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abstract

PURPOSE Capitalizing on the promise of patient-reported outcomes (PROs), electronic implementations of PROs
(ePROs) are expected to play an important role in the development of novel digital health interventions targeting
palliative cancer care. We performed a systematic and mapping review of the scientific literature on the current
ePRO-based approaches used for palliative cancer care.

METHODS Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement
guidelines, the conducted review answered the research questions: “What are the current ePRO-based ap-
proaches for palliative cancer care; what is their contribution/value in the domain of palliative cancer care; and
what are the potential gaps, challenges, and opportunities for further research?” After a screening step, the
corpus of included articles indexed in PubMed or the Web of Science underwent full text review, which mapped
the articles across 15 predefined axes.

RESULTS The corpus of 24 mapped studies includes 9 study protocols, 7 technical tools/solutions, 7 pilot/
feasibility/acceptability studies, and 1 evaluation study. The review of the corpus revealed (1) an archetype of
ePRO-enabled interventions for palliative cancer care, which most commonly use ePROs as study end point
assessment instruments rather than integral intervention components; (2) the fact that the literature has not fully
embraced the modern definitions that expand the scope of palliative care; (3) the striking shortage of promising
ubiquitous computing devices (eg, smart activity trackers); and (4) emerging evidence about the benefits of
narrowing down the target cancer population, especially when combined with modern patient-centered in-
tervention design methodologies.

CONCLUSION Although research on exploiting ePROs for the development of digital palliative cancer care in-
terventions is considerably active and demonstrates several successful cases, there is considerable room for
improvement along the directions of the aforementioned findings.

JCO Clin Cancer Inform 4:647-656. © 2020 by American Society of Clinical Oncology

INTRODUCTION

Globally, between 40 and 80 million patients with
advanced disease need access to palliative care,1

which focuses on improving pain and symptom
management, reducing psychosocial distress, offering
spiritual support, and enhancing quality of life (QoL)
for patients and their families.2 Initially associated with
fatal illnesses (eg, hospice care), especially in the
United States, the scope of palliative care has recently
become wider. For instance, the latest WHO definition
describes palliative care as a health care service that
tackles the problems associated with life-threatening
illness,2 whereas the Centre to Advance Palliative Care
distinguishes palliative care from end-of-life care,
hospice care, and bereavement care, because the
former is appropriate at any age and at any stage in
a serious illness and can be provided alongside cu-
rative treatment.3

With this in mind, the World Health Assembly4 res-
olution called on governments to integrate palliative
care into national health systems throughout a pa-
tient’s life cycle and throughout the disease trajec-
tory. To achieve these aims, excellent assessment
of patient-reported outcomes (PROs) is required.5

PROs are defined as measurements reported di-
rectly from the patient about their health status
without amendment or interpretation by a physician
or anyone else.6 With the increasing availability of
handheld and wearable electronic devices, greater
Internet connectivity, and digital health, electronic
patient-reported outcomes (ePRO) have emerged as
a feasible option for improving the quality of as-
sessment, and they are expected to play an impor-
tant role in the development of new digital health
interventions that target the palliation of patients
with chronic ailments, critically including cancer,
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a diverse group of largely chronic diseases that often have
a relapsing course.

An indicative example is provided by MyPal,7 a recently
funded research program aimed at exploiting ePROs for the
development of novel palliative care services for patients
with cancer across Europe. Using digital health technolo-
gies, MyPal aims to empower patients with cancer and their
caregivers by more accurately capturing their symptoms/
conditions, communicating them effectively to their health
care providers (HCPs) and, ultimately, fostering the time for
action through the prompt identification of important de-
viations in the patient’s health state and QoL.8

Obviously, designing effective digital palliative care in-
terventions for patients with cancer on the basis of ePRO
systems relies, among other things, on a thorough ap-
preciation and assessment of the relevant state of the art,
representing the motivation and focus of the current sys-
tematic and mapping review.9 For this reason, we con-
ducted a systematic and mapping review to address the
following research questions: “What are the current ePRO-
based approaches for palliative cancer care; what is their
contribution/value in the domain of palliative cancer care;
and what are the potential gaps, challenges, and oppor-
tunities for further research?” Given the emergence of
numerous palliative care definitions, the current review opts
for adopting the widest in scope, covering the entire care
continuum for patients with cancer as well as cancer
survivors; the adopted palliative care definition greatly
overlaps with supportive care.10

METHODS

This systematic review was conducted according to the
guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement.11,12 The
PRISMA checklist is presented in the Data Supplement.
The review protocol is outlined in the current section; it has
not been registered in any review protocol repository.

Initially, a list of potentially relevant articles was retrieved
from online bibliographic sources (Search Strategy), and 3
of the authors independently assessed the eligibility of each
article (Inclusion and Exclusion Criteria) on the basis of the
information contained in the article title and abstract,
whenever possible. The screening was performed with
BibReview software.13 Next, the eligible literature corpus
was mapped across a set of axes that were defined by the
reviewing team (Mapping Axes). The corpus was parti-
tioned on the basis of the main focus of the study by the 3
authors involved in the first phase, and each part was
assigned to a pair of authors for full text review and
mapping. A stylesheet file with columns matching the
mapping axes was designed for the reviewing authors to
extract the study data; the completed stylesheet files were
subsequently merged and manually harmonized by the 3
main authors. Appropriate measures were taken to mitigate
the risk of bias (Risk of Bias and Mitigation Measures).

Search Strategy

Two reference bibliographies, namely PubMed14 and Web
of Science,15 were queried. Given that the scope of the
review was targeting ePRO systems and, thus, the focus of
the study was primarily technical, these 2 databases were
considered adequate.

In the retrieval stage, semantically identical (although ap-
propriately formulated) queries were defined and executed
for each bibliographic source. These are provided in the
Data Supplement. The last search in both sources was
performed on June 10, 2019.

Inclusion and Exclusion Criteria

The selection of the corpus of eligible articles for review has
relied on the following criteria. No constraints on the
publication year of the studies were applied.

Inclusion criteria. We included articles referring to the
implementation and/or deployment of ePRO-based systems

CONTEXT

Key Objective
The current systematic review presents the state of the art of electronic implementations of patient-reported outcome

(ePRO)–based digital health interventions and highlights the contribution of such interventions to palliative cancer care. A
timely addition to an area of growing research interest, this review identifies the challenges and opportunities in the field of
digitally enabled delivery of palliative care and provides concrete recommendations for future research.

Knowledge Generated
The proposed digital health interventions have been evaluated positively by end-users with respect to usability, user ac-

ceptance, and satisfaction, with few concerns. Existing findings demonstrate that ePRO interventions could have a sig-
nificant positive impact on health outcomes. Because of the methodologic diversity of the reviewed studies, the precise
impact cannot be fully ascertained as yet.

Relevance
The clinical practice of palliative care can be facilitated or promoted through the use of digital health systems leveraging ePROs

throughout the trajectory of cancer.
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(IC1) for the provision of palliative/supportive care (IC2) to
patients with cancer (IC3); these had to be journal articles
(IC4) written in English (IC5).

Exclusion criteria. We excluded review, opinion, or editorial
articles (EC1), articles referring to the same approach/system
(EC2), and articles in which the ePROs were not part of
a health care intervention (EC3; eg, studies that collected
ePRO data for the sole purpose of statistical analysis).

Mapping Axes

The eligible articles were qualitatively and quantitatively
mapped across a number of mapping criteria/axes. These
were defined on the basis of the expertise of the authors in

digital health systems and palliative care, as well as on the
particular focus of the MyPal program; iterative fine-tuning
of the mapping axes was performed as the outcomes from
the articles were gradually obtained to ensure that the axes
were orthogonal (ie, nonoverlapping) to the greatest extent
possible. The final list of mapping axes that was used in the
study is provided in Table 1.

Risk of Bias and Mitigation Measures

In the context of this review, bias is defined as a systematic
error, or deviation from the truth, in results or inferences.16

Themain identified sources of bias and the way that the study
protocol has mitigated the respective risks are as follows:

TABLE 1. Mapping Axes Specified by the Review Protocol
Mapping Axis Axis Outline

MA1 Bibliometrics Eg, year published, journal, country, author organization types: they have
been used to provide an overall picture of the work performed on the
domain and highlight the involvement of various stakeholders in the
conducted research

MA2 Main focus of the study A single main focus topic for each study has been selected to be able to
categorize them using one the following values: evaluation, impact
assessment, presentation of measure/scale/pro, protocol, technical
tool/solution, pilot/feasibility/acceptability study

MA3 Link with palliative care A free-text field highlighting the link, the contribution, or the potentials of
each presented work regarding the overall domain of palliative cancer
care

MA4 ICT system components Identifies the use of specific ICT components on each presented work in
an abstract fashion; on the basis of this, 2 other mapping fields are
populated (ie, ICT application types and ICT device types)

MA5 ICT application types An enumerated field identifying the categories of software applications
used in each intervention, using the following categories: Web
application, mobile application, desktop application

MA6 ICT device types An enumerated field identifying the categories of hardware devices used
in each intervention, using the following categories: tablets, smart
phones, computers, smart watches, smart TVs, body sensors

MA7 Intervention A free-text field describing the intervention presented in each work

MA8 Population Describes the patients engaged in each intervention, focusing on
eligibility criteria and related aspects; the “age category” field is
extracted on the basis of this field

MA9 Age category Identifies the patient age categories focused on in each study,
categorizing them using the values “children,” “adolescents,” “adults”

MA10 Disease focus Depicts the main medical focus of the respective study; on the basis of
this information, 2 categorization fields were defined (ie, malignancy
category and cancer type)

MA11 Malignancy category Identifies whether the main focus of the work refers to solid tumors or
hematologic cancers

MA12 Cancer type Identifies the explicit cancer types that are elaborated on in each study

MA12 Key findings A free-text field describing the main contribution(s) of each paper

MA13 ePRO added value A free-text field describing the contribution of ePRO systems in the overall
intervention

MA14 Lessons learned/strengths/weaknesses A free-text fields categorizing the key aspects of each work

MA15 How does it fit into MyPal A free-text field identifying potential links between the study and the
MyPal project

NOTE. For the studies with main focus “study protocol,” the mapping axes MA12 and MA14 were left uncompleted.
Abbreviations: ePRO, electronic implementations of patient-reported outcome; ICT, information and communication technology.
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Reporting bias is related to the selection of the findings to
be presented in a study. Because there is no widely
accepted methodology for publishing the results of
ePRO interventions, the reviewed studies report results
in an arbitrary manner, which could affect the review
outcomes. To tackle this source of bias, the review
protocol refrained from synthesizing quantitative results
reported by the reviewed studies.

Competing interests bias does not exist for the authors of
the current review study. However, the authors of some
of the reviewed articles are affiliated with industry, which
could introduce some level of bias in the reported
outcomes. The authors with competing interests with
industry were identified; they account for 25% of the
reviewed studies.

Evidence selection bias occurs when important research
is not identified by the review (eg, research not
published because of a lack of statistical significance
in the results). To mitigate this risk, 2 widely used
reference bibliographic sources (Search Strategy)
were used by the review protocol, increasing the
search space and, consequently, the chances of
articles in this category being published. However,
a residual risk remains, which is acceptable in the
context of the current work.

RESULTS

This section provides the main findings of this systematic
and mapping review. After presenting the outcome of the
study selection (Study Selection) and the characteristics of
the included studies (Study Characteristics), the remainder

of the section summarizes the mapping analysis along
a short list of composite mapping axes/directions. The
complete data set of the mapping outcome for all the in-
cluded studies is available in the Data Supplement.

Study Selection

In total, the corpus of included articles consisted of 24
studies.17-40 The PRISMA flow diagram depicting the overall
study selection process is presented in Fig 1.

Study Characteristics

The characteristics of the 24 included studies were
extracted from the data that were collected with respect to
the bibliometric mapping axis (MA1), and they are pre-
sented in Table 2.

Publications timeline. Figure 2A presents the distribution
of the included studies per publication year, demonstrating
the gradual building of a critical mass of studies involving
ePROs for palliative cancer care. This distribution seems to
be compatible with the picture of a research topic in the
making.

Target journals. A wide range of scientific journals (n = 15)
has been targeted by the included studies. In this regard,
the most prominent targets were BMJ Open41 (n = 5) and
Supportive Care in Cancer 42 (n = 3), with the rest of the
journals publishing 1 or 2 studies. The distribution of the
included studies per publishing journal is presented in
Fig 2B.

Geographic distribution. The geographic distribution of the
included studies was extracted at the country level on the
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Articles
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Total No.
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thorough analysis
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Articles excluded, with reasons
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FIG 1. Preferred Reporting Items
for Systematic Reviews and Meta-
Analyses flow diagram of the
conducted systematic review.
PRO, patient-reported outcome.
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basis of the affiliation origin of all the authors of each study;
this means that a study could be assigned to multiple
countries. In brief, one third of the studies (n = 8) derived
from the United States, whereas other countries with strong
contributions on the topic included the United Kingdom
(n = 5), Sweden (n = 4), Australia (n = 3), and Germany (n =
3). Of note, when combined, the European countries
accounted for 83.3% (n = 20) of the included studies. Five
studies were international.

Organization types. The review categorized the potential
organization types of the author affiliations for the included
studies as academia/research, health care, and industry.
From the data in Table 2, one can observe that the aca-
demia/research organizations participated in the entirety of
the study, followed by health care organizations (n = 15)
and then industry (n = 6). During the mapping process, the
need to extend the list of potential organization types to
include patient organizations (n = 1) emerged. It should
also be noted that no policy-making or regulatory organizations

were identified as contributors in the included study cor-
pus, indicating a potential gap in the interaction of aca-
demia, health care, and industry with the aforementioned
organizations.

Study Focus

The main focus of each included study (ie, the primary
aspect of the ePRO-based intervention that was pre-
sented in the articles) has been identified by MA2 and
presented in Fig 3. Most of the articles present study
protocols (n = 9), whereas technical tools/solutions (n =
7) and pilot/feasibility/acceptability studies (n = 7) are
also common.

It should be noted that only the main focus of the respective
studies is depicted in this figure and that many of them
could be considered to cross-cut these categories. For
example, many of the reviewed studies present a feasibility
study of a specific technical tool, while also evaluating it in
terms of its impact assessment.

TABLE 2. Bibliometric Characteristics of the Included Studies
First Author Year Journal Country Organization Type

Gressel17 2019 Gynecologic Oncology United States Academia/research, health care

Ciani18 2019 BMJ Open Italy, United Kingdom Academia/research, health care

Phillips19 2019 Trials Australia Academia/research

Wright20 2018 JCO Clinical Cancer Informatics United States Academia/research

Girgis21 2018 BMC Cancer Australia Academia/research, health care

Soh22 2018 JMIR mHealth and uHealth Republic of Korea Industry, health care, academia/research

Allsop23 2018 BMJ Open United Kingdom Academia/research, health care

Song24 2018 JMIR research protocols United States Academia/research, health care

Melissant25 2018 Acta Oncologica Sweden Academia/research, health care

Benze26 2019 Annals of Palliative Medicine Germany Academia/research, health care, industry

Langius-Eklöf27 2017 BMC Cancer Sweden Academia/research

Maguire28 2017 BMJ Open United Kingdom, Ireland,
United States, Greece, Austria,
Norway, Belgium

Academia/research, health care, industry

Duman-Lubberding29 2015 Journal of Medical Internet
Research

Netherlands, United Kingdom Academia/research

Dussel30 2015 Journal of Pain and Symptom
Management

United States, Argentina, Australia Academia/research, health care

Wagner31 2015 Cancer United States Academia/research

Maguire32 2015 Cancer Nursing United Kingdom, Denmark Academia/research, patient organizations

Gustavell33 2019 Cancer Nursing Sweden Academia/research

Akechi34 2018 Bmj Open Japan Academia/research, health care, industry

Jibb35 2017 Pediatric Blood & Cancer Canada Academia/research, health care

Sundberg36 2017 Supportive Care in Cancer Sweden Academia/research

Schuler37 2017 BMJ Open Germany Academia/research, health care

Trautmann38 2016 Supportive Care in Cancer Germany Academia/research, health care

Kallen39 2012 Supportive Care in Cancer United States Academia/research, industry

Dy40 2011 Journal of Pain and Symptom
Management

United States Academia/research, health care, industry
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Target Populations

Several mapping axes (MA8-MA12) depict the character-
istics of the target populations engaged in the respective
ePRO-based interventions.

Age category. The vast majority of the interventions (n =
22) targeted adults, whereas 2 interventions were designed
for adolescents. Only 1 intervention targeted children, in-
dicating a significant gap in the literature and also a po-
tential research opportunity.

Disease focus. Apart from a number of studies that report
interventions addressing cancer in general (n = 10), most of
the included studies were more focused on the disease of
the target population. All 24 studies report on interventions
designed for patients with solid tumors, whereas 10 of these
studies address hematologic malignancies as well. In more
detail, the great majority of the included studies target
specific cancer types (eg, prostate cancer [n = 3], lung
cancer [n = 2], GI cancer [n = 1], head and neck cancer

[n = 1], pancreatic cancer [n =1], and sarcoma [n=1], aswell
as the family of gynecologic cancers, including breast cancer
[n = 6]). It should be noted, however, that some interventions
focus on more than 1 malignancy and/or cancer type.

Users’ perspective. The analysis of strengths and weak-
nesses of the digital health solutions proposed by each
study (MA14) provides valuable information about the
respective end-users. The proposed digital health solutions
have been evaluated positively through a variety of methods
by end-users with respect to usability, user acceptance,
and satisfaction. System adoption and usage,25,31 as well as
attitudes toward recommending20 or reusing the system,26

have often been used. Certain widespread pre-existing (ie,
System Usability Scale),39 or adapted measures18,30,34 have
also been reported. Finally, interviews with actors (patients,
HCPs, caregivers) have been conducted with the intention
of exploring facilitators, barriers, and suggestions for
improvement.21 Future research should offer recommen-
dations for reliable ways of ePRO-based digital health systems
evaluation, thus facilitating comparability among studies.

In rare cases, participants raised serious concerns. One
article reported that the use of a system was a “barrier,”35

whereas in another, one half of clinicians doubted the
system’s clinical usefulness and viewed it as an addition to
their workload.32 However, the majority of reviewed studies
presented solutions assisting HCPs go through a large
amount of data quickly (ie, by adopting a traffic light system
in which only red flags require attention)36 or incorporate
self-care components for patients to use on their own at
home).20 This transition may not always be smooth, but it
has become absolutely paramount, considering the
growing number of patients with cancer worldwide re-
quiring supportive care.

One of the most important lessons learned from the study of
the user perspective in the reviewed articles is that addi-
tional improvement regarding information and communi-
cation technology (ICT) components and user interaction is
needed.22,25,26,29,32,33,38 The need for improvement with
respect to overall symptoms management has also been
reported by some studies.32,33,35,36
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Digital Health Interventions

Potentially, the primary aspect of the included studies is the
digital health interventions that have been proposed for the
palliation of patients with cancer. The analysis of MA7
(Intervention) and MA13 (ePRO Added Value) provide
insight concerning the goals and the components of the
presented interventions.

Intervention goals. Four main axes have been identified
regarding the main goals of the digital health interventions
that are discussed in the included studies:

1. To increase the outcome reporting frequency, to
provide more insights into health care profes-
sionals17,18,20,22,26,27,29,31,32,35,36,38,40

2. To promote the self-management of patient symp-
toms18,23-25,27,28,30,33,37

3. To deliver personalized treatment21,34

4. To improve the behavior and skills of health care
professionals19

Intervention components. Most of the reviewed interventions
used validated questionnaires to collect information from
patients regarding symptom intensity.17,19,20-23,25,28,31,32,35-38

In some cases, alert messages were communicated to health
care professionals to warn them in the case of severe
symptoms.18,20,21,27,28,31-33,35,36 Furthermore, in many in-
terventions, the patient-reported information was also dis-
seminated to the end users18-25,27,28,33-36,37 for training or
guidance on symptom management (eg, by means of
training material or even personalized messages). It should
be highlighted that none of the reviewed interventions
exploited modern user interfaces empowered by computa-
tional intelligence, such as conversational agents,43 whereas
only one of them (Jibb et al35) adopted a gamification
approach.44

An informative overview of the most prominent themes in
the reviewed digital health intervention is provided in
Fig 4A. This presents a semantic-aware word cloud that has

been extracted from the free-text data of MA7 (Intervention)
on the basis of a theoretical word cloud representation
model.45 The semantic word cloud has been generated by
Cloudy software46 by setting themaximum number of words
at 40. The word cloud confirms some of the aforementioned
findings that concern the components of the reviewed
digital health interventions. For instance, symptom as-
sessment has a prominent place in the word cloud, in-
dicating, as expected, that it is a common building block
among the reviewed interventions.

Digital Health Systems

An equally important aspect of the included studies con-
cerns the digital health systems that have been developed
to deliver the proposed palliative care intervention for pa-
tients with cancer. Details on the type of used software
applications and devices are provided later in the text by the
analysis of the data collected for MA4-MA6 (ICT system
components, ICT application type, and ICT device type).

Software application types. Web applications and smart-
phone applications are almost equally popular among
software applications used by the reviewed digital health
systems as the main interface with the patients for de-
livering the associated digital health interventions. They are
used by 8 and 7 studies, respectively, whereas 9 studies
use both types of applications. No desktop applications
have been reported.

Electronic device types. The types of electronic devices
used by the reviewed digital health systems as the primary
interface with the patients and their frequencies are pre-
sented in Fig 4B. Furthermore, the analysis of the collected
mapping data indicates that the use of handheld devices
(ie, tablets and smartphones) increases with time (data not
shown), owing to their unobtrusiveness and their expanding
availability. However, it should also be noted that modern
wearable devices, such as smart watches and smart
glasses, have not been used in the reviewed studies, in-
dicating a potential research gap, because these devices
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offer new capabilities for monitoring/tracking the physio-
logic status of the patient.

Strengths and Weaknesses

The most commonly identified methodologic strengths of
the reviewed literature include (1) participatory design (ie,
involvement of important actors29 during eHealth system
development); (2) multicenter, randomized controlled trials
(RCTs) of adequate duration and sample size28 that usually
preceded a feasibility or pilot study20; (3) interventions
developed and/or performed by a multidisciplinary pallia-
tive care team and addressing multiple aspects of palliative
care23,32,38; (4) use of validated ePROsmeasuring symptoms,
QoL, and supportive care needs18; and (5) evaluation of the
eHealth system regarding usability and user satisfaction.26

The most commonly identified methodologic weaknesses
include (1) the exclusion of patients who were not techno-
logically apt21; (2) the monitoring of symptoms not followed by
an action (ie, a call from the health care professional)26; and
(3) the inability to attribute outcomes changes to specific
components of complex multifactorial interventions.34

DISCUSSION

For the most part, the reviewed literature indicates that
palliative care tends to be associated with advanced cancer
stages, which suggests insufficient digital health research
embracing the current definition of palliative care. The aim
of future studies should be to assess the applicability and
effectiveness of digital health interventions developed for
patients with cancer in need of palliation in its wider scope.
Specifically, they should aim to facilitate or promote the
delivery of palliative care from the point of diagnosis and
throughout the continuum of the disease.

The review of the existing literature also disclosed 2 distinct
ways that ePROs can be used in the context of digital health
studies: (1) as assessment instruments for the end points of
a clinical study, which is the most common ePRO use case,
and (2) as a building block of a digital health intervention,
which is less common but better promotes the integration of
ePROs into routine clinical practice. Indeed, the role of
ePROs in the former case ends as soon as the assessment
of the digital health solution is completed, whereas in the
latter case, they constitute an integral part of a real-life
digital health product. In a few of the reviewed studies,
ePROs served both purposes.

A common pattern emerges from the literature about the
structure of digital health interventions for palliative cancer
care. In brief, the following workflow is adopted by the
archetypical digital health palliative cancer care interven-
tion: (1) ePRO data on disease-related symptoms are
collected; (2) the patient gets value from the ePRO data in
the context of self-care: this can entail acting on self-care
advice provided via the digital health system or the patient is
empowered to monitor their own health status and make
informed decisions about their care in collaboration with
the health care team; (3) the collected ePRO data are

presented to the health care professional(s), in real time if
possible; and (4) the health care professional(s) review the
data and take action, if needed (eg, tailor the treatment/
medication to the patient on the basis of symptom severity
or bothersomeness, contact the patient, and so forth).

Other common themes identified within the reviewed in-
terventions include (1) the integration of intelligent modules
and/or system-initiated actions in the presented digital
health systems, mainly in the form of dynamic evidence-
based self-care feedback provided after ePRO completion
and alert service notifications for health care professionals;
and (2) statements that the proposed digital health solu-
tions are not emergency services, in line with the current
rationale of palliative care.

One exemplary study is eSMART, a multicenter RCT aiming
to evaluate an electronic symptom management system for
patients with cancer.28 Appropriate ePROs will be part of the
intervention, leveraged to elicit patients’ chemotherapy-
related symptoms, leading to evidence-based, self-care
feedback and automatic alerts for HCPs. Furthermore,
ePROs will also be used for the intervention end points’
evaluation, namely, reduced symptom burden and anxiety
and supportive care needs, as well as improved self-care
efficacy and QoL. Cost-effectiveness and potential changes
to clinical practice will also be considered. Another prag-
matic study is LuCApp, an RCT aiming to evaluate a mobile
supportive care app for patients with metastatic lung
cancer.18 In this case, ePROs are part of the intervention and
the evaluation process. Patients report symptom incidence,
and HCPs are alerted if severity overcomes specific
thresholds. Evaluation is conducted in terms of QoL impact,
supportive care needs, caregiver burden, and resource use.

The reviewed studies have not taken advantage of recent
advances in wearables (ie, smart watches or smart wrist-
bands), which could nicely complement ePROs. This is
surprising, given the share of such devices in the consumer
electronics market and their adoption in telehealth care
solutions. The designers of future palliative cancer care
services could benefit from advancements in wearable
technologies by integrating them into the digital health
system they intend to develop.

Finally, the published evidence indicates not only that
patients with cancer are generally in favor of ePRO-based
interventions, but also that ePRO interventions could
contribute to improved health outcomes such as an im-
provement in physical activity20; a reduction in anxiety and
drowsiness32; lower levels of fatigue, nausea, insomnia,36

and pain intensity; as well as a significant improvement in
emotional and social functioning.35

Nonetheless, the review gives rise to a clear demand for
improvements in the designed digital health systems on the
basis of patient needs. With this in mind, research has to be
narrowed down as much as possible to a target population
and digital health solutions must be adapted to the specific
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user group needs (eg, in terms of usability), thus increasing
efficiency. Indeed, most of the reviewed studies have en-
dorsed this logic, as evidenced by their choice of patient
populations with specific characteristics (eg, specific age
groups and cancer types; see Target Populations).

For future digital health approaches in palliative cancer care,
a good understanding of the particular needs of the target
population is paramount. This can be acquired with the help
of modern participatory design tools, such as surveys and
focus groups with representatives from the target patient
population and expert palliative cancer care practitioners.

Although the strong adherence to PRISMA guidelines ensures
that the review has been conducted on a solid methodologic
ground, there is also 1 important limitation: the included
studies were methodologically diverse (including unfinished

lines of research such as protocols and pilot/feasibility stud-
ies), meaning that the full impact of ePRO interventions on
health outcomes cannot yet be fully ascertained.

The conducted review revealed that scientific research on
the exploitation of ePROs for developing digital palliative
cancer care interventions is active and demonstrated
a number of successful cases, while also highlighting
significant room for research. Using the aforementioned
successful cases as a guide, future research efforts should
strategically enhance the state of the art in palliative cancer
care ePRO systems and digital health services in general to
facilitate the information flow between patients and health
care experts and eventually close the information loop,
which is of paramount importance for the vision of P4
Medicine,47 especially its last 2 dimensions.
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