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Specific Cardiovascular Serious Adverse Events of Tiotropium/Olodaterol Fixed-
Dose Combination

Paola Rogliania,b, Beatrice Ludovica Ritondoa, Bartolomeo Zerillob, Mario Cazzolaa , Maria Gabriella Materac,
and Luigino Calzettaa

aUnit of Respiratory Medicine, Department of Experimental Medicine, University of Rome “Tor Vergata”, Rome, Italy; bDivision of Respiratory
Medicine, University Hospital “Policlinico Tor Vergata”, Rome, Italy; cUnit of Pharmacology, Department of Experimental Medicine, University
of Campania “Luigi Vanvitelli”, Naples, Italy

ABSTRACT
Dual bronchodilation therapy represents the cornerstone for the treatment of COPD. A large retro-
spective study reports that adding a second long-acting bronchodilator in patients with COPD sig-
nificantly increases the risk of heart failure. Nevertheless, retrospective studies are characterized by
limitations including misdiagnosis and inaccuracy of recordkeeping. This study aimed to ascertain
whether tiotropium/olodaterol (T/O) 5/5lg fixed-dose combination (FDC) may modulate the risk
of main cardiovascular outcomes in COPD patients enrolled in randomized controlled trials (RCTs).
A meta-analysis (CRD42017070100) was performed by selecting RCTs reporting raw data from the
ClinicalTrials.gov database concerning the impact of T/O 5/5mg FDC vs. monocomponents on the
occurrence of specific cardiovascular serious adverse events: arrhythmia, heart failure, myocardial
infarction, and stroke. Data were reported as relative risk and 95% Confidence Interval, and the
risk of publication bias assessed via Egger’s test. Eighty six full text articles were identified, and 10
RCTs published in 7 studies between 2015 and 2018 were included into the analysis. Data
obtained from 12,690 COPD patients (44.47% T/O FDC, 55.53% monocomponents) were extracted.
T/O 5/5lg FDCs did not significantly modulate (p-value > 0.05) the risk of arrhythmia (1.02, 0.55 -
1.92), heart failure (0.88, 0.41 - 1.92), myocardial infarction (1.15, 0.70 - 1.87), and stroke (0.98, 0.44
- 2.16) vs. monocomponents. No significant publication bias affected the effect estimates of this
meta-analysis. The results of this quantitative synthesis indicate that dual bronchodilation with T/O
5/5lg FDC is characterized by an acceptable cardiovascular safety profile in COPD patients.
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Introduction

The regular administration of dual bronchodilation therapy is
extensively recognized as the cornerstone for the treatment of
most patients suffering from chronic obstructive pulmonary
disease (COPD) [1–3]. A large retrospective nested case-con-
trol study indicated that [4] new initiation of long-acting b2
adrenoceptor agonists (LABAs) or long-acting muscarinic
antagonists (LAMAs) in COPD patients is associated with
1.5-fold increased severe cardiovascular (CV) risk, irrespective
of prior CV disease status and history of exacerbations.
Interestingly, another large retrospective cohort study [5]
focused on the main CV outcomes (i.e. myocardial infarction,
stroke, heart failure, and arrhythmia) reported that adding a
second long-acting bronchodilator in patients with COPD
induced an increased risk of heart failure.

These observational studies [4,5] provide the evidence
that both single and dual bronchodilation therapy may

potentially increase the occurrence of specific CV comorbid-
ities in COPD patients. However, these data could be biased
by the typical limitations that affect retrospective studies
such as potential misdiagnosis and inaccuracy of record-
keeping, as reported for the association of CV disease with
chronic respiratory disorders [6,7].

In this respect, a recent meta-analysis of randomized con-
trolled trials (RCTs) has shown that LABA/LAMA fixed-
dose combination (FDC) therapy is characterized by an
acceptable CV safety profile in COPD patients, although
such a quantitative synthesis was performed overall on all
the CV comorbidities and not on specific CV outcomes [8].

To date there are five LAMA/LABA FDCs approved for
the treatment of stable COPD: aclidinium/formoterol (A/F),
glycopyrronium/formoterol (G/F), glycopyrronium/indaca-
terol (G/I), T/O, and umeclidinium/vilanterol (U/V). Several
pivotal RCTs reported that all of these FDCs are more
effective than monocomponents and do not increase the risk
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of serious adverse events (SAEs) that are characteristic of
LAMAs and LABAs when used as monotherapy [9,10].
Nevertheless, the novel IBiS (novel Improved Bidimensional
SUCRA [Surface Under the Cumulative Ranking Curve
Analysis]) score indicated that each available LAMA/
LABAFDC has a specific efficacy/safety profile, with T/O 5/
5 lg being the most effective FDC characterized by a good
CV safety profile [11].

As recently published by Gershon et al. [12], a well con-
ducted meta-analysis of RCTs provides the highest level of
evidence, greater than that obtained by single RCTs or
observational studies. In fact when a meta-analysis is per-
formed in agreement with the current guidelines [13], it
may increase the power and precision, detect reasons for
differences in effect estimates, and settle controversies aris-
ing from apparently conflicting studies or generate new
hypotheses [14].

Therefore, considering the conflicting evidences regarding
the CV safety of bronchodilator therapy, we have carried
out a meta-analysis aimed to assess whether the favorable
efficacy profile of T/O 5/5 lg FDC is accompanied by a safe

CV profile with respect to the main CV outcomes in COPD
patients enrolled in RCTs. In these patients we also investi-
gated whether T/O 5/5 mg FDC may have an impact
on mortality.

Materials and methods

Search strategy

This pair-wise meta-analysis has been registered in the inter-
national prospective register of systematic reviews
(PROSPERO registration number: CRD42017070100; avail-
able at https://www.crd.york.ac.uk/PROSPERO/display_
record.asp?ID=CRD42017070100), and performed in agree-
ment with the Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols 2015 (PRISMA-P 2015
statement) (Figure 1) [13].

A comprehensive literature search was undertaken for
full text articles written in English and investigating the
impact of T/O FDC in COPD patients, in agreement with
the following query: (“tiotropium bromide”[MeSH Terms]

Figure 1. PRISMA flow diagram for the identification of the full text articles included in the meta-analysis concerning the impact of T/O 5/5lg FDC vs. monocom-
ponents on the risk of arrhythmia, heart failure, myocardial infarction, and stroke in COPD patients enrolled in RCTs. COPD: chronic obstructive pulmonary disease;
CV: cardiovascular; FDC: fixed-dose combination; PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RCTs: randomized controlled trials;
SAEs: serious adverse events; T/O: tiotropium/olodaterol.
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OR (“tiotropium”[All Fields] AND “bromide”[All Fields])
OR “tiotropium bromide”[All Fields] OR “tiotropium”[All
Fields]) AND (“olodaterol”[Supplementary Concept] OR
“olodaterol”[All Fields]) AND (combination[All Fields] OR
combined[All Fields] OR (fixed-dose[All Fields] AND
combination[All Fields]) OR FDC[All Fields]) AND
(“pulmonary disease, chronic obstructive”[MeSH Terms] OR
(“pulmonary”[All Fields] AND “disease”[All Fields] AND
“chronic”[All Fields] AND “obstructive”[All Fields]) OR
“chronic obstructive pulmonary disease”[All Fields] OR
“copd”[All Fields]) AND (“loattrfull text”[sb] AND
English[lang]). The final search strategy performed in agree-
ment with OVID MEDLINE is reported in Table S1 of the
supplemental online material. The search was performed in
Cochrane Central Register of Controlled Trials (CENTRAL),
ClinicalTrials.gov, Embase, EU Clinical Trials Register,
Google Scholar, MEDLINE, Scopus, and Web of Science
databases through March 2020, in order to provide for rele-
vant studies published up to March 5th, 2020. Citations of
previous published meta-analyses and relevant reviews were
checked to select further pertinent studies, if any [8,15,16].

Two reviewers independently checked the relevant RCTs
identified from literature searches and databases. RCTs were
selected in agreement with the previously mentioned criteria,
and any difference in opinion about eligibility was resolved
by consensus.

Study selection

The titles and abstracts of all the records identified in initial
research were reviewed, and then a list of full text articles to
be assessed for selection was defined. RCTs reporting raw
data concerning the impact of T/O 5/5 mg FDC vs. mono-
components (T 5 mg and/or O 5 mg) on specific CV SAEs in
patients suffering from COPD diagnosed by pulmonary
function testing were selected. The availability of patient
level data on ClinicalTrial.gov database was a requirement
for selection. No study duration limit was applied. Full text
articles not written in English, and/or not reporting original
data from RCTs, and/or performed in non-COPD patients,
and/or not comparing T/O 5/5 mg FDC with T 5 mg and/or
O 5 mg, and/or not reporting specific data on CV SAEs in
the ClinicalTrial.gov database were excluded. Two reviewers
independently examined the RCTs and any difference in
opinion about eligibility was resolved by consensus.

Data extraction

Data from included studies were extracted from published
papers, and/or online supplementary files, and/or the reposi-
tory database ClinicalTrial.gov. Data extraction was per-
formed in agreement with the recommendations provided
by the Cochrane Handbook for Systematic Reviews of
Interventions [17]. Data were extracted and checked for
study characteristics and duration, patient characteristics,
age, sex, smoking habit, forced expiratory volume in 1 s
(FEV1), arrhythmia, heart failure, myocardial infarction,
stroke, death, and Jadad score.

Endpoints

The primary endpoint of this meta-analysis was to assess the
risk of CV SAEs of T/O 5/5 mg FDC in COPD patients,
compared to the monocomponents included in the FDC.
The secondary endpoint was the influence of T/O 5/5 mg
FDC on mortality in COPD patients, compared to the
monocomponents included in the FDCs.

Quality score, risk of bias and evidence profile

The Jadad score, with a scale of 1–5 (score of 5 being the
best quality), was used to assess the quality of the papers
concerning the likelihood of bias related with randomiza-
tion, double blinding, withdrawals and dropouts [18].
Studies were considered of low quality at Jadad score <3, of
medium quality at Jadad score ¼3, and of high quality at
Jadad score >3. Two reviewers independently assessed the
quality of individual studies, and any difference in opinion
about the quality score was resolved by consensus.

The test for heterogeneity (I2) was performed for primary
endpoint to quantify the bias introduced by between-study
dissimilarity, as previously reported [19], and low, moderate,
and high heterogeneity was assigned for I2 values of ’25%,
’50%, and ’75%, respectively [20].

The risk of publication bias was assessed for primary
endpoint by applying the funnel plot and Egger’s test
through the following regression equation:
SND¼ aþ b� precision, where SND represents the
Standard Normal Deviate (treatment effect divided by its
Standard Error [SE]), and precision represents the reciprocal
of the standard error. Evidence of asymmetry from Egger’s
test was considered to be significant at p-value < 0.1, and
the graphical representation of 90% confidence bands is pre-
sented [21].

The quality of the evidence for primary endpoint was
assessed in agreement with the Grading of
Recommendations Assessment, Development, and
Evaluation (GRADE) system [22].

Data analysis

The results of the pair-wise meta-analysis are expressed as
relative risk (RR) and 95% confidence interval (95%CI).
RCTs reporting at least one specific CV SAE including
arrhythmia, heart failure, myocardial infarction, and stroke
were included in the forest plots.

Since data were selected from a series of studies per-
formed by researchers operating independently, and a com-
mon effect size cannot be assumed, the random-effects
model was used in order to balance the study weights and
adequately estimate the 95%CI of the mean distribution of
effects on the investigated variable [23]. In fact, although the
mathematics behind the fixed-effects model is much simpler
than that of the random-effects model, results of this quanti-
tative synthesis cannot be generalized via fixed-effects model
since the included studies were quite dissimilar [24], as
shown in Table 1. Therefore, the greater the degree of
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difference across the studies, the more important it becomes
to employ the random-effects model [25]. Moreover, since
the follow-up duration was not consistent across the RCTs,
the data have been normalized as a function of person-year
[26,27]. This method, supported by the Cochrane
Collaboration and successfully used in recent meta-analyses
[14,19–21] involves the conversion of the measures into a
common metric (events per person-time) prior to meta-ana-
lyzing the data, leading to improved estimates of effect, pre-
cision, and clinical interpretability of results [19,20].

Subset analyses were performed with regard to the effect
of the class of monocomponents included in the FDC
(LABA or LAMA).

Meta-regression analysis was performed for primary end-
points to examine the source of significant (p-value < 0.05)
heterogeneity between-studies (I2) and, eventually, identify
potential effect modifiers [28].

A pooled analysis was performed to calculate the fre-
quency (% and 95%CI) of AEs, ranked in agreement with
the “European Medicine Agency, section 4.8: Undesirable
effects”, as follows: very common �1/10, common �1/100
to <1/10, uncommon �1/1000 to <1/100, frequency not
known if not calculable from the available data [29].

OpenMetaAnalyst software was used for performing the
meta-analysis, OpenEpi [30] software for the pooled ana-
lysis, GraphPad Prism (CA, US) software to graph the data,
and GRADEpro GDT to assess the quality of evidence
[19,22]. The statistical significance was assessed for p-value
< 0.05.

Results

Studies characteristics

Eighty six full text articles were identified and sixty three
were excluded by assessing the title and abstract; sixteen out
of the twenty three eligible studies were excluded by

considering each whole paper and in agreement with rea-
sons reported in Figure 1. Finally, data obtained from
12,690 COPD patients (44.47% treated with T/O 5/5 mg
FDC, 43.60% treated with T 5 mg, 11.93% treated with O
5 mg) were extracted from 7 studies including 10 RCTs pub-
lished between 2015 and 2018 [31–37].

Detailed patient demographics, baseline and characteris-
tics of the studies included in this meta-analysis are reported
in Table 1. Briefly, all the studies were Phase 3 RCTs char-
acterized by a Jadad score �3 and lasting between 6weeks
and 52weeks. Both the FDC and monocomponents were
administered once daily via the Soft Mist Inhaler device
RespimatVR . The age of enrolled patients ranged from
61.1 years and 69.8 years, with post bronchodilator FEV1 (%
predicted) values between 44.6% and 59.4%.

Primary endpoint

Raw data concerning the specific CV SAEs investigated in
this study (arrhythmia, heart failure, myocardial infarction,
and stroke) occurred during the RCTs have been extracted
from files of the ClinicalTrials.gov database.

The overall pairwise meta-analysis indicated that T/O 5/
5 mg FDC did not significantly (p-value > 0.05) increase the
risk of arrhythmia (RR 1.02, 95%CI 0.55 – 1.92; I2 8.01%,
p¼ 0.37; Figure 2A), heart failure (RR 0.88, 95%CI 0.41 –
1.92; I2 15.46%, p¼ 0.31; Figure 2B), myocardial infarction
(RR 1.15, 95%CI 0.70 – 1.87; I2 0%, p¼ 0.70; Figure 2C),
and stroke (RR 0.98, 95%CI 0.44 – 2.16; I2 0%, p¼ 0.88;
Figure 2D) in COPD patients, compared with
monocomponents.

The subset analysis showed that there was no significant
(p-value > 0.05) difference between T/O 5/5 lg FDC and T
5 lg or between T/O 5/5 lg FDC and O 5 lg on the risk of
arrhythmia, heart failure, myocardial infarction, and stroke
(Figure 2A – B).

Figure 2. Forest plot of pairwise meta-analysis of the impact of T/O 5/5lg FDC vs. monocomponents on the risk of arrhythmia (A), heart failure (B), myocardial
infarction (C), and stroke (D) in COPD patients. Each forest plot reports also the subset analysis with regard to the effect of the class of monocomponents included
in the FDC (T/O 5/5lg FDC vs. T 5lg or vs. O 5 lg). COPD: chronic obstructive pulmonary disease; FDC: fixed-dose combination; LABA: long-acting b2 adrenoceptor
agonist; LAMA: long-acting muscarinic antagonist; O: olodaterol; T: tiotropium.
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The pooled analysis showed that the frequency of the
investigated CV SAEs was generally uncommon (Table 2).

No significant heterogeneity was detected in the pair-wise
meta-analysis and, thus, no meta-regression analysis was
performed. The analysis of risk of bias carried out via the
visual inspection of funnel plot evidenced neither dispersion
nor asymmetry (Figure 3A, C, E, G), as confirmed by the
lack of statistical significance (p-value > 0.1) resulting from
the Egger’s (Figure 3B, D, F, H).

The GRADE analysis reported high quality of evidence
(þþþþ) concerning the effect estimates resulting from the
pairwise meta-analysis on the risk of arrhythmia, heart fail-
ure, myocardial infarction, and stroke induced by T/O 5/
5 lg FDC vs. monocomponents in COPD patients.

Secondary endpoint

Raw data concerning all cause mortality occurred during the
RCTs have been extracted from files of the ClinicalTrials.gov
database. Three studies reported at least one event of death
[31,33,36] and were included in the meta-analysis.

The pairwise meta-analysis indicated that T/O 5/5 mg
FDC did not significantly (p-value > 0.05) increase the risk
of death (RR 0.92, 95%CI 0.70 – 1.22; I2 0%, p¼ 0.84) in
COPD patients, compared with monocomponents.

Discussion

The results of this pairwise meta-analysis indicate that T/O
5/5 mg is a safe FDC to treat COPD patients when compared
with monocomponents. Specifically, the findings show that
combining T 5 mg with O 5 mg does not increase the poten-
tial risk of arrhythmia, heart failure, myocardial infarction,
and stroke that can affect the LABAs and LAMAs when
administered as monocomponents. These results are con-
firmed by the subset analyses, in which there was no differ-
ence in the risk of specific CV SAEs when comparing T/O
5/5 mg FDC with either T 5 mg or O 5 mg. As expected, also
the risk of death was not increased by T/O 5/5 mg FDC vs.
monocomponents.

The findings resulting for the specific CV SAEs investi-
gated in this quantitative synthesis are characterized by a
high quality of evidence, as confirmed by the GRADE ana-
lysis. This means that we are very confident that the true
effect lies close to that of the estimate of the effect; in other
words, further research is very unlikely to change our confi-
dence in the estimate of effect [38]. Such a reliability of the
effect estimates was mainly due to the quality of the RCTs
as reported by Jadad score, the lack of heterogeneity, and
the absence of publication bias confirmed by the qualitative
assessment of funnel plots and the quantitative analysis of
Egger’s test.

Interestingly, the data originating by the meta-analysis of
RCTs on the specific CV safety profile of T/O 5/5 mg FDC
vs. monocomponents are generally consistent with data
from real-world settings published by Suissa et al. [5], in
which the addition of a second long-acting bronchodilator
as recommended by COPD treatment guidelines appears to Ta
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be safe. However, in the same study the authors [5] high-
lighted that there was a small, although significant, increase
in the risk of heart failure ranging from RR 1.14 (95%CI
1.03 – 1.26) to RR 1.16 (95%CI 1.03 – 1.30) for dual bron-
chodilation therapy vs. monotherapy. However, it should be
noted that the COPD population included in RCTs could be
different from the real-world population using bronchodila-
tor therapy. In fact real-world observational investigations
are designed to not exclude COPD patients with comorbid-
ities or have limitations with inclusion criteria regarding the
severity of disease, upper age limit, or smoking his-
tory [39,40].

The results of this meta-analysis showed neither a statis-
tical significance nor a trend toward significance in the
increased risk heart failure, with RR effect estimate value at
0.88 (95%CI 0.41 – 1.92). However, it cannot be omitted
that a detailed assessment of the cases reported in Table 2
shows an increase in the heart failure frequency when the
LAMA is included in the therapy. Thus, we agree with
Suissa et al. [5] that the modest increase of heart failure fre-
quency may warrant further investigation [5], but it seems
that attention should be focused not specifically on LAMA/

LABA FDCs, but generally on bronchodilation therapy
based on antimuscarinic agents. In this regard, recent quan-
titative syntheses have shown that each LAMA/LABA FDC
is characterized by a specific efficacy/safety profile, with T/O
and A/F FDCs being the safest FDCs and those including
glycopyrronium (i.e. G/F and G/I) as having the less favor-
able CV safety profile [8,11].

However, the current evidence provides further data con-
firming the CV safety of LAMAs. In fact in another large
observational study always published by Suissa et al. in 2017
[41], the initiation of COPD treatment with T or with a
LABA was associated with similar risk of arrhythmia, heart
failure, myocardial infarction, and stroke, and a significantly
lower risk of pneumonia with T compared with LABAs.
Interestingly, also in the large retrospective nested case-con-
trol study carried out by Wang et al. [4] the new initiation
of LABAs or LAMAs in COPD patients induced the same
risk of heart failure and other CV diseases. Notably, the 4-
year Understanding Potential Long-term Impacts on
Function with Tiotropium (UPLIFT) trial has demonstrated
that T not only is safe by a CV viewpoint, but in patients
treated with T the risk of heart failure and myocardial
infarction was even reduced than in those that
received placebo.

The main strength of this study is related with the high
quality of evidence resulting from the meta-analysis and,
thus, certainly the obtained findings can be valid for popula-
tions of COPD patients with characteristics that are consist-
ent with those of patients enrolled in RCTs. Furthermore,
this meta-analysis has been conducted in agreement with
the current guidelines [13] and registered in PROSPERO as
indicated by the PRISMA-P 2015 Explanation and
Elaboration statement [42]. Nevertheless, it should not be
forgotten that only a small proportion (’14%) of subjects
with COPD can be eligible in real-life for inclusion in RCTs
[43,44], and this discrepancy represents the main weakness
of our study.

Meta-analyses, as well as RCTs and observational studies,
are characterized by intrinsic limitations [45–47]. Thus,
taken together the results of this meta-analysis along with
those of the current evidences raised from large RCTs and
large observational studies, the results of this research
should be interpreted by clinicians in agreement with the
medical characteristics of each COPD patient.

Conclusion

In this meta-analysis we have demonstrated that, although
some specific LABA/LAMA FDCs may increase the risk of
CV SAEs, T/O 5/5 mg FDC is characterized by an acceptable
CV safety profile vs. monocomponents, with no effect on
the risk of arrhythmia, myocardial infarction, stroke, and
mortality and limited not significant impact on the fre-
quency of heart failure in COPD patients.

Figure 3. Publication bias assessment via funnel plots (left panels) and Egger’s
test (right panels) for the impact of T/O 5/5 lg FDC vs. monocomponents on
the risk of arrhythmia (A and B), heart failure (C and D), myocardial infarction (E
and F), and stroke (G and H) in COPD patients. COPD: chronic obstructive pul-
monary disease; FDC: fixed-dose combination; O: olodaterol; T: tiotropium.
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