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Abstract

Introduction

The growing number of people living with, through and beyond cancer poses a new
challenge for sustainable survivorship care solutions. Digital health solutions which
incorporate various information and communication technologies are reshaping
healthcare; offering huge potential to facilitate health promotion, support healthcare
efficiencies, improve access to healthcare and positively impact health outcomes.
Digital health solutions include websites and mobile applications, health information
technologies, telehealth solutions, wearable devices, Al-supported chatbots and other
technologically assisted provision of health information, communication and services.
The breadth and scope of digital health solutions necessitate a synthesis of evidence
on their use in supportive care in cancer. This umbrella review will identify, synthe-
sise, and compare systematic reviews which have evaluated the efficacy or effective-
ness of digital solutions for adult cancer survivorship care with a particular focus on
surveillance and management of physical effects, psychosocial effects, new cancer/
recurring cancers and supporting health promotion and disease prevention.

Methods and analysis

An umbrella review of published systematic reviews will be undertaken to explore
the types of digital health solutions used, their efficacy or effectiveness as a form of
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supportive care, and the barriers and enablers associated with their implementation. The umbrella review will be reported
according to the Preferred Reporting Items for Overviews of Reviews (PRIOR) checklist. A search will be conducted
across key databases. Records will be assessed independently by two review authors for eligibility against predefined cri-
teria and will undergo two stage title, abstract and full text screening. All systematic reviews that meet the inclusion criteria
will be assessed for quality using the AMSTAR 2 checklist with quality assessment and data extraction by two reviewers.
The degree of publication overlap of primary studies across the included reviews will also be calculated and a mapping of
the evidence will also be presented.

Ethics and dissemination

As this research proposes using systematic reviews that are already published, ethical approval is not required. Results
from this umbrella review will be published in a peer-reviewed journal where any significant deviations from the protocol
will be justified.

Introduction

The number of individuals living with, through and beyond cancer is growing each year, largely due to considerable
advancements in prevention, early detection, diagnosis, treatment and follow-up [1]. As a result, cancer is increasingly
recognized as a chronic and ongoing condition, requiring long-term management. Cancer survivors represent a large and
heterogeneous group, encompassing individuals from the moment of diagnosis throughout the balance of their life [2].

Cancer and its treatment can significantly affect an individual’s quality of life; with impacts varying substantially by the
health, disease and socio-economic status of cancer survivors [3—5]. The physical effects of the disease and its treat-
ments, combined with the emotional and psychological challenges can lead to a range of difficulties including fatigue,
pain, emotional distress, and changes in social relationships [6—9]. These ongoing effects highlight the need for compre-
hensive support to improve the functional capacity and well-being of individuals living with and beyond cancer.

Digitally assisted self-management support and targeted digital interventions have demonstrated positive effects on
patient outcomes, particularly when they are part of the cancer survivorship care pathway [10—14]. While there are advan-
tages to healthcare professional led interventions, such as increased adherence to the intervention, many healthcare pro-
fessionals are already time-constrained and may not have training in empirically supported behavioural and counselling
skills. Moreover, inequalities exist in the distribution of healthcare professionals globally, leading to underserved popula-
tions or regions [15]. Accessing supportive care can be challenging for many reasons including the fatigue and symptom
burden associated with cancer; challenges with transportation and language; time and financial constraints; health literacy
issues; and in some instances, patients being too embarrassed to ask for help from their health care professional [16—19].
These factors have prompted increased interest in understanding the barriers and enablers to the implementation of digi-
tal solutions [20,21].

According to the European Commission digital health and care refers “to tools and services that use information and
communication technologies to improve prevention, diagnosis, treatment, monitoring and management of health-related
issues and to monitor and manage lifestyle-habits that impact health [...] improve access to care and the quality of that
care [...] and increase the overall efficiency of the health sector’ [22]. These can include mobile health (mHealth), e-health,
health information technology, telehealth, telemedicine, platforms, apps, wearable devices, sensors, chatbots and the use
of digital solutions.

The benefits of digital health solutions in a cancer context include providing mechanisms of integrating care across pri-
mary, secondary and tertiary healthcare systems and supporting the provision of a person-centred and personalised care
approach [23,24]. Digital solutions for survivorship support are attractive because they have the potential to be provided

PLOS One | https://doi.org/10.1371/journal.pone.0322100 May 27, 2025 3/12




PLO\Sﬁ\\.- One

to many cancer survivors simultaneously using less resources, potentially resulting in lower associated carbon emissions
than in-person care [25-27]. Virtual or remote care offers individuals the opportunity to access their care at their pre-
ferred time and place, removing constraints associated with the burden of illness and leading to increased engagement in
behaviours that enhance their quality of life [28,29]. Recent studies have also shown that digital interventions can improve
self-management behaviours and increase confidence to self-manage, including adherence to after-treatment care and
medication [30-32]. Some digital health solutions can also have a positive effect on overall survival of cancer patients
[33,34].

However, the widespread reach, adoption, and implementation of digital health solutions may be hampered by inad-
equate digital health systems infrastructure; heterogeneity in digital health solutions and healthcare systems; unequal
access to digital solutions; issues with internet connections; limits in digital literacy and the lack of synthesized evidence
on the effectiveness of digital interventions in a healthcare context [21,35,36]. Some enablers have also been emphasized
in the literature including co-design of digital solutions; being aware of users’ literacy level; use of interventions and tools
that respect the cultural attributes and the risk of social health inequalities of future service users [21,37,38].

The lack of a standardised methodology to evaluate the plethora of available digital solutions for survivorship support in
real-world settings further complicates evaluation of efficacy of digital solutions [39—41]. To ensure quality care in cancer
survivorship, it is critical to distinguish between digital solutions in a health care context which have or have not undergone
rigorous testing to ensure safety and efficacy; meet legislated privacy and security requirements and offer clinically mean-
ingful benefits [42]. Healthcare professionals, patients, and users need to be supported to make more informed decisions
about selecting and utilising high-quality and reliable digital solutions.

Given the rapid advancement of digital solutions, a systematic evaluation of the existing evidence is essential to evalu-
ate the effectiveness of digital solutions in supporting cancer survivorship care. Additionally, identifying key enablers and
barriers to their implementation will be crucial for optimizing their integration into healthcare systems.

Aim
This umbrella review aims to identify, synthesise, and compare evidence from published systematic reviews that have
evaluated the efficacy or effectiveness of digital solutions designed to support cancer survivorship care in adults.

Review questions

This umbrella review seeks to address the following questions:

Q1. What patient-oriented digital health solutions for supporting cancer survivorship care for adults have been tested
within the included systematic reviews?

Q2. How do the outcomes presented in each systematic review map onto Nekhlyudov et al., (2019) Quality of Cancer
Survivorship Care Framework domains [43]?

Q3a. What impact do the digital health solutions for supporting cancer survivorship care have on the primary outcomes
associated with the domains and indicators described in the Quality of Cancer Survivorship care Framework [43]
(i.e., prevention and surveillance of new cancer/ recurring cancers; surveillance and management of physical
effects; surveillance and management of psychosocial effects)?

Q3b. What impact do the digital health solutions for supporting cancer survivorship care have on the secondary outcomes
associated with the domains and indicators described in Quality of Cancer Survivorship Care Framework [43] (i.e.,
surveillance and management of chronic medical conditions; health promotion and disease prevention)?

Q4. What is the degree of overlap of included primary studies across the included systematic reviews? Are there areas
of homogeneity or heterogeneity in the evidence and potential biases?
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Q5. What are the key considerations, barriers, and enablers to the implementation of patient-oriented digital solutions to
support adult cancer survivorship care articulated by the authors of the included systematic reviews?

Q6. What are the gaps and limitations of the evidence-base highlighted by review authors?

Materials and methods
Design

An umbrella review methodology will be utilised for this research as it allows for the integration, examination, and compar-
ison of evidence from existing systematic reviews in a concise format [44,45]. As the area of digital health technology is
broad and varied, an umbrella review is a particularly suitable methodology, as it can impose coherence on evidence by
separating the topic into targeted populations, interventions, or both [46]. The umbrella review will be carried out in accor-
dance with the Preferred Reporting Items for Overviews of Reviews (PRIOR) checklist (S1 Checklist) [47].

Eligibility criteria
Detailed eligibility criteria using the population, intervention, context, and outcome (PICO) framework [48] are outlined
within this section and in tabular format within S1 Table.

Population. Individuals who have received a diagnosis of cancer and are defined by the author as adults, usually 18
years and above.

Intervention. The intervention of interest is the use of patient-oriented digital health solutions integrated into the cancer
survivorship supportive care journey, with a focus on supporting patients in achieving the outcomes identified in this review.
Due to their novel nature and breadth of utility, there are many varying definitions and descriptions of what encom-

passes a digital health solution, some of which are presented in S2 Table. Despite variation, definitions of digital health
solutions contain overlapping elements and typically involve a focus on the use of information and communication technol-
ogies or tools or solutions to facilitate improved or more streamlined access to care; enhanced quality or greater efficiency
in health care delivery processes through enhanced data collection, data sharing and/or communication between the
patient and healthcare professional; and direct to patient health promoting advice and interventions, self-management
support and therapeutics[22].

Comparison. Comparisons will be presented as per the included publications. Studies with and without a comparator
will be considered for inclusion.

Outcome. Outcomes will be classified according to the domains of the Quality of Cancer Survivorship Care
Framework [43], including the associated outcomes for each domain (Table 1 and 2). Details of these are provided in an
expanded format in (S3 TableA and B).

Publication type and design. This umbrella review will take into consideration systematic reviews from any country
or region that incorporate experimental studies [randomised controlled trials or non-randomised studies) where the
clear primary aim is to assess the efficacy or effectiveness of the digital health solutions in terms of named outcomes.
Systematic reviews having a mixture of, or only incorporating studies with feasibility, acceptability, satisfaction, pilot study
aims will be excluded.

Information sources and search strategy

The search will be conducted in CINAHL Plus with full text, ERIC, MEDLINE, APA PsycArticles, APA PsycInfo, SocINDEX
with full text via EBSCOhost Research Databases interface; Web of Science; Embase, IEEE Xplore and the Cochrane
library. Keywords and search strings will be used as follows: cancer, survivorship, digital, and systematic review. These
will be combined using Boolean operators and relevant proximity indicators. Subject headings will be used as appropriate.
The detailed search strategy for a sample database can be found in S4 Table.
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Table 1. Primary outcome domains adapted from the Quality of Cancer Survivorship Care Framework [43].

Domain Definition of outcome data
Prevention and surveillance for recurrence and new Reports of actions taken to lower risks of developing cancer and/or their impact.
cancers Reports of data collected and analysed relating to the monitoring for or the development of

recurrence of cancer or a new cancer.

Surveillance and management of physical effects Reports of the assessment of physical symptoms and/or conditions via history, physical
examination, and/or standardized or self-reported instruments/ tools/ surveys.

Reports of the management of symptoms and/or conditions based upon such assess-
ments and/or their impact on physical effects.

Surveillance and management of psychosocial effects Reports of the assessment of psychosocial effects or symptoms and/or conditions via
history, and/or standardized instruments/tools.

Reports of the management of symptoms and/or conditions based upon such assess-
ments and/or their impact on psychosocial effects.

https://doi.org/10.1371/journal.pone.0322100.t001

Table 2. Secondary outcome domains, adapted from the Quality of Cancer Survivorship Care Framework [43].

Domain Definition of outcome data

Surveillance and management of chronic medical conditions Reports of assessment of cancer- and noncancer- related symptoms and/
or conditions using appropriate screening and treatments.

Health promotion and disease prevention Reports of actions taken to address health determinants such as
behaviours and lifestyles and/or their impact.

Reports of referral to services that promote evidence-based health
behaviours to lower risk of disease and/or their impact.

https://doi.org/10.1371/journal.pone.0322100.t002

Study records

Study selection. Records will be imported into Covidence, an online software used to streamline the production of
reviews of the literature [49]. Duplicates will be deleted automatically in Covidence. Two independent authors in pairs,
will conduct the screening of the records retrieved by the search strategy for inclusion or exclusion against the outlined
eligibility criteria. Each record will first undergo title and abstract screening. Records that potentially meet the inclusion
criteria will be retrieved in full-text format. Researchers will review the full texts independently and any screening conflicts
will be resolved through discussion with a third author. Authors will provide the list of studies excluded at full text stage
and justify the exclusions as a supplementary file.

Screening of non-English language publications will be done by researchers who can speak the language, where possi-
ble. If this is not possible, Google translate function will be used and the use of same will be noted where relevant. Final
review for eligibility will be based upon the translated abstract.

The quality of the included systematic reviews will be assessed using the A MeaSurement Tool to Assess systematic
Reviews 2 (AMSTAR 2) checklist [50]. Two reviewers will independently assess the methodological quality of each sys-
tematic review against the AMSTAR 2 rating scale. Using the AMSTAR 2 quality appraisal tool, the quality of reviews will
be rated as high, moderate, low, or critically low based on the cumulative rating of 16 domains, of which, seven are con-
sidered critical. This includes a registered protocol prior to the review, adequate search of literature, reasons for exclusion,
included studies assessed for risk of bias, appropriate methods of meta-analysis, assessing risk of publication bias and
bias in result interpretations [50]. All quality assessments will be discussed by the two reviewers to resolve any discrepan-
cies, and a third reviewer will be consulted if necessary.

A widely recognised issue faced when conducting umbrella reviews is the challenge of primary study overlap within
included systematic reviews[51]. To calculate the degree of overlap, first, a citation matrix of included systematic reviews
and their primary studies will be created. Secondly, we will calculate the corrected cover area (CCA) [52]. The CCA
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expressed as a percentage indicates the proportion of overlapping primary studies and is calculated as (N -r)/((r x c)-r),
where N is the total number of primary study occurrences in the citation matrix, r is the number of index primary studies
(i.e., number of rows within the citation matrix) and c is the total number of reviews (columns in citation matrix). The CCA
can have a value between 0% and 100%, with the value being interpreted as slight (0%—5%), moderate (6%—10%), high
(11%—15%), or very high (>15%) [50]. We will consider the limitations of the approach [52] and not exclude any review
based upon this tool but simply highlight the overlap graphically and numerically.

Data collection, management, and organisation

A PRISMA flow diagram will be used to represent study identification and selection [53]. Selected studies will be saved
into a bibliography management software (e.g., Zotero) [54] for citation tracking.

Several researchers/ co-authors will be involved in data extraction, working in pairs. The process will be carried out
according to the Joanna Briggs Institute guidelines for the conduct of umbrella reviews [55]. Data items will include char-
acteristics of systematic review and included papers as follows: author and year; synthesised participant details (cancer
types, gender/sex, mean/median age if available at review level); type of review (systematic review; systematic review
and meta-analysis, systematic review and meta-synthesis; systematic review and meta-summary; systematic review and
network analysis, other); numbers of databases searched; search date range; numbers and design(s) of included stud-
ies; countries (n) and continents represented by included studies; appraisal instrument(s) used; and method of synthesis/
meta-analysis. Details pertaining to any meta-analysis (direct or network meta-analyses or other), details of outcomes and
parameters used for pooling, publication bias assessment, type of outcome metrics (Risk Ratio or Odds Ratio), meta-
analysis model, the summary meta-analytic estimate and corresponding 95% confidence interval (Cl), and heterogeneity
measure will also be extracted. For systematic reviews without meta-analysis, we will describe the number of studies that
found statistically significant associations and the direction of the association estimates.

Specific data items relating to the focus of this review will be extracted as follows: the aim pertaining to digital solutions
represented in each systematic review; name and type of digital health solutions or interventions represented in the review
categorised using an adaptation of Lupton’s (2014) [56] typology of digital health technologies (S5 Table); primary and
secondary outcomes represented within each review; characteristics of digital health solutions represented in the review
associated with positive outcome changes, and narrative regarding overall results of systematic reviews. Categories of
digital health interventions will be adapted from Lupton’s [56] typology of digital health technologies and will include: tele-
medicine/ telehealth; e-learning, training and information sharing; digital diagnostics and risk-assessment technologies;
health informatics such as electronic patient records; digital health promotion using SMS, apps and other digital technolo-
gies; digital monitoring/ tracking devices such as apps, wearable technologies, smartphones; dedicated platforms; digital
health games designed for fitness, tracking/ monitoring, health promotion and education; and other (S5 Table).)

Systematic review authors perspectives on enablers and barriers pertaining to the implementation of digital solutions
will also be extracted.

Details of the sources of funding for this umbrella review (tertiary source) and the included systematic reviews (second-
ary sources) will be reported. Details of the funding of the individual studies (primary sources) included in each systematic
review will not be reported.

Data synthesis

The data extracted detailing the characteristics of the included systematic reviews will be summarised in tabular and
narrative format. Particular attention will be paid to the population of focus within the included systematic reviews. Where
a review focuses on clear categories of diagnosis, i.e., primary cancer, advanced or metastatic cancer, or a mixture of
these, data synthesis will be informed by these categories.The systematic reviews will be mapped against the domains
and outcomes included in the Quality of Cancer Survivorship Care Framework [43] and Lupton’s (2014) [56] typology of
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digital health technologies. The Quality of Cancer Survivorship Care Framework domains are based on fundamentals
of survivorship care arising from the Institute of Medicines seminal report [57], making it a pertinent and relevant tool for
mapping evidence relating to survivorship care, including digital solutions.

Networks are graphical depictions of the relationships between variables of interest, known as nodes which are con-
nected by edges or links. Network analysis will be used to visually model the degree of connection between the outcomes
of the included reviews and the domains and outcomes outlined by Nekhlyudov and colleagues [43]. The network analysis
will be conducted based on the process presented by Kemp et al. [58] to visualise connections and overlaps in the exist-
ing research that may have been previously viewed in isolation. Edges connecting the nodes can be positive or negative
(depicted graphically using colour), weighted or unweighted (depicted graphically through the thickness of the edge), to
reflect the relationship between the nodes. When a network is created, its graphical rendering shows the relational struc-
ture of the nodes which can be useful in analysis. For example, the degree of centrality of certain nodes over others within
the network indicates the importance of that node relative to the others [59]. To facilitate the Network Analysis, included
systematic reviews will be mapped against the domains and outcomes included in the Quality of Cancer Survivorship
Care Framework [43] and Lupton’s typology of digital health technologies [56] by:

1. Mapping the aim pertaining to digital solutions represented in each review against the pertinent Quality of Cancer Sur-
vivorship Care Framework domains and Lupton’s typology of digital health technologies.

2. Mapping the primary and secondary outcomes represented in each review against the Quality of Cancer Survivorship
Care Framework domains and outcomes.

3. Conducting a network analysis to elucidate the scope of clustering of reviews, and connectivity across domains and
outcomes. Like Kemp et al, [58] two bipartite networks will be created with network one being the included systematic
review aims mapped onto the domains and network two being the included systematic reviews’ outcomes mapped onto
the domains and outcomes of the framework.

4. Exploring details of the communities within each network.

Outcome data extracted from the included systematic reviews will be tabulated and grouped by intervention type. For
this umbrella review, the unit of analysis is the systematic review, therefore only review level summary data will be syn-
thesised. It is anticipated that there will be significant heterogeneity in terms of the intervention characteristics, intensity,
and duration, outcomes type and outcome measures. Thus, it is expected that we will conduct a narrative synthesis to
explore relationships between types and features of the interventions, review findings concerning relational outcomes, and
systematic review authors’ conclusions about the effects of interventions. This synthesis will follow the “Synthesis without
meta-analysis (SWiM) in systematic reviews” guideline [60]. To this end, we will (i) group included reviews according to
interventions types, outcomes and study designs; (ii) describe the standardised metric and transformation methods used
for outcomes addressed; (iii) describe the synthesis methods used; (iv) outline the criteria used to prioritise results for
summary and/or synthesis; (v) outline basis for judgments regarding heterogeneity in reported effects; and (iv) outline
methods used to assess certainty of the synthesis findings and describe data presentation methods.

The possible sources of heterogeneity, including variation in PICO; variations in context, design and methodological
considerations particularly the inclusion of non-randomised designs will be discussed.

The authors will provide a summary of all the outcomes and associated measurement tools that have been specifically
analysed in the included systematic reviews and meta-analyses. If a review has correlated such study endpoints/out-
comes to cancer survival or quality of life, this will also be reported.

Data pertaining to barriers and enablers will be summarised using the five domains of innovation, outer setting, inner
setting, individual and implementation process within the Consolidated Framework for Implementation Research (CFIR)
framework [61].
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