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Purpose: To determine the clinical and economic impact of inhaled corticosteroid (ICS) withdrawal in Spanish patients with COPD
receiving triple therapy (TT) with ICS, long-acting B,-agonist (LABA), and long-acting muscarinic antagonist (LAMA).

Patients and Methods: This was an observational, retrospective study of BIG-PAC database medical records. Patients aged
>40 years receiving TT from 2016 to 2018 were followed for 1 year. Two cohorts were identified: patients continuing TT
(ICS+LABA+LAMA), and patients receiving TT with ICS withdrawn (LABA+LAMA). Variables included medication,
exacerbations (moderate and severe), pneumonia, mortality, health resource use (HRU), and cost per patient/year. Cohorts
were compared using propensity score matching (PSM). Multivariate statistical analysis using analysis of covariance and Cox
proportional risks was conducted.

Results: Of 6541 patients included, 5740 (87.8%) continued TT and 801 (12.2%) had ICS withdrawn. Patients with ICS withdrawal were
younger, had lower disease burden, higher ICS doses, and more exacerbations compared with those continuing ICS. PSM matched 795 patients
in each cohort. Mean age was 68.5 years (SD: 11.2), 69.9% were male, and mean Charlson index was 2.0. Patients with ICS withdrawal had
more total exacerbations in the 12 months following withdrawal compared with patients continuing TT (36.6% vs 31.4%; p=0.030). No
significant differences were found for pneumonia (3.3% vs 3.6%; p=0.583) and mortality (9.9% vs 7.5%; p=0.092). Median time to first
exacerbation was shorter in patients with ICS withdrawal compared with those continuing ICS (HR: 0.69, 95% CI: 0.57-0.83; p<0.001). Mean
health cost per patient/year among patients with ICS withdrawal was higher than those continuing TT (€2993 vs €2130; p<0.001).
Conclusion: ICS withdrawal in patients with COPD receiving TT was associated with increased exacerbations, HRU, and costs
compared with continuing TT, with health and economic impacts on patients and the Spanish National Healthcare System,
respectively. Pneumonia and mortality rates were similar between groups.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a preventable, treatable disease characterized by chronic and generally
progressive airflow limitation, with little scope for reversion. The disease is associated with an abnormal inflammatory
response of the lung to harmful particles or gases, especially tobacco, with significant systemic repercussions.' The
prevalence of COPD is high worldwide and there is a trend towards a continued increase.”” In Spain, the estimated
prevalence of COPD is 11.8% (EPISCAN II) in people aged 40 or older.* COPD is a public health problem; it is the third
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leading cause of death worldwide and the fourth leading cause of death in Spain, as well as one of the main causes of
morbidity, occupational disability, and lost quality of life.*->

The bases of the pharmacological treatment for COPD are long-acting bronchodilators (long-acting 3,-agonists [LABA]
and long-acting muscarinic antagonists [LAMAY]) as first-line treatments, either alone or in combination. The combination of
LABA and inhaled corticosteroids (ICS) is reserved for patients with moderate-to-severe COPD who experience frequent
exacerbations and/or for patients with a mixed COPD-asthma phenotype, regardless of severity.®® The efficacy and
convenience of triple therapy in patients with moderate-to-severe COPD has been shown by many studies.'®'" However, in
clinical practice, ICS use in patients with COPD remains unclear due to the balance between efficacy and safety, and
arguments both for and against their use.'®'?

Few studies have addressed the subject of ICS use in usual clinical practice. A real-life study of patients with moderate
COPD (OPTIMO)' recruited from 43 Italian centers (mainly respiratory units and university hospitals) found that compared
to continued treatment with ICS/bronchodilators, the risk of exacerbation did not increase significantly in the 6 months
following ICS withdrawal. During this study, the decision to withdraw ICS was at the investigator’s discretion and the
objective was to assess the impact of ICS withdrawal. In patients with mild-to-moderate COPD and no exacerbations, ICS
may be safely withdrawn if regular treatment with long-acting bronchodilators is maintained.® Additionally, the 2-year
longitudinal, prospective, non-interventional DACCORD study' of 6000 German patients with COPD, from 349 primary and
secondary care centers, aimed to generate data on the course of COPD in routine clinical practice. A subgroup of patients in the
DACCORD study'® were taking ICS prior to study entry and some continued to receive ICS during the 2-year follow-up,
while in others the attending physician decided to withdraw ICS at study entry. This allowed assessment of the long-term
effects of ICS withdrawal in a real-life environment with a longer follow-up than the OPTIMO study and found that ICS
withdrawal was not associated with an increased risk of exacerbations or a deterioration in health status. However, it should be
noted that a high proportion of patients who were categorized as Global Initiative for Chronic Obstructive Lung Disease
(GOLD) group A or B were receiving ICS as the basis of their treatment. Although this should not be construed as an
inappropriate prescription (the clinical characteristics of patients were unknown when ICS were initiated), it does suggest that
a proportion of these patients were receiving drugs which were not recommended by clinical management guidelines. Initial
exacerbations did not appear to correlate with ICS use; this may be due to patients being treated unnecessarily with ICS or due
to ICS preventing exacerbations. However, these findings should be interpreted with caution as they are based on
a retrospective study with a duration of 6 months.

Currently, there is still some controversy regarding ICS use in patients with COPD receiving triple therapy, especially
when their symptoms appear to be controlled.'” There are arguments for and against ICS maintenance/withdrawal in patients
with exacerbations (time period, withdrawal vs reintroduction, etc).'®!” GOLD guidelines recommend ICS is withdrawn if not
prescribed correctly and when there is a lack of efficacy or repeated pneumonia.” However, there are no official recommenda-
tions on ICS withdrawal in usual clinical practice. In addition, the results of ICS withdrawal studies'""'® have shown there may
be a negative impact on lung function, an increase in exacerbations, and worsened quality of life when ICS is withdrawn. In
Spain, evidence on the effects of ICS withdrawal in usual clinical practice is limited. The objective of this study was to
determine the long-term clinical (exacerbations and mortality) and economic (health costs) impact of ICS withdrawal in
patients receiving triple therapy for the treatment of COPD in routine clinical practice in Spain.

Material and Methods
Design and Study Population

This observational, retrospective study utilized electronic medical records obtained from the BIG-PAC?® administrative
database (data source: secondary; proprietor: Atrys Health-RLD; population: 1.8 million patients [https://www.encepp.

eu/encepp/viewResource.htm?id=29236]). Primary data were obtained from computerized medical records of seven

publicly funded integrated health areas (primary care centers and hospitals) in seven Spanish autonomous communities.
Prior to export to BIG-PAC,?® electronic medical records underwent rigorous anonymization in the centers/hospitals of
origin, in compliance with Organic Law 3/2018, of December 5, on the Protection of Personal Data and guarantee of
digital rights (https://www.boe.es/eli/es/lo/2018/12/05/3). Atrys Health-RLD has no access to primary data sources.
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Patients receiving continuing triple therapy were defined as those with concurrent prescriptions of ICS, LABA, and
LAMA in one, two, or three inhalers. Patients were identified between 1 January 2016 and 31 December 2018, and were
classified into two study cohorts: a) continuing triple therapy: patients with continuing prescription of ICS, LABA, and
LAMA, in one, two, or three inhalers during the follow-up; and b) ICS withdrawal: patients in whom ICS were
discontinued or withdrawn and who were treated with LABA/LAMA (alone or in combination in one or two inhalers)
during follow-up. Patients from the two cohorts were matched using propensity score matching (PSM) with a greedy
nearest neighbor algorithm and a caliper of 0.20. Patients in whom ICS were withdrawn were cases, and patients
continuing triple therapy were controls. The index date of patients in whom ICS were withdrawn was the date of the last
available ICS prescription. The index date of patients on continuing triple therapy was the same as that of the matched
case. Two study periods were established: a) 12 months prior to the index date (pre-index period), where the inclusion/
exclusion criteria were confirmed and the variables required to compare the two study cohorts were obtained (previous
exacerbations, demographic variables, comorbidities, treatments); and b) 12 months following the index date (follow-up
period), in which health resource use, exacerbations, mortality, pneumonia, and treatment persistence were recorded.
Follow-up was 12 months for both cases and controls.

Inclusion/Exclusion Criteria

Inclusion criteria were: a) age >40 years on the index date; b) confirmed diagnosis of COPD (International
Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM], codes 491, 496; International
Classification of Diseases, Tenth Revision, Clinical Modification [ICD-10-CM] codes J41, J42, J44); c) patients
active in the database for >12 months before study entry; d) inclusion in the medical prescription system (with
recorded daily dose, time interval, and duration of each treatment administered; >2 prescriptions during the
follow-up period); and e) ensured monitoring of patients (>2 records in the electronic system). Exclusion criteria
were: a) patients in whom ICS were withdrawn who restarted triple therapy; b) patients displaced or out-of-area;
c) permanently institutionalized patients; and/or d) patients with terminal illness and/or on dialysis.

Demographic Variables and Comorbidity

Demographic and comorbidity variables were age (continuous and by range: 40 to 64 years, 65 to 74 years, and >75 years), sex,
a history (ICD-9-CM) of high blood pressure, diabetes, dyslipidemia, obesity, smoking, ischemic heart disease, stroke, heart
failure, kidney failure, malignancies, asthma, emphysema, and bronchiectasis. The Charlson comorbidity index was used as
a summary variable of general comorbidity.' These data were obtained on the index date of each patient. In addition, other
variables were obtained: time from diagnosis (years), body mass index (BMI, kg/m?), forced expiratory volume in 1 second
(FEV; %), blood eosinophil levels (cells/uL), and functional severity of COPD (classification) in accordance with GOLD’
recommendations.

Definition of Chronic Obstructive Pulmonary Disease, Exacerbation, and Pneumonia
Records of patients with COPD were obtained using the ICD-9-CM codes 491, 492, and/or 496 for COPD and/or
exacerbations, or their ICD-10-CM equivalents (codes: J41, J42, and J44). Diagnosis of COPD was at the discretion of the
attending physician. The diagnosis was confirmed (spirometry/functional respiratory tests) by recording non-reversible
airflow obstruction without significant reversibility following administration of bronchodilators, according to FEV values
and a FEV/forced vital capacity ratio of <70% in the stable phase. GOLD guidelines’ define exacerbations as events in
the natural course of the disease, characterized by a change in dyspnea, cough, and/or baseline sputum which goes beyond
daily variations, is of acute onset, and may require a change in the usual medication (sustained aggravation of the initial
situation). Two types of exacerbations were considered: a) severe: requiring hospitalization; and b) moderate: requiring
treatment with antibiotics and/or oral corticosteroids (>1 prescription of antibiotics or oral corticosteroids, regardless of
the time of administration). Patients with pneumonia (ICD-9-CM codes 482 to 486, or ICD-10-CM codes J12 to J18) were
also recorded. Exacerbations were recorded during the pre-index period (12 months) and during follow-up (12 months).
Rates of pneumonia and cardio-respiratory death were recorded during follow-up, as was the time from the index date to
first exacerbation.

International Journal of Chronic Obstructive Pulmonary Disease 2022:17 hetps: 2163
Dove


https://www.dovepress.com
https://www.dovepress.com

Neches Garcia et al Dove

Treatment Description

Medicines (active substances) for the treatment of COPD were recorded according to the Anatomical Therapeutic Chemical
Classification System.?” The information was obtained from the pharmacological dispensing from community pharmacies.
The choice of drug for a patient was at the discretion of the attending physician. Patients who received chronic systemic
corticosteroid treatment (=6 months) were differentiated from those who solely received them for control of exacerbations.
These drugs were recorded during the pre-index and follow-up periods. Treatment persistence (LABA/LAMA/ICS vs
LABA/LAMA) was determined from the index date to discontinuation. Discontinuation was defined as: a) abandonment
(>60 days without renewing medication); b) end of follow-up/death; and/or c¢) changes in initial medication from the index
date. Dose modifications and changes in the type of inhaler device were not considered to constitute discontinuation.
Patients were classified using the daily dose of ICS (high, medium, low) according to the Bassan criteria.”®

Health Resource Use and Costs

Health costs (Table S1) related to care activity (primary care medical visits, specialist visits, days of hospital stay,
hospital emergency room visits, diagnostic and therapeutic requests, and medication) due to respiratory causes were
recorded. Costs were expressed as the mean cost per patient/year (mean/unit). Rates were obtained from hospital
accounting, except for medication. Medical prescriptions were quantified according to the retail price per pack at the
time of dispensing.>* Health resource use and costs were recorded throughout the 12-month follow-up period.

Ethical and Legal Aspects

The confidentiality of records (anonymous and dissociated) under the Law on the Protection of Personal Data was
respected. The study was classified by the Spanish Medicines and Healthcare Products Agency as EPA-OD and subse-
quently approved by the Research Ethics Committee of the Hospital of Terrassa, Barcelona, Spain (code: 02—-20-399-090).

Statistical Analysis

The data were extracted using structured query language statements. Records were carefully reviewed through explora-
tory analysis and preparation by observing the frequency distributions and searching for possible recording or coding
errors. PSM was used to match cohorts.?’ The covariates included in the model were age, sex, Charlson index, time from
diagnosis, high blood pressure, dyslipidemia, smoking, heart failure, COPD severity, eosinophil levels, ICS dose, and
total moderate and severe exacerbations in the past year. Standardized coefficients (differences) of the quantitative and
qualitative variables were recorded.

In the descriptive univariate analysis, qualitative data were described as absolute and relative frequencies, and
quantitative data as the mean, SD, median, and 25th and 75th percentiles (interquartile range). The 95% confidence
intervals were calculated to estimate parameters. Analysis of variance and the chi-squared test were used in the bivariate
analysis. Multivariate models were used for specific endpoints: analysis of covariance (general linear model; procedure:
estimate of marginal means; Bonferroni adjustment) was utilized to adjust health costs and a Cox proportional risk model
was developed to examine the association between ICS withdrawal and exacerbations. In both cases, the covariates
included were age, sex, time from diagnosis, and the Charlson index. The analysis used the SPSSWIN version 25
program. Statistical significance was established as p<0.05.

Results
Of an initial selection of 851,258 patients aged >40 years assigned to the centers, 17,990 had a confirmed diagnosis of
COPD, and 6541 (36.4%) patients on continuing triple therapy met the inclusion criteria for our analyses (Figure S1). Of
these, 5740 (87.8%) patients continued on triple therapy and 801 (12.2%) had ICS withdrawn. The overall mean age was
70.5 years (SD: 10.8), 70.9% were male, 64.7% had high blood pressure, 53.1% had dyslipidemia, and 24.3% had diabetes.
Demographic characteristics, comorbidities, COPD classification, and other parameters at index according to study
cohorts are shown in Table 1. Patients receiving triple therapy in whom ICS were withdrawn had a lower mean age (68.2
vs 70.8 years), general comorbidity (Charlson index: 2.0 vs 2.2 points; especially heart failure and/or smokers), severity
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Table | Demographic Characteristics, Comorbidities, COPD Classification, and Other Variables in the

12-Month Pre-Index Period

Study Groups Triple Therapy ICS Withdrawal Total p-value
Number of patients, (%) 5740 (87.8) 801 (12.2) 6541 (100)
Demographic characteristics
Mean (SD) age, years 70.8 (10.8) 68.2 (11.2) 70.5 (10.8) <0.001
Age range, %
4064 years 27.3 35.1 28.3
65-74 years 323 33.0 323
275 years 40.4 320 394 <0.001
Male, % 71.0 704 70.9 0.750
General comorbidity
Mean (SD) Charlson index 22 (1.4) 2.0 (1.1) 22 (1.4) 0.001
Charlson index, %
| 41.4 453 41.9
2 285 25.0 28.1
3+ 30.1 29.7 30.0 <0.001
Specific comorbidity, %
Hypertension 65.3 60.2 64.7 0.005
Diabetes mellitus 243 243 243 0.997
Dyslipidemia 54.4 43.6 53.1 <0.001
Obesity 16.9 17.6 17.0 0.628
Active smoker 15.1 1.5 14.7 0.006
Ischemic heart disease 15.2 13.5 15.0 0.191
Stroke 1.3 10.1 1.1 0.321
Heart failure 19.8 15.7 19.3 0.006
Kidney failure 13.0 12.0 12.9 0.423
Neoplasms 1.4 1.2 11.4 0.861
Asthma 12.7 1.0 12.5 0.169
Emphysema 10.3 9.1 10.2 0.292
Bronchiectasis 10.3 10.0 10.3 0.787
Classification/severity of COPD, %
GOLD Il (moderate) 53.9 64.4 55.2
GOLD Il (severe) 433 345 422
GOLD [V (very severe) 28 1.1 2.6 <0.001
Other parameters/variables
Mean (SD) time from diagnosis, years 18.9 (7.9) 16.4 (6.4) 18.6 (7.8) <0.001
Mean (SD) BMI, kg/m? 28 (3.9) 27.1 (4.7) 279 (4) <0.001
Mean (SD) FEV,, % 52.2 (14) 55.8 (14.1) 52.6 (14) <0.001
Mean (SD) blood eosinophils, cells/uL | 212.7 (139.4) 172.7 (142) 207.8 (140.3) | <0.001
Blood eosinophils 2300 cells/uL, % 18.4 13.5 17.8 0.001

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV, forced expiratory volume in | second;
GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroids; SD, standard deviation.

of COPD (moderate GOLD II: 64.4% vs 53.9%), time from diagnosis (16.4 vs 18.9 years), and blood cosinophil levels
(>300 cells/uL: 13.5% vs 18.4%).

Patients in whom ICS were withdrawn also received fewer chronic oral corticosteroids (8.2% vs 10.6%; p=0.042),
had fewer high doses of ICS (27.1% vs 33%; p=0.003), and had a lower percentage of total exacerbations (31.2% vs
35.2%; p=0.028), moderate exacerbations (30.7% vs 34.4%; p<0.001), and severe exacerbations (hospital admission:
8.2% vs 15.5%; p<0.001) during the previous year. The use of the active substances LAMA/LABA/ICS prior to ICS

withdrawal was similar between the two study cohorts (Table 2).
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Table 2 Medications Administered and Exacerbation Rate During the 12-Month Pre-Index Period

Study Groups Triple Therapy | ICS Withdrawal | Total p-value

Number of patients, (%) 5740 (87.8) 801 (12.2) 6541 (100)

Medication use, %
Oral corticosteroids 33.6 303 332 0.069
Chronic oral corticosteroids (>6 months) | 10.6 82 10.3 0.042
Systemic antibiotics 26.6 24.6 26.4 0.219
Short-acting 3, agonists 933 89.3 92.8 <0.001
Xanthines 1.1 8.7 10.8 0.047
Leukotriene antagonists 28 25 2.8 0.619
Home oxygen therapy .1 9.9 10.9 0.308

Using LAMA, %

Tiotropium 714 69.9 71.2
Glycopyrronium 16.2 17.0 16.3
Others (aclidinium, umeclidinium) 12.4 13.1 12.5 0.807

Combination of LABA/ICS, %

Salmeterol/fluticasone propionate 55.5 51.7 55.0
Formoterol/budesonide 18.7 20.2 18.9
Vilanterol/fluticasone furoate 2.0 25 2.1
Formoterol/fluticasone propionate 1.4 1.2 1.4
Formoterol/beclomethasone 224 243 22.6 0.298

Dose of ICS, %

Low 388 43.2 39.4

Medium 28.2 29.7 28.4

High 33.0 27.1 323 0.003
Mean (SD) dose of ICS, mg 569.1 (314.4) 540.6 (301) 565.6 (312.9) | <0.001
Year before study entry
Patients with an exacerbation, % 352 31.2 34.7 0.028
Mean (SD) total exacerbations 0.6 (0.9) 0.4 (0.7) 0.5 (0.9) 0.016
Overall exacerbations, %

None 64.9 69.3 65.4

| 17.3 19.4 17.5

2 14.7 9.7 14.1

3+ 3.1 1.6 2.9 <0.001
Patients with a moderate exacerbation, % 344 30.7 34.0 <0.001
Mean (SD) moderate exacerbations 0.4 (0.6) 0.4 (0.6) 0.4 (0.6)
Moderate exacerbations, %

None 65.6 69.3 66.0

| 29.5 26.3 29.1

2+ 49 4.4 4.8 0.033

Severe exacerbations (hospital admission)

Mean (SD) severe exacerbations 0.2 (0.4) 0.1 (0.3) 0.1 (0.4) <0.001
Severe exacerbations, %
None 84.5 91.8 85.4 <0.001
2| 15.5 82 14.6 <0.001

Abbreviations: ICS, inhaled corticosteroids; LABA, long-acting f,-agonists; LAMA, long-acting muscarinic antagonists; SD, standard
deviation.

During PSM, 795 of the 801 patients (99.3%) in whom ICS were withdrawn were matched with patients on
continuing triple therapy after analysis of 15 variables (clinically relevant and/or with significant differences between
the two cohorts). Table 3 shows the demographic characteristics, comorbidities, COPD classification, and other variables

2166 e International Journal of Chronic Obstructive Pulmonary Disease 2022:17
Dove


https://www.dovepress.com
https://www.dovepress.com

Dove

Neches Garcia et al

Table 3 Demographic Characteristics, Comorbidities, COPD Classification, and Other Variables in the 12-Month
Pre-Index Period (After Propensity Score Matching)

Study Groups Triple ICS Total p-value | Standardized
Therapy Withdrawal Differences
Number of patients, % 795 795 1590
Demographic characteristics
Mean (SD) age, years 68.7 (11.3) 68.4 (11.1) 68.5 (11.2) 0.654 0.023
Age range, %
40—64 years 348 34.6 347
65-74 years 335 332 333
275 years 31.7 322 319 0.977 0.005
Male, % 69.2 70.6 69.9 0.548 0.015
General comorbidity
Mean (SD) Charlson index 2.0 (1.3) 2.0 (1.2) 2 (1.2) 0.839 0.010
Charlson index, %
| 48.4 45.2 46.8
2 27.2 25.0 26.1
3+ 24.4 29.8 27.1 0.482 0.078
Specific comorbidity, %
Hypertension 63.5 60.4 61.9 0.197 0.032
Diabetes mellitus 22.4 24.5 235 0314 0.025
Dyslipidemia 473 439 45.6 0.174 0.034
Obesity 16.2 17.6 16.9 0.462 0.018
Active smoker 10.6 1.6 1.1 0.523 0.016
Ischemic heart disease 13.7 13.5 13.6 0.884 0.004
Stroke 8.6 10.2 9.4 0.263 0.028
Heart failure 15.7 15.8 15.8 0.945 0.002
Kidney failure 12.6 12.1 12.3 0.760 0.008
Neoplasms 10.2 1.2 10.1 0.519 0.018
Asthma 1.8 10.9 11.4 0.580 0.014
Emphysema 6.8 9.2 8.0 0.096 0.044
Bronchiectasis 83 10.1 9.2 0.224 0.030
Classification/severity of COPD, %
GOLD Il (moderate) 62.4 64.2 63.3
GOLD Il (severe) 36.2 347 355
GOLD |V (very severe) 1.4 I.1 1.3 0.722 0.020
Other parameters/variables
Mean (SD) time from diagnosis, years | 16.1 (7.9) 16.5 (6.3) 16.3 (7.2) 0.225 0.061
Mean (SD) BMI, kg/m? 27.4 (4.1) 27.1 (4.6) 27.3 (4.2) 0.142 0.038
Mean (SD) FEV,, % 54.4 (13.6) 55.7 (14.1) 55 (13.9) 0.081 0.094
Mean (SD) blood eosinophils, cells/uL | 182.1 (103.4) 173.1 (142.4) 177.6 (124.5) | 0.147 0.061
Blood eosinophils 2300 cells/uL, % 13.6 13.6 13.6 0.999 0.001

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV,, forced expiratory volume in | second; GOLD, Global
Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroids; SD, standard deviation.

at index (after PSM). Overall, the mean age was 68.4 years (SD: 11.2), 69.9% were male, 61.9% had high blood pressure,
45.6% had dyslipidemia, and 23.5% had diabetes. There was acceptable comparability between the two study cohorts as

standardized differences were <0.10 for all variables analyzed, including the medicines administered and the exacerba-

tion rates during the 12-month pre-study period (Table 4).

Table 5 shows medications administered and the main clinical outcome variables during the 12-month follow-up. Patients

in whom ICS were withdrawn used slightly more oral corticosteroids (35.6% vs 30.9%; p=0.049), systemic antibiotics (31.9%
vs 25.2%; p=0.003), and xanthines (11.4% vs 8.2%; p=0.028), and had a higher percentage of total exacerbations (36.6% vs
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Table 4 Medications Administered and Exacerbation Rate During the 12-Month Pre-Index Period (After Propensity Score Matching)

Study Groups Triple Therapy ICS Withdrawal Total p-value Standardized
Differences

Number of patients 795 795 1590
Medication use, %

Oral corticosteroids 28.8 299 29.4 0.620 0.012

Chronic oral corticosteroids (>6 months) 9.2 83 8.7 0.534 0.016

Systemic antibiotics 22.3 24.7 235 0.261 0.028

Short-acting B3, agonists 92.2 89.3 90.8 0.175 0.050

Xanthines 7.8 8.8 83 0.467 0.018

Leukotriene antagonists 2.0 2.5 2.3 0613 0.017

Home oxygen therapy 838 9.9 8.9 0.045 0.038
Using LAMA, %

Tiotropium 70.6 69.8 70.2

Glycopyrronium 17.0 17.0 17.0

Others (aclidinium, umeclidinium) 12.5 13.2 12.8 0914 0.018
LABA/ICS combination (retired), %

Salmeterol/fluticasone propionate 53.5 51.7 52.6

Formoterol/budesonide 18.6 20.4 19.5

Vilanterol/fluticasone furoate 1.5 2.5 2.0

Formoterol/fluticasone propionate 1.0 1.3 I.1

Formoterol/beclomethasone 25.4 242 248 0.502 0.046
Dose of ICS, %

Low 43.6 43.0 433

Medium 26.3 29.8 28.1

High 30.1 27.2 28.6 0.228 0.043
Mean (SD) dose of ICS, mg 550.0 (310.3) 541.1 (301.2) 545.6 (305.7) 0.561 0.029
Year before study entry
Patients with an exacerbation, % 309 30.2 30.6 0913 0.003
Mean (SD) total exacerbations 0.5 (0.8) 0.4 (0.8) 0.4 (0.8) 0.560 0.029
Overall exacerbations, %

None 69.1 69.8 69.4

| 19.7 18.7 19.2

2 8.1 9.8 8.9

3+ 3.1 1.7 24
Patients with a moderate exacerbation, % 30.7 30.2 304 0.754 0.021
Mean (SD) moderate exacerbations 0.4 (0.6) 0.4 (0.6) 0.4 (0.6) 0.540 0.057
Severe exacerbations, %

None 69.3 69.8 69.6

| 26.3 25.8 26.0

2+ 4.4 44 44 0.821 0.044
Severe exacerbations (hospital admission)
Mean (SD) severe exacerbations 0.1 (0.3) 0.1 (0.3) 0.1 (0.3) 0.787 0.014
Number of severe exacerbations, %

None 91.3 91.7 91.5

2| 8.7 83 8.5 0.755 0.007

Abbreviations: ICS, inhaled corticosteroids; LABA, long-acting B,-agonists; LAMA, long-acting muscarinic antagonists; SD, standard deviation.

31.4%; p=0.030). Moderate exacerbations (34.1% vs 31.4%; p=0.251) and severe exacerbations (11.2% vs 8.4%; p=0.071)
were also trending higher for patients with ICS withdrawal, although these did not reach significance. Pneumonia (3.3% vs
3.6%; p=0.583) and mortality (9.9% vs 7.5%; p=0.092) rates were similar between the two cohorts.
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Table 5 Medication Administered, Exacerbations, and Other Variables During the 12-Month Follow-Up

(After Propensity Score Matching)

Study Groups Triple Therapy | ICS Withdrawal | Total p-value
Number of patients 795 795 1590
Medication use, %

Oral corticosteroids 309 35.6 333 0.049

Chronic oral corticosteroids (>6 months) | 8.3 9.2 87 0.534

Systemic antibiotics 25.2 31.9 28.6 0.003

Short-acting 8, agonists 92.7 95.7 94.2 0.010

Xanthines 82 11.4 9.8 0.028

Leukotriene antagonists 4.7 4.0 43 0.538

Home oxygen therapy 9.7 1.7 10.7 0.194
Exacerbations
Total patients with an exacerbation, % 314 36.6 340 0.030
Mean (SD) total exacerbations 0.4 (0.7) 0.5 (0.8) 0.5 (0.8) 0.018
Overall exacerbations

None 68.6 63.4 66.0

| 21.0 248 229

2 9.4 8.7 9.1

3+ 1.0 3.1 2.1 0.009
Patients with a moderate exacerbation, % 314 34.1 328 0.251
Mean (SD) moderate exacerbations 0.3 (0.5) 0.4 (0.6) 0.4 (0.6) 0.011
Moderate exacerbations, %

None 68.6 65.9 67.2

| 30.2 279 29.1

2 0.9 6.2 35

3+ 0.4 0.0 0.2 <0.001
Severe exacerbations (hospital admission), % | 8.4 11.2 9.8 0.071
Mean (SD) severe exacerbations 0.1 (0.3) 0.1 (0.3) 0.1 (0.3) 0.044
Severe exacerbations, %

None 91.6 88.8 90.2

| 83 10.7 9.5

2 0.1 0.5 0.3 0.104
Pneumonia, % 3.6 33 35 0.583
Deaths, % 7.5 9.9 8.7 0.092
Time to first exacerbation, days

Mean (SD) 185.1 (100.3) 157.7 (100.5) 170.4 (101.2) 0.002

Median (P25-P75) 186 (102-270) 161 (59.7-244.7) 172 (79.0-258.0)
Treatment persistence
Percentage persistent on treatment, % 84.2 86.3 85.2 0.831
Mean (SD) persistence, days 331.3 (85.3) 335.8 (81) 333.6 (83.2) 0.277
Median (P25-P75) persistence, days 365 (365-365) 365 (365-365) 365 (365-365)

Abbreviations: ICS, inhaled corticosteroids; P, percentiles; SD, standard deviation.

Patients in whom ICS were withdrawn had a shorter time from the index date to the first exacerbation (161 vs
186 days; p=0.002). The hazard ratio for continuing triple therapy was 0.69 (95% confidence interval: 0.57-0.83;
p<0.001) (Figure S2). Treatment persistence (86.3% vs 84.2%; p=0.831) was similar between the two groups. All
patients included in the study who had their ICS withdrawn maintained dual bronchodilation (LABA/LAMA).

Table 6 shows health resource use and costs. The total health cost of patients (N=1590) was €4.1 million. Patients in

whom ICS were withdrawn used more health resources, specifically in primary care visits (10.4 vs 8.6; p<0.001), hospital

care visits (1.1 vs 0.8; p=0.004), and days of hospital stay (1.9 vs 0.9; p<0.001), including hospital emergency visits
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Table 6 Health Resource Use and Costs (Mean/Patient/Year) During the 12-Month Follow-Up (After Propensity
Score Matching)

Study Groups Triple Therapy ICS Withdrawal Total p-value
Number of patients 795 795 1590

Mean (SD) resource use

Primary care visits 8.6 (6.2) 10.4 (7.6) 9.5 (7.0) <0.001
Specialist visits 0.8 (1.3) 1.1 (23) 0.9 (1.8) 0.004
Hospital emergency visits 0.6 (0.8) 1.0 (1.2) 0.8 (1.0) <0.001
Days of hospital stay 0.9 (2.9) 1.9 (5.8) 1.4 (4.6) <0.001
Laboratory tests 1.0 (0.9) 1.5 (1.3) 1.3 (1.1) <0.001
Conventional radiology 1.1 (1.2) 1.6 (1.9) 1.3 (1.6) <0.001
Axial tomography 0.5 (0.5) 0.9 (0.7) 0.7 (0.6) <0.001
Magnetic nuclear resonance 0.4 (0.5) 0.6 (0.6) 0.5 (0.5) <0.001
Other complementary tests 1.5 (1.0) 2.4 (1.5) 1.9 (1.4) <0.001
Mean (SD) health costs (€)

Primary care visits 200 (144.1) 240.6 (175.7) 220.3 (161.9) <0.001
Specialist visits 73.7 (115.7) 98.2 (210.2) 85.9 (170.1) 0.004
Hospital emergency visits 74.8 (96.2) 116.6 (141.7) 95.7 (122.8) <0.001
Days of hospital stay 414.4 (1.414.6) 892.2 (2.802.8) 653.3 (2.232.1) <0.001
Laboratory tests 33.7 27.7) 48.9 (41.9) 41.3 (36.3) <0.001
Conventional radiology 32 (33.6) 44.5 (55.5) 38.2 (46.3) <0.001
Axial tomography 47.1 (48.0) 87.8 (67.1) 67.4 (61.8) <0.001
Magnetic nuclear resonance 74.6 (87.5) 100.6 (99.9) 87.6 (94.8) <0.001
Other complementary tests 71 (47.3) 111.3 (71.5) 91.1 (63.8) <0.001
Respiratory medications 1150.2 (676.8) 1258.6 (417.3) 1204.4 (564.7) <0.001
Total health costs 2171.5 (1821.4) 2999.3 (3159) 2585.4 (2610.7) <0.001
Adjusted model (ANCOVA?) Difference

Health cost, mean 2130 2993 863 <0.001
95% Cl 1.937-2.322 2.798-3.188

Notes: “ANCOVA model: contrasts are based on peer comparisons between estimated marginal means; covariates: age, sex, time from
diagnosis, Charlson index.
Abbreviations: ANCOVA, analysis of covariance; Cl, confidence interval; ICS, inhaled corticosteroids; SD, standard deviation.

(116.6 vs 74.8; p<0.001). The mean total health cost per patient/year was higher in patients in whom ICS were withdrawn
after correction by covariates (€2993 vs €2130; p<0.001; difference: €863/patient). Figure S3 shows the health costs

according to age ranges, the number of exacerbations, and COPD severity in the study cohorts.

Discussion

The results of this study show that, in routine clinical practice, ICS are withdrawn in a small percentage of patients
receiving triple therapy for the treatment of COPD (12.2%), many of whom had exacerbations in the year prior to
withdrawal. In addition, ICS withdrawal during follow-up was associated with more exacerbations and similar rates of
pneumonia and mortality, which led to an increase in health resource use and costs for the Spanish National Health
System.

The use of ICS for COPD is controversial.”®'®1%2%27 However, their use in combination with long-acting
bronchodilators is a standard treatment for patients with frequent exacerbations or a mixed phenotype.”® The safety
profile and risk-benefit ratio are clearly favorable if used according to current recommendations while avoiding high
doses.”®2%27 Therefore, healthcare professionals may be cautious regarding their withdrawal, especially in patients
with frequent exacerbations, reduced lung function, or a mixed phenotype (eosinophilia).”**® In contrast, adding
a LAMA to an ICS/LABA combination produces significant clinical benefits in patients with COPD (dual
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bronchodilation).®” Thus there are notable discrepancies between guideline recommendations and the therapy used
in usual clinical practice.®

Studies of ICS withdrawal show heterogeneous results. While the WISDOM'® and OPTIMO' studies found the risk
of exacerbation in patients with COPD did not increase after ICS withdrawal, other studies did not confirm these results.
In addition, in the WISP study,” ICS withdrawal in primary care patients with COPD increased the risk of exacerbation
and caused a worsening of symptoms. The COSMIC study’® showed that fluticasone propionate withdrawal was
associated with increased exacerbations while the COPE study”' found that ICS discontinuation also led to an increased
risk of exacerbations. Our results support the findings of these studies.

A meta-analysis of clinical trials by Nadeem et al’” concluded that there was no significant evidence that ICS
withdrawal in usual clinical practice causes a significant worsening of patient outcomes. In our study we found that
patients who withdrew ICS seemed to have stable symptoms and the clinician decided to step down their treatment.
However, using real-life data, Ye et al’* found differing results. In two recent real-life studies, Magnussen et al** found that
discontinuation of ICS was not associated with an increased risk of exacerbation in primary care patients with very few
exacerbations, but ICS should not be withdrawn in a subgroup of patients with frequent oral corticosteroid cycles and
elevated blood eosinophil counts due to the risk of exacerbations. In a 6-month follow-up study after ICS withdrawal,
Nielsen et al*> found that 60% of patients resumed ICS due to exacerbations. Our results show we were unable to predict the
patients who could benefit from the withdrawal or continuation of ICS according to the rate of exacerbations or the
eosinophil count. The methodological differences and populations analyzed in these studies make it difficult to compare the
results, especially as in many cases the number and severity of exacerbations was dependent on the study’s own definition.

There is debate surrounding the side effects of long-term ICS use, such as pneumonia and systemic adverse effects. Some
reports suggest that the safety profile of ICS depends on the dose administered. This can have practical effects, highlighting the
value of low doses of ICS in the treatment of COPD.® Cheng et al*®
effectiveness in patients with COPD, without a higher incidence of pneumonia, and suggested that high-dose ICS therapy may

concluded that high doses of ICS have greater clinical

be appropriate in patients with COPD. Our results seem to support these recommendations, and demonstrate the complexity of
COPD treatment, especially in severe patients. Although areas of uncertainty persist, our results suggest that in patients with
moderate airflow limitation and very few exacerbations, the ICS dose could be reduced without increasing the risk of
exacerbations, provided adequate bronchodilator treatment is maintained. These results are similar to some available evidence,
although controlled studies are required to improve decision making on the use of ICS in clinical practice.”**"-

The corrected mean health cost per patient/year of ICS withdrawal compared with continuing triple therapy was higher
(€2993 vs €2130). These results are directly related to the proportion of exacerbations, particularly severe exacerbations
requiring hospitalization. Reviews by Press et al*® and Ehteshami-Afsha et al*® found wide methodological differences in the
studies analyzed and concluded that the reports consistently showed that better disease control reduces COPD costs. They also
noted a growing need for economic studies based on the latest guideline recommendations. Our results are difficult to compare
as we found no similar studies in the literature. Most studies have concluded that COPD severity, hospital exacerbations,
emergency visits, and medication are the most prominent cost components, and better health education could reduce COPD
costs. In addition, patients with COPD with eosinophil counts of >220 cells/uL are more likely to have had acute or severe
exacerbations, resulting in higher health costs.”*' Given the methodological limitations, our results seem to be in line with the
available literature.

The study has some limitations, mainly those inherent to retrospective studies, which are related to the
categorization of COPD severity, the possible classification bias of patients, and limitations in the measurement
of variables attributable to the information system. In this sense, the possible inaccuracy of diagnostic coding of
COPD and other comorbidities, the definition of exacerbation, and the absence of variables that could influence
the results (ie, socioeconomic level, environmental/occupational exposure, the evolution of the prescribed phar-
macological dose, verification of the inhalation technique, therapeutic adherence, and/or differentiation of pheno-
types) should be considered limitations. In addition, we could not discriminate between the form of ICS
withdrawal (brusque, sequential). The index date matching method in the two study cohorts may also have caused
some temporary bias that could not be accounted for. However, the groups were correctly balanced. It should be
noted that it was not feasible to determine the exact date of last ICS intake, therefore the index date for the cohort
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withdrawing ICS was defined as the date of last available ICS prescription. Other unmeasured factors that may
have influenced the results may include: a) the duration of ICS use in triple therapy; b) the pharmacological
characteristics of the drugs; c) the combination of drugs in each device (ICS/LAMA/LABA, ICS/LABA+LAMA,
LABA/LAMA+ICS); d) dispensing of a prescription does not guarantee that a patient has taken the drug; and/or
e) characteristics after ICS withdrawal (combination of drugs after step down and possible modification to fewer
devices). In addition, dependent upon the demand for medical care, non-disease-related factors such as access to
health resources, comorbidities, and patient-specific characteristics that could lead to worsening of episodes may
not have been reported by patients and were thus not considered, which may have influenced the outcomes.
However, the main limitation is possible selection bias by the attending physician when withdrawing ICS. The
effect of pneumococcal vaccines, the severity of COPD-associated asthma, and clinical evaluations (COPD
assessment test or other questionnaires) may also not be considered due to the lack of data on these variables.
Another possible limitation was due to the fact that clinical practice guidelines may not have recommended ICS
be withdrawn in patients with asthma, with blood eosinophils >300 cells/ul. and who use oral corticosteroids.
However, our intention was to create comparable and homogeneous study cohorts via PSM. In addition, the
proportions of these variables separately were low, and representative of patients seen in routine clinical practice.
In our opinion, this should not influence the final results of the study (exacerbations and/or health costs). Other
possible limitations include a lack of differentiation between the number and type of devices (pressurized
cartridge inhalers, dry powder, or nebulizers) which could have influenced the results. Modifications to conco-
mitant respiratory treatment were also not considered due to time restraints that prevented their quantification in
the database. A more detailed analysis by molecules was not possible due to the small sample size. However, this
study reflects usual clinical practice in which the degree of adherence to clinical practice guidelines is quite low.
In fact, in clinical practice it is common for more than 50% of patients to be taking a dose three times higher than
the high dose recommended by GOLD guidelines.” It could be interesting for a future analysis to include patients
who withdrew and then reinitiated triple therapy.

Conclusion

ICS withdrawal in patients on triple therapy was associated with a higher percentage of exacerbations and similar rates of
pneumonia and mortality when compared with those continuing ICS, which could have an impact on health resource use and
costs for the Spanish National Health System. Further real-life studies will be needed to reinforce the consistency of our results.

Abbreviations

ANCOVA, analysis of covariance; BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmon-
ary disease; FEV,, forced expiratory volume in 1 second; GOLD, Global Initiative for Chronic Obstructive Lung
Disease; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; ICD-10-CM,
International Classification of Diseases, Tenth Revision, Clinical Modification; ICS, inhaled corticosteroids, LABA,
long-acting ,-agonists; LAMA, long-acting muscarinic antagonists; P, percentiles; PSM, propensity score matching; SD,
standard deviation; TT, triple therapy.
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