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Background: Patients with chronic obstructive pulmonary disease (COPD) and cardiovas-
cular comorbidities may have an increased risk of medication-related cardiac arrhythmias.
We therefore performed an analysis of Holter electrocardiogram (ECG) data from two large,
long-term, controlled clinical COPD trials to investigate whether tiotropium/olodaterol
increased the risk of cardiac arrhythmia and mean heart rate.

Methods: We analyzed Holter ECG data from a representative subset of patients (N=506) from
the two pooled replicate studies (TONADO 1 and 2) assessing tiotropium/olodaterol 5/5 pg
therapy versus tiotropium 5 pg or olodaterol 5 ng monotherapy, inhaled once daily (two single
inhalations) using the Respimat™ Soft Mist™ inhaler device. Additionally, major adverse cardiac
events (MACE) with tiotropium/olodaterol were assessed versus the respective monotherapies.
Results: After 12 weeks of treatment, there was no difference in the number of patients who
had an increase or decrease from baseline in 24-hour supraventricular premature beats or
ventricular premature beats between tiotropium/olodaterol 5/5 pg combination therapy and
its monocomponents. Compared with baseline, a small but statistically significant increase in
adjusted mean heart rate was observed for tiotropium 5 pug (+1.6 beats per minute [bpm];
P=0.0010), but no difference was observed for olodaterol 5 pg (+0.3 bpm; P=0.2778) or
tiotropium/olodaterol 5/5 pg (0.1 bpm; P=0.4607). MACE and fatal MACE were limited to
1 to 3 patients across treatment groups.

Conclusion: Compared with the compounds given as monotherapy, treatment with tiotro-
pium/olodaterol fixed-dose combination therapy is not associated with medically relevant or
statistically significant effects on arrhythmia as assessed by Holter ECG. Based on these
findings, there is no evidence to assume a clinically relevant impact on cardiac function from
dual tiotropium/olodaterol treatment.
Trial Registration: TONADO 1
(ClinicalTrials.gov: NCT01431287).
Keywords: tiotropium, olodaterol, Holter ECG, heart rate, arrhythmia, safety

(ClinicalTrials.gov: NCT01431274); TONADO 2

Plain Language Summary

Patients with COPD often have heart conditions and thus may have a greater risk of
developing arrhythmias (ie, change in heart rhythm) compared with healthy individuals.
Tiotropium/olodaterol is an inhaled combination drug used for the treatment of COPD. To
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provide doctors with appropriate safety advice, we wanted to test
whether tiotropium/olodaterol had any adverse effects on the
heart in patients with COPD.

We collected data from a large COPD clinical trial called
TONADO®, which compared the combination drug tiotropium/
olodaterol with tiotropium or olodaterol given alone in patients
with COPD. Some patients in the TONADO trial had their heart
rhythm recorded with a 24-hour monitoring device. We analyzed
their data after the patients had received treatment for 12 weeks.

We found no difference in the number of patients with arrhyth-
mia between the tiotropium/olodaterol combination group and the
groups who received tiotropium or olodaterol alone. There was
a small increase in heart rate for the tiotropium group but not for
the olodaterol group or tiotropium/olodaterol combination group.

In summary, treatment with the combination drug tiotropium/
olodaterol did not increase the risk of heart arrhythmias in patients

with COPD compared with tiotropium or olodaterol given alone.

Introduction

Patients with chronic obstructive pulmonary disease
(COPD) often have cardiovascular (CV) comorbidities
and a substantially greater risk of developing cardiac
arrhythmias, thromboembolic disorders, myocardial ische-
mia and stroke compared with healthy individuals.'™
Although the precise impact on ischemic and arrhythmic
events is unknown, COPD is an independent predictor of
death and hospitalization in patients with heart failure,*
and arrhythmogenic events may contribute to this poor
prognosis. In addition, cardiac arrhythmia is thought to
be a potential pharmacologic class risk of both long-
acting muscarinic antagonists (LAMAs) and long-acting
B,-agonists (LABAs).>®

Extensive clinical trial data have established the efficacy
and long-term safety of the LAMA tiotropium (SPIRIVA®™;
Boehringer Ingelheim Pharma GmbH & Co K.G., Ingelheim,
Germany)’'? and the LABA olodaterol."" ™' Similarly, their
use in combination has been widely studied, with results
showing superior effects on lung function, breathlessness
and health-related quality of life compared with the drugs
given as monotherapy.'®™"*

Initial concerns were identified regarding the CV safety of
LAMA/LABA combined therapy.® > However, there are
a number of reassuring analyses of clinical trial data focusing
on cardiac function parameters (rthythm, heart rate and blood
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pressure) in addition to the general and CV adverse

events (AEs) suggesting that tiotropium and olodaterol have

1125 combined tiotro-

similar, or lower, AE rates than placebo;
pium/olodaterol data suggest they can be administered safely

to patients with moderate-to-very-severe COPD, including

patients with significant CV comorbidity.”® Similar findings
have been reported for the tiotropium Respimat®™ Soft Mist™
inhaler (SMI),%”® including real-world evidence that tiotro-
pium plus a second bronchodilator, in the setting of COPD,
does not increase the risk of most CV events.?’ However, the
authors of this study, which included new users of LABA or
tiotropium between 2002 and 2012, suggest a modest increase
for heart failure warrants further investigation.?

In the case of olodaterol and LABAs in general, con-
cerns result from the possible off-target interaction with
-adrenoceptors (ARs) located in the atria, ventricles and
peripheral vasculature.’® The clinical data are contradic-
tory, with some studies showing an increase in heart rate

when treated with salmeterol*%3!

and others showing no
increase in salmeterol-related CV AEs versus placebo.*
Olodaterol, a once-daily LABA, was designed with the
aim of improving AR selectivity and intrinsic activity.

Long-term Holter electrocardiograms (ECGs) are com-
monly used to detect and monitor cardiac arrhythmias.*
However, published Holter ECG data from large cohorts of
patients with COPD and CV comorbidities remain rare, but
do include two studies showing that both tiotropium and
olodaterol monotherapy are not associated with increased
risk of arrhythmia compared with placebo.*** Given con-
tinuous Holter ECG investigations were conducted in the
TONADO 1 and 2 studies, we pooled these data and con-
ducted an analysis to investigate whether tiotropium/oloda-
terol combination increased the risk of cardiac arrhythmia in
patients with moderate-to-very-severe COPD.

Methods

Study Designs

Detailed study methods have been published previously.
Briefly, TONADO 1 and 2 (studies 1237.5 and 1237.6) were
52-week, replicate, phase III, multicenter, randomized, dou-

26,34

ble-blind, parallel-group studies. Overall, 5,162 patients with
moderate-to-very-severe COPD based on the Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
grading system (spirometric GOLD grade 2—4)>> were trea-
ted with tiotropium/olodaterol fixed-dose combination 5/5 pg
or 2.5/5 ug, or the individual monocomponents, each deliv-
ered via the SMI device.***

Sub-Analyses on Holter ECGs

For each study, 24-hour Holter ECG monitoring was per-
formed at selected sites among a subset of patients who
were capable and trained to handle centralized Holter ECG
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monitoring. All patients at selected sites were invited to
participate in this sub-study. Holter ECG monitoring was
performed in patients giving informed consent to partici-
pate in the sub-study, and able to carry and return the
equipment after 24 hours. Sites were provided with stan-
dard equipment by the sponsor (12-Lead Mortara H12+
Digital Holter Recorder, eResearchTechnology, Inc.,
Philadelphia, USA). Holter ECG recordings were trans-
ferred to the central vendor (eResearchTechnology, Inc.),
evaluated, validated by a cardiologist, and data uploaded
to the study database. Holter ECG monitoring was per-
formed prior to randomization at Visit 2 (Day —1, baseline)
and during randomized treatment at Visit 5 (Day 85,
Week 12).

Safety

During these studies, participants were assessed for AEs
and serious AEs, and reported events were coded using
MedDRA version 16.6. Major adverse cardiac events
(MACE) were assessed for the different treatment arms
included in this study.

Statistical Analysis

The 24-hour Holter ECG records were evaluated for mean
heart rate, as well as the number of supraventricular pre-
mature beats (SVPBs) and ventricular premature beats
(VPBs). Increase or decrease in SVPBs and VPBs from
baseline on treatment were established using two-way shift
tables. Shifts were defined based on predefined cut-offs
with the following categories: <10, >10 to <30, >30 to
<50, =50 to <100, >100 to <500, =500 to <1000, >1000 to
<2000, and >2000. Categories assigned at baseline and
Week 12 were compared to give shifts in SVPBs and
VPBs. Differences in the frequency of shifts (increase,
decrease or unchanged from baseline) were evaluated
between treatments using Chi-squared testing. The 24-
hour Holter ECG mean heart rates were adjusted with
a mixed-effect model repeat measurement (MMRM) and
analyzed for the adjusted mean changes from baseline and
treatment differences. Fixed effects for the MMRM model
included treatment, visit, treatment-by-visit interaction and
baseline. P<0.05 was considered a significant difference
for all post hoc statistical analyses at an alpha level
of 0.05.

Only the treatment groups in TONADO 1 and 2 with
licensed doses of study medication are included in this
analysis: tiotropium/olodaterol 5/5 pg, tiotropium 5 ug
and olodaterol 5 pg.

Results

Baseline Demographics
In total, 506 patients from the Holter ECG monitoring
subsets of TONADO 1 and 2 were included in this analy-
sis. The overall patient characteristics of the studies have
been described previously.>

In the subset of patients included in the Holter ECG
examinations, patients had a mean age of 64 years, 64%
were male and all patients were current smokers (47%) or
ex-smokers (53%). When classified by GOLD, most
patients were spirometric GOLD grade 2 (51.0%) or
GOLD grade 3 (36.6%), with 12.3% in GOLD grade 4;
12.3% of patients had cardiac arrhythmia at baseline and
13.4% of patients had ischemic heart disease at baseline
(Table 1). The Holter subset was representative of the full
study population regarding their CV risk, indicated by
their CV diseases and CV medication received at baseline.

Holter ECG Data

Shift in SVPB

No significant difference was observed in the shifts (ie,
proportion of patients whose SVPB increased or decreased
from baseline) of tiotropium/olodaterol combination ther-
apy and its monocomponents (Chi-squared test P=0.6053;
Figure 1A). At Week 12, 21.2%, 27.1% and 25.3% of
patients had an increase in SVPBs from baseline with
olodaterol 5 ug, tiotropium 5 pg and tiotropium/olodaterol
5/5 pg, respectively; 26.8%, 21.5% and 28.1% had
a decrease from baseline with olodaterol 5 pg, tiotropium
5 ug and tiotropium/olodaterol 5/5 pg, respectively.

Shift in VPB

No significant difference was observed in the shifts (ie,
proportion of patients whose VPB increased or decreased
from baseline) of tiotropium/olodaterol combination ther-
apy and its monocomponents (Chi-squared test P=0.9790;
Figure 1B). At Week 12, 21.2%, 22.7% and 22.6% of
patients had an increase in VPBs from baseline with olo-
daterol 5 pg, tiotropium 5 pg and tiotropium/olodaterol 5/5
ng, respectively; 21.2%, 21.5% and 24.0% had a decrease
from baseline with olodaterol 5 pg, tiotropium 5 pg and
tiotropium/olodaterol 5/5 pg, respectively. In general,
a similar proportion of patients had a decrease in VPBs
as an increase in VPBs for all treatment groups.

Holter ECG Heart Rate Data

The adjusted mean heart rate at Week 12 was slightly
higher for tiotropium 5 pg compared with the other
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Table | Baseline Demographics of Holter ECG Subgroup (TONADO | and 2)

Characteristics Olo 5 pg (n=179) Tio 5 pg (n=181) T/O 5/5 ug (n=146)
Male, n (%) 119 (66.5) 112 (61.9) 93 (63.7)
Age, mean (SD), years 64.4 (7.7) 63.5 (8.8) 63.1 (8.2)
Smoking status, n (%)
Ex-smoker 105 (58.7) 96 (53.0) 74 (50.7)
Current smoker 74 (41.3) 85 (47.0) 72 (49.3)
BMI, mean (SD), kg/m? 27.4 (6.1) 26.7 (4.9) 26.6 (5.5)
FEV,% predicted normal, mean (SD) 43.1 (15.0) 44.9 (16.0) 42.7 (14.1)
Spirometric GOLD grades, n (%)
| (=80%) 0 (0.0) | (0.6) 0 (0.0)
2 (50% to <80%) 88 (49.2) 104 (57.5) 66 (45.2)
3 (30% to <50%) 67 (37.4) 50 (27.6) 68 (46.6)
4 (<30%) 24 (13.4) 26 (14.4) 12 (8.2)
Mean Holter heart rate 79.3 (9.5) 80.3 (11.3) 82.5 (11.2)
Any cardiovascular disease 102 (57.0) 104 (57.5) 81 (55.5)
Cardiac arrhythmia 25 (14.0) 22 (12.2) 15 (10.3)
Tachyarrhythmia (tachycardia) 9 (5.0) 5(2.8) 8 (5.5)
Supraventricular tachyarrhythmia 4 (2.2) 2 (1.1) 6 (4.1)
Atrial fibrillation or flutter 4(2.2) 2 (1.1) 534
Ventricular tachyarrhythmia (ventricular arrhythmia) 3(1.7) 0 (0.0) 2 (1.4)
Bradyarrhythmia (bradycardia) 5(2.8) 10 (5.5) 534
Ischemic heart disease® 27 (15.1) 22 (12.2) 19 (13.0)
Myocardial infarction® 8 (4.5) I (6.1) 8 (5.5)
Cardiac failure I (6.1) 4(22) 534
Cerebrovascular disorders 15 (8.4) Il (6.1) 6 (4.1)
Hypertension 8l (45.3) 89 (49.2) 68 (46.6)
Diabetes mellitus 23 (12.8) 23 (12.7) 20 (13.7)
Any cardiovascular medication 120 (67.0) 109 (60.2) 85 (58.2)
Beta-blockers 20 (11.2) 22 (12.2) 16 (11.0)

Notes: “Includes angina pectoris, arteriosclerosis coronary artery, blood creatinine phosphokinase increase, coronary angioplasty, coronary arterial stent insertion,
coronary artery bypass, coronary artery disease, coronary artery occlusion, coronary artery stenosis, infarction, ischemic cardiomyopathy, myocardial infarction, myocardial
ischemia and stress cardiomyopathy; Includes conditions attributed to infarction, including blood creatinine phosphokinase increase, coronary artery occlusion and

infarction.

Abbreviations: BMI, body mass index; ECG, electrocardiogram; FEV,, forced expiratory volume in | second; GOLD, Global Initiative for Chronic Obstructive Lung
Disease; Olo, olodaterol; SD, standard deviation; T/O, tiotropium/olodaterol; Tio, tiotropium.

treatment arms (olodaterol 5 pg: 80.6 beats per minute
[bpm]; tiotropium 5 pg: 81.9 bpm; tiotropium/olodaterol
5/5 ng: 80.2 bpm; Figure 2). Compared with baseline,
a significant increase in adjusted mean heart rate was
observed for tiotropium 5 pg (+1.6 bpm; P=0.0010) but
no difference was observed for olodaterol 5 pg (+0.3 bpm,;
P=0.2778) or tiotropium/olodaterol 5/5 ug (0.1 bpm;

P=0.4607). The between-treatment group comparisons of
the adjusted mean changes from baseline were
significant between tiotropium/olodaterol 5/5 pg and tio-
tropium 5 pg (—1.7 bpm; P=0.0149) but not significant
between tiotropium/olodaterol 5/5 pg and olodaterol 5 pg
(—0.4 bpm; P=0.3187). Overall, the changes in the adjusted
mean heart rates from baseline to Week 12 were small.
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Figure | (A) Shifts in SVPB: T/O vs monocomponents at Week 12 (TONADO | and 2), and (B) shifts in VPB: T/O vs monocomponents at Week 12 (TONADO | and 2).
P-value based on Chi-squared test: no statistical difference in frequency of increase or decrease.
Abbreviations: Olo, olodaterol; SVPB, supraventricular premature beat; T/O, tiotropium/olodaterol; Tio, tiotropium; VPB, ventricular premature beat. For definition of

shifts in SVPB and VPB, see Methods section (Sub-analyses on Holter ECGs).

Safety

There were very few patients with MACE (olodaterol 5 pg: 1
patient; tiotropium 5 pg: 2 patients; tiotropium/olodaterol 5/5
pg: 3 patients) or fatal MACE (olodaterol 5 pg: 1 patient;
tiotropium 5 pg: 1 patient; tiotropium/olodaterol 5/5 ng: 2
patients). The overall number of patients with cardiac arrhyth-
mia was not higher with tiotropium/olodaterol 5/5 pg (supra-
ventricular tachyarrhythmia: 0.0%; atrial fibrillation or flutter:
0.0%; ventricular tachyarrhythmia: 0.7%; Table 2) compared
with the monocomponents olodaterol 5 pg and tiotropium 5 pg
(supraventricular tachyarrhythmia: 0.6% and 1.1%, respec-
tively; atrial fibrillation or flutter: 0.6% and 0.6%, respectively;
ventricular tachyarrhythmia: 1.1% and 0.0%, respectively;
Table 2).

Discussion
The present study found no evidence of a pro-
arrhythmic effect on SVPB and VPB for tiotropium/

olodaterol combination therapy versus its monocompo-
nents. We also report very few MACE or fatal MACE in
this study population, indicating that the combination of
tiotropium/olodaterol in patients does not increase the
risk of CV AEs.

As LABAs are an established therapy for COPD, their
safety, both alone and in combination with LAMAs, in
COPD patients with CV comorbidities have previously
been investigated?*>>*¢ Olodaterol, a once-daily LABA,
was designed with the aim of improving AR selectivity
and intrinsic activity. LABAs as a class are not all the
same structurally; for instance, olodaterol is structurally
distinct from formoterol and salmeterol. P-agonists are
racemates®’ — with the (R)-enantiomer being the active
component and the (S)-enantiomer being inactive at ther-
apeutic concentrations®® — though in vitro studies have
shown the (S)-enantiomer may induce tachyphylaxis or
receptor desensitisation® Olodaterol, a pure (R,R)-B-
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Figure 2 Adjusted mean Holter heart rate over 24 hours at Week |2: T/O vs monocomponents at baseline and Week 12 (TONADO | and 2). Treated set: adjusted data.
Baseline data are unadjusted. P-values are for adjusted mean change from baseline data. Standard errors for baseline are 0.71, 0.84 and 0.93, respectively, and for week 2

were 0.53, 0.53 and 0.72, respectively.

Abbreviations: bpm, beats per minute; Olo, olodaterol; T/O, tiotropium/olodaterol; Tio, tiotropium.

agonist, provides bronchodilation at lower doses, poten-
tially allowing for fewer p,-AR-mediated side effects®”*

To further evaluate the cardiac safety profile of oloda-
terol, both alone and in combination with LAMAs, in COPD
patients with CV comorbidities, we report cardiac arrhythmia
and heart rate data from a subset of patients with moderate-to

-very-severe COPD subject to Holter ECG assessment

Table 2 Cardiovascular Adverse Events of Holter ECG
Subgroup (TONADO | and 2)

Patients, n (%) Olo 5 Tio 5 T/O 5/5
Hg Hg Hg
(n=179) | (n=181) | (n=146)
Cardiac arrhythmia
Supraventricular tachyarrhythmia 1 (0.6) 2 (1.1 0 (0.0
Atrial fibrillation or flutter 1 (0.6) 1 (0.6) 0 (0.0)
Ventricular tachyarrhythmia 2 (I.1) 0 (0.0) 1 (0.7)
Ischemic heart disease
Myocardial infarction 0 (0.0 1 (0.6) 1 (0.7)
Other ischemic heart disease (non- 4(22) 1 (0.6) 1 (0.7)
infarction)
Cardiac failure 2 (1.1) 3(1.7) 0 (0.0
Cerebrovascular disorders
Hemorrhagic 0 (0.0) 0 (0.0) 0 (0.0)
Ischemic 0 (0.0) 0 (0.0 1 (0.7)
MACE 1 (0.6) 2 (L.1) 3210
Fatal MACE (including death unspecified) | | (0.6) 1 (0.6) 2 (1.4)

Abbreviations: ECG, electrocardiogram; MACE, major adverse cardiovascular
events (including cardiac disorders, vascular disorders, myocardial infarction, stroke
and fatal MACE; sudden death, cardiac death and sudden cardiac death); Olo,
olodaterol; T/O, tiotropium/olodaterol; Tio, tiotropium.

during two large Phase III trials comparing tiotropium/olo-
daterol (5/5 pg and 2.5/5 pg) with the monocomponents
tiotropium (5 pg and 2.5 pg) and olodaterol (5 pg).

This study is one of the largest and most detailed data
sets of Holter ECG measurements in patients with COPD
on bronchodilation therapy. Further strengths of this ana-
lysis include the large size of the TONADO trials and that
they were active-comparator controlled.** Also, the trials
included patients with CV comorbidities and 58% of all
patients were receiving CV medication, including 10% on
B-blockers. We also used highly standardized methodolo-
gies for data collection across centers, and the trials were
blinded, and active-comparator controlled. Previous data
showed no pro-arrhythmic effect of tiotropium 1.25-10 pg
delivered via SMI and 18 pg delivered via dry powder
inhaler versus placebo.>* These results are in line with the
pooled TONADO trial data, which reported MACE rate
ratios of 1.07 (95% confidence interval [CI] 0.66—1.73)
and 1.11 (95% CI 0.68—1.80) when comparing the combi-
nation with the monotherapies, respectively.**

Regarding Holter ECG heart rates, differences (small
increases with monocomponents and a small decrease for
dual bronchodilation) from baseline to Week 12 and
between treatment groups were small and not clinically
relevant. It is unknown whether the Holter ECG heart rate
evaluated in this analysis is influenced more by any phar-
macologic effects of treatment or is rather an indirect reflec-
tion of improved daily physical activity resulting from
effective maintenance of bronchodilation. Dedicated ana-
lyses of long-term heart rate from TONADO 1 and 2 have
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shown no relevant increases in resting heart rate and blood
pressure from baseline with tiotropium/olodaterol versus its
monocomponents.'>*' The findings of this study are impor-
tant given that elevated heart rate has been reported in
patients who have had COPD for many years, and is a risk
factor for adverse outcomes in this population.*** A post
hoc analysis in the Study to Understand Mortality and
Morbidity in COPD (SUMMIT) trial confirmed the associa-
tion of elevated heart rate with increased mortality and CV
events in patients with COPD.** Patients with COPD often
have comorbid CV diseases whereby elevated resting heart
rate may contribute to CV morbidity and mortality via
neurohumoral activation, and thus provide a potential
mechanism that links heart rate to increases in mortality in
COPD. 1,42-48

The present study benefits from the availability of
baseline and follow-up data for each defined time point,
and analysis of the Holter ECG data was better refined
versus previous studies.

There are limitations in this analysis. Treatment cen-
ters that were not able to perform Holter ECGs and
patients who were not able to carry the equipment
were not included in the analysis; this meant that the
subset of patients included were not selected at random.
Patients with more unstable CV diseases may have been
excluded from the trials or may not have participated in
the Holter ECG subset study for individual reasons,
although this would have similarly influenced the pri-
mary randomized treatment groups. CV conditions in
very high-risk patients warrant further investigation
either in a larger clinical practice population or in indi-
vidual case analyses.

Conclusion

In conclusion, compared with monocomponents, treatment
with tiotropium/olodaterol combination therapy is neither
associated with SVPB or VPB, nor with changes in heart
rate as assessed by Holter ECG. Based on these findings,
there is no evidence to assume a clinically relevant impact
on cardiac function from dual tiotropium/olodaterol
treatment.

Abbreviations

AE, adverse event; AR, [,-adrenoceptors; bpm, beats
per minute; COPD, chronic obstructive pulmonary dis-
ease; CV, cardiovascular; ECG, electrocardiogram;
GOLD, Global Initiative for Chronic Obstructive Lung
Disease; LABA, long-acting f,-agonist; LAMA, long-

acting muscarinic antagonist; MACE, major adverse car-
diac event; MMRM, mixed-effect model repeat measure-
ment; SMI, Soft Mist™ inhaler; SVPB, supraventricular
premature beat; T/O, tiotropium/olodaterol combination
therapy; VPB, ventricular premature beat.

Data Sharing Statement
Data are available from the corresponding author upon
reasonable request.

Ethics Approval and Consent to

Participate

All studies included in this analysis were performed in accor-
dance with the provisions of the Declaration of Helsinki (1996
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