarized with absolute and relative frequencies. Statistical analyses were descriptive and were conducted among the
overall study population and subgroups (eg, according to patient pattern, type and severity of exacerbations and treatment
prescribed).

Absolute and relative frequencies were obtained for qualitative data; the mean, standard deviation (SD), median, 25th
and 75th percentiles of the distribution (interquartile range) are reported for quantitative variables. The 95% confidence
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intervals (CI) were based on the total number of subjects with non-missing values. The normality of the data distribution
was verified with the Kolmogorov—Smirnov test.

Results

Baseline Characteristics of the Study Population

The study included 34,557 patients with a mean age of 70 years (SD: 12). Prevalent patients (n=26,328; 76.2%) were
older than incident patients (n=8229; 23.8%) (73 [SD: 10] vs 57 years [SD: 9], respectively). The proportion of males
was similar in both groups (incident patients: 70.5%; prevalent patients: 71.6%) (Table 1).

Mean FEV{/FVC ratio was 61.4 (SD: 8) overall and was higher in incident patients than prevalent patients (65.1 [SD:
6.5] vs 60.3 [SD: 8.1], respectively). Mean eosinophil concentration (cells/pL) was higher in prevalent patients compared
with incident patients (173.0 [SD: 101.9] vs 167.2 [SD: 97.0], respectively). Most patients had eosinophil levels between
>150 cells/uL and <300 cells/uL (47.4%), followed by those with levels <150 cells/uL (44.4%) (Table 1).

The comorbidities observed most frequently were diabetes (21.9%), osteoporosis (17.0%), anxiety (16%) and atrial
fibrillation (14.7%). These percentages were similar in incident and prevalent patients. In the prevalent population, most
patients with exacerbations belonged to categories A (48.2%) and B (41.6%) (Table 1). Different patterns of comorbid-
ities were not observed across the exacerbation categories A to D (Table S2).

The most common COPD treatments in the study population were combinations of ICS with LABA or LAMA (38.2%),
followed by combinations of LABA with LAMA (22.8%), and LABA or LAMA monotherapy (21.8%) (Table 2). Most of
incident patients were treated with LABA or LAMA monotherapy (56.6%) and combinations of ICS with LABA or LAMA
(28.9%), whereas prevalent patients mainly received combinations of ICS with LABA or LAMA (41.1%) or combinations of
LABA with LAMA (26.7%) (Table 1 and Table S3). In addition, 45.2% of patients were prescribed at least one OCS during the
baseline period (29.3% in the incident population; 50.2% in the prevalent population) (Table 1).

Baseline characteristics of the study population by medication subgroup are reported in Table 2. Patients who
received LABA or LAMA were younger than the other subgroups (particularly compared with those who had received
ICS with LABA and LAMA, 62.3 years (SD: 12.5) vs 74.4 years (SD: 10.2), respectively). The FEV,/FVC ratio was
higher in patients treated with LAMA or LABA and ICS (68.2 [SD: 3.6] vs 68.5 [SD: 3.7], respectively). Most patients
who received any OCS during the baseline period had eosinophil levels <150 cells/uL (51.2%) and between >150 to 300

Table | Baseline Characteristics, Overall and by Prevalent and Incident Patients

Prevalent Incident Total
No of patients, n (%) 26,328 (76.2) 8229 (23.8) 34,557 (100)
Age, mean (SD) 73.4 (10.7) 57.1 (8.6) 69.5 (12.4)
Sex, n (%); men 18,848 (71.6) 5801 (70.5) 24,649 (71.3)
Values
FEV,/FVC percent of predicted, mean (SD) 60.3 (8.1) 65.1 (6.5) 61.4 (8)
Eosinophils (cells/uL), mean (SD) 173 (101.9) 167.2 (97) 171.6 (100.8)
Eosinophils, n (%)
<150 cells/pL 11,602 (44.1) 3745 (45.5) 15,347 (44.4)
2150 and <300 cells/pL 12,438 (47.2) 3955 (48.1) 16,393 (47.4)
2300 and <450 cells/pL 1856 (7) 410 (5) 2266 (6.6)
2450 cells/pL 432 (1.6) 119 (1.4) 551 (1.6)
BMI, mean (SD) 289 (4.7) 29.0 (5.0) 29.0 (4.8)
(Continued)
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Table | (Continued).

Prevalent Incident Total
Comorbidities, n (%)
Pneumonia 1792 (6.8) 471 (5.7) 2263 (6.5)
Asthma 3152 (12) 765 (9.3) 3917 (11.3)
Osteoporosis 4560 (17.3) 1302 (15.8) 5862 (17)
Diabetes 5632 (21.4) 1928 (23.4) 7560 (21.9)
Ischaemic heart disease 2776 (10.5) 682 (8.3) 3458 (10)
PAD 1888 (7.2) 426 (5.2) 2314 (6.7)
Stroke 1256 (4.8) 209 (2.5) 1465 (4.2)
Atrial fibrillation 4096 (15.6) 990 (12) 5086 (14.7)
Dementia 968 (3.7) 195 (2.4) 1163 (3.4)
Heart failure 3672 (13.9) 1061 (12.9) 4733 (13.7)
Malignant neoplasm 2696 (10.2) 783 (9.5) 3479 (10.1)
Depression 2440 (9.3) 601 (7.3) 3041 (8.8)
Anxiety 4024 (15.3) 1518 (18.4) 5542 (16.0)
Exacerbations, n (%)
Category A 12,680 (48.2) N/AT N/A
Category B 10,960 (41.6) N/A N/A
Category C 1656 (6.3) N/A N/A
Category D 1032 (3.9) N/A N/A
Medication at index date, n (%)
ICS monotherapy 1744 (6.6) 249 (3.0) 1993 (5.8)
LAMA or LABA monotherapy 2888 (11) 4658 (56.6) 7546 (21.8)
Combinations of LABA with LAMA 7040 (26.7) 849 (10.3) 7889 (22.8)
Combinations of ICS with LABA or ICS with LAMA 10,808 (41.1) 2378 (28.9) 13,186 (38.2)
Combinations ICS with LABA and LAMA (open triple therapy) 3848 (14.6) 95 (1.2) 3943 (11.4)
Any OCS prescription during the baseline period, n (%) 13,225 (50.2) 2410 (29.3) 15,635 (45.2)

Notes: Category A: 0 exacerbations; category B: | moderate exacerbation (ATC code H02AB) or antibiotics (ATC code JOIAA, JOICA); category C: |
severe exacerbation. Hospitalizations (ICD-10-CM code 44 as primary diagnosis or J44.0/J44.1 as secondary diagnosis) or emergency visits (ICD-10-
CM code J44.0/J44.1 in outpatient hospital care); category D: 22 moderate and/or 22 severe exacerbations. TIncident patients were not diagnosed with
COPD until the index date (after the baseline period), therefore there is no recording of COPD exacerbations for these patients at baseline.
Abbreviations: ATC, Anatomical Therapeutic Chemical (classification system); BMI, body mass index; FEV,/FVC, forced expiratory volume in | second/forced
vital capacity; ICD-10-CM, International Classification of Diseases, Tenth Revision, Clinical Modification; ICS, inhaled corticosteroids; LABA, long-acting beta
agonists; LAMA, long-acting muscarinic antagonists; N/A, not applicable; OCS: oral corticosteroids; PAD, peripheral artery disease; SD, standard deviation.

cells/uL levels (37.9%). Mean eosinophils concentration was lower for LABA or LAMA and ICS subgroups (161.4 cells/
pL [SD: 94.8] vs 162.8 cells/uL [SD: 90.4], respectively). Exacerbations by treatment subgroup in the prevalent

population are shown in Table S4.
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Follow-Up Period

Exacerbations

As shown in Table 3, 13,648 prevalent patients (51.8%) suffered at least one exacerbation during the baseline period. The
overall average was 1.3 exacerbations (SD: 0.3). Most of them belonged to category B (80.3%) and had one exacerbation

Table 2 Baseline Characteristics by Medication at Index Date

LAMA or ICS LABA with ICS with ICS with Any OCS
LABA LAMA LABA or LABA and During
LAMA LAMA Baseline*
No of patients, n (%) 7546 (21.8) 1993 (5.8) 7889 (22.8) 13,186 (38.2) 3943 (11.4) 15,635 (45.2)
Age, mean (SD) 62.3 (12.5) 70.4 (12) 71 (11.6) 71.1 (11.8) 744 (10.2) 72.3 (12.6)
Sex, n (%), men 5403 (71.6) 1319 (66.2) 5960 (75.5) 9143 (69.3) 2824 (71.6) 11,430 (69.8)
Values
FEVI/FVC percent of predicted, 68.2 (3.6) 68.5 (3.7) 60.1 (6.6) 60.5 (6.5) 50.6 (8) 60.5 (8.2)
mean (SD)
Eosinophils (cells/uL), mean (SD) 161.4 (94.8) 162.8 (90.4) 177.2 (106) 171.6 (100.5) 185 (104.5) 178.6 (107.4)
Eosinophils, n (%)
<150 cells/pL 3592 (47.6) 887 (44.5) 3352 (42.5) 5929 (45) 1587 (40.2) 8005 (51.2)
2150 and <300 cells/uL 3510 (46.5) 1021 (51.2) 3777 (47.9) 6144 (46.6) 1941 (49.2) 5926 (37.9)
2300 and <450 cells/pL 381 (5) 77 (3.9) 529 (6.7) 936 (7.1) 343 (8.7) 1423 (9.1)
2450 cells/pL 63 (0.8) 8 (0.4) 231 (2.9) 177 (1.3) 72 (1.8) 281 (1.8)
BMI, mean (SD) 289 (4.7) 28.9 (4.3) 28.9 (4.8) 29.1 (4.8) 28.9 (4.7) 29 (4.8)
Comorbidities, n (%)
Pneumonia 176 (2.3) 63 (3.2) 328 (4.2) 1529 (11.6) 167 (4.2) 1265 (7.7)
Asthma 637 (8.4) 118 (5.9) 1013 (12.8) 1541 (11.7) 608 (15.4) 2215 (13.5)
Osteoporosis 1224 (16.2) 532 (26.7) 1211 (15.4) 2199 (16.7) 696 (17.7) 3122 (19.1)
Diabetes 1486 (19.7) 420 (21.1) 1734 (22) 3045 (23.1) 875 (22.2) 3689 (22.5)
Ischaemic heart disease 583 (7.7) 193 (9.7) 816 (10.3) 1231 (9.3) 635 (l6.1) 1915 (11.7)
PAD 449 (6) 66 (3.3) 565 (7.2) 836 (6.3) 398 (10.1) 1210 (7.4)
Stroke 306 (4.1) 55 (2.8) 306 (3.9) 555 (4.2) 243 (6.2) 821 (5)
Atrial fibrillation 872 (11.6) 374 (18.8) 1162 (14.7) 1898 (14.4) 780 (19.8) 2964 (18.1)
Dementia 183 (2.4) 31 (1.6) 340 (4.3) 459 (3.5) 150 (3.8) 702 (4.3)
Heart failure 922 (12.2) 225 (11.3) 1124 (14.2) 1884 (14.3) 578 (14.7) 2769 (16.9)
Malignant neoplasm 565 (7.5) 192 (9.6) 911 (11.5) 1325 (10) 486 (12.3) 1910 (11.7)
Depression 422 (5.6) 103 (5.2) 879 (11.1) 1150 (8.7) 487 (12.4) 1813 (I1.1)
Anxiety 1144 (15.2) 248 (12.4) 1244 (15.8) 2118 (l6.1) 788 (20) 2973 (18.1)
Comorbidities, mean (SD) 1.2 (1.2) 1.3 (1.3) 1.5 (1.4) 1.5 (1.4) 1.7 (1.6) 1.7 (1.5)
(Continued)
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Table 2 (Continued).

LAMA or ICS LABA with ICS with ICS with Any OCS
LABA LAMA LABA or LABA and During
LAMA LAMA Baseline*

Exacerbations, n (%)
Category A 5132 (68) 1112 (55.8) 3598 (45.6) 6364 (48.3) 1435 (36.4) -
Category B 2025 (26.8) 725 (36.4) 3477 (44.1) 5500 (41.7) 1918 (48.6) 12,411 (79.4)
Category C 232 (3.1) 85 (4.3) 528 (6.7) 844 (6.4) 328 (83) 1977 (12.6)
Category D 157 (2.1) 71 (3.6) 286 (3.6) 478 (3.6) 262 (6.6) 1247 (8)

Notes: Category A: 0 exacerbations; category B: | moderate exacerbation (ATC code H02AB) or antibiotics (ATC code JOIAA, JOICA); category C: | severe exacerbation.
Hospitalizations (ICD-10-CM code J44 as primary diagnosis or J44.0/J44.1 as secondary diagnosis) or emergency visits (ICD-10-CM code J44.0/J44.1 in outpatient hospital
care); category D: 22 moderate and/or 22 severe exacerbations. *Subcategory (not mutually exclusive).

Abbreviations: ATC, Anatomical Therapeutic Chemical (classification system); BMI, body mass index; FEV,/FVC, forced expiratory volume in | second/forced vital
capacity; ICD-10-CM, International Classification of Diseases, Tenth Revision, Clinical Modification; ICS, inhaled corticosteroids; LABA, long-acting beta agonists; LAMA,
long-acting muscarinic antagonists; OCS, oral corticosteroids; PAD, peripheral artery disease; SD, standard deviation.

Table 3 Exacerbations in the Follow-Up Period, Prevalent and Incident Patients (Only in Patients with 2|1 Moderate
to Severe Exacerbation During the Baseline Period)

Prevalent Incident
Baseline Follow-Up Follow-Up
n % n % n %
Patients with baseline exacerbations, n (%) 13,648 100.0 13,648 100.0 8229 100.0
Category A 325 2.4 5744 69.8
Category B 10,960 80.3 10,493 76.9 1847 224
Category C 1656 12.1 1725 12.6 433 5.3
Category D 1032 7.6 1105 8.1 205 25
Patients with baseline exacerbations, n (%) 13,648 100.0 13,648 100.0 8229 100.0
0 exacerbations 325 2.4 5744 69.8
| exacerbation 10,887 79.8 12,218 89.5 2280 27.7
2 exacerbations 1524 1.2 1014 74 195 24
2 3 exacerbations 1237 9.1 9l 0.7 10 0.1
Exacerbations per patient, mean (SD) 1.3 (0.3) 1.2 (0.3) 0.3 (0.5)
Exacerbations per 100 patient-years, mean (95% ClI) 1.3 (1.1-1.5) 1.2 (1.0-1.4) 0.3 (0.2-0.4)

Notes: Category A: 0 exacerbations; category B: | moderate exacerbation (ATC code H02AB) or antibiotics (ATC code JOIAA, JOI CA); category C: |
severe exacerbation. Hospitalizations (ICD-10-CM code J44 as primary diagnosis or J44.0/J44.1 as secondary diagnosis) or emergency visits (ICD-10-
CM code J44.0/)44.1 in outpatient hospital care); category D: 22 moderate and/or 22 severe exacerbations.

Abbreviations: ATC, Anatomical Therapeutic Chemical (classification system); Cl, confidence interval; ICD-10-CM, International Classification of
Diseases, Tenth Revision, Clinical Modification; SD, standard deviation.

(79.8%). Prevalent patients who suffered at least one exacerbation during the baseline period showed similar results
during the follow-up period, as most of them were classified in category B (76.9%) and had one exacerbation (89.5%).
The overall average number of exacerbations during the follow-up period in these patients was 1.2 (SD: 0.3) (Table 3).
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The incidence of exacerbations by treatment subgroup is reported in Table S5. The prevalence of exacerbations in
patients on treatment with ICS with LABA and LAMA was 63.6% and in those on treatment with LABA with LAMA
was 54.5%. Most of patients in all treatment subgroups had at least one exacerbation (from 80.2% to 90.8%).

Most incident patients did not have any exacerbations during the follow-up period (69.8% were in category A), but
27.7% experienced at least one exacerbation. An average of 0.3 exacerbations (SD: 0.5) was reported in this subgroup of
patients (Table 3). When treatment groups were taken into account, it was estimated that patients on treatment with ICS
with LABA and LAMA (open triple therapy) experienced the highest rate of exacerbations (0.5 exacerbations [SD: 0.6]),
likely reflecting current disease status. Patients were included in categories C and D most frequently in the ICS with
LABA and LAMA subgroup (11.6% and 5.3%, respectively) (Table S5).

Mortality

Mortality rates were estimated in incident and prevalent patients, according to their exacerbation category at the baseline.
The overall mortality rate in incident patients was lower than in prevalent patients (27.1 deaths per 1000 p-y [95% CI:
18.4-39.8] vs 42.7 deaths per 1000 p-y [95% CI: 38.4-47.5] (Table S6).

Among the incident patients, those included in category D had the highest mortality rate (96.7 deaths per 1000
p-y [95% CI: 50.4-177.4]), followed by those in category C (82.3 deaths per 1000 p-y [95% CI: 44.8-146.4]) and
category B (36.8 deaths per 1000 p-y [95% CI: 22.2-60.4]). Prevalent patients in category D presented the highest
mortality rate (155,4 deaths per 1000 p-y [95% CI: 132.2-181.8]), followed by those in category C (144,7 deaths per
1000 p-y [95% CI: 126.2—-165.5]), category B (43.3 deaths per 1000 p-y [95% CI: 36.8-51]), and category A (26.0 deaths
per 1000 p-y [95% CI: 20.2-33.2]) (Table S6).

Healthcare Resources

Healthcare resource use was estimated in incident and prevalent patients, during the baseline and follow-up period, and
considered the resources associated and not associated with management of COPD. In general, the healthcare resources
most frequently required were GP visits and complementary tests. Prevalent patients were admitted to hospitals more
frequently (baseline period: 14.5 [95% CI: 14.1-14.9] and follow-up period: 15.3 [95% CI: 14.9-15.7]) compared with
incident patients (baseline period: 7.7 [95% CI: 7.1-8.3] and follow-up period: 7.9 [95% CI: 7.3-8.5]) (Table 4).
Healthcare resource use was also estimated in incident and prevalent patients by treatment type. Patients on treatment
with ICS with LABA and LAMA reported higher healthcare resources use (Tables S7-S9), again likely reflecting current
disease status. In addition, prevalent patients in category D required more healthcare resources compared to the other
groups (Table S10).

Discussion
This large and representative cohort of patients with COPD in Spain shows that the burden of COPD exacerbation is
different between newly diagnosed patients (incident population) and prevalent (previously diagnosed) patients. It is
possible that this difference directly relates to the progressive nature of the disease and the impact of having clinical
deterioration (ie, an exacerbation). Half of the prevalent population showed one or more exacerbations during the
baseline period, but incident patients barely presented with exacerbations and 70% did not have an exacerbation in the
follow-up period. In terms of the consequences of exacerbations, it should be noted that the overall annual mortality rate
was 40.2 deaths per 1000 p-y (Table S6), with the highest mortality rate in category D (>2 moderate and/or >2 severe
exacerbations). The rate of hospitalization was double for prevalent versus incident patients. The main treatments
prescribed for COPD in the study population were ICS with LABA or LAMA followed by LABA with LAMA. All
treatment patterns had substantial disease burden, which appeared to increase with the evolution of the disease (ie,
transitioning from initial treatments to combination therapies). Different patterns of comorbidities were not observed
across the exacerbation categories considered.

Incident patients had fewer exacerbations compared with prevalent patients (1.3 vs 0.3). This is probably associated
with the fact that incident patients were younger and had a less advanced disease, with less lung function impairment and
lower eosinophil counts than prevalent patients, although incident patients had a similar number of comorbidities. These
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Table 4 Healthcare Resource Use

Prevalent Incident Total
Baseline Follow-Up Baseline Follow-Up Baseline Follow-Up
No of patients, n (%) 26,328 (76.2) 8229 (23.8) 34,557 (100)
Healthcare resource use due to COPD, n (%)
Inpatient hospitalizations 0.1 (0.3) 0.1 (0.3) N/AT 0 (0.1) 0.1 (0.3) 0.1 (0.3)
Outpatient hospital contacts 0.8 (1.6) 0.8 (1.7) N/A 0.2 (0.7) 0.6 (1.4) 0.7 (1.5)
ER visits 0.5 (0.7) 0.5 (0.7) N/A 0.1 (0.3) 0.4 (0.6) 0.4 (0.6)
GP visits 332 3.1 33) N/A 2.1 2.2) 2.7 (3) 29 (3.1)
Complementary test 2.4 (1.3) 2.2 (1.3) N/A 0.7 (0.6) 2(1.4) 1.9 (1.4)
Hospitalization mean length of stay in days, mean (SD) 0.6 (1.7) 0.8 (1.9) N/A 0.1 (0.4) 0.5 (1.5) 0.6 (1.7)
Inpatients per 100 patient-years, n (95% CI) 10.1 (9.7-10.5) 13.1 (12.7-13.5) N/A 0.6 (0.4-0.8) 7.8 (7.5-8.1) 10.1 (9.8-10.4)
Healthcare resource use not related to COPD, n (%)
Inpatient hospitalizations 0.2 (0.6) 0.3 (0.6) 0.1 (0.5) 0.1 (0.5) 0.2 (0.6) 0.2 (0.6)
Outpatient hospital contacts 1.5 (3.1) 1.6 (3.3) 0.8 (2.8) 1 (2.9) 1.4 (3.1) 1.5 (3.2)
ER visits 0.9 (1.2) 0.9 (1.2) 0.9 (I.1) 0.9 (1.2) 0.9 (1.2) 0.9 (1.2)
GP visits 12.1 (12.1) 12.7 (12.8) 10.1 (9.7) 10.7 (10.3) 1.6 (11.6) 12.2 (12.3)
Complementary test 4.8 (24) 5(2.6) 33 (17) 35 (1.9) 4.4 (2.3) 4.6 (2.5)
Hospitalization mean length of stay in days, mean (SD) 1.3 (34) 1.5 (3.6) 0.6 (2.1) 0.6 (2.2) 1.1 (3.1) 1.3 (34)
Inpatients per 100 patient-years, n (95% Cl) 14.5 (14.1-14.9) 15.3 (14.9-15.7) 7.7 (7.1-83) 7.9 (7.3-8.5) 12.9 (12.5-13.3) 13.5 (13.1-13.9)

Notes: Incident patients were not diagnosed with COPD until the index date (after the baseline period) therefore there is no healthcare resource use related to COPD for these patients at baseline.
Abbreviations: COPD, chronic obstructive pulmonary disease; Cl, confidence interval; ER, emergency room; GP, general practitioner; N/A, not applicable; SD, standard deviation.
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results are in agreement with previous research, which concluded that exacerbations became more frequent and more
severe as COPD progressed.“ In addition, average eosinophil counts in prevalent patients (173 cells/uL) was similar to
that reported in the EPISCAN-II study. This multicenter and population-based epidemiological study, carried out in
Spain, estimated that prevalent patients with COPD had an average of 192 cells/uL.*> Thus, our results may be
representative of the Spanish population.

Our results also showed that the mortality rate increased in patients with more and severe exacerbations. Most
patients in category C and D were hospitalized during the follow-up period due to their exacerbations, and their mortality
rates were in line with the mortality rates reported by Soler-Catalufia et. al*® (11.6% after 12 months in patients admitted
to hospital, equivalent to 116 deaths per 1000 patients per year). In addition, a more recent study carried out by Izquierdo
et al*’ estimated the in-hospital mortality in patients with COPD of 5.6% between 2011 and 2018. Differences in the
estimations of the mortality rates should be noted, as they analyzed the in-hospital mortality, whereas we estimated the
mortality rate in a wide cohort of patients after a 12-month follow-up. Moreover, we estimated as deaths in 1000 patients-
year, thus considering the contribution in years of each patient to the study period until the event of death. It should also
be noted that AUDIPOC reported a mortality rate of 11.3% after 90 days of hospital discharge in patients with COPD in
Spain.”® Our results also showed that the mortality rate was lower in incident patients than in prevalent ones, a finding
that may be due to the differences in age and the health status.

A recent study carried out by Izquierdo et al,”’ evaluated the treatment of patients with COPD in Spain using the electronic
medical records from 59,369 patients attended in Castilla-La Mancha in a real-world setting, between 2011 and 2018. The
study reported a reduction in the use of monotherapy with LABA and LAMA, and an increase in the use of two
bronchodilators, occasionally combined with an ICS.?’ Our results provide more information about the clinical characteristics
of COPD patients, according to their treatment, and the incidence and severity of their exacerbations.

Although our results showed the predominant use of ICS with LABA or LAMA, followed by LABA with LAMA,
compared with open triple therapy (ICS with LABA and LAMA), the latter has demonstrated significant clinical benefits
in terms of exacerbations, lung function, survival, and health status compared with monotherapy of LABA or LAMA or
dual therapy (LABA with LAMA).>*>° These clinical improvements are associated with reductions in healthcare
resource use and costs.>'

Limitations of the study included the categorization of the disease, the possible bias in patient classification and the
selection of the therapeutic groups, which were attributable to the information system used. The study had the inherent
limitations of retrospective studies, such as underreporting of the disease and possible differences in the health
professionals and patients due to its observational design. In this regard, the potential for inaccuracies in diagnostic
coding and registration of deaths and other comorbidities, or the lack of any variables that could influence the results (ie,
socioeconomic level, exposure to work, smoking status, etc.) may be considered limitations. It should be noted that the
only clinical criteria for study inclusion was having a medical record with the ICD-10-CM code J44. Therefore, this
methodology may underestimate or overestimate the number of patients considered in the study. In addition, spirometry
measures other than FEV/FVC values were not taken into consideration. However, it is considered that any possible
confounding variables would affect the study variables equally. Additional limitations of this study are that we used
COPD patients’ hospital admissions and ER visits as a proxy for exacerbation severity. Moreover, the risk of a potential
survival bias between prevalent and incident COPD patients cannot be ruled out. Finally, a potential switch of patients
from one treatment group to another between the baseline period and the follow-up period was not considered and
therefore the pharmacological treatment recorded at the index date might not be an accurate definition of the treatment
during the follow-up period. By contrast, the study has the strength of using the BIG-PAC®™ database, which gathers data
on clinical practice from 7 autonomous communities and has been shown to be representative of the Spanish

population.?!*

Conclusions

Patients with COPD have a substantial burden of disease, particularly the subpopulation of prevalent patients, which
resulted in a substantial use of healthcare resources. Despite receiving treatment, more than half of patients had at least one
moderate or severe exacerbation per year during the follow-up period. Throughout the data-collection period (2010-2017),
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the use of triple therapy (ICS with LABA and LAMA) remained very low. This suggests that it is necessary to consider and
increase the use of new available therapeutic approaches that could help reduce the burden of disease and the associated use
of health resources observed in this study. A key aspect of our study is that the data were collected in a real-life setting and is
based on the electronic medical records of patients with COPD from a Spanish database, allowing us to follow-up patients
in routine clinical practice. Therefore, the results presented here might be a valuable source of information for pulmonol-
ogists and GPs and healthcare authorities involved in the management of patients with COPD exacerbations.
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