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Supplementary material 

Items from the World Health Organization Trial Registration Data Set relating to the 

design of this study are set out in Table S1. 

ADMINISTRATIVE STRUCTURE OF THE TRIAL 

Sponsor: Clinical trial drug supplies, including trial, training, wash-out medication 

and rescue medication, will be provided by the sponsor. 

Coordinating investigator: The coordinating investigator selected by the sponsor is 

responsible for reviewing and approving the trial protocol and any subsequent 

amendments to the protocol and the Clinical Trial Report (CTR). 

Targeted group of investigators: Pulmonologists/qualified sites with experience and 

access to pulmonary rehabilitation facilities (specifically, exercise training and 

behaviour-modification case managers).  Sites should have experience in conducting 

studies using exercise testing and have access to the desired patient population of 

patients with chronic obstructive pulmonary disease (COPD). 

Data monitoring committee (DMC): There was DMC oversight of the Phase III 

registration programme for tiotropium + olodaterol combination, which included two 

pivotal studies of 52-week treatment duration in ~5000 patients with COPD; the 

programme was completed in Q4 2013 with no safety concerns raised by the DMC.  

Based on adequate evidence of efficacy and safety from the Phase III programme, 

tiotropium + olodaterol received marketing authorisation in the USA, EU, Canada, 

Australia, New Zealand and several other countries in Asia and South America.  On 

the basis of the satisfactory long-term safety of tiotropium + olodaterol, it was decided 

that a DMC was not needed for this 12-week Phase IIIb study in 300 patients. 
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INTERVENTIONS 

Improved exercise tolerance is generally regarded as an important pre-requisite for 

increasing physical activity in COPD.  As such, the interventions included in the study 

have been selected based on sound physiological and pharmacological principles 

associated with lung function, skeletal muscle adaptations to exercise and exercise 

tolerance in patients with COPD. 

Bronchodilator therapy, such as tiotropium and tiotropium + olodaterol, reduces 

airflow limitation in patients with COPD, leading to reductions in lung hyperinflation 

and intensity of breathing discomfort during exercise, with a consequent improvement 

in symptom-limited exercise endurance time.  Exercise training programmes of 8–12-

week duration improve exercise tolerance in patients with COPD. 

An optimal approach for the evaluation of responsiveness is to include several 

interventions that are expected to have a graded effect on the measurement 

instrument.  The interventions selected for the present study are expected to lead to 

graded improvements in exercise capacity (no change in the placebo group, 

incremental improvement when changing from bronchodilator monotherapy to dual 

bronchodilator therapy, and further improvement when dual bronchodilator therapy is 

combined with exercise training).  However, when consideration is given to the 

relationship between functional capacity and functional performance, it is apparent 

that an automatic translation of improved exercise tolerance into increased physical 

activity in daily life cannot be assumed.  The influence of many other moderating 

factors on patient behaviour must also be taken into account when attempting to 

increase physical activity in patients with COPD using interventions that improve 

exercise tolerance.  To provide an optimal environment for such a behavioural 
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change, a programme founded on behavioural theory designed to address the 

participant’s unique interests, concerns and needs related to physical activity has been 

incorporated into all interventions in the study. 

CONTROL GROUP 

The inclusion of a placebo control arm is in accordance with the recommendations set 

out in international regulatory guidelines, allowing for a rigorous evaluation of effect 

size.  A placebo arm will also permit an assessment of the effects of the moderating 

variables on the successful internalisation of the behaviour-modification programme 

with respect to improvements in physical activity. 

It is not known whether a behaviour-modification intervention alone will be a 

sufficient stimulus for a change in physical-activity behaviour or whether it is 

required for patients to have a concomitant positive change in physiology (ie, 

improved capacity to perform physical activity).  This will be evaluated by the 

inclusion of a placebo arm that received the behaviour-modification intervention. 

To minimise the risk to patients randomised to placebo, multiple safeguards are 

included in this study. 

 Provision of a short-acting bronchodilator for rescue use to all patients. 

 Requirement for patients to use their maintenance inhaled corticosteroids 

throughout the study. 

 Exclusion of patients with evidence of unstable disease or those who regularly 

use daytime oxygen for >1 h per day and are unable to abstain from the use of 

oxygen therapy during clinic visits. 
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 Withdrawal of patients if they experience COPD exacerbations requiring 

extensive treatment and/or hospitalisation. 

 Exclusion of patients who were not clinically stable for 4 weeks prior to 

randomisation. 

Patients should make every attempt to complete the protocol as specified.  

Investigators should encourage patient treatment compliance and adherence to other 

protocol-specific activities.  All deviations from the planned visit schedule will be 

documented. 

REMOVAL OF PATIENTS FROM THERAPY OR ASSESSMENTS 

Removal of individual patients 

An individual patient may be withdrawn from the trial prior to completion if any of 

the following criteria apply. 

 Patient withdraws consent, without the need to justify the decision. 

 Patient is no longer able to participate for medical reasons (eg, pregnancy, 

surgery, adverse events or other diseases) or contraindications for exercise 

testing have occurred. 

 Administrative reasons (protocol violations, persistent non-compliance). 

 Decision by the sponsor to discontinue one or all patients (eg, new 

toxicological findings or serious adverse events invalidate the earlier positive 

benefit–risk assessment). 
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Investigators must carefully consider withdrawal from treatment of an individual 

patient if any of the following criteria apply. 

 More than three courses (or increases) of systemic (oral, intravenous) 

corticosteroids are required to treat a COPD exacerbation. 

 A second hospital admission (at least two overnight stays) for a COPD 

exacerbation occurs. 

 Clinical deterioration requiring maintenance treatment not allowed per 

protocol. 

Data for patients who discontinue or withdraw prior to randomisation will be entered 

in the trial database and will be listed.  Data for patients who discontinue or withdraw 

after randomisation must be documented and the reason for withdrawal must be 

recorded in the electronic Case Report Form (eCRF).  The data must be included in 

the trial database and must be reported. 

SELECTION OF TRIAL POPULATION 

A sufficient number of patients will be enrolled (with signed, informed consent) to 

ensure that at least 300 patients (75 patients per treatment group) of either sex, aged 

≥40 years and ≤75 years, with a diagnosis of COPD are randomised into the study.  

Additional sites may be initiated and ‘non-productive’ sites may be closed to ensure 

sponsor’s timelines. 

RANDOMISATION 

Block randomisation will be used to achieve balanced allocation and the block size 

will be disclosed in the CTR.  Randomisation will not be stratified.  The sponsor will 
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arrange for the randomisation, and the packaging and labelling of study medication.  

Patients, investigators and everyone involved in analysing, or with an interest in, this 

partially double-blind study will remain blinded with regard to the randomised 

treatment assignments until after database lock. 

The randomisation list will be generated using a validated system, which involves a 

pseudo-random number generator so that the resulting treatment will be both 

reproducible and non-predictable.  Access to the codes will be controlled and 

documented. 

Procedures for emergency unblinding 

The ability to unblind will be available to the investigator/pharmacist and to Global 

Pharmacovigilance via Interactive Response Technology (IRT).  Unblinding must 

only be used in emergency situations when the identity of the study drug must be 

known by the investigator to provide appropriate medical treatment.  Each site 

receives a manual from the IRT provider that contains instructions on how to 

unblind the treatment of a patient via the IRT (via a 24-h emergency helpline).  If 

possible, the sponsor must be contacted prior to the site unblinding a patient’s 

treatment.  Patients unblinded to treatment will be withdrawn from the trial. 

DATA QUALITY ASSURANCE 

This trial will be conducted in accordance with the International Conference on 

Harmonisation Good Clinical Practice guidelines, local regulations and the company 

standard operating procedures.  An appropriate number of investigator meetings will 

take place prior to the initiation of the trial to ensure standardisation of procedures 

and techniques across multiple sites.  Training will be provided to all investigators, 



7 

coordinators and field monitors to ensure consistency and accuracy of the data.  The 

data will be source verified by the field monitors. 

A quality assurance audit/inspection of this trial may be conducted by the 

sponsor or sponsor’s designees or by Institutional Review Board 

(IRB)/Independent Ethics Committee (IEC) or by regulatory authorities.  The 

quality assurance auditor will have access to all medical records, the 

investigator’s trial-related files and correspondence, and the informed consent 

documentation of this clinical trial. 

RECORDS 

Case Report Forms (CRFs) for individual patients will be provided by the sponsor, 

either on paper or via remote data capture. 

Source documents 

Source documents provide evidence for the existence of the patient and substantiate 

the integrity of the data collected.  Source documents are filed at the investigator’s 

site.  Data entered in the eCRFs that are transcribed from source documents must be 

consistent with the source documents, or the discrepancies must be explained.  The 

investigator may need to request previous medical records or transfer records, 

depending on the trial; current medical records must also be available.  For eCRFs, 

all data must be derived from source documents.  The investigator/institution will 

permit trial-related monitoring, audits, IRB/IEC review and regulatory inspection, 

providing direct access to all related source data/documents. 

CRFs/eCRFs and all source documents, including progress notes and copies of 

laboratory and medical test results, must be available at all times for review by the 
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sponsor’s clinical trial monitor, auditor and inspection by health authorities.  The 

Clinical Research Associate/on-site monitor and auditor may review all CRFs/eCRFs 

and written informed consents. 

VARIABLES AND THEIR ASSESSMENT 

Primary and key secondary outcomes are described in Table S1.  Further end points 

are described in Table S2. 

General considerations for exercise testing 

A number of physiological and psychological factors are known to affect exercise 

performance.  Lack of attention to controlling these extraneous factors may result in 

an unacceptable degree of variability in exercise performance.  As such, certain 

requirements have been put in place to reduce exercise performance variability. 

Physiological 

 Patients should not eat within 2 h of exercise tests but are to be encouraged to 

eat breakfast before coming to the clinic. 

 Patients are to be encouraged to maintain an adequate hydration state during 

the morning of the exercise tests. 

 Temperature and humidity should be controlled within the laboratory at 

comfortable levels, and should be recorded each testing day. 

 Patients should be encouraged to stay well-rested and to refrain from any 

strenuous, fatiguing or exhausting activities on the morning of exercise tests.  
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Patients should be encouraged to refrain from any type of heavy physical 

activity for 2–3 days prior to each clinic visit. 

Psychological 

 The exercise tests performed in this trial are symptom limited.  It is imperative 

that external motivational cues are controlled across patients and sites. 

 No visual cues regarding the time of exercise should be provided to the 

patient. 

 During exercise testing, the wording and intensity of verbal encouragement 

provided to patients will be standardised and will preferably only be provided 

by one member of the trial team, who is blinded to the results of the lung 

function tests. 

 Trial staff should allow as much time as necessary for the patient to become 

comfortable with the laboratory surroundings. 

 Access to the laboratory should be restricted to trial staff as much as possible 

during testing.  The noise level in the laboratory should be kept to a minimum. 

 Patients should be appropriately dressed for exercise and trial staff should 

ensure that the patient is comfortable with the equipment prior to starting the 

exercise. 

 Before starting exercise, a member of the trial team should make sure that the 

patient is completely familiar with the type of exercise that is to be performed. 
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 It is extremely important that the patient understands that there is no specific 

time limit to any of the exercise tests and that the test will continue as long as 

the patient is able to. 

 No external incentives for performance should be given to the patient. 

Personnel qualifications 

 Exercise challenges should be conducted by adequately trained personnel with 

a basic knowledge of exercise physiology. 

 Technicians familiar with normal and abnormal responses during exercise and 

trained in cardiopulmonary resuscitation should be present throughout the test. 

 The supervising physician must be readily available to respond as needed.  

The degree of patient supervision should be increased if warranted by the 

clinical status of the patient. 

Exercise capacity assessment 

At all sites, patients will perform an exercise capacity assessment, using the 

endurance shuttle walk test (ESWT) and 6-min walk test (6MWT).  Selection of 

sites is based on past experience with the test and/or the availability of suitable 

infrastructure and qualified personnel.  During the test, oxygen saturation and heart 

rate will be monitored using a pulse oximeter (fingertip or ear lobe sensor).  A chair 

should be placed in the immediate surroundings of the track for the patient to rest 

before, and at the end of, the test. 

The maximal exercise capacity for the shuttle walk test will be determined during an 

incremental shuttle walk test (ISWT) conducted at visit 1 (week -4).  The test will 
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be conducted according to the methodology described by Singh et al.
1
  At visit 2 

(week -2), training ESWT and training 6MWT will be done.  At visit 3 (week -1), a 

baseline ESWT will be performed at walk speed corresponding to 85% of predicted 

maximum oxygen consumption (VO2 peak), as described by Revill et al,
2
 followed 

by a baseline 6MWT, 1 h after the ESWT.  This test will be the pre-treatment 

baseline for each patient.  At weeks 8 and 12, the ESWT will be repeated 2 h 

(+ 15 min) after inhalation of the study medication and the 6MWT will be 

conducted 3 h (+ 15 min) after inhalation of the study medication to determine 6-

min walking distance.
3
 

The test will end: (a) if the patient feels too breathless or fatigued to continue at the 

required speed; (b) if the patient fails to keep up to auditory signals after repeated 

warnings and encouragements (patient is >0.5 m from the cone at the beep) and is 

unable to catch up within three shuttles; or (c) if the patient is unable to continue 

safely (in the opinion of the supervising technician or physician).  Patients will be 

asked to rate the intensity of breathing discomfort and leg discomfort using the 

standardised version of the modified Borg scale (MBS-S) prior to exercise, every 

2 min during exercise and at end-exercise.  At the end of exercise, after having taken 

the peak blood pressure measurement, the patient can rest on the chair, or walk 

around if he/she prefers.  The patient should remain in a clinical area for at least 

15 min following an uncomplicated test or for at least 30 min after resolution of any 

symptoms. 
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Patient preparation for the shuttle walk test 

Before exercise, blood pressure and heart rate are measured.  The pulse oximetry 

sensor should be carefully placed and secured to ensure good recordings; nail polish 

and acrylic nails do not allow correct measurements and should be removed. 

ISWT 

The ISWT is a maximal test.  The duration of exercise will be recorded using a 

stopwatch (in minutes and seconds).  To help the patient establish the routine of the 

test, the operator walks alongside the patient for the first minute (three shuttles the 

first minute). 

At end-exercise, the following parameters will be recorded immediately: oxygen 

saturation (SpO2%), blood pressure, heart rate and rating of the intensity of 

breathing discomfort and leg discomfort (MBS-S), followed by the locus of 

symptom limitation questionnaire.  Repeat blood pressure, heart rate and SpO2% 

measurements will be taken 5 min later to assess recovery rate.  The number of 

completed shuttles is recorded on the ISWT recording sheet. 

Note that patients who complete Level 12 will not be eligible to continue in the 

shuttle walk part of the study. 

ESWT 

The methodology to determine the VO2 peak and derive from that value the speed of 

walking during the ESWT corresponding to 85% of VO2 has been previously 

described.
1
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The selected ESWT level corresponding to the distance covered will be recorded in 

the eCRF and will be used for all ESWTs: the training and baseline ESWT and for 

the subsequent ESWTs.  To help the patient establish the routine of the test, the 

operator walks alongside the patient during the warm-up period (90 s or six 

shuttles).  The number of completed shuttles is recorded on the ESWT recording 

sheet. 

At end-exercise, and after rating the intensity of breathing discomfort and leg 

discomfort, the following parameters will be recorded immediately: SpO2%, blood 

pressure and heart rate, followed by the locus of symptom limitation questionnaire.  

Repeat blood pressure, heart rate and SpO2% measurements will be taken 5 min 

later to assess recovery rate. 

6MWT 

Testing should be performed in a location where a rapid, appropriate response in 

the event of an emergency is possible.  The appropriate location of a crash trolley 

should be determined by the physician supervising the facility. 

Supplies that must be available include oxygen, sublingual nitroglycerine, 

aspirin and salbutamol (albuterol) in a metered dose inhaler or nebuliser.  A 

telephone or other means should be in place to enable a call for help. 

Physicians are required to be present for the first test and for subsequent tests as 

needed.  If SpO2% decreases to <83% at any time after the patient begins 

walking, the following steps must be taken. 

 The walk should be terminated.  Supplemental oxygen should be administered. 
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 If the patient already has supplemental oxygen then the flow should be 

increased by 2 L/min. 

 The patient should then be seated and allowed to rest for 5 min.  If the resting 

SpO2% after 5 min is not ≥83% then the oxygen flow rate should be increased 

another 2 L/min and the resting SpO2% reassessed after 5 min.  This should be 

repeated until the resting SpO2% is ≥83% for 5 min. 

 Mandatory stopping rules for the 6MWT include the following (American 

Thoracic Society [ATS] guideline): chest pain, intolerable dyspnoea, leg 

cramps, staggering, diaphoresis, pale or ashen appearance. 

The distance walked will be measured in metres and will be recorded.  If the test is 

stopped prematurely, the distance (m), the duration (min) and the reason for 

stopping will be recorded. 

Activity monitoring 

A physical activity monitor is an accelerometer that is used to measure the overall 

movement of a patient; it provides valuable information on physical activity directly 

from the patient’s body.  The physical activity monitor will be worn while patients 

are awake and will be used according to the manufacturer’s guidance.  Activities 

that may hamper proper functioning of the equipment are limited and not likely to 

happen in the population studied but should be discussed with the investigator and 

avoided.  Patients will wear the physical activity monitor every day for 1 week, 

three times during the trial.  Data obtained from the physical activity monitor in 

each period will be transferred to the trial database. 
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eDiary 

LogPad will be used to collect the study medication and rescue medication usage 

and the daily PROactive questionnaires (Tables S3 and S4)
4
 via electronic patient-

reported outcomes.  The following instructions are given to patients for completing 

the bedtime diary – PROactive questionnaire: Day 1 “Patients with chronic lung 

disease like you often report that they have problems during physical activity.  By 

physical activity, we mean all activities that require movement of your body.  

Examples are household activities, walking, going to work or getting dressed.  

However, please consider all activities you do and not only these examples.  We 

would like to know how you experienced your physical activity since you woke up 

TODAY.  Please complete this questionnaire in the evening before going to bed.  

Please select the box next to the response that best applies to you TODAY.  There 

are no wrong answers.  We very much value your response”.  The following 

instructions are given for subsequent days: “We would like to know how you 

experienced your physical activity since you woke up TODAY.  Please complete 

this questionnaire in the evening before going to bed.  Please select the box next to 

the response that best applies to you TODAY”.  Items were answered on a 5-point 

Likert-like scale and combined with ‘steps’ and ‘Vector Magnitude Units’ obtained 

on that day from the Dynaport activity monitor. 

Functional Performance Inventory
5
 

The patient’s perception of their functional performance will be assessed using the 

Functional Performance Inventory – Short Form (FPI-SF) questionnaire.  The FPI-

SF should be completed before the St George’s Respiratory Questionnaire (SGRQ), 

modified Medical Research Council dyspnoea scale (mMRC) and Chronic 
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Respiratory Questionnaire Self-Administered Standardized (CRQ-SAS) but prior to 

pulmonary function testing and all other procedures.  FPI-SF is an instrument to 

measure the functional performance of patients with COPD.  According to this 

framework, functional performance is defined as the day-to-day corporeal activities 

people do in the normal course of their lives to meet basic needs, fulfil usual roles, 

and maintain their health and well-being.  These activities are the outcome of 

individual choice, subject to limits imposed by capacity.  Symptoms are not 

included in the FPI.  The FPI-SF self-report questionnaire consists of two pages of 

questions relating to six dimensions: body care, household maintenance, physical 

exercise, recreation, spiritual activities and social activities. 

SGRQ, mMRC and CRQ-SAS questionnaires 

The SGRQ
6
 measures health status in patients with chronic airflow limitation.  It 

comprises two parts that cover three domains (symptoms, activities and impacts), 

with scores ranging from 0 (no impairment) to 100 (worst possible).  It takes 

~15 min to complete. 

The mMRC
7
 uses a simple grading system to assess a patient’s level of dyspnoea.  

All questions relate to everyday activities and are generally easily understood by 

patients.  Scores range from 0 (none) to 4 (very severe) and are usually obtained in a 

few seconds. 

The CRQ-SAS
8 9

 is a questionnaire that assesses the patient’s perception of their 

COPD and contains 20 standardised dyspnoea questions. 
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Patient’s Global Physical Activity Rating
9
 

Patients will complete a global physical activity experience rating and global rating 

of change.  This should be completed after the FPI-SF, SGRQ, mMRC and CRQ-

SAS questionnaires but prior to pulmonary function testing and all other procedures.  

Patients will be asked to rate their physical activity experience on a 4-point scale 

and, at subsequent visits, to compare and rate the change on a 7-point scale, of the 

overall experience of physical activity, the amount of physical activity and the 

difficulty performing the activity to the time/period before they started with the 

intervention and treatment with study drug.  The results will be recorded on the 

eCRF. 

Montreal Cognitive Assessment,
10 11

 Hospital Anxiety and Depression Scale
12

 and 

Brief Patient Health Questionnaire
13

 mood questionnaires 

These questionnaires are used as a part of behaviour-modification intervention to 

assess cognitive function, level of depression and anxiety. 

Pulmonary function testing 

Spirometers and their use, including daily calibration, must meet ATS/European 

Respiratory Society criteria.  Spirometry will be conducted post-dose (at weeks 1, 8 

and 12) but before ESWT using the site’s own equipment.  Patients will be in a 

seated position and it is preferable that the same trained individual performs the 

pulmonary function tests for a given patient.  The best of three efforts will be 

defined as the highest forced expiratory volume in 1 s (FEV1) and the highest forced 

vital capacity (FVC) each obtained in any of three manoeuvres meeting the ATS 

criteria (to a maximum of five attempts).  The highest FEV1 and FVC will be 
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selected regardless of whether they come from different spirometric manoeuvres or 

from the same manoeuvre. 

Inspiratory capacity (IC) measurement should be done 1.5 h post-dose after the 

measurements of FEV1 and FVC and before ESWT.  For IC, at least three 

reproducible measurements should be obtained with a maximum of five 

measurements to be performed.  Resting IC should be recorded as the mean of the two 

highest acceptable efforts.  Predicted normal FEV1 values will be calculated for 

patients using the European Community for Steel and Coal equations. 

If a patient is unable to complete the pulmonary function tests during a visit, the 

local clinical monitor should be notified as soon as possible.  The eCRF will be 

completed indicating the reason for stopping testing, rescue medication given (if 

any) and time of rescue medication.  Patients who are unable to complete the study 

visit may leave the clinic only on instruction from the supervising physician. 

Instructions for the Borg scale 

Prior to the start of the exercise test, each patient will be told that they will be asked 

to rate the intensity of two sensations at rest, during exercise and at end-exercise: 

discomfort with breathing and discomfort in legs.  Use of the Borg scale to rate 

these sensations will be explained to the patient. 

Assessment of safety laboratory parameters 

Laboratory tests 

Safety laboratory testing will be conducted (non-fasting) on all patients at the 

screening visit and at week 12 or withdrawal.  Follow-up clinical laboratory testing 
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will be performed if there are any clinically significant findings.  The laboratory 

tests at screening will be considered as the baseline measurements.  Laboratory 

specimens will be collected in the morning prior to exercise testing.  Patients should 

be instructed not to do any unaccustomed physical exercise 36 h prior to laboratory 

testing. 

Haematology, blood chemistry, urinalysis and β-human chorionic gonadotropin will 

be analysed by the local laboratory of each participating site or, where appropriate, 

a locally selected central laboratory.  Laboratory data will be collected but not 

captured in the eCRF.  It is the responsibility of the investigator to evaluate changes 

in laboratory values and reporting of adverse events should be followed. 

Haematology 

Haemoglobin, haematocrit, red blood cell count, white blood cell count including 

differential (neutrophils, lymphocytes, monocytes, eosinophils, basophils), total 

eosinophil count and platelet count. 

Blood chemistry 

Alkaline phosphatase, lactate dehydrogenase, gamma-glutamyl transferase, serum 

glutamic oxaloacetic transaminase, serum glutamic pyruvic transaminase, glucose, 

calcium, inorganic phosphorus, uric acid, urea nitrogen, creatinine, total protein, 

potassium, sodium, chloride, total bilirubin, creatine phosphokinase. 

Urinalysis 

Specific gravity, pH, glucose, protein, occult blood. 
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Pregnancy testing 

A serum human chorionic gonadotropin test will be performed on all women of 

child-bearing potential at screening.  Urine pregnancy tests to be performed at 

subsequent visits. 

PLANNED ANALYSES 

Primary analysis will be performed for all patients who signed informed consent, 

are randomised and are documented to have taken any dose of study medication, 

and have non-missing baseline and post-baseline measurements of endurance time 

during ESWT.  This set is called the full analysis set (FAS) and assignment to the 

FAS will be done after implementation of any data handling rules that set 

measurements to missing. 

Endurance time during ESWT at week 8 in seconds will be transformed using log10 

scale to correct for skewness on the original scale.  The primary analysis of log10 

endurance time will be conducted using an analysis of covariance model including 

treatment as the fixed categorical end point and log10 baseline endurance time as a 

continuous covariate. 

After blinded review of the magnitude and potential impact of any serious 

protocol violations, a subset of the data corresponding to those patients without 

serious deviations from the protocol will be created.  This will be called the 

per-protocol set (PPS).  If the number of patients in the PPS is <90% of the 

number of patients in the FAS, the primary analyses will also be performed on 

the PPS.  These will be supportive analyses to assess the robustness of the 

primary analysis using the FAS. 
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Every effort should be made to collect complete data on each test day, except if the 

patient has used rescue medication.  Missing baseline measurements will not be 

imputed.  Data missing due to worsening of study disease or use of rescue 

medication will be imputed with the least favourable measurements observed at that 

visit (including pre-dose values).  Data missing not due to worsening of study 

disease or use of rescue medication will not be imputed.  If a patient discontinues 

the trial due to worsening of study disease, his/her subsequent missing visits will be 

imputed with his/her least favourable measurement observed during study until 

termination.  All other cases of completely missing visits will not be imputed.  

Missing data in questionnaires will be handled according to the respective user 

manual. 

STATEMENT OF CONFIDENTIALITY 

Individual patient medical information obtained as a result of this trial is considered 

confidential and disclosure to third parties is prohibited with the exceptions noted 

below.  Patient confidentiality will be ensured by using patient identification code 

numbers. 

Treatment data may be given to the patient’s personal physician or to other 

appropriate medical personnel responsible for the patient’s welfare.  Data generated 

as a result of the trial need to be available for inspection on request by the 

participating physicians, the sponsor’s representatives, the IRB/IEC and the 

regulatory authorities. 
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Table S1  Trial registration data 

Data category Information 

Primary registry and trial identifying 

number 

ClinicalTrials.gov: NCT02085161 

Date of registration in primary registry 7 March 2014 

Secondary identifying numbers 1237.16, 2013-002671-18 

Source of monetary or material support Boehringer Ingelheim 

Primary sponsor Boehringer Ingelheim 

Secondary sponsor N/A 

Contact for public queries Alan Hamilton, Boehringer Ingelheim (Canada) Ltd, Burlington, Ontario, Canada: 

alan.hamilton@boehringer-ingelheim.com 

Contact for scientific queries Thierry Troosters: Thierry.Troosters@med.kuleuven.be 
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Public title To Evaluate the Effect of Inhaled Medication Together With Exercise and Activity Training 

on Exercise Capacity and Daily Activities in Patients With Chronic Lung Disease With 

Obstruction of Airways 

Scientific title An Exploratory, 12-week, Randomised, Partially Double-blinded, Placebo-controlled 

Parallel-group Trial to Explore the Effects of Once-daily Treatments of Orally Inhaled 

Tiotropium + Olodaterol Fixed-dose Combination or Tiotropium (Both Delivered by 

Respimat
®
 Inhaler), Supervised Exercise Training and Behaviour Modification on Exercise 

Capacity and Physical Activity in Patients With Chronic Obstructive Pulmonary Disease 

(COPD) 

Countries of recruitment Australia, New Zealand, USA, Canada and Europe (Austria, Belgium, Denmark, Germany, 

Poland, Portugal, United Kingdom) 

Health condition(s) or problem(s) studied Pulmonary disease, chronic obstructive 

Intervention(s) Active comparator: tiotropium + olodaterol (5/5 µg once daily), tiotropium (5 µg once daily) 
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Placebo comparator 

Key inclusion and exclusion criteria Inclusion criteria: aged ≥40 years and ≤75 years.  Male and female.  All patients must have a 

diagnosis of COPD and must meet the following spirometric criteria: relatively stable airway 

obstruction with post-bronchodilator FEV1 ≥30% and <80% of predicted normal; GOLD 2–3 

and a post-bronchodilator Tiffeneau index <70% at screening.  Patients must be current or 

ex-smokers with a smoking history of >10 pack-years 

Exclusion criteria: patients who have never smoked cigarettes.  Significant disease other than 

COPD, clinically relevant abnormal baseline haematology, blood chemistry or urinalysis, 

history of asthma, diagnosis of thyrotoxicosis, paroxysmal tachycardia (>100 beats per min), 

myocardial infarction within 1 year of screening visit, unstable or life-threatening cardiac 

arrhythmia, hospitalised for heart failure within the past year, known active tuberculosis, 

malignancy for which patient has undergone resection, radiation therapy or chemotherapy 

within past 5 years, history of life-threatening pulmonary obstruction and patients with 

chronic respiratory failure, history of cystic fibrosis, clinically evident bronchiectasis, history 
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of significant alcohol or drug abuse, contraindications for exercise testing, patients who have 

undergone thoracotomy with pulmonary resection, patients being treated with any oral β-

adrenergics, patients being treated with oral corticosteroid medication at unstable doses (ie, 

<6 weeks on a stable dose) or at doses in excess of the equivalent of 10 mg of prednisone per 

day or 20 mg every other day, patients who regularly use daytime oxygen therapy for >1 h 

per day and in the investigator’s opinion will be unable to abstain from the use of oxygen 

therapy during clinic visits, patients who have completed a pulmonary rehabilitation 

programme in the 6 weeks prior to the screening visit or patients who are currently in a 

pulmonary rehabilitation programme, patients who have a limitation of exercise performance 

as a result of factors other than fatigue or exertional dyspnoea, such as arthritis in the leg, 

angina pectoris or claudication or morbid obesity, patients who have taken an investigational 

drug within 1 month or six half-lives (whichever is greater) prior to screening visit, patients 

with known hypersensitivity to β-adrenergic drugs, anticholinergic drugs, benzalkonium 

chloride, disodium edentat or any other component of the Respimat
®

 inhalation solution 

delivery system, pregnant or nursing women, women of childbearing potential not using 
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highly effective methods of birth control, patients who have previously been randomised in 

this study or are currently participating in another study 

Study type Interventional 

Allocation: randomised, intervention model: parallel assignment, masking: single blind 

Primary purpose: treatment 

Phase III 

Date of first enrolment  March 2014 

Largest sample size 304 

Recruitment status Completed 

Primary outcome(s) Endurance time during ESWT to symptom limitation at walking speed corresponding to 85% 

of VO2 peak after 8 weeks of treatment (time frame: 8 weeks; not designated as safety issue) 

Key secondary outcomes Resting IC measured at 1.5 h post-dose after 8 weeks of treatment (time frame: 8 weeks; not 

designated as safety issue) 
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Average daily walking time measured by the activity monitor in the week prior to 12 weeks 

of treatment (time frame: 12 weeks; not designated as safety issue) 

Average daily walking intensity measured by the activity monitor in the week prior to 

12 weeks of treatment (time frame: 12 weeks; not designated as safety issue) 

FPI-SF score at week 12 (time frame: 12 weeks; not designated as safety issue) 

Endurance time during ESWT to symptom limitation at walking speed corresponding to 85% 

of VO2 peak after 12 weeks of treatment (time frame: 12 weeks; not designated as safety 

issue) 

1 h post-dose FEV1 after 8 weeks of treatment (time frame: 8 weeks; not designated as safety 

issue) 

1 h post-dose FVC after 8 weeks of treatment (time frame: 8 weeks; not designated as safety 

issue) 
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N/A, not applicable; FEV1, forced expiratory volume in 1 s; GOLD, Global initiative for chronic Obstructive Lung Disease; COPD, chronic 

obstructive pulmonary disease; ESWT, endurance shuttle walk test; VO2 peak, predicted maximum oxygen consumption; IC, inspiratory 

capacity; FPI-SF, Functional Performance Inventory – Short Form; FVC, forced vital capacity. 
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Table S2  Further end points assessed in the PHYSACTO
®
 trial 

End point Time of assessment 

FEV1 1 h post-dose Day 1 and week 12 

FVC 1 h post-dose Day 1 and week 12 

Resting IC 1.5 h post-dose Day 1 and week 12 

PROactive daily difficulties domain score Week 12 

Slope of the intensity of breathing discomfort (MBS-S) during ESWT to symptom limitation 

at 85% of VO2 peak [slope defined as (intensity of breathing discomfort at the end of exercise 

minus intensity of breathing discomfort at rest)/endurance time] 

Weeks 8 and 12 

Intensity of breathing discomfort (MBS-S) during ESWT to symptom limitation at 85% of 

VO2 peak: pre-exercise and at end-exercise 

Weeks 8 and 12 

Intensity of leg discomfort (MBS-S) during ESWT to symptom limitation at 85% of VO2 Weeks 8 and 12 
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peak: pre-exercise and at end-exercise 

Locus of symptom limitation (breathing discomfort, leg discomfort, breathing and leg 

discomfort, other) during ESWT to symptom limitation at 85% of VO2 peak 

Weeks 8 and 12 

Distance measured during 6MWT Weeks 8 and 12 

Slope of the intensity of breathing discomfort (MBS-S) during 6MWT Weeks 8 and 12 

Intensity of breathing discomfort (MBS-S) during 6MWT: pre-exercise, during and at 

end-exercise 

Weeks 8 and 12 

Intensity of leg discomfort (MBS-S) during 6MWT: pre-exercise, during and at 

end-exercise 

Weeks 8 and 12 

Average number of steps per day measured by the activity monitor Baseline, weeks 9 and 12 

Average number of steps per day categorised for PROactive for each evaluation day 

measured by the activity monitor 

Baseline, weeks 9 and 12 

Average VMU for each evaluation day measured by the activity monitor Baseline, weeks 9 and 12 
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Average VMU/day categorised for PROactive for each evaluation day measured by the 

activity monitor 

Baseline, weeks 9 and 12 

PROactive daily questionnaire amount domain score Weeks 8 and 12 

Symptoms measured by change in mMRC and CRQ-SAS Baseline, weeks 9 and 12 

Patient’s global of change of physical activity impression overall Weeks 9 and 12 

SGRQ score Weeks 9 and 12 

FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; IC, inspiratory capacity; MBS-S, standardised version of the modified Borg 

scale; ESWT, endurance shuttle walk test; VO2 peak, predicted maximum oxygen consumption; 6MWT, 6-min walk test; VMU, vector 

magnitude units; mMRC, modified Medical Research Council dyspnoea scale; CRQ-SAS, Chronic Respiratory Questionnaire Self-Administered 

Standardized; SGRQ, St George’s Respiratory Questionnaire. 
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Table S3  Morning diary – rescue and study medication 

Screen number Screen title Question text Answer options Comments 

MD_010 Morning diary How many puffs of salbutamol/albuterol* 

MDI did you take during the night
†
? 

Numeric 0–50  

MD_020 Study medication Please remember to take your study 

medication this morning if not already taken 

N/A Every morning after 

visit 4 confirmation 

MD_030 IMPORTANT Please remember to wear your activity 

monitor (MoveMonitor) every day as 

instructed by your study nurse/doctor 

N/A Available during the 

3 activity monitoring 

weeks/periods 

*Albuterol used in the USA, salbutamol in other countries. 

†
Night defined as the period during which the participant is in bed. 

MDI, metered-dose inhaler; N/A, not applicable. 
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Table S4  Bedtime diary – rescue and study medication 

Screen number Screen title Question text Answer options 

BD_010 Bedtime diary How many puffs of salbutamol/albuterol* MDI did you 

take during the day? 

Numeric 0–50 

BD_020 Study medication Did you take your study medication this morning? Yes / no 

*Albuterol used in the USA, salbutamol in other countries. 

MDI, metered-dose inhaler. 

 


