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Abstract

Background During and after systemic therapy, patients with high risk and advanced melanoma experience challenges
regarding cancer-related symptoms, treatment-related adverse events, and an impact of these symptoms on their physical and
psychosocial well-being. Few studies have investigated the specific needs of these patients and the potential role of eHealth
applications in meeting those needs.

Objective To explore the supportive care and information needs of high risk and advanced melanoma patients, and how
these needs can be supported by eHealth applications.

Methods In this qualitative study, semi-structured interviews with high risk and advanced melanoma patients during or
after systemic treatment were conducted to understand their needs and requirements as possible end-users of mobile eHealth
applications. Interview transcripts were independently coded and thematically analyzed.

Results Thirteen participants consented to be interviewed, aged 31 to 71 years. Nearly all patients (n= 12, 92%) experienced
unmet information and supportive care needs during and after active treatment. Patients expected to value eHealth applications
that facilitate information gathering, wellbeing interventions, and symptom management. The majority of patients (n =10,
77%) anticipated various advantages from using an eHealth application, including increased autonomy, higher quality of
life, and improved disease self-management.

Discussion High risk and advanced melanoma patients have unmet supportive care and information needs during and after
systemic treatment. The use of eHealth applications might be an effective way to meet these unmet needs. Patients anticipate
a variety of advantages from using these applications, including deriving various benefits from the use of these applications,
such as enhanced autonomy.

Keywords eHealth - Qualitative methods - Melanoma - Immunotherapy - Intervention development - Self-management -
Patient education
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Introduction

Incidence rates for melanoma are increasing worldwide
[1]. In the past years, the introduction of immunotherapy
with immune checkpoint inhibitors (ICIs) and targeted
therapies such as BRAF/MEK inhibitors (when BRAF-
mutated) have significantly improved the prognosis of
patients with high risk and advanced melanoma [2-4].
Systemic treatment can lead to long-lasting remissions.
However, during and after treatment, melanoma patients
experience challenges regarding cancer-related symptoms,
treatment-related adverse events (inflammations that can
occur in any organ or body part) and the impact of these
symptoms on their physical and psychosocial well-being
[5-7].

EHealth applications may support cancer patients in
tackling these problems from different angles. First, web-
based monitoring systems facilitate the collection of
patient-reported outcome measures and symptom moni-
toring. The collection of patient-reported outcome meas-
ures supports and improves patients’ self-care, symptom
control, and communication with healthcare profession-
als. Web-based monitoring systems have also been shown
to increase patient satisfaction and health-related quality
of life (HRQoL) [8-11]. Second, web-based monitoring
systems can provide personalized advice and inform the
patient of tailored supportive care options [9]. Therefore,
eHealth applications may also contribute to address the
care and information needs of patients and their caregiv-
ers. The need for information on a range of domains (e.g.,
physical activity, healthy lifestyle and social/psychological
care) is frequently reported in cancer patients and survi-
vors [12, 13]. Additionally, advanced cancer patients in
general often encounter unmet care, support, and infor-
mation needs [14-16]. Good information provision is an
essential aspect of cancer care [12] and is associated with
better treatment responses and better quality of life [17].
EHealth applications have been shown to facilitate infor-
mation provision, with observed positive effects on knowl-
edge levels and perceived support of cancer patients [18].

Previous studies have investigated the supportive care
and information needs of melanoma patients [16, 19, 20].
In these studies, information and supportive care needs
in the psychological, social and physical domain were
uncovered. However, in the new era of systemic therapy,
these needs have not been explored by using qualitative
study designs. Qualitative study methods are useful to
get detailed insight into patients’ subjective needs and to
define a coherent model for the development of an eHealth
application [21]. In addition, the patient perspective on
how these needs can be supported by eHealth applications
remains unknown. Therefore, we conducted a qualitative
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study in high risk and advanced melanoma patients treated
with systemic therapies to investigate the supportive
care and information needs and how these needs can
be supported by eHealth applications. Furthermore, we
investigated the additional requirements, facilitators, and
barriers for such tools. This qualitative study provides a
deeper understanding of advanced melanoma patients’
needs, relevant for the successful development and
implementation of eHealth applications.

Methods

The methods and results are reported according to best prac-
tices for qualitative research. The Standards for Reporting
Qualitative Research (SRQR) were followed to provide data
transparency and quality [22].

Recruiting and inclusion

The primary outcome of this study was the perspective of
patients with high risk and advanced melanoma treated with
systemic therapy on unmet supportive care and information
needs, as well as the potential role of eHealth applications
in meeting those needs. The Institutional Review Board of
the Netherlands Cancer Institute (NKI) approved this study.

Patients diagnosed with high-risk (resectable stage III)
or advanced (stage IV and unresectable stage III) melanoma
during or after systemic treatment (immune checkpoint
inhibitors with or without targeted therapy) with ICIs were
eligible to participate. Furthermore, patients were > 18 years
of age and had sufficient understanding of the Dutch lan-
guage. Patients were not selected based on internet and/or
(mobile) application use. A purposive sampling strategy was
used to obtain a sample of participants that varied in sex,
age, treatment characteristics, and stage of treatment [23].
Eligible participants were identified and informed by their
treating healthcare professional. Patient characteristics, such
as age, gender, and treatment details were obtained from
the electronic health record. Written informed consent was
obtained from all participants.

Interviews

A general inductive approach was used for data collection.
Semi-structured interviews were performed. An interview
guide was developed to help the patients think about con-
crete experienced situations in order to get more precise
information [23, 24]. The interviews were based on an
inductive research design and interview guides were struc-
tured based on existing literature [23]. The interview guide
started with collecting data on the current (clinical) situa-
tion of the patient. The proposed features of the intended
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mobile application [25] were then explained. Open-ended
questions regarding the content of this mobile application
were categorized in two domains, namely (1) experienced
supportive care and information needs during and after
diagnosis and treatment and (2) acceptability and prefer-
ences towards the mobile app. To elicit (unmet) supportive
care and information needs, questions were steered (if not
identified by patients themselves) towards previously iden-
tified domains of information needs (e.g., physical, sexual,
social, financial, and psychological aspects, autonomy and
patient care and support) [14]. The Technology Accept-
ance Model was used to elicit requirements of eHealth
applications, perceived usefulness, and user acceptance
of the proposed technology [26]. The interview guide is
presented in Appendix 1. Different steering sub-questions
were used to reach data saturation within interviews. Data
saturation was defined as the point at which no new infor-
mation was identified in the interviews [23]. Interviews
were conducted by the research coordinator (I.F.), who
had no clinical relationship with, and did not know the
participants. Interviews were done in person, by vide-
oconferencing or by telephone. The planned duration of
the interviews was 45 min. Two test interviews were done

to assess the length of the interview, to check the flow
and to validate whether the content correctly answered the
research questions.

Data analysis

Interviews were recorded by audio recorders and tran-
scribed verbatim by I.F. and S.G. Transcripts were
anonymized by key-codes, and audio files were stored
on a secured driver accessible by the research team only.
Patients who expressed interest in receiving their tran-
scripts were sent their interview transcript. Data was
collected from August 2020 until April 2021. Figure 1
describes our inductive coding and thematic analysis, per-
formed by the methods of Braun and Clarke [27].

A first codebook was made from the first four inter-
views and used for independent coding of the remaining
interviews. We added new codes that arose to the code-
book. Patient inclusion was halted when data saturation
was reached, meaning that no new codes arose from the
interviews. No special software was used for coding and
thematic analysis.

Initial familiarization with data
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Fig. 1 Inductive coding and thematic analysis process
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Results
Study population

Of the fifteen eligible participants who were diagnosed with
stage III/IV melanoma and invited to participate, thirteen
consented to be interviewed. Two patients declined to par-
ticipate due to their disease burden. Two participants were
interviewed in person in the hospital. Because of the coro-
navirus disease of 2019 (COVID-19) pandemic restrictions,
two participants were interviewed through teleconferenc-
ing and nine through phone, all in their home environ-
ment. Interviews lasted between 30 and 75 min. Saturation
in the codebook was reached once 13 participants were
interviewed, where after recruiting stopped. The partici-
pants consisted of 6 men and 7 women, ranging from 31
to 71 years of age. All frequently used the internet and/or
mobile applications, of which the older participants tended
to use the internet only. Type of immunotherapies and treat-
ment line differed in patients, as well as the occurrence and
type of adverse events (AEs). Treatment characteristics are
presented in Table 1.

Themes

Seven broad themes emerged from the thematic analysis:
“patient experience and cancer journey,” “quality of life,”

“use of internet, mobile applications and eHealth,” “infor-
mation needs,” “needs for remote patient monitoring,” “app
requirements of patients,” and “facilitators and barriers of
an eHealth application.” These themes are described in the
following text and presented in Table 2. Supporting quotes
for the thematic analysis are presented in Table 3.

Theme 1: Patient experience and cancer journey

In addition to immunotherapy treatment, eight out of thir-
teen patients underwent surgery and/or received targeted
therapy. All patients mentioned having experienced at least
one cancer or treatment-related side effect, ranging from
having chills or experiencing fatigue to hospitalization due
to side effects. Patients did not explicitly distinguish between
adverse events related to immunotherapy or targeted therapy.
Seven patients experienced fatigue, both during treatment
and in follow-up.

Eight patients expressed they either had feelings of anxi-
ety regarding their diagnosis and treatment and/or experi-
enced their entire cancer journey as an emotional roller-
coaster. Social-emotional support was in the majority of
patients provided by their partner, children, other family
members or friends. A few patients (5/13) also consulted
a social worker.

Due to the purely clinical focus of the treatment plan, four
patients felt that their feelings and experiences as human
beings with cancer were disregarded during treatment.

Table 1 Treatment
characteristics of included
participants

Stage of disease

Type of systemic therapy#

Patient status

Experienced AEs*

Advanced melanoma (stage IV) N=11
High-risk melanoma (resectable stage I1I) N=2
Anti-PD1 monotherapy (nivolumab or pembrolizumab) N=7
Anti-CTLA4 monotherapy (ipilimumab) N=1
Anti-PD1 + anti-CTLA4 combination therapy N=5

(nivolumab + ipilimumab)
BRAF/MEK inhibitors (dabrafenib + trametinib)
Currently on treatment (2 months to 1 year on treatment)
Post treatment
Complete response (3 months to 5 years follow-up)
Progressive disease
Immunotherapy stopped due to irAEs*
None
Hepatitis
Colitis
Gastritis
Hypophysitis
Thyroiditis
Adrenal insufficiency

222222?22222
— NN = W WA =N R

Anti-PD-1 programmed death-1 antibody, anti-CTLA-4 cytotoxic T lymphocyte-antigen-4 antibody, 7-VEC
talimogene laherparepvec, AEs adverse events

#Patient could have received multiple/different lines of immunotherapy

“Patient-reported
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Theme Subthemes
Patient experience and cancer journey Treatment
Response

Quality of life

Use of internet, mobile applications, and eHealth

Information needs

Needs for remote patient monitoring

Requirements for eHealth applications

Facilitators and barriers for eHealth

Side effects

Psychosocial state

Interpersonal relationships

Social support system

Relationship with HCP

Patient autonomy and empowerment
Positive impact

Negative impact

Impact COVID-19

General use of internet and mobile applications
Current use of eHealth

Motivation for using eHealth applications
Educational topics

Interventions

Fellow patients/peer support
Feedback

Input

Use of sensors

Availability

Ease of use

Evidence-based information
Functionalities

Information architecture

Information presentation

Integration with current applications
Notifications

Privacy (compliance to privacy laws)
Information needs

Perceived user needs of an app

Use of sensors
Remote patient monitoring
Frequency of app use

HCP healthcare professional, COVID-19 coronavirus SARS-CoV-2

Furthermore, some patients stated that they did not receive
adequate education from their healthcare providers about
their own abilities to self-manage their disease and daily life
throughout treatment. They believed that if they had been
better informed about the effects of disease and treatment on
their daily lives, they could have mentally prepared them-
selves more effectively.

Theme 2: Quality of life
Nine patients mentioned the importance of having tools

to self-manage their disease and daily life for their
quality of life. These patients defined self-management

as being informed about things they can do to maintain
or improve their physical and mental well-being, aside
from adhering to clinical treatment. Patients indicated
activities of self-management to contribute to feeling
autonomous during their treatment.

More than half the patients experienced feelings of
anxiety, uncertainty and negative thoughts both during
treatment and in the post-treatment phase. Patients
mentioned causes such as uncertainty about treatment
response and survival and fear for cancer recurrence in
patients without active disease. Patients frequently struggled
with accepting the changes in their daily lives, caused by the
disease, particularly the inability to work.
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Table 3 Themes with supporting quotes

Theme

Quote

Patient experience and cancer journey

Quality of Life

Information needs—educational topics and interventions

Information needs—peer support

Needs for remote patient monitoring

“And then you also have to think, no more energy, gosh, I was happy
when I could get from the couch to the toilet and back again. And then
I could “puff, puff, puff”, I could make coffee again, uhm, and then
again back, uhm. And it wasn't that I could do all kinds of things in
house, one after the other. So your world became really small and it
really is a form of survival.”(R6)

“Yes you know. In the end, it comes down to the fact that you just want
a bit of security (in the cancer journey) and that no one is actually
giving you that security. I'm realistic enough to see how that works of
course.” (R10)

“Yes, but it’s taken very lightly as well. Y know, it is not nothing that
happens and I missed something, like, it seems like some sort of
rational agreement that you make, like, ‘we will prolong your life.
And there can be some consequences but you just have to accept them
in your story.” And of course you do that, at least, I do that, but that
does not mean that it isn’t a huge blow psychologically now and then”
R11)

“Good quality of life? That I just, yes, that I have as much fun as pos-
sible and that I can mean something for someone else. So that I can
also make others happy And that I do not have to sit passively behind
the geraniums like a greenhouse plant.”(R7)

“Uhm, well, bad days, yes, you always have sad days and frustrating
days, that you cannot do everything you did before. And hey, yes,
there are a lot of uncertainties in the entire process ...” (R4)

“It is of course also a bit more difficult with corona. Because now, I am
sitting, we are sitting on the terrace, but I do have troubles, uhm, to
sit inside somewhere. And now winter is coming, so I find that quite
difficult.” (R2)

“Everything is in the forms, you read them in five minutes, you sign
them. I think there could be more attention towards that [information
provision]. And of course it’s not positive to mention to the patient
everything that can happen [adverse events], you know, as much more
can happen. This was enough for me but much more can happen.”
(R11)

“Well, I guess moving is, so keep moving and stay somewhat active,
um, looking back that would have definitely helped me I think. No
matter what I said, there have been some periods where I was under-
active. So I think that such a module that contains some... some
sort of, good tips or maybe even more extensive kind of help with
exercises, I think that would have helped me.” (R9)

“Yes, of course I always think, yes. But yes, uhm, I would certainly use
the app to also see other people’s experiences, yes maybe that is also
nice, a tab with experiences, hey, that you can also read anonymous
interviews of, how do you do it, how do you deal with it, and what are
your tips and tricks and that you can learn things from each other, say
fellow sufferers. (RS)

"Yes, I think so. Especially on days when things are not going so well.
That you, then you know, if it is implemented in [the mobile app]
of course, but that if there really is something that they [healthcare
professionals] look at your side effects of, there is something, and then
they will contact me, you know that. .... that you need to worry a little
less if they don't.” (R13)
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Table 3 (continued)

Theme

Quote

Facilitators and barriers of eHealth applications—information needs

Facilitators and barriers of eHealth applications—remote patient
monitoring

“Right and uhm, but there are also, yes look I am very different from

other people, I also have a book about breast cancer. I bought it imme-
diately because it was also written by someone from your institute.
And then I put that on the table and I have two other friends who also
had breast cancer but they didn't want to read it. They didn't want

to know. They dive away from it. But I, precisely, I want to know as
much as possible. Yes. Well, and if you are set like that, you want to
have good knowledge” (RS, a patient who also had experienced breast
cancer)

"Yes. But also less worrisome. Because I, when you go into therapy like

that, everything is new. And then you don't know if you should call
[for reporting side effects] or not. And then, that line [to call or not to
call] is just very vague. And if you have such an app where you can
just indicate your side effects and it is sent to your doctor by way of
example, who can, for example, look through the statistics of everyone
every day and think, no, this is all fine, I don't have to do anything
with it.” (R13)

“I catch myself forgetting everything [symptoms] that I experienced. So

it might be nice to have an overview for yourself .... And to keep track
of everything you experience and it might be that the physician finds
something useful. (R1)

Theme 3: Use of internet, mobile applications, and eHealth

All patients accessed the internet on a regular basis,
and the majority of them used mobile applications.
The majority of patients had used the internet to gather
information about their diagnosis and treatment. Some
patients searched for tips and tricks on maintaining a
healthy lifestyle. Eight out of thirteen patients reported
using a health-related mobile application, such as fitness
apps, the hospital’s information portal, and an application
developed for tackling cancer-related fatigue.

Theme 4: Information needs

Educational topics and interventions While information
was available, nearly all patients experienced unmet
information needs. Possible causes included not
internalizing information due to the feeling of being
overwhelmed and a shortage of time in healthcare
provider consultations. Patients would like to receive
information about melanoma, systemic therapies other
treatments, and prognosis. A majority of patients
would like to have access to information regarding self-
management (i.e., cancer-related anxiety, sleep problems,
nutrition, physical activity, and fatigue), managing
work and cancer, and supportive care. Three patients,
under 40 years of age, were interested in information
concerning employment, income, housing, fertility, and
talking to their children about cancer.

In addition, the majority of patients would like to see inter-
ventions concerning physical activity, relaxation and mind-
fulness, such as yoga, creative therapies, and (mindful)
walking.

Peer support Ten patients expressed an interest in peer sup-
port. Some would like to read about experiences of fellow
patients or directly communicate them.

Theme 5: Needs for remote patient monitoring

Eight out of thirteen patients see benefits in reporting
symptoms via an eHealth application. The primary benefit
indicated was to receive feedback regarding symptom
management either from the application itself or from
their clinician. Patients expected their motivation to report
symptoms would rapidly decline without receiving feedback.
Six patients were interested in using sensor measurements
during remote patient monitoring, such as vital functions
(e.g., heart rate), sleep, and steps.

A complete overview of identified needs and suggestions
for content and functionalities of eHealth applications is pre-
sented in Table 4.

Theme 6: Requirements for eHealth applications
A crucial requirement for eHealth applications, as noted by
nine patients, is ease of use. This includes intuitive design,

which is simple and user-friendly for users of all ages, clear
login and log-out features and reducing data input effort by
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Table 4 Patients’ needs and suggestions for eHealth content and
functionalities

Need Suggestions for content in order of importance*
Information Side effects
and educa-
tion (text-
based)
Nutrition
Treatments

Additional care options

Physical activity

Managing work and cancer

Diagnosis

Tips on managing anxiety and cancer-related rumi-
nation

Medication

General health and lifestyle tips

Fatigue

Prognosis, survival, statistics and clinical trials
Mindfulness

Relaxation

Interventions

Interventions for physical activity
Peer support ~ Experiences of fellow patients
Contact with fellow patients (social forum/buddy
system)
Remote patient Symptom (adverse events) monitoring
monitoring

Use of sensors/wearables (to track sleep, steps,
temperature, blood pressure etc.)

HCP healthcare professional

“Majority of patients mentioned the need for evidence-based content

use of drop-down menus and minimizing free-text fields.
Information should be presented concisely and graphically.
An additional requirement is accessible language suitable
for patients. EHealth applications should show basic medi-
cal information at first, with the option to select additional
information for viewing to avoid overwhelming patients.
Nine patients mentioned compliance to privacy laws as a
requirement.

Theme 7: Facilitators and barriers of an eHealth application

Patients mentioned the following motivations for using a
supportive eHealth application; information provision,
symptom reporting and remote patient monitoring, and
receiving practical tools for managing their disease and
quality of life.

Information needs Some patients stated that information
needs are personal and different for everyone. They

@ Springer

indicated that eHealth applications should allow for a
layered structure of information, allowing the patient to
decide consciously whether they want to view additional
information. Patients were aware of existing information
sources and saw an opportunity for an eHealth application
to function as an information hub, referring to trustworthy
and evidence-based information. Furthermore, one patient
felt that the tone should not be too positive but mainly
factual, while another patient considered that the tone
should not be very formal.

Remote patient monitoring Eight out of thirteen patients
saw benefits in reporting symptoms via eHealth applica-
tions. Patients are currently expected to call the hospital for
reporting their symptoms; however, some patients experi-
ence barriers because they perceive their call as intrusive
or an unnecessary burden to the clinician. Patients also
recalled situations where they were unsure if their symptom
was a cause of concern for which they should contact their
physician. The main perceived benefit was the increased
accessibility of informing their clinician of the experienced
symptoms, regardless of severity, in a way that they perceive
as non-intrusive for their clinician. A common view among
patients was that symptom reporting via eHealth applica-
tions would facilitate proactive management of side effects
by both clinician and patient. Three patients expected that
the use of sensors could facilitate an increased insight in
patients’ own well-being, while two considered that being
aware of these data could potentially cause stress.

A complete overview of identified facilitators and bar-
riers, including requirements, for eHealth applications is
shown in Table 5.

Discussion

The results of this qualitative study show that patients with
high risk and advanced melanoma treated with immune-
checkpoint inhibition experience unmet information and
supportive care needs during and after active treatment.
Patients expect that eHealth applications can aid in meet-
ing these unmet needs and that these applications will pro-
vide a range of benefits. Opportunities emerge for eHealth
applications to support disease self-management, poten-
tially increasing autonomy and improving quality of life.
Facilitators for the use of such eHealth applications include
increased accessibility to evidence-based information and
wellbeing interventions, as well as reporting symptoms. The
most crucial barrier described was the inability to personal-
ize eHealth applications, in terms of required frequency of
use, information presentation and notifications.
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Table 5 Requirements, facilitators, and barriers for eHealth applications

Topics/requirements

Facilitators

Possible barriers

Information needs—educational content

Remote patient monitoring

Information presentation

Auvailability and privacy

Ease of use

Personalization and notifications

Frequency of use

App can contain information or refer to existing
sources of information and interventions

Easier to try out new interventions when acces-
sible in eHealth application

App can present list of basic information, with
option to search for additional information

App can inform patient of new up-to-date infor-
mation

App can provide evidence-based information
(which increases faith in treatment) including
references

Increased accessibility of communicating side
effects to clinician via app

Useful for both patient and clinician to have list
of symptoms and overview of health data, col-
lected by app

Patient feeling more safe/assured due to distant
patient monitoring

App can present information and data concisely
and in graphical visualization, more easily
understandable

App uses accessible language
Available for use on platform that patient prefers
Compliance to privacy regulations

Clear and simple login and logout

Text input via drop-down menus

Intuitive design and use

Frequency of notifications is customizable

App can present tips and tricks in positive, practi-
cal way

App use is non-obligatory, and facilitates any fre-
quency of use, as needs for app use are patient-
and treatment phase specific

Currently enough information available about treat-
ment and side effects, making app redundant

Interventions provided by app do not have social
benefits of in-person intervention

Overload of information can cause negativity and
stress

App never updated and/or outdated information

None

App cannot replace “real-life” communication with
HCP

Increased insight in data could induce stress

Not receiving feedback (from HCP or system) after
symptom reporting/data input by patient

Too much text or unclear data

Language and information too simple or too
complex

Not available on every platform, readability of con-
tent is impaired if app is only accessible on phone

Uncertainty of who views and receives personal
data of patients

Settings not easily findable

Too many free-text fields

Unclear where to find content in app

Too many unwanted notifications

Tone in which information is presented is not suit-
able for patient

App is only beneficial when used in certain fre-
quency

App application, eHealth electronic health, HCP healthcare professional

Despite information being available, nearly all patients
mentioned that their information needs were not met.
Patients were interested in receiving information via an
eHealth application and expected to have easier access to
a wider range of information than they currently receive.
Patients experienced unmet information needs with regard
to clinical- and self-management topics, cancer-related
fatigue management, and available supportive care services.
The need for information on these domains is reflected in
previous work concerning advanced cancer patients as
well as cancer survivors, indicating a varying information
need throughout disease and treatment [14, 16, 20, 28-30].
Additionally, insight in experiences from fellow patients
was frequently stated as an important need of patients. This
need for peer support is mentioned as well by other studies

in cancer patients and is believed to support patients both
socially and to cover unmet (information) needs [31-33].
Regardless of the perceived benefits and positive attitude
of patients towards eHealth, a study of Lubberding et al. [9]
found that despite the use of an eHealth application during
follow-up care, some needs remained unmet, including sup-
portive care needs. EHealth applications implemented in the
care of (advanced) cancer patients should focus on compre-
hensively covering and implementing the needs described
by these patients.

Second, patients expect eHealth applications to facilitate
gaining insight in their disease and treatment, and develop-
ing disease self-management skills. Patients characterized
self-management as being informed about things they can do
to support their physical and mental well-being, aside from
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adhering to clinical treatment. Patients expect their self-
management skills to help them feel more autonomous dur-
ing treatment. Acquiring self-management skills and feeling
autonomous are considered as positive drivers for quality of
life. Previous research on the effects of eHealth applications
on cancer patients’ self-management showed mixed results
[34]. A recent quantitative trial among 625 cancer patients
showed that a web-based eHealth application, facilitating
monitoring of symptoms and HRQoL, as well as provid-
ing tailored feedback and supportive care options, did not
improve knowledge, skills, nor confidence for self-manage-
ment [35]. However, follow-up in-depth qualitative found
that the eHealth application was perceived as providing
additional self-management support and fostering individual
autonomy [36]. The difference in methodology of measur-
ing the effect of such interventions on self-management and
autonomy could be one explanation for these mixed findings.
There might also be inherent differences between types of
cancer and types of participants that influence the impact
of eHealth applications on self-management. Moreover, we
have to keep in mind that self-management of patients with
advanced cancer is highly personal and multifaceted [37], a
common view among the interviewees of this study as well.

Third, the main perceived benefit of symptom monitor-
ing via an eHealth application was the increased possibility
of informing their clinician of the experienced symptoms,
regardless of severity, in a way that patients perceive as
non-intrusive for their clinician. Patients anticipated feel-
ing more secure and re-assured, as they would expect the
system or their clinician to alert them for follow-up if their
symptoms indicate so. Several studies have shown that
web-based monitoring systems intensify symptom manage-
ment, improve symptom control, improve overall survival,
and facilitate patient-clinician communication [9, 38-41].
A recently conducted randomized controlled pilot study
in Danish patients with advanced melanoma treated with
immunotherapy showed high patient and clinician satisfac-
tion with an eHealth application used for electronic symp-
tom self-reporting, as both patients’ symptom awareness and
patient involvement increased [42]. However, the use of this
tool did not show a reduction in the number of irAEs with
the use of electronic symptom self-reporting [43]. As such,
the relation between increased self-management skills and
reduction in irAEs remains unclear.

This study has several limitations. First, we performed a
single center study in a Dutch comprehensive cancer center.
Information needs and requirements for a supportive eHealth
application might be different for patients from general or
academic hospitals, as well as throughout other countries.
Second, selection biases could be present in this patient sam-
ple. We did not select patients based on health literacy or
education level, and patients might have consented to par-
ticipate because they have a present interest in technology or

@ Springer

mobile applications. Nonetheless, two patients did not use
mobile applications and did not intend on using one in the
future, but still wanted to participate for the sake of future
patients. Strengths of this study include the qualitative meth-
odology. Our semi-structured interview design, including
open-ended questions, allowed us to gain a deeper under-
standing of the challenges patients face during their cancer
journey, their perception of quality of life and autonomy,
their needs for self-management, and how eHealth applica-
tions can support those needs successfully.

The findings of this study have relevant implications for
the development and implementation of eHealth applications
aimed at cancer patients. With this work, we aimed to gain
insight into factors described by the Technology Acceptance
Model, including the perceived usefulness, attitude towards,
and the behavioral intention to use an eHealth application
to support the uncovered unmet needs of patients. A natural
progression of this work is to develop an eHealth applica-
tion incorporating the outlined needed elements. We view
this work as a first point of reference in factors pertaining
to “prospective acceptability” of eHealth applications that
would support high risk and advanced melanoma patients,
treated with systemic therapy. As highlighted in Short et al.
[44] and Perski et al. [45], it remains a challenge to under-
stand, assess, or predict the acceptability and engagement
of eHealth interventions during development and imple-
mentation, and as such, researchers should consider both
qualitative and quantitative methods to measure acceptabil-
ity and engagement, depending on the stage of research and
development.

In conclusion, high-risk and advanced melanoma
patients treated with immune-checkpoint inhibitors
have extensive needs for supportive care, information
provision, and symptom management, regardless of
information and services already provided by the
hospital. Patients believe that the use of eHealth
applications, facilitating information gathering and
symptom management, would increase their self-
management skills, which would contribute to patients’
autonomy. Patients reported acquiring self-management
skills and feeling autonomous as positive drivers for
quality of life. The use of eHealth applications may
therefore positively affect health-related quality of life
in high-risk and advanced melanoma patients during and
after immune-checkpoint inhibition.

Abbreviations AE: Adverse event; COVID-19: Coronavirus disease
of 2019; eHealth: Electronic health; EHR: Electronic health record;
HCP: Healthcare professional; HRQoL: Health-related quality of life;
ICIL: Immune checkpoint inhibitor; irAE: Immune related adverse event;
UCD: User-centered design
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