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Abstract

Background: Breast cancer (BC) has particular characteristics in young women, with diagnosis at more advanced
stages, a poorer prognosis and highly aggressive tumors. In NeoFit, we will use an activity tracker to identify and
describe various digital profiles (heart rate, physical activity, and sleep patterns) in women below the age of 45 years
on neoadjuvant chemotherapy for BC.

Methods: NeoFit is a prospective, national, multicenter, single-arm open-label study. It will include 300 women
below the age of 45 years treated with neoadjuvant chemotherapy for BC. Participants will be asked to wear a Withing
Steel HR activity tracker round the clock for 12 months. The principal assessments will be performed at baseline, at the
end of neoadjuvant chemotherapy and at 12 months. We will evaluate clinical parameters, such as toxicity and the
efficacy of chemotherapy, together with quality of life, fatigue, and parameters relating to lifestyle and physical activ-
ity. The women will complete REDCap form questionnaires via a secure internet link.

Discussion: In this study, the use of an activity tracker will enable us to visualize changes in the lifestyle of young
women on neoadjuvant chemotherapy for BC, over the course of a one-year period. This exploratory study will pro-
vide crucial insight into the digital phenotypes of young BC patients on neoadjuvant chemotherapy and the relation-
ship between these phenotypes and the toxicity and efficacy of treatment. This trial will pave the way for interven-
tional studies involving sleep and physical activity interventions.

Trial registration: Clinicaltrials.gov identifier: NCT05011721. Registration date: 18/08/2021.
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Background

About 5% of all breast cancers (BC) in France affect
women under the age of 45 years [1]. Between 2500
and 3000 new cases of BC are detected annually in

*Correspondence: fabien.reyal@curie.fr

1ResiduaITumor&ResponseToTreatment Laboratory, RT2Lab, Translational women of this age group, and these tumors are associ-
Research Department, INSERM, U932 Immunity and Cancer, Institut Curie, ted with a high tality th th . 1d

University Paris, Paris, France ated wi a higher mortality an ose 1n olaer meen
Full list of author information is available at the end of the article [2, 3]. The tumors of younger women present particular

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


https://clinicaltrials.gov/ct2/show/NCT05011721
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-022-09608-y&domain=pdf

Delrieu et al. BMC Cancer (2022) 22:493

characteristics: (i) they are diagnosed at more advanced
stages; (ii) aggressive cancers and genetically deter-
mined forms are overrepresented; (iii) and prognosis is
poor [4, 5].

Neoadjuvant chemotherapy (NAC), is currently used
for the treatment of aggressive breast carcinomas that
are nonetheless operable [6], to increase conservative
breast surgery rates [7]. Neoadjuvant chemotherapy has
many advantages such as a less extensive breast and axil-
lary surgery and a monitoring of the treatment response
[8, 9]. Pathological complete response (pCR) has been
reported to occur in about 20-60% of patients on NAC,
and is associated with better survival outcomes [10-13].
NAC is increasingly prescribed notably in triple negative
BC [14, 15].

BC patients may experience long- and short-term com-
plications and sequelae due to treatment or the disease
itself, including alterations to quality of life, body compo-
sition, physical fitness and physical activity levels, heart
rate, sleep and fatigue [16—20]. Lower levels of physical
activity have also been reported to have a negative effect
on quality of life and the risk of cancer recurrence [21—
25]. A lack of physical activity is the fourth leading risk
factor for death worldwide, including about 21% of breast
cancer deaths [26]. BC patients often decrease their lev-
els of physical activity at diagnosis [25] and during treat-
ment, despite the known benefits of physical activity for
the physical, biological, clinical and psychological states
of the patient clearly demonstrated in tertiary prevention
studies[27]. However, the effects of lifestyle, including the
level of physical activity, remain incompletely understood
outside the domain of cancer care.

Digital health involves the collection of large amounts
of data with various devices, including activity trackers
and mobile phones [28]. Activity trackers can be used to
evaluate the number of steps taken each day, the distance
covered, energy expenditure, heart rate and the quality
and duration of sleep [29]. Digital phenotyping is defined
as the use of data from personal digital devices, including
smartphones in particular, for instantaneous quantifica-
tion of the human phenotype at individual level in situ
[30]. This approach provides longitudinal data concern-
ing the everyday activities of patients in a continuous and
ecological manner. The combination of digital phenotyp-
ing data, clinical data and patient-reported outcomes can
be used to identify patterns of behavior in patients; these
patterns can then be used as the basis for the optimiza-
tion of patient care through precision, predictive and
personalized medicine [30-34].

The single-arm NeoFit trial will be an interventional
single-arm study with the primary objective of describ-
ing and identifying digital profiles (physical activity, sleep
and heart rate) in young BC patients (below 45 years
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of age) on NAC. Its secondary objectives will be: 1) to
compare the digital profiles of participants according to
clinical and sociodemographic variables, 2) to analyze
the effects of digital profiles on tumor response, immune
infiltrate, treatment toxicity, surgical complications, qual-
ity of life and fatigue, 3) to develop models for predicting
chemotherapy response, toxicity, fatigue and changes in
quality of life during treatment.

Methods

Study design

The NeoFit study is a prospective, national, multicenter,
single-arm, open-label study promoted by the Institut
Curie (Paris, France) (Fig. 1). It will enroll 300 partici-
pants from two comprehensive cancer care centers in
France, beginning in September 2021 during a one-year
period.

This trial protocol conforms to the rules of the Dec-
laration of Helsinki and was approved by the appro-
priate French ethics committee CPP Est I (ID RCB:
2021-A00268-33). The study database has been regis-
tered with the French national data protection author-
ity (CNIL) (reference number: reference: 2,220,932 v 0).
The study has been registered with http://www.clinicaltr
ials.gov (NCT number: NCT05011721, registration date:
18/08/2021). Written informed consent will be obtained
from each participant.

Study population
Participants meeting the following criteria will be
included:

1) Female,

2) Between the ages of 18 and 45 years,

3) Histologically confirmed BC, whatever its histo-
logical subtype (hormone receptor-positive (RH+),
negative (RH-), with (HER2+) or without (HER2-)
HER?2 overexpression, or triple-negative),

4) NAC scheduled (up to the first day of neoadju-
vant chemotherapy),

5) Eastern Cooperative Oncology Group Perfor-
mance status <2,

6) Patient willing to participate for the entire dura-
tion of the study,

7) Patient able to use a compatible smartphone or
computer tablet to download the Withings Health
Mate application (from iOS 10 and Android 5.0 or
above),

8) Patient with Internet access,

9) Patient with valid health insurance,

10) Patient able to read, write and understand French.


http://www.clinicaltrials.gov
http://www.clinicaltrials.gov

Delrieu et al. BMC Cancer (2022) 22:493

Page 3 of 9

Day 1 Neoadjuvant

chemotherapy

Clinical data o Sociodemographics © Medical data

(age, location, education, (type of chemotherapy,
[& occupation) cycles, dose)
® History of breast cancer ® Toxicities
(e.g., stage, histology, (CTCAE)
Electronic mutation)

health record

Lifestyle Qy
o Quality of life
(EORTC QLQ C30) v

Steps, sleep,
Activity tracker _heart frequency

Patient- Fatigue y
reported FORTEIZE) Y emmeeoeeeee Bheeeammmem e ermam
outcomes Physical activity

(GODIN) Q?

Adjuvant treatment &
follow up Month 12

i Radiotherapy, hormonotherapy,
trastuzumab

© Pathological complete o Medical data

response (type of treatment, dates)
© Medical data © Toxicities

(type of surgery, (CTCAE)

histology)

Continuously

Fig. 1 Participant flow chart for the NeoFit study, France (original flow chart)

Patients will be considered ineligible if they meet any of
the following criteria:

1) Metastases present at BC diagnosis,

2) Bilateral BC,

3) Multifocal BC,

4) History of cancer other than basal cell skin lesions
and cervical dysplasia,

5) Patient pregnant or breastfeeding,

6) Impossibility of following the patient throughout
the study for medical, social, family, geographic or
psychological reasons,

7) Patient incarcerated or under a supervision order.

Recruitment

Eligible individuals will be invited to participate in the
study at the time of NAC prescription. Investigators will
check the eligibility criteria at the treatment initiation
consultation, explaining the objectives of the study and
the way in which it will be performed to the patient. After
sufficient time for reflection, patients agreeing to partici-
pate will be asked to provide written informed consent.

Setting up the activity tracker and explaining its use

Participants will be asked to wear a Withings Steel HR
activity tracker (Withings, Issy-les-Moulineaux, France)
round the clock, throughout the study period. The With-
ings Health Mate mobile phone application will first be

downloaded onto a smartphone or tablet at baseline, and
the clinical research assistant will instruct the participant
in the use of the activity tracker. The participant will then
be asked to accept and activate the sharing of data col-
lected with the dedicated “NeoFit” study server at Insti-
tut Curie. Participants will be asked to synchronize the
activity tracker regularly (ideally daily) via Bluetooth with
the Withings Health Mate application, for automatic data
transfer to the secure "NeoFit" space. A clinical research
assistant will optimize follow-up during the course of the
study, via a platform checking the downloading of data
from the activity tracker determining whether question-
naires have been completed within the time limit.

Evaluations

Modes of evaluation

All participants will attend three study consultations
when attending the participating hospital center for their
regular oncology consultation: an initial inclusion assess-
ment (before the first day of neoadjuvant chemotherapy),
a second assessment at the end of neoadjuvant chemo-
therapy, and a third assessment 12 months after inclusion
(M12).

The activity tracker will collect information continu-
ously via the Withings Health Mate application. At the
end of the study, participants will be allowed to keep
the activity tracker, with a transfer of the corresponding
account to their own name.
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Patient-reported outcomes will be evaluated by the
answers provided on the questionnaires completed by
all participants at the various time points. Patients will
be able to assess the questionnaires directly via the RED-
Cap Internet link of the NeoFit study, with a computer,
smartphone or computer tablet. Each time that a new
questionnaire requiring completion is posted online, the
participants will be notified by e-mail and asked to com-
plete it. If they encounter any problems completing the
questionnaire, they will be able to contact the clinical
research assistant to ask for help.

Data collection

A complete data collection schedule is provided in Fig. 1.
Missing data will be limited by the checking of the NeoFit
professional dashboard by the clinical research assistant,
to ensure that questionnaires are completed on time.

Clinical data

The clinical research assistant will collect clinical data
from the electronic medical records of the participants.
The data collected will include information already ana-
lyzed in the care context and concerning disease sta-
tus, neoadjuvant treatment, surgical data for biopsy and
tumor specimens, adjuvant treatment and cancer pro-
gression. Toxicity data will be collected throughout the
study. Toxicity will be defined according to the National
Cancer Institute’s Common Terminology Criteria for
Adverse Events (NCI-CTCAE) v5.0, as the occurrence of
severe toxicity of at least grade 3.

Lifestyle and sociodemographic data

Lifestyle and sociodemographic data will also be col-
lected. We will record the socioprofessional status of par-
ticipants, their alcohol and tobacco consumption, eating
habits, and the distance between the patient’s home and
the center (baseline and Month 12), via a non-validated
self-administered questionnaire with an estimated com-
pletion time of 10 min.

Quality of life

Quality of life will be assessed with the European Organi-
sation for Research and Treatment of Cancer Quality of
Life Questionnaire (EORTC QLQ-C30) version 3, which
was validated in 2000 [35]. This multidimensional ques-
tionnaire has been validated for use with cancer patients.
It contains 30 items assessing five functional domains
(physical, role, emotional, cognitive, and social), one
overall quality-of-life domain, three symptom domains
(pain, fatigue and nausea), and six individual items (dysp-
nea, insomnia, anorexia, diarrhea, constipation, and
financial impact). Responses will be on a Likert scale
ranging from "not at all" to "very much" and from "very
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poor" to "excellent” for the overall quality-of-life ques-
tions only. Scores will be standardized on a scale of 0 to
100. Higher scores will correspond to better functioning,
a better overall quality of life and more symptoms. Mean
completion time for this questionnaire has been esti-
mated at 10 min.

Fatigue

Fatigue will be evaluated with the EORTC QLQ-FA12
version 1 module, which was validated for cancer-related
fatigue in 2017 [36]. EORTC QLQ-FA12 contains 12
items assessing the physical, cognitive, and emotional
domains of cancer-related fatigue. Participants will
complete a four-point Likert-scale questionnaire, with
responses ranging from "not at all" to "very much".

Scores will be standardized on a scale of 0 to 100, with
higher scores suggesting a greater degree of fatigue. This
questionnaire has an estimated completion time of five
minutes.

Physical activity level

Physical activity level will be assessed with the Godin
Leisure-Time Exercise Questionnaire (GSLTPAQ) ver-
sion 1, validated for women with BC in 2015 [37, 38].
This validated self-administered questionnaire contains
three main questions on the frequency of low-intensity
(e.g., easy walking), moderate-intensity (e.g., brisk walk-
ing), and high-intensity (e.g., jogging) physical activ-
ity for at least 15 min in a typical week. The frequency
of low-intensity exercise is then multiplied by three, that
for moderate-intensity exercise is multiplied by five and
that for high-intensity exercise is multiplied by nine and
the various scores are then added together to obtain a
total score. This total score identifies three categories
of patients on the basis of physical activity levels: highly
active (> 24 units), moderately active (14 to 23) and with
low levels of activity (<14 units). Completion time for
this questionnaire has been estimated at three minutes.

Activity tracker

The activity tracker will record daily step counts, heart
rate at 10-min or one-second (if the patient manually
activates the workout mode) intervals, sleep parame-
ters (total sleep duration, duration of the deep and light
phases of sleep, number of awakenings and their dura-
tion, and sleep quality according to a score developed by
Withings) and other physical activities recorded auto-
matically or declared by the participant [39-44].

Data security
REDCap eCRF
The REDCap database is accessible via a protected
Internet interface. User authentication is based on the
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directory of Institut Curie employees. On connection to
the database, users are asked to confirm their identity
using the credentials of their institutional accounts.

REDCap has a strong authentication system, based on
a "two-factor" authentication principle, with a validation
code transmitted by SMS or e-mail at each connection.
An audit trail system is used to trace any changes. Addi-
tions, deletions or modifications to the data are recorded,
along with the identity of their authors.

The REDCap database is hosted on the institutional
MySQL database cluster managed by the IT department.
Mirror databases are housed on two separate servers: a
master server and a backup server in case of incidents.
The database is backed up daily and stored in dedicated
spaces.

Withings Application Programming Interface (API)

A free guide to the use of the Withings API is available
online (https://developer.withings.com). The data will
be stored in a databased dedicated to the NeoFit project
and will be accessible to only a few authorized members
of the Data Office, for maintenance and automatic data
feeding purposes, and to identified members of the pro-
ject team for data analysis. Access to this database will be
granted via dedicated user accounts.

The Withings storage database is fed by an automatic
routine, with users unable to perform manual interven-
tions. None of the data are deleted or modified. Data can
only be added, by the retrieval, at a predetermined fre-
quency, of new measurements from the activity tracker.
The Withings storage database is hosted on a dedicated
instance within the data infrastructure, a virtualized
infrastructure distributed over 12 physical servers. It is
therefore resilient to failure and is backed up daily.

Statistical analysis

Sample size

As the main objective of the study is descriptive, there is no
need to define a minimum number of subjects. For model
validation, we will divide our population into two groups:
i) a training sample (#=150) and ii) a validation sample
(n=100). The accuracy of the model for 150 subjects will
therefore be about 8%.

cr=2x 221
n

We hypothesize that 10% of the participants may be
lost to follow-up. In the context of this study, that would
mean not completing the questionnaires despite remind-
ers, or not wearing the activity trackers. The inclusion of
300 participants is therefore expected to result in the col-
lection of at least 250 completed questionnaires and 250
activity tracker datasets.
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Statistical methods

Qualitative variables, expressed as percentages, will be
used for the descriptive analysis. The number of missing
data will be recorded to check for dependence on study
variables and to describe the individuals lost to follow-
up during the study. Quantitative data will be described
by means or medians, standard deviation, minimum and
maximum values. Individual trajectories may also be
plotted graphically.

For the primary endpoint analysis, we will use mixed
models with latent classes to identify different digital
phenotypes. The use of mixed models will make it pos-
sible to analyze repeat data for the population, and to
determine an average profile or trajectory for the whole
population. The choice of shape for this trajectory will be
determined by testing (linear, quadratic, cubic or spline
shape). The optimal number of classes will be deter-
mined a posteriori, based on a set of statistical and clini-
cal criteria. The most widely used statistical criterion is
the "Bayesian information criterion” (BIC), for which the
likelihood of the model decreases with increasing com-
plexity. The BIC, has been shown to outperform other,
less strict criteria in simulations. The number of trajecto-
ries will also be determined on the basis of clinical inter-
pretation (e.g. whether it is worthwhile retaining classes
with very few members).

For the secondary endpoint analysis, the variables will
be described, by trajectory, once the classes have been
defined. We will compare means (Student’s f-test), or
categorical variables (chi® tests). We will also perform
multinomial logistic regression analyses with univariate
and multivariate models, to determine the probability
of belonging to a given class relative to the correspond-
ing reference class. Time series forecasting will be used
to predict events from a series of previous observa-
tions. This will make it possible to predict physiological
changes in the participant based on her care trajectory
and a series of observations of her physiological state, a
potentially valuable indicator of the patient’s response to
neoadjuvant treatment.

No imputation procedure will be required for missing
data as we will use a maximum likelihood approach. Such
approaches are robust to noninformative missing data,
and a joint model will be used to take informative miss-
ing data into account, if necessary.

In terms of the development of algorithms and predic-
tion models, we will:

i) Compare the clinical data to a historical Institut
Curie database containing data for patients receiv-
ing neoadjuvant treatment for BC collected between
2002 and 2011,


https://developer.withings.com

Delrieu et al. BMC Cancer (2022) 22:493

ii) Compare the characteristics of our population
with those of worldwide users of Withings Steel HR
activity trackers of the same age and with a similar
BMI. However, we will have no access to the medical
histories of the other users,

iii) Develop models for predicting treatment efficacy
and toxicity. We will use the clinical data (personal
information, pathological variables and treatment-
related variables) and digital phenotype of the BC
patient. Treatment toxicity will be evaluated with
questionnaires based on the CTCAE criteria. Chem-
otherapy efficacy will be assessed by evaluating
pathological complete response rates and determin-
ing the number of nodes sampled after NAC. We
will train the model on 150 patients and validate it
on the remaining 100 patients.

iv) Develop models for predicting fatigue and
changes in quality of life during treatment. We aim
to develop a statistical model for detecting correla-
tions between treatment-related variables (e.g. drugs
taken, number of cycles and their dates) and periods
of fatigue or deterioration of quality of life charac-
terized by abnormal changes in physical activity. A
training/validation strategy similar to that described
in (iii) will be used.

We will start by constructing the classification tool,
which we will then validate before performing com-
parative studies based on the resulting classification.

Statistical analyses will be performed with R software.

Data monitoring

The database for clinical data will be created with RED-
Cap® software. It will have secure access (personal ID and
password required), with several security levels, depend-
ing on the role of the investigator. All questionnaires will be
completed on an eCRF and merged with the clinical data-
base and the activity tracker data at the end of the study.
The trial steering committee will be responsible for data
monitoring, including overall project supervision, the mon-
itoring of progress, providing advice on scientific credibility
and the appropriate running of the project, and ensuring its
integrity. The clinical research assistant will check all con-
sent forms, ensure compliance with the established proto-
col and procedures, and will verify the quality of the data in
the eCRF monthly with the NeoFit professional dashboard.

Dissemination

Digital phenotyping can provide detailed knowledge
about the non-healthcare aspects of this population, to
facilitate the adjustment of prevention strategies. Spe-
cific groups of women will be identified based on the
huge amounts of individual data collected by the activity
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tracker for physical activity, heart rate and sleep. This will
make it possible to develop prevention programs based
on the specific characteristics of the participants. Ulti-
mately, this study will provide public decision-makers
with high-quality scientific data to guide policies for pro-
moting healthy behavior. The findings of the NeoFit trial
will be disseminated via peer-reviewed publications and
conference presentations. The datasets generated and/or
analysed during the current study will not publicly avail-
able due to personal health data but will be available from
the corresponding author on reasonable request at the
end of the study.

Discussion
The particular psychological and physical issues faced by
young women with BC require specific management [3].
These women are at greater risk of psychological distress
than older women, particularly in the context of chemo-
therapy [3, 45—47]. They also tend to decrease their lev-
els of physical activity immediately after being diagnosed
with BC [3]. The ESO-ESMO 4™ International Consensus
Guidelines for Breast Cancer in Young Women recom-
mend encouraging patients to engage in regular aerobic
physical activity and providing patients with appropri-
ate supportive care for dealing with potential long-term
and late sequelae [3]. However, little is known about the
potential contribution of activity trackers to this support.
Innovative connected tools effectively promote good
health management and are generally well accepted by
BC patients [48]. A systematic review published in 2019
explored the contribution of digital health to improving
quality of life in breast cancer patients [48]. Despite dif-
ferences between the 24 studies included in terms of both
the tools used and study quality, it was clear that patients
readily accepted and were satisfied with these new
technologies. These tools can help to promote healthy
lifestyles, and can overcome geographic and financial
barriers, thereby reducing unnecessary costs and improv-
ing care quality [49]. Furthermore, young women with
BC are particularly avid users of connected technologies,
with a major presence on social networks. They are inter-
ested in new technologies, including those for electronic
communication and information sharing, and search
engines [50, 51]. The Precision Medicine Initiative Work-
ing Group highlighted the challenges ahead in its report,
and pointed out that data from sensors and software
applications can add to self-reported information about
lifestyle and environment, providing researchers with a
clearer picture of the contribution of these factors, which
have proved difficult to capture accurately [52, 53].
Digital phenotyping approaches facilitate rapid data
collection from diverse sources during patient care;
they are, thus, having a revolutionary effect on clinical
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medicine [49, 54]. They shed light on the environment in
which the patient operates, outside of the hospital care
context and across the continuum of BC care, thereby
making it possible to improve personalized care. It is
essential to identify the needs of young BC patients and
to refocus care on the patient and her living environ-
ment, rather than just the disease, in a shift towards a
more more holistic form of medicine. The huge amounts
of data generated by connected devices are making it
possible to develop predictive models and to forecast
clinical events or complications, with consequences for
the actions of doctors [49, 55].

The challenges facing us in the near future include
the development of methods for analyzing the mas-
sive amounts of data generated by such devices [56, 57].
Wearable devices can be used to collect activity data
unobtrusively and cheaply, in the patient’s everyday envi-
ronment. Although it is difficult to capture the physical
activity level before the BC diagnosis, data generated by
the activity trackers will allow us to describe precisely
what happens during the treatment continuum. New
methods and algorithms are emerging for optimizing the
exploitation of the massive amounts of digital data avail-
able, but further studies are required. Digital data also
raise ethical issues, concerning the site of data storage,
data sharing, and the integration of these data into the
patient’s care continuum. The transformation of unstruc-
tured information into structured, understandable, and
transmittable information is a key issue that is provid-
ing highly challenging. The preliminary results of this
descriptive study will allow the development of future
randomized studies to test preventive interventions such
as physical activity in this population.

In conclusion, the NeoFit Trial will help us to develop
a comprehensive, integrative view of patients, the char-
acteristics of their tumors, digital phenotyping data,
treatment toxicity and efficacy, with the ultimate goal of
developing actionable perspectives for increasing cure
rates.

Abbreviations
BC: Breast cancer; CTCAE: Common terminology criteria for adverse events;
NAC: Neoadjuvant chemotherapy; TiLs: Tumor-infiltrating lymphocytes.

Acknowledgements
We would like to thank Sandra Nespoulous for her contribution to regulatory
support.

Authors’ contributions

LD, ASH, BA and FR designed the trial. FR, FC, ASH, PS, CJ and JH contributed
to the medical part of the protocol. EL, BA, ED, AK and AS provided expertise
in statistics and methodology; LD, JA, NF, AS, JFT, provided expertise in the
field of physical activity; JG, AL and MM, provided expertise for data recovery
infrastructure; PDV and VV provided expertise on digital health. LD performed
all the administrative tasks for this project. LD wrote the first draft of the
manuscript, which was critically reviewed by ASH, FC, AK, BA, JA, PDV, ED, NF,

Page 7 of 9

JG, JH, CJ, MM, AL, AS, PS, JFT, WV, EL and FR, who reviewed and contributed
to the final version of the manuscript. All the authors have read and approved
the manuscript.

Funding
This project is supported by Monoprix.

Availability of data and material
Data sharing is not applicable to this protocol article, as no datasets have yet
been generated or analyzed.

Declarations

Ethics approval and consent to participate

The study protocol (version 1) was approved by the appropriate French ethics
committee CPP Est | (ID RCB: 2021-A00268-33), and the study database has
been declared to the CNIL (reference: 2220932 v 0). The study is registered at
http://www.clinicaltrials.gov (NCT number: NCT05011721, registration date:
18/08/2021). The principal investigator will ensure that this study is conducted
in accordance with the Declaration of Helsinki. Written informed consent will
be obtained from all participants. All methods were performed in accordance
with the appropriate guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors have no competing interests to declare.

Author details

'Residual Tumor & Response To Treatment Laboratory, RT2Lab, Translational
Research Department, INSERM, U932 Immunity and Cancer, Institut Curie,
University Paris, Paris, France. Department of Medical Oncology, Institut
Curie, University Paris, Paris, France. 3GINECO Group, Paris, France. 4Institute
for Biomedical and Epidemiological Research in Sport, France University,
EA7329 Paris, France. *Institut National du Sport de L'Expertise Et de La
Performance, INSEP, Paris, France. °Withings, Issy-les-Moulineaux, Paris, France.
’Data Office, Institut Curie, Paris, France. ®Department of Surgical Oncology,
Institut de Cancérologie Jean-Godinot, Reims, France. °Department of Medical
Oncology, Institut de Cancérologie Jean-Godinot, Reims, France. '°Center

for Sports Medicine Research, Hotel-Dieu, Publics Assistance Hospitals of Paris,
Paris, France. ' Department of Surgical Oncology, Institut Curie, University
Paris, Paris, France.

Received: 20 August 2021 Accepted: 22 March 2022
Published online: 04 May 2022

References

1. ©Les cancers en France, Les Données, INCa, édition 2015.

2. Konat-Baska K, Matkowski R, Btaszczyk J, Btaszczyk D, Staszek-Szewczyk U,
Pitat-Norkowska N, et al. Does Breast Cancer Increasingly Affect Younger
Women? Int J Environ Res Public Health. 2020;17:4884.

3. Paluch-Shimon S, Cardoso F, Partridge AH, Abulkhair O, Azim HA, Bianchi-
Micheli G, et al. ESO-ESMO 4th International Consensus Guidelines for
Breast Cancer in Young Women (BCY4). Ann Oncol. 2020;31:674-96.

4. Rubino C, Arriagada R, Delaloge S, L& MG. Relation of risk of contralateral
breast cancer to the interval since the first primary tumour. Br J Cancer.
2010;102:213-9.

5. Voogd AC, van Gestel K, Ernst MF. Trends in survival of patients with met-
astatic breast cancer. J Clin Oncol Off J Am Soc Clin Oncol. 2005;23:2116
author reply 2116-2117.

6. Asselain B, Barlow W, Bartlett J, Bergh J, Bergsten-Nordstrom E, Bliss J, et al.
Long-term outcomes for neoadjuvant versus adjuvant chemotherapy
in early breast cancer: meta-analysis of individual patient data from ten
randomised trials. Lancet Oncol. 2018;19:27-39.

7. Mieog JSD, van der Hage JA, van de Velde CJH. Neoadjuvant chemo-
therapy for operable breast cancer. Br J Surg. 2007,94:1189-200.


http://www.clinicaltrials.gov

Delrieu et al. BMC Cancer

20.

21.

22.

23.

24.

25.

26.

27.

(2022) 22:493

Yau C, Osdoit M, van der Noordaa M, Shad S, Wei J, de Croze D, et al.
Residual cancer burden after neoadjuvant chemotherapy and long-term
survival outcomes in breast cancer: a multicentre pooled analysis of 5161
patients. Lancet Oncol. 2022;23:149-60.

Mauri D, Pavlidis N, loannidis JPA. Neoadjuvant Versus Adjuvant Systemic
Treatment in Breast Cancer: A Meta-Analysis. JNCI J Natl Cancer Inst.
2005;97:188-94.

Fukuda T, Horii R, Gomi N, Miyagi Y, Takahashi S, Ito Y, et al. Accuracy

of magnetic resonance imaging for predicting pathological complete
response of breast cancer after neoadjuvant chemotherapy: association
with breast cancer subtype. Springerplus. 2016;5:152.

. Namura M, Tsunoda H, Yagata H, Hayashi N, Yoshida A, Morishita E, et al.

Discrepancies Between Pathological Tumor Responses and Estimations of
Complete Response by Magnetic Resonance Imaging After Neoadju-
vant Chemotherapy Differ by Breast Cancer Subtype. Clin Breast Cancer.
2018;18:128-34.

Houssami N, Macaskill P, von Minckwitz G, Marinovich ML, Mamounas

E. Meta-analysis of the association of breast cancer subtype and patho-
logic complete response to neoadjuvant chemotherapy. Eur J Cancer.
2012;48:3342-54.

LeVasseur N, Sun J, Gondara L, Diocee R, Speers C, Lohrisch C, et al.
Impact of pathologic complete response on survival after necadjuvant
chemotherapy in early-stage breast cancer: a population-based analysis. J
Cancer Res Clin Oncol. 2020;146:529-36.

Brandao M, Reyal F, Hamy A-S, Piccart-Gebhart M. Neoadjuvant treatment
for intermediate/high-risk HER2-positive and triple-negative breast
cancers: no longer an “‘option”but an ethical obligation. ESMO Open.
2019;4:€000515.

Reyal F, Hamy AS, Piccart MJ. Neoadjuvant treatment: the future of
patients with breast cancer. ESMO Open. 2018;3:e000371.

Delrieu L, Bouaoun L, Fatouhi DE, Dumas E, Bouhnik A-D, Noelle H, et al.
Patterns of Sequelae in Women with a History of Localized Breast Cancer:
Results from the French VICAN Survey. Cancers. 2021;13:1161.

Bower JE, Ganz PA, Desmond KA, Rowland JH, Meyerowitz BE, Belin TR.
Fatigue in breast cancer survivors: occurrence, correlates, and impact on
quality of life. J Clin Oncol Off J Am Soc Clin Oncol. 2000;18:743-53.

. de Kruif JTCM, Visser M, van den Berg MMGA, Derks MJM, de Boer MR, van

Laarhoven HWM, et al. A longitudinal mixed methods study on changes
in body weight, body composition, and lifestyle in breast cancer patients
during chemotherapy and in a comparison group of women without
cancer: study protocol. BMC Cancer. 2019;19:7.

. Arab C, Dias DPM, de Barbosa RTA, de Carvalho TD, Valenti VE, Crocetta

TB, et al. Heart rate variability measure in breast cancer patients and survi-
vors: A systematic review. Psychoneuroendocrinology. 2016;68:57-68.
Helbrich H, Braun M, Hanusch C, Mueller G, Falk H, Flondor R, et al. Con-
gruence and trajectories of device-measured and self-reported physical
activity during therapy for early breast cancer. Breast Cancer Res Treat.
2021. https://doi.org/10.1007/510549-021-06195-7.

Lahart IM, Metsios GS, Nevill AM, Carmichael AR. Physical activity, risk

of death and recurrence in breast cancer survivors: A systematic review
and meta-analysis of epidemiological studies. Acta Oncol Stockh Swed.
2015;54:635-54.

Holmes MD, Chen WY, Feskanich D, Kroenke CH, Colditz GA.

Physical activity and survival after breast cancer diagnosis. JAMA.
2005;293:2479-86.

Irwin ML. Physical activity interventions for cancer survivors. Br J Sports
Med. 2009;43:32-8.

Ibrahim EM, Al-Homaidh A. Physical activity and survival after breast can-
cer diagnosis: meta-analysis of published studies. Med Oncol Northwood
Lond Engl. 2011;28:753-65.

Foucaut A-M, Berthouze SE, Touillaud M, Morelle M, Bourne-Branchu

V, Kempf-Lépine A-S, et al. Deterioration of Physical Activity Level and
Metabolic Risk Factors After Early-Stage Breast Cancer Diagnosis. Cancer
Nurs. 2015;38:E1-9.

IARC. Les cancers attribuables au mode de vie et a l'environnement

en France métropolitaine. Lyon: International Agency for Research on
Cancer. 2018. Acces a: http://gco.arc.fr/resources/paf-france_fr.ph.
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;149:331-42.

28.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

Page 8 of 9

Perakslis E, Ginsburg GS. Digital Health—The Need to Assess Benefits,
Risks, and Value. JAMA. 2020. https://doi.org/10.1001/jama.2020.22919.

. 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. https://doi.org/10.1007/
500520-018-4305-z.

Torous J, Onnela J-P, Keshavan M. New dimensions and new tools to
realize the potential of RDoC: digital phenotyping via smartphones and
connected devices. Transl Psychiatry. 2017;7:e1053-e1053.
Radhakrishnan K, Kim MT, Burgermaster M, Brown RA, Xie B, Bray MS,

et al. The potential of digital phenotyping to advance the contribu-
tions of mobile health to self-management science. Nurs Outlook.
2020;68:548-59.

Jaimini U, Thirunarayan K, Kalra M, Venkataraman R, Kadariya D, Sheth A.
"How Is My Child's Asthma?” Digital Phenotype and Actionable Insights
for Pediatric Asthma. JMIR Pediatr Parent. 2018;1:e11988.

lenca M, Vayena E, Blasimme A. Big Data and Dementia: Charting the
Route Ahead for Research, Ethics, and Policy. Front Med. 2018;5:13.
Panda N, Solsky I, Haynes AB. Redefining shared decision-making in the
digital era. Eur J Surg Oncol. 2019;45:2287-8.

Bjordal K, de Graeff A, Fayers PM, Hammerlid E, van Pottelsberghe C,
Curran D, et al. A 12 country field study of the EORTC QLQ-C30 (version
3.0) and the head and neck cancer specific module (EORTC QLQ-H&N35)
in head and neck patients. EORTC Quality of Life Group. Eur J Cancer Oxf
Engl. 1990;2000(36):1796-807.

Weis J, Tomaszewski KA, Hammerlid E, 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). https://pub-
med.ncbi.nlm.nih.gov/28376231/.

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.
Godin G, Shephard RJ. A simple method to assess exercise behav-

jor in the community. Can J Appl Sport Sci J Can Sci Appl Au Sport.
1985;10:141-6.

Connelly K, Molchan H, Bidanta R, Siddh S, Lowens B, Caine K, et al. Evalu-
ation framework for selecting wearable activity monitors for research.
Mhealth. 2021;7:6.

Patel MS, Small DS, Harrison JD, Hilbert V, Fortunato MP, Oon AL, et al.
Effect of Behaviorally Designed Gamification With Social Incentives on
Lifestyle Modification Among Adults With Uncontrolled Diabetes: A
Randomized Clinical Trial. JAMA Netw Open. 2021;4:e2110255.

Patel MS, Small DS, Harrison JD, Fortunato MP, Oon AL, Rareshide CAL,

et al. Effectiveness of Behaviorally Designed Gamification Interventions
With Social Incentives for Increasing Physical Activity Among Overweight
and Obese Adults Across the United States: The STEP UP Randomized
Clinical Trial. JAMA Intern Med. 2019;179:1624.

Modena BD, Bellahsen O, Nikzad N, Chieh A, Parikh N, Dufek DV, et al.
Advanced and Accurate Mobile Health Tracking Devices Record New
Cardiac Vital Signs. Hypertension. 2018;72:503-10.

Casaccia S, Revel GM, Scalise L, Cucchieri G, Rossi L. Smartwatches
selection: market analysis and metrological characterization on the
measurement of number of steps. In: 2021 IEEE International Symposium
on Medical Measurements and Applications (MeMeA). Lausanne, Switzer-
land: IEEE; 2021. p. 1-5. https://doi.org/10.1109/MeMeA52024.2021.94787
70.

. Frie K, Hartmann-Boyce J, Jebb S, Oke J, Aveyard P. Patterns in Weight and

Physical Activity Tracking Data Preceding a Stop in Weight Monitoring:
Observational Analysis. J Med Internet Res. 2020,22.

Ruggeri M, Pagan E, Bagnardi V, Bianco N, Gallerani E, Buser K, et al. Fertil-
ity concerns, preservation strategies and quality of life in young women
with breast cancer: Baseline results from an ongoing prospective cohort
study in selected European Centers. The Breast. 2019;47:85-92.

Ganz PA, Greendale GA, Petersen L, Kahn B, Bower JE. Breast cancer in
younger women: reproductive and late health effects of treatment. J Clin
Oncol Off J Am Soc Clin Oncol. 2003;21:4184-93.

Kroenke CH, Rosner B, Chen WY, Kawachi |, Colditz GA, Holmes MD.
Functional impact of breast cancer by age at diagnosis. J Clin Oncol Off J
Am Soc Clin Oncol. 2004;22:1849-56.


https://doi.org/10.1007/s10549-021-06195-7
http://gco.iarc.fr/resources/paf-france_fr.ph
https://doi.org/10.1001/jama.2020.22919
https://doi.org/10.1007/s00520-018-4305-z
https://doi.org/10.1007/s00520-018-4305-z
https://pubmed.ncbi.nlm.nih.gov/28376231/
https://pubmed.ncbi.nlm.nih.gov/28376231/
https://doi.org/10.1109/MeMeA52024.2021.9478770
https://doi.org/10.1109/MeMeA52024.2021.9478770

Delrieu et al. BMC Cancer

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

(2022) 22:493

Triberti S, Savioni L, SebriV, Pravettoni G. eHealth for improving quality
of life in breast cancer patients: A systematic review. Cancer Treat Rev.
2019;74:1-14.

Zhang X, Pérez-Stable EJ, Bourne PE, Peprah E, Duru OK, Breen N, et al. Big
Data Science: Opportunities and Challenges to Address Minority Health
and Health Disparities in the 21st Century. Ethn Dis. 2017,27:95.

Ure C, Cooper-Ryan AM, Condie J, Galpin A. Exploring Strategies for
Using Social Media to Self-Manage Health Care When Living With and
Beyond Breast Cancer: In-Depth Qualitative Study. J Med Internet Res.
2020;22:216902.

Cutrona SL, Roblin DW, Wagner JL, Gaglio B, Williams AE, Torres Stone R,
et al. Adult Willingness to Use Email and Social Media for Peer-to-Peer
Cancer Screening Communication: Quantitative Interview Study. JMIR
Res Protoc. 2013;2:e52.

Onnela J-P. Opportunities and challenges in the collection and analysis of
digital phenotyping data. Neuropsychopharmacol Off Publ Am Coll Neu-
ropsychopharmacol. 2020. https://doi.org/10.1038/541386-020-0771-3.
Hudson K, Lifton R, Patrick-Lake B, Burchard EG, Coles T, Collins R, Conrad
A, Desmond-Hellmann S, Dishman E, Giusti K, et al. The precision medi-
cine initiative cohort program: building a research foundation for 21st
century medicine. Bethesda: National Institutes of Health; 2105. https://
acd.od.nih.gov/reports/DRAFT-PMI-WG-Report-9-11-2015-508.pdf.
Accessed 13 Mar 2017.

Hilbert M. Big Data for Development: A Review of Promises and Chal-
lenges. Dev Policy Rev. 2016;34:135-74.

Bates DW, Saria S, Ohno-Machado L, Shah A, Escobar G. Big data in health
care: using analytics to identify and manage high-risk and high-cost
patients. Health Aff Proj Hope. 2014;33:1123-31.

Hochster HS, Niedzwiecki D. Big Data, Small Effects. J Clin Oncol Off J Am
Soc Clin Oncol. 2016;34:1170-1.

Phillips SM, Cadmus-Bertram L, Rosenberg D, Buman MP, Lynch BM. Wear-
able Technology and Physical Activity in Chronic Disease: Opportunities
and Challenges. Am J Prev Med. 2018;54:144-50.

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

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1038/s41386-020-0771-3
https://acd.od.nih.gov/reports/DRAFT-PMI-WG-Report-9-11-2015-508.pdf
https://acd.od.nih.gov/reports/DRAFT-PMI-WG-Report-9-11-2015-508.pdf

	Digital phenotyping in young breast cancer patients treated with neoadjuvant chemotherapy (the NeoFit Trial): protocol for a national, multicenter single-arm trial
	Abstract 
	Background: 
	Methods: 
	Discussion: 
	Trial registration: 

	Background
	Methods
	Study design
	Study population
	Recruitment
	Setting up the activity tracker and explaining its use
	Evaluations
	Modes of evaluation

	Data collection
	Clinical data
	Lifestyle and sociodemographic data
	Quality of life
	Fatigue
	Physical activity level
	Activity tracker

	Data security
	REDCap eCRF
	Withings Application Programming Interface (API)

	Statistical analysis
	Sample size
	Statistical methods

	Data monitoring
	Dissemination

	Discussion
	Acknowledgements
	References


