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Key points

Question

Does withdrawal of ICS impair the risk of exacerbation, lung function and quality of life of
COPD patients?

Findings

ICS withdrawal did not significantly increase the overall rate of COPD exacerbation, although
a clinically important increased risk of severe exacerbation was detected. ICS withdrawal
significantly impaired both lung function and quality of life, although in a non-clinically

important manner.

Meaning

High-quality evidences concerning the impact of ICS withdrawal in COPD.



Abstract
Background

Conflicting findings exist on the benefit of withdrawal of inhaled corticosteroid (ICS) in chronic
obstructive pulmonary disease (COPD). We performed a quantitative synthesis in order to
assess real impact of ICS discontinuation in COPD patients.

Methods

We carried out a meta-analysis via random-effects model on the available clinical evidence to
evaluate the effect of ICS discontinuation in COPD. Randomized clinical trials and
observational real-life studies investigating the effects of ICS withdrawal on the risk of COPD
exacerbation, lung function (forced expiratory volume in one second [FEV,]) and quality of life
(St. George’s Respiratory Questionnaire [SGRQ]) were identified by searching from published
studies and repository databases.

Results

ICS withdrawal did not significantly (P>0.05) increase the overall rate of COPD exacerbation,
although a clinically important increased risk of severe exacerbation was detected (Relative
Risk >1.2). ICS withdrawal significantly (P<0.001) impaired both lung function (-30 ml FEV;)
and quality of life (+1.24 SGRQ units), although in a non-clinically important manner. The time
to the first exacerbation was significantly (P<0.05) shorter in the patients who discontinued
ICS.

Conclusions

The discrepancy between statistical analysis and clinical interpretation of this meta-analytic
evaluation demonstrates the strong clinical need in understanding what is the real impact of
ICS withdrawal in COPD. ICS discontinuation is a complex procedure that requires a well
planned and tailored strategy. Further well designed studies on withdrawal of ICS should be
performed by clustering COPD patients with regard to the phenotype characteristics, rate of

exacerbations/year, decline of lung function, and quality of life.
Keywords
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Introduction

The impact of inhaled corticosteroid (ICS) discontinuation in chronic obstructive pulmonary
disease (COPD) has been investigated in several randomized clinical trials (RCTs) and real
life studies since 2001. Nevertheless, to date conflicting findings and opinions remain on the
real benefit of withdrawal of ICS. In fact, while several RCTs reported that COPD patients
may be at increased risk of exacerbation, deterioration of quality of life and lung function after
ICS discontinuation [1-4], the data from two real life studies indicated that withdrawal of ICS
can be safe and with no increased risk of exacerbations [5, 6]. Conversely, the results of a
large RCT indicated that the risk exacerbations was similar among COPD patients who
discontinued ICS and those who continued glucocorticoid therapy [7], whereas an
observational prospective study concluded that ICS discontinuation can worsen lung function
decline, airway hyperresponsiveness and quality of life [8]. Reassurance in ICS withdrawal

was further provided by another RCT that enrolled low exacerbation risk patients [9].

ICS are widely prescribed across all the levels of COPD severity and exacerbation risk, with a
rate of over-prescription that is two fold higher than that expected by following guidelines or
recommendations such as the Global Initiative for Chronic Obstructive Lung Diseases
(GOLD), although since 2007 it was suggested to limit the use of ICS in patients with reduced
lung function and/or high exacerbation rate [10]. Nevertheless, the last version of the GOLD
recommendation (2017) has highlighted that the studies on withdrawal of ICS produced
equivocal results, and suggested that differences among the studies may be related with

differences in methodology [11].

In this confusing scenario, we have carried out a quantitative synthesis via meta-analysis of
the currently available data in order to provide consistent and homogeneous findings that may
help to better clarify the real impact of ICS discontinuation in COPD patients, especially with

regards to the risk of exacerbation, lung function and quality of life.



Materials and methods

Detailed meta-analytic methods are reported in the online Supplemental Materials.
Search strategy and study eligibility

This meta-analysis has been registered in PROSPERO (CRD42017057519), and performed
in agreement with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) Statement (Figure 1, Table S1) [12, 13].

We undertook a comprehensive literature search for studies on ICS withdrawal in COPD
patients. Published and unpublished RCTs and non-RCTs (observational real-life studies)
were searched in PubMed, Scopus, Embase and Google Scholar and the repository

databases clinicaltrials.gov and EU Clinical Trials up to February 1, 2017 [14].
End points

The primary endpoints have been chosen in agreement with the availability of variables
characterized by a documented minimal clinical important difference (MCID). The MCID have
been considered as the noninferiority margin discerning the impact between ICS withdrawal
and ICS continuation. The primary endpoints were the risk of COPD exacerbation (MCID:
20% difference in frequency or 1.20 Hazard Ratio [HR], that describes the Relative Risk [RR]
[7, 15, 16]), change in FEV; (MCID: 100 ml difference [15, 17]) and SGRQ (MCID: 4 units
difference [15, 17]). The secondary endpoints, for which no MCID are currently available,

were the risk of at least one exacerbation and the time to the first exacerbation.
Quality score, risk of bias and evidence profile

The Jadad score was used to assess the quality of the RCTs and the risk of publication bias
assessed via funnel plot and Egger’s test [18]. The quality of the evidence was assessed via
the Grading of Recommendations Assessment, Development, and Evaluation (GRADE)

system [19].
Data analysis

This pair-wise meta-analysis has been performed via random-effects model [20]. The data on
exacerbation have been normalized as a function of person-season. Results have been
reported as RR, Mean Difference (MD) Standardized MD (SMD), and 95% confidence interval
(95%CI). A subset analysis was carried out by excluding the non-RCTs and including only
high quality studies. The optimal information size (OIS) was calculated as previously

described [21]. The statistical significance was assessed for P<0.05.



Results
Studies characteristics

Results obtained from 6,066 COPD patients were selected from 10 published studies Table 1
[1-9, 22]. Table 2 shows the definition of exacerbation as reported by analyzed. Further

results are reported in the online Supplemental Materials.
Meta-analysis
Primary endpoints

Overall, the withdrawal of ICS did not significantly (P>0.05) affect the risk of COPD
exacerbations. However, the subset analysis including only RTCs shown that, although in a
non-significant manner (P>0.05), there was a potentially clinically relevant increased risk of
moderate-to-severe COPD exacerbations in patients that discontinued ICS compared to
those who continued ICS. In fact, 2.38% and 33.62% of the RR 95%CI of moderate and
severe COPD exacerbation exceeded the noninferiority margin, respectively (Figure 2A).
Withdrawal of ICS significantly affected both FEV; (P<0.001) and SGRQ (P<0.05), as
confirmed by the synthesis performed exclusively on RCTs, and the 95%CI limits did not

overlap the noninferiority margin (Figure 2B and C). Further details on the forest plots of

primary endpoints are reported in the online Supplemental Materials (Figures S1 — S3).

Secondary endpoints

The risk of experiencing at least one exacerbation of COPD was irrespective of the use of
ICS (P>0.05), although a higher risk was detected in the subset analysis performed on RCTs.
The time to the first exacerbation was significantly (P<0.05) shorter if COPD patients
discontinued ICS, compared to those who continued ICS (Figure 3A and B). Further details

on the forest plots of secondary endpoints are reported in the online Supplemental Materials

(Figures S4 and S5).
Bias and quality of evidence

No significant heterogeneity was detected for the risk of COPD exacerbations and change in
SGRQ (both P<0.05), whereas significant (P<0.01) high level of heterogeneity was found for
FEV, (I2 79%, P<0.001). Nevertheless, neither funnel plot nor Egger’s test detected any
publication bias with regard to the primary endpoints (Figure 4A — F). The cumulative number
of enrolled patients reached the OIS for either the risk of COPD exacerbations and change in
FEV,, but not for SGRQ (OIS: 4,200; delta -2,664).

The GRADE approach indicated high quality of evidence for all the investigated primary
endpoints (Table 3). This outcome indicate that the results of this synthesis are robust and

reliable.



Discussion

The results of this meta-analysis demonstrates that ICS withdrawal did not significantly
increase neither the overall risk of COPD exacerbation, nor the risk of moderate-to-severe
exacerbations, although the time to the first exacerbation was significantly shorter in patients
who discontinued ICS compared to those who continued the treatment. However, a signal of
higher risk of experiencing at least one exacerbation was detected in patients enrolled in
RCTs who discontinued ICS. Furthermore, withdrawal of ICS significantly impaired both the
FEV,; and SGRQ. These findings may suggest that the discontinuation of ICS could be a safe
procedure that does not influence the risk of exacerbation, although some concern may
remain with regard to the impact on lung function and quality of life. ICS withdrawal in our
results also demonstrates consistent effect estimates that may be obtained by both RCTs

and real life studies.

Certainly, the effects estimates resulting from a meta-analytic synthesis have to be primarily
evaluated by a strict statistical point of view, although this approach may lead to inaccurate
clinical conclusions. Describing the findings by evaluating only the statistical significance (P
value <0.05) provides information on the probability of rejecting the null hypothesis.
Unfortunately, the P values are often misused, misinterpreted and, thus, should not represent

the basis for drawing clinical decisions [23].

On the other hand, evaluating the 95%CI values with regard to predetermined MCIDs may
represent a suitable approach to assess if there is a reasonable possibility that the
investigated outcomes would reach a clinical relevant magnitude. In fact, since it is expected
that 95%CI includes the true population mean in 95% of the cases, if the upper or lower
confidence intervals overlap a noninferiority criterion, there is 95% chance that also the real
population mean will overlap the noninferiority level, independently by the P value [24]. Thus,
the correct interpretation of the 95%CI values reported in this meta-analysis permits to clearly
identify the real clinical impact of ICS discontinuation. This implies that the effect estimates
resulting from this quantitative synthesis have to be related with the MCIDs available for the

primary endpoints, namely the risk of COPD exacerbation and changes in FEV; and SGRQ.

Since the results of this synthesis are unbiased, robust and reliable by a meta-analytic point
of view, we can interpret the findings obtained on the primary endpoint of this study also by a
clinical perspective. In fact, to date the MCID values are available for either the risk of
exacerbation, change in FEV; and SGRQ. In order to correctly analyze the minimum
beneficial effect to be considered be clinically relevant, we have predetermined the primary
endpoints and key information about the design of this quantitative synthesis in the
international repository database PROSPERO. Thus, considering the clinical impact of ICS
discontinuation, our study clearly demonstrates that the upper 95%CI value of the risk of
moderate exacerbation overlapped of a little extent the prespecified noninferiority criterion of
1.20, and that more than =33% possibility exists that withdrawal of ICS may increase the risk

of severe exacerbation. Conversely, although pulmonary function and quality of life were



affected in the ICS-withdrawal group compared to the ICS-continuation group, the
magnitudes of changes in both FEV; and SGRQ values were far from their predefined

MCIDs, respectively 100 ml and 4 units differences.

In our opinion, the discrepancies between the statistical and clinical interpretation of the
impact of ICS withdrawal in COPD patients highlights the relevance of correctly interpreting
the findings obtained via a meta-analytic approach. Nadeem and colleagues have previously
attempted to determine the effect of withdrawal of ICS in individuals with COPD through a
meta-analysis [25], and concluded that there was no significant evidence that withdrawing
ICS in routine practice results in important deterioration in patient outcomes. Although that
meta-analysis [25] was characterized by several methodological weaknesses, such as the
lack of bias and quality assessment, and the paucity of data available in 2011, the Authors yet
evidenced that the definition of exacerbations was not consistent between the analyzed
studies, and the impact of withdrawal was smaller in the trials which were conducted under
conditions that reflected routine practice [25]. Unfortunately, although we can now provide a
robust synthesis of the impact of ICS discontinuation obtained from the analysis of more than
5,400 COPD patients, nowadays the issue of the lack of a clear definition of COPD
exacerbation still exists. In fact, we have found no consistency in the definition of COPD

exacerbation among the analyzed studies, and two studies did not even report it [2, 8].

Despite this objective limitation, that represents an extrinsic factor from the meta-analytic
approach, the high quality findings of this quantitative synthesis allow us to ultimately assert
that, to date, a reasonable doubt exists on the real advantage and safety of withdrawing ICS
in COPD patients. Our findings suggest that the current question should not be understanding
if ICS can be suspended or not in COPD, but identifying which patients with COPD do not
require the therapy with an ICS-regimen, or rather which is the subset of patients with COPD
that can benefit from ICS therapy. In fact, we cannot omit that this meta-analysis pointed out
that there is a small, although possible, chance that a portion of the studied population may

have a reduced risk of COPD exacerbation after withdrawal of ICS.

A further strategy option for approaching the withdrawal of ICS may be to switch toward
double bronchodilation. In fact, the FLAME study has recently demonstrated that combining a
long-acting B.-AR agonists (LABA) with a long-acting antimuscarinic agent (LAMA) may be
more effective than ICS/LABA combination in preventing exacerbations of chronic obstructive
pulmonary disease in COPD patients. [66]. Nowadays there is a considerable amount of
evidence that small airway inflammation contributes importantly to the clinical expression of
COPD [26]. Although ICSs are effective in ameliorating inflammation at the level of both large
and small airways, with consequent improvement of airflow, recent studies proved that also
bronchodilators may have a remarkable bronchorelaxant effect on small airways, especially
when administered in combination [27, 28]. Furthermore, it has been well documented that
most patients with COPD respond poorly to ICSs, as the inflammatory process in COPD is

resistant to the anti-inflammatory effect of corticosteroids [29]. Combining two bronchodilators



with different mechanisms of action reduces the release of non-neuronal acetylcholine from
airway epithelium [30]. Considering the ubiquitous pro-inflammatory activity of non-neuronal
acetylcholine, and its specific role in remodeling and modulating the inflammatory processes
in diseases like those that include the bronchial obstruction component [31, 32], counteracting
the release of non-neurogeinc acetylcholine and antagonizing their receptors through
antimuscarinic agents combined with B,-AR agonists may lead to anti-inflammatory effects at

the level of small airways.

Indeed we provide the findings that ICS discontinuation is a complex procedure that requires
a well planned strategy. De-escalating from ICS by adding no further medications may be a
suitable approach in not frequent exacerbator COPD patients that are characterized by an
acceptable quality of life and slow decline in lung function. On the other hand, in those
patients who have a high rate of exacerbation per year, poor quality of life and rapid airflow
decline, we should take into account the possibility of a reduced responsiveness to the anti-
inflammatory effects of corticosteroids, due to the reduced activity and expression of histone
deacetylase caused by the oxidative stress [33]. Certainly, in the case of corticosteroid
resistance there is no pharmacological rationale for administering an ICS, and the inhalant
therapy should be switched toward LABA/LAMA combination. This therapeutic approach is in
agreement with the pharmacological treatment algorithm proposed by the last GOLD
recommendations (2017, Figure 4.1), that has indicated the LABA/LAMA combination as the
preferred treatment for the Group B, C and D patients. Whereas, the administration of an ICS
has been recommended only in the Group D patients yet treated with LABA/LAMA
combination that have further exacerbations(s) [11]. Nevertheless, it has been recently
highlighted [34] that two large RCTs, the TRILOGY and TRINITY studies [35, 36], have
provided the evidence for the efficacy of LABA/LAMA/ICS combination therapy in Group B
patients, that are highly symptomatic but at low risk of exacerbations, for whom the current

recommendations do not suggest to includes an ICS [11].

Conclusions

Although the current large body of evidence available from both RTCs and real life studies,
even a large and rigorous meta-analysis did not allow to bridge the scientific gap concerning
the discontinuation of ICS in COPD. This study highlights the strong clinical need of well
designed studies aimed to investigate the impact of ICS withdrawal by clustering CODP
patients with regard to at least the phenotype characteristics (i.e. frequent exacerbator,
emphysema-hyperinflation and COPD with an asthma component), the rate of
exacerbations/year (i.e. <1; 21 and <2; >2), the decline of lung function (rapid decliners vs.
slower decliners) and the quality of life [37]. This approach would lead to significant benefit for
patients, by providing an attempt of tailored medicine aimed to optimize the pharmacological
therapy of COPD.
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COPD: chronic obstructive pulmonary disease
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LABA: long-acting 3,-agonist

LAMA: long-acting muscarinic antagonists
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qd: once a day
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Table 2. Definition of exacerbation as reported by studies included in the meta-analysis.

Study

Definition of exacerbation

Vogelmeier, 2017 [6]
Kunz, 2015 [8]

Magnussen, 2014 (Rodriguez-
Roisin, 2016) [7, 22]

Rossi, 2014 [9]

Rossi, 2014 [5]

Choudhury, 2007 [1]

Wouters, 2005 [4]

Van der Valk, 2002 [3]

O'Brien, 2001 [2]

Prescription of oral steroids and/or antibiotics or hospitalization.
NA

A moderate exacerbation was defined as an increase in lower respiratory tract
symptoms related to COPD or the new onset of two or more such symptoms,
with at least one symptom lasting 3 or more days and for which the treating
physician prescribed antibiotics, systemic glucocorticoids, or both. A severe
exacerbation was defined as an exacerbation requiring hospitalization in an
urgent care unit.

Worsening for at least two consecutive days of two or more of the major
symptoms (dyspnoea, sputum volume or sputum purulence) or worsening of
any one major symptom together with any one minor symptom (sore throat,

colds (nasal discharge or nasal congestion), fever without other cause, cough
or wheeze). Moderate exacerbations were those managed with antibiotics
and/or oral corticosteroids; severe exacerbations were those that resulted in
hospitalization.

Change in symptoms leading to a brief course of antibiotics or systemic
corticosteroids or both.

The presence for at least two consecutive days of increase in any two ‘major’
symptoms or increase in one 'major' and one 'minor' symptom according to
criteria modified from Anthonisen and colleagues [38].

If the patient’s condition worsened and a course of oral corticosteroid was
indicated based on a clinician’s judgment (standardised course of
prednisolone tablets 30 mg/day for 10 days at the discretion of the physician
accompanied by a 10 day course of antibiotics), the exacerbation was defined
as moderate. If hospitalisation was required at the discretion of the clinician,
the exacerbation was considered severe.

The worsening of respiratory symptoms that required treatment with a short
course of oral corticosteroids or antibiotics as judged by the study physician.

NA

NA: not available

COPD: chronic obstructive pulmonary disease
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Table 3. GRADE evidence profile: ICS withdrawal compared to ICS continuation for COPD.

Quality of the evidence

Outcomes (GRADE) Risk difference with ICS withdrawal
. oooo 45 more per 1000
Number of exacerbations HIGH (18 fewer to 117 more)
. oooo 30 ml lower
Change in FEV; HIGH @ (43 lower to 18 lower)
Change in SGRQ oooo 1.33 units higher
HIGH " (0.27 higher to 2.39 higher)

The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the
intervention (and its 95% ClI).

GRADE Working Group grades of evidence

High quality: we are very confident that the true effect lies close to that of the estimate of the effect

Moderate quality: we are moderately confident in the effect estimate (the true effect is likely to be close to the estimate of the effect, but there is a
possibility that it is substantially different)

Low quality: our confidence in the effect estimate is limited (the true effect may be substantially different from the estimate of the effect)

Very low quality: we have very little confidence in the effect estimate (the true effect is likely to be substantially different from the estimate of effect)

a.1279%

b. OIS not reached

Cl: Confidence interval; COPD: chronic obstructive pulmonary disease; FEV1: forced expiratory volume in 1 second; ICS: inhaled corticosteroid; OIS: Optimal Information Size
SGRAQ: Saint George’s Respiratory Questionnaire
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Figure legends

Figure 1. PRISMA flow diagram for the identification of studies included in the meta-analysis
concerning the impact of impact of inhaled corticosteroid withdrawal in chronic obstructive

pulmonary disease.

Figure 2. Impact of ICS withdrawal vs. continuation on the risk of COPD exacerbations (A),
change in FEV; (B), and SGRQ (C). *** P<0.001 and * P<0.05. CI: confidence interval, FEV;:
forced expiratory volume in one second; ICS: inhaled corticosteroid; RCT: randomized clinical

trial; SMD: standardized mean difference; SGRQ: St. George’s Respiratory Questionnaire.

Figure 3. Impact of ICS withdrawal vs. continuation on the risk of experiencing at least one
COPD exacerbations (A) and the time to the first exacerbation (B). * P<0.05. ClI: confidence
interval; COPD: chronic obstructive pulmonary disease; ICS: inhaled corticosteroid; RCT:

randomized clinical trial.

Figure 4. Publication bias assessment via Funnel plots (left panels) and Egger’s test (right
panels) for the impact of ICS withdrawal vs. continuation on the risk of COPD exacerbations
(A and B), change in FEV; (C and D), and SGRQ (E and F). COPD: chronic obstructive
pulmonary disease; FEV,. forced expiratory volume in one second; ICS: inhaled
corticosteroid; SGRQ: St. George’s Respiratory Questionnaire; SND: standard normal

deviate.
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Google Scholar)
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- Reviews (13)
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