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a b s t r a c t

Background: Tiotropium þ olodaterol improves lung function and symptoms compared to mono-
therapies in chronic obstructive pulmonary disease (COPD). The OTEMTO 1 and 2 studies investigated
the effects of tiotropium þ olodaterol on lung function and health-related quality of life compared to
placebo in patients with moderate to severe COPD.
Methods: In these two replicate, double-blind, parallel-group, placebo-controlled trials, patients were
randomised to receive tiotropium þ olodaterol 5/5 mg, 2.5/5 mg, tiotropium 5 mg or placebo for 12 weeks,
via the Respimat® inhaler. Primary end points were St George's Respiratory Questionnaire (SGRQ) total
score, forced expiratory volume in 1 s (FEV1) area under the curve from 0 to 3 h (AUC0e3) response and
trough FEV1 response.
Results: In OTEMTO 1 and 2, tiotropium þ olodaterol 5/5 mg improved SGRQ total score by 4.89 (95%
confidence interval [CI] �6.90, �2.88) and 4.56 (95% CI �6.50, �2.63) units versus placebo (both
p < 0.0001), and 2.49 (95% CI �4.47, �0.51; p < 0.05) and 1.72 (95% CI �3.63, 0.19) units versus tiotropium
5 mg. Tiotropium þ olodaterol 2.5/5 mg significantly improved SGRQ score compared to placebo. Both
doses significantly improved FEV1 AUC0e3 response compared to placebo and tiotropium 5 mg.
Tiotropium þ olodaterol 5/5 and 2.5/5 mg also significantly improved trough FEV1 response compared to
placebo (both studies) and separated from tiotropium 5 mg in OTEMTO 2. Adverse-event incidence was
similar between treatment groups.
Conclusion: Tiotropium þ olodaterol improved lung function and quality of life compared to placebo and
tiotropium 5 mg.
Trial registration: ClinicalTrials.gov: NCT01964352 and NCT02006732.
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Tiotropium was the first once-daily long-acting muscarinic
antagonist (LAMA) to be approved for the treatment of chronic
obstructive pulmonary disease (COPD) and has now been devel-
oped in a fixed-dose combination with the once-daily long-acting
b2-agonist (LABA) olodaterol. Olodaterol is approved for the treat-
ment of COPD and has an early onset of action and a 24-h effect on
lung function [1e4]. The efficacy and tolerability of olodaterol was
demonstrated in a large Phase III programme [1e5]. Combination

Abbreviations: AE, adverse event; AUC0e3, area under the curve from 0 to 3 h;
COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in
1 s; GOLD, Global initiative for chronic Obstructive Lung Disease; FVC, forced vital
capacity; LABA, long-acting b2-agonist; LAMA, long-acting muscarinic antagonist;
MCID, minimum clinically important difference; SGRQ, St George's Respiratory
Questionnaire; TDI, Transition Dyspnoea Index.
* Corresponding author. The Medicines Evaluation Unit, The Langley Building,

Southmoor Road, Wythenshawe, Manchester, M23 9QZ, UK.
E-mail address: dsingh@meu.org.uk (D. Singh).

Contents lists available at ScienceDirect

Respiratory Medicine

journal homepage: www.elsevier .com/locate/rmed

http://dx.doi.org/10.1016/j.rmed.2015.08.002
0954-6111/© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Respiratory Medicine 109 (2015) 1312e1319

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.�0/
mailto:dsingh@meu.org.uk
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rmed.2015.08.002&domain=pdf
www.sciencedirect.com/science/journal/09546111
www.elsevier.com/locate/rmed
http://dx.doi.org/10.1016/j.rmed.2015.08.002
http://creativecommons.org/licenses/by-nc-nd/4.�0/
http://dx.doi.org/10.1016/j.rmed.2015.08.002
http://dx.doi.org/10.1016/j.rmed.2015.08.002


therapies are commonly used in COPD and their use is supported by
the Global initiative for chronic Obstructive Lung Disease (GOLD)
report [6].

Data from the tiotropium þ olodaterol Phase III studies have
demonstrated significant improvements in lung function to a
greater extent than tiotropium and olodaterol monocomponents,
with no additional safety concerns [7,8]. The TONADO studies were
two large replicate Phase III trials that demonstrated improvements
in lung function and St George's Respiratory Questionnaire (SGRQ)
total score over 52 weeks with tiotropium þ olodaterol versus the
monocomponents in patients with moderate to very severe COPD.

In the TONADO studies, it was not possible to include a placebo
arm due to the 52-week duration and the inclusion of patients with
very severe COPD. The effects of bronchodilator therapies on
patient-reported outcomes are best investigated in placebo-
controlled studies in order to understand whether the minimum
clinically important difference (MCID) compared to placebo is
achieved. The novelty of the OTEMTO studies was the inclusion of a
placebo arm; the study design involved a shorter duration and the
exclusion of patients with GOLD 4 disease in order to allow this. In
addition, both the tiotropium þ olodaterol 2.5/5 mg and 5/5 mg
doses were included to investigate differences in effect size be-
tween the two doses.

The objective of the OTEMTO studies was to evaluate the effect of
tiotropium þ olodaterol on lung-function improvement and health-
related quality of life after 12 weeks of treatment compared to pla-
cebo and tiotropium 5 mg in patients with moderate to severe COPD.

2. Methods

2.1. Study design

These were two replicate, multinational, double-blind, parallel-
group, placebo-controlled studies (OTEMTO 1, 1237.25,
NCT01964352; OTEMTO 2, 1237.26, NCT02006732) in which pa-
tients were randomised to receive one of four treatments once daily
for 12 weeks, all delivered via the Respimat® inhaler: placebo,
tiotropium 5 mg, tiotropium þ olodaterol 2.5/5 mg and
tiotropium þ olodaterol 5/5 mg (Fig. 1).

After completing an initial screening visit, patients entered a 2-
week screening period prior to randomisation. A follow-up visit
took place ~3 weeks after last dose of study medication.

2.2. Patients

Patients aged �40 years with moderate to severe COPD (GOLD

2e3; post-bronchodilator forced expiratory volume in 1 s [FEV1]
�30% and <80% of predicted normal), FEV1/forced vital capacity
(FVC) <70% predicted and a smoking history of >10 pack-years
were included. Patients were excluded if they had a history of
asthma, another significant disease, COPD exacerbation or symp-
toms of lower respiratory tract infection within the previous 3
months, unstable or life-threatening cardiac arrhythmia, hospital-
isation for heart failure within the past year, a history of myocardial
infarction within 1 year of screening or a history of life-threatening
pulmonary obstruction.

Patients were allowed to continue their inhaled corticosteroid
therapy (if they were on a stable dose for 6 weeks prior to
screening). LAMAs or LABAs other than study medication were
prohibited during the screening or treatment periods, and short-
acting muscarinic antagonists were permitted only during the
screening period. Open-label salbutamol was provided as rescue
medication for use throughout the study.

2.3. Study outcomes

The three primary end points, measured at 12 weeks, were
SGRQ total score, FEV1 area under the curve from 0 to 3 h (AUC0e3)
response (change from baseline) and trough FEV1 response. Trough
FEV1 was defined as the mean of the FEV1 values at 23 h post-dose
and 23 h 50 min post-dose.

The secondary end points were Mahler Transition Dyspnoea
Index (TDI) focal score and, trough FVC and FVC AUC0e3 responses.
All adverse events (AEs) and serious AEs were reported, vital signs
were monitored and 12-lead electrocardiogram recordings were
taken for all patients at screening and at Week 12, with any ab-
normalities reported as AEs.

2.4. Assessments

Pulmonary function testing was performed according to Amer-
ican Thoracic Society/European Respiratory Society guidelines [9]
and tests were performed in triplicate, with the highest FEV1 and
FVC being reported. Pulmonary function tests were performed at
1 h pre-dose, 10 min pre-dose, 5, 15 and 30 min post-dose and 1, 2
and 3 h post-dose at baseline and Week 12, and at 10 min pre-dose
only after 2 and 6 weeks of treatment. The final trough FEV1
measurement was taken the day after theWeek 12 visit (at 23 h and
23 h 50 min post-dose). Further information about the spirometry
methodology is provided in the Supplementary material.

Patients completed the SGRQ at baseline and at Weeks 6 and 12,
before any other assessments at that visit. The questionnaire con-
sists of 16 questions about patients' recollections of their symptoms
over the past month (Questions 1e8) and their current state,
including activity levels and impact on functioning (Questions
9e16). Patients completed the questionnaire in the clinic.

The Mahler Baseline Dyspnoea Index was administered at
baseline and used as the baseline value for analyses of TDI score.
The TDI was administered at Week 6 and Week 12 and consists of
an interview to measure the level and extent of activities patients
can perform before feeling breathless, relative to their baseline
performance. The interviews were conducted by trained clinic staff.

2.5. Statistical analysis

The pre-specified analyses of the study were designed to test
tiotropium þ olodaterol versus placebo for all of the primary end
points; the hypothesis testing strategy is presented in
Supplementary Fig. S1. Assuming standard deviations of 0.226 L for
FEV1 AUC0e3 and 0.225 L for trough FEV1, and a two-sided alpha of
0.05, a sample size of 200 patients per group per trial was requiredFig. 1. OTEMTO study design. R, randomisation.
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