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Abstract

Background: Patients with a metastatic breast cancer suffer from a deteriorated health-related quality of life and
numerous symptoms such as pain, severe fatigue and a decrease of their physical fitness. As the feasibility of a
physical activity program has been demonstrated in this population, ABLE02 aims to assess the efficacy of a 6
month-physical activity program using connected devices to improve health-related quality of life and to reduce
fatigue in women with metastatic breast cancer.

Methods: ABLE02 is a prospective, national, multicenter, randomized, controlled and open-label study. A total of
244 patients with a metastatic breast cancer, with at least one positive hormone receptor and a first-line
chemotherapy planned, will be randomly assigned (1:1 ratio) to: (i) the intervention arm to receive physical activity
recommendations, an activity tracker to wear 24 h a day during the whole intervention (6 months) with at least
three weekly walking sessions and quizzes each week on physical activity and nutrition (ii) the control arm to
receive physical activity recommendations only. Health-related quality of life will be assessed every 6 weeks and
main assessments will be conducted at baseline, M3, M6, M12 and M18 to evaluate the clinical, physical, biological
and psychological parameters and survival of participants. All questionnaires will be completed on a dedicated
application.
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Discussion: An activity program based on a smartphone application linked to an activity tracker may help to
improve quality of life and reduce fatigue of patients with a metastatic breast cancer. The growth of e-health offers
the opportunity to get real-time data as well as improving patient empowerment in order to change long-term
behaviors.

Trial registration: NCT number: NCT04354233.

Keywords: Metastatic breast cancer, Physical activity, Connected devices, E-health, Health-related quality of life,
Fatigue

Background
Approximately up to 10% of breast cancer are metastatic
at diagnosis and about 20 to 30% of patients with local-
ized breast cancer will recur with metastases [1–4].
Metastatic breast cancer (MBC) is the second leading
cause of cancer-related mortality among women in Eur-
ope [5]. In France, there is no national registry that cap-
tures the prevalence and incidence of MBC. Despite
therapeutic advances which transform MBC into a com-
plex chronic condition in western countries, progress re-
mains to be made to improve patients’ survival [6, 7].
Also, patients suffer from many detrimental symptoms
such as pain, fatigue and deteriorated quality of life. Fa-
tigue and reduced health-related quality of life (HRQoL)
are related to the site of metastasis, most often bones,
lung or viscera, and cancer treatments [8, 9].
The benefits of physical activity (PA) in localized

breast cancer have been widely demonstrated in the lit-
erature [10–13], unlike MBC. Patients with MBC are
traditionally excluded from PA interventions due to the
risk of fractures, the high fatigue of patients and a worse
prognosis [14]. A recent meta-analysis in patients with
advanced cancer, including three studies in MBC,
showed that PA interventions were feasible, safe, with a
low attrition rate [15]. PA interventions in patients with
advanced cancer have significantly improved functional
capacities (walking distance and strength) and sleep
quality, although the results on fatigue, HRQoL, VO2

peak and body composition remain heterogeneous and
need to be confirmed exclusively in MBC patients [16,
17]. To date, only five PA intervention programs have
been conducted exclusively in MBC patients [14, 18–21]
including three feasibility studies [14, 19, 20] and two
randomized controlled trials [18, 21].
The emergence of connected devices with activity

trackers and smartphone applications allows patients to
practice a PA at their convenience and appears as a rele-
vant alternative to traditional PA interventions. Con-
nected devices offer the possibility to propose PA
interventions to a larger number of patients and to over-
come social and territorial inequalities. These devices
propose an innovative way to remotely monitor patients
according to their abilities and autonomy to promote

widespread PA [14, 22, 23]. Patients with breast cancer
are interested in connected devices and find that activity
trackers are good ways to motivate themselves and be
active, but stress the importance of having personalized
feedback [24–28]. Activity trackers have shown their
interest in objectively measuring the number of steps,
the performed activities, the quality of sleep and would
also depend on the individual differences in perceptions
regarding activity trackers [29–31]. Studies have shown
that activity trackers would increase the PA level of pa-
tients with a chronic disease including cancer [25, 32]
and that walking programs monitored by activity
trackers could also improve the healthy adult partici-
pants’ quality of sleep [33].
One of the objectives of PA interventions is to limit

the decline in muscle mass, also called sarcopenia, which
is a major prognostic factor for cancer patients [34]. Sar-
copenia may be related to advanced age but also to
tumor and associates metabolic disturbances (such as in-
sulin resistance, inflammation, oxidative stress), cancer
treatment, PA decrease and nutritional deficiency [34].
Several mechanisms can influence muscle mass, and an
imbalance between the synthesis (anabolism) and deg-
radation (catabolism) [35] of muscle proteins can induce
muscle atrophy [36–38]. Oxidative stress and inflamma-
tion have also been shown to be early biomarkers of sar-
copenia [39, 40]. Moreover, sarcopenia has been
associated with an increase of chemotherapy toxicities, a
reduced HRQoL and a reduction of overall survival in
MBC patients receiving capecitabine treatment [41].
The ABLE pilot study showed the feasibility to use

connected activity trackers to perform a 6month-un-
supervised PA program in 51 MBC patients. The results
showed patients’ motivation towards this program (94%
acceptance rate), an improvement in physical perform-
ance as well as maintenance of PA levels, HRQoL and
fatigue despite disease progression [20, 42]. These prom-
ising results need to be confirmed in a large multicenter,
randomized controlled study. The randomized con-
trolled trial (ratio 1:1) ABLE02 will be the first European
and the most important interventional study to assess
the efficacy of a PA program to improve HRQoL and to
reduce fatigue in MBC women. Secondary aims will be

Delrieu et al. BMC Cancer          (2020) 20:622 Page 2 of 13

https://clinicaltrials.gov/ct2/show/NCT04354233?term=NCT04354233&draw=2&rank=1


to investigate the impact of a 6-month PA intervention on
1) overall survival and progression-free survival, 2) second-
ary functional and symptomatic dimensions of HRQoL, 3)
fatigue, 4) physical fitness, 5) anthropometric measure-
ments, 6) PA and sedentary level, 7) sleep disorders, 8) sar-
copenia, 9) dietary patterns, 10) chemotherapy toxicities,
11) inflammation, oxidative stress and immune status 12)
personality traits, 13) process of change regarding PA and
14) cancer-related cognitive impairment. For the interven-
tion arm, patient’s acceptability for the study connected de-
vice and patient’s compliance regarding the study
intervention will be evaluated.

Methods
The study protocol was approved by the French ethics
committee CPP SUD MEDITERRANEE V (ID RCB:
2019-A03277–50) and the study database was reported
to the National Commission for Data Protection and
Liberties (CNIL) (reference number: 2016177 v0). The
study is registered on http://www.clinicaltrials.gov (NCT
number: NCT04354233).

Study design
The ABLE02 study is a prospective, national, multicen-
ter, randomized, controlled, open-label study promoted
by the Léon Bérard Comprehensive Cancer Center
(Lyon, France) (Fig. 1).

Study population
Participants will have to meet all of the following eligi-
bility criteria: 1) female, 2) ≥ 18 years old, 3) histologi-
cally confirmed MBC, with at least one positive
hormone receptor (HR+) and HER2-, 4) first-line
chemotherapy planned (or until 1 month after the
chemotherapy has started) with intravenous (Paclitaxel
or Doxorubicin) or per os (Capecitabine or Vinorelbine)
administration, 5) Eastern Cooperative Oncology Group
Performance status ≤2, 6) life expectancy ≥3months, 7)
willing to be involved throughout the study, 8) ability to
practice an adapted physical activity certified by a med-
ical certificate issued by the referring oncologist or the
clinical investigator, 9) using a compatible smartphone
or Tablet PC to download the application ABLE02 and
Withings Health Mate (from iOS 10 and android 5.0
and more recent), 10) Internet access, 11) valid health
insurance affiliation, 12) able to read, write and under-
stand French.
Patients will not be eligible in case of 1) presence of

unstable bone metastases or unconsolidated pathological
fractures, 2) presence of central nervous system involve-
ment with neurological deficits that restricts walking, 3)
presence of history or co-existence of other primary can-
cer (except in situ cancer regardless of the site and/or
basal cell skin cancer and/or non-mammary cancer in

complete remission for more than 5 years), 4) severe un-
dernutrition defined according to the Haute Autorité de
Santé [43] (i.e. for women ≤70 years old: a weight loss of
≥15% in 6months or ≥ 10% in 1month and for women
over 70 years old: a weight loss of ≥15% in 6months or ≥
10% in 1month, and body mass index < 18 kg/m2), 5) pre-
senting a PA contraindication (e.g., uncontrolled hyper-
tension, uncontrolled heart disease), 6) concurrent
participation in another PA study, 7) unable to be
followed for medical, social, family, geographical or psy-
chological reasons throughout the study, 8) deprived of
liberty by judicial or administrative decision, 9) pregnant.
All participants will have to sign and date an informed

consent form.

Recruitment
Participants will be recruited in several comprehensive
cancer centers, clinics or hospitals located in France.
The study will be proposed to eligible participants as
soon as the decision to prescribe the first-line chemo-
therapy for their MBC is confirmed by the oncologist. In
practice, during the pre-chemotherapy consultation (or
during a consultation up to 1 month after the start of
the chemotherapy), the investigator will check all eligi-
bility criteria, explain the objectives and conduct of the
study to the participant and then propose her to partici-
pate. After a sufficient period for reflection, the partici-
pant will give her consent by personally dating and
signing the consent form, which will also be dated and
signed by the investigator (original archived by the in-
vestigator and one copy returned to the patient).

Randomization
At the first visit of the study, participants will be ran-
domly assigned (1:1 ratio) to by the clinical research as-
sistant using EnnovClinical® software (i) the intervention
arm to receive PA recommendations and benefit from a
6-month APA program with connected devices or (ii)
the control arm to receive PA recommendations only.
Randomization will be stratified by using a dynamic
minimization algorithm with three factors: the presence
of visceral metastases (presence vs. absence of visceral
metastases), the method of administration of chemother-
apy (intravenous vs. per os) and the 6-min walking dis-
tance (6MWD) (< 455 m versus ≥455 m, based on the
median observed in the pilot ABLE study).

“ABLE02” mobile application
At baseline, the ABLE02 mobile application will be down-
loaded in each participant’s smartphone or tablet. This ap-
plication – dedicated to the study – will be used by all
patients (intervention and control arms) to complete
questionnaires throughout the study. Participants will also
have the possibility to complete questionnaires in a
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secured website. For the intervention arm, the application
will also be used to monitor the number of daily steps.

Physical activity intervention
All participants will meet a PA instructor to receive
international PA recommendations at baseline (i.e. 150
min of moderate PA/week) [44].

Intervention arm
Participants randomized in the intervention arm will re-
ceive an activity tracker Withings Steel (Withings, Issy-
les-Moulineaux, France) to wear 24 h a day during the
whole intervention (6 months). The tracker will be
connected to the “Withings Health Mate” application.
During the first visit, the PA instructor will download
the “Withing Health Mate” so that the PA data will be
synchronized both in the application and the “ABLE02”
mobile application. The Withing Health Mate applica-
tion will be regularly used by the participant to transfer
via Bluetooth activity tracker data throughout the inter-
vention. The PA instructor will give the participant in-
structions on how to use the activity tracker and the
mobile applications. Participants will be encouraged to
practice at least three walking sessions weekly of more
than 10 consecutive minutes that will be automatically
detected by the activity tracker Withings Steel. Concern-
ing the number of steps per day, the first objective will be
individualized and determined according to the 6MWD

performed during the baseline assessment and to partici-
pants’ preferences and capacities. We used the 6MWD
data from the ABLE pilot study to identify three tertiles
groups and adapt the recommendations from Tudor
Locke’s paper [45, 46]. Participants who achieve less than
399m at the 6MWD will be encouraged to perform more
than 2500 steps per day, between 400 and 455m will cor-
respond to a goal of 5000 steps per day, between 456 and
509m will correspond to 7500 steps per day and perform-
ance above 510m to a goal of 10,000 steps per day. This
objective will be adapted during phone calls with the PA
instructor and the participant planned 15 days after inclu-
sion, at 1 month and further on a monthly basis until the
end of the intervention (6months). During these phone
calls, a new objective will be decided by the PA instructor
with the participant’s agreement, according to the number
of steps performed the previous week and other parame-
ters such as the course of the disease, the potential side ef-
fects of the treatments and the patient’s preferences. The
target number of steps will be set within a maximum of
1000 steps above the average number of steps in the previ-
ous week. For participants who reach 10,000 steps per
day, the target will be to maintain their number of daily
steps. Also, the PA instructor will encourage the partici-
pant to maintain the 3 weekly walking sessions and the
achievement of the target number of daily steps. The PA
instructor will use a professional dashboard to monitor
the daily steps, the number of walking sessions performed,

Fig. 1 Participant flow chart for the ABLE02 study, France (original flow chart) (PA: Physical activity)
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any change in the activity level, to set target number of
daily steps and to adapt PA recommendations. In addition,
if the number of steps is not transferred in the application
for more than a week, an alert will be triggered in the pro-
fessional dashboard.
In order to fight against preconceived ideas and bring

knowledge to the participants, weekly quizzes with an-
swers on PA and nutrition will be proposed through the
ABLE02 application.
A messaging system and a phone line will be available

for participants to contact the study team at any moment.

Control arm
Participants randomized in the control group will only
receive physical activity recommendations and be
followed according to usual care.

Evaluations
Modalities
All patients will benefit from four face-to-face assess-
ments, when attending the participating hospital center
for their regular oncology follow-up visit:an initial as-
sessment at inclusion before the start of the first line of
chemotherapy (or up to 1 month after the start of
chemotherapy) (Baseline), a second assessment 3 months
after inclusion (halfway through the intervention) (M3),
a third assessment 6 months after inclusion (i.e., at the
end of the intervention) (M6) and a fourth assessment
12 months after inclusion (6 months after the end of the
intervention) (M12). During these face-to-face assess-
ments, a PA instructor will perform the physical assess-
ments and the anthropometric measurements and a
blood sample will be taken. In case of first tumour pro-
gression during the study, an additional blood sample
will be taken.
All participants will also have to complete question-

naires directly via the mobile application or on the web-
site “ABLE02” every 6 weeks until W24 and then every
12 weeks until W48 (Inclusion, W6, W12, W18, W24,
W36, W48) and then 18 months after inclusion. At each
time point, the participant will be notified that a new
questionnaire is available and must be completed. If a
participant does not complete a questionnaire, a second
notification will be sent 1 week after the initial notifica-
tion. Participants encountering difficulties to fill in a
questionnaire have possibility to contact the clinical re-
search assistant. Questionnaires not completed by a par-
ticipant will be automatically deleted after 6 weeks. The
clinical research assistant will track questionnaire com-
pletion via the ABLE02 professional dashboard to limit
missing data and will have the possibility to enter dir-
ectly questionnaire data collected by phone or face-to-
face via the internet dashboard to help patients who
meet difficulties.

Data collection
A complete data collection schedule is provided in Table 1.

Demographic and clinical data
Demographic data, including, living situation, employment
status, education, socio-professional level, and distance
from the cancer center will be collected by auto-
questionnaire at inclusion and will be filed out in an elec-
tronical case report form (e-CRF). Clinical data and date
of birth will be collected from the participant’s electronic
medical record and will include date of diagnosis, hormo-
nal status, tumor histology, personal history of breast can-
cer at inclusion, current treatment, sites of metastases and
Response Evaluation Criteria In Solid Tumors (RECIST).
All adverse events of grade 3 and above, whether related
to the intervention or not, will be collected.

Health-related quality of life and fatigue – primary
objectives
HRQoL and fatigue will be measured by the European
Organization for Research and Treatment of Cancer
(EORTC) Quality Of Life Questionnaire (QLQ-C30)
which is a validated multi-dimensional HRQoL ques-
tionnaire designed for cancer patients [47, 48]. QLQ-
C30 questionnaire consists of 30 items to evaluate five
functioning domains (physical, role, emotional, cognitive,
and social), a global HRQoL domain whose assessment
represents the co-primary objective, three symptom do-
mains (pain, fatigue whose assessment represents the co-
primary objective, and nausea) and six single items (dys-
pnea, insomnia, anorexia, diarrhea, constipation and fi-
nancial impact). Participants will answer to a Likert scale
ranging from “not at all” to “very much” and from “very
bad” to “excellent” only for the global HRQoL questions.
All scores will be standardized to a 0 to 100 scale ac-
cording to the EORTC scoring manual [49]. Higher
scores represent better functioning, better global HRQoL
and greater symptom burden.

Fatigue
Multidimensional aspects of fatigue will be assessed by
the EORTC QLQ-FA12 cancer related fatigue module
[48]. EORTC QLQ-FA12 consists of 12 items to evalu-
ated physical, cognitive and emotional domains of
cancer-related fatigue. Participants will answer to a 4-
points Likert scale ranging from “not at all” to “very
much”. All scores will be transformed to a 0 to 100 scale
and higher scores will indicate greater degree of fatigue.

Physical activity fitness
Walking endurance will be measured by the 6-min walk-
ing test (6MWD) which is a validated and reliable test to
determine the maximum distance that a participant is
able to cover during 6 min [50]. Participants will be
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asked to perform the maximum walk shuttle distance on
a 30-m-long flat corridor track delimited by two cones
for 6 min. The distance achieved at the end of the
6MWD will be recorded in meters.
The functional lower strength will be evaluated by the

sit-to-stand test [51]. Participants will be seated in the
middle of a standard chair placed against a wall, back
straight, feet approximately shoulder width apart and
placed on the floor at an angle slightly back from the
knees. Arms will be crossed at the wrists and held
against the chest. Participants will be asked to perform
the maximum full stands and sits within 30 s. The score
recorded will be the number of properly realized stands
within the 30 s-test period.

The functional prehensile strength will be mea-
sured by the Handgrip strength using a validated
hand dynamometer (Jamar Plus Digital Hand Dyna-
mometer, Patterson Medical, Huthwaite, United
Kingdom) [52]. Participants will be seated, back
straight, elbow flexed at 90°, and will be asked to
squeeze the handgrip as strongly as possible during 5
s to obtain maximal force. Two measures will be per-
formed on each hand and the best performance will
be recorded.
The number of steps per day, the number of walking

sessions per week, the type of PA performed as well as
their duration and distance will be evaluated by the ac-
tivity tracker for the intervention arm only.

Table 1 Data collection schedule for the ABLE02 study

Inclusion
+/- 7d

W6
+/- 7d

M3/W12
+/- 15d

W18
+/- 7d

M6/W24
+/- 21d

M9/W36
+/- 21d

M12/W48
+/- 1M

M18
+/- 1M

Progression

Socio demographic and clinical data

Socio demographic data X

Clinical data X X X X X X (survival) X

Physical evaluation

Anthropometrics X X X X

Physical fitness (6MWT, sit to stand, handgrip) X X X X

Self-reported outcomes

Quality of life (QLQ-C30) X X X X X X X

Physical activity level (GODIN) X X X X

Undernutrition and dietary patterns X X

Fatigue (QLQ-FA12) X X X X

Sleep quality (PSQI) X X

Taking medicines and dietary supplements X X X X X

Lifestyle X

Acceptability ABLE02 X

Transtheoretical model behaviour change X X X

Personality traits (BFI) X X

Cancer-Related Cognitive Impairment (FACT-Cog) X X X

Biological assessements

Blood sample X X X X X

CT scan

CT scan X X X X X

Activity tracker (only for intervention arm)

Steps per day Continuously Without personalized advices

Type of physical activity Continuously

Number of walking sessions per week 3/week

Time and distance of walking sessions per week Continuously

Time and sleep quality Continuously

Physical activity follow up Phone: W2, M1, M2, M3, M4, M5, M6
Mail : Continuously
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Anthropometrics
Anthropometric parameters will include standing height
(cm), body weight (kg), waist (cm), and hip (cm) circum-
ferences. Waist circumference will be measured around
the abdomen at the midway between the last floating rib
and the iliac crest. Hip circumference will be measured
at the tip of the pubis. Body Mass Index (BMI) will be
calculated as the body weight in kilograms divided by
the square of the height in meters (kg/m2).

PA level
PA level will be measured by the Godin Leisure-Time
Exercise Questionnaire (GSLTPAQ) [53, 54]. The
GSLTPAQ is a short validated self-administrated PA
questionnaire which includes three main questions
about frequency of low (e.g., easy walking), moderate
(e.g., brisk walking), and strenuous (e.g., jogging)
leisure-time PA of at least 15 min duration in a typ-
ical week. The total score is obtained by multiplying
frequencies from mild, moderate and strenuous PA by
three, five and nine metabolic equivalents respectively
and adding these together. Finally, this score is di-
vided into three categories (≥ 24 units is equivalent to
mild active; between 14 and 23 units is equivalent to
moderately active and < 14 units is equivalent to insuf-
ficiently active).

Undernutrition and dietary patterns
Undernutrition will be assessed using the recommen-
dations of the Haute Autorité de Santé [43]. BMI as
well as percentage weight loss will be calculated
(based on current weight and weight 6 months ago)
and plasma albumin level determined. Caloric intakes
will be evaluated with is a digital analogue scale from
0 to 10 to see how much participants are eating be-
tween “I have all eating” to “I have not eating
anything”.
Dietary patterns will be assessed using a qualitative

food frequency questionnaire composed of 35 items.
Participants will answer the question “how frequently do
you consume this product” on a Likert-type scale ran-
ging from “never or almost” to “once per day or more”
(stating quantity only for the range “once per day or
more”). The questionnaire will characterize the con-
sumption of fruits, vegetables, cereals, milk, dairy prod-
ucts, bread, meat, fish, poultry, eggs, starches, plant fat,
desserts, sweetened products, non-alcoholic beverages,
cold cuts, fried food, fast foods, preprepared meals,
crackers, and snacking.

Sleep quality
Perceived sleep quality will be measured with the
Pittsburgh Sleep Quality Index (PSQI) evaluating
seven sleep components: (1) sleep quality, (2) sleep

latency, (3) sleep duration, (4) habitual sleep effi-
ciency, (5) sleep disturbance, (6) use of sleeping medi-
cation, and (7) daytime dysfunction [55]. Each of the
seven components is rated on a Likert scale from”
Not during last month” (0) to “3 or 4 times per
week” (3). The total score resulting from the sum of
the seven components ranges from 0 to 21, and a cut
off 5 has been found to reflect clinically significant
sleep disturbances [55].
The quality of sleep will also be evaluated by the activ-

ity tracker based on automatic recognition of total dur-
ation of sleep, duration of deep and light sleep per night
for the intervention arm only.

Acceptability and observance
The acceptability of the ABLE02 application will be
assessed in both groups by self-administered question-
naire. The acceptability of the activity tracker and the
intervention will be evaluated only in the intervention
arm. The observance of the intervention will be eval-
uated by the number of patients who will have worn
the activity tracker for the entire duration of the pro-
cedure and the number of patients who will have
achieved their goal.

Toxicities
Toxicity defined as the occurrence of severe toxicity
(grade ≥ 3) according to the National Cancer Insti-
tute’s Common Terminology Criteria for Adverse
Events (NCI-CTCAE) v5.0 toxicity criteria will be col-
lected throughout the study. The number of delayed
or cancelled chemotherapy sessions will also be col-
lected. The relative dose-intensity will be calculated
as the ratio of the “delivered” dose-intensity to the
“expected” dose-intensity according to the chemother-
apy regimen.

Skeletal muscle and sarcopenia
Skeletal muscle and sarcopenia will be assessed based
on CT scans, performed routinely in all breast cancer
patients. A cross-sectional CT image at the midpoint
of the third lumbar vertebrae (L3) will be extracted
from CT scan for each patient at each time and ana-
lysed using the National Institutes of Health (NIH)
ImageJ software [56]. The cross-sectional area (mm2)
of the seven muscles of the L3 region (psoas, rector
spinae, quadratus lumborum, transversus abdominus,
external and internal obliques and rectus abdominus)
will be evaluated by measuring the area composed by
all pixels having an attenuation comprises between −
29 and + 150 Hounsfield units (HU) excluding those
located within internal cavity [57, 58]. Skeletal muscle
density (SMD) (HU) represents the mean attenuation
of these pixels. Skeletal muscle index (SMI) (cm2/m2)
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will be obtained by normalizing the cross-sectional
muscle area by patient stature. Skeletal muscle area at
L3 was shown to predict whole lean body mass
(LBM) according to the following equation [59]:

LBM kgð Þ ¼ 0:3� cross sectional muscle areaat L3 cm2
� �þ 6:06

Participants will be considered as sarcopenic if they
have an SMI <40cm2/m2 and participants will be consid-
ered to have a poor muscle quality if they have SMD <
37.8HU [60] .
Images will be transferred to the coordinating center.

Then, two technicians or physicians will be in charge of
a double reading - blind to the study arm allocated to
participants - to determine the sarcopenic status of
participants.

Biological data
Two 10mL blood samples will be collected before each
physical assessment and before starting chemotherapy
and at 1st progression. The sample will be centrifuged
within an hour after drawing and kept at 4 °C before and
during centrifugation. Plasma will be distributed in 10
cryotubes of 1 mL. These cryotubes will be frozen and
stored at − 80 °C at the investigation center for the dur-
ation of the study where analyses of biomarkers of sarco-
penia, inflammation and oxidative stress will be carried
out. If storage at − 80 °C is not possible, the cryotubes
should be stored at − 20 °C for a maximum of 3 months
and then returned to the Léon Bérard Comprehensive
Cancer Center. The following assays will be performed
on plasma for the assessment of oxidative stress: Ad-
vanced oxidation protein products (AOPP), malondial-
dehyde (MDA), Superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPX), Xanthine oxidase
(XO), and Myeloperoxidase (MPO). The following assays
will be performed on plasma for the assessment of in-
flammation and biomarker of sarcopenia: Myostatin,
Activin, Cortisol, TNF-alpha, IFN-gamma, IL-1beta, IL-
6, Follistatin, GDF5 (BMP14), IL-10, IL-15, NH3,
Aminogram.
The levels of lymphocytes, monocytes, neutrophils will

be extracted from the data of the routine blood test.
Participant will be asked to complete a questionnaire

about taking antibiotics, anti-inflammatory and anti-
oxidant medication during the 48 h prior each blood
test.

Process of change
The process of change will be evaluated by a validated
scale constructs from the transtheoretical model [61].
The process of change scale is a 22-item self-
administrated questionnaire to measure eight process of
change: self-reevaluation (item 4,8 and 12),

reinforcement management (items 7,15 and 12), self-
liberation (items 8, 16 and 22), dramatic relief (items 2
and 10), environmental reevaluation (items 3 and 11),
counterconditioning (items 5, 13 and 19), helping rela-
tionships (items 6, 14 and 20) and consciousness raising
(items 1, 9 and 17). Participants will answer to a Likert
scale ranging from 1 (never) to 5 (very often). Items in
each process of change will be added and then an aver-
age score will be calculated. When the average is ≥3, the
process of change is activated.

Personality
Based on the Five-Factor Model [62], personality traits
will be assessed by the French Big Five Inventory ques-
tionnaire (BFI-Fr). The BFI-Fr contains 45 self-
descriptive statements that assess the 5 personality traits:
neuroticism (which refers to a propensity to experience
negative emotions, distress, and anxiety), extraversion (a
propensity to be energetic, sociable, and experience posi-
tive emotions); openness to experience (the tendency to
be curious, imaginative, and to entertain new ideas,
values, and experiences); conscientiousness (reflecting
self-disciplined, planful, and organized); and agreeable-
ness (which refers to cooperativeness and altruism).
Each item was rated on a 5-point Likert scale ranging
from 1 (strongly disagree) to 5 (strongly agree). All items
will be recoded in the direction of the trait label, and the
mean will be taken across items for each personality
trait.

Cancer-related cognitive impairment
The cancer-related cognitive impairment will be mea-
sured by the Functional Assessment of Cancer Ther-
apy—Cognition (FACT-Cog) [63]. The FACT-Cog is a
validated self-administrated questionnaire in order to as-
sess memory, attention, concentration, language, and
thinking abilities. The questionnaire is composed of 37
items with four subscales: patients’ perceived cognitive
impairments, perceived cognitive abilities, deficits ob-
served or commented on by others, and impact of cogni-
tive changes on HRQoL. Participant will answer how
often this situation occurred during the last 7 days on a
Likert-type scale ranging from “never” to “several times
a day”. For both scales, higher scores indicated better
perceived cognitive function.

Satisfaction
A self-developed questionnaire with 21-item will evalu-
ate satisfaction concerning the use of connected devices
(application, website, quizz, activity tracker) for the
intervention group.
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Statistical analysis
Sample size
The study design was based on Burris et al. [64] using
the time to deterioration (TTD) on the EORTC QLQ-
C30 with comparable population and treatment for the
global HRQoL (primary objective) and fatigue symptom
domain (co-primary objective).
The overall two-sided alpha of 0.05 will be split among

the co-primary endpoints, with 0.04 for time to defini-
tive deterioration of HRQoL (TTD1) and 0.01 for time
to definitive deterioration of fatigue (TTD2). We esti-
mate that about 244 randomized participants with a
minimum of 189 deterioration events observed will be
required to achieve a 90% statistical power to detect an
improvement in median TTD1 from 8 (control) to 13
months (intervention) (HR = 0.615), using a two-sided
alpha of 0.04, and assuming a 30-month accrual and 18-
month follow-up, and an 1% exponential dropout rate.
This sample size will permit to detect the same improve-
ment in median TTD2 from 8 to 13 months with a 77%
power and using a two-sided alpha of 0.01 (nQuery Ad-
visor V7.0).

Statistical methods
Analyses will be performed on the intention-to-treat
(ITT) population including all randomized participants
analyzed according to the randomization scheme. Due
to the lack of data (HRQoL) studies, a sub-population
will be defined for the analysis of HRQoL, corresponding
to a modified ITT population, i.e., all ITT patients with
at least the available HRQoL score at baseline.
Qualitative variables will be described using frequency

and percentage distributions. The number of missing
data will be given, but will not be considered for the cal-
culation of proportions.
Quantitative data will be described using the number

of observations, mean, standard deviation, median, mini-
mum and maximum values.
For the primary endpoint analysis, the time to defini-

tive deterioration (TTD) will be defined as the time
interval since randomization to the observation of the
first deterioration (decrease for global HRQoL score and
increase for fatigue score) of 5 points at least as com-
pared to the baseline score, with no further improve-
ment of 5 points at least as compared to the baseline
score [49, 64]. Patients with no deterioration observed
during the study will be censored at the time of the last
available score. Patients with no follow-up score will be
censored 1 day after their inclusion. If a deterioration is
followed by missing data, this deterioration will be con-
sidered as definitive. TTD will be estimated using the
Kaplan-Meier method and compared between groups
with a log-rank test, stratified by the presence of visceral
metastases, the method of administration of

chemotherapy and the 6MWD, at a two-sided signifi-
cance level of 0.04 (TTD1) or 0.01 (TTD2). Univariate
and multivariate Cox regression models will be per-
formed to explore factors influencing the TTD.
Sensitivity analysis will be performed to assess 10-

point deterioration in global HRQoL score and fatigue
in comparison with baseline. Sensitivity analysis will also
be performed including death as an event.
An analysis of missing data profile at baseline and dur-

ing follow-up will be performed in order to determine
the missing data profile. The responders versus non-
responders for HRQoL questionnaire at baseline will be
compared according to clinical and socio-demographics
variables collected at baseline in order to determine a
potential missing at random profile (i.e. missing data de-
pending on observable variables). To investigate a poten-
tial missing not at random profile (i.e. missing data
depending on non-observable HRQoL level), these pro-
files of participants (responders vs. non responders at
baseline) will be compared according to the overall sur-
vival. A graphical analysis of HRQoL data over time until
drop out will be performed in order to explore a poten-
tial missing not at random profile for missing data dur-
ing follow-up.
Multiple imputations could be explored for baseline

missing HRQoL data, taking into account the variables
linked to the occurrence of baseline missing HRQoL
data and HRQoL analyses will be repeated then after as
sensibility analyses.
For secondary endpoints analysis, progression-free sur-

vival will be measured from the date of randomization
until the date of event defined as the first documented
progression or death from any cause. Participants with
no event at the time of the analysis will be censored at
the date of the last available tumor assessment. Overall
survival and progression-free survival will be estimated
using the Kaplan-Meier method and will be described in
terms of median progression-free survival per arm, and
hazard ratio for progression between the two arms. As-
sociated 2-sided 95% confidence intervals for the esti-
mates will be provided.
Change from baseline will be compared between the

two arms: secondary HRQoL dimensions, multidimen-
sional dimensions of fatigue, physical fitness, anthropo-
metric measurements, PA level, sleep disorders,
sarcopenia, chemotherapy toxicities, inflammation and
oxidative stress, personality factor and process of change
regarding PA.
The proportion of refusal (number of participants who

refused to participate in the study / number of partici-
pants to whom the study was proposed) will be
calculated.
Statistical analyses will be performed using SAS® soft-

ware version 9.4 or later.
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Data monitoring
The randomization and database for clinical data will be
created using EnnovClinical® software and the access will
be secured (personal ID and password required) with
different levels of security depending on the role of the
investigator. All questionnaires will be completed on a
dedicated application ABLE02 and merge to the clinical
database at the end of the study. Data monitoring will be
provided by the trial steering committee, including over-
all project supervision, progress monitoring, advice on
scientific credibility and ensuring the integrity and ap-
propriate running of the project. The clinical research
assistant will verify all consent forms, compliance with
established protocol and procedures, and data quality in
the eCRF and thanks to the ABLE02 professional dash-
board every month. The research team will make quar-
terly reports to the trial steering committee.

Dissemination
Only one guideline for patients with bone metastasis has
brought to light the need to continue an active lifestyle
as long as possible but still few patients have incorpo-
rated these recommendations for fear of injury and
worsening their health condition [65]. The development
of a smartphone application linked to an activity tracker
allows remote patient monitoring and could be a good
solution to replicate in clinical practice. Findings of the
ABLE02 trial will be disseminated via peerreviewed pub-
lications and conference presentations.

Discussion
Unlike localized breast cancer, only few studies in PA
have been conducted in MBC despite participants’
willingness to participate in programs [15, 17, 20, 66–
68]. A meta-analysis of randomized controlled trials
in participants with advanced cancers, including only
three studies in metastatic breast cancer, showed that
supervised aerobic or resistance interventions could
be beneficial for physical fitness and sleep quality, but
data remained controversial concerning HRQoL, fa-
tigue and body composition [17]. Further efficacy
studies are needed in this population to highlight the
benefits of PA for participants with MBC and to de-
termine the optimal type, intensity, frequency and
duration of PA program.
Patients with MBC are a specific population with sig-

nificant functional limitations and needs [6, 7, 14, 69]. A
large majority of the ABLE Trial participants were inter-
ested (89%) and felt able (93%) to participate at moder-
ate intensity in a walking PA program designed
specifically for patients with MBC [68]. Moreover, the
high recruitment (94%) and adherence rates (96%) sug-
gest the willingness of patients with MBC to partici-
pate in PA program [20]. The growth of e-health

allows to overcome different geographic, financial and
organizational barriers and to still propose semi-
supervised adapted PA interventions to a larger popu-
lation [32, 70]. Cancer participants’ interviewed also
indicated that they found activity tracker useful to
monitor and increase their PA [24, 25, 67].
Patient empowerment is an effective approach to help

people to gain control over their lives, to increase their
capacity to act, to manage their illness and side effects of
treatment and to become autonomous [71, 72]. Patient
empowerment may also improve their well-being, emo-
tional state and reduce the need for supportive care and
health costs [71]. New approaches, using connected de-
vices such as web platforms, make it possible to facilitate
patient access to their own data, to personalized infor-
mation and also obtain real-time data with patient feed-
back. Activity trackers are part of the paradigm shift
from the medical model to the global model and consti-
tute innovative means, vectors of the therapeutic alli-
ance, which allow an improvement of health literacy of
individuals for a long-term prevention strategy. They
contribute to the autonomy and emancipation of users
in their care process. To promote PA by changing be-
haviors and lifestyles, it is essential to empower the pa-
tients to influence his or her health. Previous studies
have found that chronic illness, such as cancer, are asso-
ciated with detrimental personality changes [73, 74], it
seems to be crucial to find interventions that can coun-
terbalance such changes. If prior studies have found PA
may prevent maladaptive personality development
among people without chronic disease [75, 76], no study
has investigated the extent to which PA for patients with
MBC may be associated with personality change.
ABLE02 study will be the first to test the effect of PA in-
terventions on personality traits development among
MBC patients.
The balance between protein synthesis and degrad-

ation is finely controlled in skeletal muscle by numerous
cell signaling pathways and the molecular regulators up-
stream such as the autophagy-lysosome and ubiquitin-
proteasome systems, the IGF-1/Akt/mTOR pathway, the
Smad2/3 pathway, inflammatory cytokines, myostatin or
glucocorticoids [77–79]. Oxidative stress has also been
shown to be involved in the etiology of cancer-
associated sarcopenia [80]. In addition, circulating medi-
ator of oxidative stress could characterize early sarcope-
nia in patients with lung cancer [81]. Finally, in an
animal model of colon cancer, regular PA suggested to
reduce the phenomenon of sarcopenia by reducing oxi-
dative stress [82]. However, no study of these biomarkers
has been performed in MBC after PA intervention. The
results of the ABLE02 study will investigate several sig-
naling pathways to show an effect of PA on biological
parameters.
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Finally, the impact of the physical activity on the im-
mune status of the patient will also be monitored (lym-
phocytes counts, activation status, plasma cytokines).
Indeed previous works from the clinician team has re-
ported the major impact of the lymphopenic status on
breast cancer patient outcome from first line metastatic
chemotherapy.
Finally, the impact of the physical activity on the im-

mune status of the patient will also be monitored (lym-
phocytes counts, activation status, plasma cytokines).
Indeed previous works from the clinician team has re-
ported the major impact of the lymphopenic status on
breast cancer patient outcome from first line metastatic
chemotherapy [83–85]. Immunotherapy approaches are
starting to demonstrate benefit in breast cancer patients
(ref AMM atezo in TNBC), thus the recovery of better
immune status following PA will represent a strong ar-
gument to combine immunotherapy with PA programs
in the objective to increase response rate.
The ABLE02 trial was based on the promising results

of the ABLE single-arm trial, which highlighted the
interest of patients with MBC in participating in PA in-
terventions but also an improvement in physical fitness
as well as maintenance of muscle mass, quality of life
and fatigue despite the progress of the disease [20, 42].
The ABLE02 trial is the first study to test the efficacy of
a PA program based on connected devices (smartphone
application and activity tracker) to improve HRQoL and
reduce fatigue in women with MBC and to assess the ef-
fect of an intervention on other biological, psychological
and functional parameters.

Abbreviations
6MWD: 6-min walking distance; AOPP: Advanced oxidation protein products;
BFI-Fr: French Big Five Inventory questionnaire; BMI: Body mass index;
CAT: Catalase; CLB: Centre Léon Bérard; CNIL: Commission Nationale de
l’Informatique et des Libertés; eCRF: Electronic case report form;
EORTC: European Organisation for Research and Treatment of Cancer; FACT-
COG: Functional Assessment of Cancer Therapy-Cognitive Function;
GPX: Glutathione peroxidase; GSLTPAQ: Godin-Shephard Leisure-Time Phys-
ical Activity Questionnaire; HRQol : Health-related quality of life;
HU: Hounsfield Unit; ITT: Intention-to-treat; LBM: Lean Body Mass;
MDA: Malondialdehyde; MPO: Myeloperoxidase; NCI-CTCAE: National Cancer
Institute-Common Terminology Criteria for Adverse Event; NIH: National
Institutes of Health; NOX: NADPH-oxidase; PA: Physical Activity;
PSQI: Pittsburgh Sleep Quality Index; QLQ: Quality of life questionnaire;
RECIST: Response Evaluation Criteria In Solid Tumours; SMD: Skeletal Muscle
Density; SMI: Skeletal Muscle Index; SOD: Superoxide dismutase; TTD: Time
To Deterioration; XO: Xanthine oxidase

Acknowledgements
The authors would like to thank Nouveal for developing the ABLE02
application, Withings for providing wearable activity trackers for patients and
the GINECO group, which labelled the ABLE02 study and provided support
for the selection of recruiting centers.

Authors’ contributions
LD, AA, OFC, DP and OP designed the trial. LD and OP obtained funding. OT
contributed to the medical part of the protocol. AA brought her expertise
on quality of life; BC on personality traits and Transtheoretical model
behaviour change; FJ on Cancer-Related Cognitive Impairment; FP, AB and

DF on sarcopenia; VP, DF and CC on biological analysis; LD, BF, BF on phys-
ical activity. LD, OP and AM fulfilled administrative procedures for this pro-
ject. LD wrote the first draft of the manuscript, which was critically reviewed
by OP, AM. LD, AA, OT, DF, AM, BC, BF, OFC, FP, AB, CC, FJ, BF, VP, DP and
OP reviewed and contributed to the final version of the manuscript. The au-
thor(s) read and approved the final manuscript.

Funding
The study was funded by Fondation ARC, Janssen. The funders will not have
a role in the study design, data collection, analysis, interpretation of results
or the manuscript.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
The study protocol (version1) was approved by the French ethics committee
CPP SUD MEDITERRANEE V (IDRCB: 2019-A03277–50) the 10th April 2020 and
the study database was reported to the National Commission for Data Pro-
tection and Liberties (reference: 2016177 v0). The study is registered on
http://www.clinicaltrials.gov (NCT number: NCT04354233). All participants will
have to sign and date an informed consent form.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Cancer and Environment, Léon Bérard Cancer Center, 28 rue
Laennec, 69008 Lyon, France. 2Inter-University Laboratory of Human
Movement Biology EA7424, University Claude Bernard Lyon 1, University of
Lyon, Villeurbanne, France. 3Methodology and Quality of Life in Oncology
unit (INSERM UMR 1098), University Hospital of Besançon, Besançon, France.
4RIGHT Interactions Greffon-Hôte-Tumeur/Ingénierie Cellulaire et Génique,
Univ. Bourgogne Franche-Comté, INSERM, EFS BFC, UMR1098, F-25000
Besançon, France. 5French National Platform Quality of Life and Cancer,
Besançon, France. 6Department of Medical Oncology, Léon Bérard Cancer
Center, Lyon, France. 7Inter-University Laboratory of Human Movement
Biology EA7424, Univ Lyon, University Jean Monnet Saint-Etienne,
Saint-Etienne, France. 8Laboratory on Vulnerabilities and Innovations in Sport,
University Claude Bernard Lyon 1, University of Lyon, Villeurbanne, France.
9Department of Clinical Research and Innovation, Léon Bérard Cancer Center,
Lyon, France. 10Department of Interventional Radiology, Léon Bérard Cancer
Center, Lyon, France. 11Univ Lyon, Université Claude Bernard Lyon 1, INSERM
1052, CNRS 5286, Cancer Research Center of Lyon (CRCL), Léon Bérard
Cancer Center, Lyon, France. 12Medical Oncology Department, Centre
François Baclesse, Caen, France. 13INSERM, U1086, ANTICIPE, Caen, France.
14Cancer & Cognition, Platform, Ligue Contre le Cancer, CHU de Caen, Caen,
France. 15INSERM UA8, Léon Bérard Cancer Center, Lyon, France.

Received: 28 April 2020 Accepted: 19 June 2020

References
1. O’Shaughnessy J. Extending survival with chemotherapy in metastatic

breast cancer. Oncologist. 2005;10(Suppl 3):20–9.
2. Malmgren JA, Mayer M, Atwood MK, Kaplan HG. Differential presentation

and survival of de novo and recurrent metastatic breast cancer over time:
1990-2010. Breast Cancer Res Treat. 2018;167(2):579–90.

3. Mariotto AB, Etzioni R, Hurlbert M, Penberthy L, Mayer M. Estimation of the
number of women living with metastatic breast Cancer in the United
States. Cancer Epidemiol Biomark Prev. 2017;26(6):809–15.

4. Gennari A, Conte P, Rosso R, Orlandini C, Bruzzi P. Survival of metastatic breast
carcinoma patients over a 20-year period: a retrospective analysis based on
individual patient data from six consecutive studies. Cancer. 2005;104(8):1742–50.

5. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global Cancer
Statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin. 2018;68(6):394–424.

Delrieu et al. BMC Cancer          (2020) 20:622 Page 11 of 13

http://www.clinicaltrials.gov
https://clinicaltrials.gov/ct2/show/NCT04354233?term=NCT04354233&draw=2&rank=1


6. Cardoso F, Senkus E, Costa A, Papadopoulos E, Aapro M, André F, et al. 4th
ESO-ESMO International Consensus Guidelines for Advanced Breast Cancer
(ABC 4)†. Ann Oncol Off J Eur Soc Med Oncol. 2018;29(8):1634–57.

7. Cardoso F, Spence D, Mertz S, Corneliussen-James D, Sabelko K, Gralow J,
et al. Global analysis of advanced/metastatic breast cancer: decade report
(2005–2015). Breast. 2018;39:131–8.

8. Krohe M, Hao Y, Lamoureux RE, Galipeau N, Globe D, Foley C, et al. Patient-
reported outcomes in metastatic breast Cancer: a review of industry-
sponsored clinical trials. Breast Cancer Basic Clin Res. 2016;10:93–102.

9. Shen MJ, Redd WH, Winkel G, Badr H. Associations among pain, pain
attitudes, and pain behaviors in patients with metastatic breast cancer. J
Behav Med. 2014;37(4):595–606.

10. Fong DYT, Ho JWC, Hui BPH, Lee AM, Macfarlane DJ, Leung SSK, et al.
Physical activity for cancer survivors: meta-analysis of randomised controlled
trials. BMJ. 2012;344:e70.

11. Speck RM, Gross CR, Hormes JM, Ahmed RL, Lytle LA, Hwang W-T, et al.
Changes in the body image and relationship scale following a one-year
strength training trial for breast cancer survivors with or at risk for
lymphedema. Breast Cancer Res Treat. 2010;121(2):421–30.

12. Bluethmann SM, Vernon SW, Gabriel KP, Murphy CC, Bartholomew LK.
Taking the next step: a systematic review and meta-analysis of physical
activity and behavior change interventions in recent post-treatment breast
cancer survivors. Breast Cancer Res Treat. 2015;149(2):331–42.

13. Ibrahim EM, Al-Homaidh A. Physical activity and survival after breast cancer
diagnosis: meta-analysis of published studies. Med Oncol Northwood Lond
Engl. 2011;28(3):753–65.

14. Yee J, Davis GM, Hackett D, Beith JM, Wilcken N, Currow D, et al. Physical
activity for symptom Management in Women with Metastatic Breast
Cancer: a randomized feasibility trial on physical activity and breast
metastases. J Pain Symptom Manag. 2019;30.

15. Heywood R, McCarthy AL, Skinner TL. Safety and feasibility of exercise
interventions in patients with advanced cancer: a systematic review.
Support Care Cancer Off J Multinatl Assoc Support Care Cancer. 2017;25(10):
3031–50.

16. Dittus KL, Gramling RE, Ades PA. Exercise interventions for individuals with
advanced cancer: a systematic review. Prev Med. 2017;104:124–32.

17. Heywood R, McCarthy AL, Skinner TL. Efficacy of exercise interventions in
patients with advanced Cancer: a systematic review. Arch Phys Med Rehabil.
2018;99(12):2595–620.

18. Ligibel JA, Giobbie-Hurder A, Shockro L, Campbell N, Partridge AH, Tolaney
SM, et al. Randomized trial of a physical activity intervention in women with
metastatic breast cancer. Cancer. 2016;(8):122, 1169–1177.

19. Scott JM, Iyengar NM, Nilsen TS, Michalski M, Thomas SM, Herndon J, et al. Feasibility,
safety, and efficacy of aerobic training in pretreated patients with metastatic breast
cancer: A randomized controlled trial. Cancer. 2018;124(12):2552–60.

20. Delrieu L, Pialoux V, Pérol O, Morelle M, Martin A, Friedenreich C, et al.
Feasibility and health benefits of an individualized physical activity
intervention in women with metastatic breast cancer: results of the ABLE
single-arm Trial study (Preprint). JMIR MHealth UHealth. 2018;24 [cited 2019
Aug 2]; Available from: http://preprints.jmir.org/preprint/12306/accepted.

21. Headley JA, Ownby KK, John LD. The effect of seated exercise on fatigue
and quality of life in women with advanced breast Cancer. Oncol Nurs
Forum. 2004;31(5):977–83.

22. Nápoles AM, Santoyo-Olsson J, Chacón L, Stewart AL, Dixit N, Ortiz C.
Feasibility of a Mobile phone app and telephone coaching survivorship care
planning program among Spanish-speaking breast Cancer survivors. JMIR
Cancer. 2019;5(2):e13543.

23. Brickwood K-J, Watson G, O’Brien J, Williams AD. Consumer-based wearable
activity trackers increase physical activity participation: systematic review
and meta-analysis. JMIR MHealth UHealth. 2019;7(4):e11819.

24. Phillips SM, Conroy DE, Keadle SK, Pellegrini CA, Lloyd GR, Penedo FJ, et al.
Breast cancer survivors’ preferences for technology-supported exercise
interventions. Support Care Cancer Off J Multinatl Assoc Support Care
Cancer. 2017;25(10):3243–52.

25. Phillips SM, Cadmus-Bertram L, Rosenberg D, Buman MP, Lynch BM.
Wearable technology and physical activity in chronic disease: opportunities
and challenges. Am J Prev Med. 2018 Jan;54(1):144–50.

26. Wu HS, Gal R, van Sleeuwen NC, Brombacher AC, IJsselsteijn WA, May AM,
et al. Breast Cancer survivors’ experiences with an activity tracker integrated
into a supervised exercise program: qualitative study. JMIR MHealth
UHealth. 2019;7(2):e10820.

27. Dorri S, Asadi F, Olfatbakhsh A, Kazemi A. A Systematic Review of Electronic
Health (eHealth) interventions to improve physical activity in patients with
breast cancer. Breast Cancer. 2019;12 [cited 2019 Sep 19]; Available from.
https://doi.org/10.1007/s12282-019-00982-3.

28. Nguyen NH, Hadgraft NT, Moore MM, Rosenberg DE, Lynch C, Reeves MM,
et al. A qualitative evaluation of breast cancer survivors’ acceptance of and
preferences for consumer wearable technology activity trackers. Support
Care Cancer. 2017;25(11):3375–84.

29. Shin G, Jarrahi MH, Fei Y, Karami A, Gafinowitz N, Byun A, et al. Wearable
activity trackers, accuracy, adoption, acceptance and health impact: a
systematic literature review. J Biomed Inform. 2019;93:103153.

30. Wright SP, Hall Brown TS, Collier SR, Sandberg K. How consumer physical
activity monitors could transform human physiology research. Am J Physiol
Regul Integr Comp Physiol. 2017;312(3):R358-67.

31. Rupp MA, Michaelis JR, McConnell DS, Smither JA. The role of individual
differences on perceptions of wearable fitness device trust, usability, and
motivational impact. Appl Ergon. 2018;70:77–87.

32. Gresham G, Schrack J, Gresham LM, Shinde AM, Hendifar AE, Tuli R, et al.
Wearable activity monitors in oncology trials: current use of an emerging
technology. Contemp Clin Trials. 2018;64:13–21.

33. Sullivan Bisson AN, Robinson SA, Lachman ME. Walk to a better night of
sleep: testing the relationship between physical activity and sleep. Sleep
Health. 2019;S2352721819301056.

34. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al.
Sarcopenia: European consensus on definition and diagnosis: report of the
European working group on sarcopenia in older people. Age Ageing. 2010;
39(4):412–23.

35. Tsai S. Importance of lean body mass in the oncologic patient. Nutr Clin
Pract Off Publ Am Soc Parenter Enter Nutr. 2012;27(5):593–8.

36. Brioche T, Lemoine-Morel S. Oxidative stress, sarcopenia, antioxidant
strategies and exercise: molecular aspects. Curr Pharm Des. 2016;22(18):
2664–78.

37. Kazemi-Bajestani SMR, Becher H, Fassbender K, Chu Q, Baracos VE.
Concurrent evolution of cancer cachexia and heart failure: bilateral effects
exist. J Cachexia Sarcopenia Muscle. 2014 Jun;5(2):95–104.

38. Prado CMM, Lieffers JR, Bowthorpe L, Baracos VE, Mourtzakis M, McCargar
LJ. Sarcopenia and physical function in overweight patients with advanced
cancer. Can J Diet Pract Res Publ Dietit Can Rev Can Prat Rech En Diet Une
Publ Diet Can. 2013;74(2):69–74.

39. Coto Montes A, Boga JA, Bermejo Millo C, Rubio González A, Potes Ochoa
Y, Vega Naredo I, et al. Potential early biomarkers of sarcopenia among
independent older adults. Maturitas. 2017;104:117–22.

40. Can B, Kara O, Kizilarslanoglu MC, Arik G, Aycicek GS, Sumer F, et al. Serum
markers of inflammation and oxidative stress in sarcopenia. Aging Clin Exp
Res. 2017;29(4):745–52.

41. Prado CMM, Baracos VE, McCargar LJ, Reiman T, Mourtzakis M, Tonkin K,
et al. Sarcopenia as a determinant of chemotherapy toxicity and time to
tumor progression in metastatic breast cancer patients receiving
capecitabine treatment. Clin Cancer Res Off J Am Assoc Cancer Res. 2009;
15(8):2920–6.

42. Delrieu L, Pérol O, Fervers B, Friedenreich C, Vallance J, Febvey-Combes O,
et al. A personalized physical activity program with activity trackers and a
Mobile phone app for patients with metastatic breast Cancer: protocol for a
single-arm feasibility trial. JMIR Res Protoc. 2018;7(8):e10487.

43. Fédération Française de Nutrition. Diagnostic de la dénutrition de l’enfant à
l’adulte. 2019. Available from: https://www.has-sante.fr/upload/docs/
application/pdf/2019-11/reco277_recommandations_rbp_denutrition_cd_2
019_11_13_v0.pdf.

44. World Cancer Research Fund/American Institute for Cancer Research. Policy
and action for cancer prevention. food, nutrition, and physical activity : a
global perspective. Wash DC AICR. 2009;.

45. Tudor-Locke C, Craig CL, Aoyagi Y, Bell RC, Croteau KA, De Bourdeaudhuij I,
et al. How many steps/day are enough? For older adults and special
populations. Int J Behav Nutr Phys Act. 2011;8:80.

46. Perry DC, Moore CC, Sands CJ, Aguiar EJ, Gould ZR, Tudor-Locke C, et al.
Using music-based cadence entrainment to manipulate walking intensity. J
Phys Act Health. 2019;16(11):1039–46.

47. Hjermstad MJ, Fossa SD, Bjordal K, Kaasa S. Test/retest study of the
European Organization for Research and Treatment of Cancer Core
quality-of-life questionnaire. J Clin Oncol Off J Am Soc Clin Oncol. 1995;
13(5):1249–54.

Delrieu et al. BMC Cancer          (2020) 20:622 Page 12 of 13

http://preprints.jmir.org/preprint/12306/accepted
https://doi.org/10.1007/s12282-019-00982-3
https://www.has-sante.fr/upload/docs/application/pdf/2019-11/reco277_recommandations_rbp_denutrition_cd_2019_11_13_v0.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2019-11/reco277_recommandations_rbp_denutrition_cd_2019_11_13_v0.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2019-11/reco277_recommandations_rbp_denutrition_cd_2019_11_13_v0.pdf


48. Weis J, Tomaszewski KA, Hammerlid E, Ignacio Arraras J, Conroy T, Lanceley
A, et al. International Psychometric Validation of an EORTC Quality of Life
Module Measuring Cancer Related Fatigue (EORTC QLQ-FA12). J Natl Cancer
Inst. 2017;109(5):28376231.

49. Cocks K, King MT, Velikova G, de Castro G, Martyn St-James M, Fayers PM,
et al. Evidence-based guidelines for interpreting change scores for the
European organisation for the research and treatment of Cancer quality of
life questionnaire Core 30. Eur J Cancer. 2012;48(11):1713–21.

50. Galiano-Castillo N, Arroyo-Morales M, Ariza-Garcia A, Sánchez-Salado C,
Fernández-Lao C, Cantarero-Villanueva I, et al. The six-minute walk test as a
measure of health in breast Cancer patients. J Aging Phys Act. 2016;24(4):
508–15.

51. Crook S, Puhan MA, Frei A, STAND-UP and RIMTCORE study groups. The
validation of the sit-to-stand test for COPD patients. Eur Respir J. 2017;50(3):
1701506.

52. Savva C, Giakas G, Efstathiou M, Karagiannis C. Test-retest reliability of
handgrip strength measurement using a hydraulic hand dynamometer in
patients with cervical radiculopathy. J Manip Physiol Ther. 2014;37(3):206–
10.

53. Amireault S, Godin G, Lacombe J, Sabiston CM. Validation of the Godin-
Shephard leisure-time physical activity questionnaire classification coding
system using accelerometer assessment among breast cancer survivors. J
Cancer Surviv Res Pract. 2015;9(3):532–40.

54. Amireault S, Godin G, Lacombe J, Sabiston CM. The use of the Godin-
Shephard leisure-time physical activity questionnaire in oncology research: a
systematic review. BMC Med Res Methodol. 2015;15:60.

55. Ait-Aoudia M, Levy PP, Bui E, Insana S, de Fouchier C, Germain A, et al.
Validation of the French version of the Pittsburgh sleep quality index
addendum for posttraumatic stress disorder. Eur J Psychotraumatol. 2013;
4(1):19298.

56. Schneider CA, Rasband WS, Eliceiri KW. NIH image to ImageJ: 25 years of
image analysis. Nat Methods. 2012;9(7):671–5.

57. Shen W, Punyanitya M, Wang Z, Gallagher D, St-Onge M-P, Albu J, et al.
Total body skeletal muscle and adipose tissue volumes: estimation from a
single abdominal cross-sectional image. J Appl Physiol 1985. 2004;97(6):
2333–8.

58. McLean RR, Kiel DP. Developing consensus criteria for sarcopenia: an
update. J Bone Miner Res Off J Am Soc Bone Miner Res. 2015;30(4):588–92.

59. Mourtzakis M, Prado CMM, Lieffers JR, Reiman T, McCargar LJ, Baracos VE. A
practical and precise approach to quantification of body composition in
cancer patients using computed tomography images acquired during
routine care. Appl Physiol Nutr Metab Physiol Appl Nutr Metab. 2008;33(5):
997–1006.

60. Caan BJ, Cespedes Feliciano EM, Prado CM, Alexeeff S, Kroenke CH,
Bradshaw P, et al. Association of Muscle and Adiposity Measured by
computed tomography with survival in patients with nonmetastatic breast
Cancer. JAMA Oncol. 2018;4(6):798.

61. Bernard P, Romain A-J, Trouillet R, Gernigon C, Nigg C, Ninot G. Validation
of the TTM processes of change measure for physical activity in an adult
French sample. Int J Behav Med. 2014;21(2):402–10.

62. Digman JM. Personality structure: emergence of the five-factor model. Annu
Rev Psychol. 1990;41(1):417–40.

63. Joly F, Lange M, Rigal O, Correia H, Giffard B, Beaumont JL, et al. French
version of the functional assessment of Cancer therapy–cognitive function
(FACT-cog) version 3. Support Care Cancer. 2012;20(12):3297–305.

64. Burris HA, Lebrun F, Rugo HS, Beck JT, Piccart M, Neven P, et al. Health-
related quality of life of patients with advanced breast cancer treated with
everolimus plus exemestane versus placebo plus exemestane in the phase
3, randomized, controlled, BOLERO-2 trial. Cancer. 2013;119(10):1908–15.

65. Macmillan Cancer Support. Physical activity in patients with metastatic bone
disease: Guidance for healthcare professionals. 2018. Available from: https://
www.macmillan.org.uk/_images/physical-activity-for-people-with-metastatic-
bone-disease-guidance_tcm9-326004.pdf.

66. Lowe SS, Watanabe SM, Baracos VE, Courneya KS. Physical activity interests
and preferences in palliative cancer patients. Support Care Cancer Off J
Multinatl Assoc Support Care Cancer. 2010;18(11):1469–75.

67. ten Tusscher MR, Groen WG, Geleijn E, Sonke GS, Konings IR, Van der Vorst
MJ, et al. Physical problems, functional limitations, and preferences for
physical therapist-guided exercise programs among Dutch patients with
metastatic breast cancer: a mixed methods study. Support Care Cancer.
2019;27(8):3061–70.

68. Delrieu L, Vallance JK, Morelle M, Fervers B, Pialoux V, Friedenreich C, et al.
Physical activity preferences before and after participation in a 6-month
physical activity intervention among women with metastatic breast cancer.
Eur J Cancer Care (Engl). 2019;29:e13169.

69. Yee J, Davis GM, Beith JM, Wilcken N, Currow D, Emery J, et al. Physical
activity and fitness in women with metastatic breast cancer. J Cancer Surviv.
2014;8(4):647–56.

70. Haberlin C, O’Dwyer T, Mockler D, Moran J, O’Donnell DM, Broderick J. The
use of eHealth to promote physical activity in cancer survivors: a systematic
review. Support Care Cancer. 2018 16 [cited 2018 Aug 16]; Available from:.
https://doi.org/10.1007/s00520-018-4305-z.

71. Groen WG, Kuijpers W, Oldenburg HS, Wouters MW, Aaronson NK, van
Harten WH. Empowerment of Cancer survivors through information
technology: an integrative review. J Med Internet Res. 2015;17(11):e270.

72. Kuijpers W, Groen WG, Aaronson NK, van Harten WH. A systematic review of
web-based interventions for patient empowerment and physical activity in
chronic diseases: relevance for cancer survivors. J Med Internet Res. 2013;
15(2):e37.

73. Jokela M, Hakulinen C, Singh-Manoux A, Kivimäki M. Personality change
associated with chronic diseases: pooled analysis of four prospective cohort
studies. Psychol Med. 2014;44(12):2629–40.

74. Sutin AR, Zonderman AB, Ferrucci L, Terracciano A. Personality traits and
chronic disease: implications for adult personality development. J Gerontol
B Psychol Sci Soc Sci. 2013;68(6):912–20.

75. Stephan Y, Sutin AR, Luchetti M, Bosselut G, Terracciano A. Physical activity
and personality development over twenty years: evidence from three
longitudinal samples. J Res Pers. 2018;73:173–9.

76. Stephan Y, Sutin AR, Terracciano A. Physical activity and personality
development across adulthood and old age: evidence from two
longitudinal studies. J Res Pers. 2014;49:1–7.

77. Bonaldo P, Sandri M. Cellular and molecular mechanisms of muscle atrophy.
Dis Model Mech. 2013;6(1):25–39.

78. Han HQ, Zhou X, Mitch WE, Goldberg AL. Myostatin/activin pathway
antagonism: molecular basis and therapeutic potential. Int J Biochem Cell
Biol. 2013;45(10):2333–47.

79. Lenk K, Schuler G, Adams V. Skeletal muscle wasting in cachexia and
sarcopenia: molecular pathophysiology and impact of exercise training. J
Cachexia Sarcopenia Muscle. 2010;1(1):9–21.

80. Puig-Vilanova E, Rodriguez DA, Lloreta J, Ausin P, Pascual-Guardia S,
Broquetas J, et al. Oxidative stress, redox signaling pathways, and
autophagy in cachectic muscles of male patients with advanced COPD and
lung cancer. Free Radic Biol Med. 2015;79:91–108.

81. Fortunati N, Manti R, Birocco N, Pugliese M, Brignardello E, Ciuffreda L, et al.
Pro-inflammatory cytokines and oxidative stress/antioxidant parameters
characterize the bio-humoral profile of early cachexia in lung cancer
patients. Oncol Rep. 2007;18(6):1521–7.

82. Ballarò R, Penna F, Pin F, Gómez-Cabrera M, Viña J, Costelli P. Moderate
exercise improves experimental Cancer Cachexia by modulating the redox
homeostasis. Cancers. 2019;11(3):285.

83. Trédan O, Ménétrier-Caux C, Ray-Coquard I, Garin G, Cropet C, Verronèse E,
et al. ELYPSE-7: a randomized placebo-controlled phase IIa trial with CYT107
exploring the restoration of CD4+ lymphocyte count in lymphopenic
metastatic breast cancer patients. Ann Oncol Off J Eur Soc Med Oncol
ESMO. 2015;26(7):1353–62.

84. Trédan O, Manuel M, Clapisson G, Bachelot T, Chabaud S, Bardin-dit-
Courageot C, et al. Patients with metastatic breast cancer leading to CD4+ T
cell lymphopaenia have poor outcome. Eur J Cancer Oxf Engl 1990. 2013;
49(7):1673–82.

85. Péron J, Cropet C, Tredan O, Bachelot T, Ray-Coquard I, Clapisson G, et al.
CD4 lymphopenia to identify end-of-life metastatic cancer patients. Eur J
Cancer. 2013;49(5):1080–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Delrieu et al. BMC Cancer          (2020) 20:622 Page 13 of 13

https://www.macmillan.org.uk/_images/physical-activity-for-people-with-metastatic-bone-disease-guidance_tcm9-326004.pdf
https://www.macmillan.org.uk/_images/physical-activity-for-people-with-metastatic-bone-disease-guidance_tcm9-326004.pdf
https://www.macmillan.org.uk/_images/physical-activity-for-people-with-metastatic-bone-disease-guidance_tcm9-326004.pdf
https://doi.org/10.1007/s00520-018-4305-z

	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Methods
	Study design
	Study population
	Recruitment
	Randomization
	“ABLE02” mobile application
	Physical activity intervention
	Intervention arm
	Control arm

	Evaluations
	Modalities

	Data collection
	Demographic and clinical data
	Health-related quality of life and fatigue – primary objectives
	Fatigue
	Physical activity fitness
	Anthropometrics
	PA level
	Undernutrition and dietary patterns
	Sleep quality
	Acceptability and observance
	Toxicities
	Skeletal muscle and sarcopenia
	Biological data
	Process of change
	Personality
	Cancer-related cognitive impairment
	Satisfaction

	Statistical analysis
	Sample size
	Statistical methods

	Data monitoring
	Dissemination

	Discussion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

