International Journal of Chronic Obstructive Pulmonary Disease Dove

ORIGINAL RESEARCH

Patients with Chronic Obstructive Pulmonary
Disease and Evidence of Eosinophilic Inflammation
Experience Exacerbations Despite Receiving Maximal
Inhaled Maintenance Therapy

Stephanie Chen', Marc Miravitlles (2, Chin Kook Rhee?, lan D Pavord (»*, Rupert Jones’, Victoria Carter®,
Benjamin Emmanuel', Marianna Alacqua7, David B Price %8

I BioPharmaceuticals Medical, Respiratory & Immunology, AstraZeneca, Gaithersburg, MD, USA; 2Pneumology Department, Hospital Universitari Vall
d’Hebron, Vall d’Hebron Institut de Recerca (VHIR), Vall d’Hebron Barcelona Hospital Campus, CIBER de Enfermedades Respiratorias (CIBERES), Barcelona,
Spain; 3College of Medicine, Seoul St Mary’s Hospital, the Catholic University of Korea, Seoul, South Korea; “Oxford Respiratory NIHR BRC, Nuffield
Department of Medicine, University of Oxford, Oxford, UK; >Faculty of Health, University of Plymouth, Plymouth, UK; ®Observational and Pragmatic
Research Institute, Singapore, Singapore; “BioPharmaceuticals Medical, Respiratory & Immunology, AstraZeneca, Cambridge, UK; 8Centre of Academic
Primary Care, Division of Applied Health Sciences, University of Aberdeen, Aberdeen, UK

Correspondence: David B Price, Observational and Pragmatic Research Institute, 22 Sin Ming Lane, #06-76, Midview City, Singapore, 573969,
Singapore, Tel +65 3105 1489, Email dprice@opri.sg

Background: Some patients with chronic obstructive pulmonary disease (COPD) experience frequent exacerbations despite maximal
inhaled therapy (“triple therapy”), possibly leading to high health care resource utilization (HCRU).

Aim: Describe characteristics, future HCRU, and mortality of patients with COPD who experience frequent exacerbations despite
triple therapy; characterize individuals who may be candidates for biologic therapies.

Methods: This descriptive observational study used primary care data of patients aged >40 years in the United Kingdom receiving
maintenance therapy for COPD who had >1 year of data prior to index date and >1 year of follow-up data. We described these
patients’ clinical and demographic characteristics, including blood eosinophil counts (BEC), pattern of exacerbations, hospitalizations,
and corticosteroid exposure, as well as future exacerbations, hospitalizations, and death.

Results: Of43,753 patients with maintenance-treated COPD, 6480 experienced exacerbations despite >3 months of triple therapy. Of these,
5669 had available BEC: 1287 (22.7%) had BEC >250 cells/uL and >3 exacerbations in the year prior to the index date; 471 (36.6%)
received >4 acute courses of oral corticosteroids. Patients with a pattern of high disease burden continued to have high disease burden:
51.1% experienced >3 exacerbations and 2.6% experienced >3 hospitalizations. Patients who experienced exacerbations despite triple
therapy had a significantly higher risk of COPD-related death than other maintenance-treated patients (5.8% vs 2.1%).

Conclusion: Nearly one-quarter of patients receiving triple therapy for COPD who experienced frequent exacerbations had elevated BEC
and >3 exacerbations, suggesting a potential mechanism of persistent eosinophilic inflammation that could be a target for eosinophil-
depleting biologic therapy.
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Plain Language Summary: BLANCA2

Patients with Chronic Obstructive Pulmonary Disease May Experience Flare-ups Despite High Levels of Therapy

Patients with chronic obstructive pulmonary disease (COPD) may use up to 3 types of inhaled medicines at once, called “triple
therapy.” Triple therapy is the highest level of treatment that patients can take. It helps improve COPD symptoms by decreasing
inflammation and relaxing muscles in the lungs and opening the airways.

A COPD exacerbation, or flare-up, is a short-term worsening of symptoms. Flare-ups may include difficulty breathing and feeling
tired. Some patients taking triple therapy still have frequent flare-ups. Flare-ups can lead to higher costs, additional medicines, or time
in hospital. We aimed to describe patients who experience flare-ups in order to guide treatment decisions.
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We used a medical record database to describe adults with COPD in the United Kingdom. Of 43,000 patients with COPD, nearly
6500 taking triple therapy had frequent flare-ups. These patients were almost 3 times as likely to die of COPD as other patients with
COPD. Nearly one-quarter had increased levels of a white blood cell that is a marker of inflammation and experienced 3 or more flare-
ups in the year before the study started. Of these, more than half had 3 or more flare-ups and nearly 3% were admitted to hospital in
the year after the study started.

Overall, patients with frequent flare-ups in the past were likely to have frequent flare-ups in the future. Many of these patients have
evidence of inflammation. Biologic medicines that decrease white blood cells related to inflammation may be considered as treatment
options for COPD in the future.

Introduction

Chronic obstructive pulmonary disease (COPD) is a heterogencous condition that leads to substantial morbidity and
mortality.' The Global Initiative for Chronic Obstructive Lung Disease (GOLD) strategy describes COPD as a group of
preventable, treatable lung conditions that are characterized by persistent respiratory symptoms and airflow limitation due
to airway and/or alveolar abnormalities usually caused by significant exposure to noxious particles or gases.”> GOLD
offers evidence-based reference tools for the implementation of effective management plans for COPD and represents the
current best practices for the care of patients with COPD.>* Despite guideline-based management, COPD is often
complicated by comorbidities and exacerbations,’ which negatively affect patients’ health status and prognosis and have
high societal and economic costs."**® Therefore, minimization and/or management of comorbidities and prevention of
exacerbations are major therapeutic goals for patients with COPD.®®

Maximal inhaled therapy (also called “triple therapy”), which comprises an inhaled corticosteroid (ICS), a long-acting
muscarinic antagonist (LAMA), and a long-acting 3, agonist (LABA), has resulted in decreased moderate or severe
COPD exacerbations and a lower rate of COPD-related hospitalizations.” " Still, some patients receiving triple therapy
may continue to experience frequent exacerbations,'> some of which have been associated with eosinophilic inflamma-
tion with high blood eosinophil counts (BEC).*'>!* These patients represent a relevant unmet need that accounts for high
health care resource utilization (HCRU)."

A new paradigm in COPD management—the concept of “treatable traits”—uses a personalized approach to treatment
to improve outcomes through individualized and multifaceted assessments of factors that may lead to decreased lung
function and quality of life. Treatable traits may be pulmonary, extrapulmonary, or behavioral in nature,™'®'” but they
must be clinically relevant, identifiable and measurable, and treatable.”>'®'® One such trait may be an elevated BEC,
which is recommended by GOLD as a valid identifying marker of 3 important factors: the presence of eosinophilic
airway inflammation, a higher exacerbation risk, and better treatment response to ICS.'®!'*~?* This suggests a COPD sub-
phenotype with an eosinophilic type of airway inflammation similar to that observed in some patients with asthma,** and,
as such, could be treated like eosinophilic asthma with eosinophil-depleting biologic therapy.

To enhance understanding of patients with COPD who remain at risk for frequent exacerbations and to work toward
identifying potential treatment targets, we conducted a historical cohort study. The goals were to describe characteristics
of patients with COPD who experienced a high exacerbation burden despite maximal maintenance treatment in the year
prior to the index date and to assess HCRU, as well as all-cause and COPD-related mortality, in this patient group during
1 year of follow-up. We also characterized individuals with COPD who continued to experience exacerbations despite
maintenance therapy and had an eosinophilic phenotype as demonstrated by an elevated BEC, as these patients may be
potential candidates for biologic therapy.

Patients and Methods
Study Design and Patient Population

This was a descriptive historical cohort study using primary care data from the Clinical Practice Research Datalink
(CPRD) with linkage to Hospital Episode Statistics (HES), including data for hospital admissions, specialist outpatient
visits, emergency room visits, and the Office of National Statistics (ONS) mortality data in the United Kingdom. Patient
data were extracted from the CPRD during March 2019.
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The entire study population included patients with COPD who were 40 years of age or older at their most recent
COPD diagnosis or review and who received >1 prescription for maintenance therapy. This was defined as at least 1
prescription for a LABA, a LAMA, and/or an ICS as monotherapy or in free-dose or fixed-dose combination as dual or
triple therapy. Individuals with a diagnosis of chronic lower respiratory conditions other than COPD or asthma (eg, lung
cancer, tuberculosis, cystic fibrosis, or asbestosis) were excluded (Supplementary Figure 1).

Two cohorts of patients were defined (Figure 1). The “maintenance-treated cohort” encompassed the entire population
of patients with maintenance-treated COPD. The “frequently exacerbating cohort” included patients who experienced at
least 1 severe or at least 2 moderate exacerbations despite at least 3 months of continuous treatment with triple therapy in
the year prior to the index date. Subgroups of patients in the frequently exacerbating cohort with elevated BEC (>250 and
>350 cells/pL) and the highest frequency of exacerbations (=3 in the year prior to the index date) were also identified.

For both cohorts, the index date was defined as a randomly selected date of a prescription for maintenance therapy for
COPD within a time window of 12 to 24 months before the most recent date when data were extracted from the general
practice (to select all patients with maintenance-treated COPD with >1 year of follow-up after the index date). Patients in
both cohorts had to be registered with a primary care physician for at least 1 year prior to and after the index date.

Definitions

A COPD exacerbation was defined as an occurrence of COPD-related hospital admission (recorded in HES-Admitted
Patient Care with International Classification of Diseases-10 code J40-J44.9 in the first position in any finished consultant
episode) and/or emergency room visit and/or prescription in primary care for an acute oral corticosteroids (OCS) course

Period of 23 months Last primary
with triple therapy care extraction
prescriptions date

12 months after 1 April 2003 12-24 months

A
h
A\ 4

A
A\ 4
A
v

1 year prior to index date 12-month follow-up HCRU and mortality

Patients receiving triple therapy who
continued to experience

exacerbations:
Frequently exacerbating cohort

Figure | Study design.
Abbreviations: COPD, chronic obstructive pulmonary disease; HCRU, health care resource utilization.
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or antibiotics course with evidence of a lower respiratory consultation. Events occurring within 2 weeks of each other
were considered the result of the same exacerbation as used in prior publications by this group.25

Main Outcome Measures

Clinical and demographic characteristics of patients in both cohorts were evaluated, including the rate of COPD
exacerbations, COPD-related hospitalizations, and corticosteroid exposure in the year prior to the index date; BEC
within 2 years prior to the index date; and the number of years with >1 and >2 exacerbations in 10 years prior to the
index date. The numbers of HCRU events, including exacerbations and hospitalizations, and the risk of COPD-related
death were evaluated in the year after the index date. The predictive values of clinical characteristics of patients in the
frequently exacerbating cohort were also identified.

Statistical Analysis
The study was descriptive in nature. Categorical variables are described as means with standard deviations and/or
medians with interquartile ranges and numbers with percentages. Mortality was described using Kaplan-Meier curves and
the number and percentage of patients who died. P-values for the Kruskal-Wallis equality-of-populations rank test or the
Pearson’s chi-square test of independent categories were calculated to compare the frequency of HCRU events among
patient cohorts.

Analyses were completed with STATA version 15 software.

Results

A total of 43,753 patients with maintenance-treated COPD were identified (maintenance-treated cohort). Of these
patients, 43% received at least 1 prescription for triple therapy and 36% received triple therapy for >3 months during
the year prior to the index date. In all, 14.8% (N=6480) experienced >1 severe or >2 moderate exacerbations in the year
prior to the index date despite triple therapy (frequently exacerbating cohort).

Patient Demographics and Clinical Characteristics
Patient characteristics during the year prior to the index date are presented in Table 1. Roughly one-half of patients in the
maintenance-treated cohort were male. Their average age was approximately 70 years.

Slightly less than half of the patients reported respiratory and cardiovascular comorbidities. Patients in the frequently
exacerbating cohort were less frequently male than those in the maintenance-treated cohort (46.8% vs 50.8%) and were
more likely to have received a previous diagnosis of asthma (45.5% vs 40.1%). Approximately one-fifth (20.8%
[n=1350]) of patients in the frequently exacerbating cohort experienced a COPD-related hospitalization and more than
one-half (59.6% [n=3864]) experienced >3 exacerbations during the year prior to the index date (Table 1). Roughly the
same percentages of patients in the maintenance-treated cohort and the frequently exacerbating cohort reported ever
having a diagnosis of hypertension (45.3% [n=19,801] vs 44.5% [n=2881]), ischemic heart disease (19.7% [n=8634] vs
20.9% [n=1353]), and heart failure (5.5% [n=2412] vs 6.5% [n=424]).

Of those in the frequently exacerbating cohort, 5669 (87.5%) had available BEC: 2111 (37.2%) had BEC >250 cells/uL,
and 1149 (20.3%) had BEC >350 cells/pL. The distribution of BEC was similar between the maintenance-treated cohort and
the frequently exacerbating cohort. In both the maintenance-treated cohort and the frequently exacerbating cohort, those with
elevated BEC were more likely to have asthma and nasal polyps than patients with BEC <250 cells/uL. No meaningful
differences in COPD burden were noted in terms of exacerbations or ICS or OCS use according to BEC.

Overall, the OCS burden of maintenance-treated patients with COPD was high, with individuals in the frequently
exacerbating cohort using more OCS than the general COPD population. Nearly 90% of patients in the frequently
exacerbating cohort received acute courses of OCS, with approximately one-fifth (n=1389 [21.4%]) receiving >4 courses
during the year prior to the index date. Of patients with BEC >250 cells/uL and >3 exacerbations in the year prior to the
index date, 471 (36.6%) patients received >4 courses. Only 2259 (5.2%) of patients in the entire maintenance-treated
cohort met this criterion.
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Table | Characteristics

of Patient Cohorts and Subgroups in the Year Prior to the Index Date

Characteristics®

(Values Listed as n (%),

Maintenance-
Treated COPD

Maintenance-
Treated COPD

Maintenance-
Treated COPD

Frequently

Exacerbating

Frequently Exacerbating Cohort
with BEC >250 Cells/pL

Unless Otherwise Cohort with BEC <250 with BEC >250 Cohort® and >3 Exacerbations
Noted) (N=43,753) Cells/pL Cells/pL (N=6480) (N=1287)
(N=23,097) (N=13,930)

Age, mean (SD) 70.0 (10.7) 70.7 (10.6) 70.3 (10.6) 69.8 (10.0) 70.2 (9.9)
Sex, male 22,214 (50.8) 10,640 (46.1) 7949 (57.1)* 3031 (46.8) 662 (51.4)°
Current smoker 13,906 (31.8) 7204 (31.2) 4096 (29.4) 1961 (30.3) 346 (26.9)
Asthma code ever 17,525 (40.1) 8952 (38.8) 5908 (42.4) 2948 (45.5) 662 (51.4)
Active asthma (QOF 1469 (3.4) 741 (3.2) 522 (3.7) 188 (2.9) 49 (3.8)
review or diagnostic code
in prior year)
Nasal polyps ever 962 (2.2) 346 (1.5) 483 (3.5) 131 (2.0) 46 (3.6)°
FEV,/FVC ratio, closest
within 5 years
Available 34,120 (78.0) 18,244 (79.0) 10,917 (78.4) 5065 (78.2) 991 (77.0)
<0.70 26,119 (76.6) 13,856 (75.9) 8264 (75.7) 4171 (82.3) 827 (83.5)
Average daily OCS dose
(prednisolone
equivalent, mg/d)
prescribed
None 24,633 (56.3) 12,922 (55.9) 7576 (54.4) 466 (7.2) 29 (2.3)
>0 and <2.5 14,406 (32.9) 7555 (32.7) 4813 (34.6) 3930 (60.6) 699 (54.3)
22.5 and <5 2692 (6.2) 1426 (6.2) 936 (6.7) 1276 (19.7) 374 (29.1)
25 and <7.5 1035 (2.4) 610 (2.6) 316 (2.3) 418 (6.5) 104 (8.1)
275 987 (2.3) 584 (2.5) 289 (2.1) 390 (6.0) 8l (6.3)
Acute OCS courses
None 27,066 (61.9) 14,273 (61.8) 8363 (60.0) 770 (11.9) 58 (4.5)
| 8344 (19.1) 4391 (19.0) 2765 (19.8) 1292 (19.9) 120 (9.3)
2 3973 (9.1) 2156 (9.3) 1290 (9.3) 1879 (29.0) 250 (19.4)
3 2111 (4.8) 1096 (4.7) 739 (5.3) 1150 (17.7) 388 (30.1)
24 2259 (5.2) 1181 (5.1) 773 (5.5) 1389 (21.4) 471 (36.6)

Average daily ICS dose

(fluticasone equivalent,

mcg/d) prescribed

Median (IQR) 361.6 (98.6; 657.5) | 361.6 (82.2;696.7) | 361.6 (109.6; 657.5) | 696.7 (443.8; 986.3) 657.5 (459.0; 986.3)
None 7509 (17.2) 1899 (8.2) 1160 (8.3) 0 (0.0) 0 (0.0)
1-99 3634 (8.3) 2176 (9.4) 1425 (10.2) 49 (0.8) 4(0.3)
100-199 4305 (9.8) 4169 (18.0) 2648 (19.0) 215 (3.3) 38 (3.0)
200-399 8055 (18.4) 5692 (24.6) 3517 (25.2) 995 (15.4) 191 (14.8)
400-799 10,845 (24.8) 5059 (21.9) 2948 (21.2) 2319 (35.8) 478 (37.1)
2800 9405 (21.5) 1899 (8.2) 1160 (8.3) 2902 (44.8) 576 (44.8)
Antibiotics for lower
respiratory condition
None 30,330 (69.3) 15,927 (69.0) 9506 (68.2) 2387 (36.8) 374 (29.1)
I 8437 (19.3) 4531 (19.6) 2732 (19.6) 1799 (27.8) 330 (25.6)
2 2935 (6.7) 1547 (6.7) 980 (7.0) 1229 (19.0) 250 (19.4)
3 1136 (2.6) 624 (2.7) 381 (2.7) 556 (8.6) 161 (12.5)
24 915 (2.1) 468 (2.0) 331 (2.4) 509 (7.9) 172 (13.4)
(Continued)
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Table | (Continued).

Characteristics® Maintenance- Maintenance- Maintenance- Frequently Frequently Exacerbating Cohort

(Values Listed as n (%), Treated COPD Treated COPD Treated COPD Exacerbating with BEC >250 Cells/uL

Unless Otherwise Cohort with BEC <250 with BEC >250 Cohort® and >3 Exacerbations

Noted) (N=43,753) Cells/puL Cells/puL (N=6480) (N=1287)
(N=23,097) (N=13,930)

COPD exacerbations

None 20,652 (47.2) 10,813 (46.8) 6323 (45.4) 0 (0.0) 0 (0.0)
| 10,702 (24.5) 5681 (24.6) 3437 (24.7) 280 (4.3) 0 (0.0)
2 5483 (12.5) 2925 (12.7) 1819 (13.1) 2336 (36.1) 0 (0.0)
3147 (7.2) 1674 (7.2) 1070 (7.7) 1598 (24.7) 528 (41.0)
24 3769 (8.6) 2004 (8.7) 1281 (9.2) 2266 (35.0) 759 (59.0)
BEC, cells/uL
Available 37,027 (84.6) 23,097 (100.0) 13,930 (100.0) 5669 (87.5) 1287 (100.0)
<50 524 (1.4) 524 (2.3) 0 (0.0) 114 (2.0) 0 (0.0)
50-149 11,210 (30.3) 11,210 (48.5) 0 (0.0) 1778 (31.4) 0 (0.0)
150-249 11,363 (30.7) 11,363 (49.2) 0 (0.0) 1666 (29.4) 0 (0.0)
250-349 6771 (18.3) 0 (0.0) 6771 (48.6) 962 (17.0) 583 (45.3)
350449 3333 (9.0 0 (0.0) 3333 (23.9) 516 (9.1) 298 (23.2)
450-549 1630 (4.4) 0 (0.0) 1630 (11.7) 258 (4.6) 161 (12.5)
2550 2196 (5.9) 0 (0.0) 2196 (15.8) 375 (6.6) 245 (19.0)
BEC, cells/pL
Available 37,027 (84.6) 23,097 (100.0) 13,930 (100.0) 5669 (87.5) 1287 (100.0)
<50 524 (1.4) 524 (2.3) 0 (0.0) 114 (2.0) 0 (0.0)
50-249 22,573 (61.0) 22,573 (97.7) 0 (0.0) 3444 (60.8) 0 (0.0)
2250 13,930 (37.6) 0 (0.0) 13,930 (100.0) 2111 (37.2) 1287 (100.0)
GOLD groups®
Available 41,488 (94.8) 22,053 (95.5) 13,191 (94.7) 6350 (98.0) 1261 (98.0)
A 16,886 (40.7) 8621 (39.1) 5252 (39.8) 0 (0.0) 0 (0.0)
B 12,116 (29.2) 6746 (30.6) 3760 (28.5) 0 (0.0 0 (0.0)
C 5717 (13.8) 2980 (13.5) 1952 (14.8) 2395 (37.6) 464 (36.8)
D 6769 (16.3) 3706 (16.8) 2227 (16.9) 3965 (62.4) 797 (63.2)
2| COPD-related hospital 2260 (5.2) 1238 (5.4) 719 (5.2) 1350 (20.8) 257 (20.0)
admissions
23 COPD exacerbations 6916 (15.8) 3678 (15.9) 2351 (16.9) 3864 (59.6) 1287 (100.0)
23 exacerbations and BEC 2351 (6.3) N/A 2351 (16.9) 1287 (22.7) 1287 (100.0)

of 2250 cells/uL

23 exacerbations and BEC 1283 (3.5) N/A 1283 (9.2) 704 (12.4) 704 (54.7)
of 2350 cells/pL

Notes: *Standardized mean difference of 210% as compared with similar patients with BECs of <250 cells/uL. °Frequently exacerbating cohort included patients who had
experienced at least | severe or 2 moderate exacerbations despite triple therapy in the year prior to the index date. “Based on modified Medical Research Council Scale.
Abbreviations: BEC, blood eosinophil count; COPD, chronic obstructive pulmonary disease; FEV|, forced expiratory volume in one second; FVC, forced vital capacity;

GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroid; IQR, interquartile range; N/A, not applicable; OCS, oral corticosteroid; QOF,
Quality and Outcomes Framework.

High doses of daily ICS were also prevalent among the frequently exacerbating cohort: 44.8% of the cohort (n=2902) and
of the subgroup with BEC >250 cells/uL and >3 exacerbations (n=576) had an average daily exposure of >800 mcg fluticasone
equivalent in the year prior to the index date. Only 21.5% (n=9405) in the overall maintenance-treated cohort had the same.

HCRU in the Outcome Year

Patients in the frequently exacerbating cohort continued to experience a high disease burden, including exacerbations,
emergency room Vvisits, outpatient visits, and hospitalizations related to COPD, in the outcome year. In the entire
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maintenance-treated COPD cohort, patients had roughly the same risk of experiencing >1 exacerbation in the year prior
to the index date as in the outcome year (52.8% and 52.4%, respectively). More than 60% of patients in the frequently
exacerbating cohort experienced at least 2 moderate/severe exacerbations in the outcome year (Table 2).

Mortality

During the outcome year, 7.9% of patients in the maintenance-treated COPD cohort and 11.6% in the frequently
exacerbating cohort died. Patients in this cohort had a significantly (p<0.0001) higher risk of COPD-related death than
other patients (5.8% vs 2.1%) in the outcome year (Table 2).

Characteristics in the Year Prior to the Index Date as Predictors of Future HCRU

In both the maintenance-treated and frequently exacerbating cohorts, a higher number of exacerbations, more years with
a high occurrence of exacerbations, and a higher number of hospitalizations in the year prior to the index date predicted
a higher disease burden in the outcome year. Neither OCS use nor BEC during the year prior to the index date predicted
exacerbations in either cohort (Supplementary Table 1).

Exacerbation Burden
Most patients (n=34,312) in the maintenance-treated COPD cohort had >10 years of continuous data available. Of those
with available data, 37.3% (n=12,801) experienced >1 exacerbation per year for at least 5 years; 12.9% (n=4411) had >2
exacerbations per year for at least 5 years. In the frequently exacerbating cohort, 74.4% (n=3772) and 40.2% (n=2039)
met these criteria, respectively. For both cohorts, the rate of exacerbations in the outcome year increased with the
exacerbation burden over the past 10 years (Figure 2).

Almost one-half (47.6%) of individuals with >3 exacerbations in the year prior to the index date experienced >3
exacerbations in the outcome year (Figure 3A). In the frequently exacerbating cohort, 82.5% of patients had >1

Table 2 HCRU Events and Mortality During the Outcome Year

HCRU, Number of Events Over 12 Months of Follow-Up Maintenance-Treated COPD Frequently Exacerbating
Cohort (N=43,753) Cohort® (N=6480)

Moderate/severe COPD exacerbations, mean (SD) 1.19 (1.67) 2.55 (2.26)

Patients with 22 moderate/severe COPD exacerbations, n (%) 12,743 (29.1) 3971 (61.3)
Hospital admissions, COPD-related®, mean (SD) 0.08 (0.44) 0.24 (0.78)
Duration of stay in hospital in days, COPD-related, mean (SD) 0.48 (3.50) 1.32 (5.81)

Patients with 2| COPD-related® admissions, n (%) 2493 (5.7) 926 (14.3)

Patients with 2| COPD-related admissions plus re-admission for 324 (0.7) 160 (2.5)

COPD within 30 days, n (%)

Emergency room visits®, COPD-related, mean (SD) 0.09 (0.49) 0.21 (0.88)

Respiratory specialist visits, mean (SD) 0.82 (3.19) 1.52 (4.42)

Mortality During the Outcome Year Maintenance-Treated COPD Frequently Exacerbating
Cohort (N=49,342) Cohort® (N=7628)

All-cause death, n (%) 3899 (7.9) 888 (11.6)

Death with COPD as primary cause (J40-)44.9), n (%) 1316 (2.7) 442 (5.8)

Notes: *Frequently exacerbating cohort included patients who had experienced at least | severe or 2 moderate exacerbations despite triple therapy in the year prior to the
index date. "COPD-related: ICD-10 codes J40-J44.9. “HES variables DIAG2=25 (Respiratory conditions) or DIAG = “COPD” or DIAG2 = “|4”.

Abbreviations: COPD, chronic obstructive pulmonary disease; HCRU, health care resource utilization; HES, Hospital Episode Statistics; ICD, International Classification of
Diseases.
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Figure 2 Exacerbations in the outcome year according to years with at least | exacerbation over 10 years prior to the index date. (A) Percentage of patients experiencing
exacerbations in the outcome year in the maintenance-treated COPD cohort. (B) Percentage of patients experiencing exacerbations in the outcome year in the frequently
exacerbating cohort.

Abbreviation: COPD, chronic obstructive pulmonary disease.
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Abbreviation: COPD, chronic obstructive pulmonary disease.

exacerbation in the outcome year. More than one-half of patients (51.1%) in this cohort with >3 exacerbations in the year
prior to the index date experienced >3 exacerbations in the outcome year (Figure 3B).

Hospitalizations

Most patients were not hospitalized for COPD in the outcome year (Table 2). In both cohorts, patients who had a higher
number of exacerbations and those who had a higher number of hospitalizations in the year prior to the index date
experienced more hospitalizations in the outcome year (Figure 3). Among patients in the frequently exacerbating cohort
with >3 hospitalizations in the year prior to the index date, 66.7% had >1 hospitalization in the outcome year.
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In the frequently exacerbating cohort, similar rates of exacerbation and hospitalization were observed in the
outcome year in patients with and without hospitalization in the year prior to the index date. Individuals in the frequently
exacerbating cohort experienced a slightly elevated exacerbation rate in the outcome year compared with the year prior to
the index date when hospital admission was needed for >1 exacerbation (Supplementary Table 2).

Consistent with the findings of the larger cohort, among patients in the frequently exacerbating cohort with BEC >250 cells/uL
and BEC >350 cells/uL, a higher number of exacerbations, regardless of the need for hospital admission, during the year prior to
the index date predicted more exacerbations and hospitalizations in the outcome year (Supplementary Table 2).

Discussion

We identified more than 43,000 patients with maintenance-treated COPD. A substantial portion of these patients (nearly 6500)
received the highest level of maintenance therapy (triple therapy) but continued to experience a relatively high burden of
disease, including high rates of OCS use in the year prior to the index date and frequent moderate to severe exacerbations in
both the year before and the year after the index date. These patients also demonstrated substantially higher numbers of HCRU
events than were observed for the total population of patients with maintenance-treated COPD. Notably, in all subgroups
evaluated, a higher burden of exacerbations and HCRU predicted higher future disease burden and increased mortality. Our
findings support those of another observational study that demonstrated substantial HCRU, costs, and exacerbation rates
among patients with COPD who were receiving triple therapy but continued to experience exacerbations.”®

Of patients who experienced exacerbations despite receiving triple therapy, nearly one-quarter (n=1287/5669; 22.7%) had
BEC >250 cells/uL and experienced >3 exacerbations in the year prior to the index date. This represents approximately 3.0%
(n=1287/43,753) of the entire maintenance-treated cohort, which is a slightly higher proportion than the proportion of patients
with asthma who have severe, uncontrolled eosinophilic disease despite therapy (<1%), according to a large analysis of
patients with asthma who were receiving systemic corticosteroids.”® Despite the small size of the group, patients with severe,
uncontrolled eosinophilic asthma experience a nearly four-fold increase in HCRU events and a four-fold increase in costs
(£861.0 vs £222.0 per year) compared with all patients with asthma.?” This is similar to the findings in our cohort, which
revealed that individuals with severe COPD and frequent exacerbations experience a significantly higher number of HCRU
events than the general COPD population, even though they are receiving maximal, guideline-directed therapy.

ICS inhaler therapy has been recommended for COPD treatment for more than 25 years; more recently, ICS therapy was
added to the GOLD recommendations for COPD due to its effectiveness for patients with BEC =300 cells/uL and a history
of exacerbations.” However, in our study, a substantial portion of patients with elevated BEC continued to experience
exacerbations despite ICS treatment. This suggests that such patients have persistent eosinophilic inflammation underlying
the exacerbations, which could potentially be a treatable trait targeted with biologic therapy.

The fact that a group of patients continues to experience a high exacerbation burden despite maximal therapy begets
the question: Are patients receiving triple therapy, namely ICS, still experiencing exacerbations because they are not
adherent to therapy or because the therapy is not targeting the right mechanism of inflammation? Earlier work conducted
at the Observational Pragmatic Research Institute (OPRI) confirmed the increased risk of exacerbations with high BEC
(>450 cells/uL) in a real-world study of non-smoking patients with COPD in the United Kingdom.”® Significant
associations were consistently found across all therapy categories, with high adherence to ICS noted among patients
with more frequent exacerbations, which suggests that current treatments are insufficient in preventing an excess risk of
exacerbations for patients with COPD who have high BEC."

OPRI also completed a study to assess the impact of exacerbations on lung function decline.”’ Among patients who
were not treated with ICS-containing therapy, those with an elevated BEC (=350 cells/uL; 17%) had significantly more
accelerated lung function declines with increasing exacerbation rates than those with normal BEC (50-340 cells/uL).>
Additionally, Hancox et al completed a longitudinal study that analyzed BEC and changes in lung function in patients
from age 21 to 38 years: high BECs were associated with increased airflow obstruction and decreased lung function, even
in patients without symptoms.>® Together, these findings support the need for adequate treatment of underlying
eosinophilic inflammation for patients with COPD as well as for those who are not adequately responding to the highest
concentrations of inhaler therapy.”’ The role of eosinophilia in COPD remains unclear, and no reliable threshold of blood
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eosinophilia has been identified to discriminate a higher risk of exacerbations,'®?**! but BEC is showing promise as
a marker of COPD outcomes.

One particular strength of this study was its inclusion of a large, broad population of patients with COPD who were
representative of maintenance-treated persons with COPD in the UK’s general population. This vast dataset allowed for
accurate descriptions of characteristics in addition to subpopulations that showed relatively low frequencies. Also, the
completeness of the data, which were prospectively collected and, thus, not subject to recall bias, strengthen the findings.
The data source used is well-regarded and often employed for pharmacoepidemiologic studies.* >

Given the findings here and the overall strength of this dataset, future areas of research should encompass further analysis
of patient populations by exacerbation type; the impact of corticosteroids, given their high use in this dataset; and types of
morbidity and mortality in COPD populations beyond all-cause, including cardiac, respiratory, lung cancer, and related deaths.

Limitations

This study is limited by the fact that the data were collected for routine clinical use, not for research. Despite extensive
quality control and validation, the completeness of individual data cannot be confirmed. Though full blood count
measurements are a routine part of primary care for patients with COPD, individuals with an indication for BEC
measurements may differ from those without an indication and may not be representative of the total COPD population.
Finally, prescriptions are used to estimate drug exposure, but this does not guarantee the correct use of all doses.

Conclusions

Patients with COPD who experience frequent moderate to severe exacerbations despite maximal inhaler therapy
represent a considerable unmet medical need and may benefit from future therapy with eosinophil-depleting biologics.
Nearly one-quarter of these patients experience >3 exacerbations per year with elevated BEC.
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