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Abstract

Background: Digital health tools such as smartphone apps have the potential to improve supportive cancer care. Although
numerous smartphone apps for supportive care are available, few are designed using a user-centered approach. Such an approach
is crucial for successful implementation, as it may improve user engagement, usability, and adoption in clinical settings.

Objective: This study aimed to co-design and develop a digital health app for supportive cancer care in collaboration with
patients with cancer and health care professionals and to explore factors influencing its future acceptance.

Methods: We conducted a participatory study with the major stakeholders at the University Hospital Zurich. Workshops,
individual qualitative interviews, and focus groups were held with health care professionals, survivors of cancer, and patients
with cancer. The co-design process was divided into 3 phases: predesign, generative phase, and prototyping. User-centered design
methods included scoring cards and think-aloud protocols to co-create design ideas, identify important functionalities, and test
usability. Qualitative data were analyzed using thematic analysis.

Results: Patients and health care professionals emphasized the need for a digital health app to improve patient–healthcare
professional communication, digitalize supportive care screening and processes, and enhance self-efficacy. The resulting app,
OncoSupport+, was co-designed and integrated into the clinical workflow for supportive cancer care. It consists of (1) a patient
dashboard to record patient-reported outcome measures and to provide access to personalized supportive care information and
contact details, and (2) a nurse dashboard to visualize patient data, which can be used during nursing consultations. Potential
facilitators for adoption included ease of use, workflow integration, introduction by health care professionals, and technical
support, whereas internet anxiety may be a potential barrier.

Conclusions: Collaborative development with patients and health care professionals is crucial for creating digital health tools
that can be implemented successfully. Future research should evaluate the feasibility of long-term implementation and the
real-world usability and effectiveness of OncoSupport+ for improving communication, self-efficacy, and quality of life.
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Introduction

Cancer is a highly prevalent condition with increasing incidence
rates and is the leading cause of death worldwide [1]. As
improvements in diagnosis, treatment, and surveillance have
led to better survival rates, patients with cancer are living longer
[2], though a considerable portion of patients experience
significant morbidity and symptoms related to both the cancer
and its treatment. Patients with cancer often exhibit physical,
emotional, social, spiritual, and informational needs, also known
as supportive care needs, and the aggregated impact may
ultimately contribute to exacerbated health outcomes and
diminished quality of life [3]. Supportive care, which focuses
on the prevention and management of cancer symptoms and
cancer treatment–related symptoms, has been widely
acknowledged as an essential component of comprehensive
cancer care [4]. It includes the management of physical and
psychological symptoms and side effects across the cancer care
trajectory from diagnosis through treatment to posttreatment
care. Examples of supportive care include management of
symptoms such as nausea, nutritional and exercise support,
psychological support, and practical assistance for concerns
such as transportation [4].

Several cancer centers have established specialized supportive
care services, employing the expertise of a multidisciplinary
team with diverse medical specializations such as nutritionists,
physiotherapists, and psychologists. Supportive care has been
shown to improve quality of life [5], tolerability of cancer
treatments, survival, and systemic health economic benefits [6].
However, studies continue to report unmet supportive care
needs, such as physical and informational needs, indicating that
significant efforts are still required to ensure the effective
implementation of evidence-based supportive care in clinical
practice [7]. Specifically, the Multinational Association of
Supportive Care in Cancer has emphasized the routine collection
of patient-reported outcome measures (PROMs) to facilitate
timely, individualized supportive care and empower patients
through evidence-based education [7]. Commonly used PROMs
include the European Organization for Research and Treatment
of Cancer Quality of Life Questionnaire Core 30 (EORTC
QLQ-C30) [8] and the National Comprehensive Cancer Network
(NCCN) Distress Thermometer [9]. In this context, digital health
tools, particularly mobile health (mHealth) apps, have emerged
as promising solutions for delivering patient-centered supportive
care interventions [10].

A growing number of digital health applications offer mental
health support, symptom self-management, and educational
resources. Among these, digital symptom monitoring and
electronic patient-reported outcome measures (ePROMs) are
commonly integrated interventions for supportive cancer care
[11,12] and provide advantages over traditional paper-based
PROMs or retrospective questionnaires, which are often limited
by recall bias and low completion rates [13,14] . As digital
health apps enable the remote collection of symptoms and
supportive care needs in daily living environments, these tools

allow for a more timely and accurate assessment of patient
well-being. Research has shown that such applications can
improve communication with health care professionals, facilitate
connections with other patients, and enhance self-efficacy,
thereby complementing clinical care [15]. Systematic reviews
and meta-analyses have further suggested that digital health
interventions may improve symptoms and quality of life [11,15].
Despite these findings, their implementation and adoption
remain limited, particularly in cancer care [16]. A key reason
is the limited involvement of key stakeholders, including patients
and health care professionals, during development, leading to
suboptimal adoption and effectiveness [10,11,17].

Co-design has been identified as a promising approach to ensure
that digital health interventions are patient-centered, clinically
relevant, and technically feasible [18]. By incorporating
participatory and iterative stakeholder engagement, co-design
can help tailor digital health interventions to meet the needs and
preferences of both patients and health care providers while
facilitating the early identification of implementation barriers
and factors influencing adoption and long-term engagement.
However, despite its potential, co-design is not always
rigorously applied in digital health research, as studies often
lack structured methodologies, fail to systematically integrate
diverse stakeholder input, and do not adequately assess
long-term feasibility [19]. Addressing these gaps is crucial for
developing user-centered and sustainable digital health
interventions in supportive cancer care.

The overall aim of this study was to collaboratively design and
develop a digital health app for supportive cancer care together
with the relevant stakeholders (patients with cancer, survivors
of cancer, and health care professionals). Specifically, the first
objective was to map the context of supportive cancer care at
the University Hospital Zurich, including challenges and needs.
The second objective was to identify specific functionalities
and features of the app and gather the patients’ and nurses’
perspectives; as part of this objective, we also explored factors
that can potentially influence the uptake and implementation
of the digital health app for supportive cancer care. Finally, the
third objective was to design and develop the prototype and
user interface of the digital health app to be technically
implemented.

Methods

Ethical Considerations
This study was reviewed by the Ethics Committee of the Canton
of Zurich, which determined that it did not fall within the scope
of the Swiss Human Research Act and therefore did not require
formal approval (Req-2023-01095). According to the Swiss
Human Research Act (SR 810.30), ethical approval is required
for studies involving health-related personal data, biological
material, or clinical interventions. This study involved collecting
opinions and experiences from patients, advocates, and nurses
to inform app development; no health-related personal data were
analyzed. Patients, patient advocates, and nurses received written
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and oral information about the study objectives and procedures,
and written informed consent was obtained before participation.
Data were collected in a pseudonymized manner. Transcripts
and digital records were deidentified before analysis, and all
personal identifiers were removed. Access to study data was
restricted to the research team. As patient advocates were part
of Swiss Group for Clinical Cancer Research (SAKK), they
received financial compensation for their contribution. No
quotes or materials that could identify individual participants
are included in the manuscript or supplementary materials.

Study Design
This participatory study was conducted between May 2023 and
October 2024 as part of the Digital Health Zurich initiative
[20]—a collaboration between the University of Zurich, the
University Hospital of Zurich, and the Zurich University of
Applied Sciences. The overarching goal of Digital Health Zurich
is to create a sustainable, data-driven, and cross-institutional
digital ecosystem by fostering collaboration between patients,
health care professionals, technology developers, and researchers
in Zurich and beyond. The initiative aims to translate research
into real-world digital health solutions, with a strong focus on
patient and provider needs, participatory development,
cross-institutional cooperation, and innovation within the health
care system. As a use case, this study was conducted at the

University Hospital Zurich in collaboration with the Department
of Oncology and Hematology and the Comprehensive Cancer
Center Zurich.

The stakeholders included in the study were patients with cancer
and patient advocates, cancer nurses, supportive care specialists,
oncologists, and the research team; more details are listed in
the Study Participants and Stakeholders section. Figure 1 shows
an overview of the study design, using iterative stakeholder
engagement, user-centered approaches, and design thinking
techniques. The study can be divided into different phases,
similar to the framework suggested by Noorbergen et al [18]
for co-designing mHealth systems, which is a novel extension
of the work by Sanders and Stappers [21]. The predesign phase
aimed to understand the context of supportive cancer care at
the University Hospital of Zurich, including the challenges faced
by cancer nurses and patients in accessing supportive cancer
care. The generative phase focused on brainstorming digital
health app functionalities, as well as identifying potential factors
that may impact future uptake of the technology. The
prototyping phase, taking into account the findings from the
previous phases, aimed to iteratively develop a prototype of the
digital health app by gathering feedback from the intended users.
Between June 2023 and October 2024, the research team held
collaborative workshops, focus groups with cancer nurses, and
qualitative interviews with patients and patient advocates.

Figure 1. Participatory study design using iterative stakeholder engagement, divided into 3 phases: predesign, generative, and prototyping.

Study Participants and Stakeholders

Patients With Cancer and Patient Advocates
Patients with cancer and patient advocates were recruited for
the study. Inclusion criteria for patients with cancer were: (1)
current treatment for cancer at the oncologic day clinic of the
Department of Oncology and Hematology, (2) age ≥18 years,
and (3) ability to speak German, Italian, or English. As patients

with cancer often experience fatigue and may face challenges
in participating in research activities, patient advocates from
the SAKK (today Swiss Cancer Institute) were also included.
These advocates were survivors of cancer in remission, enabling
them to contribute insights from both patient and survivor
perspectives. Their ability to engage more actively made them
valuable contributors to the research. Inclusion criteria for
patient advocates were (1) history of cancer, (2) age ≥18 years,
and (3) ability to speak German, Italian, or English.
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Cancer Nurses
Cancer nurses were included in the study. Inclusion criteria
were employment at the Department of Oncology and
Hematology of the University Hospital Zurich.

Supportive Care Specialists
Supportive care professionals, including a supportive care nurse,
a nutritionist, 2 physiotherapists, and medical doctors with
specializations in oncology, palliative care, and complementary
medicine, were engaged in the participatory study to share their
expertise and ensure that the app aligned with clinical practices
in supportive cancer care.

Research Team
The research team consisted of one cancer nurse and one
oncology doctor, researchers in digital health, computer science,
computational health, and medical informatics, as well as a user
experience designer. Two of the computer science researchers
also contributed as software developers for the digital health
app. Digital health researchers were responsible for organizing,
moderating, and conducting the research activities. One of the
computer science researchers supported data collection.

Recruitment of Patients With Cancer, Patient
Advocates, and Cancer Nurses
Patients with cancer were recruited by cancer nurses from the
Department of Oncology and Hematology at the University
Hospital Zurich. Potential participants were introduced to the
study through an informational flyer describing the study
procedures and offering the option to participate in interviews
while receiving systemic antineoplastic therapy at the oncologic
day clinic. Interested patients could provide their contact details
and suggest a convenient date and time for an interview with a
researcher. Of the 8 patients who provided their contact details,
a total of 6 agreed to participate in the study. Patient advocates
were identified by the coordinator of patient advocates at SAKK,
and 4 agreed to participate. A total of 5 nurses were recruited
by a project team member who also works as an oncology nurse
at the day clinic.

Study Procedure
Between June 2023 and October 2024, data were collected
through collaborative workshops, focus groups with oncology
nurses, and qualitative interviews with patients with cancer and
patient advocates. Interviews and focus groups were conducted
in German, English, or Italian, while workshops were held in
English, the working language of the project team. Focus groups
and interviews were audio-recorded, whereas workshops were
documented by 2 researchers who took notes, cross-checked
them, and shared the notes with the wider team.

Phase 1: Predesign
The predesign phase consisted of a collaborative workshop with
the research team, one focus group with cancer nurses, and
individual qualitative interviews with patients and patient
advocates. The initial workshop aimed to map the context of
supportive cancer care at the hospital and define the study
problem statement. The subsequent 1.5-hour focus group with
cancer nurses was guided by questions on their experiences with

supportive care, challenges in daily practice, and opportunities
for digital health to enhance supportive care. In parallel,
interviews with patients with cancer and patient advocates
explored their experiences with supportive care services and
their views on how digital health tools could support their needs.

Phase 2: Generative
The generative phase included a second collaborative workshop
with the research team, qualitative interviews with patients with
cancer and patient advocates, and a workshop with supportive
care specialists. Informed by the predesign phase, the research
team specified potential functionalities for integration into the
app. During the interviews, patients and patient advocates were
asked to reflect on potential app functionalities, suggest
additional features, and discuss factors that might influence the
uptake of digital health interventions. To prioritize
functionalities, a scoring exercise was included in which
participants rated each feature on a scale from 1 to 10, with 10
indicating a “must-have” functionality. The collaborative
workshop with the research team focused on brainstorming
digital health solutions and proposing an initial structure for the
app. As the preceding step highlighted the need to personalize
supportive care for patients with cancer, a 2-hour workshop was
conducted with supportive care specialists and digital health
researchers, during which participants co-designed a rule-based
algorithm to tailor supportive care.

Phase 3: Prototyping
From July to October 2024, the prototyping phase was
conducted. Based on insights from the previous phases, a digital
health researcher iteratively developed user requirements and
specifications documented in Confluence [22], which were then
translated into user interface designs with Figma [23] by the
user experience designer. A user flow was created to outline
app navigation, and this flow was tested by 2 cancer nurses and
4 patient advocates. The prototype of the user interface was
subsequently developed and iteratively reviewed by the same
group. Participants were encouraged to verbalize their
impressions, identify challenges in navigation, and comment
on the clarity and usefulness of the proposed functionalities.
Finally, a workshop involving health care professionals and the
research team was held to evaluate and further refine the
prototype.

A meeting between the software developers and the IT
department of the hospital was also held to assess different
digital solutions and explore how these could potentially be
integrated into the IT system of the hospital.

Data Analysis
The qualitative data from interviews and focus groups were
transcribed, translated, and analyzed using thematic analysis,
following Braun and Clarke [24] methodology.

All audio recordings were transcribed orthographically using
OpenAI Whisper [25], performed locally to ensure data security.
Transcripts were translated to English, initially using Whisper
and then manually checked and corrected by bilingual
researchers who conducted the interviews, ensuring high-quality
transcription and translation. The corrected transcripts were
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used for analysis. Thematic analysis was conducted following
the six-step process [24]: (1) familiarization with the data, (2)
generating codes, (3) searching for themes, (4) reviewing
themes, (5) defining and naming themes, and (6) producing a
report. To reduce bias, analyses were conducted by the first 2
coauthors of this study. During familiarization, the first 2
coauthors read transcripts multiple times and highlighted text
segments relevant to 5 aspects: app and dashboard
functionalities, barriers and facilitators to use, challenges with
the health care system and supportive care, and experiences
with digital devices. Initial codes were generated using an open
coding approach, capturing meaningful segments without
predefined categories. Codes were then grouped based on
similarity to identify patterns and inform preliminary theme
development.

Themes were iteratively reviewed, refined, and organized into
coherent subthemes, with disagreements resolved through
discussion between the first 2 coauthors. Theme names were
defined to accurately reflect core concepts, and data extracts
were used to support each theme. Results were summarized
with mind maps, journey maps, and frequencies of reported
themes. Median and ranges were reported to summarize
scorecards on functionalities.

Unified Theory of Acceptance and Uptake of
Technologies
As it is important to identify factors influencing acceptance
early in the design phase to guide design choices and improve
engagement, the Unified Theory of Acceptance and Use of
Technology (UTAUT) framework was used to guide reporting
of the results [26]. Originally developed to predict technology
acceptance in organizational settings, the framework has been
validated in health care contexts [27] and adapted for mHealth
adoption in cancer care [28]. The validated framework by
Philippi et al [28] identifies 3 key predictors of acceptance:
performance expectancy, effort expectancy, and social influence.
Internet anxiety moderates their effects.

Performance expectancy refers to the extent to which an
individual believes the technology will be beneficial and is
considered the strongest predictor of acceptance. Effort
expectancy describes the perceived ease of use of the system,
with higher effort expectancy (ie, lower ease of use) negatively
impacting acceptance. Social influence refers to the degree to

which users perceive that significant others encourage system
usage, positively influencing adoption. Internet anxiety
moderates the relationship between effort expectancy and social
influence, potentially hindering adoption. Specifically, the
UTAUT was used to report the identified themes related to
barriers and facilitators to uptake.

Sample Size and the Principle of Saturation
Although the study initially aimed to enroll approximately 30
participants for qualitative interviews and focus groups, the
principle of thematic and design saturation was applied [29].
Recruitment was stopped once no new themes emerged, ensuring
that data collection was both rigorous and meaningful without
overburdening participants. For instance, when 2 or more
consecutive interviews or focus groups did not reveal new
themes or suggest new design features, the recruitment was
stopped. This approach is consistent with co-design studies in
digital health, where sample sizes are often small and vary
widely; a recent umbrella review reported that as few as 2
participants have been included in some co-design projects [30].
In addition, as mentioned by Arcia at al [31] what matters most
is not the absolute number of participants, but the iterative
design process and achievement of thematic and design
saturation, both of which were ensured in this study.

Results

Demographics, Experience With Digital Tools, and
Other Characteristics of Patients With Cancer, Patient
Advocates, and Cancer Nurses
A total of 6 patients with cancer and 4 patient advocates
participated in the study (Table 1). Their ages ranged from 29
to 75 years, with a mean of 50.3 years. Four participants were
female. Most held advanced university degrees, with 6 out of
10 having completed a bachelor’s degree or higher (ie, master’s
or PhD). None were employed full-time at the time of the study;
4 worked part-time, and 2 were retired. All participants owned
both a smartphone and a computer. While all reported daily
smartphone use, 7 also used a computer daily, and 6 owned a
tablet. Half of the participants rarely needed assistance when
using digital devices, 4 required help occasionally, and 1 needed
assistance daily. All nurses who participated in the study were
female, aged between 37 and 53 years, with at least 10 years of
experience in oncology nursing.
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Table 1. Sociodemographic characteristics, device ownership, daily use, and need for assistance with digital devices among patients with cancer and
patient advocates (N=10).

Patients with cancer (n=6)Patient advocates (n=4)Total sample (N=10)Characteristic

47.5 (29-67)51 (47-75)50.3 (29-75)Age (years), mean (range)

Sex, n (%)

3 (50)1 (25)4 (40)Female

3 (50)3 (75)6 (60)Male

Education level, n (%)

0 (0)0 (0)0 (0)Primary education

3 (50)1 (25)4 (40)Secondary education

3 (50)3 (75)6 (60)Tertiary education

Working status, n (%)

0 (0)0 (0)0 (0)Full time

2 (33.3)2 (50)4 (40)Part time

3 (50)1 (25)4 (40)Unable to work for health reasons

1 (16.7)1 (25)2 (20)Retired

0 (0)0 (0)0 (0)Unemployed

Ownership of digital devices, n (%)

6 (100)4 (100)10 (100)Computer or laptop

6 (100)4 (100)10 (100)Smartphone

2 (33.3)3 (75)5 (50)Tablet

Daily use of digital devices, n (%)

3 (50)4 (100)7 (70)Computer or laptop

6 (100)4 (100)10 (100)Smartphone

1 (16.7)2 (50)3 (30)Tablet

Need for assistance when using digital devices, n (%)

3 (50)2 (50)5 (50)Rarely

2 (33.3)2 (50)4 (40)Sometimes

1 (16.7)0 (0)1 (10)Daily

Phase 1 (Predesign): Supportive Care Pathway,
Challenges, and Opportunities for Digital Health
Figure 2 shows the supportive care pathways at the University
Hospital Zurich. Patients may access supportive care services
through oncology nursing consultations, physician consultations,
or direct contact. At the initial nursing consultation, supportive
care needs are assessed using standardized paper-based PROMs,
specifically the EORTC QLQ-C30 [8] and the NCCN Distress
Thermometer [9]. Based on these assessments, nurses provide
referrals to one or more of the 12 supportive care services
offered, and patients additionally receive a supportive care
brochure.

The predesign phase revealed 4 major themes regarding
challenges and opportunities for digitalization in supportive
cancer care at the University Hospital Zurich (Figure 3). Nurses,
patients, and patient advocates highlighted the need for
digitalization and standardization of supportive care, suggesting
that digital platforms could replace paper-based PROMs,

improve screening rates, and allow consultations to focus on
discussing patient responses. As one cancer nurse explained:

At the moment, we give patients a paper-and-pencil
version of the screening when they come to the
hospital. […] So, the digital screening should actually
improve this by allowing patients to answer in
advance […]. This way, patients can complete it at
home, and we can spend more time discussing their
responses during the consultation. [Cancer Nurse 2,
focus group]

Communication challenges were also emphasized, including
difficulties in reaching doctors, treatment-related fatigue, and
language barriers. One patient advocate noted:

It's difficult [the communication with healthcare
professionals] ... most of the time, my oncologist
answers quite quickly. But sometimes he has too many
things to do. [Patient Advocate 3]

Patients reported information overload, describing the volume
of paper-based brochures and consultations as overwhelming,
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and expressed a preference for simplified, trustworthy, and
personalized digital resources.

I have read a few things but, in the end, I was so
overwhelmed with the conversations. Before each
surgery, you have a conversation with the surgeon
or the radiologist and then with the anesthetist and
then again, a conversation and then you get a few
more documents […] [Cancer Patient 6]

Finally, the importance of connection and social support was
highlighted. Patients valued peer support and digital

opportunities to connect, but also emphasized that face-to-face
consultations remain indispensable.

If I had an app for my illness, it would be good, but
it would make everything so virtual, and you still need
to connect with people in real life. [Cancer Patient 4]

These themes and their relationships are summarized visually
in Figure 3. More illustrative quotes can be found in Multimedia
Appendix 1.

Figure 2. Mapping of supportive care pathways at the University Hospital Zurich.
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Figure 3. Challenges and opportunities for digitalization in supportive cancer care at the University Hospital Zurich. Themes were derived from
interviews and focus groups with patients with cancer, patient advocates, and oncology nurses, and informed subsequent app functionalities.

Phase 2 (Generative): Functionalities and Integration
in the Supportive Care Pathway
Table 2 summarizes the functionalities of the digital health app,
named OncoSupport+, that were either proposed by the research
team or suggested by patients, mapped to the related themes
identified in phase 1 (Figure 3). Functionalities developed by
the research team were rated by patients on a scale from 1 to
10, where higher scores indicated greater perceived importance.
Personalized information on supportive care (median 9.5) and
digital PROMs screening (median 9.0) were rated as the most
relevant features. Other functionalities, including self-help group
information, a diary for consultations, and PROMs visualization,
also received favorable ratings (all medians ≥7). Patients

suggested several additional functionalities, including
patient–health care professional chat (proposed by 6
participants), patient–patient chat (5 participants),
self-management advice and symptom checking (5 participants),
proactive contact from health care professionals (4 participants),
reminders (4 participants), sharing data with family and friends
(3 participants), information about cancer types (3 participants),
patient stories (3 participants), and supportive care information
for relatives (2 participants). Several of these patient-suggested
features were integrated into the app (eg, reminders, patient
stories, cancer type information, and peer support links), while
others were not implemented due to scope limitations or
regulatory considerations.
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Table 2. Proposed functionalities for OncoSupport+, by source (research team vs patients), with brief descriptions, related themes identified in the
predesign phase (Figure 3), ratings by patients and patient advocates.

Included
(yes/no)

Frequency of
suggestions,n

Median
(range)

Related theme (phase 1)DescriptionFunctionality

Yes—f9.0

(6-10)

Digitalization and standard-
ization; communication

Scheduled digital assessment of supportive
care needs using standardized instruments:

EORTC QLQ-C30c and NCCNd Distress

thermometer (ePROMse).

Digital PROMsa screeningb

Yes—9.5

(7-10)

Information overload and
self-efficacy

Personalized list of relevant supportive-care
services and contact details generated from
the patient profile and ePROMs results.

Personalized information on

supportive careb

Yes—7.5

(2-10)

Information; connection,
and peer support

Link to verified cancer self-help and peer-
support groups.

Self-help group informa-

tionb

Yes—7.5

(3-10)

CommunicationFree-text notes to record symptoms not
captured by ePROMs and questions for
nursing consultations.

Diary for consultationsb

Yes—7.0

(2-10)

Communication; self-effica-
cy

Dashboards for patients and cancer nurses
displaying ePROMs and trends over time,
with integration of diary notes.

PROMs visualizationb

No6—CommunicationMessaging between patients and cancer
nurses.

Patient–Health Care

Provider chatg

Yes5—Connection and peer supportLink to a peer-support platform provided
by the cancer association.

Patient–patient chatg

No5—Self-efficacyPersonalized symptom management advice
based on reported symptoms and ePROMs
results.

Symptom checker and self-

management adviceg

No4—CommunicationNurse-initiated outreach (phone or email)
triggered by digital PROMs screening.

Proactive contact from
health care provided (phone

or email)g

Yes4—Self-efficacyAutomated reminders for clinic appoint-
ments and ePROMs completion by email,
SMS, or mailed letter.

Appointment and PROMs

remindersg

No3—Social supportPatient-controlled sharing of selected
PROMs summaries with family members
and friends.

Sharing data with family and

friendsg

Yes3—Information overload; self-
efficacy

Evidence-based educational content on
cancer diagnoses, treatments, and common
side effects.

Information about cancer

typesg

Yes3—Emotional support and con-
nection

Positive stories and experiences from pa-
tients and survivors to support coping with
cancer.

Patient stories and experi-

encesg

No2—Social supportResources for relatives on available services
and practical guidance.

Supportive care information

for relativesg

aPROMs: patient-reported outcome measures.
bResearch team suggestions.
cEORTC QLQ-C30: European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core 30.
dNCCN: National Comprehensive Cancer Network.
eePROMs: electronic patient-reported outcome measures.
fNot available.
gPatient suggestions.

Figure 4 summarizes how OncoSupport+ and the included
functionalities are integrated into the supportive care pathway.
Patients complete digital PROMs screenings (Multimedia
Appendix 2 lists the entire digital screening questionnaires,
including the EORTC QLQ-C30 and the NCCN Distress

Thermometer tool) in the week before their consultation, after
which the app provides personalized supportive care information
and other more general information, such as self-help groups
and the peer-support platform. During the consultation, nurses
access a dashboard displaying PROMs, diary notes, and
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personalized information for supportive care and can recommend
supportive care services. During the cancer treatment journey,
patients use the app at least 3 times: at the beginning, halfway
through treatment, and at the end.

To provide personalized supportive care information based on
digital PROMs screening and the patient profile, a rule-based
algorithm was developed in collaboration with supportive care
specialists at the hospital. This algorithm prioritizes supportive

care services and provides personalized information based on
the symptoms and needs reported by patients and is based on
medical knowledge and published scientific literature. For
example, psycho-oncology is prioritized if a patient reports a
distress score ≥5 on the NCCN Distress Thermometer and rates
at least one emotional or social functioning item as “very much.”
A detailed description of the algorithm and its rules is provided
in Multimedia Appendix 3.

Figure 4. Integration of OncoSupport+ into the supportive care pathway.

Factors Potentially Impacting the Uptake of the Digital
Health App OncoSupport+
Factors influencing the potential uptake of OncoSupport+ were
mapped to the UTAUT framework (Figure 5; Multimedia
Appendix 1 shows supporting quotes). Improved communication
with health care professionals was the strongest driver of
performance expectancy. Social influence was also important,

as patients indicated they would be more likely to use the app
if recommended during consultations. Effort expectancy was
reflected in the preference for a simple, intuitive interface,
particularly among older users or those with lower digital
literacy. Facilitating conditions included integration into routine
nursing consultations and the availability of technical support.
Conversely, privacy concerns and internet anxiety emerged as
barriers that may limit adoption.

Figure 5. Unified Theory of Acceptance and Use of Technology model illustrating factors affecting acceptance of OncoSupport+. Performance
expectancy, social influence, and expected efforts positively correlate behavioral intention (black lines), whereas internet anxiety negatively correlates
with behavioral intention (gray line) and moderates the relationships between social influence and expected effort (gray dotted line).
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Prototyping
In the prototyping phase, the requirements identified in earlier
stages were translated into user interface designs and iteratively
refined with patient advocates and cancer nurses. A user flow
was first created to map the patient and health care professional
(ie, cancer nurses) journey through the app. Patients can
self-register, whereas cancer nurse accounts, which allow access
to multiple patient records, can only be created by the

OncoSupport+ development team to ensure proper verification
and compliance with data security protocols.

The first low-fidelity prototype (Figure 6) underwent usability
testing, where some patient advocates expressed discomfort
with frequently viewing symptom trajectories. This led to
relocating the symptom overview to a dedicated section, while
the digital screening and personalized information sections were
emphasized.

Figure 6. First version of the low-fidelity prototype displaying the main functionalities: digital screening, personalized information on supportive care
services, and patient-reported outcome measures (PROMs) visualization.

A second low-fidelity prototype (Figure 7) underwent further
feedback from patients and one cancer nurse. The cancer nurse
recommended replacing red and green color schemes with
neutral tones and adding bar charts to facilitate intuitive
interpretation of symptom trends. Patient advocates suggested
replacing clinical images with neutral, calming visuals and
simplifying terminology.

Based on this feedback, a high-fidelity prototype (Figure 8)
with responsive design was developed, compatible with both
smartphones and laptops. A landing page was introduced to
increase transparency about data storage and use and to highlight
the key benefits of the app, particularly its potential to enhance
communication between patients and health care professionals.
Calming images were also integrated to improve the user
experience. More details about the IT infrastructure can be found
in Multimedia Appendix 4.
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Figure 7. Second version of the low fidelity prototype displaying the main functionalities: digital screening, personalized information on supportive
care services, and patient-reported outcome measures (PROMs) visualization.
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Figure 8. High-fidelity prototype showing the digital screening functionality and the personalized information on supportive care functionality.

Discussion

Principal Results
This study reports the end-to-end co-design of OncoSupport+,
a supportive cancer care app developed with patients with cancer
and cancer nurses. The co-design approach identified challenges
in supportive care and opportunities for digital health
technology, generated a set of functionalities to address these

challenges, and iteratively produced a prototype. As improving
patient–health care professional communication and
standardization and digitalization of supportive care were
primary challenges, the OncoSupport+ app was designed to
integrate a digital PROMs screening for supportive care using
standardized oncology questionnaires (ie, EORTC QLQ-C30
and the NCCN Distress Thermometer) into the supportive care
pathway. In addition, as enhancing self-efficacy, managing
information overload, and receiving support from peers and
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health care professionals appeared to be very important,
OncoSupport+ prepares patients for in-person nursing
consultations by providing personalized information, access to
supportive care services, and links to self-help groups,
patient-to-patient chats, and stories from other patients with
cancer. These features may prepare patients effectively for
consultations, thereby improving the overall quality of the
interaction between patients and health care professionals and
their sense of empowerment. While meeting the performance
expectations of patients and health care professionals is a
primary driver for the uptake of the technology [28], the
development of an easy-to-use app, its introduction by health
care professionals, and the provision of technical support may
be critical for improving overall adoption. However, concerns
related to interacting with a digital environment (eg, internet
anxiety) may hinder this adoption. Future usability and
feasibility studies will further evaluate the implementation
feasibility, real-world usability, and acceptance of
OncoSupport+ in clinical practice.

Comparison With Previous Work
The challenges identified in this study highlight the critical role
of communication between patients and health care
professionals, a domain where digital health technologies may
play an important role. These technologies are not intended to
replace health care professionals but rather to enhance and
facilitate interactions with patients [32]. Consistent with
previous research and systematic reviews [3], effective
communication has been recognized as a key supportive care
need. Not surprisingly, effective communication in cancer care
has long been associated with improved medical and
psychosocial outcomes, including reduced distress and increased
satisfaction for both patients and clinicians [33]. Moreover, the
European Society for Medical Oncology supports the integration
of digital symptom monitoring, including the assessment of
PROMs, as a vital element of cancer supportive care [34].
Evidence suggests that the use and digitalization of PROMs
significantly enhance communication between patients and
health care professionals [35]. For instance, a systematic review
by Yang et al [35] suggests several mechanisms through which
PROMs influence communication. These include increasing
symptom awareness for both patients and health care
professionals, prompting discussions (eg, addressing patient
fears or uncertainty about disclosing symptoms), streamlining
consultations (eg, using PROMs as a guide to direct health care
professionals toward key patient-reported symptoms), and
facilitating interprofessional communication between health
care professionals (eg, enabling standardized patient tracking
and optimizing the transfer of information). These mechanisms
illustrate how PROMs may be a valuable tool for improving
the quality of communication and, thereby, potentially enhancing
clinical outcomes.

The findings of this study suggest that improving empowerment
and self-efficacy in patients with cancer may be an important
aspect of digital interventions in supportive care, consistent
with previous research in this field. Recent systematic reviews
[36,37] have indicated that digital health interventions, such as
mobile apps and web-based platforms incorporating educational
resources, interactive tools, medication reminders, and

self-management features, may encourage patients to actively
engage in their health care by enhancing empowerment and
increasing self-efficacy. This enhanced sense of empowerment
has been associated with better adherence to treatment regimens
and more proactive health behaviors [37]. However, while
digital health interventions that incorporate educational
resources and self-management tools have been more
consistently associated with increased self-efficacy, their direct
impact on clinical outcomes, such as symptom reduction and
improvements in quality of life, remains inconsistent across
studies [38]. Although OncoSupport+ includes features related
to informational and educational resources, appointment
reminders, and tools to facilitate patient interaction, future
research may explore the integration of self-management advice
for symptom management to further enhance patient
empowerment [39]. Additionally, while chat functions and
telemedicine tools could further improve communication and
self-efficacy, these features were not feasible for implementation
in OncoSupport+. As patients value such tools, future research
may focus on exploring the role of telemedicine solutions or
artificial-intelligence–based chatbots in enhancing patient
outcomes.

The digitalization of supportive care screenings and processes
presents both significant opportunities and considerable
challenges for hospitals. Digital transformation is reshaping
health care by enhancing clinical workflows and promoting
patient-centered care [40]. Implementing digital tools can
improve efficiency and the quality of care, thereby reducing
waste in health care costs. For instance, as reported by health
care professionals interviewed in our participatory study, a
separate study has shown that digital questionnaires significantly
reduce the administrative burden on nurses compared to
traditional paper-based questionnaires, allowing them to dedicate
more time to patient care and resulting in substantial reductions
in paper consumption [41]. Similarly, the adoption of electronic
health record systems has been shown to facilitate better patient
data management and streamline workflows. However, the
transition to digital systems is not without challenges. Hospitals
often face issues such as interoperability, strict data security
regulations, the need for comprehensive staff training, and
potential resistance to change among both health care
professionals and patients [40]. This has been shown for cancer
care as well [42]. Additionally, the lack of standardization across
different IT systems at the hospital can hinder the seamless
integration of digital tools. For example, the unsuccessful
implementation of a nationwide digital patient dossier in
Switzerland highlights the difficulties associated with a
fragmented health care infrastructure and the absence of
standardized frameworks [43]. Therefore, while digitalization
offers promising benefits, careful consideration and strategic
planning are essential to effectively navigate the associated
challenges.

This study explored factors influencing the future acceptance
of digital health apps like OncoSupport+, aligning with the
UTAUT framework, which has been validated using quantitative
data from digital health interventions [28]. An interesting finding
concerns internet anxiety and the observation that age does not
appear to be a barrier to technology acceptance. Internet anxiety,
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defined as the fear or discomfort individuals experience when
using online technologies, can hinder the adoption of digital
health solutions [28]. Previous research indicates that while age
is not a significant predictor of health technology acceptance
[44], it correlates with internet anxiety—an important factor in
adoption. Moreover, individuals with lower digital literacy [45]
tend to exhibit higher levels of internet anxiety. Although these
results appear to be in line with previous literature, a larger and
more representative sample may confirm the role of internet
anxiety in relation to digital health technology acceptance in
patients with cancer. However, providing adequate training and
support can help alleviate these concerns, thereby enhancing
the adoption of digital health technologies.

Strengths and Limitations
This study has both strengths and limitations that should be
considered when interpreting the results. The relatively small
sample size (N=10 patients with cancer and patient advocates)
may limit generalizability. However, the principle of thematic
saturation was applied to ensure that no new themes emerged,
supporting the adequacy of the sample. In addition, the inclusion
of a significant number of female participants may account for
gender-related biases in digital health acceptance. The patient
group may not fully represent the broader population of patients
with cancer, as most participants were aged below the average
age of people with cancer and had a tertiary education level,
higher than the Swiss national average. As education level
correlates with digital literacy and some participants were highly
experienced with digital health tools, acceptance of
OncoSupport+ may differ in populations with lower digital
experience. While individual interviews provided valuable
insights, future research may benefit from workshops involving
different user groups (eg, patients, nurses, family members, and

caregivers) to foster mutual understanding and refine the
co-design process. Although this study primarily examined user
acceptance using the UTAUT framework, future implementation
studies may apply frameworks such as Nonadoption,
Abandonment, Scale-up, Spread, and Sustainability framework
[46] or the Consolidated Framework for Implementation
Research [47] to explore technology, organizational, and
system-level factors affecting implementation and adoption. A
key strength of this study is the direct integration of perspectives
of patients, ensuring that OncoSupport+ is aligned with user
needs and expectations, and the use of a structured co-design
framework to guide development.

Conclusion
This study highlights the feasibility and importance of
collaborative design in developing digital health applications
and interventions, emphasizing the need for direct involvement
of patients and health care professionals in the development
process. The findings suggest that digital interventions such as
OncoSupport+ may include features and functionalities to
enhance patient–health care professional communication,
facilitate the digitalization of supportive care screenings, and
support patient empowerment and self-efficacy by providing
personalized information on supportive care services, promoting
connection with other patients, and offering self-management
advice. However, while OncoSupport+ appears to meet the
performance expectations of both patients and health care
professionals, future research is needed to evaluate its
implementation feasibility and determine whether it can
effectively improve communication, enhance self-efficacy, and
ultimately lead to better health outcomes, such as improved
quality of life.

Acknowledgments
The authors thank Helén Johanna Luedtke for her assistance with the recruitment phase at the Department of Oncology and
Hematology of the Zurich University Hospital and Bruno Ceolin Argenta for his help in creating Figma prototypes in the prototyping
phase. We also thank the supportive care specialists working at the Zurich University Hospital who participated in our workshop
and contributed to creating the knowledge-based algorithm: Maja Zenz, PhD; Prof Dr med David Blum; Christina Gassmann;
Nicola Greco; and Anastasios Manettas. This study was supported by the Digitalization Initiative of the Zurich Higher Education
Institutions (DIZH).

This study used OpenAI Whisper AI to transcribe qualitative data. To ensure accuracy, researchers manually reviewed and verified
transcripts by cross-checking them with the original audio recordings. Additionally, generative AI–assisted tools were used solely
to support grammar correction and language refinement, with the goal of improving readability. No content, data interpretation,
or results were generated by AI. All final decisions regarding the wording, content, interpretation of results, and conclusions were
made by the research team. The authors take full responsibility for the integrity and accuracy of the work presented.

The funder had no involvement in the study design, data collection, analysis, interpretation, or the writing of the manuscript.

Data Availability
The dataset generated and analyzed during this study is not publicly available because it is being used for the ongoing development
of the digital health app OncoSupport+ at the University Hospital Zurich, but it is available from the corresponding author upon
reasonable request.

Authors' Contributions
Conceptualization: CMW, MK, AW, AG, SD
Data curation: SD, MMB, CL

JMIR Hum Factors 2025 | vol. 12 | e73829 | p. 15https://humanfactors.jmir.org/2025/1/e73829
(page number not for citation purposes)

Difrancesco et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Formal analysis: SD, MMB
Funding acquisition: KM, CMW, KS, SH, PA, SM, AW, AG
Investigation: SD, MMB
Methodology: CMW, SD
Project administration: SD
Software: KS, CL, SH, YZ
Visualization: SD, CL
Writing – original draft: SD
Writing – review & editing: MMB, CL, KS, CMW, MK, AG, AW, SH, PA, SM, MR

Conflicts of Interest
CMW has active research grants to the University for Digital Health Projects from the DIZH, the Swiss Cancer Research
Foundation, the German Health Care Innovation Fund, and Newsense Lab GmbH and has received honoraria from Swiss hospitals
for scientific presentations on the digitalization and AI in medicine. MK is cofounder and AI advisor at Oncobit but has no
conflicts of interest related to this study. The remaining coauthors declare no conflicts of interest.

Multimedia Appendix 1
Thematic analysis and results.
[DOCX File , 4547 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Digital screening questionnaires.
[DOCX File , 23 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Knowledge-based algorithm to connect patient-reported outcome measures to supportive care services.
[DOCX File , 79 KB-Multimedia Appendix 3]

Multimedia Appendix 4
IT Infrastructure.
[DOCX File , 3734 KB-Multimedia Appendix 4]

References

1. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, et al. Global cancer statistics 2022: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2024;74(3):229-263.
[FREE Full text] [doi: 10.3322/caac.21834] [Medline: 38572751]

2. De Angelis R, Demuru E, Baili P, Troussard X, Katalinic A, Chirlaque Lopez MD, et al. EUROCARE-6 Working Group.
Complete cancer prevalence in Europe in 2020 by disease duration and country (EUROCARE-6): a population-based study.
Lancet Oncol. 2024;25(3):293-307. [doi: 10.1016/S1470-2045(23)00646-0] [Medline: 38307102]

3. Evans Webb M, Murray E, Younger ZW, Goodfellow H, Ross J. The supportive care needs of cancer patients: a systematic
review. J Cancer Educ. 2021;36(5):899-908. [FREE Full text] [doi: 10.1007/s13187-020-01941-9] [Medline: 33492650]

4. Scotté F, Taylor A, Davies A. Supportive care: The "Keystone" of modern oncology practice. Cancers (Basel).
2023;15(15):3860. [FREE Full text] [doi: 10.3390/cancers15153860] [Medline: 37568675]

5. Keane D, Phillips G, Mitchell N, Connolly RM, Hegarty J. Improving quality of life and symptom experience in patients
with metastatic breast cancer: a systematic review of supportive care interventions. Psychooncology. 2023;32(8):1192-1207.
[doi: 10.1002/pon.6183] [Medline: 37434307]

6. Basch E, Deal AM, Dueck AC, Scher HI, Kris MG, Hudis C, et al. Overall survival results of a trial assessing patient-reported
outcomes for symptom monitoring during routine cancer treatment. JAMA. 2017;318(2):197-198. [FREE Full text] [doi:
10.1001/jama.2017.7156] [Medline: 28586821]

7. Chan RJ, Knowles R, Ashbury FD, Bowen J, Chan A, Chin M, et al. Supportive care 2030 movement: towards unifying
ambitions for global excellence in supportive cancer care – an international Delphi study. EClinicalMedicine. 2024;76:102825.
[FREE Full text] [doi: 10.1016/j.eclinm.2024.102825] [Medline: 39309723]

8. Fayers P, Bottomley A, EORTC Quality of Life Group, Quality of Life Unit. Quality of life research within the EORTC—the
EORTC QLQ-C30. European Organisation for Research and Treatment of Cancer. Eur J Cancer. 2002;38 Suppl 4:S125-S133.
[doi: 10.1016/s0959-8049(01)00448-8] [Medline: 11858978]

JMIR Hum Factors 2025 | vol. 12 | e73829 | p. 16https://humanfactors.jmir.org/2025/1/e73829
(page number not for citation purposes)

Difrancesco et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v12i1e73829_app1.docx&filename=41bd2f5202cd0d5800c6546c9831a885.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e73829_app1.docx&filename=41bd2f5202cd0d5800c6546c9831a885.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e73829_app2.docx&filename=e9699e136ab12ae3fc22871190a125c2.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e73829_app2.docx&filename=e9699e136ab12ae3fc22871190a125c2.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e73829_app3.docx&filename=b9136d902450612b51bf42144f772246.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e73829_app3.docx&filename=b9136d902450612b51bf42144f772246.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e73829_app4.docx&filename=5294e9bd16e4a3a5b44539569db58de4.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e73829_app4.docx&filename=5294e9bd16e4a3a5b44539569db58de4.docx
https://onlinelibrary.wiley.com/doi/10.3322/caac.21834
http://dx.doi.org/10.3322/caac.21834
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38572751&dopt=Abstract
http://dx.doi.org/10.1016/S1470-2045(23)00646-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38307102&dopt=Abstract
https://europepmc.org/abstract/MED/33492650
http://dx.doi.org/10.1007/s13187-020-01941-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33492650&dopt=Abstract
https://www.mdpi.com/resolver?pii=cancers15153860
http://dx.doi.org/10.3390/cancers15153860
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37568675&dopt=Abstract
http://dx.doi.org/10.1002/pon.6183
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37434307&dopt=Abstract
https://europepmc.org/abstract/MED/28586821
http://dx.doi.org/10.1001/jama.2017.7156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28586821&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2589-5370(24)00404-8
http://dx.doi.org/10.1016/j.eclinm.2024.102825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39309723&dopt=Abstract
http://dx.doi.org/10.1016/s0959-8049(01)00448-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11858978&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


9. Donovan KA, Grassi L, McGinty HL, Jacobsen PB. Validation of the distress thermometer worldwide: state of the science.
Psychooncology. 2014;23(3):241-250. [doi: 10.1002/pon.3430] [Medline: 25160838]

10. Aapro M, Bossi P, Dasari A, Fallowfield L, Gascón P, Geller M, et al. Digital health for optimal supportive care in oncology:
benefits, limits, and future perspectives. Support Care Cancer. 2020;28(10):4589-4612. [FREE Full text] [doi:
10.1007/s00520-020-05539-1] [Medline: 32533435]

11. Shaffer KM, Turner KL, Siwik C, Gonzalez BD, Upasani R, Glazer JV, et al. Digital health and telehealth in cancer care:
a scoping review of reviews. Lancet Digit Health. 2023;5(5):e316-e327. [FREE Full text] [doi:
10.1016/S2589-7500(23)00049-3] [Medline: 37100545]

12. Vaffis S, Whaley S, Axon DR, Hall-Lipsy E, Hincapie A, Slack M, et al. Features of cancer mHealth apps and evidence
for patient preferences: scoping literature review. JMIR Cancer. 2023;9:e37330. [FREE Full text] [doi: 10.2196/37330]
[Medline: 37115587]

13. Meirte J, Hellemans N, Anthonissen M, Denteneer L, Maertens K, Moortgat P, et al. Benefits and disadvantages of electronic
patient-reported outcome measures: systematic review. JMIR Perioper Med. 2020;3(1):e15588. [FREE Full text] [doi:
10.2196/15588] [Medline: 33393920]

14. Mowlem FD, Elash CA, Dumais KM, Haenel E, O'Donohoe P, Olt J, et al. Electronic Clinical Outcome Assessment
Consortium. Best practices for the electronic implementation and migration of patient-reported outcome measures. Value
Health. 2024;27(1):79-94. [FREE Full text] [doi: 10.1016/j.jval.2023.10.007] [Medline: 37879401]

15. Fournier V, Duprez C, Grynberg D, Antoine P, Lamore K. Are digital health interventions valuable to support patients with
cancer and caregivers? An umbrella review of web-based and app-based supportive care interventions. Cancer Med.
2023;12(23):21436-21451. [FREE Full text] [doi: 10.1002/cam4.6695] [Medline: 37937812]

16. Parikh RB, Basen-Enquist KM, Bradley C, Estrin D, Levy M, Lichtenfeld JL, et al. Digital health applications in oncology:
an opportunity to seize. J Natl Cancer Inst. 2022;114(10):1338-1339. [FREE Full text] [doi: 10.1093/jnci/djac108] [Medline:
35640986]

17. Lazarou I, Krooupa A, Nikolopoulos S, Apostolidis L, Sarris N, Papadopoulos S, et al. Cancer patients' perspectives and
requirements of digital health technologies: a scoping literature review. Cancers (Basel). 2024;16(13):2293. [FREE Full
text] [doi: 10.3390/cancers16132293] [Medline: 39001356]

18. Noorbergen TJ, Adam MTP, Teubner T, Collins CE. Using co-design in mobile health system development: a qualitative
study with experts in co-design and mobile health system development. JMIR Mhealth Uhealth. 2021;9(11):e27896. [FREE
Full text] [doi: 10.2196/27896] [Medline: 34757323]

19. Peters S, Guccione L, Francis J, Best S, Tavender E, Curran J, et al. Evaluation of research co-design in health: a systematic
overview of reviews and development of a framework. Implementation Sci. 2024;19(1):63. [FREE Full text] [doi:
10.1186/s13012-024-01394-4] [Medline: 39261956]

20. Digital Health Zurich. URL: https://www.digitalhealthzurich.com/en [accessed 2025-02-22]
21. Sanders EB-N, Stappers PJ. Co-creation and the new landscapes of design. CoDesign. 2008;4(1):5-18. [doi:

10.1080/15710880701875068]
22. Confluence. URL: https://www.atlassian.com/software/confluence [accessed 2025-02-22]
23. Figma Design. URL: https://www.figma.com [accessed 2025-02-04]
24. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. 2008;3(2):77-101. [doi:

10.1191/1478088706qp063oa]
25. OpenAI Whisper. URL: https://openai.com/index/whisper/ [accessed 2025-02-27]
26. Venkatesh V, Morris MG, Davis GB, Davis FD. User acceptance of information technology: toward a unified view. MIS

Q. 2003;27(3):425-478. [doi: 10.2307/30036540]
27. AlQudah AA, Al-Emran M, Shaalan K. Technology acceptance in healthcare: a systematic review. Appl Sci.

2021;11(22):10537. [doi: 10.3390/app112210537]
28. Philippi P, Baumeister H, Apolinário-Hagen J, Ebert DD, Hennemann S, Kott L, et al. Acceptance towards digital health

interventions - model validation and further development of the unified theory of acceptance and use of technology. Internet
Interv. 2021;26:100459. [FREE Full text] [doi: 10.1016/j.invent.2021.100459] [Medline: 34603973]

29. Saunders B, Sim J, Kingstone T, Baker S, Waterfield J, Bartlam B, et al. Saturation in qualitative research: exploring its
conceptualization and operationalization. Qual Quant. 2018;52(4):1893-1907. [FREE Full text] [doi:
10.1007/s11135-017-0574-8] [Medline: 29937585]

30. Kilfoy A, Hsu TC, Stockton-Powdrell C, Whelan P, Chu CH, Jibb L. An umbrella review on how digital health intervention
co-design is conducted and described. NPJ Digit Med. 2024;7(1):374. [FREE Full text] [doi: 10.1038/s41746-024-01385-1]
[Medline: 39715947]

31. Arcia A, Stonbraker S, Mangal S, Lor M. A practical guide to participatory design sessions for the development of information
visualizations: tutorial. J Particip Med. 2024;16:e64508. [FREE Full text] [doi: 10.2196/64508] [Medline: 39671555]

32. Hong YA, Hossain MM, Chou WS. Digital interventions to facilitate patient-provider communication in cancer care: a
systematic review. Psychooncology. 2020;29(4):591-603. [doi: 10.1002/pon.5310] [Medline: 31834650]

33. Fallowfield L, Jenkins V. Effective communication skills are the key to good cancer care. Eur J Cancer.
1999;35(11):1592-1597. [doi: 10.1016/s0959-8049(99)00212-9] [Medline: 10673967]

JMIR Hum Factors 2025 | vol. 12 | e73829 | p. 17https://humanfactors.jmir.org/2025/1/e73829
(page number not for citation purposes)

Difrancesco et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1002/pon.3430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25160838&dopt=Abstract
https://europepmc.org/abstract/MED/32533435
http://dx.doi.org/10.1007/s00520-020-05539-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32533435&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2589-7500(23)00049-3
http://dx.doi.org/10.1016/S2589-7500(23)00049-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37100545&dopt=Abstract
https://cancer.jmir.org/2023//e37330/
http://dx.doi.org/10.2196/37330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37115587&dopt=Abstract
https://periop.jmir.org/2020/1/e15588/
http://dx.doi.org/10.2196/15588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33393920&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1098-3015(23)06153-3
http://dx.doi.org/10.1016/j.jval.2023.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37879401&dopt=Abstract
https://europepmc.org/abstract/MED/37937812
http://dx.doi.org/10.1002/cam4.6695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37937812&dopt=Abstract
https://europepmc.org/abstract/MED/35640986
http://dx.doi.org/10.1093/jnci/djac108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35640986&dopt=Abstract
https://www.mdpi.com/resolver?pii=cancers16132293
https://www.mdpi.com/resolver?pii=cancers16132293
http://dx.doi.org/10.3390/cancers16132293
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39001356&dopt=Abstract
https://mhealth.jmir.org/2021/11/e27896/
https://mhealth.jmir.org/2021/11/e27896/
http://dx.doi.org/10.2196/27896
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34757323&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-024-01394-4
http://dx.doi.org/10.1186/s13012-024-01394-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39261956&dopt=Abstract
https://www.digitalhealthzurich.com/en
http://dx.doi.org/10.1080/15710880701875068
https://www.atlassian.com/software/confluence
https://www.figma.com
http://dx.doi.org/10.1191/1478088706qp063oa
https://openai.com/index/whisper/
http://dx.doi.org/10.2307/30036540
http://dx.doi.org/10.3390/app112210537
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(21)00099-3
http://dx.doi.org/10.1016/j.invent.2021.100459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34603973&dopt=Abstract
https://europepmc.org/abstract/MED/29937585
http://dx.doi.org/10.1007/s11135-017-0574-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29937585&dopt=Abstract
https://doi.org/10.1038/s41746-024-01385-1
http://dx.doi.org/10.1038/s41746-024-01385-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39715947&dopt=Abstract
https://jopm.jmir.org/2024//e64508/
http://dx.doi.org/10.2196/64508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39671555&dopt=Abstract
http://dx.doi.org/10.1002/pon.5310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31834650&dopt=Abstract
http://dx.doi.org/10.1016/s0959-8049(99)00212-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10673967&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


34. Di Maio M, Basch E, Denis F, Fallowfield L, Ganz P, Howell D, et al. ESMO Guidelines Committee. Electronic address:
clinicalguidelines@esmo.org. The role of patient-reported outcome measures in the continuum of cancer clinical care:
ESMO Clinical Practice Guideline. Ann Oncol. 2022;33(9):878-892. [FREE Full text] [doi: 10.1016/j.annonc.2022.04.007]
[Medline: 35462007]

35. Yang LY, Manhas DS, Howard AF, Olson RA. Patient-reported outcome use in oncology: a systematic review of the impact
on patient-clinician communication. Support Care Cancer. 2018;26(1):41-60. [doi: 10.1007/s00520-017-3865-7] [Medline:
28849277]

36. Tuominen L, Leino-Kilpi H, Poraharju J, Cabutto D, Carrion C, Lehtiö L, et al. Interactive digital tools to support
empowerment of people with cancer: a systematic literature review. Support Care Cancer. 2024;32(6):396. [FREE Full
text] [doi: 10.1007/s00520-024-08545-9] [Medline: 38816629]

37. Ancona C, Caroppo E, De Lellis P. Digital solutions supporting the quality-of-life of European cancer patients and their
caregivers: a systematic literature review. Health Technol. 2025;15:243-272. [doi: 10.1007/s12553-025-00942-2]

38. Fournier V, Duprez C, Grynberg D, Antoine P, Lamore K. Are digital health interventions valuable to support patients with
cancer and caregivers? An umbrella review of web-based and app-based supportive care interventions. Cancer Med.
2023;12(23):21436-21451. [FREE Full text] [doi: 10.1002/cam4.6695] [Medline: 37937812]

39. Lim DSC, Kwok B, Williams P, Koczwara B. The impact of digital technology on self-management in cancer: systematic
review. JMIR Cancer. 2023;9:e45145. [FREE Full text] [doi: 10.2196/45145] [Medline: 37991831]

40. Stoumpos AI, Kitsios F, Talias MA. Digital transformation in healthcare: technology acceptance and its applications. Int
J Environ Res Public Health. 2023;20(4):3407. [FREE Full text] [doi: 10.3390/ijerph20043407] [Medline: 36834105]

41. Kodama K, Konishi S, Manabe S, Okada K, Yamaguchi J, Wada S, et al. Impact of an electronic medical record-connected
questionnaire on efficient nursing documentation: usability and efficacy study. JMIR Nurs. 2023;6:e51303. [FREE Full
text] [doi: 10.2196/51303] [Medline: 37634203]

42. Ardito V, Golubev G, Ciani O, Tarricone R. Evaluating barriers and facilitators to the uptake of mHealth apps in cancer
care using the consolidated framework for implementation research: scoping literature review. JMIR Cancer. 2023;9:e42092.
[FREE Full text] [doi: 10.2196/42092] [Medline: 36995750]

43. Elektronisches Patientendossier. Was gibt es noch zu tun bis zu seiner flächendeckenden Verwendung? URL: https://www.
parlament.ch/centers/eparl/curia/2018/20184328/Bericht%20BR%20D.pdf [accessed 2025-02-04]

44. Jokisch MR, Schmidt LI, Doh M. Acceptance of digital health services among older adults: findings on perceived usefulness,
self-efficacy, privacy concerns, ICT knowledge, and support seeking. Front Public Health. 2022;10:1073756. [FREE Full
text] [doi: 10.3389/fpubh.2022.1073756] [Medline: 36582385]

45. Melhem SJ, Nabhani-Gebara S, Kayyali R. Digital trends, digital literacy, and E-Health engagement predictors of breast
and colorectal cancer survivors: a population-based cross-sectional survey. Int J Environ Res Public Health. 2023;20(2):1472.
[FREE Full text] [doi: 10.3390/ijerph20021472] [Medline: 36674237]

46. Greenhalgh T, Abimbola S. The NASSS framework - A synthesis of multiple theories of technology implementation. Stud
Health Technol Inform. 2019;263:193-204. [doi: 10.3233/SHTI190123] [Medline: 31411163]

47. Damschroder LJ, Reardon CM, Widerquist MAO, Lowery J. The updated consolidated framework for implementation
research based on user feedback. Implement Sci. 2022;17(1):75. [FREE Full text] [doi: 10.1186/s13012-022-01245-0]
[Medline: 36309746]

Abbreviations
EORTC QLQ-C30: European Organization for Research and Treatment of Cancer Quality of Life Questionnaire
Core 30
ePROM: electronic patient-reported outcome measure
mHealth: mobile health
NCCN: National Comprehensive Cancer Network
PROM: patient-reported outcome measure
SAKK: Swiss Group for Clinical Cancer Research
UTAUT: Unified Theory of Acceptance and Use of Technology

JMIR Hum Factors 2025 | vol. 12 | e73829 | p. 18https://humanfactors.jmir.org/2025/1/e73829
(page number not for citation purposes)

Difrancesco et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://hdl.handle.net/2318/1856899
http://dx.doi.org/10.1016/j.annonc.2022.04.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35462007&dopt=Abstract
http://dx.doi.org/10.1007/s00520-017-3865-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28849277&dopt=Abstract
https://europepmc.org/abstract/MED/38816629
https://europepmc.org/abstract/MED/38816629
http://dx.doi.org/10.1007/s00520-024-08545-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38816629&dopt=Abstract
http://dx.doi.org/10.1007/s12553-025-00942-2
https://europepmc.org/abstract/MED/37937812
http://dx.doi.org/10.1002/cam4.6695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37937812&dopt=Abstract
https://cancer.jmir.org/2023//e45145/
http://dx.doi.org/10.2196/45145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37991831&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph20043407
http://dx.doi.org/10.3390/ijerph20043407
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36834105&dopt=Abstract
https://nursing.jmir.org/2023//e51303/
https://nursing.jmir.org/2023//e51303/
http://dx.doi.org/10.2196/51303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37634203&dopt=Abstract
https://cancer.jmir.org/2023//e42092/
http://dx.doi.org/10.2196/42092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36995750&dopt=Abstract
https://www.parlament.ch/centers/eparl/curia/2018/20184328/Bericht%20BR%20D.pdf
https://www.parlament.ch/centers/eparl/curia/2018/20184328/Bericht%20BR%20D.pdf
https://europepmc.org/abstract/MED/36582385
https://europepmc.org/abstract/MED/36582385
http://dx.doi.org/10.3389/fpubh.2022.1073756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36582385&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph20021472
http://dx.doi.org/10.3390/ijerph20021472
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36674237&dopt=Abstract
http://dx.doi.org/10.3233/SHTI190123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31411163&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-022-01245-0
http://dx.doi.org/10.1186/s13012-022-01245-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36309746&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by A Kushniruk; submitted 14.Mar.2025; peer-reviewed by M Imperio, A Castro, V Schadewaldt; comments to author
27.Aug.2025; revised version received 26.Sep.2025; accepted 16.Oct.2025; published 11.Nov.2025

Please cite as:
Difrancesco S, Bauert MM, Lehmann C, Häsler S, Zhang Y, Hirsch S, Ackermann P, Stockinger K, Reif M, Mathieu S, Götz A, Wicki
A, Krauthammer M, Witt CM
Collaborative Design and Development of a Patient-Centered Digital Health App for Supportive Cancer Care: Participatory Study
JMIR Hum Factors 2025;12:e73829
URL: https://humanfactors.jmir.org/2025/1/e73829
doi: 10.2196/73829
PMID: 41217811

©Sonia Difrancesco, Matthia Martina Bauert, Claude Lehmann, Steven Häsler, Yi Zhang, Sven Hirsch, Philipp Ackermann, Kurt
Stockinger, Monika Reif, Sunjoy Mathieu, Anna Götz, Andreas Wicki, Michael Krauthammer, Claudia M Witt. Originally
published in JMIR Human Factors (https://humanfactors.jmir.org), 11.Nov.2025. 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 Human Factors, is properly
cited. The complete bibliographic information, a link to the original publication on https://humanfactors.jmir.org, as well as this
copyright and license information must be included.

JMIR Hum Factors 2025 | vol. 12 | e73829 | p. 19https://humanfactors.jmir.org/2025/1/e73829
(page number not for citation purposes)

Difrancesco et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://humanfactors.jmir.org/2025/1/e73829
http://dx.doi.org/10.2196/73829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=41217811&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

