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ABSTRACT ARTICLE HISTORY

The importance of social support for cancer patients is well-established, and Received 28 November 2022

mobile applications hold promise for implementation. This systematic Accepted 25 April 2024

review examines app-based interventions with social support

components for cancer patients, investigating the use of different . . R
. X X mHealth; mobile application;

support functions from different sources and the impact on cancer- social support; cancer;

related symptoms and psychological outcomes. A systematic search cancer-related symptoms;

across five databases (EMBASE, Scopus, PsycINFO, PubMed, Web of psychological outcomes

Science) yielded 449 records, of which 17 studies (12 controlled designs)

were included. Two independent reviewers extracted data and assessed

study quality, revealing a high risk of bias across studies. Social support

was implemented through different app functions, including contact/chat

functions (n=9), automatic alerts based on app input (n=6) and

discussion forums (n=5). Social support predominantly focused on

informational support (n=17), mostly from healthcare professionals.

Emotional support was less common (n=7). Results indicated some

promising intervention effects for pain, fatigue, nausea/vomiting,

insomnia, constipation and overall symptom distress, but heterogeneous

effects for health-related quality of life. Overall, results were mixed, but

indicate that mobile apps incorporating social support may hold promise

for cancer patients. However, future studies should focus on measuring

and reporting social support as an intervention mechanism to

systematically investigate its specific impact and improve effectiveness.

KEYWORDS

Highlights

e Apps for cancer patients predominantly include informational social support
e Emotional social support is substantially less frequently included

e Apps focus on formal support sources like healthcare professionals

o First results are somewhat promising for improving cancer-related symptoms

Introduction

The influence of social relationships on physical, mental, and functional health is widely recognised
(e.g., Berkman et al., 2000; Cohen, 1988; House et al., 1988; Seeman, 1996; Uchino, 2004). One way
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through which social relationships might benefit health is social support. Social support has been
conceptualised in various ways, often used as an umbrella term encompassing different aspects
of supportive interactions (Schwarzer et al., 2004; Schwarzer & Knoll, 2007). It can be defined as
‘resources provided by others’ (Cohen & Syme, 1985, p. 4) and is often ‘used in a broad sense refer-
ring to any process through which social relationships might promote health and well-being’
(Cohen, 2004, p. 4). Earlier definitions focus on the benefits of social support in times of need and
distress (Uchino, 2009), while more recent definitions also consider support for goal attainment
and thriving independent of stress (Feeney & Collins, 2015). From the perspective of the recipient,
two different types of social support can be distinguished: perceived available support and actual
received support in the past (e.g., Cohen et al.,, 2001; Schwarzer & Knoll, 2010). This distinction is
crucial as perceived available and actual received support are distinct constructs that do not
show a high empirical overlap (Schwarzer & Knoll, 2010).

Social support is a multidimensional construct that can serve various functions (e.g., Cohen &
Syme, 1985; Knoll et al., 2018). The number of functions it encompasses varies across the literature,
but a prominent categorisation is into emotional, informational, and instrumental social support
(e.g., Cohen, 2004; House et al., 1988). Emotional support involves elements such as empathy,
care, trust, reassurance, and understanding. Informational support refers to the assistance with
seeking and understanding of information, advice, or guidance. Instrumental support usually
encompasses the provision of financial or material aid, resources as well as practical assistance in
task-related activities (e.g., Antonucci, 1985; House & Kahn, 1985; Knoll et al., 2018). However, in
the medical setting instrumental support has been extended by including aspects of advocacy,
i.e., actions to protect from external sources or stress, assistance in medical-decision making in
the form of directive guidance, i.e., taking responsibility, taking care and organising the treatment
process or organising additional aid (e.g., Arora et al., 2007; Rose, 1990).

Social support can be provided by a variety of sources. Initially the social support literature
focused on social support provided by informal support sources, such as family and friends, empha-
sising the importance of a personal relationship between provider and recipient (e.g., Cohen et al.,
2001). More recent research argues that social support can be provided by both these informal
support sources and more formal sources such as healthcare professionals (Heaney & Israel, 2008).
It is assumed that the primary function of social support thereby varies depending on the source
of social support (e.g., Agneessens et al., 2006; Heaney & Israel, 2008; Rose, 1990). For example,
research in medical settings show that family and friends tend to provide more emotional
support (Arora et al., 2007; Blanchard et al., 1995; Tunin et al., 2010) while healthcare professionals
typically offer more informational support (e.g., Blanchard et al., 1995). Similarly, Hogan et al. (2002)
differentiates between natural support systems such as family and friends and more formal support
systems including professionals as well as connections within communal or societal networks. They
argue that natural support systems cannot be characterised as inherently better or more effective,
even though support from family and friends might be more stable and enduring (Hogan et al.,
2002).

Social support is suggested to have both direct and indirect effects on health by buffering the
effect of stress, but also enhancing health by promoting health-enhancing and reducing health-com-
promising behaviours (Berkman et al., 2000; Schwarzer & Leppin, 1991). Numerous studies have
shown links between social support and the incidence of both physical and mental diseases and
multiple health outcomes including mortality rates (Callaghan & Morrissey, 1993; Holt-Lunstad
et al, 2010).

One disease context in which social support is of particular relevance is cancer (e.g., Ell et al., 1992;
Kroenke, 2018; Pinquart & Duberstein, 2010). Although cancer is a leading cause of death and dis-
ability worldwide, advances in treatment and diagnosis have significantly increased the relative sur-
vival rate (American Cancer Society, 2022; World Health Organization, 2022). However, a cancer
diagnosis is not only an extremely stressful life-event evoking emotions such as anxiety (e.g.,
Stark & House, 2000), but can also impact the entirety of a patient’s life going forward, as side
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effects of treatments are often severe and many cancer survivors also report negative long-term
symptoms and side effects associated with their disease or the treatment (Boyes et al., 2012; Harring-
ton et al., 2010). Several studies indicate positive associations between social support and emotional
adjustment or coping with a cancer diagnosis (e.g., Drageset & Lindstrom, 2005; Dukes Holland &
Holahan, 2003), quality of life and well-being (e.g., Luszczynska et al., 2013), as well as with cancer
progression in terms of life expectancy (e.g., Kroenke, 2018; Nausheen et al., 2009; Pinquart & Duber-
stein, 2010).

The question, however, is how to successfully implement and promote social support during and
after treatment. The use of mobile phone interventions has shown beneficial effects on chronic
disease management (e.g.,, Marcolino et al,, 2018; Q. Yang & Van Stee, 2019). More specifically,
mobile applications have shown promise in cancer prevention, detection, and care management
(e.g., Houghton et al., 2019; Jongerius et al.,, 2019; Odeh et al., 2015; Pereira-Azevedo & Venderbos,
2018; Wesley & Fizur, 2015), and the number of cancer-related apps is increasing. Technical features
of smartphones not only increase the availability and accessibility of health information but also
allow the incorporation of interactive features such as real-time health information tracking and
interaction with other users or health professionals (Klasnja & Pratt, 2012). However, even though
a large number of commercial cancer-related apps is publicly available for download (e.g., Bender
et al.,, 2013; Charbonneau et al., 2020; Giunti et al., 2018) and multiple reviews map the emerging
and rapidly evolving field of cancer-related apps (e.g., Ana et al.,, 2020; Collado-Borrell et al., 2016;
Davis & Oakley-Girvan, 2015; Jongerius et al., 2019; Putranto & Rochmawati, 2020; Rincon et al.,
2017), the majority of available apps do not yet take full advantage of the technical capabilities of
smartphones (Bender et al.,, 2013). Overall, most apps focus on providing static information about
cancer and managing treatment and only a small percentage includes interactive features to
monitor symptoms or side effects or allow formal or informal social support from healthcare pro-
fessionals, or peers, family and friends (e.g., Bender et al., 2013; Charbonneau et al., 2020; Giunti
et al, 2018). To date, there is no detailed description and characterisation of the few apps that
use social support components. Therefore, there is a lack of clarity not only regarding the technical
implementation of social support within mobile applications, but also concerning the aspects of
social support included. A differentiated description and analysis of social support functions
(emotional, informational, instrumental) in connection with the source providing the support
(formal, informal) within mobile applications for cancer patients is currently lacking. Consequently,
this gap hinders to draw conclusions about the effectiveness of support interventions using mobile
applications for cancer patients.

Objectives

The aim of the present review was to synthesise and assess research on mobile applications for
cancer patients that incorporate social support components from different sources (formal, infor-
mal). The overarching research question was: What social support interventions using mobile appli-
cations exist to improve cancer outcomes and how effective are they? Thus, the aim of the review
was two-fold. Our first aim was to present a detailed overview of how social support is realised
and implemented in mobile applications. Thereby, we aimed to examine social support aspects in
detail, differentiating between three common functions of social support (emotional, informational,
instrumental) and different support sources (formal, informal) that have previously been described
as important and helpful by cancer patients (Arora et al., 2007; Bol et al., 2022; Luszczynska et al.,
2013; Rose, 1990). Besides providing a descriptive overview, the second aim of the review was to
examine the effectiveness of the included interventions in relation to the improvement of cancer-
related symptoms and psychological outcomes such as quality of life, anxiety, or depression. As
many publicly available cancer-related apps lack scientific evaluation (see e.g., Bender et al,, 2013;
Charbonneau et al., 2020), we focused on app-based interventions with a social support component
published in academic literature instead of searching app stores. It was not a pre-requisite that social
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support was mentioned explicitly as a primary intervention strategy and/or that the study measured
whether the intervention was successful to increase social support. The health behaviour change lit-
erature (e.g., smoking cessation, Faseru et al., 2018) indicates that intervention studies on social
support often do not explicitly assess subjective reports of received social support.

Method

This study was conducted in compliance with the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA; Page et al,, 2021) statement guidelines (see appendix 4, Table A2 and
A3). This systematic review protocol is registered with the Prospective Register of Systematic
Reviews database (ID number: CRD42022303720; submitted January 14th, 2022).

Search strategy

A comprehensive systematic literature search was conducted in January 2022 across five electronic
databases: EMBASE, Scopus, PsycINFO, PubMed, and Web of Science (Core Collection). Search terms
focused on the following themes critical to the research question: cancer, mHealth, social support,
cancer outcomes, and intervention (see supplemental data 1 for the entire search term specified
for each data base). Terms were mapped to controlled vocabulary (e.g., MeSH terms) and Boolean
operators were employed to combine the themes. Searches were limited to publications since
2008 as the use of smartphone-based applications is a more recent development. Reference lists
of included studies and relevant systematic reviews and meta-analyses were also searched to ident-
ify other potentially eligible studies.

Inclusion and exclusion criteria

Studies were eligible for inclusion if they focused on adults aged 18 years or more with any type or
stage of cancer, and applied an intervention focusing on social support delivered through a mobile
health application. Social support was defined as resources provided by others, as coping assistance,
or as an exchange of resources (Schwarzer & Knoll, 2010). Social support could fulfil emotional func-
tions such as providing empathy and understanding. It could also serve informational functions such
as to empower patients with information they need to successfully cope with the situation or
provide guidance and advice to increase understanding of the situation or perception of control.
Finally, support could also provide instrumental functions including the concrete assistance
during symptom management such as adjusting treatment or medication or directive guidance in
terms of taking responsibility and managing treatment options. Social support could be provided
from both, formal (e.g., healthcare professionals) or informal (e.g., family, friends, peers) support
sources. Studies were included if they measured and reported at least one cancer-related
symptom or psychological outcome such as quality of life. Both controlled trials (randomised and
non-randomised) without any restriction on the type of control condition, and trials using a pre-
post design were eligible for inclusion. Exclusion criteria included interventions offered to a popu-
lation other than cancer patients; patients <18 years; interventions delivered via websites, messaging
services, telephone, or videoconference only without a mobile app component; delivery of the social
support components outside the app and publication not available in English language.

Data selection and extraction

Results of database searches were imported into the Covidence systematic review software (Veritas
Health Innovation, Melbourne, Australia, available at www.covidence.org) and duplicates were
removed. Articles were screened in a two-step screening process assessing (1) title and abstracts
and (2) remaining full-text articles by two trained independent reviewers. Any disagreement
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regarding eligibility was resolved through discussions between reviewers and the review team until
a consensus was reached. Figure 1 displays a PRISMA flowchart for the study selection process.
Data were systematically extracted following the ‘template for intervention description and repli-
cation’ (TIDieR; Hoffmann et al.,, 2014) and a custom-designed data extraction form implemented in
Covidence. Data extraction included information on population characteristics, intervention design
and implementation, social support, theoretical background, inclusion of patient’s perspective and

[ Identification of new studies via databases and registers ]
5 R d d bef
= Records identified from s;zc;;égmove efore
i :
= EMBASE, Scopus, EsycINFO, Duplicate records removed
= PubMed, Web of Science (Core (n = 203)
3 Collection) (n = 449)
v
Records screened > Records excluded
(n = 246) (n =223)
v
- Reports sought for retrieval Reports not retrieved
£ (n=23) (n=0)
(=
[}
o
(%]
(7] v
A Reports excluded (n = 15)
Reports assessed for eligibility Conference presentation (n = 5)
(n=23) Social support not via app (n = 4)
Only messaging / videoconference
via the app (n = 3)
Other study design (n = 2)
No social support included (n = 1)
Studies identified via backward
- search
R (n=9)
=
©
=
Total studies included in review
(n=17)

Figure 1. PRISMA flowchart of the study selection process.
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outcome measures. Data were extracted and coded by two trained reviewers independently and any
disagreement in extracted data was resolved through discussions between reviewers and the study
team. In addition, behaviour change techniques (BCTs; Michie et al., 2013) were coded to provide a
comprehensive overview of techniques used in the intervention also beyond social support.

To examine the effectiveness of the intervention, effects on the most commonly assessed
cancer-related symptoms (appetite loss, constipation, diarrhoea, dyspnea, fatigue, insomnia,
nausea/vomiting, pain, overall symptom distress, and overall symptom strength) were evaluated.
Examined psychological outcomes were health-related quality of life (including the subscales
emotional, cognitive, social, and role functioning/well-being), as well as anxiety/worry, depression
and self-efficacy.

Risk of bias assessment

Risk of bias was assessed according to the Cochrane Collaboration guidelines for randomised trials
(RoB 2; Higgins et al., 2019; Sterne et al,, 2019) and non-randomised studies (ROBIN-I, Sterne et al.,
2016). Risk of bias for randomised trials was rated as low or high risk, or having some concerns
and an overall score was calculated following the assessment scheme for randomised trials (RoB
2; Higgins et al,, 2019; Sterne et al,, 2019). Risk of bias of non-randomised studies was rated as
low, moderate, serious or critical risk or no information and an overall score was calculated following
the guidelines for non-randomised studies (ROBIN-I, Sterne et al.,, 2016).

Results

Database searches yielded 449 articles. After removing duplicates, titles and abstracts of 246 articles
and 23 resulting full-texts were screened, identifying eight studies meeting all inclusion criteria. In
addition, nine studies were identified via a backward search, resulting in a total of 17 studies
included in the systematic review (see supplemental data 2 for a list of all included studies). The
full description for article exclusion is presented in the PRISMA diagram (Figure 1).

Study characteristics

An overview of the main study details and characteristics is presented in Table 1 and in Table A1 in
supplemental data 3. Studies were published between 2009 and 2021 and conducted in Europe (n =
7), Asia (n = 6) or North America (n = 4). The majority of studies employed a controlled design (n =12)
including five randomised controlled designs, three study protocols of randomised trials, three non-
randomised trials and one study protocol of a quasi-experimental design. The interventions were
compared to usual care (n=10), no-treatment waitlist (n=1) and an offline intervention (n=1).
The remaining five studies were pre-post studies analysing changes over time.

Across all 17 studies, implemented or planned intervention duration ranged from two to 144
weeks (M =17.84, SD = 21.88). A follow-up assessment was included in six studies (Spahrkas et al.,
2020; Sundberg et al., 2017; Visser et al., 2018; Vistad et al., 2021; Zhu et al., 2017, 2018) ranging
from three months to three years. To implement the intervention, 13 different apps or app combi-
nations were used across the 17 studies. Only two studies used commercially available apps (McCar-
roll et al., 2015; Visser et al., 2018), while the majority of the apps was developed or adapted by the
research team for the purpose of the intervention. The majority of interventions (n = 13) focused on
providing care or information and/or symptom management as an addition during treatment or
rehabilitation. Only two studies reported that enhancing/facilitating social support and care was
the primary goal of the intervention (Poort et al., 2021; Visser et al., 2018), while the remaining
two studies (Mayer et al., 2018; McCarroll et al., 2015) focused on life-style changes (see Table 1).
In total, only six studies (Lin et al., 2021; Mayer et al., 2018; McCarroll et al., 2015; Poort et al.,
2021; Zhu et al, 2017, 2018) offered insight into the theoretical background underlying the



Table 1. Overview of included studies.

Population
Focus of the (#analysed, Social support
Author, year Study design intervention gender, age) App App components components Type of social support Social support sources
Cheong et al,, pre-post additional N=75 NR prompting of daily tasks real-time communication informational professional,
2018 information during Age (medication adherence, rehab with experts researcher
rehabilitation M =58.27 exercises, side effect monitoring,
(mobile (SD=11.74) treatment scheduling)
rehabilitation/ Gender daily recommendation of tailored
education Female: 41% rehab exercises (videos)
programme) provision of general health
information
in-app-chat service
Gustavell et al,  non-randomised  additional care and N =59 Interaktor assessment of self-reported contact by health informational, healthcare
2019 information during Age symptoms professional after alert instrumental professionals
rehabilitation; M =66.44 (SD access to self-care advice triggered by patient
symptom =8.69) risk assessment models for alerts symptom report
management Gender triggering contact with healthcare
(improve QoL & Female: 37% professional to receive advice/help
self-care activities) monitoring of symptom history
daily reminder for symptom
assessment
Hwang, 2016 non-randomised  symptom N=72 Medeo upload of wound photos communication with informational healthcare
management Age communication and exchange with  feedback from professionals
(prevent M =62.88 (SD expert healthcare professional
unscheduled care/ =NR)
hospital visits) Gender
Female: 98%
Kearney et al., RCT symptom N=112 ASyMS (Advanced symptom assessment contact by health informational, healthcare
2009 management Age Symptom tailored written feedback and professional after alert instrumental professionals
(symptom M=56.0 (SD Management advice on symptom management triggered by patient
assessment during =10.5) System) alert system based on symptom symptom report
chemotherapy) Gender assessment triggering contact with
Female: 77% healthcare professional
Lin et al., 2021 RCT (study additional care and  NA MGCS (Mobile information (cancer, treatment, discussion centre to emotional, healthcare
protocol) information during Gynecological side-effects); recording of patient share experiences for informational professionals, peers

treatment (meet
supportive care
needs, reduce
uncertainty in
illness)

Cancer Support)
programme

reflection on information topic
provision of relaxation and
distraction strategies

moderated discussion centre
between participant and caregiver,
advice from researcher
consultation from healthcare team,
option to contact and request
advice/help from healthcare team

patients and
caregivers, online
communication
forums for patients
and caregivers (two
separate forums),
advice from healthcare
professionals based on
posted messages

(cancer patients),
caregiver

(Continued)
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Table 1. Continued.

Population
Focus of the (#analysed, Social support
Author, year Study design intervention gender, age) App App components components Type of social support Social support sources
Maguire et al., pre-post symptom N=11 ASyMS-R (Adaption of symptom assessment contact by health informational, healthcare
2015 management Age ASyMS) tailored self-care advice based on professional after alert instrumental professionals
during treatment M =63.6 (SD symptom assessment triggered by patient
=129) automated alert system: based on symptom report
Gender symptom assessment, contact from
Female: 69% health professional as response to
alert
Mayer et al,, 2018 RCT lifestyle intervention N =227 SurvivorCHESS tracking of PA and goal setting social networking space  emotional, personal trainer,
(physical activity ~ Age social networking space, messaging with peers (cancer informational, peers (cancer
(PA)) M=58.6 (SD tool, discussion forum patients), interaction instrumental patients)
=14.1) information on PA and health with expert
Gender cancer care plan providing support
Female: 52% tools and information on coping
and adapting to life after cancer
diagnosis, follow-up care plan
information on exercise, exercise
videos, motivational messages
coach available to ask questions
about PA, initiation of discussion
group, tailored private messages to
inactive users, biweekly messages
to all users
reminders to track exercise, and for
new posts from coach in discussion
group
McCarroll et al.,  pre-post lifestyle intervention N=35 Loselt! logging of nutrition, PA and body  real-time feedback by informational healthcare
2015 (weight-loss) Age weight professionals professionals
M=58.4 (SD real-time feedback component (call,
=10.3) message, notification) using verbal
Gender or typed persuasion, vicarious

Park et al, 2019 pre-post

Female: 100%

additional care and N =90 Smart Aftercare

information during Age

rehabilitation; M=55.1 (SD
symptom =87)
management Gender

Female: 54%

learning, mastery, and social
support in response to input in app
from healthcare professionals

alarm notification for daily tasks
(medication, rehab exercise, clinic
visits)

overview of own health data
cancer and treatment specific
information

counseling from a clinical nurse via
in-app chat

videos to support exercise, pain
control, nutritional support,
symptom management

counseling via app from
healthcare professional

informational,
instrumental

healthcare
professionals

IV 13 43ONITTA X a 8



Poort et al., 2021

Spahrkas et al.,
2020

Sundberg et al.,
2017

pre-post

RCT (study
protocol)

non-randomised

enhance/facilitate N=23 iaya
social support Age
(improve M=28
psychological care, (SD=5)
provide Gender

opportunity to Female: 56%
connect and share
personal content

with peers)

symptom NA Untire
management (self-
management
programme to
treat cancer-
related fatigue)

symptom N=115 Interaktor
management Age
(assessment and M =69
management (SD =5.98)
during treatment) ~ Gender
Female: 0%

push notifications to promote
regular exercise « daily recording of
body weight and temperature

option to post information on a
public forum, comment and
reaction function

option to connect with other users
privately via direct messages
private feed: space to note thoughts
and save meaningful information
from the community feed

access to evidence-based exercises
targeting anxiety, mood difficulties,
emotional resilience; educational
information and active exercises;
active exercise output could be
shared on the community feed
virtual waiting room: geolocation
feature to connect with patients
onsite at the same time

psychoeducation, information on
and exercises for cancer-specific
topics, individual selection of topics
audio-guided stress-reduction
exercises

tips to improve daily mood
information on positive effects of
PA, schedule for 30 min PA per day,
video-guided strength exercises
assessment of fatigue level (well-
being, energy level)

option to invite buddy to fosters
social commitment

daily assessment of symptoms;
event-based reports (feeling
unwell)

alert system: based on patient’s
symptom reports, in response to
alert: contact from the nurse and
discussion of reported problems
access to evidence-based self-care
advice

display of symptom-history in
graphs over time

emotional,
informational

peers (cancer
patients)

private messaging with
peers (cancer patients),
virtual waiting room
for interaction
between patients,
discussions, interaction
via posts on
community feed, share
experiences on
community feed

option to invite friend/  emotional, family, friends
family member informational,
instrumental

healthcare
professionals

informational,
instrumental

contact by health
professional after alert
triggered by patient
symptom report

(Continued)
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Table 1. Continued.

Population
Focus of the (#analysed, Social support
Author, year Study design intervention gender, age) App App components components Type of social support Social support sources
Visser et al., 2018 RCT enhance/facilitate N=109 Usage of existing e FaceTalk app: online support group guided online support emotional, healthcare
social support Age apps (iBooks, sessions group sessions, informational professionals, peers
(combination of M =56.76 (SD FaceTalk, Contact e short videos of interviews with possibility to contact (cancer patients)
face-to-face and =8.56) app, Email breast cancer survivors peers and healthcare
online social Gender accounts, Calendar e iBooks: survivorship information, professionals via email
support groups) NR app) suggestions for relevant websites
e contact app: email addresses of the
participants, the clinical nurse
specialist and the researcher
o calendar app: dates of video group
medical consultations
Vistad et al., 2021 quasi- additional care and ~ NA LETSGO o disease-specific information alert triggered by patient informational, healthcare
experimental information during (written, audiovisual) symptom report, instrumental professionals
(study rehabilitation o general lifestyle information advice to contact
protocol) (increase patient o PA exercises and programmes with health professional
self-management instructions (written, audiovisual)
and health-related e PA goal setting
empowerment in * monitoring of symptoms of
follow-up care) recurrence
* monitoring of step count (activity
tracker)
o alert system: based on symptom
report, if threshold reached, alarm
sent to the patients with advice to
call clinic and get advice and help
Yang et al., 2019 RCT symptom N =58 Pain Guard o daily assessment of cancer pain and real-time consultation informational, healthcare
management Age breakthrough cancer pain with healthcare instrumental professionals
(management of M =53.67 (SD e automated alarm system based on professionals
cancer pain) =8.65) symptom reports (breakthrough
Gender cancer pain), prompt sent to patient

Female: 35%

to follow medication orders, prompt
to reassess symptoms after 1 h
reminders to perform assessment
and for medication adherence
overview of pain status and
treatment history

option to take photos of inspection
reports and to forward them to the
pain management team

real-time medication consultation
on pain management with cancer
pain management team
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Zhu et al,, 2017 RCT (study

protocol)

additional care
during treatment
(improve
supportive care
needs during
treatment)

Zhu et al,, 2018 RCT additional care
during treatment
(improve
supportive care
needs during

treatment)

NA

N=114

Age

M=472
(SD=8.3)
Gender
Female: 100%

BCS (Breast Cancer e-
Support)
programme

BCS (Breast Cancer e-
Support)
programme

soothing music treatment: tailored

(brief questionnaire) suggestions of

music playlists and links to help
patients relieve tension and anxiety,
raise the threshold of pain, and
increase comfort levels

information on drugs and adverse
reactions

provision of knowledge related to
breast cancer and symptom
management strategies
opportunity to interact with peers,
moderated by health care
professional (providing expert
advice if requested) to increase
structural social networks (structural
and functional support)
opportunity to interact with health
care professionals to increase
structural social networks (structural
and functional support).

access to video-recorded
encouraging stories

provision of knowledge related to
breast cancer and symptom
management strategies
opportunity to interact with peers,
moderated by health care
professional (providing expert
advice if requested) to increase
structural social networks (structural
and functional support)
opportunity to interact with health
care professionals to increase
structural social networks (structural
and functional support).

access to video-recorded
encouraging stories

discussion forum for

discussion forum for

healthcare
professionals, peers
(cancer patients)

emotional,
interaction with peers informational
and healthcare

professionals,

consultation/help/

advice with healthcare

professionals

healthcare
professionals, peers
(cancer patients)

emotional,
interaction with peers informational
and healthcare

professionals,

consultation/help/

advice with healthcare

professionals

Notes: RCT: randomised-controlled trial, NA: Not applicable, NR: Not reported.
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development of the studies. However, even in those studies, the information regarding how the
theoretical background informed app development was rather limited. Further, also only six
studies included patients during the development process of the app by co-designing and testing
the app together with patients (Sundberg et al., 2017), assessing patient preferences and opinions
via interviews (Gustavell et al., 2019), conducting focus group/user panel meetings (Kearney et al.,
2009; Maguire et al.,, 2015; Poort et al.,, 2021; Vistad et al.,, 2021), or testing a beta version of the
app with patients to receive specific feedback (Kearney et al.,, 2009; Maguire et al., 2015; Poort
et al,, 2021).

Demographic characteristics are described across the 13 studies reporting study results. Across
these studies, the mean sample size was 84.62 (SD = 55.32; range 11-227) with a total of 1100 par-
ticipants. Mean age of participants ranged from 28 to 69 years (M = 56.46, SD = 10.27). Across partici-
pants, 60% were women with two studies focusing solely on women (McCarroll et al., 2015; Zhu
et al., 2018) and one study solely on men (Sundberg et al., 2017). Patients with a wide range of
cancer types were included in the studies with breast cancer being the most common cancer diag-
nosis (n =7; see Table A1 in supplemental data 3). Stage of cancer varied between studies, but also
within studies as studies included patients from different cancer stages and across different treat-
ment stages. In the majority of studies (n=11), participants received ongoing cancer treatment
while participating in the intervention (see Table A1 in supplemental data 3).

Outcome assessment

In total, eight studies (Cheong et al., 2018; Gustavell et al., 2019; Kearney et al., 2009; Maguire et al.,
2015; Spahrkas et al., 2020; Sundberg et al., 2017; Vistad et al., 2021; J. Yang et al., 2019) assessed
self-reported symptoms within the app using mainly self-developed questionnaires and items to
assess frequency, severity, and distress associated with symptoms. The number of assessed
symptoms ranged from two to 15. Frequency of assessment varied twice daily (Kearney et al.,
2009) to once a month (Vistad et al, 2021), partly supplemented by additional event-based
assessments.

To analyse the effect of the intervention, all studies also assessed outcome measures outside the app
with additional questionnaires during and/or at the end of the intervention. Based on the great diversity
of included cancer types, the type and number of recorded cancer-related symptoms varied substan-
tially between studies. Cancer-related symptoms were assessed via various multi-symptom scales
(e.g., European Organization for Research and Treatment of Cancer Quality of Life Questionnaire
(EORTC QLQ-C30), MD Anderson Symptom Inventory (MDASI), Edmonton Symptom Assessment
Scale), and/or cancer-type specific symptom scales and individual symptoms or symptom lists. In
addition, symptoms of side effects of ongoing treatments or consequences such as unscheduled hos-
pital visits were recorded (see Table A1 in supplemental data 3). In terms of psychological outcomes, the
majority of studies assessed health-related quality of life, using the general or cancer-type specific
EORTC QLQ-C30 or the general or cancer-type specific FACT (Functional Assessment of Cancer
Therapy). In addition, different measures of anxiety, worry/fear, depression, self-efficacy, and distress
were reported, using a variety of different measures and questionnaires (see Table A1 in supplemental
data 3).

Risk of bias assessment

Overall the assessment of the Cochrane Collaboration Risk of Bias indicated a potential high risk
of bias in all randomised controlled trials, with concerns in multiple domains (see Figure 2(a)) and
a potential serious to critical risk of bias in all non-randomised studies (see Figure 2(b)). However,
the nature of the intervention needs to be considered for the interpretation of results for both
study designs. In particular, the use of an app for continuous symptom assessment introduces
a potential risk of influencing the outcome assessment and achieving complete blinding of
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Figure 2. Risk of bias assessment of (a) randomised trials and (b) non-randomised studies. Note that risk of bias rating varies
between randomised trials and non-randomised studies. According to the respective guideline, risk of bias is rated as low or
high risk, or having some concerns for (a) randomised trials and as low, moderate, serious or critical risk or no information
for (b) non-randomised studies. Overall risk of bias of (a) randomised trials is rated as high if a study is judged either at high
risk in at least one domain or if a study is judged to have some concerns for multiple domains. Overall risk of bias of (b)
non-randomised studies is rated as serious if a study is judged at serious risk in at least one domain, but not at critical risk in
any domain and rated as critical if a study is judged at critical risk in at least one domain (see Higgins et al., 2019; Sterne
et al., 2016, 2019).

both participants and study personnel is not feasible for the type of intervention under
investigation.

What app-based interventions including social support exist?

The first aim of the study was to provide a detailed description of how and what type of social
support is realised and implemented in app-based interventions. Content and integration of
social support in the app varied between studies with different forms, combinations and functions
applied (see Table 1 for a detailed overview). Most commonly contact/chat functions of the app were
used (n=9), followed by the use of alerts to evoke supportive reactions (e.g., from healthcare pro-
fessionals) based on app input (n=6), discussion forums and communication platforms (n=5),
private chat functions and social networking spaces (n = 2).
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Social support sources

Across studies, social support was considered from both formal sources, like (healthcare) pro-
fessionals, and informal support sources, such as family, friends or peers. The analysis revealed a
notably higher frequency of inclusion of social support from formal support sources (n =15) com-
pared to social support from informal support sources (n = 7). In total, 10 studies exclusively included
social support from formal sources, whereas only two interventions focused on facilitating support
from informal sources such as family, friends or peers (Poort et al., 2021; Spahrkas et al., 2020). The
remaining studies (n=5) combined both formal and informal support. Notably, none of the five
studies that integrated formal and informal support specifically aimed at increasing support from
close personal networks, such as friends or family, but only from peers.

Social support function

The function of social support varied between studies. Informational social support was present in all
studies (n = 17), and accompanied with instrumental social support in the majority of studies (n =9).
Only 7 studies included forms of emotional social support.

Informational support. Informational social support encompassed providing advice and gui-
dance for managing symptoms, self-care, disease management, as well as specific information
and education about the illness, rehabilitation, coping strategies, and adjusting to life post-cancer
diagnosis. For example, in the study of Cheong et al. (2018) patients received an individualised reha-
bilitation exercise programme with the ability to communicate in real-time with a health expert
through the app to receive feedback and information. Likewise, patients in the study of Hwang
(2016) could communicate with experts through the app, asking questions and addressing concerns
about their uploaded wound pictures. Further, Lin et al. (2021) included gynecological cancer-
specific education helping patients better predict and understand their iliness and related symptoms
to reduce uncertainty in iliness and symptom distress. Different communication forums were used to
provide informational support from credible authorities (healthcare providers) including advice
related to posted messages and the option for all patients to contact and seek advice or guidance
from the healthcare team. Similarly, to provide informational support to women with breast cancer,
Zhu et al. (2017, 2018) included a communication forum to facilitate the interaction with both health-
care professionals and peers. The platform allowed the sharing and receiving of information and
advice on symptom management, as well as on how to live and cope with the disease. In addition,
patients had the option to interact with healthcare professionals receiving expert advice and consul-
tation as needed. J. Yang et al. (2019) used a automatic alarm system to facilitate patient communi-
cation with a healthcare team via a real-time chat-based consultation feature. This allowed patients
to report pain and other symptoms, engage in discussions to understand potential causes of the
pain, and receive advice on how to address and manage the pain.

Instrumental support. Content of informational and instrumental social support was related in
most studies, as most not only provided information and advice but also provided assistance with
symptom/disease management, and/or assistance with exercise performance. For example, to facili-
tate instrumental and informational social support six of the studies used an automatic alert system
based on symptom reports, i.e., healthcare providers or the patient themselves received an alarm if
reported symptoms reached a threshold to initiate contact and support for symptom management
(see Table 1). In the majority of those studies (n=4; Gustavell et al., 2019; Kearney et al., 2009;
Maguire et al., 2015; Sundberg et al., 2017) patients were contacted by healthcare professionals
if their symptom reports triggered an alert. Depending on the severity of symptoms the time
span until patients were contacted differed. However, once contacted, patients received assistance
in medical-decision making. This involved healthcare professionals performing a clinical assessment
to discuss and address symptom management, as well as initiating appropriate management
strategies.



HEALTH PSYCHOLOGY REVIEW 15

Emotional social support. Emotional social support was provided via functions that enabled users
to exchange personal experience and connect with peers. For example, Poort et al. (2021) aimed to
improve psychological care for young cancer patients by creating an engaged community where
patients could connect and share personal content with peers. The app facilitated interaction
between patients through private messaging, a virtual waiting room to connect and interact with
other patients, as well as a community feed where patients could share experiences and discuss
posts with others. Similarly, Mayer et al. (2018) included a social networking space with messaging,
and a discussion forum for sharing experiences and connecting with other cancer patients. Zhu et al.
(2017, 2018) implemented a moderated discussion forum for patients to interact and share personal
experiences with other cancer patients. Lin et al. (2021) described an app-based programme enabling
patients and caregivers to discuss and share experiences in a discussion centre and separate forums in
order to exchange personal experiences and connect with peers. Similarly, Visser et al. (2018) included
nurse-led online support groups to increase psycho-social support and foster the exchange and discus-
sion of personal experiences and the interaction with other cancer patients. In addition, the study by
Spahrkas et al. (2020) included the option to invite friends and family to an app-based self-management
programme to help/motivate to work with the app and to manage symptoms of fatigue together.
However, the concrete implementation of the support from family and friends was not described in
detail.

How effective are app-based interventions including social support to improve cancer-
related outcomes?

The following reported effects on outcome measures refer to the effect of the entire intervention.
Due to the small number of studies, additional separate analyses based on the source of social
support (formal vs informal) or different social support features within the app were not possible.

Cancer-related symptoms. The effect on cancer-related symptoms was analysed across eight
studies (see Table A1 in supplemental data 3 for a detailed overview). While the specific symptoms
assessed varied between studies, in multiple symptom areas the majority of studies demonstrated
positive effects of the intervention compared to a control condition or over time (see Figure 3(a)).
Nevertheless, as illustrated in Figure 3(a), results were also mixed across studies with a combination
of positive effects and no effects, and in isolated cases even a negative effect, e.g., a significant
increase for pain (Maguire et al., 2015) and diarrhoea (Sundberg et al., 2017) over time.

Psychological outcomes. Intervention effects regarding psychological outcomes were analysed
across eleven studies (see Table A1 in supplemental data 3 for a detailed overview). Overall results
regarding psychological outcomes were less clear across the analysed studies (see Figure 3(b)).
Specifically, as Figure 3(b) displays, only two studies (J. Yang et al., 2019; Zhu et al., 2018) indicated
a positive effect on overall health-related quality of life while the majority of studies did not find any
effects on overall health-related quality of life, neither between groups nor over time. Similarly, the
effects on anxiety/worry, depression and self-efficacy did not present a consistent pattern.

Mediator. Perceived social support was only measured in a total of three studies (Poort et al.,
2021; Visser et al., 2018; Zhu et al., 2018). Perceived social support was positively associated with
app usage (Zhu et al., 2018) and satisfaction ratings (Visser et al., 2018), and showed a slightly posi-
tive, but non-significant, trend over time (Poort et al., 2021). Potential effects of social support on
outcome measures were not examined in any of these studies. However, Zhu et al. (2018) examined
the correlation between app usage and psychological outcomes, which could be an indicator of
potential social support. While positive associations emerged between app usage and self-efficacy
both after three months (r=.290, p =.03) and six months (r=.329, p =.01), app usage was only posi-
tively associated with quality of life after three months (r=.273, p =.04), and negatively with anxiety
after six months (r =-.300, p =.03). Similarly, McCarroll et al. (2015) examined the potential beneficial
effect of frequency of interaction with healthcare professionals. However, data showed no support
for more interaction via the app being positively associated with psychological outcomes.
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Figure 3. Overview of study results displaying differences between intervention and control group and changes over time for (a)
cancer-related symptoms and (b) psychological outcomes.

Discussion

The present systematic review aimed to provide an overview of mobile applications facilitating social
support for cancer patients and examine their effectiveness for cancer-related symptoms and
psychological outcomes. Across 17 studies, diverse implementations of social support through
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mobile apps were found. App-based provided social support predominantly focused on informa-
tional support (e.g., how to manage symptoms) mainly from formal support sources such as (health-
care) professionals. In contrast, emotional support and informal support, such as from family or
friends, were substantially less commonly addressed by the apps. Results in terms of the effective-
ness were mixed and need to be interpreted with caution as risk of bias assessment indicated an
overall high risk of bias across studies. However, some promising effects were observed in addressing
cancer-related symptoms and encouragingly, with the exception of two studies (Maguire et al., 2015;
Sundberg et al., 2017), no negative effects of the app-based interventions emerged on any cancer-
related or psychological outcome.

Examining social support research for cancer patients that is not app-based, most studies focus on
emotional social support from informal sources, such as peers, family or friends (Decker, 2007; Luszc-
zynska et al., 2013). In contrast, the predominant function of social support across studies in this
review was informational social support and it was majorly provided by formal support sources. Mul-
tiple studies have highlighted the importance and benefit of emotional support for cancer patients
(e.g., Dukes Holland & Holahan, 2003; Dunkel-Schetter, 1984). For example, research on perceived
helpfulness of received social support showed that after a diagnosis, cancer patients perceive
emotional support both from family and friends and from healthcare professionals as helpful
(Arora et al., 2007). The Theory of Optimal Matching (Cutrona, 1990; Cutrona & Russell, 1990) and
the Social Support Effectiveness Framework (Rini & Dunkel Schetter, 2010) emphasise that the effec-
tiveness of social support depends on how well it meets the specific needs of the recipients. In light
of this, it seems highly beneficial to incorporate more options in mobile applications to seek and
provide emotional social support to address the emotional support needs of cancer patients,
thereby most likely enhancing the effectiveness of such mobile interventions.

The main source of social support across studies included in this review was formal support from
professionals such as healthcare providers or experts. Even though reviews demonstrate the value
and benefits of peer support for cancer patients (Campbell et al.,, 2004; Dunn et al., 2003; Hoey
et al, 2008; Hu et al, 2019), only seven studies included informal support from peers using
private messaging or community feeds. Similarly, a review and content analysis of almost 300 pub-
licly available cancer-related apps revealed that very few cancer-related apps include peer support
(Bender et al., 2013). Social support provided is likely to differ between sources of social support
(Heaney & Israel, 2008). In the context of cancer, research has shown that cancer patients typically
seek informational support from (healthcare) professionals (e.g., Blanchard et al., 1995), and
emotional support from family in forms of caring, empathising and comforting (Arora et al., 2007;
Blanchard et al., 1995; Tunin et al., 2010). In addition, in five of the included studies, social
support can be interpreted as rather low as the interaction between patients and healthcare pro-
fessionals was only initiated when a certain threshold of symptom severity or distress was
reached triggering an automated alarm system to start patient-healthcare provider interaction sup-
porting patients in symptom management. Overall, current cancer-related apps seem to underutilise
smartphones’ potential for real-time communication, networking, and personalised support. Future
apps should leverage these capabilities to increase support for cancer patients, and to allow custo-
misation to meet individual needs.

Although the systematic review included the provision or facilitation of social support through
the app as an inclusion criterion, social support was not the central intervention component in
most studies. A unified approach to transparently highlight all intervention components using a
shared terminology as e.g., offered by the behaviour change techniques technologies (e.g.,
Di Maio et al., 2024; Marques et al., 2023; Michie et al., 2013) still is not standard in this area of
research, but urgently should be. Overall, only a small subset of studies not only incorporated
social support but also explicitly measured and assessed perceived social support. Some of these
studies were able to demonstrate positive associations with app usage or satisfaction with the
app. While this is encouraging, future studies should focus on assessing and examining the
actual receipt of social support as mediating mechanism of the app intervention in addition to a
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rather stable measure of perceived availability of support (Schwarzer & Knoll, 2010). Further, assessing
the effect of the three different functions of support (emotional, informational, instrumental) as well
as exploring and comparing the effects of the different support functions in relation to the source
providing the support (formal, informal) and depending on treatment stage or cancer type would
offer valuable insights (e.g., see Heaney & Israel, 2008; Kroenke, 2018). However, as most analysed
studies combined multiple functions of social support and due to the limited number of studies
incorporating emotional support, it was not possible to conduct such a comparison in the present
review.

The presented review has certain limitations. First, to identify relevant studies the term
social support was included as a criterion in the search term. However, backward searches indi-
cated that the term social support might not always be used in the title or abstract if the main
focus of the studies is not facilitating or providing social support. To address this problem and
to ensure that we did not miss substantial studies in our search, we performed an intensive
backward search screening the entire full texts for social support components. Second, as men-
tioned above, included studies did not solely concentrate on social support aspects as their
primary intervention strategy, but rather tested interventions that include social support com-
ponents as one aspect of their intervention along with a range of other techniques and strat-
egies (see also Table 1 and Table A1 in supplemental data 3 for a detailed overview of the
content of each app and general BCTs used). Therefore, only the entire intervention effect
could be examined as studies did not provide information on the effectiveness of the interven-
tion in relation to social support only. This calls for a greater transparency of all intervention
components used in mobile applications for cancer patients. Using a common terminology as
offered by the behaviour change techniques taxonomies (e.g., Di Maio et al., 2024; Marques
et al., 2023; Michie et al., 2013) seems to be a constructive approach to tackle this problem.
To specifically analyse the effectiveness of social support and different functions of social
support on outcomes, future research using controlled intervention designs are needed system-
atically varying functions included in the app. Third, as quality assessment of included studies
indicated an overall high risk of bias across studies and only a small number of studies based
the design of their intervention on established theories or implemented a participatory
approach by including patient’s perspective in the app development process, results of the
review need to be interpreted with caution. Consequently, future studies need to urgently
address this problem by using rigorous methodology. Finally, studies included a great diversity
of cancer diagnoses and patients varied substantially in the stages of the disease and treatment.
Due to the small number of studies, this heterogeneity could not be addressed. Previous work,
however, suggests that support needs differ and have different effects across different stages
and between cancer types (e.g., Kroenke, 2018; Nausheen et al.,, 2009; Pinquart & Duberstein,
2010). However, not only the support needs of patients might differ depending on the phase
or stage of the disease, but also the ability of support providers to meet those needs. Thus,
differentiated analyses separated by type and stage of cancer are needed to provide more
insight into the extent to which social support or which function of social support is at what
time point and under what circumstances most effective regarding cancer-related outcomes
or related psychological aspects.

To conclude, the present systematic review demonstrated that app-based interventions for
cancer patients including social support components predominantly include informational social
support from formal sources, i.e., (healthcare) professionals while emotional social support and
support from informal sources like friends or peers is rarely incorporated. Further, only a few
studies themselves focused on social support as a primary intervention strategy. First results are
somewhat promising regarding the use of mobile apps that include social support in improving
cancer-related symptoms. However, the technical possibilities are far from being fully exploited. In
particular, the potential of using smartphones to facilitate emotional support and informal
support from family and friends seems hardly untapped so far, even though smartphones offer a
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unique opportunity to connect cancer patients with their informal support network anywhere and
anytime. However, to enable informed decisions and improve effectiveness, future efforts should
focus on measuring and systematically testing the specific impact of app-based interventions target-
ing social support.
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