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Abstract

Background: Meta-analyses of randomized controlled trials (RCTs) have shown that exercise has beneficial effects on
quality of life (QoL) in patients with breast cancer. However, these effects were often small. Blinding in an exercise trial
is not possible, which has the possible disadvantage of difficult accrual, drop-out after randomization to control and
contamination between study groups (controls adopting the behaviour of the intervention group). The cohort multiple
randomized controlled trial (cmRCT) is an alternative for conventional RCTs and has the potential to overcome
these disadvantages.

Methods: This cmRCT will be performed within the Utrecht cohort for Multiple BREast cancer intervention
studies and Long-term evaLuAtion (UMBRELLA). Patients with breast cancer who visit the radiotherapy
department of the University Medical Center Utrecht are asked to participate in UMBRELLA. Patients give
consent for collection of medical information, providing patient-reported outcomes through regular questionnaires
and randomization into future intervention studies. Patients who fulfill the UMBRELLA Fit study eligibility criteria (12 to 18
months post inclusion in UMBRELLA, low physical activity level) will be randomly allocated to the intervention or
control group (1:1 ratio). Patients randomized to the intervention group will be offered a 12-week exercise programme.
The control group will not be informed. Regular cohort measurements will be used for outcome assessment.
Feasiblity (including participation, contamination, generalizability and retention) of the cmRCT design and effects of the
intervention on QoL will be evaluated.

Discussion: We will examine the feasibility of the cmRCT design in exercise-oncology research and compare this with
conventional RCTs. Furthermore, the effectiveness of an exercise intervention on the QoL of patients with breast cancer
in the short term (6 months) and long term (24 months) will be studied.

Trial registration: Netherlands Trial Register, NTR5482/NL.52062.041.15. Retrospectively registered on 7 December 2015.

Keywords: Breast cancer, Physical activity, Exercise, Cohort multiple randomized controlled trial, Quality of life

* Correspondence: A.M.May@umcutrecht.nl
1Department of Clinical Epidemiology, Julius Center for Health Sciences and
Primary Care, University Medical Center Utrecht, Utrecht, The Netherlands
Full list of author information is available at the end of the article

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Gal et al. Trials  (2017) 18:504 
DOI 10.1186/s13063-017-2252-5

http://crossmark.crossref.org/dialog/?doi=10.1186/s13063-017-2252-5&domain=pdf
http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=5482
mailto:A.M.May@umcutrecht.nl
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Background
Breast cancer is the most common cancer in women
worldwide [1]. In developed countries, more than 85% of
women survive for 5 years or longer [2]. As a result,
many women live with the consequences of the disease
and its treatment. Most patients with breast cancer ex-
perience side effects of treatment, including fatigue and
impaired quality of life (QoL) [3–6].
Meta-analyses of randomized controlled trials (RCTs)

have shown that exercise has beneficial effects on fatigue
and QoL in patients with breast cancer [7–10]. Positive
effects of physical activity on survival and recurrence
have been found in observational research [11]. On the
contrary, more sedentary behaviour is associated with
higher fatigue levels [12], especially in patients with
breast cancer with lower levels of physical activity
[13, 14]. Reported exercise effects on fatigue and QoL are
often small and this might be partly explained by short-
comings of the RCT design in evaluating exercise inter-
ventions that cannot be blinded [15]. The possible
disadvantage of not blinding is contamination between
study groups, high drop-out after randomization to the
control group and difficult accrual [16–18].
The cohort multiple randomized controlled trial

(cmRCT) design has been proposed as an alternative to
conventional (pragmatic) RCTs [19]. In a cmRCT, the
intervention study is performed within a large observa-
tional cohort with regular outcome measurements. At
cohort entry, two-stage consent is requested for partici-
pation in the cohort study and to be randomized for fu-
ture intervention studies [20]. After randomization,
patients who are allocated to the intervention group will
be offered the intervention. The control group will not
be informed about their role as control in the exercise
trial. Outcomes of the intervention group are compared
to the outcomes of the control group, using the regular
cohort measurements.

Relative merits of the cmRCT design
The cmRCT design has the potential to overcome some
challenges faced in (pragmatic) RCTs studying effects of
exercise interventions in patients with cancer. First, in
exercise-oncology research, blinding is impossible. As a
result, participants allocated to the control group will
often also increase their physical activity after
randomization [16]. Substantial cross-over of control
participants has occurred in over 35% of exercise-
oncology RCTs, which might have led to dilution of the
intervention effects [16]. Patients with cancer in particu-
lar are often motivated to change their lifestyle after
diagnosis and, therefore, already intend to increase
physical activity levels or attend an exercise programme
in the near future [21]. For example, in the Physical
Activity during Cancer Treatment (PACT) study, about

50% of the patients with breast cancer randomized to
the control group adopted the behaviour of the interven-
tion group [22]. A high level of contamination due to
cross-over of controls who adopt the behaviour of the
intervention group may decrease the statistical power to
detect an intervention effect. Since the control group
will not be informed in the cmRCT design about their
role as control in the exercise trial, the risk of contamin-
ation will be reduced as a result of study participation
[23]. Any increase of physical activity levels in the
control group now reflects real life and is not caused by
participation in an exercise RCT. Furthermore, drop-out
in the control group due to disappointment in their allo-
cation will not occur [16, 17].
Previous research has shown that patients with breast

cancer who refuse participation in an exercise interven-
tion study are on average older, more fatigued and had
more comorbidities than trial participants [18, 24].
Hence, the study population is in general a selective
group of younger or less fatigued patients with breast
cancer or patients who had less comorbidity after treat-
ment. In addition, higher-educated patients are more
willing to participate in health behavior-change interven-
tions [13, 24]. Reasons for the selection may be that trial
participation is (unconsciously) not offered to specific
subgroups (although fitting the eligibility criteria), that
these patients are not willing to participate in an RCT
with a 50% chance to be randomized to control or that
patients do not want to exercise. Consequently, the
generalizability of results will be reduced. Since in a
cmRCT design the intervention is offered to eligible pa-
tients after randomization and no decisions on being
randomized need to be made, participation might be less
selective and reflect the real world. As a result,
generalizability will increase. However, a prerequisite is
that the cohort is representative for the study domain.
Also, long-term effects of physical activity on QoL and

fatigue are not clear yet. The cmRCT design is a useful
design to study effects in the long term because regular
measurements in the prospective cohort will be contin-
ued after completion of the exercise intervention trial.
Finally, we expect that recruitment of participants will

be easier and faster because patients will be recruited from
the cohort. Data obtained by routine measurements can
be used to identify eligible patients for the specific trial.
Since patients have already signed informed consent to be
randomized for future intervention studies, eligible pa-
tients allocated to the intervention group can directly be
invited by the researchers. Hence, it is not necessary to set
up trial recruitment logistics and to recruit a new group of
patients with breast cancer.
In addition to the potential benefits, we also expect

some challenges. In the cmRCT design, the intervention
group is invited for participation after randomization
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and subsequently do not have to decide about participa-
tion in a randomized study. They only need to decide
whether they accept or refuse the invitation of an exer-
cise intervention. It might be that due to this approach
less motivated patients may also participate, which might
result in more drop-out in the intervention group than
in the (non-informed) control group. Moreover, more
patients with comorbidities might participate in the
study compared to conventional RCTs, which also in-
creases the risk of drop-out. Dependent on the amount
of drop-out, this will impact the effect estimates from
the intention-to-treat analyses [23].
In the UMBRELLA Fit study, the effect of a 12-week

supervised exercise intervention on the QoL of patients
with breast cancer in the short term and long term will
be studied, using the cmRCT design.

Methods/design
Aim of this study
The UMBRELLA Fit study follows the cmRCT design (see
Additional file 1). Here, patients with breast cancer who
participate in the UMBRELLA breast cancer cohort (Ut-
recht cohort for Multiple BReast cancer intErvention stud-
ies and Long-term evaLuAtion) will be randomly selected
for a 12-week supervised exercise intervention, 12 or 18
months after enrollment (i.e. postoperatively, prior to con-
sultation of the radiation oncologist) in the UMBRELLA
cohort. The purpose of the UMBRELLA Fit study is two-
fold. The first aim is to assess the feasibility and therefore,
we will (1) assess the participation rate and intervention
compliance in the intervention group and drop-out rates
in the intervention and control group; (2) compare the
(change in) physical activity levels in the intervention and
control group during the intervention period; and (3) as-
sess whether a more diverse generalizable study population
will be included by comparing characteristics of the in-
cluded study population with characteristics of patients
participating in previous breast cancer exercise trials with a
conventional RCT design. Our second goal is to examine
the effectiveness of the exercise intervention on the QoL
of patients with breast cancer in the short term (6
months) and long term (24 months).

Patients
We will make use of the UMBRELLA cohort, which aims
to generate short-term and long-term data on clinical and
patient-reported outcomes during and after breast cancer
treatment and to provide infrastructure for multiple ran-
domized evaluations of the intervention in patients with
breast cancer [25]. Recruitment started in September 2013
at the University Medical Centre (UMC) Utrecht and all
patients with breast cancer who are referred to the
department of radiation oncology of the UMC Utrecht for
radiation treatment are asked to participate in the

UMBRELLA (see Figs. 1 and 2) [25]. They give consent
for the use of routinely collected clinical data and pro-
spective collection of patient-reported outcome measures
through regular questionnaires. In addition, they can opt
to give consent to be randomized for future intervention
studies within the cohort. Patients will be informed that
they will be offered an experimental intervention if they
are randomly selected for the intervention group. They
are also informed that they will not be contacted when
randomly selected for the control group and that their
data can be used in a trial context [20]. Between the start
of recruitment and July 2016, 88% of the eligible patients
who were invited for participation in UMBRELLA gave
consent to participate and 87% of those who agreed to
participate also consented to be randomized for future
intervention studies within the cohort [25].
For the UMBRELLA Fit study, participants in

UMBRELLA who meet the following criteria are eligible:
(1) UMBRELLA informed consent for randomization to
future intervention studies; (2) 18–75 years of age; (3) 12
months or 18 months after enrollment in the
UMBRELLA cohort, (4) primary cancer treatment com-
pleted (except for adjuvant hormonal treatment); and (5)
a physically inactive lifestyle (less than 150 min/week
performing moderate to vigorous leisure time and sports
activities, ≥ 4 metabolic equivalent (MET)) as measured
by the Short QUestionnaire to ASsess Health-enhancing
physical activity (SQUASH) [26]. Patients with a contra-
indication (e.g. neurological problems, arrhythmias and
walking problems) to exercise will be excluded.

Recruitment and allocation
UMBRELLA participants meeting the inclusion criteria
will be randomly allocated to the intervention or control
group with a 1:1 ratio, by an independent data manager
using a computer-generated randomization list. Ran-
domization will be stratified for time since enrollment
(12 or 18 months). Patients randomized to the interven-
tion group will receive an offer by mail to participate in
an exercise programme, a patient information sheet and
an informed consent form. After 1–2 weeks these pa-
tients are contacted by telephone to further explain the
study. If patients decide to participate, a last check of
eligibility will be performed. Contra-indications to the
exercise programme will be screened using the Physical
Activity Readiness Questionnaire (PAR-Q) [27]. If
eligible, they will be invited to visit the UMC Utrecht to
sign the informed consent form for the UMBRELLA Fit
study and undertake a baseline assessment. If patients
refuse to participate because of bad timing of the invita-
tion, they will be asked if they are willing to start later.
Patients randomized to the control group will not be
informed about the study. Recruitment started in
October 2015.
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Exercise intervention
The exercise intervention is a 12-week structured ex-
ercise programme. Patients are offered two one-hour
supervised fitness group or individual sessions per
week at a physiotherapist centre close to the patient’s

home. The training programme is a combination of
moderate to high-intensity aerobic training and
strength training. Sessions include a 5-minute warm
up, aerobic and strength training (50 minutes) and a
cool down.

Fig. 1 The cohort multiple randomized controlled trial (cmRCT) design (adapted from Relton et al.)

Fig. 2 Standard Protocol Items for Intervention Trials (SPIRIT): schedule of enrollment, interventions and assessments
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The programme will be tailored to the patient’s
physical fitness level. The intensity of aerobic training is
determined by the heart rate reserve, based on the
guidelines of the American College of Sports Medicine
[28]. Patients’ individualized target heart rate zones dur-
ing aerobic training are based on the results of a cardio-
pulmonary exercise test which is performed at baseline.
Target hearts rates are calculated by the formula:

Targetheart rate ¼ restingheart rateþ �
intensity %ð Þ

� maximalheart rate−restingheart rateð Þ�

Aerobic training will be performed on an exercise
machine (e.g. a treadmill, exercise bike, crosstrainer),
depending on the patient’s preference. The intensity and
duration of the aerobic training will be gradually in-
creased (Table 1).
Strength training consists of a set of exercises, fo-

cusing on all major muscle groups. During the intake
session at the physiotherapist centre, 20 repetition
maximum (RM) tests will be performed to determine
the training load (the maximum weight at which a
muscle group can perform 20 repetitions) for the dif-
ferent exercises. These weights will be the starting
point for each strength exercise. A 20 RM and 15
RM test will be repeated in the fourth and eight
weeks of the programme (Table 1). In the case of
physical limitations, the exercise programme will be
adapted in consultation with the researchers.
In addition to the supervised exercise programme, pa-

tients will be stimulated to develop an active lifestyle.
An active lifestyle is defined as being moderate to highly

physically active for at least 30 min a day, according to
the World Cancer Research Fund/AICR, American
Institute for Cancer Research (WCRF/AICR) guidelines
for patients with cancer (www.aicr.org). If necessary, in
consideration with the physiotherapist, patients will
gradually increase their physical activity level during the
first four weeks of the programme until they adhere to
the WCRF/AICR guideline.
Patients will also be encouraged to reduce sedentary

time during the day. Patients will receive a wristband,
the Jawbone UP2™ (Jawbone, San Francisco, CA,
USA), to track activity and raise awareness of their
sedentary behaviour. The “Idle” alert will be used, i.e.
the band gently vibrates when the patient has been
inactive for a period of 45 minutes. Furthermore, the
activity tracker and the accompanying Smart Coach
application will be used to encourage an active life-
style by, amongst others, setting personal step-goals
per day and giving personalized feedback on patients’
activity levels.
To enhance adherence to the exercise programme

and help patients to achieve and maintain an active
lifestyle, physiotherapists are instructed to motivate
patients according to the principles of Bandura’s so-
cial cognitive theory (SCT), i.e. enhancing self-efficacy
by giving positive feedback on their progress and the
starting point of the training schedule has been care-
fully chosen so it will be likely that the patient will
succeed [29]. As a result, it is expected that patients
develop a feeling of mastery (mastery experience).

Control group
Control patients are not aware of study participation
and will receive usual care. After completion of the
UMBRELLA Fit study, all UMBRELLA participants,
irrespective of participation in this study, will be
informed by the annual newsletter.

Endpoints
Methodological endpoints
Acceptance of the intervention Acceptance of the
intervention is defined as the percentage of patients
who are randomized to the exercise intervention and
accept participation.

Physical activity behaviour To gain insight into the
contrast between physical activity levels, changes in
physical activity level in the control group will be
described and compared to changes in the intervention
group. Since the control group is not aware of study
participation, a possible increase in physical activity level
in the control group (contamination) is not the result of
study participation but may be explained by real-life
factors, e.g. motivation to change their lifestyle after

Table 1 Overview of the exercise programme

Week Aerobic training Strength training

1–3 15–20 min 40–60%
HRR + HRrest

1 set of 20–25 repetitions
(20 RM test) of 9 exercises:
row (back), chest press (chest),
squat (legs), shoulder press
(shoulders), bicep
curl (biceps), lunges (legs), calf raises
(calves), tricep extension (triceps),
crunch (abdominals, 20–40 repetitions)

4–8 15–20 min 60–70%
HRR + HRrest
5–10 min 70–89% HRR
+ HRrest

2 sets of 15–20 repetitions (15 RM test)
of 7 exercises: row (back), chest
press (chest), squat
(legs, 20–25 repetitions), shoulder
press (shoulders, 10–15 repetitions),
bicep curl (biceps), tricep extension
(triceps), crunch or hoover (abdominals,
30–50 repetitions or seconds)

9–12 10 min 60–75% HRR +
HRrest
Interval training: 10 × 30
sec, 1 min active rest
between each interval

HRR: heart rate reserve, HRrest: resting heart rate
HRR = maximal heart rate - resting heart rate
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diagnosis. Physical activity level will be evaluated in
regular cohort measurements using the SQUASH [26].
This questionnaire contains questions on commuting
activities, leisure-time and sports activities, household
activities and activities at work. It consists of three
main queries: days per week, average time per day
and intensity.

Generalizability To assess generalizability, socio-
demographics (e.g. age, educational level and household
status) and medical information (e.g. diagnosis, tumour
type, disease stage, type of treatment and comorbidity) of
the UMBRELLA Fit study population will be compared to
characteristics of more than 3163 patients with breast
cancer participating in exercise trials, available from
the POLARIS database with individual patient data from
34 international exercise-oncology trials [10]. Socio-
demographical information on the UMBRELLA Fit study
population is registered in, and obtained from the UM-
BRELLA cohort. Medical information is obtained from the
Netherlands Cancer Registry (NCR), which is managed by
the Netherlands Comprehensive Cancer Organisation
(IKNL).

Trial retention Retention will be scored as the rate of
drop-out in the intervention group after signing in-
formed consent for the UMBRELLA Fit study.

Cohort retention Drop-out in the intervention and
control group will be defined as withdrawal from the
UMBRELLA cohort and/or non-response to the regular
cohort measurements and will be scored for both
groups.

Effectiveness endpoints
We will use the regular questionnaire measurements of
the UMBRELLA cohort to assess QoL, fatigue, anxiety
and depression, and sedentary behaviour. Patients are
included 12 or 18 months after enrollment in the
UMBRELLA cohort. The most recent questionnaires filled
in before enrollment in the UMBRELLA Fit study will
serve as baseline measurements. Questionnaires 6 and 24
months later will be used as follow-up measurements.

Quality of life The European Organisation for Research
and Treatment of Cancer Quality of Life Questionnaire
C30 (EORTC QLQ-C30) is a 30-item questionnaire to
assess the quality of life of patients with cancer [30]. The
questionnaire comprises five functional scales (physical,
role, emotional, cognitive and social), three symptom
scales (fatigue, pain and nausea/vomiting) and a global
health status/QoL scale.

Sedentary time will be assessed by two questions from
the IPAQ questionnaire estimating weekly sitting time
[31].

Anxiety and depression Anxiety and depression will be
assessed using the validated Dutch language version of
the Hospital Anxiety and Depression Scale (HADS) [32].
This questionnaire consists of seven items for the
depression subscale and seven items for the anxiety
subscale, resulting in a total depression score and a total
anxiety score.

Additional measurements for the patients in the
intervention group
Patients in the intervention group will visit the UMC
Utrecht for additional measurements at the start and
end of the intervention. These measurements include
anthropometrics, cardiopulmonary exercise testing
(CPET) and questionnaires to assess QoL, fatigue and
physical activity (also completed with the regular mea-
surements in the UMBRELLA cohort).

Anthropometrics
Body weight and height will be measured while patients
wear light clothes and no shoes. A digital balance is used
to measure weight (to the nearest 0.1 kg) and wall-
mounted tape to measure height (to the nearest 0.1 cm).
Body fat distribution will be assessed by the waist and
hip circumference (to the nearest 0.5 cm) in duplicate
and averaged. Waist circumference is measured while
standing, midway between the lower ribs and the iliac
crest. Hip circumference is measured across the but-
tocks, while standing.

Cardiorespiratory fitness
To determine cardiorespiratory fitness, peak oxygen up-
take (VO2peak) and anaerobic threshold will be assessed
by a CPET using a cycle ergometer and a ramp protocol.
Expired gases and minute ventilation and heart rate will
be monitored continuously. The CPET is performed
under medical supervision. The patient will be verbally
encouraged in a standard manner. A CPET is safe for
patients with cancer and we will adhere to the recom-
mendations for testing procedure and safety [33]. Blood
pressure will be measured with an automatic tonometer
at rest and regularly during cycling. Also, an electrocar-
diogram (ECG) will be performed at rest and will be
monitored continuously during the CPET.

Self-efficacy
Exercise-related self-efficacy will be assessed at baseline
by six items, based upon SCT [29]. Items will be scored
on a 5-point Likert scale with endpoints labelled
“strongly disagree” and “strongly agree”.
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Adherence and compliance
To monitor physical activity, patients are asked to keep
a daily physical activity log to register the frequency and
duration of activities they perform. They also register
how many times the Jawbone UP2™ vibrates and their
behaviour as the result of an alert. To determine adher-
ence to the exercise intervention, attendance rate for the
training sessions and compliance with the protocol (i.e.
training intensity and duration according to protocol)
will be recorded by the physiotherapist. Adherence to an
active lifestyle will be monitored by the physiotherapist
by two-weekly evaluations of the daily physical activity
log.

Statistical analyses
Sample size calculation
The sample size calculation is based on the intention-to-
treat analyses of the primary effectiveness outcome QoL
(EORTC-QLQ-30) [30]. Here, we determine a clinically
relevant difference as a difference of 10 points [30]. A
difference of 10 points is realistic because in a previous
exercise trial in patients with cancer, QoL in the inter-
vention group improved by 15.1 points (SD 17.7) and in
the control group by 6.1 points (SD 17.1) using the
EORTC-QLQ-30 after the 12-week intervention [34, 35].
Therefore, using the control group data from the
previous trial and the 10-point difference, we assume a
6-point increase in QoL in the control group and a 16-
point increase in the intervention group, among patients
who accept the intervention in this cmRCT. We expect
an attendance rate of 70% in the intervention group and
assume that the improvement in non-attenders random-
ized to the intervention group (30%) is equal to the
improvement in the control group (i.e. 6 points). Fur-
thermore, we assume that non-attendance does not im-
pact the standard deviation. As a result, we estimate a
mean improvement of 13 points in the intervention
group ((70*16 + 30*6)/100 = 13) instead of 16 points and
a mean improvement of 6 points in the control group.
Using these numbers, standard deviations of 17.7 and
17.1, power of 80% and alpha of 0.05, we calculated that
98 patients are needed in each group.
As we will use linear regression analyses adjusted

for baseline, the correlation between baseline and fol-
low up needs to be taken into account in the sample
size calculation. Therefore, the calculated number of
subjects should be multiplied by (1-ρ2), plus one extra
subject per group [36], where ρ represents the correl-
ation between baseline and follow-up outcomes. In
our previous trials [34, 35], we identified correlation
of 0.4 between baseline and follow-up QoL. This
leads to a final sample size of 83 patients per group
(98*0.84 + 1). As recommended by Candlish [37], we
will update the sample-size calculation before the end

of the trial when the actual acceptance rate of the
intervention deviates from the estimated rate and
adapt the sample size accordingly.

Methodological outcomes
To assess contrasts in physical activity levels between
the intervention and control group, we will compare
changes in physical activity levels within the control
group to changes in the intervention group using
analysis of covariance (ANCOVA) or mixed linear re-
gression models adjusted for baseline for the analyses of
repeated outcomes [38].
Participation rate, intervention compliance, retention

and drop-out will be compared to findings in previous
conventional exercise-oncology RCTs. For instance, a
systematic review reported median (IQR) rates of up-
take, adherence and completion of exercise programmes
in patients with cancer of 63% (33–80%), 84% (72–93%)
and 87% (80–96%), respectively [39]. More recent and
relevant publications, if available, will also be taken into
account. Comparisons will be done by using the chi-
squared test or independent samples t test.

Effectiveness outcomes
To assess differences in changes from baseline to 6 months
in patient-related outcomes (QoL, fatigue, anxiety and de-
pression and sedentary behaviour) between intervention
and control, we will use intention-to-treat linear regression
analyses adjusted for baseline. Mixed linear regression
models adjusted for baseline will be used for the analyses
of repeated outcomes (i.e. 6–24 months follow up).
The continuous within-group measurements in the

intervention group, i.e. cardiorespiratory fitness, an-
thropometrics and patient-reported outcomes, will be
analysed by the paired t test (if normally distributed)
or Wilcoxon signed-rank test (if skewed).
From all UMBRELLA participants meeting the

inclusion criteria for UMBRELLA Fit, we randomly se-
lected patients for the intervention or control group
with a 1:1 ratio. Besides comparison between patients in
the intervention group and patients in the control group,
we will investigate whether intervention effects change if
we compare patients in the intervention group with all
patients within UMBRELLA who are eligible for the
UMBRELLA Fit study. Also, the timing of the regular
measurements relative to the start and end of the inter-
vention may vary between patients in the intervention
group. Therefore, we will also assess QoL immediately at
the start and end of the intervention. We will compare
these outcome measures with the outcome measures
from the regular UMBRELLA measurements completed
before the start of the intervention and 6 months later
(different and longer measurement intervals).
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Patients may refuse the intervention after randomization
and thus receive standard care. As a result, the estimated
effect of the intervention may be diluted. We will conduct
instrumental variable (IV) analyses [40, 41], taking non-
compliance into account and assuming that the improve-
ment in non-attenders randomized to the intervention
group is equal to the improvement in the control group
and that it does not impact the standard deviation. The IV
method evaluates the effect of an intervention among
“compliers”, who are individuals who would have received
the intervention if it had been offered to them.

Discussion
In the UMBRELLA Fit study, we will investigate the
feasibility of the cmRCT design in the field of exercise-
oncology. In addition, we will estimate the effectiveness
of an exercise intervention on the QoL of inactive pa-
tients with breast cancer. Previous RCTs in the field of
exercise-oncology have shown beneficial effects of phys-
ical activity on treatment-related side-effects, for ex-
ample QoL. However, conventional RCTs in the field of
exercise-oncology have several limitations, i.e. contamin-
ation, high drop-out in the control group, reduced
generalizability, difficult accrual and insight only into the
short-term effects. We hypothesized that the cmRCT de-
sign might overcome these shortcomings.
We acknowledge that the cmRCT design poses some

challenges. A higher rate of drop-out after randomization is
expected in the intervention group compared to conven-
tional RCTs. Using intention-to-treat analysis, including all
patients regardless of non-compliance and drop-out, might
considerably dilute the actual treatment effect. Conse-
quently, important clinical intervention effects might be
missed. The estimated intervention effect depends on the
proportion of non-compliance and becomes more diluted
as non-compliance increases. Since compliance with the
regular cohort measurements in the control group is ex-
pected to approximate 100% because they will not be in-
formed about the study, the proportion of non-compliance
in the control group will be lower when using the cmRCT
design compared to a RCT. The lower non-compliance in
the control group compensates the higher non-compliance
in the intervention group [23].
The instrumental variable method will be used to esti-

mate the intervention effect, taking drop-out/non-com-
pliance after randomization into account. This method
uses the random treatment assignment as an instrumen-
tal variable to control for non-compliance. However, dis-
advantage of this method in the cmRCT design is that
we only know who will accept and complete the exercise
programme in the intervention group, but this informa-
tion is lacking from the control group. Patients who
accept and complete the exercise programme might dif-
fer from those who do not. To deal with this lack of

information, we will develop a prognostic model to esti-
mate which patients would have been compliant in the
control group by using the information on non-
compliance of the intervention group.
Another challenge is the dependence on information

collected within the cohort for the assessment of eligibil-
ity and for the outcome. If the available information is
insufficient, there is a possibility that selected partici-
pants will not meet the inclusion criteria, e.g. due to se-
vere comorbidity not yet registered in the cohort.
However, since randomization has already been exe-
cuted, these patients stay in the intention-to-treat ana-
lyses. In addition, another limitation of dependency on
routine measurement outcomes is that the potential
cmRCT outcomes are limited to outcome measures
already collected in the observational cohort study.
There is no opportunity to obtain additional information
from the control group by additional measurements or
at additional time points.
Patients are enrolled at 12 or 18 months after in-

clusion in UMBRELLA because at this time most of
these patients have finished their primary treatment.
In this period, the impact of diagnosis and treatment
on normal daily living (e.g. complaints of fatigue, im-
paired quality of life) become more prominent [3–6].
Because previous research has shown that exercise
has a beneficial effect on the QoL of patients with
breast cancer in this period, the UMBRELLA Fit
study gives the opportunity to assess the feasibility of
the cmRCT design in the field of exercise-oncology
by comparing the results of this trial with previous
exercise trials in patients with breast cancer.
In summary, the UMBRELLA Fit study examines the

effects of exercise on the QoL of patients with breast
cancer, using the cmRCT design. The purpose of this
study is twofold. The first goal is to determine the feasi-
bility of the cmRCT design in the field of exercise-
oncology and compare this with conventional RCTs in
this field. The second goal is to examine the effective-
ness of the exercise intervention on the QoL of patients
with breast cancer in the short term (6 months) and
long term (24 months).

Trial status
Recruitment of participants is ongoing.

Additional files

Additional file 1: The Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) 2013 checklist. (DOC 120 kb)
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