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Abstract

Introduction: To date there is solid evidence from randomized controlled trials
(RCTs) supporting the rationale for withdrawal from inhaled corticosteroids (ICSs) in
most patients suffering from chronic obstructive pulmonary disease (COPD).
However, the populations selected for RCTs only partially represent the real-life
population of COPD patients.

Areas covered: In this review a systematic synthesis of data useful in the daily clinical
practice was provided in order to guide clinicians toward the optimal approach for
the de-escalation of ICSs in COPD.

Expert opinion: De-escalation to ICS is a procedure that allows optimizing the
pharmacological therapy of stable COPD patients. While only a minority of severe
COPD patients that are symptomatic and/or at high risk of exacerbation may really
need of triple therapy, most patients should be de-escalated/switched from ICS-
containing regimen toward dual bronchodilator therapy, or even to single
bronchodilator regimen in patients affected by less severe form-of COPD.

Keywords: COPD; de-escalation; discontinuation; exacerbation; inhaled
corticosteroid; lung function; optimization; real-world; systematic review;
withdrawal.



Article highlights

- Data from RCTs support the rationale for de-escalating to ICS in most
COPD patients.

- The populations selected for RCTs only partially represent the real-life
population of COPD patients.

- Real-world studies provide the findings that withdrawal of ICS is a
suitable and safe procedure in most COPD patients.

- When ICS discontinuation is followed by an adequate pharmacological
management of COPD, the clinical and functional conditions of patients
are not affected.

- De-escalation of ICS may even reduce the risk of exacerbation as well
as improve lung function, dyspnea, and symptoms.

- De-escalation of ICS reduces the risk of pneumonia.



1. Introduction

Bronchodilator therapy with a long-acting B,-adrenoceptor agonist (LABA) and
a long-acting muscarinic antagonist (LAMA), administered alone or in
combination, is the mainstay pharmacological approach to manage patients
with chronic obstructive pulmonary disease (COPD), and it is always
recommended as initial therapy as suggested by the current Global Initiative
for Chronic Obstructive Lung Disease (GOLD 2020) [1]. On the other hand,
the use of inhaled corticosteroids (ICSs) in COPD remains controversial, and
oftentimes prescribed for symptomatic patients and/or subject at high risk of
COPD exacerbation [1].

To date there is solid evidence from randomized controlled trials (RCTs)
supporting the rationale for withdrawal from ICSs in most patients suffering
from COPD [2-9], with recent high-quality quantitative syntheses indicating
that ICS discontinuation is a complex procedure that requires a well planned
and tailored strategy [10]. In this respect, another quantitative synthesis of
RCTs attempted to provide guidance for ICS therapy and ICS de-escalation
among patients with COPD [11].

In any case, it is well known that the populations selected for RCTs only
partially represent the real-life population, as it has been proved that in large

populations of individuals with an established diagnosis of COPD fewer than
~14% of outpatients were eligible for inclusion in RCTs [12,13]. In this

respect, discrepancies were found between RCTs and real-life reports, the
latter reporting that no differences in forced expiratory volume in the 1%
second (FEV+) values and exacerbation rate were observed between patients

who were and were not withdrawn from ICS treatment [14]. Paradoxically,



further discordance can be detected not only between RCTs and real-world
studies, but also among different RCTs with respect to the protective effect of
ICS/LABA/LAMA combination compared to dual LABA/LAMA combination on
the risk of COPD exacerbation [15].

Indeed, it has been recognized that real-world findings have become critical to
better characterize the efficacy and safety profile of pharmacological
treatments, already shown to be efficacious and safe in RCTs, under
conditions of heterogeneity in patients, treatment regimens, clinicians, and
settings [16].

Therefore, the aim of this study was to provide a systematic synthesis of data
useful in the daily clinical practice to guide clinicians toward the optimal

approach for the de-escalation of ICSs in COPD.

2. Materials and methods

2.1.Review question

Do real-world findings provide information for optimizing the de-escalation of
ICSs in COPD patients?

2.2.Search strategy

The protocol of this synthesis of the current literature has been submitted to
the international prospective register of systematic reviews (PROSPERO,
submission ID: 182837), and performed in agreement with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses Protocols
(PRISMA-P) [17], with the relative flow diagram reported in Figure 1. This
study satisfied all the recommended items reported by the PRISMA-P

checklist [17].



The PICO (Patient problem, Intervention, Comparison, and Outcome)
framework was applied to develop the literature search strategy and question,
as previously reported [18]. Namely, the "Patient problem” included COPD
patients; the “Intervention” regarded COPD therapy without the ICS; the
“‘Comparison” included COPD therapy including an ICS; the assessed
“Outcomes” were the lung function, dyspnoea, quality of life (QoL), adverse
respiratory symptoms, the risk and rate of COPD exacerbation, risk of serious
pneumonia, risk of pneumonia, frequency of hospital admissions, airway
hyperresponsiveness (AHR) deterioration, exercise performance, and safety
profile. The definition of COPD exacerbation reported in the studies is shown
in Table 1.

A comprehensive literature search was performed for real-world or
observational studies written in English and evaluating the impact of ICS
discontinuation in COPD patients. The search was performed in MEDLINE,
ClinicalTrials.gov, Cochrane Central Register of Controlled Trials (CENTRAL),
Embase, EU Clinical Trials Register, Scopus, and Web of Science, in order to
provide for relevant studies published up to May 5th, 2020. The research
string was as follows: (withdrawal OR de-escalation OR optimization OR
switch) AND ((real-life) OR (real-world) OR observational OR (clinical
practice)) AND COPD AND (ICS OR corticosteroid OR glucocorticoid). As an
example, Table 2 reports the literature search terms used for OVID MEDLINE.
Citations of previous published reviews were checked to select further
pertinent studies, if any [14,15,19-22].

Studies reporting the impact of ICS discontinuation on lung function,

dyspnoea, QolL, exacerbations, treatment failure, pneumonia, hospital



admissions, AHR deterioration, and safety were included in this systematic
review.

Two reviewers independently checked the examined studies, which were
selected in agreement with previously mentioned criteria, and any difference
in opinion about eligibility was resolved by consensus.

2.3.Data extraction

Data from included studies were extracted and checked for study references,
NCT or study number identifier, study duration, treatments at baseline and
during the study period with doses and regimen of administration when
reported, patients characteristics and number of analyzed patients, age,
gender, smoking habit, duration of inhaled steroid use prior to study entry,
baseline number of exacerbations in the year preceding the study, FEV4,
COPD exacerbations, serious pneumonia, acute respiratory events, Transition
Dyspnea Index (TDI) score, St. George’s Respiratory Questionnaire (SGRQ)
score, Medical Research Council (MRC) score, COPD assessment test (CAT)
score, clinical COPD questionnaire (CCQ) score, hospital admissions, AHR
deterioration, all-cause mortality, and severe adverse events (SAEs).
2.4.Outcomes

The co-primary outcomes of this systematic review were the impact of COPD
therapy without the ICS on FEV4, SGRQ, TDI, on the risk and rate of COPD
exacerbations, MRC score, CAT score, CCQ score, AHR deterioration,
hospital admissions, risk of acute respiratory events, risk of all-cause
mortality, risk of pneumonia, and SAEs.

2.5. Strategy for data synthesis



Data from original papers were extracted and reported via qualitative

synthesis.

3. Results

3.1.Study characteristics

A total of eleven real-world or observational studies performed on COPD
patients were identified and their characteristics are summarized-in Table 3.
Eight studies investigated withdrawal of ICS [23-30] and three studies
evaluated the impact of a switch from baseline therapies. including ICS-
containing bronchodilator regimens to dual bronchodilation [31-33].

Table 4 summarizes the results of studies in which the effect of de-escalation
of ICSs has been assessed.

3.2. From ICS-containing regimen to ICS discontinuation

A subgroup analysis of the  prospective, longitudinal non-interventional
DACCORD study (EUPAS4207) [29] investigated the long-term effects of ICS
withdrawal in real-world clinical settings in terms of exacerbations and health
status. For the duration of 2 years of follow-up, the study included COPD
patients treated with |ICS-containing regimen who continued to receive ICS,
and patients who had ICS withdrawn by the treating physician prior to entering
DACCORD study. Of 1,365 analyzed patients, 1,022 continued treatment with
ICS, whereas 236 patients were withdrawn of ICS. There were few
differences with respect to baseline characteristics and disease
characteristics. ICS withdrawn group had a significantly (P<0.05) shorter
disease duration of less than one year since diagnosis, compared to ICS

continued group (25.0% vs. 12.7%) and a better lung function (FEV1=80%



predicted: 29.2% vs. 15.4%), thus representing potential real-world
confounders. On the other hand, no clinically relevant differences were
detected in terms of baseline symptoms or health status between ICS
withdrawn and ICS continued groups (P>0.05). The number of non-
exacerbating patients during the 6 months prior to study entry was higher in
the ICS withdrawn group, compared to the ICS continued group (74.2% vs.
70.7%). In the first year of follow up, the annualized exacerbation rate was
similar (P>0.05) between the two groups, whereas in the second year, ICS
withdrawn group reached a significantly lower rate compared to the group that
continued treatment with ICS (0.237 vs. 0.402). In both groups, CAT total
score was significantly (P<0.05) improved from baseline, although a greater
reduction was reached in the ICS-withdrawn group, compared to whom
continued to take ICS (-4.0+6.4 units and -1.5+6.2 units, respectively).

A non-interventional cohort analysis evaluated the status of ICS prescriptions
following the 2017 GOLD revision by using data of patients included in the
three large multicenter COPD cohorts in Korea: the Korean Obstructive Lung
Disease (KOLD) 1 and 2, as well as the Korea Chronic Obstructive Pulmonary
Disorders Subgroup Study (KOCOSS) [30]. Patients that before or at the time
of enrolment were treated with an ICS-containing regimen were defined as
baseline ICS users, whereas patients using non-ICS-containing regimens
including LABA, LAMA, or LABA/LAMA combination, were defined as ICS
nonusers. A total of 1,144 patients were eligible to be included in this study.
In 2014, 46.3% of the patients were ICS users, and triple therapy was the
most frequently used regimen, followed by LAMA monotherapy and

ICS/LABA. This percentage decreased to 38.8% of patients in 2017, whereas



LAMA/LABA combination became the most frequently used treatment
regimen. Interestingly, 47.5% of patients that in 2017 were using ICS-
containing regimens, did not exhibit features characteristic of ICS usage, such
as history of asthma, blood eosinophilia, and more than two exacerbations in
the year prior to enrollment. A significantly (P<0.01) greater number of
patients in the ICS withdrawn group had a history of asthma in the year prior
to enrollment, compared to the ICS continued group (56.6% and 41.0%
respectively) and a higher annual exacerbation frequency (0.79 vs. 0.53).
During the follow-up period, the annual exacerbation rate was comparable
(P>0.05) between ICS withdrawn and ICS continued group (0.48 vs. 0.47),
although the annual rate of severe exacerbation was significantly (P<0.05)
higher for the ICS withdrawn group (0.22 vs. 0.12), with RR 1.74 (95% CI 1.05
—2.88).

An 8-week observational study of the run-in phase of the Inhaled Steroids in
Obstructive Lung Disease (ISOLDE) trial [26] evaluated the impact of ICS
discontinuation in stable COPD patients previously treated with ICS-
containing regimens. A total of 272 COPD patients were analyzed and at
study entry, 160 (59.0%) stopped regular treatment with ICS at their own
discretion, whereas 112 patients remained chronically untreated with ICS. In
the year prior to study entry, exacerbating patients in the ICS withdrawn group
were administered with a greater ICS daily dose compared to those that had
no exacerbations, however this difference was not statistically significant
(P>0.05). Fifty-six patients that discontinued ICS experienced at least one
COPD exacerbation in the year before the study entry. At the end of the study

60 patients that were withdrawn from ICS experienced at least one



exacerbation. In these patients ICS discontinuation elicited a significant
(P<0.001) increase in the risk of COPD exacerbation (RR 2.22, 95% CI1 1.87 —
2.65).

A large primary care population based cohort study [23] evaluated the impact
of ICS withdrawal on the risk of moderate and/or severe exacerbations and
all-cause mortality in COPD patients selected from the Clinical Practice
Research Datalink (CPRD)in the United Kingdom. A total of 48,157 patients
were selected between 1 January 2005 and 31 January 2014. Patients were
divided into two groups, continuous ICS users and ICS withdrawals, the
former received their most recent ICS prescription within. 3 months before the
start of a fixed 90-days interval of follow-up, the latter discontinued ICS for
more than 3 months. All patients were further stratified by absolute eosinophil
count (using 340 cells/uL as cut-off value) or relative eosinophil count (using
4.0% as cut-off value). ICS discontinuation did not increase neither the risk of
moderate-to-severe exacerbation nor the risk of severe exacerbations in
patients with absolute blood eosinophil 2340 cells/uL (adjusted HR 0.82, 95%
Cl 0.61 — 1.10) or relative count 24.0% (adjusted HR 0.80, 95% CI 0.61 —
1.04). Noincreased risk of all-cause mortality was observed among subjects
who withdrew from ICS irrespective of elevated absolute (adjusted HR 1.08,
95% CI 0.96 — 1.22) or high blood eosinophil counts (adjusted HR 1.08, 95%
Cl10.97 - 1.21).

A prospective, open-label study [24] carried out in clinical practice settings
investigated the impact of prophylactic ICS discontinuation on adverse
respiratory outcomes, defined as occurrence of acute COPD exacerbation or

an episode of unremitting worsening of respiratory symptoms for at least three



consecutive days. A total of 229 COPD patients were selected and based on
ICS dosage used in treatment regimens, all entered a steroid washout period
of three months. At baseline, 201 subjects were included in the study. Overall,
the probability of having adverse respiratory events due to ICS withdrawal
was 0.37 (95% CI 0.31 — 0.44). Analysis according to baseline dosage of ICS
showed that in the low, intermediate and high steroid subgroups, this
probability was 0.29 (95% CI 0.15 — 0.43), 0.39 (95% CI 0.30 — 0.48), and
0.39 (95% CI 0.26 — 0.52), respectively. Survival analysis indicated that the
risk of adverse respiratory outcome was higher for females than for males
with an adjusted HR of 2.14 (95% CI 1.31 — 3.50), and the risk increased with
increasing age, with a HR of 1.05 (95% CI 1.02 = 1.08) per year lived.
However, survival analysis performed for baseline inhaled steroid dosage
subgroups indicated that age, gender, smoking status and reversibility airflow
limitation were independent predictors for adverse respiratory outcomes in
one or more subgroups identified by baseline dosage of inhaled steroids. The
risk of adverse respiratory outcome was higher in smoking patients from the
intermediate dosage steroid subgroup compared to non-smokers (HR 2.05
[95% CI 1.07 = 3.93]), and in patients from the high steroid dosage subgroup
showing a greater bronchodilator reversibility (HR 3.21 [95% CI 1.28 — 8.05]).

In an observational, real-world study [25], COPD patients were identified by
using the computerized Quebec health insurance databases who received at
least one prescription for a respiratory medication and ICSs, between 1990
and 2005. The base cohort included patients with at least three prescriptions
for a respiratory medication in any 1 year and on at least two different dates,

and the study cohort was defined by patients from the base cohort who



started treatment with ICS at the third-cohort defining prescription or after.
Patients were followed through 2007 or until a serious pneumonia event,
defined as a first hospitalization for or death from pneumonia. A nested case-
control analysis of the cohort was used to estimate the rate ratio of serious
pneumonia associated with discontinuation of ICS use compared with
continued use, adjusted for age, sex, respiratory disease severity, and
comorbidity. The study cohort comprised 103,386 new ICS-users, of whom
14,020 were hospitalized for a serious pneumonia and matched with control
subjects from the cohort risk sets, and 69.7% of control group discontinued
ICS use. ICS discontinuation was associated with a reduction of 37.0% in the
risk of serious pneumonia (relative risk [RR] 0.63, 95% CI 0.60 — 0.66), and
produced a pneumonia risk reduction that increased from 20.0% by the first
month to 50.0% by the fourth month, and then stabilized. Risk reduction was
particularly pronounced with discontinuation of fluticasone (FP) (RR 0.58,
95% CIl 0.54 — 0.61) and less with budesonide (BUD) (RR 0.87, 95% CI 0.78
-0.97).

3.3.From ICS/LABA/LAMA combination to LABA/LAMA combination

A subgroup analysis of the non-interventional, longitudinal, prospective
DACCORD study [33] evaluated patients with COPD that at baseline were
receiving triple therapy, and all patients were directly switched to treatment
with indacaterol (IND)/glycopryrronium (GLY) for one year. Of the 975 patients
analyzed, 377 were included in the subgroup formerly treated with
ICS/LABA/LAMA combination, and 191 completed the study. A similar
proportion of patients exacerbated was detected during the 6 months before

recruitment and over the 1-year follow-up, with an annualized exacerbation



rate of 0.26 (95% CI 0.19 - 0.37). At 1-year follow-up, a significant (P<0.05)
improvement in CAT score was detected in 52.4% of patients who switched
from triple therapy (from 18.0£7.7 units to 16.2+7.4 units) [33].

3.4.From ICS/LABA combination to LABA/LAMA combination

A subgroup analysis of the non-interventional, longitudinal, prospective
DACCORD study [33] evaluated patients with COPD that at baseline were
receiving ICS/LABA combination, and all patients were directly switched to
treatment with IND/GLY for one year. Of the 975 patients analyzed, 598 were
included in the subgroup formerly treated with ICS/LABA combination, and
396 completed the study. While about one third of the patients experienced at
least one exacerbation during the 6 months before recruitment, fewer than
15% exacerbated during the 1-year follow-up period, with an annualized
exacerbation rate of 0.21 (95% CI 0.15 - 0.28). At 1-year follow-up, a
significant (P<0.05) improvement in CAT score was induced in 71.0% of
patients who switched from ICS/LABA combination (from 21.2+7.1 units to
17.416.4 units).

A post-hoc -analysis of the interventional, prospective, multicenter,
randomized, open-label CRYSTAL study (NCT01985334) [31,34] evaluated
the efficacy of a direct switch to treatment with IND/GLY 110/50 pg fixed-dose
combination (FDC) in patients with moderate COPD and modified MRC
(mMRC)=1, from a baseline maintenance treatment with the combination of
ICS and a LABA for 3 months and without any washout period, thus
mimicking routine clinical settings. The main outcome was the assessment of
clinically important deterioration (CID), and the three definitions used (D1, D2,

and D3) for CID included: a reduction of 2100 mL in trough FEV;; a decrease



of 21 point in TDI and/or an increase of 20.4 points in CCQ score; an acute
moderate or severe exacerbation (AECOPD). In the definitions D1 and D2,
either TDI or CCQ was evaluated along with FEV,.and AECOPD, whereas, in
definition D3, all four parameters were included. Of the 1,080 patients
analyzed, 811 switched to IND/GLY 110/50 ug, thus 269 patients continued
with former ICS/LABA maintenance therapy. IND/GLY 110/50 pg reduced the
risk of CID compared to patients that continued treatment with ICS/LABA,
according to the CID definitions D1 (odds ratio [OR] 0.76, 95% CIl 0.56 —
1.02), D2 (OR 0.76, 95% CI 0.56 — 1.00), and being significant (P<0.05) for
D3 (OR 0.67, 95% CI 0.51 — 0.89). IND/GLY 110/50 ug induced a lower
number of patients to experience a worsening of trough FEV,, TDI, and CCQ
compared to ICS/LABA, and significantly (P<0.05) prevented FEV4 decline
(OR 0.66, 95% CI 0.47 — 0.93), but there was no difference in the decrease of
TDI, CCQ, and exacerbations.

The Prospective cohort study for the real-life effectiveness evaluation of
glycopyrronium With indacaterol combination in the management of COPD in
Canada (POWER) study [32,35] was a real-world, multicenter, prospective,
interventional trial (NCT02202616) that enrolled patients with moderate to
severe COPD. At randomization, COPD patients were instructed to interrupt
and directly switch from the ongoing maintenance therapy with FP/salmeterol
(SAL) FDC with any dose and device, to receive open-label maintenance
treatment with IND/GLY 110/50 pg twice daily for 4 months. Switch to
IND/GLY 110/50 pg significantly (P<0.05) increased the change from baseline
in trough FEV41 by 172 mL (95% CI 85 — 258), improved the TDI total score by

2.9 units (95% CI 2.15 — 3.57), as well as the CAT score by -8.2 units (95% CI



-10.0 — -6.4, respectively). IND/GLY 110/50 pg was well tolerated, with a
frequency of SAEs of 7.9%, and patients reporting pneumonia adverse events
(AEs) and SAEs were frequent (5.0% and 3.0%, respectively).

3.5.From ICS/LABA combination to single or dual bronchodilator

therapy

The real-world, prospective study on the appropriateness of treatment In
Moderate COPD patients (OPTIMO) [28] investigated whether withdrawal of
ICS in patients regularly administered with ICS/LABA combination in the
previous year, was linked to a worsening in lung function and symptoms and
to a higher exacerbation frequency. Of the 914 enrolled patients, 816
concluded the study 6 months later, and specifically, 482 (59.0%) continued to
receive an ICS-containing treatment regimen and 334 (41.0%) were
withdrawn of ICS by mainly switching to regular therapy with long-acting
bronchodilators. ICS continued group had a significantly (P<0.001) greater
number of patients with cardiovascular comorbidities, compared to ICS
withdrawn group (64.0% vs. 52.0%), with no significant difference (P>0.05) in
respect to obesity, gastric reflux, and diabetes. At the end of the study period,
FEV, and CAT score were similar between patients who switched to long-
acting bronchodilators and who continued ICS treatment. Similarly, no
significant (P>0.05) difference was detected in exacerbations history between
the two groups, 141 patients (29.0%) and 88 patients (26.0%) exacerbated in
the group treated with ICS and without ICS, respectively. In all, 173
exacerbations were reported in the ICS group and 112 in the ICS withdrawn

group, with an exacerbation rate of 0.37 and 0.34 per patient, during the study



period. Hospital admissions appeared to be numerically more frequent in the
ICS continued group than in the ICS withdrawn group: 15 (3.1%) vs. 5 (1.8%).
3.6.1CS discontinuation or reduction of ICS use from ICS/LABA
combination

A follow-up analysis of the first part of the interventional Groningen and
Leiden Universities Corticosteroids in Obstructive Lung Disease (GLUCOLD)
trial (NCTO00158847) [27,36] investigated whether ICS treatment
discontinuation induced a relapse in COPD patients, even after chronic use. A
total of 114 moderate to severe COPD patients enrolled-in the first part of the
GLUCOLD study (GL1) terminated the randomized 6-month or 30-month
treatment with FP (FP6 or FP30), the 30-month treatment with FP/SAL
(FP/SAL30), or placebo. For the subsequent § years of follow-up, patients
were prospectively followed by their physician and monitored in respect to
lung function, AHR, and QoL. Overall, 79 patients were included in the follow-
up study and 58 completed it. Patients using ICSs from 0.0% to 50.0% of the
time during the follow-up had a significantly (P<0.05) faster worsening in FEV4
compared to patients that during GL1 were treated with FP/SAL30 (-68
mL/year, 95% CIl -112 — -25) or FP30 (-73 mL/year, 95% CI -119 — -26). FEV4
worsening was even more pronounced (P<0.05) in patients not using ICSs
during the follow-up, compared to GL1 groups FP/SAL30 (-106 mL/year, 95%
Cl -171 — -41) or FP30 (-84 mL/year, 95% CI -149 — -18). During follow-up,
ICS withdrawal in GL1 FP/SAL30 and FP30 groups produced a deterioration
in AHR and QoL, with a significant (P<0.05) worsening of MRC dyspnea score

by 0.2 points/year (95% CI 0.06 — 0.3), SGRQ total score by 2.5 points/year



(95% CI1 0.2 — 4.7), CCQ total score by 0.1 points/year (95% CI 0.008 - 0.2),

and CCQ symptom score by 0.2 points/year (95% CI 0.05 — 0.3).

4. Conclusion

Real-world studies support previous findings from RCTs [37] and suggest that
de-escalation of ICSs is a suitable and safe procedure in most COPD
patients. Generally, withdrawal of ICS supported by an . adequate
pharmacological management of COPD does not increase or may even
reduce the risk of exacerbation as well as improve lung function, dyspnea,
and symptoms. De-escalation of ICS also reduces the risk of pneumonia.

Personalized approach is mandatory in the use of ICS in COPD, and
withdrawal of ICS should be always considered in patients with no clear
indication as reported by the current European Respiratory Society (ERS)
guideline [38], recommending to withdraw ICS in COPD patients without a
history of frequent exacerbations that, instead, should be treated with one or

two long-acting bronchodilator agents.

5. Expert opinion

Real-world reports provide useful information for optimizing the de-escalation
of ICSs in COPD patients. Specifically, when the discontinuation of ICS is
followed by a correct pharmacological treatment of COPD with bronchodilator
agents, no worsening in the risk of exacerbation, FEV4, TDI, CAT and CCQ
scores can be detected. Unexpectedly, we have found that ICS
discontinuation from ICS-containing regimen may even reduce the risk of

exacerbation, as well as the switch from ICS/LABA combination to



LABA/LAMA combination reduces the risk of exacerbation and increases
FEV;.

Nevertheless, some of the real-world studies included in this systematic
review reported negative outcomes for the risk of exacerbation, FEV{, AHR
deterioration, SGRQ, CCQ and MRC scores after discontinuation of ICS
therapy in COPD. However, such detrimental effects were detected in an old
study [26] in which the ICS therapy was withdrawn at own discretion of
patients with no support by clinicians, or in another study [27,36] in which the
use of ICS was discontinued or reduced due to the scarce or no adherence to
ICS-containing therapy in COPD patients after the end of a RCT. Interestingly,
these findings clearly demonstrate that ICS therapy lacks sustained disease-
modifying effect after treatment cessation, and that ICS discontinuation must
be followed by a well-planned therapeutic strategy to optimize the
pharmacological management of COPD. Moreover, we cannot omit that ICS
cessation may increase specifically the risk of severe exacerbation, as
documented in a recent real-world study [30].

Another unexpected finding is that de-escalation from triple therapy to dual
bronchodilation therapy did not modulate the risk of exacerbation. Indeed, this
data is in contrast with the current quantitative synthesis of literature
originated from RCTs, indicating that in COPD patients treated with
ICS/LABA/LAMA combination the risk of exacerbation is significantly reduced
when compared with LABA/LAMA combination, especially in patients with
blood eosinophil counts =300 cells/uL [39]. Such a discrepancy could be
explained by considering that most COPD patients treated in real-world with

ICS/LABA/LAMA combination do not really need triple combination therapy to



manage stable COPD [20,40]. Overall, in daily clinical practice the most
popular treatment pathways leading to an inevitable drift to triple therapy have
been demonstrated to be ICS plus LABA — ICS plus LABA plus LAMA, triple
therapy as first prescription, and ICS — ICS plus LABA — ICS plus LABA
plus LAMA [40].

However, even assuming that patients treated with triple therapy could have
some benefits from the maximization of the therapeutic armamentarium via
inhalation, we have to highlight that ICS/LABA/LAMA combination did not
reach the minimal clinically important difference (MCID) over LABA/LAMA
combination with respect to the improvement in both exacerbation and lung
function [39]. Thus, we can speculate that the limited superiority of triple
combination over dual bronchodilation therapy detectable in RCTs could be
not recorded by real-world studies, that are recognized to be less accurate
than well designed RCTs [41].

Real-world data suggests discontinuing ICS by switching from ICS/LABA
combination to LABA/LAMA combination, or even to de-escalate toward
single bronchodilation therapy. This finding is partially in contrast with the
current GOLD (2020) recommendations [1], that suggest exclusively to switch
from ICS/LABA combination to dual bronchodilation therapy and not to de-
escalate to a LABA or a LAMA administered as monotherapy. The rationale
for the switch suggested by GOLD recommendations [1] is based on evidence
raised from RCTs concerning the inappropriateness of ICS therapy, the lack
of response to ICS treatment, or ICS-related AEs warranting discontinuation.
Certainly ICS/LABA combination is recommended for the initiation therapy just

in a small percentage of symptomatic COPD patients that are at high risk of



exacerbation with blood eosinophil counts 2300 cells/ul, whereas most COPD
patients are prescribed an ICS/LABA as first-line maintenance therapy
worldwide [42]. Thus, this systematic review provides the real-world rationale
not only for switching to LABA/LAMA combination, but also for de-escalating
to single bronchodilation therapy in agreement with eosinophil levels and
disease severity.

However, generally the level of blood eosinophils of patients included in real-
world studies is not taken into account as eosinophil counts are not routinely
collected as part of diagnosis of COPD. On the other hand, when data on
eosinophils is reported in real world-studies, physicians have usually
requested for eosinophil count due to a specific purpose regardless of COPD,
and thus this information may introduce potential bias [23]. The lack of
information on eosinophil blood count in real world studies represents the
main weakness of this systematic review to definitely guide the challenging
de-escalation process of ICS in COPD. Therefore, there is the unmet need of
well-designed further real-world studies in which data on eosinophils are
adequately and systematically collected in the databases, a condition that
could be satisfied probably only by collecting the records of patients attending
university hospitals.

Finally, also the findings of real-world studies support the evidence from RCTs
[39] that ICS may increase the occurrence of respiratory infections, as ICS
discontinuation significantly reduced the risk of severe pneumonia in COPD
patients. Of course it could be argued that also dual bronchodilation therapy
may have specific safety matters, namely the occurrence of cardiovascular

events [43]. However, some dual bronchodilation therapies such as



tiotropium/olodaterol FDC are characterized by an extremely favorable
cardiovascular safety profile relative to other LABA/LAMA FDCs [44], with no
increase in the risk of specific cardiovascular SAEs, namely arrhythmia, heart
failure, myocardial infarction, and stroke.

On the other hand, although data on the influence of ICS on mortality are still
scarce from real-world studies, both the ETHOS [45] and the IMPACT [46]
RCTs, and a recent post-hoc analysis of the IMPACT study [47], reported that
the presence of an ICS in the formulation significantly (P<0.0) reduces the risk
of death from any causes in COPD patients. Interestingly in the ETHOS [45]
study, the only RCT that investigated two different doses of ICS in the same
triple combination, the reduction in the risk of all-cause mortality was ICS
dose-dependent [45]. Indeed these evidences come from studies [45-47] [46]
[46] not specifically designed to assess the impact of ICS on mortality in
COPD as a primary endpoint, however they prospectively support a survival
benefit with ICS-containing therapy that had previously been suggested in
patients with COPD [48-50].

As suggested by the current recommendations [1], withdrawal of ICS is a
procedure that should be undertaken under close medical supervision and
that may optimize the pharmacological therapy of stable COPD patients.
While only a minority of severe COPD patients that are symptomatic and/or at
high risk of exacerbation may really need of triple therapy, most patients
should be de-escalated/switched from ICS-containing regimen toward
LABA/LAMA FDC therapy, or even to single bronchodilation therapy in

patients affected by less severe form of disease.



In this respect, interestingly the WISDOM study [2], the only RCT that was
properly designed to address the question of ICS withdrawal in patients
treated with triple therapy, reported that in severe COPD patients receiving
TIO plus SAL because of severity and increased risk of exacerbations, the
risk of moderate or severe exacerbation was similar among those patients
who discontinued or continued ICS therapy. Moreover, the INSTEAD RCT [8]
showed that moderate COPD patients who did not experience exacerbation in
the previous year can be switched from FP/SAL combination to IND with no
efficacy loss or adverse events.

Besides the typical limitations of real-world studies such as potential
misdiagnosis and inaccuracy of recordkeeping [51], the main limitation of this
systematic review, and overall of the current recommendations [1] and
guidelines [38], is represented by the lack of specific studies on ICS
withdrawal including patients who had previous shown to require addition of
ICS and benefitted from ICS.

In any case, the findings originated from this systematic review focused on
real-world reports may represent a complimentary integration of the recent
ERS guidelines [38] on the withdrawal of ICS in COPD that, conversely, was

drawn up by considering exclusively evidence from RCTs.
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Tables

Table 1. Definition of COPD exacerbations as reported by the studies
included in the systematic review.

Study and year Reference Definition of COPD exacerbation
“A moderate COPD exacerbation was defined by requirement for the treatment with
Kaplan et al., 2019 [32,35] systemic corticosteroids and/or antibiotics”.
(POWER study) ’ “A severe COPD exacerbation was defined by hospitalization, including an ER visit
of longer than 24 hours”.
“Exacerbation was defined as symptomatic deterioration requiring additional short-
Lee et al., 2019 course treatment of antibiotics or systemic steroids with an unexpected visit to the
(analysis of [30] clinic or ER, or hospitalization”.
KOLD/KOCOSS cohorts) “Severe exacerbation was defined “as an exacerbation event resulting in admission
or an ER visit”.
A moderate to severe exacerbation was defined “as recorded by validated read
codes (H312200, H3y1.00) from clinical and referral files [52]".
Oshagbemi et al., 2019 [23] Severe exacerbations were defined as “COPD-related hospitalizations/A&E visit
” evaluated using Read codes (8H2R.00, 66Yi.00) from both clinical and/or referral file
in addition to validated Read codes (H312200, H3y1.00) for acute exacerbations of
COPD from the referral file”.
G . “Moderate COPD exacerbation was defined as an exacerbation requiring treatment
reulich et al,, 2018 ith either systemic corticosteroids and/or antibiotics”
(CRYSTAL study post- [31,34] .5 thation was definod " itz ER visi
hoc analysis) evere exacerbation was Ie ined as one that require | ospitalization or an visit
asting longer than 24 hours”.
Vgﬂ(::lgigislget a;., 2017 29 An exacerbation was defined “based on the prescription of oral steroids and/or
( subgroup [29] antibiotics or hospitalization”.
analysis)
(vaggg;tDaslalfg:Zup [33] An exacerbation was defir_me_d “lbased on pregcriptioﬂn of oral steroids and/or
. antibiotics or hospitalization”.
analysis)
Kunz et al., 2015
(GLUCOLD follow-up [27,36] NA
study)
Suissa et al., 2015 [25] NA
A COPD exacerbation was defined as “a change in symptoms leading to a brief
Rossi et al., 2014 28] course of antibiotics or systemic corticosteroids or both, depending on what the
(OPTIMO study) treating physicians deemed fit, and which was reported on the patient’s individual
record”.
Schermer et al., 2004 “An exacerbation was defined as an episode with one or more subsequent
(analysis of the COOPT [24] unscheduled contacts with either a general practitioner or a chest physician due to
study washout phase) worsening of respiratory symptoms”.
(aiaa:;:i:toafl.l’sgng [26] A COPD exacerbation was defined as “an episode of increased shortness of breath

study run-in phase)

and/or sputum production requiring treatment with antibiotics and/or prednisolone”.

A&E: accident and emergency department; COPD: chronic obstructive pulmonary disease; ER: emergency room;

NA: not available.




Table 2. Literature search terms used for OVID MEDLINE. The final search
strategy applied to conduct this systematic review is reported at steps #29,
#30, and #31.

# Search Strategy

1 ICS*.mp. [mp=title, abstract, full text, caption text]

2 corticosteroid*.mp. [mp=title, abstract, full text, caption text]
3 glucocorticoid*.mp. [mp=title, abstract, full text, caption text]
4 COPD*.mp. [mp=title, abstract, full text, caption text]

5 chronic*.mp. [mp=title, abstract, full text, caption text]

6 obstructive*.mp. [mp=title, abstract, full text, caption text]

7 pulmonary*.mp. [mp=title, abstract, full text, caption text]

8 disease*.mp. [mp=title, abstract, full text, caption text]

9 chronic obstructive*.mp. [mp=title, abstract, full text, caption text]
10 pulmonary disease*.mp. [mp=title, abstract, full text, caption text]
11 chronic obstructive pulmonary disease*.mp. [mp=title, abstract, full text, caption text]
12 withdrawal*.mp. [mp=title, abstract, full text, caption text]

13 de-escalation*.mp. [mp=title, abstract, full text, caption text]
14 optimization*.mp. [mp=title, abstract, full text, caption text]

15 switch*.mp. [mp=title, abstract, full text, caption text]

16 real-life*.mp. [mp=title, abstract, full text, caption text]

17 real-world*.mp. [mp=title, abstract, full text, caption text]

18 observational*.mp. [mp=title, abstract, full text, caption text]
19 clinical*.mp. [mp=title, abstract, full text, caption text]

20 practice*.mp. [mp=title, abstract, full text, caption text]

21 clinical practice*.mp. [mp=title, abstract, full text, caption text]
22 1or2or3

23 5and 6.and 7 and 8

24 9 and 10

25 4 or 11 0or 22 or 23

26 12or13or 14 or 15

27 19 and 20

28 16 or 17 or 18 or 21 or 27

29 22 and 25 and 26 and 28

30 limit 29 to english language

31 limit 30 to full text

ICS: inhaled corticosteroid; COPD: chronic obstructive pulmonary disease.



Table 3. Characteristics of the studies included in the systematic review.

Smokin Duration of Baseline
Author, year, and Number of Treatment during stud: Patients Age | Male | Surrent 9 hronzzztc;ilato inhaled ex':érenrl;eartig‘;s Investigated
; Y ’ Reference Study ID Study characteristics Study duration T at uring Y N g o smoker history steroid use : 9
study’s name patients period characteristics (years) (%) s (pack- r FEV, prior to entry in year outcomes
. o y
years) predicted (%) into the study preceding the
study
Rea"";‘;:'_:' mrﬂyzleme" TIO (18 ug g.d. via DP! Moderate to re<v2| o s’hz o | Lung function,
Kaplan et al., P r0s Ze:tive : Handihaler®), FP/SAL All patients switched treatment severe COPD pand non(}el in dyspnea,
2019 [32,35] NCT02202616 ir?tervzntionall 4 months 338 (100/50 pg, 125/50 pg, at baseline to IND/GLY (FEV1230% and 66.1 55.9 50.9 47.6 NA NA the 6 weeks health-related
(POWER study) \ 250/50 pg, or 500/50 pg, (110/50 pg q.d.) <80% of . QoL, and
randomized, open-label, b.i.d. via DPI or pMDI) predicted) prior to study safety
single-arm study o entry
Drug
ICS user treatment group: ICS, . oY
Le(:neatlya/ls.i’szggg Non-interventional ICS, ICSILABA, ICS/LABA, ICS/LAMA, PerSIS((pe(Tstt-COPD :tgltzea:rl\osn
KOLD/KOCOSS [301 NA cohort study 4 years 478 | CSIﬁ_SA/II;ﬁ/“&M A :gi{;iiflﬁgyALst Anir;ul;ir bronchodilator 68.2 918 308 425 55.9 NA 0.60 exacerbation
cohorts) L?\BA’/JLAMA . . FEV1/FVC<70%) frequency and
rate
ICS user treatment group: Risk of
patients receiving an ICS moderate-to-
. - . g . prescription for 23 months prior None in the 6 severe and
os";g:’;m :)' al, [23] NA Riam’;ﬁg': primary care 9 years 48,157 ICs containing tealment | "o study entry; past ICS user coPD 684 | 54.1 426 NA NA NA weeks prior to severe
pop Y 9 treatment group: patients who study entry exacerbations
withdrew from ICS for 23 and all-cause
months prior to study entry mortality
Mode(rs;esEOPD CID, and
Greulich et al., Clinical-oractice sati Patients either switched bronchodilator Provention of
2018 sapecive, mulicenter LABA, LAMA, ICS/LABA | IND/GLY (110150 19 0.4, S 4 finetion.
(CRYSTAL study [31,34] NCT01985334 | Prospective, multicenter, 3 months 1,080 , LAMA, LY ( Hg g.d.), or post- 645 63.1 498 210 635 NA <1 unction,
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AHR: airway hyperresponsiveness; BDP: beclomethasone dipropionate; b.i.d.: bis in die, twice-daily; BUD: budesonide; CAT: COPD assessment test; CID: clinically important deterioration; COPD: chronic obstructive pulmonary disease; FDC: fixed-dose

combination; FEV,: forced expiratory volume in 1 second; FOR: formoterol; FP: fluticasone propionate; FVC: forced vital capacity; GLY: glycopyrronium; IND: indacaterol; ICS: inhaled corticosteroid; LABA: long-acting B,-adrenoceptor agonist; LAMA: long-
acting muscarinic antagonist; NA: not available; OCS: oral corticosteroid; PCB: placebo; PDE4: phosphodiesterase type 4; q.d.: quaque die, once daily; SABA: short-acting B,-adrenoceptor agonist; SAL: salmeterol; SAMA: short-acting muscarinic
antagonist; TIO: tiotropium bromide.




Table 4. Studies included in the systematic review in which ICS withdrawal was significantly superior 1, similar =, or inferior | to ICS

continuation.
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ICS-containing | -y sontinuatio | + 2% =130k | eosinophilic eo_smophlllc. / / / 1[29] / / / subjects with / 1 [29] =[23]
regimen n 1 [26] patietns [23] patietns [23]; high
1 [30] bronchodilat
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[24]
ICSILASALAM |~ | asarLaMA =[33] / / / / / 1033] / / / / / / /
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ICS/LABA of ICS use to / / / 1[27,36] 1 [27,36] / / [27,36 | [27,36 | [27,36 / / / /

0-50% or 50-
100% of the
time

Reference numbers are enclosed in the brackets. /: not available; AHR: airway hyperresponsiveness; CAT: COPD assessment test; CCQ: clinical COPD questionnaire; COPD: chronic obstructive pulmonary disease; FEV;: forced

expiratory volume in 1% second; ICS: inhaled corticosteroid; LABA: long-acting B,-adrenoceptor agonist; LAMA: long-acting muscarinic antagonist; MRC: medical resource council; TDI: transition dyspnea index.




Figure legend

Figure 1. PRISMA flow diagram for the identification of real-world or

observational studies included in the systematic review concerning optimizing
ICS therapy in COPD. COPD: chronic obstructive pulmonary disease; ICS:
inhaled corticosteroid; LABA: long-acting Bz-adrenoceptor agonist; PRISMA:

Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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