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Abstract

The increasing use of eHealth has ushered in a new era of patient-centred cancer care that moves
beyond the traditional in-person care model to real-time, dynamic, and technology-assisted
assessments and interventions. eHealth has the potential to better the delivery of cancer care
through improved patient—provider communication, enhanced symptom and toxicity assessment
and management, and optimised patient engagement across the cancer care continuum. In this
Review, we provide a brief, narrative appraisal of the peer reviewed literature over the past 10
years related to the uses of patient-centred eHealth to improve cancer care delivery. These uses
include the addressal of symptom management, health-related quality of life, and other patient-
reported outcomes across cancer care. In addition, we discuss the challenges of, and opportunities
for, accessibility, scalability, and implementation of these technologies, important areas for further
development, and future research directions.
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Introduction

Improvements in early cancer detection and treatment efficacy have led to an unprecedented
number of cancer survivors in the USA. The National Cancer Institute defines a cancer
survivor as someone affected by cancer from the time of diagnosis until the end of life.l In
January, 2019, there were an estimated 17 million cancer survivors in the USA, accounting
for approximately 5% of the population, and the number of cancer survivors continues to
grow. By 2029, cancer survivors are expected to exceed 21 million people.? The benefit of
cancer survival is offset by the challenges that patients, survivors, their families, and care
partners face across the care continuum, which spans from diagnosis and treatment planning
to treatment, symptom monitoring and management, surveillance, and end-of-life care.
Many patients with cancer and survivors of cancer have chronic and debilitating treatment-
related side-effects that can persist well beyond active treatment.3# Side-effects occur
concurrently with emotional responses to treatment burden, fear of progression or
recurrence, and functional limitations. Not surprisingly, about 30% of patients with cancer
report clinically elevated (ie, more severe) symptoms of psychological distress (eg,
depression and anxiety) during their care,® and disease severity, treatment-related symptoms
and dysfunction, and premorbid psychological problems are robust predictors of
psychological distress. Additionally, more than 60% of cancer survivors are aged 65 years or
older.% Thus, a large proportion have age-related comorbidities, functional decline, and other
age-related stressors (eg, social isolation and financial burden) that can exacerbate cancer
care challenges.’” These treatment-related, emotional, and age-related stressors can
negatively affect health-related quality of life (HRQOL), other patient-reported outcomes
(PROs; eg, treatment satisfaction and symptom burden), treatment compliance, and health
outcomes.

Over the past few decades, the National Academy of Sciences has published influential
reports documenting the need to effectively address the physical, emotional, social,
financial, and care coordination needs of patients with cancer and survivors of cancer.8?
These reports highlight how cancer care can be complex, expensive, and fragmented.
Despite having evidence-based resources to address the needs of patients with cancer and
survivors, programmes might not always be accessible, and survivors of cancer are often
neglected as they progress from primary treatment to adjuvant and follow-up care.
Therefore, the development and implementation of pragmatic, patient-centred care delivery
approaches across the care continuum are crucial. These approaches will enable better
management of the growing population of survivors of cancer and ultimately improve PROs
and systems-level outcomes (eg, visits to emergency departments, hospital readmissions,
length of hospital stay, and treatment satisfaction). With advances in health information
technology, there is a timely opportunity to optimise research on cancer care delivery and
address the multiple challenges faced by patients, their families, and care partners.

For this Review, eHealth refers to the broad use of health information and communication
technologies and networks to enhance patient-centred care delivery. Other terms commonly
used interchangeably with eHealth include telehealth, telemedicine, and teleoncology; in this
Review, these terms are encompassed within the definition of eHealth. Within eHealth,
mHealth refers to the use of mobile and wireless devices (eg, computers, tablets, and
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smartphones) with health applications that support patient care, education, and research. We
also include health information technologies, which refer to technologies that support the
collection, aggregation, and management of health information (eg, electronic health records
and online patient portals).10-11

The increasing use of eHealth has ushered in a new era of patient-centred cancer care that
transcends the in-person care model to real-time, dynamic, and technology-assisted
assessments and interventions. eHealth has the potential to improve patient—provider
communication, enhance symptom and toxicity assessment and management, and optimise
patient engagement across the care continuum. A crucial component of eHealth programmes
is the recording of PROs. Moreover, these technologies might facilitate care access for
underserved groups or rural communities that face challenges in accessing routine in-person
care. However, use of eHealth in cancer care delivery presents several dissemination and
implementation challenges that must be considered. In this Review, we provide a narrative
literature review of the use of patient-centred eHealth to improve cancer care delivery,
symptom management, HRQOL, and other PROs (table). We review sample studies selected
on the basis of the relevance and representativeness of the current science. This Review is
neither scoping, nor meta-analytic; rather, it is complementary to existing systematic and
meta-analytic reviews of the current topic,%-44 which describe the potential of eHealth
interventions for improving cancer outcomes*1:43.44 and highlight remaining gaps in the
published literature, including external validity,*> managing and integrating electronic
information,2 tailoring eHealth resources to be more disease-specific,44 and the need for
more high-quality and large-scale trials.*1 We also discuss the challenges to and
opportunities for patient access, scalability, and implementation of these technologies, and
we conclude by underlining important areas for future directions.

The use of eHealth to link PROs with clinical cancer care

During the past decades, there has been growing interest in implementing PROs in cancer
care, with the recognition that evaluating and treating a patient’s symptoms, functional
status, and overall HRQOL is crucial for providing optimal care. PROs, as defined by the US
Food and Drug Administration, are “a report that comes directly from the patient (i.e., study
subject) about the status of a patient’s health condition without amendment or interpretation
of the patient’s response by a clinician or anyone else”.#> PROs encompass broad constructs
and include physical symptoms, emotional functioning, satisfaction with care, adherence to
treatment, and HRQOL. Multiple modalities are used to collect PRO data (eg, paper and
pencil measures [questionnaires], technology-based assessments, and in-person interviews).
Compared with ratings from patients with cancer, clinicians often under-report symptoms
and toxic effects,*6 and might miss 50% or more of symptoms that patients have.4” The
under-reporting of symptoms can lead to poor symptom control, deteriorating physical
function, more emergency room admissions and hospital admissions, and great burden on
the health system.#® Although the use of PRO data to inform clinical care is not novel, newer
eHealth technologies can facilitate data collection, which can then be used more efficiently
to improve patient care. For example, systematic PRO assessments based on eHealth,
including recording treatment-related side-effects, can attenuate further health deterioration
of patients with cancer by facilitating patient monitoring and patient—provider
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communication.*? To streamline this process even further, health information technologies
provide innovative and feasible opportunities for integrating PROs with clinical care to
enhance communication with the medical teams, facilitate shared decision making, and
assist patients in self-monitoring and symptom management over time.

Multiple studies have evaluated the integration of PROs with health information
technologies.17:1925.33 Although procedures varied slightly by study, patients with cancer
undergoing routine outpatient treatments were asked to report their side-effects and other
PROs using health information technologies, either in the clinic or outside clinic visits.
When PROs that can be administered and scored in real-time are integrated with health
information technologies, results can be populated immediately into electronic health
records and patient portals, and thus provide patients and clinicians with immediate
feedback. To avoid burden for both patients and clinicians, PROs incorporated in health
information technology platforms must be brief yet valid, with actionable data to guide
clinical encounters. PROs such as the Patient Reported Outcomes Measurement Information
System (PROMIS) can be electronically administered and scored, and offer assessments that
are administered by computer-adaptive testing. Computer-adaptive testing uses item
response theory to rapidly assess symptoms with as few items as possible, adding greater
measurement precision and reducing patient burden.22 Therefore, integrating PROs, such as
PROMIS computer-adaptive testing, into health information technologies can increase the
likelihood of patients completing PRO measurements. The resulting clinical data are
immediately integrated with electronic health records, and clinicians can be prompted when
patients report moderate-to-severe symptoms or worsening toxic effects or concerns, thus
creating opportunities for immediate clinical action (figure). Several single-arm studies have
established the feasibility and acceptability of these procedures among patients with cancer,
12-15 and this work has been extended to the caregivers of patients with cancer.1® In general,
when prompted, patients with cancer were willing to use health information technologies to
report on their outcomes, and clinicians effectively responded to this PRO information, thus
preliminarily supporting the use of these programmes.

Clinical use of integrating PRO assessments with health information

technologies in cancer care

Randomised controlled trials have shown the clinical significance of integrating PROs with
health information technologies. Basch and colleagues!’ randomly assigned more than 700
patients with advanced cancers undergoing outpatient chemotherapy to weekly PRO
monitoring via electronic tablets (experimental condition) or PRO monitoring at the treating
physician’s discretion (usual care). In the experimental condition, nurses were notified via
email when participants reported severe or worsening symptoms. At 6 months, participants
in the experimental group reported significantly less decline in HRQOL, had fewer
emergency room admissions and hospitalisations, and continued chemotherapy for longer,
compared with usual care.1” At a 7-year follow-up, participants in the experimental group
also had significantly longer overall survival.1® The survival benefit associated with weekly
PRO monitoring with health information technologies was replicated in a sample of patients
with advanced lung cancer.1® These two trials also showed the cost-effectiveness of this
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monitoring relative to usual care by use of a ratio of institutional costs to the increased
number of patients’ quality-adjusted life-years.2%-21 Thus, routine PRO monitoring with
health information technologies has the potential not only to promote better patient-level
outcomes (ie, better HRQOL and longer survival), but also better system-level outcomes (ie,
fewer admissions to emergency departments and hospitalisations, and cost-effectiveness).
More research is needed to establish the effect of PRO monitoring with health information
technologies on important clinical outcomes, such as mortality and the use of health
services. Of note, this type of PRO monitoring might be especially crucial for patients with
advanced cancers, among whom treatments can be highly toxic and, in some cases, life-
threatening (eg, patients participating in early phase clinical trials or initiating immune
checkpoint inhibitors). In these situations, clinicians might benefit from these technological
tools that enable routine assessment of PROs and are tailored to specific treatment regimens
(eg, immunotherapies and kinase inhibitors).>0 The use of health information technologies to
tailor the delivery of PROs to the patients’ unique clinical characteristics is an area that
needs additional investigation.

Several cancer centres have integrated routine PRO monitoring with health information
technologies. For example, researchers and clinicians at Northwestern University have
implemented assessments of physical symptoms, psychosocial concerns, and informational
needs via an online patient portal (MyChart) that is directly linked to electronic health
records. Results are immediately populated into electronic health records and messages are
generated to notify providers of clinically elevated symptoms (symptoms that are more
severe than established severity thresholds). Patients are automatically triaged to appropriate
resources on the basis of their individual needs (ie, social work for psychosocial concerns
and dietitians for nutrition concerns). These procedures were initiated and refined in the
gynaecological oncology outpatient service2? and later rolled-out to all outpatient services in
adult oncology.23 Approximately 50% or less of patients with cancer who were invited to
complete PRO assessments did so. However, these assessments occurred in real-world
settings as part of clinical cancer care rather than in the context of a research study with
active recruitment and compensation for participation. These real-world implementations
showed the feasibility of applying routine PRO monitoring with health information
technologies on a large scale in the context of complex clinic workflows and large volumes
of patients. Moreover, these procedures facilitated prompt reporting of actionable PROs and
practical needs.22:23

Another real-world example comes from an ongoing cross-institutional effort to harmonise
the PRO data collected and integrated into electronic health records across cancer centres at
Harvard University, Mayo Clinic, and Northwestern University. These institutions have
formed a collaboration (the National Cancer Institute’s IMPACT programme), in which they
plan to collect a common set of PRO measures from patients with cancer via patient portals
and implement similar strategies for integrating the data into electronic health records (all
institutions use Epic Systems to store health records). The goals of this endeavour are to first
agree on a common set of PRO measures (eg, PROMIS measures), then develop a common
implementation strategy for integrating the PRO data into electronic health records and
clinical workflow, and finally rollout the agreed protocol for collecting routine PRO data
from patients during cancer care. Ongoing efforts include engagement from key
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stakeholders, a landscape analysis, and consideration of clinical workflows and available
technologies. The use of harmonised measures across cancer centres can facilitate data
interpretation, and consideration of complex workflows and technical barriers will guide
implementation of these strategies in other settings. Several institutions, including Wake
Forest University, Duke University, University of North Carolina at Chapel Hill, University
of Miami, and Medical University of South Carolina, are now implementing similar
strategies.>?

eHealth approaches for managing symptom burden in patients with cancer

Pain

Beyond having numerous symptoms and managing the toxic effects of treatment, patients
with cancer also express concerns about prognosis, life after treatment, and the effect of their
illness on wellbeing and overall HRQOL. Therefore, the time at which a patient is actively
receiving treatment is a crucial time for symptom management and psychosocial
intervention. The use of eHealth for the delivery of interventions might promote the
engagement of patients with cancer in their care and offset clinician burden. With increasing
use of mHealth technologies, such as smartphone applications to manage patients” mild-to-
moderate symptoms and concerns, clinicians will have more time to treat patients with
severe symptoms. Thus, mHealth has the potential to provide much needed relief to the
health-care system, which is crucial because of the growing population of survivors of
cancer.2 Given the abundance of smartphones and additional mobile technologies (eg,
tablets), there has been a burgeoning number of studies evaluating the feasibility and
efficacy of the use of mHealth to deliver evidence-based interventions during active
treatment. Although intervention designs vary across studies, a review*3 found that most
eHealth interventions for managing chemotherapy-related symptoms include education, self-
management strategies, tailored information, and communication with clinicians. We
reviewed key studies showing that mHealth technologies for symptom management are
feasible and efficacious during active cancer treatment.

One meta-analysis24 concluded that pain is prevalent in more than half of patients during
active treatment and in more than 65% of patients with advanced disease.?? Researchers at
Duke University have led mHealth programs for the management of pain from cancer, which
used a brief mHealth intervention, known as mPCST, that provided training for pain coping
skills. Delivered by use of tablet videoconferencing, the intervention was feasible and
acceptable to patients with persistent cancer-related and treatment-related pain,24 with
benefits similar to a traditional in-person training intervention (eg, decreased pain sensitivity
and increased self-efficacy for pain management).226 The mPCST intervention was
adapted for patients with cancer who had undergone haemopoietic stem cell transplant and
reported pain after transplant.2” Following the transplant, the mPCST intervention was
feasible and acceptable, and was related to decreased pain, improved self-efficacy, and
alleviated pain-related disability as measured by the pain disability index. Notably, the
intervention bridged the intensive outpatient and home settings, which allowed for continuity
of care and the fostering of strong participant-therapist bonds, and possibly contributed to
the high acceptability of the intervention.2” This innovative use of mHealth to bridge

Lancet Oncol. Author manuscript; available in PMC 2020 November 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Penedo et al.

Fatigue

Page 7

inpatient to outpatient settings addressed a major challenge in cancer care and might be
extended to multiple settings in future work (eg, after surgery and after inpatient infusions).

Fatigue affects nearly all survivors of cancer,3 and one meta-analysis®* concluded that
eHealth interventions can effectively manage fatigue in highly fatigued survivors of cancer.
Fatigue is also an important adverse event associated with targeted therapies, including
tyrosine-kinase inhibitors,®® that dramatically improve survival rates for patients with
cancers such as chronic myeloid leukaemia®® but also can compromise HRQOL. A pilot
study documented the feasibility and efficacy of a mobile application intervention to
improve fatigue among patients with chronic myeloid leukaemia being treated with targeted
therapies compared with a wait list control.28 Patients in the wait list control group received
usual care until the study duration ended and were then offered the intervention in the
treatment group. Relative to controls, participants randomly assigned to the experimental
condition showed greater improvements in fatigue and overall HRQOL.28 Thus, mHealth
might be a feasible method to provide symptom management for one of the most common
and persistent cancer-related side-effects and might be a key component of symptom
management for newer classes of cancer therapies.

Cancer-related cognitive impairment

Cancer-related cognitive impairment affects 17—-75% of survivors of cancer®’ and is more
strongly associated with some cancer treatments than others. For example, among men with
advanced prostate cancer, this cognitive impairment is twice as common in men treated with
androgen deprivation therapy than those who do not receive this therapy.®® In a pilot study, a
cognitive training intervention based on mHealth was compared with usual care in men with
advanced prostate cancer on androgen deprivation therapy, with mixed results.2® The
intervention was feasible and mostly acceptable, and participants showed improved reaction
times but suppressed memory. Thus, the intervention’s efficacy might be limited to specific
components of cognitive functioning. Importantly, participants provided feedback on ways
to make the mHealth programme more acceptable (eg, by having breaks during training),
imparting valuable insight for optimising this and other mHealth interventions.2 Unlike the
interventions described for managing pain and fatigue, this mHealth cognitive training
intervention did not require facilitation by a clinician and was entirely participant-driven,
thus creating opportunities for alleviating clinician burden.

Psychological distress

Preliminary findings from a study of racially diverse men with advanced prostate cancer on
androgen deprivation therapy showed the feasibility and preliminary efficacy of a tablet-
delivered psychosocial intervention compared with a rigorous health promotion condition
focused on attention control and delivered also by tablet.3% Moreover, men who were
randomly assigned to the experimental condition reported significantly reduced depressive
symptoms and (albeit non-significant) improved distress and functional wellbeing relative to
controls.3% Secondary analyses explored racial differences in outcomes and found no
differences in feasibility between non-Hispanic black men and non-Hispanic white men.3!
However, although both non-Hispanic black men and non-Hispanic white men found the
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study conditions acceptable, black men rated both conditions more favourably and reported a
unique intervention benefit (reduced prostate cancer-specific distress).3! This study showed
the feasibility and preliminary efficacy of the use of eHealth to deliver a group-based
psychosocial intervention among men with advanced prostate cancer undergoing androgen
deprivation therapy and suggests that particular subgroups of patients with cancer (eg, black
men) might uniquely benefit. By use of a similar study design and control group, another
study evaluated a tablet-delivered psychosocial intervention for reducing anxiety among
patients with advanced cancer and at least mild anxiety.32 Participants in both the
intervention and active control conditions reported reduced anxiety and depression and
improved HRQOL,; baseline anxiety modulated the intervention’s effect on anxiety after
treatment (ie, participants with more anxiety at baseline who were randomly assigned to the
intervention showed the greatest reductions in anxiety).32 This finding highlights the
potential benefit of tailoring interventions to individual patient needs.

Future directions for eHealth programmes in the control of symptoms

There is growing evidence to support the initial efficacy of the use of eHealth for symptom
monitoring and management during active cancer treatment; however, there are many
opportunities for continued growth and innovation. Although studies show the feasibility and
acceptability of mHealth interventions for managing pain, fatigue, and psychosocial distress,
there is a scarcity of evidence-based mHealth resources for managing other common
symptoms of active treatment (eg, nausea, vomiting, and constipation). Development of such
resources, independently or in combination with other mHealth interventions for symptom
management, could provide additional support to oncology clinics and particularly to those
delivering phase 1 treatments (according to the National Comprehensive Cancer Network
guidelines) or treatments with high toxicity. There is a need to move beyond feasibility
studies to larger scale efficacy and implementation trials with long-term follow-up and
assessment of clinical outcomes (eg, disease progression and survival). To date, very few
mHealth interventions for symptom management have been integrated into health
information technologies. Furthermore, although there are several mHealth resources
publicly available to promote symptom self-management, few focus specifically on cancer
disease management®® and most have not been developed on the basis of scientific evidence
of their efficacy for improving PROs.60.61

Use of eHealth for increasing access to cancer care and expertise

In addition to facilitating the monitoring and management of patients during active cancer
treatment, eHealth platforms provide the crucial benefit of increasing access to cancer care
more broadly to hard-to-reach and disenfranchised populations (eg, patients living in rural
and low-income areas). When delivering cancer care via eHealth, interactions can either be
synchronous (ie, occurring over video technology in real time), asynchronous (ie, not
occurring in real time), or a combination of both.52 These approaches allow for flexibility
with regard to when services are provided and what information is shared (eg, asynchronous
provision of clinical data, subsequent interpretation, followed by synchronous physician—
physician or patient—physician consultation). eHealth technologies allow greater access to
clinical trials for patients with cancer in rural settings,®3-6> which benefits more patients
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directly and will enhance the generalisability of trial findings to more diverse populations. In
addition, the use of mHealth for symptom management might especially benefit patients
with cancer with limited access to oncology clinics, supportive care, or behavioural
interventions. Thus, making evidence-based mHealth resources publicly available and
studying the use of mHealth symptom management in rural settings should be a priority for
researchers in this field.

eHealth can also be used to connect local health-care systems with large-scale, academic
medical centres and specialists. As a salient example, Project Extension for Community
Healthcare Outcomes (ECHO) was initiated at the University of New Mexico as a model of
collaborative medical care management and education that connects providers in rural and
underserved environments with educational and mentoring resources to improve their ability
to manage patients with complex presentations in their communities. Through a
collaboration with MD Anderson Cancer Center (Tx, USA), ECHO now seeks to apply the
same principles to cancer care.5¢ Studies show that the low-cost ECHO training model is
effective for educating providers in low-resource areas about cancer screening and treatment
in the USA and globally.57-69 By empowering and educating providers, it is possible to
improve cancer care delivery more broadly and reduce health disparities.

eHealth for survivors of cancer after primary treatment

Many cancer treatment-related symptoms can be chronic, debilitating, and persistent well
beyond the period of active treatment (eg, fatigue, pain, and cancer-related cognitive
impairment).”? Furthermore, cancer treatments can lead to new debilitating symptoms and
the exacerbation of existing conditions. Multiple teams have developed approaches to aid
survivors of cancer after treatment and the use of eHealth interventions in this domain is
growing.

A common feature of many studies that use eHealth interventions after cancer treatment is a
simultaneous focus on multiple domains of HRQOL (eg, fatigue, anxiety, depression, and
social support). Largely, these interventions show positive results for improving HRQOL.
33-35 Other eHealth interventions have targeted specific symptoms experienced by survivors
of cancer. For example, an mHealth intervention that was designed to improve sleep for
survivors of cancer with insomnia was associated with decreased insomnia severity,
increased sleep efficacy, decreased sleep onset latency, increased soundness of sleep (ie, the
quality of sleep was improved), and feeling restored on awakening.38 In another study,3” an
mHealth smartphone application (SmartSurvivor) was designed to help survivors of breast
cancer develop a survivorship plan. In pilot testing, the application was well received by
participants and further work is investigating SmartSurvivor’s efficacy in rural areas.3’
eHealth tools to develop and implement care plans for cancer survivorship are an important
area for further research, and, in particular, researchers should consider how to integrate
these plans with health information technologies to bridge gaps in care as survivors of
cancer transition from follow-up with oncology teams to primary care.’?

Collectively, these studies show some of the potential benefits of eHealth interventions in the
improvement of patient-centred outcomes among survivors of cancer. However, more
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research that includes larger samples, randomised trial designs, long-term follow-up, and
evaluation of clinical outcomes is needed. Furthermore, most work does not have a
substantial inclusion of racial and ethnic minorities, rural communities, older patients, and
uninsured patients that might have difficulty accessing cancer survivorship care. As an
exception, Yanez and colleagues38-39 have investigated the use of an mHealth smartphone
application (My Guide) to improve HRQOL in Latina survivors of breast cancer. My Guide
was pilot-tested over 4 weeks and showed benefits, including improved breast cancer
knowledge and a trend for improved HRQOL.38 In a 6-week randomised controlled trial,
My Guide was compared with an attention-control application that promoted healthy
lifestyle behaviours. After the intervention, both applications were associated with decreased
symptom burden and reduced breast cancer-related concerns.3° Moreover, across both
studies, My Guide was feasible and acceptable among Latina breast cancer survivors, thus
providing support for the feasibility and acceptability of eHealth programmes in specific
populations that might face barriers in accessibility.

Future directions, limitations, and emerging areas for research

eHealth provides a promising opportunity to optimise patient-centred cancer care. Multiple
studies have begun to document the acceptability and feasibility of such programmes.
However, much of the existing published literature consists of studies with small sample
sizes and short follow-up periods that do not report on clinically relevant outcomes (eg,
disease activity and disease progression). Furthermore, few studies have considered external
validity issues that can produce more generalisable results,? and very few have integrated
eHealth programmes into health information technologies (eg, patient portals and electronic
health records) to assist with clinical management. Nonetheless, the fact that these
programmes and their administration appear to be feasible and patients consistently report
high levels of acceptability suggests that eHealth will have a considerable effect on cancer
care as future work in this area is developed and evaluated.

Evolving technologies

With ongoing technological advances, eHealth programmes should consider moving beyond
semidynamic self-tracking and feedback functions to sophisticated user-centred design
features. For example, research on gamification (ie, the use of game design elements in non-
game contexts) suggests that integration of gamification with eHealth might enhance user
engagement and adherence to programmes in oncology.”2 More research on the benefits of
gamification is needed, including its use for motivating long-term adherence to
recommended lifestyle and cancer control activities. There is also growing interest in
integrating patient feedback into eHealth platforms to enhance user engagement and ensure
that the correct information is reaching the correct patients.”3 In early eHealth platforms, all
data were made available without customisation, often resulting in cumbersome platforms.
Focus has now shifted towards individualised messages and information tailored to a
patient’s experience or treatment plan. Patients have also expressed interest in standardising
the layout and appearance of applications, so that these platforms can be accessed and
understood by all potential users.”3 User feedback and formal testing of applications can
help developers understand how to design and implement applications with these
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specifications in mind; these processes will be crucial as more platforms are designed to
achieve similar benefits for patients. Artificial intelligence might be another potential tool
that researchers can use to act on PRO data and provide intervention. Artificial intelligence
is used to synthesise patient data and approximate diagnoses and overall clinical pictures,
and has had a role in bioinformatics and wireless and portable devices for the past several
decades.” Researchers should consider leveraging artificial intelligence to further refine
existing algorithms developed from PRO data to identify patients in need of intervention.
Moreover, researchers should consider the use of artificial intelligence in the provision of
high quality, automated symptom management via eHealth. Similarly, ambient intelligence
is a system or device that continuously monitors a patient’s health status to promote health
maintenance.”® Examples of ambient intelligence include the continuous monitoring of
electrocardiograms, electroencephalograms, respiration, and wound healing. As emerging
technologies, such as wearable sensor devices that collect real-time data, become more
widely used, work should address how eHealth platforms can be linked to wearables and
other ambient intelligence, sensor-driven data that are integrated with health information
technologies. For example, wearable technologies could be useful for capturing data such as
body temperature to monitor neutropenic fever.”®

Implementation considerations

Despite the potential benefits of evolving and innovative technologies, one must consider the
challenges of implementing the integration of PROs with health information technologies.
Successful implementation of this monitoring in clinical cancer care is complex, and reasons
for the lack of implementation include considerations of busy clinical workflows (eg,
provider burden and IT support) and clinician understanding of how to interpret and respond
to PRO data. In addition, triaging patients with identified supportive needs typically occurs
within a health system or clinic, with few options for eHealth-delivered or self-management
interventions. Thus, access to resources might be problematic. To address these barriers to
implementation, researchers must engage key stakeholders (eg, clinicians, administrators,
and IT support) to establish steps for developing these PRO monitoring platforms. By
engaging providers and other stakeholders early in the implementation process, disruptions
to established clinic workflows might be minimised. Reviews of established electronic PRO
systems,’”:"8 guidance for developing one’s own electronic PRO portal,”9:89 considerations
for selecting PROs and score interpretation, and considerations and decision support for
determining appropriate care in response to PRO data8® might all be helpful in this pursuit.

There is a fine balance between fully informing providers with clinically meaningful data
versus collecting and reporting vast amounts of information that might overwhelm
clinicians. Therefore, integration of patient data into electronic health records requires
consideration of how to de-implement existing, time consuming practices that are ineffective
or of low-value, and how to simultaneously implement novel, eHealth solutions to optimise
clinician and patient needs.8! eHealth can generate massive amounts of data, creating
opportunities for analysing big data in oncology. These data can be used to develop
algorithms to identify patients at risk of, for example, toxic effects from cancer treatment,
poor HRQOL, and non-adherence, and develop evidence-based clinical pathways to
optimise care. Big data analyses and interpretation requires expertise that most clinicians
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and scientists do not have. Therefore, teams and health-care systems must be equipped with
the necessary expertise and resources in bioinformatics to manage large data sets. In
addition, to promote uptake and stakeholder engagement in the collection of vast amounts of
data, clinicians, health system administrators, and others must see the benefit or incremental
value in patient-centred care as a result of these technologies. Therefore, documenting the
value of decision support tools to help to interpret PROs and the benefits of capturing data
outside of in-person clinical encounters is needed, particularly when PROs are used to guide
decision making that is consistent with guideline-concordant care.

The need for theoretically guided and reproducible approaches

Another limitation in this work is the scarcity of conceptual models that consider theory-
based approaches. For example, the mHealth accountability model postulates that human
support can enhance adherence to eHealth interventions by promoting accountability (eg,
social presence, goal setting, and monitoring) and legitimacy (eg, expertise, reciprocity, and
trustworthiness); the integration of these values into programmes that rely solely on
automated functions is a challenge.82 In addition, Ritterband and colleagues®3 have
developed a theoretical model of behavioural change for web-based interventions. This
model suggests that effective eHealth interventions can lead to the initiation and
maintenance of desired behavioural changes via non-linear steps (ie, steps toward
behavioural change that might differ between people). These behavioural changes involve
user characteristics and environmental factors, which in turn affect the use of the technology
and the adherence to recommended changes. These steps are also affected by support and
website features. Application of these models in eHealth programmes can lead to well
designed and reproducible programmes that are scalable and can be widely disseminated if
effective.

Diverse and hard-to-reach cancer survivorship populations

A persisting major limitation and challenge, which also presents a crucial opportunity, is that
eHealth in the delivery of cancer care needs to give greater attention to diverse patients and
consider race, ethnicity, socioeconomic status, and geographical location. Future work
should target the development of culturally informed programmes that address the needs of
diverse groups, translate existing and future platforms to non-English speakers, and reach
patients with cancer and survivors in rural areas or those in disenfranchised communities
where access and connectivity remain problematic. As most of the research validating
eHealth interventions has focused on non-Hispanic white and English-speaking groups,
generalisability and broad implementation are still difficult to achieve. Furthermore, health
information technology programmes that have engaged patients with cancer or are integrated
into clinical settings via electronic health records have thus far been implemented in large-
scale and well resourced medical settings. There must be greater consideration and efforts to
implement eHealth interventions in settings such as community oncology clinics, primarily
those that treat diverse patients, so that this technology does not contribute to health
disparities, but rather helps to foster equity. As the field continues to evolve, disparate
communities with poor access to care must be included in studies of health information
technology.
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The need for dissemination of evidence-based tools

A final challenge to consider is that most commercially available mHealth applications are
not based on evidence and their efficacy has not been documented sufficiently. An important
future direction is to disseminate evidence-based mHealth applications through
commercially available outlets, such as app stores, so that these mHealth interventions have
broader reach, especially to patients who are not receiving care in elite, academic medical
centres. Nonetheless, we are probably witnessing technological developments that will
transform models of cancer care delivery so that the use of technology platforms will
become part of routine care. We are at a pivotal point in this transformation at which more
research that addresses the existing limitations of eHealth is needed.

Limitations of this Review

Although we did an extensive review of the published literature, we limited our selection of
articles to the use of only one search engine (PubMed). We acknowledge that some journals
are not indexed on PubMed and we might have missed additional articles. We confined our
search to the past 10 years and might have missed some previous studies. Finally, many
unfeatured articles are important studies in the field of eHealth and mHealth cancer care.
However, because of the scope of this Review, the included studies are deemed both
adequate and appropriate.
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Search strategy and selection criteria

We identified references through PubMed with the search terms “cancer AND
survivorship AND eHealth,” “cancer AND survivorship AND mHealth,” “cancer AND
survivorship AND smartphone,” “cancer AND survivorship AND web,” “cancer AND
survivorship AND web-based,” and “cancer AND survivorship AND internet” for articles
published from Jan 1, 2009 to Sept 30, 2019. We reviewed only papers in English and
containing an intervention in cancer survivors (appendix). The final reference list was
generated on the basis of originality and relevance to the broad scope of this Review.
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Reminders
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6) Symptom management (eg, mHealth interventions,
- telephone counselling, referrals, and medication management)

Figure: Flow of information during the monitoring of cancer survivorswith PROsintegrated
with health information technologies

EHR=electronic health record. PRO=patient-reported outcome.
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