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Abstract
Background: Patients with melanoma receiving immunotherapy with immune-checkpoint inhibitors often experience
immune-related adverse events, cancer-related fatigue, and emotional distress, affecting health-related quality of life (HRQoL)
and clinical outcome to immunotherapy. eHealth tools can aid patients with cancer in addressing issues, such as adverse events
and psychosocial well-being, from various perspectives.
Objective: This study aimed to explore the effect of the Cancer Patients Better Life Experience (CAPABLE) system, accessed
through a mobile app, on HRQoL compared with a matched historical control group receiving standard care. CAPABLE is an
extensively tested eHealth app, including educational material, remote symptom monitoring, and well-being interventions.
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Methods: This prospective pilot study compared an exploratory cohort that received the CAPABLE smartphone app and
a multisensory smartwatch for 6 months (intervention) to a 2:1 individually matched historical prospective control group.
HRQoL data were measured with the European Organization for Research and Treatment of Cancer Quality of Life Question-
naire-Core 30 at baseline (T0), 3 months (T1), and 6 months (T2) after start of treatment. Mixed effects linear regression
models were used to compare HRQoL between the 2 groups over time.
Results: From the 59 eligible patients for the CAPABLE intervention, 31 (53%) signed informed consent to participate.
Baseline HRQoL was on average 10 points higher in the intervention group compared with controls, although equally matched
on baseline and clinical characteristics. When correcting for sex, age, disease stage, and baseline scores, an adjusted difference
in fatigue of −5.09 (95% CI −15.20 to 5.02, P=.32) at month 3 was found. No significant nor clinically relevant adjusted
differences on other HRQoL domains over time were found. However, information satisfaction was significantly higher in the
CAPABLE group (β=8.71, 95% CI 1.54‐15.88, P=.02).
Conclusions: The intervention showed a limited effect on HRQoL, although there was a small improvement in fatigue at 3
months, as well as information satisfaction. When aiming at personalized patient and survivorship care, further optimization
and prospective investigation of eHealth tools is warranted.
Trial Registration: ClinicalTrials NCT05827289; https://clinicaltrials.gov/study/NCT05827289
International Registered Report Identifier (IRRID): RR2-10.2196/49252
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Introduction
Immunotherapy with immune-checkpoint inhibitors (ICIs)
and targeted therapies with BRAF/MEK inhibitors have
significantly improved clinical outcomes for patients with
melanoma and have become standard treatment for patients
with high-risk and advanced disease [1-6]. Nevertheless,
these novel systemic treatments are associated with short-
and long-term (immune-related) adverse events (AEs) [7-10].
Furthermore, these AEs have shown to affect physical
and psychosocial well-being of patients with melanoma
[10-13]. Most prevalent in patients with melanoma under-
going immunotherapy with ICIs are cancer-related fatigue
(CRF) and emotional distress, affecting both health-related
quality of life (HRQoL) and clinical outcome to immuno-
therapy [8,14-16]. Efforts to address CRF include exercise
recommendation, psychosocial support, mindfulness-based
interventions, and yoga, showing positive effects on fatigue,
emotional distress, and HRQoL [14,15,17-23].

Insufficient monitoring and reporting of AEs can
exacerbate side effects, possibly leading to more frequent
hospital visits and admissions [24-26]. Electronic symptom
monitoring has shown to be associated with improved
clinical outcomes such as survival and HRQoL in patients
with cancer undergoing chemotherapy [27-30]. One way
to improve patient care in immunotherapy could there-
fore involve regularly gathering patient-reported outcomes
(PROs), such as symptom information, using patient-reported
outcome measures (PROMs) through eHealth tools [31-34].
Furthermore, using biometric sensors could potentially detect
symptoms and track physical activity in outpatient oncology
settings [35,36]. To date, evidence of the effect of eHealth
tools monitoring patients with melanoma on treatment with
ICIs is scarce. One study showed that an electronic PROMs

tool could not reduce the number of severe AEs, although it
did increase HRQoL [34,37].

Health apps have also the potential to fulfill patients’
requirements for information and support, especially
concerning symptom control and supportive services [38,39].
Furthermore, web-based programs and eHealth apps have
incorporated nonpharmacological well-being interventions,
such as promoting physical exercise, providing psychoeduca-
tion, mindfulness-based interventions, and yoga, to address
CRF, showing encouraging outcomes [40,41]. By providing
a combination of remote symptom monitoring, nonpharmaco-
logical well-being interventions, and information provision
through an eHealth tool, patients believe this will positively
affect their HRQoL and symptom burden [39].

Based on these insights, we previously developed a Cancer
Patients Better Life Experience (CAPABLE) mobile app.
CAPABLE is an extensively tested eHealth app as part of
the EU Horizon 2020 program, designed to offer educational
material, supportive care, remote symptom monitoring, and
well-being interventions [42], initially for patients during
and after ICIs, but open to treatment changes to targeted
therapies. Development involved a user (patient)-centered
design process in order to improve system usability and user
acceptance [43]. The aim of this study was to explore the
effect of CAPABLE on patient-reported outcomes, specifi-
cally fatigue and other HRQoL domains, compared with a
matched historical control group receiving standard care [44].

Methods
Setting
The CAPABLE study was a prospective, exploratory, pilot
study in which a cohort that received the CAPABLE
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smartphone app and a multisensory smartwatch (intervention)
was compared with a historical prospective cohort that did
not receive the CAPABLE app and smartwatch (control
group). CAPABLE was registered as a medical device trial
according to the Medical Device Regulation, article 62. A
detailed description of the design of the pilot study and the
design and development of the CAPABLE app was pub-
lished previously [44]. Development and content was frozen
during the trial. The CAPABLE app was used in its final
operational state for the first time in a trial setting during
this study, although preliminary prototype testing was done
during system development. Briefly, participants included
in the study were provided with the CAPABLE mobile
app and a multisensorial smartwatch (ASUS VivoWatch
5 HC-B0) during the first 6 months of treatment with
ICIs. The mobile app consisted of 3 main components;
first, facilitating symptom and mental well-being monitoring,
second, providing educational material, and finally, providing
well-being interventions through goal setting and demonstrat-
ing the well-being intervention activity through a video or
text and figures. The symptom monitoring functionality was
used “as needed.” When a patient experienced a symptom,
they were able to enter this into the CAPABLE app, upon
which the decision support system managed the symptom
[44]. No regular or static symptom monitoring was promp-
ted by the app; however, the health care professional (HCP)
monitored the symptom input coming from the patients on a
daily basis and the information was included and discussed
in clinical encounters. The well-being interventions could
be executed from the home environment, and include a
30-minute walk, deep breathing practice, imagery training,
physical activity of stretching, and strengthening exercises,
Hatha Yoga or Nidra Yoga videos, or Tai Chi practice videos.
The smartwatch collected data on heart rate, sleep (stages,
hours, and performance), and physical activity, although data
from the smartwatch were treated as ancillary data and not
used for real-time symptom monitoring, decision support, or
diagnosis. Over the course of the pilot study, participants
were asked to complete PROMs at 3 time points. Results
of the intervention (CAPABLE) group were compared with
participants of 2 previously collected control groups (patient-
reported outcomes in high risk and advanced melanoma
patients cohort [PRO-MEL]; NL75996.031.20 and PROMs
collected in clinical practice), which were 2 similar prospec-
tively collected cohorts with the same inclusion criteria,
but treated following standard of care and following the
same follow-up schedule. PROMs in clinical practice were
collected starting August 2024 and is still ongoing at the time
of study. In addition, the PRO-MEL cohort was a prospec-
tive cohort that started inclusion in May 2021 and collected
additional PROMs, as also collected in the CAPABLE cohort.
Ethical Considerations
The Medical Ethical Committee NedMec (Amsterdam, the
Netherlands) granted ethical approval (reference 22‐981/
NL81970.000.22). The trial was prospectively registered at
ClinicalTrials.gov (NCT05827289). Ethical approval also
included the (secondary) use of data collected in the PRO-
MEL and PROMs in clinical practice cohorts. Privacy

and confidentiality protection was covered in the Medical
Ethical Committee approval by a large data protection impact
assessment. The study has not been amended during the
course of the trial. Compensation to participants was not
provided, except for the temporarily use of the smartphone
and smartwatch used in the study.
Recruitment
During a 6-month inclusion period, from April to October
2023, participants were recruited through their treating HCP
and the CAPABLE research team recruited in an oncology-
specialized center in Amsterdam, the Netherlands. The target
sample for feasibility end points of this pilot was to include
36 patients, corresponding to 60 eligible patients and a 60%
inclusion and compliance rate in the inclusion period [44].
Eligible participants had histologically confirmed stage III or
IV melanoma and planned to start treatment with ICIs (anti–
programmed-death 1 with or without anti–cytotoxic T-lym-
phocyte associated protein 4) according to standard clinical
practice. Furthermore, participants had to be >18 years of age,
had a sufficient understanding of the Dutch language, and
were able to use a smartphone.
Data Collection
Included patients were asked to use the CAPABLE app
and smartwatch for a minimum period of 3 months and a
maximum period of 6 months after start of treatment with
ICIs. CAPABLE installation on mobile phones and baseline
measurements took place after signing informed consent
and before or during first ICI infusion. Research data were
collected at baseline (T0), 3 months (T1), and 6 months (T2)
after start of treatment by providing the participants a set of
questionnaires. Clinical data (eg, staging, treatment details,
and demographics) were extracted from the medical record
during the study. PROMs data were stored and managed
in ALEA (FormVision) [45]. Data generated through the
CAPABLE app were stored on an internal secured drive.

To investigate the primary end point of this study, fatigue,
the European Organization for Research and Treatment of
Cancer (EORTC) Quality of Life Questionnaire-Core 30
(QLQ-C30) was used [46], a questionnaire developed to
assess the quality of life of patients with cancer. Responses
to this questionnaire range from 1 (not at all) to 4 (very much)
and are linearly transformed into a functioning or symptom
scale ranging from 0 to 100, with higher scores represent-
ing more experienced symptoms or a higher functioning,
respectively. Primarily, the changes in fatigue over time in
the intervention cohort were compared with the changes in
fatigue over time in the control cohort. The validated fatigue
scale of the QLQ-C30 is constructed out of 3 questions in
the QLQ-C30 questionnaire, “Did you need to rest?”, “Have
you felt weak?”, and “Were you tired?”. To explore secon-
dary outcomes of this study, other domains of the EORTC
QLQ-C30 were investigated (functioning and other symptom
scales), as well as changes between the CAPABLE and
(matched) control group when looking at the EuroQol 5D
(EQ-5D-5L) [47], Functional Assessment of Cancer Therapy-
Melanoma (FACT-M) [48], and EORTC Quality of Life
Questionnaire-Information 25 (QLQ-INFO25) [49].
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Feasibility outcomes were investigated throughout the
course of this pilot study by exploring the inclusion and
compliance rate of the CAPABLE app users. Recruitment
rate was calculated as the percentage of patients included in
the study out of the patients screened for eligibility. Patient
compliance was calculated as the percentage of patients
completing the questionnaires per follow-up moment. Finally,
patient retention was calculated as the percentage of patients
adhering to the CAPABLE mobile app for 6 months (ie, ≥1
interaction with any of the functionalities within the follow-
up period). Patient engagement with the app was presented
by descriptive data on the use of the symptom reporting
and well-being intervention functionalities. Extensive data
collection methods and corresponding figures and tables are
described in the previously published study protocol [44].
Data Analysis
Patients that completed at least 1 PROM over the course
of the study were included in the final analysis. Because
of low inclusion in the (control cohort) PRO-MEL study,
matching was done on a control group composed of patients
from both the PRO-MEL and PROMs in clinical practice
cohort who filled in the EORTC QLQ-C30, FACT-M, and
EQ-5D-5L according to the same follow-up schedule. Patients
in the CAPABLE cohort were individually matched 1:2
with patients in the control cohorts based on sex, age,
and tumor staging. To compare information needs (QLQ-
INFO25) between the CAPABLE cohort and controls, no
matching was performed, and comparison consisted of the
entire PRO-MEL cohort to increase statistical power and be
able to interpret results.

Descriptive statistics were calculated to provide informa-
tion about the patient population, feasibility, and engage-
ment with the CAPABLE app. For the purpose of this
study, mean scores for fatigue and other QLQ-C30 domains
were calculated and presented according to current guide-
lines [50]. To compare the mean fatigue scores and other
HRQoL outcomes between the group receiving the CAPA-
BLE intervention and the control group at each individ-
ual time point, independent sample t tests were used. To
analyze the differences in all outcomes on different time
points between the CAPABLE cohort and matched controls
over time, linear mixed effects models were used. Statistical
models were adjusted for age, sex, tumor stage, time, and
baseline scores (with an interaction term between time and
cohort). A 2-tailed P value<.05 was considered statistically
significant, although P values in this pilot setting were not

powered to provide much information due to the small sample
size. Therefore, this study mostly focused on clinically
relevant differences according to Cocks et al [51]. Similar
methods were used for analyzing the EQ-5D-5L, FACT-M,
and QLQ-INFO25.

Missing items from the questionnaires were imputed
according to corresponding EORTC guidelines [50]. The
scale scores of the EORTC QLQ-C30 were set to missing if
fewer than half of the items on a given scale were answered.
Where at least 50% of the relevant scale scores were present,
the missing values were replaced by the mean of the present
values. We applied the same strategy to the other question-
naires as no other guidelines are available for those. Statisti-
cal analyses and matching procedures were done using Stata
version 15 (StataCorp) [52].

Results
Overview
In total, 110 patients were screened for eligibility for the
CAPABLE trial in the 6-month inclusion period (Figure
1). Main reasons for noneligibility were the start of targe-
ted therapy instead of ICIs (n=16) or the patient not being
invited for inclusion by the treating physician’s decision
(eg, aggressive disease, comorbidities, symptomatic brain
metastasis, low health literacy, and mentally too demand-
ing; n=17). Eventually, 59 out of 110 (54%) patients were
contacted to participate. Most of the contacted patients who
did not return a consent form did not specify a reason (n=16).
Reasons specified for not participating in the pilot study
included privacy concerns (n=2) and the expectation that the
burden would be too high (n=10). Of the 31 included patients,
1 did not manage to install the CAPABLE app before T1.
A total of 30 patients were taken into consideration for the
statistical analysis, although 2 patients died due to progressive
disease before reaching T2. In total, 297 patients (70 from
the PRO-MEL cohort and 227 from the PROMs in clinical
practice cohort) were eligible for individual matching. This
yielded 56 patients that were matched 2:1 to the CAPABLE
cohort. Thus, a group of 86 patients was included in the
analysis of the EORTC QLQ-C30, FACT-M, and EQ-5D-5L.
Since data on the EORTC QLQ-INFO25 were only available
in the PRO-MEL cohort, the entire PRO-MEL cohort (n=70)
was used in the comparison with the CAPABLE group (n=30)
for these secondary end points.
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Figure 1. Cancer Patients Better Life Experience (CAPABLE) study inclusion flowchart.

Both cohorts were equally balanced in terms of age, sex,
and tumor stage, due to matching (Table 1). Median age of
the CAPABLE cohort was 65 (IQR 55‐72) years. Females
represented 61% (19/31) of the included participants, and
approximately half the participants had stage IV disease
(17/31, 55%). Most patients received anti-PD1 monotherapy

in the CAPABLE and matched control group (19/31, 61% and
37/56, 66%, respectively). In the matched control group, 21%
(12/56) of patients received targeted therapy after therapy
switch, compared with 7% (2/31) in the CAPABLE group,
but this difference was not statistically significant (P=.07).

Table 1. Participants’ clinical characteristics. Not all percentages add up to 100% as multiple patients received multiple treatments. Missing data
were not taken into consideration when calculating the P values.
Characteristic CAPABLEa cohort (n=31) Control cohort (n=56) P valueb

Sex, n (%)     .96
Male 12 (39) 22 (39)   
Female 19 (61) 34 (61)   

Age (years), median (IQR) 65 (55-72) 64 (56-71) .99
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Characteristic CAPABLEa cohort (n=31) Control cohort (n=56) P valueb

Tumor stage, n (%)     .96
III 14 (45) 25 (45)   
IV 17 (55) 31 (55)   

Treatment, n (%)       
Anti-PD-1c 19 (61) 37 (66) .66
Anti-CTLA-4d + Anti-PD-1 14 (45) 23 (41) .71
Radiotherapy 6 (19) 12 (21) .82
Surgery before ICIse 10 (32) 23 (41) .42
Targeted therapy 2 (7) 12 (21) .07

Treatment line, n (%)     .90
1 24 (77) 44 (79)   
>1 7 (23) 12 (21)   

aCAPABLE: Cancer Patients Better Life Experience
bP values are based on χ2 tests for group variables and Mann-Whitney test for age.
cPD-1: programmed-death 1.
dCTLA-4: cytotoxic T-lymphocyte associated protein 4.
eICI: immune-checkpoint inhibitor.

Fatigue
The trend in unadjusted fatigue over time was similar
between the CAPABLE group and the matched controls
although fatigue seems to increase less in the CAPABLE
cohort (Figure S1 in Multimedia Appendix 1). A 5-point
difference was shown in baseline fatigue. The CAPABLE
group had lower fatigue score on baseline compared with the
matched controls (mean 18.4, SD 21.7) compared with the
matched controls (mean 23.4, SD 19.4; P=.28), increasing to
a difference of 8.2 points at month 3 (mean 23.0, SD 25.2

vs mean 31.2, SD 24.1; P=.17) (Table S1 in Multimedia
Appendix 1). When correcting for sex, age, stage, time, and
baseline scores, an adjusted difference in fatigue of −5.09
(95% CI −15.20 to 5.02; P=.32) for the CAPABLE group
at month 3 was observed (Table 2). Although this result was
not statistically significant, this difference was considered a
small, clinically relevant difference. At month 6, a nonsignifi-
cant and nonclinically relevant difference was shown between
the 2 groups (β=−2.32, 95% CI −12.81 to 8.16; P=.66).

Table 2. Adjusted mixed effects linear regression analysis on fatigue as measured by the Quality of Life Questionnaire-Core 30 (QLQ-C30) between
Cancer Patients Better Life Experience (CAPABLE) group and matched controls over time.
Fatigue β (95% CI) P value Clinical relevance
Cohort

Controls Ref —a —
CAPABLE −1.43 (−9.00 to 6.13) .71 Trivial

Sex
Male Ref — —
Female 1.31 (−4.06 to 6.68) .63 Trivial

Age 0.03 (−0.22 to 0.27) .83 Trivial
Stage

Stage III Ref — —
Stage IV −0.35 (−5.36 to 4.66) .89 Trivial

Time
Baseline Ref — —
Month 3 8.28 (2.38 to 14.18) .01 Small
Month 6 5.60 (−0.34 to 11.54) .07 Small

Cohort×time
Controls × baseline Ref — —
CAPABLE × month 3 −5.09 (−15.20 to 5.02) .32 Small
CAPABLE × month 6 −2.32 (−12.81 to 8.16) .66 Trivial

Baseline score 0.72 (0.58 to 0.85) <.001 — (offset)
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Fatigue β (95% CI) P value Clinical relevance

aNot applicable.

Health-Related and Melanoma-Specific
Quality of Life
A significant difference in baseline scores was observed
between the 2 cohorts for most of the HRQoL domains
measured by the EORTC QLQ-C30 (Table S1 in Multime-
dia Appendix 1). On all functioning scales except cognitive
functioning, the CAPABLE group reported better function in
terms of both statistical significance and clinical relevance,

with mean baseline differences ranging from 8.5 in social
functioning (P=.11) to 12.0 in role functioning (P=.07)
(Table S1 in Multimedia Appendix 1). After adjusting for
covariates in multivariable regression analysis, no statistically
significant nor clinically relevant changes on any of the
HRQoL domains were observed between the CAPABLE
group and matched controls at either month 3 or month 6
follow-up (Table 3).

Table 3. Adjusted mixed effects linear regression analyses on different health-related quality of life (HRQoL) outcomes as measured by the European
Organization for Research and Treatment of Cancer (EORTC) Quality of Life Questionnaire-Core 30 (QLQ-C30) between Cancer Patients Better
Life Experience (CAPABLE) group and matched controls over time. Analyses are adjusted for age, sex, stage, and baseline scores.
HRQoL subscales β (95% CI)a P value Clinical relevance
Physical functioning

CAPABLE × month 3 −4.45 (−11.93 to 3.03) .24 Trivial
CAPABLE × month 6 −6.31 (−14.09 to 1.47) .11 Small

Role functioning
CAPABLE × month 3 0.55 (−11.88 to 12.99) .93 Trivial
CAPABLE × month 6 −3.82 (−16.74 to 9.10) .56 Trivial

Emotional functioning
CAPABLE × month 3 −5.77 (−14.71 to 3.16) .21 —b

CAPABLE × month 6 −8.41 (−17.63 to 0.80) .07 —
Social functioning

CAPABLE × month 3 −1.89 (−12.54 to 8.77) .73 Trivial
CAPABLE × month 6 1.09 (−9.95 to 12.13) .85 Trivial

Cognitive functioning
CAPABLE × month 3 0.30 (−7.16 to 7.77) .94 Trivial
CAPABLE × month 6 1.06 (−6.64 to 8.77) .79 Trivial

Insomnia
CAPABLE × month 3 3.65 (−1.68 to 13.93) .58 Trivial
CAPABLE × month 6 0.88 (−12.57 to 14.33) .90 Trivial

Financial difficulties
CAPABLE × month 3 4.93 (−0.33 to 10.20) .07 Small
CAPABLE × month 6 7.47 (1.99 to 12.95) .01 Small

Summary score
CAPABLE × month 3 −3.37 (−8.78 to 2.04) .22 —
CAPABLE × month 6 1.19 (−4.40 to 6.80) .68 —

aResults presented are adjusted βs coming from interaction between cohort and time. Matched controls at baseline are reference group.
bNot applicable.

Similar baseline differences were observed in melanoma-spe-
cific quality of life as measured by the melanoma subscale
(MS) and melanoma surgery subscale (MSS) of the FACT-
M. Melanoma-specific quality of life showed a signifi-
cant baseline difference between the CAPABLE group and
matched controls when looking at both the MS (mean 57.5,
SD 5.3 vs mean 50.4, SD 8.3; P<.001) and the MSS (mean
28.1, SD 4.4 vs mean 22.4, SD 6.3; P<.001). Mean scores
did not change much over time in both cohorts (Table S3 in
Multimedia Appendix 1). When adjusted for sex, age, tumor

stage, time, and baseline scores, there were also no significant
changes in melanoma-specific quality of life between both
cohorts over time (Table 4). Utility scores of the EQ-5D-5L
yielded similar results in terms of mean scores, and when
adjusted for all covariates, no effect of CAPABLE was seen
compared with matched controls (Table S3 in Multimedia
Appendix 1; Table 4). However, HRQoL as measured by the
visual analog scale, was significantly higher for the CAPA-
BLE cohort compared with the matched controls on month 3
and month 6 when corrected for sex, age, and stage of disease
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(B=10.28, 95% CI 1.45‐19.11, P=.02 and B=11.50, 95% CI
2.08‐20.92, P=.017, respectively).

Table 4. Adjusted univariable mixed effects linear regression analyses on different patient reported outcome measures between CAPABLE group and
matched controls. Analyses are adjusted for age, sex, stage, and baseline scores.
HRQoLa subscales β (95% CI)b P value
FACT-Mc

MSd  (range 0-64)
CAPABLEe×month 3 −1.54 (−5.37 to 2.29) .43
CAPABLE×month 6 −0.82 (−4.78 to 3.14) .69

MSSf  (range 0-32)
CAPABLE×month 3 0.91 (−2.34 to 4.17) .58
CAPABLE×month 6 −0.68 (−4.00 to 2.64) .69

EQ-5D-5L
Utility (range 0-1)

CAPABLE×month 3 −0.05 (−0.11 to 0.01) .10
CAPABLE×month 6 −0.03 (−0.10 to 0.03) .33

VASg  (range 0-100)
CAPABLE×month 3 10.28 (1.45 to 19.11) .02
CAPABLE×month 6 11.50 (2.08 to 20.92) .02

aHRQoL: health-related quality of life.
bResults presented are adjusted βs coming from interaction between cohort and time. Matched controls at baseline are reference group.
cFACT-M: Functional Assessment of Cancer Therapy-Melanoma.
dMS: melanoma subscale.
eCAPABLE: Cancer Patients Better Life Experience.
fMSS: melanoma surgery subscale.
gVAS: visual analog scale.

Information Needs
Overall, information provision as reported by the EORTC
QLQ-INFO25 was significantly lower in the control cohort on
both baseline and month 6 (Table S4 in Multimedia Appendix
1). When adjusting for age, sex, and baseline scores, no

separate domains showed significant improvements of the
CAPABLE cohort. However, information satisfaction was
significantly higher in the CAPABLE cohort (B=8.71, 95%
CI 1.54‐15.88; P=.02) (Table 5).

Table 5. Adjusted univariable mixed effects linear regression analyses on information domains between CAPABLE group and PRO-MEL controls.
Analyses are adjusted for age, sex, stage, and baseline scores.
Information domainsa β (95% CI) P value
Disease 3.38 (−5.49 to 12.25) .46
Medical tests 9.35 (0.22 to 18.48) .05
Treatment 1.59 (−6.89 to 10.06) .71
Other services 2.46 (−7.28 to 12.19) .62
Different places of care −2.19 (−14.04 to 9.67) .72
Things you can do to help yourself −6.12 (−15.54 to 3.30) .20
Satisfaction with information received 8.71 (1.54 to 15.88) .02
Overall the information has been helpful 3.69 (−4.77 to 12.14) .39

aControls are reference group.

Feasibility
Because of project time constraints, only 31 of the planned
36 patients were included in this study. In total, 59 patients
were eligible for study participation, resulting in a recruitment
rate of 53% in the set period, whereas the planned recruitment
rate for reaching the feasibility end point was 60%. However,
patient compliance and patient retention remained high in

the patients that were included. Patient compliance to the
PROMs at baseline was 98% (30/31), at T1 was 90% (27/30),
and at T2 was 79% (22/28). Finally, 27 out of 31 (87%)
patients adhered to using the CAPABLE app until at least
T1, which dropped to 24 patients (77%) using the app at
T2. Furthermore, 2 of those patients died because of rapidly
progressive disease during the trial. Adherence to smartwatch
use was lower with only 43% (13/30) usage at T2 due to
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smartwatch issues. In total, 27 individual problems with the
CAPABLE app and smartwatch were reported during the
trial, mostly in the first 3 months of usage. Almost half of
patients (14/30, 47%) reported at least 1 problem with the
CAPABLE app or one of its functionalities. The majority
of reported problems were related to login issues (7/20,
35%), smartwatch problems (communication between app
and discomfort of the smartwatch; 8/20, 41%), and problems
with the symptom reporting workflow (3/20, 15%).
Engagement With the System
Concerning the symptom reporting functionality, 18 out of 30
patients have actively used the CAPABLE app and reported
at least 1 distinct symptom or symptom episode (range 1‐7)
(Figure S2 in Multimedia Appendix 1). In total, 20 distinct
immune-related AEs were reported through the CAPABLE
app, with reports of 33 grade 1, 28 grade 2, 17 grade 3,
and 3 grade 4 symptoms according to the mapped Com-
mon Terminology Criteria for AEs version 5 (Table S5 in
Multimedia Appendix 1). Symptom episodes ranged from 1.5
days for headache to 149.6 days for muscle pain (Table S6 in
Multimedia Appendix 1).

Engagement with the well-being interventions was on
average lower than symptoms reporting (Table S7 in
Multimedia Appendix 1). Interventions were not prescribed
by HCPs and were free to use by the patients. The interven-
tion related to taking a walk was the most often used, with
327 execution times, reported by 9 distinct patients. Some
patients used the other interventions infrequently. Further-
more, 8 out of 30 patients used the interventions more than 5
times (range 8‐213). Interventions that were used infrequently
were mainly used during the first weeks of enrollment,
suggesting that the interventions were tried out at the start
of the pilot. The walking intervention was executed through-
out the course of the pilot study, with more engagement in
summer than in fall and winter (October-December).

Discussion
Principal Findings
The aim of this pilot study was to explore the effect of
the CAPABLE mobile app on patient-reported outcomes,
specifically fatigue, in patients with melanoma starting ICIs,
compared with a historical control group receiving standard
care. Our results showed no significant adjusted differences
on fatigue and other HRQoL domains between the CAPA-
BLE cohort and matched controls during the first 6 months of
treatment. However, although not statistically significant, we
did find that the CAPABLE cohort reported a smaller relevant
increase in fatigue at month 3 follow-up compared with
matched controls. Furthermore, information satisfaction was
significantly higher in the CAPABLE users. The secondary
goal of this study was to show patients’ acceptance and
feasibility of the CAPABLE app. With an observed recruit-
ment rate of 53%, our feasibility end point of 60% was not
met. A third of the patients refused to participate because
study and questionnaires were expected to be too burden-
some. Furthermore, HCPs did not feel comfortable including

patients in the study because they expected it to be too
burdensome for some patients (based on oral feedback).
Furthermore, technology barriers might have played a role,
as observed in other studies with eHealth apps [53].

We observed a significant baseline difference in almost
all the HRQoL domains between the CAPABLE cohort
and matched controls, suggesting a selection bias. Although
matched on baseline characteristics, HRQoL domains in
the CAPABLE group are clinically relevantly and signifi-
cantly higher than in the matched controls. Therefore, results
obtained in the CAPABLE group could have been influ-
enced by the phenomenon “regression towards the mean,”
as improvement of HRQoL was almost impossible to achieve
[54]. However, this phenomenon looks like it occurred in all
HRQoL domains, except for fatigue, as we see an improve-
ment only in fatigue for the CAPABLE cohort, although
not statistically significant. This observation also underscores
the importance of including patients with lower HRQoL in
interventions designed to improve this outcome, for example,
by minimizing the expected burden of participation [55].

Several studies have shown the benefits of eHealth on
CRF. Supporting the small (nonsignificant) difference found
in fatigue in our study, a meta-analysis done on 9 studies
showed a statistically significant beneficial effect of eHealth
interventions on CRF [23]. Furthermore, these eHealth tools
were mostly designed to target CRF solely and did not have
the multimodal aspects of our CAPABLE app. Furthermore,
we were not able to disentangle which specific functionality
was responsible for possible changes in fatigue, or if it was a
combination of all functionalities. In addition, our sample size
was not large enough to provide statistical significance; our
pilot study was designed to provide descriptive statistics and
focused largely on clinical relevance [51].

A similar study in Denmark, with electronic symptom
monitoring carried out in patients with metastatic melanoma
starting treatment with ICIs yielded improved HRQoL in
the intervention group, as measured by the FACT-M and
EQ-5D-5L [34,37], although the differences Tolstrup et al
[37] obtained were also not clinically relevant. The Danish
study was a randomized controlled trial (RCT) and had an
active weekly symptom-monitoring component by their HCP;
components of the trial that could have influenced the results
compared with passive HCP monitoring in our real-world
single-arm setting [56,57].

Information satisfaction was significantly higher in the
CAPABLE cohort compared with the control group. Studies
done on information provision through eHealth tools in the
Dutch cancer care are still conflicting [58]. For example, in
an RCT investigating a web-based eHealth app to support
multiple cancer patient groups, improvement of knowledge
was not reached [59]. However, another study showed that
higher information satisfaction might contribute to patient
knowledge and decision involvement [60]. Therefore, an
eHealth tool, such as CAPABLE, might still support patient
knowledge and shared decision-making.

Results of our study might have been influenced by
barriers when integrating and implementing eHealth into
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clinical practic. Although the CAPABLE system was
developed using all relevant stakeholders, the CAPABLE app
was not integrated in our electronic health record, causing
our HCPs to work with 2 different systems, leading to
resistance. In-depth results of user experience and usability
research done in HCPs still need to be analyzed, but verbal
feedback suggested this was a large barrier for monitoring
patients with this app. To date, successful implementation and
use of digital health interventions remains limited worldwide
by integration into electronic health records, impairing the
possible positive effect of such interventions [53]. Second,
an existing challenge in digital health interventions research
is the recruitment of target populations in need of such
interventions [53,61,62]. Both not reaching our feasibility end
point of 60% and high HRQoL baseline scores (probably
because of selection bias) confirm this challenge. Conse-
quently, results of this study need to be interpreted with
caution and future research should make more effort into
recruitment strategies including weaker populations, as well
as considering health literacy. Furthermore, efforts are needed
to reduce patient burden in this type of studies, both in
terms of intervention as with research questionnaires, as it is
essential to include all patients with serious health conditions
[55].
Limitations
Several limitations of this study need to be considered when
interpreting the results. Our sample size was too small to
prove significant differences on HRQoL outcomes. Because
of time constraints of our project, whose main focus was the
design and development of the system, inclusion period was
short and only 31 patients out of the anticipated 36 were
included. Second, most of the control group was collected
during the COVID-19 pandemic, which might have influ-
enced HRQoL outcomes in these patients. However, a study
done by van de Poll-Franse et al [63] showed that the crisis
might have affected well-being of general population more
than in that of cancer patients. In addition, another negative
aspect of the COVID-19 pandemic was related to some delays
in the software development for the CAPABLE eHealth app
in an already-restricted project timeframe, which might have
resulted in an increase in app issues reported by patients.
While in-depth usability outcomes of this study have yet
to be analyzed, we observed a relatively high proportion of
technical problems during our study and we gathered multiple
areas of improvement from verbal feedback from patients,
which could have affected the results. Another limitation of
the study was our decision to use a matched historical control

cohort rather than an RCT. An RCT would have allowed
better isolation of the effect of using the app. However, use of
the historical cohort allowed us to recognize and characterize
the participation bias in the intervention participants. This
bias may have contributed to the lack of a clinically relevant
effect in our main outcome.

However, a large strength of this study has been that
CAPABLE was developed with co-design of patients and
HCPs, following user-centered design principles, starting
with explorative interviews and undergoing 3 testing rounds.
Furthermore, our study was conducted in the real-world
setting of the pilot trial; included patients were treated
according to clinical practice. The CAPABLE app was added
as a monitoring and coaching system tool and could intervene
in management of patients after severe symptom reports.
Due to the real-world setting of this trial, results on PROs,
feasibility, and engagement with eHealth might be more
generalizable to real-world patients compared with results
found in clinical trials.

Future and larger studies could benefit from including
patients more inclusively in terms of low health literacy and
social economic status. Inclusion criteria should be broadened
to reduce ceiling effects at baseline. Furthermore, the setting
of this pilot study might have played a pivotal role, as we
included patients in a dedicated cancer and melanoma center
with a lot of ongoing clinical trials and other intervention
studies and also standard care including easily accessible
specialized nurse practitioners.
Conclusion
In our small, nonrandomized study we were unable to
show that mobile-based coaching and follow-up affected
HRQoL significantly, although results suggest a small clinical
improvement of fatigue at 3 months follow-up in the app
users. Ceiling effects due to large baseline differences might
have caused the impact of CAPABLE to be negligible for
patients with higher baseline HRQoL. CAPABLE resulted
in significantly higher information satisfaction compared
with controls. Although the feasibility end point of 60%
was not met, adherence to the system was high. Further
optimization of CAPABLE, taking into account patient-rela-
ted and technology-related barriers is needed before future
investigation in an RCT and might influence HRQoL end
points. Furthermore, when aiming at personalized patient
and survivorship care, further optimization and prospective
investigation of eHealth tools is warranted.

Acknowledgments
This work was supported by the European Union (EU)’s Horizon 2020 research and innovation programme (grant agreement
No 875052). The Cancer Patients Better Life Experience (CAPABLE) system was developed during the first 3 years of an EU
project funded under the Horizon 2020 Research and Innovation Programme. CAPABLE is a 4-year project coordinated by the
University of Pavia, Italy, and carried out by 12 partners in Europe and Israel. We like to thank all the partners and participants
involved in this and previous CAPABLE-project studies.
Data Availability
The datasets generated during and analyzed during this study are not publicly available due to the sensitive information of
patients but are available from the corresponding author on reasonable request.

JMIR CANCER Fraterman et al

https://cancer.jmir.org/2025/1/e58938 JMIR Cancer 2025 | vol. 11 | e58938 | p. 10
(page number not for citation purposes)

https://cancer.jmir.org/2025/1/e58938


Authors’ Contributions
Conceptualization was contributed by all authors. Data curation and formal analysis was contributed by IF, LVvdPF, SW, and
LS. Funding acquisition was managed by all authors. Investigation was handled by IF and SW. Methodology was contributed
by IF, LVvdPF, SW, LDC, VT, RC, and SM. Project administration, resources, software supervision, and validation was
handled by all authors. Visualization was contributed by IF, LVvdPF, SW, and LS. Writing – original draft was contributed by
IF, SW, and LS. Writing – review and editing was contributed by all authors.
Conflicts of Interest
DG is an employee of and shareholder in Deontics Ltd. Deontics provided the Computer Decision Support platform component
for the Cancer Patients Better Life Experience (CAPABLE) system used in the study. LDL reported the following: Conference
honoraria/Advisory Board: EISAI, MSD, Merck Serono, Eli Lilly, Sanofi, Sunpharma, IPSEN, Bayer, Roche, Istituto Gentili
Srl; New Bridge; Seagen; Novartis; Travel grant: Gilead.
All other authors report no conflict of interest.
Multimedia Appendix 1
Supplementary tables and figures.
[DOCX File (Microsoft Word File), 161 KB-Multimedia Appendix 1]
References
1. Larkin J, Del Vecchio M, Mandalá M, et al. Adjuvant nivolumab versus ipilimumab in resected stage III/IV melanoma:

5-year efficacy and biomarker results from CheckMate 238. Clin Cancer Res. Sep 1, 2023;29(17):3352-3361. [doi: 10.
1158/1078-0432.CCR-22-3145] [Medline: 37058595]

2. Robert C, Carlino MS, McNeil C, et al. Seven-year follow-up of the phase III KEYNOTE-006 study: pembrolizumab
versus ipilimumab in advanced melanoma. J Clin Oncol. Aug 20, 2023;41(24):3998-4003. [doi: 10.1200/JCO.22.01599]
[Medline: 37348035]

3. Robert C, Grob JJ, Stroyakovskiy D, et al. Five-year outcomes with dabrafenib plus trametinib in metastatic melanoma.
N Engl J Med. Aug 15, 2019;381(7):626-636. [doi: 10.1056/NEJMoa1904059] [Medline: 31166680]

4. Wolchok JD, Chiarion-Sileni V, Gonzalez R, et al. Long-term outcomes with nivolumab plus ipilimumab or nivolumab
alone versus ipilimumab in patients with advanced melanoma. J Clin Oncol. Jan 10, 2022;40(2):127-137. [doi: 10.1200/
JCO.21.02229] [Medline: 34818112]

5. Wolchok JD, Chiarion-Sileni V, Gonzalez R, et al. Overall survival with combined nivolumab and ipilimumab in
advanced melanoma. N Engl J Med. Oct 5, 2017;377(14):1345-1356. [doi: 10.1056/NEJMoa1709684] [Medline:
28889792]

6. Michielin O, van Akkooi ACJ, Ascierto PA, Dummer R, Keilholz U, ESMO Guidelines Committee. Electronic address:
clinicalguidelines@esmo.org. Cutaneous melanoma: ESMO Clinical Practice Guidelines for diagnosis, treatment and
follow-up†. Ann Oncol. Dec 1, 2019;30(12):1884-1901. [doi: 10.1093/annonc/mdz411] [Medline: 31566661]

7. Haanen J, Obeid M, Spain L, et al. Management of toxicities from immunotherapy: ESMO Clinical Practice Guideline
for diagnosis, treatment and follow-up. Ann Oncol. Dec 2022;33(12):1217-1238. [doi: 10.1016/j.annonc.2022.10.001]
[Medline: 36270461]

8. Egeler MD, van Leeuwen M, Fraterman I, et al. Common toxicities associated with immune checkpoint inhibitors and
targeted therapy in the treatment of melanoma: a systematic scoping review. Crit Rev Oncol Hematol. Mar
2023;183:103919. [doi: 10.1016/j.critrevonc.2023.103919] [Medline: 36736511]

9. Naidoo J, Page DB, Li BT, et al. Toxicities of the anti-PD-1 and anti-PD-L1 immune checkpoint antibodies. Ann Oncol.
Dec 2015;26(12):2375-2391. [doi: 10.1093/annonc/mdv383] [Medline: 26371282]

10. O’Reilly A, Hughes P, Mann J, et al. An immunotherapy survivor population: health-related quality of life and toxicity
in patients with metastatic melanoma treated with immune checkpoint inhibitors. Support Care Cancer. Feb
2020;28(2):561-570. [doi: 10.1007/s00520-019-04818-w] [Medline: 31089820]

11. Rogiers A, Boekhout A, Schwarze JK, Awada G, Blank CU, Neyns B. Long-term survival, quality of life, and
psychosocial outcomes in advanced melanoma patients treated with immune checkpoint inhibitors. J Oncol.
2019;2019:5269062. [doi: 10.1155/2019/5269062] [Medline: 31182961]

12. Rogiers A, Leys C, De Cremer J, et al. Health-related quality of life, emotional burden, and neurocognitive function in
the first generation of metastatic melanoma survivors treated with pembrolizumab: a longitudinal pilot study. Support
Care Cancer. Jul 2020;28(7):3267-3278. [doi: 10.1007/s00520-019-05168-3] [Medline: 31745697]

13. Saw RPM, Bartula I, Winstanley JB, Morton RL, Dieng M, Lai-Kwon J, et al. Melanoma and quality of life. In:
Kassianos AP, editor. Handbook of Quality of Life in Cancer. Springer International Publishing; 2022:439-466. [doi: 10.
1007/978-3-030-84702-9_26]

JMIR CANCER Fraterman et al

https://cancer.jmir.org/2025/1/e58938 JMIR Cancer 2025 | vol. 11 | e58938 | p. 11
(page number not for citation purposes)

https://jmir.org/api/download?alt_name=cancer_v11i1e58938_app1.docx
https://jmir.org/api/download?alt_name=cancer_v11i1e58938_app1.docx
https://doi.org/10.1158/1078-0432.CCR-22-3145
https://doi.org/10.1158/1078-0432.CCR-22-3145
http://www.ncbi.nlm.nih.gov/pubmed/37058595
https://doi.org/10.1200/JCO.22.01599
http://www.ncbi.nlm.nih.gov/pubmed/37348035
https://doi.org/10.1056/NEJMoa1904059
http://www.ncbi.nlm.nih.gov/pubmed/31166680
https://doi.org/10.1200/JCO.21.02229
https://doi.org/10.1200/JCO.21.02229
http://www.ncbi.nlm.nih.gov/pubmed/34818112
https://doi.org/10.1056/NEJMoa1709684
http://www.ncbi.nlm.nih.gov/pubmed/28889792
https://doi.org/10.1093/annonc/mdz411
http://www.ncbi.nlm.nih.gov/pubmed/31566661
https://doi.org/10.1016/j.annonc.2022.10.001
http://www.ncbi.nlm.nih.gov/pubmed/36270461
https://doi.org/10.1016/j.critrevonc.2023.103919
http://www.ncbi.nlm.nih.gov/pubmed/36736511
https://doi.org/10.1093/annonc/mdv383
http://www.ncbi.nlm.nih.gov/pubmed/26371282
https://doi.org/10.1007/s00520-019-04818-w
http://www.ncbi.nlm.nih.gov/pubmed/31089820
https://doi.org/10.1155/2019/5269062
http://www.ncbi.nlm.nih.gov/pubmed/31182961
https://doi.org/10.1007/s00520-019-05168-3
http://www.ncbi.nlm.nih.gov/pubmed/31745697
https://doi.org/10.1007/978-3-030-84702-9_26
https://doi.org/10.1007/978-3-030-84702-9_26
https://cancer.jmir.org/2025/1/e58938


14. Bower JE. Cancer-related fatigue--mechanisms, risk factors, and treatments. Nat Rev Clin Oncol. Oct
2014;11(10):597-609. [doi: 10.1038/nrclinonc.2014.127] [Medline: 25113839]

15. Horneber M, Fischer I, Dimeo F, Rüffer JU, Weis J. Cancer-related fatigue: epidemiology, pathogenesis, diagnosis, and
treatment. Dtsch Arztebl Int. Mar 2012;109(9):161-171. [doi: 10.3238/arztebl.2012.0161] [Medline: 22461866]

16. Fraterman I, Reijers ILM, Dimitriadis P, et al. Association between pretreatment emotional distress and neoadjuvant
immune checkpoint blockade response in melanoma. Nat Med. Dec 2023;29(12):3090-3099. [doi: 10.1038/s41591-023-
02631-x] [Medline: 37957378]

17. Paley CA, Boland JW, Santarelli M, Murtagh FEM, Ziegler L, Chapman EJ. Non-pharmacological interventions to
manage psychological distress in patients living with cancer: a systematic review. BMC Palliat Care. Jul 6,
2023;22(1):88. [doi: 10.1186/s12904-023-01202-8] [Medline: 37407974]

18. Bourmaud A, Anota A, Moncharmont C, et al. Cancer-related fatigue management: evaluation of a patient education
program with a large-scale randomised controlled trial, the PEPs fatigue study. Br J Cancer. Mar 28,
2017;116(7):849-858. [doi: 10.1038/bjc.2017.31] [Medline: 28196066]

19. Fabi A, Bhargava R, Fatigoni S, et al. Cancer-related fatigue: ESMO Clinical Practice Guidelines for diagnosis and
treatment. Ann Oncol. Jun 2020;31(6):713-723. [doi: 10.1016/j.annonc.2020.02.016] [Medline: 32173483]

20. Puetz TW, Herring MP. Differential effects of exercise on cancer-related fatigue during and following treatment: a meta-
analysis. Am J Prev Med. Aug 2012;43(2):e1-24. [doi: 10.1016/j.amepre.2012.04.027] [Medline: 22813691]

21. Song S, Yu J, Ruan Y, Liu X, Xiu L, Yue X. Ameliorative effects of Tai Chi on cancer-related fatigue: a meta-analysis
of randomized controlled trials. Support Care Cancer. Jul 2018;26(7):2091-2102. [doi: 10.1007/s00520-018-4136-y]
[Medline: 29564620]

22. Bruggeman-Everts FZ, Wolvers MDJ, van de Schoot R, Vollenbroek-Hutten MMR, Van der Lee ML. Effectiveness of
two web-based interventions for chronic cancer-related fatigue compared to an active control condition: results of the
“Fitter na kanker” randomized controlled trial. J Med Internet Res. Oct 19, 2017;19(10):e336. [doi: 10.2196/jmir.7180]
[Medline: 29051138]

23. Seiler A, Klaas V, Tröster G, Fagundes CP. eHealth and mHealth interventions in the treatment of fatigued cancer
survivors: a systematic review and meta-analysis. Psychooncology. Sep 2017;26(9):1239-1253. [doi: 10.1002/pon.4489]
[Medline: 28665554]

24. Champiat S, Lambotte O, Barreau E, et al. Management of immune checkpoint blockade dysimmune toxicities: a
collaborative position paper. Ann Oncol. Apr 2016;27(4):559-574. [doi: 10.1093/annonc/mdv623] [Medline: 26715621]

25. Mayer DK, Travers D, Wyss A, Leak A, Waller A. Why do patients with cancer visit emergency departments? Results of
a 2008 population study in North Carolina. J Clin Oncol. Jul 1, 2011;29(19):2683-2688. [doi: 10.1200/JCO.2010.34.
2816] [Medline: 21606431]

26. Vandyk AD, Harrison MB, Macartney G, Ross-White A, Stacey D. Emergency department visits for symptoms
experienced by oncology patients: a systematic review. Support Care Cancer. Aug 2012;20(8):1589-1599. [doi: 10.1007/
s00520-012-1459-y] [Medline: 22526151]

27. Denis F, Lethrosne C, Pourel N, et al. Randomized trial comparing a web-mediated follow-up with routine surveillance
in lung cancer patients. J Natl Cancer Inst. Sep 1, 2017;109(9). [doi: 10.1093/jnci/djx029] [Medline: 28423407]

28. Basch E, Deal AM, Kris MG, et al. Symptom monitoring with patient-reported outcomes during routine cancer
treatment: a randomized controlled trial. J Clin Oncol. Feb 20, 2016;34(6):557-565. [doi: 10.1200/JCO.2015.63.0830]
[Medline: 26644527]

29. Bennett AV, Jensen RE, Basch E. Electronic patient‐reported outcome systems in oncology clinical practice. CA A
Cancer J Clin. Sep 2012;62(5):336-347. [doi: 10.3322/caac.21150]

30. Jensen RE, Snyder CF, Abernethy AP, et al. Review of electronic patient-reported outcomes systems used in cancer
clinical care. J Oncol Pract. Jul 2014;10(4):e215-22. [doi: 10.1200/JOP.2013.001067] [Medline: 24301843]

31. Snyder CF, Aaronson NK, Choucair AK, et al. Implementing patient-reported outcomes assessment in clinical practice: a
review of the options and considerations. Qual Life Res. Oct 2012;21(8):1305-1314. [doi: 10.1007/s11136-011-0054-x]
[Medline: 22048932]

32. Iivanainen S, Alanko T, Peltola K, et al. ePROs in the follow-up of cancer patients treated with immune checkpoint
inhibitors: a retrospective study. J Cancer Res Clin Oncol. Mar 2019;145(3):765-774. [doi: 10.1007/s00432-018-02835-
6] [Medline: 30666409]

33. Iivanainen S, Alanko T, Vihinen P, et al. Follow-up of cancer patients receiving anti-PD-(L)1 therapy using an electronic
patient-reported outcomes tool (KISS): prospective feasibility cohort study. JMIR Form Res. Oct 28, 2020;4(10):e17898.
[doi: 10.2196/17898] [Medline: 33112242]

34. Tolstrup LK, Bastholt L, Dieperink KB, Möller S, Zwisler AD, Pappot H. The use of patient-reported outcomes to detect
adverse events in metastatic melanoma patients receiving immunotherapy: a randomized controlled pilot trial. J Patient
Rep Outcomes. Oct 30, 2020;4(1):88. [doi: 10.1186/s41687-020-00255-0] [Medline: 33125537]

JMIR CANCER Fraterman et al

https://cancer.jmir.org/2025/1/e58938 JMIR Cancer 2025 | vol. 11 | e58938 | p. 12
(page number not for citation purposes)

https://doi.org/10.1038/nrclinonc.2014.127
http://www.ncbi.nlm.nih.gov/pubmed/25113839
https://doi.org/10.3238/arztebl.2012.0161
http://www.ncbi.nlm.nih.gov/pubmed/22461866
https://doi.org/10.1038/s41591-023-02631-x
https://doi.org/10.1038/s41591-023-02631-x
http://www.ncbi.nlm.nih.gov/pubmed/37957378
https://doi.org/10.1186/s12904-023-01202-8
http://www.ncbi.nlm.nih.gov/pubmed/37407974
https://doi.org/10.1038/bjc.2017.31
http://www.ncbi.nlm.nih.gov/pubmed/28196066
https://doi.org/10.1016/j.annonc.2020.02.016
http://www.ncbi.nlm.nih.gov/pubmed/32173483
https://doi.org/10.1016/j.amepre.2012.04.027
http://www.ncbi.nlm.nih.gov/pubmed/22813691
https://doi.org/10.1007/s00520-018-4136-y
http://www.ncbi.nlm.nih.gov/pubmed/29564620
https://doi.org/10.2196/jmir.7180
http://www.ncbi.nlm.nih.gov/pubmed/29051138
https://doi.org/10.1002/pon.4489
http://www.ncbi.nlm.nih.gov/pubmed/28665554
https://doi.org/10.1093/annonc/mdv623
http://www.ncbi.nlm.nih.gov/pubmed/26715621
https://doi.org/10.1200/JCO.2010.34.2816
https://doi.org/10.1200/JCO.2010.34.2816
http://www.ncbi.nlm.nih.gov/pubmed/21606431
https://doi.org/10.1007/s00520-012-1459-y
https://doi.org/10.1007/s00520-012-1459-y
http://www.ncbi.nlm.nih.gov/pubmed/22526151
https://doi.org/10.1093/jnci/djx029
http://www.ncbi.nlm.nih.gov/pubmed/28423407
https://doi.org/10.1200/JCO.2015.63.0830
http://www.ncbi.nlm.nih.gov/pubmed/26644527
https://doi.org/10.3322/caac.21150
https://doi.org/10.1200/JOP.2013.001067
http://www.ncbi.nlm.nih.gov/pubmed/24301843
https://doi.org/10.1007/s11136-011-0054-x
http://www.ncbi.nlm.nih.gov/pubmed/22048932
https://doi.org/10.1007/s00432-018-02835-6
https://doi.org/10.1007/s00432-018-02835-6
http://www.ncbi.nlm.nih.gov/pubmed/30666409
https://doi.org/10.2196/17898
http://www.ncbi.nlm.nih.gov/pubmed/33112242
https://doi.org/10.1186/s41687-020-00255-0
http://www.ncbi.nlm.nih.gov/pubmed/33125537
https://cancer.jmir.org/2025/1/e58938


35. Beauchamp UL, Pappot H, Holländer-Mieritz C. The use of wearables in clinical trials during cancer treatment:
systematic review. JMIR Mhealth Uhealth. Nov 11, 2020;8(11):e22006. [doi: 10.2196/22006] [Medline: 33174852]

36. Chung AE, Jensen RE, Basch EM. Leveraging emerging technologies and the “Internet of Things” to improve the
quality of cancer care. J Oncol Pract. Oct 2016;12(10):863-866. [doi: 10.1200/JOP.2016.015784] [Medline: 27624946]

37. Tolstrup LK, Pappot H, Bastholt L, Möller S, Dieperink KB. Impact of patient-reported outcomes on symptom
monitoring during treatment with checkpoint inhibitors: health-related quality of life among melanoma patients in a
randomized controlled trial. J Patient Rep Outcomes. Jan 21, 2022;6(1):8. [doi: 10.1186/s41687-022-00414-5] [Medline:
35061112]

38. Slev VN, Mistiaen P, Pasman HRW, Verdonck-de Leeuw IM, van Uden-Kraan CF, Francke AL. Effects of eHealth for
patients and informal caregivers confronted with cancer: a meta-review. Int J Med Inform. Mar 2016;87:54-67. [doi: 10.
1016/j.ijmedinf.2015.12.013] [Medline: 26806712]

39. Fraterman I, Glaser SLC, Wilgenhof S, et al. Exploring supportive care and information needs through a proposed
eHealth application among melanoma patients undergoing systemic therapy: a qualitative study. Support Care Cancer.
Sep 2022;30(9):7249-7260. [doi: 10.1007/s00520-022-07133-z] [Medline: 35589878]

40. Spahrkäs SS, Looijmans A, Sanderman R, Hagedoorn M. How does the Untire app alleviate cancer-related fatigue? A
longitudinal mediation analysis. Psychooncology. Jun 2022;31(6):970-977. [doi: 10.1002/pon.5886] [Medline:
35060222]

41. Spahrkäs SS, Looijmans A, Sanderman R, Hagedoorn M. Beating cancer-related fatigue with the Untire mobile app:
results from a waiting-list randomized controlled trial. Psychooncology. Nov 2020;29(11):1823-1834. [doi: 10.1002/pon.
5492] [Medline: 33393199]

42. Lisowska A, Wilk S, Peleg M. SATO (IDEAS expAnded wiTh BCIO): Workflow for designers of patient-centered
mobile health behaviour change intervention applications. J Biomed Inform. Feb 2023;138:104276. [doi: 10.1016/j.jbi.
2022.104276] [Medline: 36586499]

43. Glaser SLC, Fraterman I, van Brummelen N, et al. Usability and usefulness testing of a symptom management and
coaching system for cancer patients treated with immune checkpoint inhibitors: a comparative qualitative study. JMIR
Preprints. Preprint posted online on Nov 13, 2024. [doi: 10.2196/preprints.57659]

44. Fraterman I, Wollersheim BM, Tibollo V, et al. An eHealth app (CAPABLE) providing symptom monitoring, well-being
interventions, and educational material for patients with melanoma treated with immune checkpoint inhibitors: protocol
for an exploratory intervention trial. JMIR Res Protoc. Oct 11, 2023;12:e49252. [doi: 10.2196/49252] [Medline:
37819691]

45. ALEA Tools for Clincal Trials. URL: https://www.aleaclinical.eu/ [Accessed 2025-01-21]
46. Aaronson NK, Ahmedzai S, Bergman B, et al. The European Organization for Research and Treatment of Cancer QLQ-

C30: a quality-of-life instrument for use in international clinical trials in oncology. J Natl Cancer Inst. Mar 3,
1993;85(5):365-376. [doi: 10.1093/jnci/85.5.365] [Medline: 8433390]

47. Rabin R, de Charro F. EQ-5D: a measure of health status from the EuroQol Group. Ann Med. Jul 2001;33(5):337-343.
[doi: 10.3109/07853890109002087] [Medline: 11491192]

48. Winstanley JB, Saw R, Boyle F, Thompson J. The FACT-Melanoma quality-of-life instrument: comparison of a five-
point and four-point response scale using the Rasch measurement model. Melanoma Res. Feb 2013;23(1):61-69. [doi:
10.1097/CMR.0b013e32835c7dd9] [Medline: 23262441]

49. Arraras JI, Greimel E, Sezer O, et al. An international validation study of the EORTC QLQ-INFO25 questionnaire: an
instrument to assess the information given to cancer patients. Eur J Cancer. Oct 2010;46(15):2726-2738. [doi: 10.1016/j.
ejca.2010.06.118] [Medline: 20674333]

50. Fayers P, Aaronson NK, Bjordal K, Groenvold M, Curran D, Bottomley A. EORTC QLQ-C30 Scoring Manual. 3rd ed.
European Organisation for Research and Treatment of Cancer; 2001. ISBN: 2-9300-6416-1

51. Cocks K, King MT, Velikova G, Martyn St-James M, Fayers PM, Brown JM. Evidence-based guidelines for
determination of sample size and interpretation of the European Organisation for the Research and Treatment of Cancer
Quality of Life Questionnaire Core 30. J Clin Oncol. Jan 1, 2011;29(1):89-96. [doi: 10.1200/JCO.2010.28.0107]
[Medline: 21098316]

52. New in stata 15. Stata. URL: https://www.stata.com/stata15/ [Accessed 2025-01-21]
53. Borges do Nascimento IJ, Abdulazeem H, Vasanthan LT, et al. Barriers and facilitators to utilizing digital health

technologies by healthcare professionals. NPJ Digit Med. Sep 18, 2023;6(1):161. [doi: 10.1038/s41746-023-00899-4]
[Medline: 37723240]

54. Carmona-Bayonas A, Jimenez-Fonseca P, Fernández-Somoano A, et al. Top ten errors of statistical analysis in
observational studies for cancer research. Clin Transl Oncol. Aug 2018;20(8):954-965. [doi: 10.1007/s12094-017-1817-
9] [Medline: 29218627]

JMIR CANCER Fraterman et al

https://cancer.jmir.org/2025/1/e58938 JMIR Cancer 2025 | vol. 11 | e58938 | p. 13
(page number not for citation purposes)

https://doi.org/10.2196/22006
http://www.ncbi.nlm.nih.gov/pubmed/33174852
https://doi.org/10.1200/JOP.2016.015784
http://www.ncbi.nlm.nih.gov/pubmed/27624946
https://doi.org/10.1186/s41687-022-00414-5
http://www.ncbi.nlm.nih.gov/pubmed/35061112
https://doi.org/10.1016/j.ijmedinf.2015.12.013
https://doi.org/10.1016/j.ijmedinf.2015.12.013
http://www.ncbi.nlm.nih.gov/pubmed/26806712
https://doi.org/10.1007/s00520-022-07133-z
http://www.ncbi.nlm.nih.gov/pubmed/35589878
https://doi.org/10.1002/pon.5886
http://www.ncbi.nlm.nih.gov/pubmed/35060222
https://doi.org/10.1002/pon.5492
https://doi.org/10.1002/pon.5492
http://www.ncbi.nlm.nih.gov/pubmed/33393199
https://doi.org/10.1016/j.jbi.2022.104276
https://doi.org/10.1016/j.jbi.2022.104276
http://www.ncbi.nlm.nih.gov/pubmed/36586499
https://doi.org/10.2196/preprints.57659
https://doi.org/10.2196/49252
http://www.ncbi.nlm.nih.gov/pubmed/37819691
https://www.aleaclinical.eu/
https://doi.org/10.1093/jnci/85.5.365
http://www.ncbi.nlm.nih.gov/pubmed/8433390
https://doi.org/10.3109/07853890109002087
http://www.ncbi.nlm.nih.gov/pubmed/11491192
https://doi.org/10.1097/CMR.0b013e32835c7dd9
http://www.ncbi.nlm.nih.gov/pubmed/23262441
https://doi.org/10.1016/j.ejca.2010.06.118
https://doi.org/10.1016/j.ejca.2010.06.118
http://www.ncbi.nlm.nih.gov/pubmed/20674333
https://doi.org/10.1200/JCO.2010.28.0107
http://www.ncbi.nlm.nih.gov/pubmed/21098316
https://www.stata.com/stata15/
https://doi.org/10.1038/s41746-023-00899-4
http://www.ncbi.nlm.nih.gov/pubmed/37723240
https://doi.org/10.1007/s12094-017-1817-9
https://doi.org/10.1007/s12094-017-1817-9
http://www.ncbi.nlm.nih.gov/pubmed/29218627
https://cancer.jmir.org/2025/1/e58938


55. Aiyegbusi OL, Roydhouse J, Rivera SC, et al. Key considerations to reduce or address respondent burden in patient-
reported outcome (PRO) data collection. Nat Commun. Oct 12, 2022;13(1):6026. [doi: 10.1038/s41467-022-33826-4]
[Medline: 36224187]

56. Chodankar D. Introduction to real-world evidence studies. Perspect Clin Res. 2021;12(3):171-174. [doi: 10.4103/picr.
picr_62_21] [Medline: 34386383]

57. van den Hurk CJG, Mols F, Eicher M, et al. A narrative review on the collection and use of electronic patient-reported
outcomes in cancer survivorship care with emphasis on symptom monitoring. Curr Oncol. Jun 17,
2022;29(6):4370-4385. [doi: 10.3390/curroncol29060349] [Medline: 35735458]

58. van Deursen L, Versluis A, van der Vaart R, et al. eHealth interventions for Dutch cancer care: systematic review using
the Triple Aim Lens. JMIR Cancer. Jun 14, 2022;8(2):e37093. [doi: 10.2196/37093] [Medline: 35699991]

59. van der Hout A, van Uden-Kraan CF, Holtmaat K, et al. Role of eHealth application Oncokompas in supporting self-
management of symptoms and health-related quality of life in cancer survivors: a randomised, controlled trial. Lancet
Oncol. Jan 2020;21(1):80-94. [doi: 10.1016/S1470-2045(19)30675-8] [Medline: 31838009]

60. Cuypers M, Lamers RED, Kil PJM, van de Poll-Franse LV, de Vries M. Impact of a web-based prostate cancer treatment
decision aid on patient-reported decision process parameters: results from the Prostate Cancer Patient Centered Care
trial. Support Care Cancer. Nov 2018;26(11):3739-3748. [doi: 10.1007/s00520-018-4236-8] [Medline: 29752528]

61. Mumtaz H, Riaz MH, Wajid H, et al. Current challenges and potential solutions to the use of digital health technologies
in evidence generation: a narrative review. Front Digit Health. 2023;5:1203945. [doi: 10.3389/fdgth.2023.1203945]
[Medline: 37840685]

62. O’Connor S, Hanlon P, O’Donnell CA, Garcia S, Glanville J, Mair FS. Understanding factors affecting patient and
public engagement and recruitment to digital health interventions: a systematic review of qualitative studies. BMC Med
Inform Decis Mak. Sep 15, 2016;16(1):120. [doi: 10.1186/s12911-016-0359-3] [Medline: 27630020]

63. van de Poll-Franse LV, de Rooij BH, Horevoorts NJE, et al. Perceived care and well-being of patients with cancer and
matched norm participants in the COVID-19 crisis: results of a survey of participants in the Dutch PROFILES Registry.
JAMA Oncol. Feb 1, 2021;7(2):279-284. [doi: 10.1001/jamaoncol.2020.6093] [Medline: 33237294]

Abbreviations
AE: adverse event
CAPABLE: Cancer Patients Better Life Experience
CRF: cancer-related fatigue
EORTC: European Organization for Research and Treatment of Cancer
EQ-5D-5L: EuroQol-5D-5L
FACT-M: Functional Assessment of Cancer Therapy-Melanoma
HCP: health care professional
HRQoL: health-related quality of life
ICI: immune-checkpoint inhibitor
MS: melanoma subscale
MSS: melanoma surgery subscale
PRO: patient-reported outcome
PRO-MEL: patient-reported outcomes in high risk and advanced melanoma patients cohort
PROM: patient-reported outcome measure
QLQ-C30: Quality of Life Questionnaire-core 30
QLQ-INFO25: Quality of Life Questionnaire-Information 25
RCT: randomized controlled trial

Edited by Naomi Cahill; peer-reviewed by Eva Nagele, Lærke Kjær; submitted 28.03.2024; final revised version received
27.11.2024; accepted 27.11.2024; published 30.01.2025

Please cite as:
Fraterman I, Sacchi L, Mallo H, Tibollo V, Glaser SLC, Medlock S, Cornet R, Gabetta M, Hisko V, Khadakou V, Barkan
E, Del Campo L, Glasspool D, Kogan A, Lanzola G, Leizer R, Ottaviano M, Peleg M, Śniatała K, Lisowska A, Wilk S,
Parimbelli E, Quaglini S, Rizzo M, Locati LD, Boekhout A, van de Poll-Franse LV, Wilgenhof S
Exploring the Impact of the Multimodal CAPABLE eHealth Intervention on Health-Related Quality of Life in Patients With
Melanoma Undergoing Immune-Checkpoint Inhibition: Prospective Pilot Study
JMIR Cancer 2025;11:e58938
URL: https://cancer.jmir.org/2025/1/e58938
doi: 10.2196/58938

JMIR CANCER Fraterman et al

https://cancer.jmir.org/2025/1/e58938 JMIR Cancer 2025 | vol. 11 | e58938 | p. 14
(page number not for citation purposes)

https://doi.org/10.1038/s41467-022-33826-4
http://www.ncbi.nlm.nih.gov/pubmed/36224187
https://doi.org/10.4103/picr.picr_62_21
https://doi.org/10.4103/picr.picr_62_21
http://www.ncbi.nlm.nih.gov/pubmed/34386383
https://doi.org/10.3390/curroncol29060349
http://www.ncbi.nlm.nih.gov/pubmed/35735458
https://doi.org/10.2196/37093
http://www.ncbi.nlm.nih.gov/pubmed/35699991
https://doi.org/10.1016/S1470-2045(19)30675-8
http://www.ncbi.nlm.nih.gov/pubmed/31838009
https://doi.org/10.1007/s00520-018-4236-8
http://www.ncbi.nlm.nih.gov/pubmed/29752528
https://doi.org/10.3389/fdgth.2023.1203945
http://www.ncbi.nlm.nih.gov/pubmed/37840685
https://doi.org/10.1186/s12911-016-0359-3
http://www.ncbi.nlm.nih.gov/pubmed/27630020
https://doi.org/10.1001/jamaoncol.2020.6093
http://www.ncbi.nlm.nih.gov/pubmed/33237294
https://cancer.jmir.org/2025/1/e58938
https://doi.org/10.2196/58938
https://cancer.jmir.org/2025/1/e58938


© Itske Fraterman, Lucia Sacchi, Henk Mallo, Valentina Tibollo, Savannah Lucia Catherina Glaser, Stephanie Medlock,
Ronald Cornet, Matteo Gabetta, Vitali Hisko, Vadzim Khadakou, Ella Barkan, Laura Del Campo, David Glasspool, Alexandra
Kogan, Giordano Lanzola, Roy Leizer, Manuel Ottaviano, Mor Peleg, Konrad Śniatała, Aneta Lisowska, Szymon Wilk, Enea
Parimbelli, Silvana Quaglini, Mimma Rizzo, Laura Deborah Locati, Annelies Boekhout, Lonneke V van de Poll-Franse, Sofie
Wilgenhof. Originally published in JMIR Cancer (https://cancer.jmir.org), 30.01.2025. This is an open-access article distrib-
uted 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
Cancer, is properly cited. The complete bibliographic information, a link to the original publication on https://cancer.jmir.org/,
as well as this copyright and license information must be included.

JMIR CANCER Fraterman et al

https://cancer.jmir.org/2025/1/e58938 JMIR Cancer 2025 | vol. 11 | e58938 | p. 15
(page number not for citation purposes)

https://cancer.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://cancer.jmir.org/
https://cancer.jmir.org/2025/1/e58938

	Exploring the Impact of the Multimodal CAPABLE eHealth Intervention on Health-Related Quality of Life in Patients With Melanoma Undergoing Immune-Checkpoint Inhibition: Prospective Pilot Study
	Introduction
	Methods
	Setting
	Ethical Considerations
	Recruitment
	Data Collection
	Data Analysis

	Results
	Overview
	Fatigue
	Health-Related and Melanoma-Specific Quality of Life
	Information Needs
	Feasibility
	Engagement With the System

	Discussion
	Principal Findings
	Limitations
	Conclusion



