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Purpose: The burden associated with chronic obstructive pulmonary disease (COPD) is
substantial. The objectives of this study were to describe healthcare resource utilization
(HCRU) and HCRU-associated costs in patients with COPD in Finland, according to disease
severity and blood eosinophil count (BEC).

Patients and methods: This non-interventional, retrospective registry study (GSK ID:
HO-17-17558) utilized data from the specialist care hospital register. Data extraction was
from first hospital visit with a COPD diagnosis (index date) from January 1, 2004 until
December 31, 2015 or death. Patients (aged >18 years with >1 report of post-bronchodilation
forced expiratory volume in 1 s (FEV,)/forced vital capacity (FVC) ratio <0.7) were
categorized as having non-severe or severe COPD (FEV; >50% or <50% of reference,
respectively). Patients who were initially non-severe but progressed to severe were classified
as having progressing COPD. Patients without spirometry registry data were classified as
having clinically verified COPD. Patients were grouped according to BEC (=300 cells/pL,
<300 cells/uL or BEC unknown). HCRU, estimated associated costs and mortality were
evaluated according to COPD severity and BEC.

Results: There were 9042 patients with COPD; 340 non-severe, 326 progressing, 394
severe, and 7982 clinically verified. BEC was available for 31.8% of patients. The mean
follow-up time was 3.7-6.5 years in the classified patient-groups. All-cause mortality was
46% during follow-up. Severe COPD was associated with more COPD-related HCRU and
higher mortality than non-severe COPD. Patients with BEC >300 cells/uL had higher overall
HCRU but improved survival compared with those with BEC <300 cells/uL. Overall direct
costs were similar across COPD severity categories, 3300-3900€/patient-year, although
COPD-related costs were higher in patients with severe versus non-severe COPD.
Conclusion: This study demonstrated a substantial burden associated with severe and/or
eosinophilic COPD for patients in Finland.

Keywords: severe COPD, severe eosinophilic COPD, prevalence, healthcare costs,
mortality

Plain Language Summary

Chronic obstructive pulmonary disease (COPD) is associated with a large economic, social,
and healthcare burden throughout the world. Some patients with COPD have elevated levels
of blood eosinophilic leucocytes. These cells may be associated with more severe disease.
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This study was designed to assess the amount of healthcare
resource utilization (HCRU) and associated costs for patients
with COPD who had different levels of disease severity.

What Did The Researchers Do And Find
Out?

In this study, data from adult patients from specialty health
care in Finland with COPD were analyzed. Total HCRU
and COPD-specific HCRU were investigated, along with
estimated associated costs between the years 2004-2015.
We found that patients with severe COPD had higher
HCRU compared with those who had non-severe COPD.
COPD-related HCRU costs were highest in patients with
severe COPD and total costs in patients with severe COPD
who had an elevated level of eosinophils.

What Do These Results Mean?

There is a large economic and illness burden associated
with severe COPD in Finland. This highlights that these
patients could benefit from more effective disease manage-
ment programs.

Introduction
Chronic obstructive pulmonary disease (COPD) is one of
the leading causes of mortality and morbidity worldwide.'
Although COPD prevalence estimates vary owing to dif-
ferent approaches to diagnosis, data capture and analysis,”
there were reported to be 251 million cases of COPD in
2016 In addition, COPD was found to be the eighth
greatest cause of health loss in the 2016 Global Burden
of Disease Study.* The prevalence of COPD in Finland has
been estimated at between 3% and 9% in adults.>°
COPD is a complex condition, characterized by persis-
tent respiratory symptoms, airflow limitation, and acute
exacerbations.” Based on the latest Global Initiative for
Chronic Obstructive Lung Disease (GOLD) guidelines,
disease severity can be classified according to airflow
limitation (assessed using spirometry), symptoms, and
history of exacerbations.” The spirometric criterion for
airflow limitation is a post-bronchodilator fixed ratio of
forced expiratory volume in 1 s (FEV,)/forced vital capa-
city (FVC) of <0.70. Worsening lung function and a his-
tory of exacerbations are associated with an increased risk
of future exacerbations.” As such, patients with FEV|/FVC
<0.70 and FEV; <50% predicted, or a history of moderate/
severe exacerbations (=2 or >1 leading to hospital admis-
sion in 1 year) would be defined as having severe COPD.?

In addition, several biomarkers have been identified that
define specific clinical phenotypes during exacerbations.
Airway colonization with bacteria or viruses, as well as
sputum eosinophils,® and blood eosinophil counts >300
cells/uL have been shown to be associated with an
increased risk of exacerbations.’'”

COPD places a significant burden on patients and

healthcare systems,!!

and exacerbations, in particular,
impose a significant burden, accounting for the majority
of hospital admissions for patients with COPD.'*'* Health
care resource utilization (HCRU) is measured in registry-
based studies by hospitalizations and out-patient visits in
order to describe the burden of the disease.'* A study
based on registry data from Sweden demonstrated that
patients with a history of severe exacerbations and high
use of medication for COPD had an increased rate of
exacerbations and HCRU.'" As a result, the economic
burden of the disease is substantial, and given the ageing
populations in many countries, it is likely to continue to
rise over time. For example, annual COPD-related costs in
Finland have been predicted to rise by 60% between 2007
and 2030 to €166 million and annual direct COPD-related
costs in the USA have been predicted to increase to $49
billion in 2020.">'°

Several novel therapies are becoming available for
patients with COPD.!” However, there remains a need
for improved understanding on the level of HCRU and
related costs for patients with COPD, according to disease
severity and phenotype, as this may help to identify
patients who are not achieving adequate disease control
and guide treatment in the clinic.' The aim of the current
study was to describe HCRU and associated costs in
patients with COPD in a specialty care hospital setting in
Finland, according to disease severity and eosinophil level.
In addition, estimates of all-cause and COPD-related mor-

tality were determined in these patient groups.

Patients And Methods
Study Design

This was a non-interventional, retrospective registry study
(GSK ID: HO-17-17558) utilizing data from the specialty
care hospital register of the Hospital District of Southwest
Finland (HDSWF). The HDSWF serves a population of
about 480,000 people and about 390,000 of them are aged
18 years or older. For causes of death, patient-level data
were linked via national identity codes to Statistics Finland
(Helsinki, Finland), a nationwide database. The study data
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extraction period ran from January 1, 2004 to December
31, 2015. For each patient, data extraction began from the
first hospital visit in specialty care with a COPD diagnosis
(index date) and continued until December 31, 2015 or
death (defined as the follow-up period). Of note, the index
date visit was the first hospital visit during which a COPD
diagnosis was recorded, but COPD did not have to be the
main cause for the visit. This registry-based study was
approved by the Auria Biobank Scientific Steering
Committee (decision number AB17-7796), Finland.

Patients

Adult patients (>18 years of age) with COPD who were
receiving specialist care in HDSWF at either Turku
University Hospital, or secondary care central hospitals
in Salo, Loimaa and Uusikaupunki and had an
International Classification of Diseases (ICD)-10 diagnosis
code of J44 (COPD) were included. Patients with both
asthma (ICD-10 diagnosis codes of J45 [asthma] and J46
[acute severe asthma]) and COPD (ACO; asthma-COPD
overlap) were also included. Spirometry results were
extracted directly from the spirometry database. In cases
where spirometry was performed by the referring health-
care professional or hospital but the data were not
recorded, or the data were not available in the electronic
spirometry database for other reasons, text mining from
patient health records was used to obtain FEV;, FVC, and
FEV/FVC measurements.

The diagnosis of non-severe, progressing, and severe
COPD was only considered definite in those patients with
post-bronchodilation spirometry data available in the
spirometry database with a measurement of FEV,/FVC
<0.70. We decided to evaluate the effect of severity on
the outcomes in this well-defined patient group and handle
the rest of the COPD-patients as one, more heterogeneous
group. Since all the patients were from specialty care, all
COPD-diagnoses were considered reliable.

At index date, patients with ever recorded post-bronch-
odilation FEV/FVC measurement <0.70 were classified
as having either non-severe (FEV; >50% predicted) or
severe (FEV,| <50% predicted) COPD. Patients with non-
severe COPD either remained in this classification
throughout the follow-up period or presented with severe
COPD during follow-up and were therefore classified as
having progressing COPD. The transition date from clas-
sification as a patient with non-severe COPD to severe
COPD was recorded where applicable. Patients who had
a recorded COPD diagnosis but not post-bronchodilation

spirometry data available in the hospital database were
classified in a clinically verified COPD group and were
analyzed separately. Some of these patients had spirometry
data in the database without post-bronchodilation testing
and some of them had spirometry results available after
text mining of electronic patient health records.

Patients were also categorized according to blood eosi-
nophil counts. Blood eosinophil counts were collected
from all laboratory test measurements during the whole
study period and the highest blood eosinophil count per
patient was recorded. At index date, patients were divided
into three groups based on blood eosinophil count through-
out the whole follow-up period. Patients with no blood
eosinophil count data available were categorized as blood
eosinophil count unknown. Those with data available were
divided into two groups: <300 cells/uL throughout the
follow-up period, =300 cells/uL at any time during the
follow-up period. This cutoff was selected as it is consis-
tent with other studies.”'® Severe eosinophilic COPD was
defined as severe COPD with a blood eosinophil count of
>300 cells/uL and severe non-eosinophilic COPD as
severe COPD with a blood eosinophil count of <300
cells/uL.

Endpoints And Assessments

Endpoints included total HCRU (hospital inpatient days,
outpatient visits, emergency room [ER] visits, hospital
and procedures) and COPD-related
HCRU (hospital inpatient days and visits, outpatient visits,

laboratory tests,

ER visits) in the year following the index date and for
calendar years between 2004 and 2015 (total events,
events per patient and events per patient year).
Outpatient visits included scheduled visits and ER out-
patient visits and scheduled telephone calls. ER visits
were also analyzed separately. Costs associated with total
and COPD-related HCRU were estimated based on stan-
dard item direct costs (excluding the cost of medication).
Standard HCRU costs used were €110 for each outpatient
visit, €195 for each ER visit, and €330 for each hospital
inpatient day (all 2017 price listings from HDSWF).
Procedures, operations and laboratory measures were
priced using procedure codes and prices initially evaluated
from the HDSWF 2017 price list; any items not available
from this list were priced using other appropriate Finnish
sources.

All-cause and COPD-related times of death were
obtained

through Statistics Finland. Disease-related
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mortality was defined as mortality when COPD was the
direct, indirect or contributing cause of death.

Statistical Analysis

Descriptive statistics were produced for continuous and
categorical variables, for the population stratified by
COPD severity and eosinophil status. COPD severity stra-
tification was performed for each analysis as follows: for
Kaplan—Meier analyses of mortality, patients were divided
by baseline severity (non-severe vs severe); in Cox-pro-
portional hazard models, severity was handled as a time-
varying covariate; for HCRU and cost analyses, patients
were stratified according to time spent in the non-severe
and severe categories during follow-up.

Between-group differences in mortality were evaluated
using a log-rank test. The association of various covariates
and mortality was assessed using univariable and multi-
variable Cox-proportional hazards models, with COPD
severity as a time-varying covariate. The Charlson comor-
bidity index was calculated from ICD-10 codes recorded
in the patient files; this index is designed to predict mor-
tality, taking into account the number and seriousness of
chronic comorbid diseases.'®'> Model 1 adjusted for
severity (non-severe, severe, clinically verified COPD),
age, gender, and blood eosinophil count; model 2 adjusted
for severity, age, gender, body mass index, Charlson
comorbidity index, blood eosinophil count, baseline
FEV,/FVC, and smoking status. Age, gender, body mass
index and smoking status were searched from patient data.
Two models were included as the numbers of patients with

complete data decreased as the number of model variables
increased. In addition, both models were also carried out
adjusting them for comorbid asthma. COPD-specific mor-
tality was assessed using competing risk models as imple-
mented in R-package ‘cmprsk’.

Results

Patient Population

A total of 9042 patients with a clinical diagnosis of COPD
were identified (Figure 1; Table 1). Complete spirometry
history including postbronchodilation test was available
for 1060 patients and they were classified as non-severe
(n=340), progressing (n=326), and severe COPD (n=394).
The clinically verified COPD group (n=7982) had a
recorded COPD diagnosis but no post-bronchodilation
spirometry data in the hospital database. Using text
mining, at least one spirometry measurement was found
for 62.5% (n=4986/7982) of patients in this group; of
these, 3784 fulfilled the criterion of airway obstruction
(FEV{/FVC <0.7) while 1202 did not. For 33.1%
(n=2996/9042) of all patients no spirometry measurements
were available. The differences in the age at baseline (p =
0.003), the proportion of men (p = 0.006) and FEVI/FVC
(p< 0.001) were statistically significant between COPD-
severity groups (Table 1). Asthma and COPD overlap
(ACO) was diagnosed in 20.9% (1890/9042) of all
patients, with higher proportions in the defined COPD
severity classifications (29.7%, 23.3%, 24.9%, in the
non-severe, progressing, and severe groups, respectively),
than in the clinically verified COPD classification (20.2%).

4 N
Post-bronchodilation Non-severe
FEV /FVC <0.70 (FEV, >50% predicted)
N=1060 N=340
Patients with COPD Progressing
N=9042 (FEV, >50% predicted initially
FEV, =50% predicted during follow-up)
N=326
Clinically verified COPD? - J
N=7982 - ~
FEV,/FVC <0.70 N=3784 Severe
FEV1/FVC >0.70 N=1202 (FEV1 <50% predicted)
FEV,/FVC unknown N=2996 N=394
(N J

Figure | Patient population included in the analysis. *These patients had a diagnosis of COPD but no post-bronchodilation spirometry data in the registry.

Abbreviations: FEV |, forced expiratory volume in | s; FVC, forced vital capacity.
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Table | Characteristics By COPD Severity And Blood Eosinophil Count

COPD Severity® Blood Eosinophil Count®
Non-Severe Progressing Severe Clinically 2300 <300 Unknown
COPD COPD COPD Verified Cells/pL | Cells/pL
COPD
N=340 N=326 N=394 N=7982 N=902 N=1976 N=6164
Age, years, mean (SD)¢ 68 (10) 67 (9) 69 (10) 68 (12) 66 (12) 67 (I1) 68 (12)
Male, n (%) 231 (68) 256 (78) 277 (58) 5392 (68) 620 (69) 1337 (68) | 4199 (68)
BMI, kg/m?, mean (SD)° 25.3 (4.3) 25.2 (4.8) 25.3 (5.3) | 28.0(6.2) 27.8(6.02) | 27.2 (5.9) | 27.3 (6.0)
FEV,/FVC (L) (baseline), mean (SD)" 0.7 (0.1)" 0.6 (0.1)' 0.6 (0.1)! 0.9 (0.1)¢ 0.8 (0.2)! 0.8 (0.2)™ | 0.8 (0.2)"
Charlson comorbidity index, mean (SD)® | 1.8 (1.3) 1.7 (1.1) 1.9 (1.5) 2.1 (1.6) 2.2 (1.6) 2.1 (1.6) 2.0 (1.5)
Follow-up, years, mean (SD) 4.8 (3.4) 6.5 (3.4) 3.7 3.0 42 (3.5) 5.7 (3.5) 5.0 34) 39 (34
Deaths during follow-up
All-causes, N (%) 77 (23) 118 (36) 126 (32) 3830 (48) 395 (44) 1035 (52) | 2721 (44)
COPD-related, N (%) 46 (14) 76 (23) 8l (21) 1937 (24) 187 (21) 490 (25) 1463 (24)

Notes: “Baseline characteristics are presented for four mutually exclusive groups: non-severe (patients were non-severe at index and throughout follow-up); progressing
(patients were non-severe at index but transitioned to severe during follow-up); severe (patients were severe at index and throughout follow-up); clinically verified COPD
(patients who did not meet the post-bronchodilation FEV,/FVC < 0.70 criterion). Baseline characteristics were recorded at index date +6 months for all patients. *Blood
eosinophil count categories: <300 cells/uL (throughout the follow-up period); 2300 cells/pL (at any time during the follow-up period); unknown (no blood eosinophil count
available). < P-values for |. difference between non-severe, progressing and severe COPD and 2. between blood eosinophil counts 2300 cells/pl and <300 cells/pl categories
€I.p=0.003, 2. p = 0.002; “I. p = 0.006, 2. p = 0.60; °I. p = 0.78, 2. p = 0.16; /. p < 0.001, 2. p = 0.10; £I. p = 0.67, 2. p = 0.23. "Data available from 228 patients (67%). 'Data
available from 159 patients (49%). 'Data available from 320 patients (81%). “Data available from 1638 patients (21%). 'Data available from 232 patients (26%). "Data available
from 483 patients (24%). "Data available from 1630 patients (26%); FEVI/FVC reported from structured data.

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV,, forced expiratory volume in | s; FVC, forced vital capacity; SD, standard deviation.

The mean follow-up times were 4.8 years in patients with
non-severe COPD, 6.5 years in patients with progressing
COPD, 3.7 years in patients with severe COPD, and 4.2
years in patients with clinically verified COPD.

Common chronic comorbidities recorded in the patient
files were hypertension in 42.8%, chronic ischemic heart
disease in 26.7%, heart failure in 26.1%, atrial fibrillation
or flutter in 24.8%, type 2 diabetes in 20.9%, cataract in
20.0%, and sleep disorders (sleep apnea) in 16.5% of the
patients. Pneumonia diagnosis reported in specialty care
was found in 33.7% of the patients.

Eosinophil measurements were available in 31.8% of
patients; of these, 31.3% had a blood eosinophil count
>300 cells/uL and 68.7% had a blood eosinophil count
<300 cells/uL. (Table 1). In patients with non-severe
COPD with an eosinophil count available (n=101),
29.7% had a blood eosinophil count >300 cells/uL.
Corresponding values in patients with progressing COPD
(n=133), patients with severe COPD (n=89), and patients
with clinically verified COPD (n=2555) were 36.8%,
24.7%, and 31.4%, respectively. A total of 71 patients
(32.0% of all patients with progressing or severe COPD
who had blood eosinophil count data) had severe

eosinophilic COPD. Correspondingly, the number of
severe non-eosinophilic COPD-patients was 151 (68.0%).

Patients with and without comorbid asthma recorded
before or at index date showed similar proportions of
eosinophilic, non-eosinophilic and unknown eosinophilic
groups. There were only marginal differences in the pro-
portions of non-severe, progressing, severe and clinically
verified COPD-groups between ACO and other patients.
(Data not shown).

HCRU And Costs

HCRU and costs were compared in patients stratified by
COPD severity and blood eosinophil count (Figure 2 and
Table 2). Overall, severe COPD was associated with a slight
increase in COPD-related HCRU compared with non-severe
COPD (Figure 2A). The number of outpatient visits was
higher in patients with severe eosinophilic COPD than in all
patients with severe COPD (Figure 2A). When the patients
were stratified by blood eosinophil count, greater numbers of
total outpatient visits and inpatient days were observed in
those with blood eosinophil counts >300 cells/uL versus
<300 cells/uL (Figure 2B).
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Figure 2 HCRU per patient year by (A) COPD severity® and (B) blood eosinophil count.” *Patients with spirometry verification data were divided into two groups
according to time spent in the non-severe and severe categories. An additional group included patients who did not have post-bronchodilation spirometry data in the
database (clinically verified COPD group). ®Blood eosinophil count categories: <300 cells/pL (throughout the follow-up period); 2300 cells/uL (at any time during the follow-
up period); unknown (no blood eosinophil count available). Severe eosinophilic COPD was defined as severe COPD with a blood eosinophil count of 2300 cells/pL.
“Outpatient visits included scheduled and ER outpatient visits and scheduled telephone calls from which data were recorded in the patient files. COPD-visits included visits
coded with COPD or asthma diagnosis.

Abbreviations: BEC, blood eosinophil count; COPD, chronic obstructive pulmonary disease; ER, emergency room; HCRU, healthcare resource utilization.

Severe eosinophilic patients had a greater number of year) and a slightly greater number of COPD-related visits
outpatient visits compared to severe non-eosinophilic (2.0 visits, compared to 1.8 visits per patient year),
patients (9.0 visits, compared to 7.1 visits per patient whereas the number of COPD-related in-patient days was
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Table 2 HCRU-Associated Total And COPD-Related Costs By COPD Severity And Blood Eosinophil Count

COPD Severity® Blood Eosinophil Count® COPD Severity And
Eosinophil Status
Non- Severe Clinically 2300 <300 Unknown | Severe Eosinophilic
severe COPD Verified Cells/pL Cells/pL COPD*
COPD COPD
N=340 N=720 N=7982 N=902 N=1976 N=6164 N=71
Costs per patient, €
Total 12,111 12,964 16,412 35,975 24,584 10,930 25,843
COPD-related 1132 2215 1637 2552 2483 1331 2663
Costs per patient year, €
Total 3407 3303 3877 6297 4954 1994 5215
COPD-related 319 564 387 447 500 243 537
Total cost, €
Total 8,065,866 9,334,039 | 131,002,823 32,449,658 | 48,577,540 | 67,375,530 | 1,834,876
COPD-related 754,155 1,594,835 | 13,066,010 2,301,660 | 4,906,545 | 8,206,795 189,105

Notes: *Patients were divided into two groups according to time spent in the non-severe and severe categories. ®Blood eosinophil count categories: <300 cells/uL
(throughout the follow-up period); 2300 cells/pL (at any time during the follow-up period); unknown (no blood eosinophil count available). “Severe eosinophilic COPD was
defined as severe COPD with a blood eosinophil count of 2300 cells/uL. Total costs were based on visits, outpatient/ER visits, inpatient days, procedures, laboratory
measures, and surgeries; COPD-related costs were based on visits, outpatient/ER visits and inpatient days.

Abbreviations: COPD, chronic obstructive pulmonary disorder; ER, emergency room; HCRU, healthcare resource utilization.

greater in severe non-eosinophilic patients (1.67 vs. 0.87
per patient year).

Total HCRU costs per patient year were similar across
COPD severity groups, €3300-3900 per patient year; how-
ever, COPD-related HCRU costs were higher in patients
with severe disease compared with those with non-severe
disease (€564 vs €319 per patient year, respectively)
(Table 2). Patients with blood eosinophil measurements
had higher total costs per patient year than patients
whose blood eosinophil count was unknown; the costs
were higher in patients with blood eosinophil counts
>300 cells/pL versus <300 cells/uL (Table 2).

Among patients with severe COPD (either initially
severe or progressing), the patients with eosinophilic
COPD had the highest total costs, €5215 compared to
€4456 in non-eosinophilic COPD-patients and €2538 in
patients with unknown eosinophil status. ACO-patients
and other COPD-patients had similar costs, €3680 vs.
€3829 per patient year.

Mortality

During the follow-up period, 4151 patients (45.9%) died
(Table 1). Overall survival was reduced in patients with
severe COPD and clinically verified COPD compared with
those with non-severe COPD (p<0.001) (Figure 3A).
However, stratified by blood

when patients were

eosinophil count, those with a blood eosinophil count
>300 cells/pL had improved overall survival compared
with those with a blood eosinophil count <300 cells/uL
(p<0.001) (Figure 3B). In addition, competing risk models
demonstrated that COPD-related mortality was the main
driver of mortality compared to all-cause mortality in
patients with severe COPD and non-severe COPD
(p<0.0001) (Figure 3C) and lower in those with a blood
eosinophil count >300 cells/ul compared with patients
who had a blood eosinophil count <300 cells/uL
(p<0.0001) (Figure 3D).

Adjusted Cox regression models demonstrated that the
hazard ratio for all-cause mortality was increased in
patients with severe COPD or clinically verified COPD
compared with non-severe COPD, and increased with
obstructive lung function, age, Charlson comorbidity
index and current smoking (Figure 4A and B). The hazard
ratio for all-cause mortality was lower in females com-
pared with males and in those patients with a blood eosi-
nophil count of >300 cells/uL or no eosinophil count
available compared with patients who had a blood eosino-
phil count <300 cells/uL (Figure 4A and B). Additional
Cox regression models were also carried out with comor-
bid asthma in the models as covariate. The hazard ratios
and p-values of the other covariates were virtually

unchanged. Comorbid asthma was related to lower
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Figure 3 Overall survival by COPD severity (A), and by eosinophil count (B), and competing risk models for non-COPD-related and COPD-related mortality by COPD
severity (C), and by eosinophil count (D). *Patients were divided into two groups by baseline disease severity status: non-severe and severe. PBlood eosinophil count
categories: <300 cells/pL (throughout the follow-up period); 2300 cells/pL (at any time during the follow-up period); unknown (no blood eosinophil counts available).
Abbreviations: BEC, blood eosinophil count; COPD, chronic obstructive pulmonary disease.

mortality in model 1, but the association did not remain
significant in model 2 (data not shown).

Discussion

In this retrospective, non-interventional hospital registry
study in Finland, we observed that to some extent, COPD-
related HCRU and costs per patient year increased with
COPD severity. Patients with severe COPD had higher all-
cause and COPD-related mortality compared with patients

with non-severe COPD. Total HCRU and costs were sub-
stantial in all patients with COPD and the overall costs did
not differ significantly between COPD severity groups,
although COPD-related costs were higher in patients
with severe COPD than those with non-severe COPD.
Total costs were about €3300 — €3900 per person year.
Even though patients with high blood eosinophil counts
(=300 cells/pL) had higher HCRU compared with patients
with lower counts (<300 cells/uL), patients with high
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Model 1 Hazard ratio (95% CI) p value
Severe COPD —— 2.60 [2.01, 3.36] <0.01
Clinically verified COPD —— 3.34[2.67, 4.19] <0.01
Age | 1.07 [1.08, 1.07] <0.01
Female gender HElH 0.7810.72, 0.83] <0.01
BEC 2300 cells/uL Hll— 0.78[0.70, 0.88] <0.01
BEC unknown >-T—< 1.00 [0.93, 1.08] 0.92
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Hazard ratio

B

Model 2 Hazard ratio (95% CI) p value
Severe COPD —— 1.74 [1.27, 2.38] <0.01
Clinically verified COPD ——M— 2.02 [1.45, 2.82] <0.01
Age ] 1.06 [1.06, 1.07] <0.01
Female gender —— 0.72[0.61, 0.86] <0.01
BMI [ | 0.96 [0.94, 0.97] <0.01
Charlson comorbidity index ] 1.29 [1.23, 1.34] <0.01
BEC 2300 cells/pL —a— 0.77 [0.59, 0.99] 0.04
BEC unknown —— 0.82[0.69, 0.98] 0.03
FEV,/FVC I Il | 0.47 [0.22, 0.97] 0.04
Current smoker —— 1.38[1.17, 1.63] <0.01

I T T T 1

0.13

Hazard ratio

1.00
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Figure 4 Cox regression models of all-cause mortality by (A) disease severity and patient characteristics and (B) including BMI, Charlson comorbidity index and smoking
status. The hazard ratio reference groups for categories were as follows: severe COPD = non-severe COPD; clinically verified COPD = non-severe COPD; female gender =
male gender; BEC 2300 = BEC <300; BEC unknown = BEC <300; current smoker = current non-smoker. The following categories were continuous variables and were

compared to unit change: age, BMI, Charlson comorbidity index, FEV /FVC.

Abbreviations: BEC, blood eosinophil count; BMI, body mass index; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; FEV,, forced expiratory

volume in | s; FVC, forced vital capacity.

blood eosinophil counts had lower mortality compared
with patients with lower counts.

Annual levels of HCRU and associated costs for
patients with COPD have been investigated in other stu-
dies. For example, an analysis of data from respiratory
disease-specific surveys completed by patients with
COPD from Europe, USA, and China showed that increas-
ing symptom burden (measured using the COPD assess-
ment test) was associated with increasing HCRU.?® An
analysis of data from a US insurance claims database
indicated that HCRU and costs

increasing COPD disease severity.”' In addition, results

also increased with

from a Swedish registry-based study indicated that patients
with severe disease (as indicated by a history of severe

exacerbations and high use of COPD medications) had
increased HCRU compared to those without.'* Although
the criteria used to define severe COPD differed between
studies, our results are consistent with the studies men-
tioned above. For example, we found that individuals with
severe COPD had higher COPD-related HCRU and higher
COPD-related costs than those with non-severe COPD.

It is important to note that patients with COPD who are
treated in a specialist care setting typically have comorbid-
ities that lead to considerable costs. Even if COPD con-
tributed to these comorbidities, in this study they were
classified as non-COPD-related costs. In our study, the
burden of multimorbidity is seen both in the high total
costs in all COPD-severity groups and in the increased
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mortality in patients with a high Charlson comorbidity
index. Therefore, part of the non-COPD-related costs
were probably related to COPD-associated comorbidities
and this may explain why the differences in total HCRU
and costs between the severity-categories in this study
were perhaps not as high as might have been expected.
In addition, it was not possible to separate standard and
higher priced in-patient days in these data, and therefore
we used the standard in-patient costs for all in-patient
days. The difference in the costs between non-severe and
severe COPD is probably greater than what we found.

In all, the burden of COPD is high among patients
treated in specialty care. For example, the numbers of
patients treated yearly in specialty care in HDSWF due
to respiratory diseases and cardiovascular diseases are
quite similar, both currently over 21,000 patients. Our
study suggests that the proportion of COPD-patients is
rather high in these patient groups.

We found that approximately one-third of patients had
eosinophilic COPD, regardless of COPD severity. This is
in line with the 37% of patients with eosinophilic COPD
identified in the ECLIPSE study, although it should be
noted that the blood eosinophil count cut off for defining
eosinophilic COPD was lower than in our study (>2%;
approximately 150 cells/uL).>?> We chose an eosinophil cut
off 300 cells/uL in order to increase specificity. This cut
off is currently supported by other studies and recom-
mended in the GOLD-guidelines.>*'* It is important to
note that in the current study, the number of patients with
severe eosinophilic COPD was low due to a lack of spiro-
metry database information and blood eosinophil measure-
ments for a large number of patients. However, there were
some indicators that healthcare burden was highest in
these patients. In particular, we found that all-cause and
COPD-related outpatient visits were higher in patients
with severe eosinophilic COPD than in all severe COPD
patients and slightly higher than in non-eosinophilic severe
COPD-patients. The total costs per patient year were also
higher in patients with severe eosinophilic than in patients
with severe COPD. However, these results should be inter-
preted with some level of caution.

The costs reported in the present study can be com-
pared only between these COPD-patient groups and show
the differences of the costs among them in specialty care.
Another Finnish study has found higher COPD-related
costs when using higher estimates of in-patient costs.'®
We could not include the costs of the treatments in the
primary care hospitals, nor the costs of the medication or

those of demanding in-patient care. One interesting finding
was that comorbidities of COPD cause a great amount of
the costs. International comparisons of the costs show
wide variations due to different age-groups and methods
in evaluating the costs, especially considering the cost of
comorbidities in different ways in the studies.”’

Data on the impact of elevated blood eosinophil counts
in patients with COPD were reported in a recent cross-
sectional study in the USA. Those individuals with a blood
eosinophil count >150 cells/uL. were shown to have higher
all-cause and COPD-related HCRU and costs compared
with those with a blood eosinophil count <150 cells/uL.**
Taken together with our results, these findings suggest that
blood eosinophil counts may be a useful biomarker for
assessing disease burden in patients with COPD and iden-
tifying those who may benefit from alternative treatment
strategies. Future prospective studies with systematic eosi-
nophil measurements will provide more information
regarding this patient group.

We also observed that there was decreased overall
survival and increased COPD-related mortality in patients
with severe COPD compared with those with non-severe
COPD. However, we found that overall survival was
increased and COPD-related mortality reduced in patients
with COPD with a blood eosinophil count >300 cells/pL
compared with those who had a blood eosinophil count
<300 cells/uL. The Charlson comorbidity index was very
similar in these three groups; therefore, the differing mor-
tality risk may be linked to increased HCRU or an
improved response to treatment in patients with a blood
eosinophil count >300 cells/uL. Other notable factors
identified from our adjusted Cox regression models that
were related to the increased risk of death were continuous
smoking, higher burden of comorbidities, male gender,
older age, and reduced lung function. Therefore, it is likely
that intensive smoking cessation programs are especially
important for reducing mortality in patients with COPD.

There are limitations that should be considered when
evaluating the results of this study. First, healthcare-asso-
ciated costs are likely to have been underestimated since
all in-patient days were priced equally in the analyses, but
severe COPD exacerbations are managed with costly non-
invasive ventilation on regular patient wards. These costs
could not be assessed in this study. In addition, imaging
and other specialist examinations, medication, primary
and/or private care for the management of severe COPD
were not included. Moreover, if the cost of the medications
had been included in total costs, the difference between
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patients with non-severe and severe COPD would prob-
ably have been greater. Also, unlike other studies estimat-
ing the costs of COPD,'® we did not consider indirect costs
of COPD, such as the loss of productivity due to illness.
Another limitation of this study was that the data were
taken from specialty care hospital records. Patients with
severe COPD would have probably been referred to, or
had their exacerbations treated in, specialty care, while
patients with non-severe COPD would have had a reason
to visit specialty care (eg, for diagnostic purposes or the
treatment of comorbidities). Therefore, patients with non-
severe COPD in this study probably had higher healthcare-
associated costs than patients with non-severe COPD who
are treated at the primary care level. As a result, the true
difference in costs between patients with severe and non-
severe COPD is probably higher than that observed in the
current study.

There are also several limitations associated with retro-
spective database analyses and cohort selection, including
the risk of inconsistent patient data collection that may
impact population size and other outcomes. In particular,
there were large groups of patients for whom spirometry
data were not available and although text mining of patient
health records yielded a lot of additional spirometry infor-
mation, there were still no data available for approxi-
mately 33% of patients. This may be due to patients
being evaluated for a comorbid condition, with COPD as
an additional diagnosis (therefore no spirometry measure-
ments were taken) or due to patients in a late stage of the
disease or with very severe COPD having a diagnosis
established before the study and for whom further spiro-
metry measurements were not useful in their clinical eva-
luation. Therefore, the group of patients with clinically
verified COPD was probably heterogeneous and likely
included those patients with severe COPD who were no
longer able to perform spirometry, but had high HCRU
use, and also patients with non-severe and severe COPD
with earlier spirometry confirmation.

It is also worth noting that not all patients had eosino-
phil data available, which is likely to have led to an under
estimation of the prevalence of severe eosinophilic COPD.
This is probably largely due to the fact that the measure-
ment of blood ecosinophil counts has not been part of
routine clinical practice for patients with COPD and
patients may have only had a blood eosinophil count
measured if they had other comorbidities and increased
HCRU. In addition, patients with eosinophilic disease may
have been treated with corticosteroid treatments prior to

the index date, lowering their eosinophil level and poten-
tially leading to their inclusion in the <300 cells/uL group
rather than the >300 cells/uL group. This might influence
the results of higher number of COPD-related in-patient
periods in non-eosinophilic severe COPD-patients com-
pared to eosinophilic severe patients. In addition, it is
possible that higher number of eosinophil measurements
per patient could lead to a higher count at one time-point.
This would influence on the finding of higher HCRU of
the eosinophilic patients. We chose the cut off 300 cells/
pL, and not lower, to increase specificity. It is only in
recent years (since the end of the data extraction period
in our study) that interest in the measurement of blood
eosinophil counts has grown and there remains a need for
formal guidance regarding a clinically meaningful cut off
point and the number of measures required for defining
eosinophilia in COPD.

Our findings should be confirmed in prospective stu-
dies with repeated measurement of eosinophils, lung-func-
tion and exacerbations. A more detailed analysis of costs,
and the effect of treatments on the HCRU and costs can be
done in such a study. The patients can also be evaluated in
GOLD-classes when also reliable exacerbation history is
available.” New real-world hospital-based analyses will
also give more information on the variation of eosinophils
and cut off levels in relation to outcomes since the mea-
surement of eosinophils in COPD-patients has recently
become more common practice.

Conclusion

The present real-world study clearly demonstrates that
COPD represents a substantial healthcare burden in
Finland, which appears to be particularly high in patients
with severe COPD and probably also in patients with
severe eosinophilic disease. The association of eosinophi-
lia with better survival needs to be confirmed in future
studies. This study supports the measurement of blood
eosinophils in COPD-patients.
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