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Abstract
Background: As cancer survival rates increase, the challenge of ensuring that cancer survivors reclaim their quality of life
(QoL) becomes more important. This paper outlines the research element of a research and training program that is designed to
do just that.
Objective: Bridging sectors, disciplines, and geographies, it brings together eight PhD projects and students from across Europe
to identify the underlying barriers, test different technology-enabled rehabilitative approaches, propose a model to optimize the
patient pathways, and examine the business models that might underpin a sustainable approach to cancer survivor reintegration
using technology.
Methods: The program, funded under the European Union's Horizon 2020 research and innovation program under the Marie
Sklodowska-Curie grant agreement No 722012, includes deep disciplinary PhD projects, intersectoral and international secondments,
interdisciplinary plenary training schools, and virtual subject-specific education modules.
Results: The 8 students have now been recruited and are at the early stages of their projects.
Conclusions: CATCH will provide a comprehensive training and research program by embracing all key elements—technical,
social, and economic sciences—required to produce researchers and project outcomes that are capable of meeting existing and
future needs in cancer rehabilitation.
(JMIR Res Protoc 2018;7(1):e14) doi:10.2196/resprot.8900
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Introduction

offering the “potential to reinstall structure in everyday life.”
[12]

The world of medical science has been waging a war on cancer
for decades—a war which is slowly but surely being won. But
the victories have been seen on the battlefields for survival, with
the goal being life itself, through early detection and aggressive
treatments. In short, the mantra to-date has been simple: “save
the life, kill the cancer.” There were just over 3.4 million new
cases of cancer (excluding non-melanoma skin cancers) in
Europe in 2012. Mathers and Loncar estimate that by 2030, 20
million people in the World Health Organization European
Region will be living with cancer diagnosed five years
previously [1].

Cancer: Activating Technology for Connected Health (CATCH)
seeks to maximize these restorative powers of physical activity
in cancer cohorts while understanding that there are both
physical and mental barriers that survivors encounter when
seeking to exercise. Therefore, the core objective of the study
is to activate technology in bridging the gap between cancer
survivors’ depleted physical and emotional state and their
ultimate ability to return to a fully functional societal role
through technology-supported physical exercise.

Although the number of cases of cancer is increasing, so are
the survival rates of patients in Europe [2] and worldwide [3].
However, cancer and its treatments cause many physical and
psychological symptoms and side effects. Physical symptoms
include loss of power and function in limbs, muscle wasting,
chronic fatigue, and loss of appetite, while psychological
symptoms range from depression, anxiety associated with
uncertainty, poor body image, and loss of intimacy in
relationships [4]. All contribute to reducing the overall QoL
(Quality Of Life)[5], the very thing that we are seeking to
maximize within cancer-recovery cohorts (see studies in breast
cancer [6], [7] and prostate cancer [8],[9]). We know that
increased physical exercise within such cohorts has a positive
impact on QoL and contributes to the prevention of recurrence
[10]–[11]. In addition, increasing physical activity can alleviate
long term side effects of new cancer treatment, such as fatigue,

To achieve the core objective there are three sub-objectives: 1)
to understand the nature of the gap (from the patient
perspective), 2) to design and test technology-enabled bridging
solutions, and 3) to offer routes to market and strategic
approaches at both industrial and public actor levels to drive
adoption at scale of the proposed solutions and associated care
models (see Figure 1 below).
At the same time, CATCH will develop and deliver a program
of training to create a cadre of 8 PhD students who, after the
training, will be able to implement the required solutions in
industry, clinical, advocacy, and academic environments. This
paper focuses on the research element of the CATCH program.
For further detail regarding the training elements of the program,
please see Mountford et al, 2017 [13]. The students' Individual
Research Projects (IRPs) will address all the key elements of
the objectives. The combined IRPs will drive a new
interdisciplinary approach to technology-enabled post-diagnosis
rehabilitative solutions and their evaluation and will enhance
adoption by healthcare providers, patients, and society.

Figure 1. The Cancer: Activating Technology for Connected Health (CATCH) Research Program.
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Methods
Three work packages have been proposed to achieve the three
sub-objectives defined for the study and the PhD student
training.

Work Package 1: Understand the Nature of the
Problem (Sub-Objective 1)
The first sub-objective consists in understanding, from a patient
perspective, the nature of the physical and psychological gap
that must be bridged to enable and achieve physical activity.
To achieve this, the PhD students will perform the following
tasks:
Task 1: An ethnographic analysis of the current care pathway
from the patient perspective (PhD student 1). The PhD student
will review patient care pathways in cancer treatment literature,
including the latest publications, prior to conducting an
ethnographic study of the patient care pathways for both men
and women. The student will employ ethnographic research
methods drawn from the discipline of anthropology [14]—the
study of the development of human societies and culture
[15]—which is known to more effectively capture patient
insights [16] and will:
1.
2.

3.
4.

Review patient care pathways in cancer treatment literature.
Conduct an ethnographic study of the patient care pathway
by observing and interacting with cancer patients to
comprehend the lived-experience of particular care
pathways.
Analyze data to develop a detailed patient pathway that
meets the needs of both sexes for all types of cancer.
Identify elements of the care pathway where there are
opportunities for technology-enabled post-diagnosis
rehabilitation.

Task 2: A quantification of health habits and needs of people
affected by cancer to improve their QoL through physical
activity (PhD student 2). By engaging in ethnographic research
with cancer patients involved in various forms of physical
exercise, this will result in the design of a digital intervention
to maximize the medical, physical, functional, and psychological
effects of physical activity programs for men and women with
cancer. The PhD student will:
1.

2.

3.

4.

Conduct a comprehensive literature review, including the
latest publications, focusing on medical, physical, functional
and psychological aspects of cancer treatment for both men
and women.
Undertake qualitative research with male and female
patients to identify factors crucial for the design of a digital
intervention.
Develop guidelines for cancer patient populations regarding
health and lifestyle, paying specific attention to physical
activity and how to improve patient QoL during the phases
of cancer treatment. These guidelines will be tested onsite
at the Center of Sport at University of Seville.
Design a digital intervention to assist patient adherence to
physical exercise regimes.
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Task 3: Strategies for increasing mental well-being in patients
with cancer (PhD student 3). The PhD student will investigate
strategies for using digital health to reinforce and improve
psycho-oncology interventions (addressing emotional and mental
health issues associated with cancer). Focusing on behavioral
and emotional support—increasing motivation and reducing
asthenia and fatigue—the student will devise new strategies to
improve patients’ psychological and physical well-being. The
PhD student will perform the following tasks:
1.

2.

3.

Review literature to include most recent publications on
increasing motivation, supporting positive health behavior,
and prior use of technology in mental health support,
including a review of psycho-oncology projects that use
new technologies.
Conduct qualitative research (interviews, focus-groups,
workshops) with a diverse group of patients and caregivers
with different cancers from both genders. This will provide
a detailed and empathic understanding of cancer patients’
lived experiences.
Develop a motivational framework that maps behavioral
and emotional strategies for diverse cancer patients and
survivors. Based on the results, a new app will be designed
that instantiates the framework which will then be tested
to redefine the motivational framework.

Work Package 2: Design and Test Technology-Enabled
Bridging Solutions (Sub-Objective 2)
To achieve this sub-objective, three different technology
solutions will be selected and explored to evaluate how they
can be matched to specific cancer care scenarios.
Solution 1: Psychological solutions that use gamification and
education to empower cancer patients experiencing difficulty
regaining their former role in society (PhD student 4). For this
study the student will:
1.

2.
3.

4.

Perform an up-to-date systematic scoping review of games,
techniques, and previous cancer-specific digital solutions.
Based on the obtained experience, a gamified application
will be implemented.
Implement a first version of a social mobile app for prostate
cancer patients and survivors.
Study and consult with oncology experts regarding the
safety, usefulness, and accuracy and refine the app based
on this consultation.
Evaluation of the app using an A/B based testing protocol
with real patients.

Solution 2: Physical solutions, such as electrical stimulation, to
help re-educate and strengthen muscle severely weakened as a
result of aggressive cancer (PhD student 5). The PhD student
will:
1.
2.

Conduct a study to understand the exercise rehabilitation
needs of patients with breast or prostate cancer.
Develop an NMES-mediated hybrid training protocol that
meets the specific needs of the two significant cancer
survivor cohorts - prostate cancer and breast cancer. This
will consist of an evaluation of the acute physiological and
subjective effects of applying different variations of a hybrid
NMES protocol in a cohort of the target population.
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3.

4.

Conduct a pilot trial with a group of prostate and breast
cancer survivors who are too de-conditioned to
meaningfully benefit from standard physical exercise. The
trial will require patients to undergo self-directed,
home-based NMES training for a period of 8-16 weeks.
Approximately 40 participants (equally gender balanced)
will be recruited for the prospective trial. The program will
be evaluated through clinical and functional outcomes and
user experience.
Study and understand the potential application of the outputs
in the context of care pathways for cancer patients,
particularly how this technology can be integrated with
drug therapy for cachexia.

Solution 3: Use of motion tracking solutions and interactive
biofeedback to monitor performance and improve compliance
and quality of patient engagement in rehabilitation exercise
programs (PhD student 6). The PhD student will:
1.

2.
3.

4.

Conduct a literature review, including the latest
publications, on cancer-specific, targeted rehabilitation
exercise programs, focusing on the information gap between
the patient, consultant, and physiotherapist and the patient’s
ability to access information about their own care.
Gather data from cancer patients performing exercises in a
clinical setting to inform the exercise classification model.
Develop exercise classification algorithms and a prototype
app tailored specifically to each patient’s needs by their
clinician. This would allow the patient to attain credible
information on their rehabilitation progress, regardless of
their geographical location.
Evaluate the prototype in clinical deployment, and then
evaluate and rework it from a ‘technology and care’ model
perspective.

Work Package 3: Offer Routes to Market and Strategic
Approaches (Sub-Objective 3)
The last objective aims to offer routes to market and strategic
approaches to drive adoption at scale of the proposed solutions
and associated care models at both an industry and public actor
level.
To achieve this sub-objective, two different approaches are
covered:
Approach 1: Supporting commercialization of technologyenabled cancer solutions through design thinking (PhD student
7). The PhD student will:
1.

2.

3.

Conduct an up-to-date systematic review of Service
Innovation and related literature, commercialization, and
design literature complemented by interviews (cancer
patients, researchers, clinicians) to understand how we can
mediate between heterogeneous innovators and between
internal and external surroundings.
Develop preliminary guidelines for how private firms can
use design thinking (methods) to qualify the process of
developing technology-enabled cancer care solutions
(collaboration,
innovation,
diffusion,
and
commercialization).
Complete workshops with users and partners to assess
whether design has strengthened the firms’ awareness of
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different external and internal challenges and how to handle
them.
Approach
2:
Qualifying
private
organizations’
commercialization efforts through stakeholder interactions (PhD
student 8). The student will:
1.

2.

3.

4.

Conduct an up-to-date systematic review of Service
Innovation and related literature, commercialization, and
stakeholder literature on turning health solutions into
commercial successes.
Study the context in which cancer care solutions are
developed including interviews with private and public
actors engaged in (Public-Private) Service Innovation.
Develop preliminary guidelines for how private firms can
use stakeholder interactions to qualify commercialization
efforts.
Pilot and evaluate the (Public-Private) Service Innovation
guidelines and assess whether stakeholder interactions have
strengthened private firms’ awareness of different
challenges and how to handle them.

Program Management and Ethos
Each sub-objective and its associated work package promote
state of the art research in its area. All three work packages are
concurrent and will cross-pollinate. Information from work
package 1 will provide design input for work package 2 and
context for work package 3. Work package 2 will provide case
studies and data sources to inform Work Package 3. This will
enable a truly interdisciplinary learning environment for the
PhD students and a triangulated, defensible approach from an
industry-relevance perspective. The tasks will be undertaken
by PhD candidates from a range of scientific backgrounds and
international locations, as well as across both genders. CATCH
will include international, intersectoral secondments to promote
interdisciplinary and intersectoral learning and communication,
public engagement, and outreach with patients, clinicians, and
policy-makers. Building on the core tasks outlined above, an
end-to-end technology enabled cancer care research spectrum
will be designed from problem definition, to solution design,
to implementation and adoption. CATCH will consider the
importance of technology not only at the treatment stage, but
also during rehabilitation and follow up. Through network-wide
events and training modules, the individual research outcomes
will synergistically contribute to this complete model. Through
diverse means—face-to-face contact in summer schools,
electronic communication platforms (e.g. Podio), and physical
embedding (secondments)—PhDs will work with non-academic
partners to appreciate different perspectives, methods, and
approaches. The non-academic sector partners are integral for
the development and delivery of the program. Industry partners
will recruit and train students, host site visits, host secondments,
provide keynote speakers for summer schools, will sit on
doctoral studies panels, and will run a transferrable skills module
on innovating in an emerging market. Healthcare partners will
recruit and host students, run a transferrable skills module on
working with patient populations, lead dissemination efforts to
clinical audiences, and provide a venue for students to see a
clinical setting in practice during the Orientation conference.
Patients will contribute as cohorts for studies and participate in
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the “working with patients” training module, thus contributing
to user experience training. Clinicians from healthcare partners
will assist in sourcing cohorts for trials, user-centered design,
and membership of supervisory panels for care-led PhDs and
attendance at clinician conference.

Results
This program has now received funding under the European
Union's Horizon 2020 research and innovation program under
the Marie Sklodowska-Curie grant agreement No 722012. All
eight students have now been recruited and have commenced
their PhD programs.

Discussion

Mountford et al
complementary understanding of how such expertise fits into
this intersectoral, interdisciplinary ecosystem. Europe needs to
keep up to date with international developments in healthcare
(electronic health [eHealth], mobile health [mHealth],
telemedicine), but currently, researchers are graduating with
narrow mono-thematic, purely academic degrees that limit
understanding of the range of solutions possible [17]. CATCH
will provide a comprehensive training and research program by
embracing all key elements—technical, social, and economic
sciences—required to produce researchers and project outcomes
that are capable of meeting existing and future needs in cancer
rehabilitation. In doing so, CATCH also responds to a
fundamental need for a new health care model [18] that can
counterbalance the demographic and resource pressures faced
by our healthcare systems.

The emerging Connected Health industry is in need of research
that combines deep domain-specific expertise and a

Acknowledgments
The CATCH program has received funding from the European Union's Horizon 2020 research and innovation program under
the Marie Sklodowska-Curie grant agreement No 722012. This article is based upon work from COST Action ENJECT (TD1405),
supported by COST (European Cooperation in Science and Technology). EDZ is supported by the V Plan Propio de Investigacion
of the Universidad de Sevilla.

Conflicts of Interest
LFL holds shares in the company, Salumedia.

References
1.
2.

3.

4.
5.
6.
7.
8.
9.

10.
11.

12.

Mathers CD, Loncar D. Projections of global mortality and burden of disease from 2002 to 2030. PLoS Med 2006
Nov;3(11):e442 [FREE Full text] [doi: 10.1371/journal.pmed.0030442] [Medline: 17132052]
De Angelis R, Sant M, Coleman M, Francisci S, Baili P, Pierannunzio D, et al. Cancer survival in Europe 1999–2007 by
country and age: results of EUROCARE-5—a population-based study. The Lancet Oncology 2014 Jan;15(1):23-34. [doi:
10.1016/S1470-2045(13)70546-1] [Medline: 24314615]
Coleman M, Quaresma M, Berrino F, Lutz J, De Angelis R, Capocaccia R, et al. Cancer survival in five continents: a
worldwide population-based study (CONCORD). The Lancet Oncology 2008 Aug;9(8):730-756. [doi:
10.1016/S1470-2045(08)70179-7]
Stein K, Syrjala K, Andrykowski M. Physical and psychological long-term and late effects of cancer. Cancer 2008 Jun
01;112(11 Suppl):2577-2592 [FREE Full text] [doi: 10.1002/cncr.23448] [Medline: 18428205]
Spelten E, Verbeek J, Uitterhoeve A, Ansink A, van DLJ, de RTM, et al. Cancer, fatigue and the return of patients to work-a
prospective cohort study. Eur J Cancer 2003 Jul;39(11):1562-1567. [Medline: 12855263]
Valenti M, Porzio G, Aielli F, Verna L, Cannita K, Manno R, et al. Physical exercise and quality of life in breast cancer
survivors. Int J Med Sci 2008 Jan 15;5(1):24-28 [FREE Full text] [Medline: 18219372]
Van DS, Nelissen P, Verbelen H, Tjalma W, Gebruers N. The effects of physical self-management on quality of life in
breast cancer patients: A systematic review. The Breast, vol. 28, pp. 20?28, Aug 2016:A. [doi: 10.1016/j.breast.2016.04.010]
Roth A, Weinberger M, Nelson C. Prostate cancer: psychosocial implications and management. Future Oncol 2008
Aug;4(4):561-568 [FREE Full text] [doi: 10.2217/14796694.4.4.561] [Medline: 18684066]
Baker H, Wellman S, Lavender V. Functional Quality-of-Life Outcomes Reported by Men Treated for Localized Prostate
Cancer: A Systematic Literature Review. Oncol Nurs Forum 2016 Mar;43(2):199-218. [doi: 10.1188/16.ONF.199-218]
[Medline: 26906131]
Visovsky C, Dvorak C. Exercise and cancer recovery. Online J Issues Nurs 2005 Mar 28;10(2):7. [Medline: 15977980]
Meyerhardt JA, Heseltine D, Niedzwiecki D, Hollis D, Saltz LB, Mayer RJ, et al. Impact of Physical Activity on Cancer
Recurrence and Survival in Patients With Stage III Colon Cancer: Findings From CALGB 89803. J Clin Oncol 2006
Aug;24(22):3535-3541. [doi: 10.1200/JCO.2006.06.0863] [Medline: 16822843]
Holmes MD, Chen WY, Feskanich D, Kroenke CH, Colditz GA. Physical activity and survival after breast cancer diagnosis.
JAMA 2005 May 25;293(20):2479-2486. [doi: 10.1001/jama.293.20.2479] [Medline: 15914748]

http://www.researchprotocols.org/2018/1/e14/

XSL• FO
RenderX

JMIR Res Protoc 2018 | vol. 7 | iss. 1 | e14 | p.5
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
13.

14.
15.
16.
17.

18.

Mountford et al

Mountford N, Kessie T, Watts G, Fernandez L, Chouvarda I, Cusack T. An Interdisciplinary 4th Level Education Model:
Connected Health. 2017 Presented at: 3rd International Conference on Higher Education Advances, HEAd; 2017; Valencia,
Spain URL: http://dx.doi.org/10.4995/HEAd17.2017.5485 [doi: 10.4995/HEAd17.2017.5485]
DeWalt K, DeWalt B. Participant Observation: A Guide for Fieldworkers. New York: AltaMira Press; 2002.
Bernard H. Research Methods in Anthropology: Qualitative and Quantitative Methods, Fourth Edition. New York: AltaMira
Press; 2006.
Goodson L, Vassar M. An overview of ethnography in healthcare and medical education research. J Educ Eval Health Prof
2011 Apr 25;8:4. [doi: 10.3352/jeehp.2011.8.4] [Medline: 21637319]
Mountford N, Kessie T, Quinlan M, Maher R, Smolders R, Van RP, et al. Connected health in Europe: where are we today?.
Dublin, Ireland: ENJECT Consortium URL: http://researchrepository.ucd.ie/handle/10197/8523 [accessed 2018-01-12]
[WebCite Cache ID 6wQI1cqpG]
UK Department of Health. Whole Systems Demonstrator, Headline Findings. UK: UK Department of Health; 2011. URL:
https://www.gov.uk/government/publications/whole-system-demonstrator-programme-headline-findings-december-2011
[accessed 2018-01-12] [WebCite Cache ID 6wQIBkn8g]

Abbreviations
eHealth: electronic health
IRP: Individual Research Projects
mHealth: mobile health
QoL: Quality of Life
CATCH: Cancer: Activating Technology for Connected Health

Edited by G Eysenbach; submitted 06.09.17; peer-reviewed by M Isomursu, V Trajkovic; comments to author 28.09.17; revised version
received 09.11.17; accepted 07.12.17; published 24.01.18
Please cite as:
Mountford N, Dorronzoro Zubiete E, Kessie T, Garcia-Zapirain B, Nuño-Solinís R, Coyle D, Munksgaard KB, Fernandez-Luque L,
Rivera Romero O, Mora Fernandez M, Valero Jimenez P, Daly A, Whelan R, Caulfield B
Activating Technology for Connected Health in Cancer: Protocol for a Research and Training Program
JMIR Res Protoc 2018;7(1):e14
URL: http://www.researchprotocols.org/2018/1/e14/
doi:10.2196/resprot.8900
PMID:29367184

©Nicola Mountford, Enrique Dorronzoro Zubiete, Threase Kessie, Begonya Garcia-Zapirain, Roberto Nuño-Solinís, David Coyle,
Kristin B Munksgaard, Luis Fernandez-Luque, Octavio Rivera Romero, Matilde Mora Fernandez, Pedro Valero Jimenez, Ailish
Daly, Ruth Whelan, Brian Caulfield. Originally published in JMIR Research Protocols (http://www.researchprotocols.org),
24.01.2018. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Research Protocols, is properly cited. The complete bibliographic information,
a link to the original publication on http://www.researchprotocols.org, as well as this copyright and license information must be
included.

http://www.researchprotocols.org/2018/1/e14/

XSL• FO
RenderX

JMIR Res Protoc 2018 | vol. 7 | iss. 1 | e14 | p.6
(page number not for citation purposes)

