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Abstract

Purpose: Rural residents face higher cancer incidence rates and mortality rates, disparities that
could be mitigated with health technology interventions, yet a digital divide is also apparent.
This paper systematically and critically examines existing literature to understand how digital
technologies have been used to support rural oncology care.

Methods: PubMed, CINAHL Complete, PsycINFO, and Embase were searched using Medical
Subject Headings terms and keywords. Studies were eligible if they presented empirical data
investigating the use of technology in rural oncology and were published in English in a peer-
reviewed journal within the last decade. The Mixed Methods Appraisal Tool was used to assess
methodological quality.

Findings: Digital health has been less extensively utilized in rural oncology compared with

the general cancer population and other chronic diseases. We identified 54 studies that used
technology in rural cancer care delivery, a comparatively small number, representing a significant
gap in the literature. Studies were classified into 4 categories: Telemedicine (n7= 32), phone calls
(n=11), Internet (7= 9), and mobile phone (7= 2). Of the 54 articles, 12 were RCTs, 17 were
quasi-experimental, 3 were descriptive, 12 were mixed methods, and 10 were qualitative. Most of
the studies involved patients only (7= 31) and were not specific to a cancer type (n=41).

Conclusions: Further implementation and expansion of telemedicine and phone-based strategies
in rural cancer care delivery are warranted. Rural cancer survivors value digital approaches to their
care. However, social and behavioral determinants of health and access to technology must be
considered.
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BACKGROUND

Cancer remains a leading cause of death in the United States, despite decreasing mortality
rates, accounting for more than 600,000 deaths in 2019.1 Of the 15 million cancer survivors
in the US, nearly 3 million reside in rural areas and experience 10% higher cancer mortality
compared to their non-rural counterparts.? During 2006—-2015, the annual age-adjusted
death rates for all cancer sites combined decreased at a slower pace in rural areas versus
non-rural areas, widening the disparity in mortality rates.3 Rural cancer survivors tend to be
older, have additional comorbidities, and have poorer general health, and as a group has a
higher prevalence of lifestyle risk factors that complicate survival, such as smoking, lack of
physical activity, and obesity.~7

Access to care is a major factor driving geographic disparities. Rural areas have a lower
county-level physician supply, and importantly, a lower density of specialists like radiation
oncologists.® Less than 3% of medical oncologists practice in rural areas.® Rural residency
has been associated with higher unmet care needs and reduced access to supportive

care services among cancer survivors, including social work, palliative care, and hospice
services.810.11 Access to care issues is further exacerbated by the increased rate of rural
hospital closures in recent years.12 Limited local health services mean patients must travel
farther for care, with median travel times ranging from 51 to 97 minutes.13 Additionally,
poverty creates substantial transportation barriers, making it a challenge for rural residents
who are also poor to afford gas for transportation to health care. Furthermore, since over
1.6M rural households do not have cars, transportation to treatment appointments presents
a very real challenge.l Web-based needs assessments have facilitated exploration of unmet
rural cancer survivor needs, captured enduring survivorship issues, and recommended

the use of technology to better inform and support patients and connect providers.14.15
Digital health can support patient, provider, and system-level needs for distance-based care
strategies, which may serve to ultimately mitigate rural disparities in cancer outcomes that
arise due to lack of access to care.

Digital health

Digital health can be defined as “using digital information, data, and communication
technologies to collect, share, and analyze health information for purposes of improving
patient health and health care delivery.”18 Telemedicine, which employs technology to
administer distance-based health care, is one of the more widely used subcategories

of digital health, while mobile applications (apps) are increasingly used for real-time

or regular symptom assessments, health-related reminders, and tailored health feedback
with studies reporting significantly improved health outcomes.1”:18 While digital health
technologies have the potential to optimize health care delivery, key barriers impede broad
implementation. Additionally, the rate of health care digitalization and consumer demand
has exceeded the health care systems’ ability to modernize its infrastructures and adapt to
new workflows.1® Across all disease types and patient populations, there is a need to address
these barriers to catch up with the technological curve and implement tools and strategies
that are evidence-based.
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Digital health in chronic disease management

Previous articles have reviewed the use of digital health technology in the management

of a variety of chronic diseases, including hypertension, diabetes mellitus, rheumatology,
chronic obstructive pulmonary disease, inflammatory bowel disease, and mental illness.20-2°
A 2015 scoping review of information and communication technology (ICT) chronic disease
interventions identified 350 studies targeting diabetes mellitus (n7= 103), cardiovascular
disease (/7= 89), chronic respiratory disease (/7= 73), cancer (/7= 67), and stroke (/7= 18).28
With respect to cancer, this scoping review found that the use of ICT interventions was most
broadly applied in cancer care compared with other chronic diseases, with a wider variety of
activities involving self-management and engagement in their health care. Studies were more
likely to include ICT interventions for one-way delivery of educational materials versus a
patient-centered exchange of information and shared decision-making. Additional articles
have reviewed the availability and features of mobile applications related to cancer across
the care continuum.2”+28 Specific to the cancer treatment phase, Davis categorized apps by
the following use cases: Supporting patient-provider communication, patient information
management, and managing treatment side effects.?8 Digital health strategies have also been
examined within subpopulations, including adolescent, young adult, and geriatric cancer
survivors, but have yet to be examined within the rural context.29:30

Digital health in rural health care delivery

Purpose

A 2019 study found that those living in rural areas had reduced odds of having Internet
access compared with those residing in non-rural areas (OR 0.75; 95% ClI: 0.67-0.84).31 In
this paper we will refer to the rural digital divide as the inability of rural populations to
access services and information through technology. A key contributor to the rural digital
divide and critical to the deployment of digital health strategies is access to the broadband

or mobile infrastructure that supports these tools. Over 26% of Americans in rural areas lack
broadband coverage that would allow for home Internet access, as compared to only 1.7% of
Americans in non-rural areas.32 Deployment of mobile long-term evolution, the pathway to
achieving high-speed cellular Internet service, still lags in rural areas. Specifically, only 70%
of the rural population has service with a median speed of 10 Mbps/3 Mbps versus 93% of
the non-rural population.33 Similarly, 71% of rural residents reported having a smartphone,
versus 83% of non-rural residents.34 In addition to infrastructure, social drivers relevant to
technology access and use include higher poverty rates, lower educational attainment, and

a higher proportion of elderly residents in rural communities.3> Technology tools such as
patient portals and mobile apps are being used in the general cancer survivor population,2’
yet rural residents are less likely to manage personal health information online or email a
health care provider,3® and the extent to which digital health tools are being deployed in
rural cancer populations is unknown.

Digital health strategies may be used to mitigate rural cancer disparities. Despite progress
made in understanding how digital health can enhance cancer care, previous reviews have
not focused on their use in rural populations. The aim of this study was to systematically and
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critically examine existing literature to understand how digital technologies have been used
to support rural oncology care.

We conducted a systematic literature review in accordance with PRISMA guidelines of
technology use in rural oncology research studies. Due to the limited published research

on this topic, we did not restrict the search to US-based studies and instead included rural
regions worldwide. Studies were eligible for inclusion if they presented empirical data from
a human subjects study aimed at investigating the use of technology in rural cancer care
delivery and were published between January 2009 and July 2021. Articles were excluded
if they did not involve cancer survivors (defined from diagnosis forward), did not include
rural participants, or were not available in English in a peer-reviewed journal. Searches were
performed in PubMed, CINAHL Complete, PsycINFO, and Embase to identify relevant
articles using a combination of Medical Subject Headings terms and keywords determined
based on the literature (see Supplementary Material).

on

We first reviewed titles and abstracts of search results. Full text of likely eligible articles
was retrieved, screened by one research team member, and then verified by a second.
Disagreements between authors were resolved by discussion or consultation with a third
author. Reasons for the exclusion of full-text articles were recorded. Data were extracted
onto a standardized data abstraction sheet by the first and second authors independently.
Discrepancies were discussed and resolved by the study team. The following information
was extracted: Publication year, first author, country, study design, study population,
rural definition (if provided), rural sample size, total sample size, cancer site(s), type

of technology considered, and study outcome(s). Technology type was categorized as
telemedicine (video phone visits and telemonitoring systems), phone calls, mobile phone
(text messages and phone-based apps), and Internet (websites and web-based applications).
These categories were selected to compare the use of digital health in the rural cancer

context with general cancer and other chronic disease populations presented by Wildevuur et
al.26

aisal

Each study that met inclusion criteria was assessed for study quality using the mixed
methods appraisal tool (MMAT), which allows for the critical appraisal of quantitative,
qualitative, and mixed methods studies.37:38 The MMAT was developed to address the
challenges of critical appraisal in systematic reviews involving more than 1 study design.
Each study type is assessed by 5 quality indicators, items that were developed from the
literature, as well as consultations and workshops with experts.38:39 Its efficiency and
reliability have been previously demonstrated.3840
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RESULTS

The initial search yielded 661 articles. An additional 5 articles were identified through
a review of reference lists. After removing duplicates, there were 581 unique articles
remaining. Review of titles and abstracts resulted in 79 articles eligible for full-text
screening, and 54 of these articles met study inclusion criteria (Figure 1).

Study quality

Of the 54 articles that met inclusion criteria, only 22 provided sufficient information for
indicators of study quality using a standardized tool (Figure 2). Information was most
complete for qualitative studies. Eight out of 10 qualitative studies provided complete
MMAT assessment information, while 5 out of 12 randomized controlled trials (RCTs), 3
out of 17 quasi-experimental studies, 2 out of 3 descriptive studies, and 4 out of 12 mixed
methods studies provided complete MMAT assessment information. Five qualitative studies
and 1 mixed methods study performed the best in quality reporting per the MMAT, meaning
that reporting was sufficient to assess all five of the MMAT quality criteria for the respective
study type (Figure 3). Quantitative non-randomized studies were the lowest-performing.

Methodological characteristics

Of the 54 articles, 12 were RCTSs, 17 were quasi-experimental, 3 were descriptive, 12 were
mixed methods, and 10 were qualitative. Most of the studies involved patients only (n7=31),
did not provide an explicit definition of “rural” (7= 38), and were not specific to a cancer
type (7= 41; Table 1). Of the 12 RCTs, the median sample size was 142 (mean = 181.91
[45-451]). Technology utilized in the 54 articles was categorized as Telemedicine (n7= 32),
phone calls (7= 11), Internet (7= 9), and mobile phone (7= 2).

Types of technology

Telemedicine—Telemedicine articles focused on care delivery (7= 23), training (7= 4),
multidisciplinary cancer teleconferences (ie, tumor boards, 77 = 2), telemonitoring (7= 2),
and cancer support (/7= 1). The most thoroughly described rural tele-oncology model is
the Townsville Cancer Centre (TCC) tele-oncology program established in 2007 for rural
cancer care delivery, totaling 974 participants.*! Medical oncologists at TCC provide their
services via videoconference with rural-based doctors, chemotherapy-competent nurses,
allied health workers, and patients in consultation. Initially, patients were required to
attend at least 1 face-to-face appointment at TCC, which became optional in 2009. The
program was expanded to radiation oncology in 2011.42 The studies conducted were

able to establish that tele-oncology was feasible, acceptable to patients and health care
workers, and cost-effective.43-47 High patient satisfaction was reported with the quality
of the video consultation and in establishing rapport with the specialist over video
conference. Patients overall preferred video conferences to face-to-face consultations and
were very satisfied with the care received via the tele-oncology program.42:44:48 Health
care professionals similarly reported high satisfaction in the program, including patient
convenience, interprofessional communication, expanded scope of practice, continuity of
care, and maintenance of patient safety.#’ Thaker determined that the TCC model resulted in
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a net savings of $320,118 over 56 months and that costs would have to increase by 72% to
negate the savings.*

The singular US-based publication eligible for inclusion in this systematic review took place
among rural Virginia head and neck cancer survivors.*® This feasibility study examined
broadband access, driving time to a satellite telemedicine site, and the ability to utilize

a borrowed cellular-enabled tablet to evaluate an intervention connecting rural cancer
survivors with their care team at an academic medical center. The intervention included

an in-person end-of-treatment visit to discuss survivorship care planning. Eligible patients
who consented were then scheduled for a nurse telemedicine visit via 1 of 3 routes based on
access: 1) survivors with broadband access and a device with videoconferencing capabilities
were provided a link to a videoconferencing application installed using HIPAA-compliant
technology; 2) survivors lacking either broadband access or a device but who were able to
travel attended the visit at a satellite clinic; or 3) survivors without technology access or
ability to travel were mailed a tablet with cellular service to attend the visit from home.

Of the 19 study participants, 58% were male and 84% were non-Hispanic White, with an
average age of 59 years old. Eleven participants received the intervention at home on their
own device, 3 traveled to a satellite site, and 5 used borrowed tablets. The average driving
time to a satellite clinic was 30 minutes. Utilizing borrowed equipment proved challenging.
The cellular signal was sufficient for 3 of the 5 participants, with one only able to utilize

the audio portion similar to a phone call and the other being unable to connect at all

without a research team member setting up a cellular hot spot. Despite upfront instruction
on using the tablets, 3 of the 5 participants had never used a tablet before and all but one
participant required supplemental instruction and an additional research team member phone
call. Participants also relied on family member support to navigate the technology. The study
also found that only 58% of households within the areas the study participants lived in had
the broadband access and/or speed necessary to support telemedicine videoconferencing,
creating a significant disparity in access as health care shifts to virtual-based care delivery in
the post-Covid-19 era.

Two additional telemedicine studies examined the use of mobile chemotherapy units in
rural areas of the United Kingdom.59:51 Specialty care delivery examined via the use of
telemedicine in rural areas included speech pathology services for head and neck cancer
patients, pharmacy services, mental health care, pain management, genetic counseling, and
palliative care.52-61 These studies were in agreement that telehealth is less expensive, equal
quality, more efficient, and had high satisfaction for delivering rural oncology care.

Telemedicine as a training platform was examined in the rural cancer setting in 4 studies
and was a feasible and satisfactory means of delivering real-time, interactive training

to providers who might not otherwise have access to such programs. Training included
continuing medical education, training on a cancer support intervention, and surgical
oncology telementoring.>7:62-64 Connecting community oncologists with multidisciplinary
cancer conferences (tumor boards) via teleconference was considered in 2 articles.65.66
These articles demonstrated the initial feasibility of providing oncologists in rural areas and
at smaller institutions access to tumor boards to improve the quality and continuity of care.
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The feasibility of telemonitoring for rural cancer patients was considered in 2 articles, with
the first determining that the potential exists for melanoma follow-up telemonitoring if the
technology is tailored by age, skill level, area of residence, and time since diagnosis.%’
Petitte and colleagues remotely collected physiologic data in lung cancer patients who were
post-hospital discharge.®8 Despite the low sample size, telemonitored data transmission was
feasible in rural areas with high satisfaction. Last, 1 study considered the acceptability

of telehealth support group services for rural American Indian and Alaskan Native
communities and found that participants valued the opportunity to connect with other similar
survivors living in remote areas.59

Phone calls—Telephone studies (7= 11) were composed of a group or individual phone
calls. Studies largely focused on cancer survivorship issues and included weight loss (7

= 4), palliative care (= 2), caregiver support (1= 3), and decision support (1= 2).

Weekly group phone sessions have been utilized in addition to a specified reduced-calorie
diet and physical activity plan that resulted in significantly improved clinical outcomes

and quality of life among rural breast cancer survivors.’® The second phase of the study
involved a 12-month intervention in which participants were randomized to either continued
biweekly phone-based group counseling or mailed newsletters.’! The study concluded

that the technology intervention improved the magnitude of weight loss maintained over

18 months, increased the proportion of participants who maintained clinically significant
weight loss, and was successful in improving physical activity outcomes over 18 months,

as measured by accelerometer.”? A follow-up qualitative study revealed technology-related
themes of the group phone counseling sessions provided benefits of accountability and
connectedness, as well as the feedback to adjust scheduling and the length of the sessions (1
hour).”3

Individual phone call interventions have also been employed, such as the ENABLE Il

RCT that was designed to facilitate early integration of palliative care.’* Rural patients
with advanced cancer were randomly assigned to a phone-based, nurse-led educational and
care coordination palliative care intervention or to receive usual care. Patients receiving

the technology intervention were found to have a significantly higher self-reported quality
of life and mood, while comparisons of symptom intensity, days in the hospital, and ICU
and emergency department visits were not significantly different.”* When the intervention
was applied using a waitlist control, patients receiving the technology intervention upon
enrollment versus 3 months later had higher 1-year survival rates.”> The ENABLE
intervention was extended to caregivers in the ENABLE |1l RCT, which was found to lower
depression scores among caregivers.’ Caregivers perceived intervention delivery via phone
calls to be acceptable, while there was concern that Internet-based technologies may have
limited use due to lower skill and access.”’

Remote delivery of consultation planning provides a second example of individual phone
call interventions, which stems from the constraints of providing treatment decision support
within a fast-paced clinic environment. Two studies included in this review examined
treatment decision support via coaching patients to develop a list of personalized questions
to bring to their next clinic appointment. These studies found that remote consultation
planning was equally effective, with comparable quality, cost, and value as in-person
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consultation planning, while increasing accessibility of decision support services in rural
communities.”879

Internet—Studies utilizing websites (/7= 9) included in this review examined educational,
symptom management, and lifestyle support programs delivered in an online format to
address access issues in the rural setting. For example, Fennell et al reported on a website
developed with community involvement to address psychosocial information needs that
are relevant, accessible, and acceptable to increase rates of support service use among
rural cancer survivors.89 Website design not only incorporated information targeted to
rural populations but also sought to address attitudinal barriers to service use (eg, medical
mistrust, belief that help is unnecessary or shows weakness, finding help is too hard) and
tailored information by stage of change and level of distress. Survey results documented
that participants were more willing to access professional and peer support after using the
website, were more motivated and confident in accessing resources, and felt less isolated
after utilizing the website.

Rural engagement is notable across this category of studies. Studies highlighted that while
not all patients used technology, they often had family members and caregivers who did
and that less access to health care did not preclude engagement in digital health-based
studies. For example, support groups have been shown to improve psychosocial symptoms
associated with cancer and improve quality of life, yet access is an issue for rural
residents.81:82 CancerChatCanada provided 55 professional-led live-chat support groups for
351 cancer patients and caregivers that were held weekly over the course of 10-12 weeks.
Participants reported high satisfaction and psychosocial benefit, with any initial discomfort
in communicating online in a live chat group being outweighed by access to support at
home. Typing versus talking was viewed as a benefit by giving added time for reflection,
organizing thoughts, and not impending emotional expression (eg, being able to cry while
typing but not while talking).

Mobile phone—Only 2 studies focused on using a mobile app among rural cancer
survivors. The first study used a mixed-methods approach and developed a health services
locator app for both providers and cancer survivors. However, additional studies are needed
to evaluate the feasibility, acceptability, and effectiveness of implementing this app on a
broader scale.83 Second, Baseman et al developed a breast cancer survivorship care app
called SmartSurvivor.84 Components of the app included a medical profile, a journal section
with a tracking tool for self-monitoring, calendar links for reminders and appointments,
tailored survivor tips and tools, and the ability to audio record for documenting notes and
appointment questions. Qualitative results highlighted key features and utility of the app,
while also discussing the need for it to be tailored for rural users. Overall, the app was found
to be both feasible and acceptable as a breast cancer survivorship tool and could serve as a
foundation for developing a tool to support rural breast cancer survivors.

DISCUSSION

While there have been other reviews focused on digital technology use in cancer care
delivery, this is the first within the rural cancer setting.2’-30.85 The overall aim of this study
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was to systematically and critically examine existing literature to understand how digital
technologies have been used to support rural oncology care. Rurality is associated with
higher cancer incidence and mortality rates, and rural residents face significant challenges
influencing access to health care. Health technologies may serve to address some of these
disparities, yet the 54 studies included in this review make up a comparatively small number,
representing a significant gap in the literature. The limited number of studies is surprising
since digital health strategies could improve access to care issues faced by rural cancer
survivors. However, mobile and broadband availability remains an issue in rural areas.32-34
Despite the shift in focus to telehealth approaches due to the Covid-19 pandemic, only 1
study included in the present review was from the pandemic era, a US-based telemedicine
study published in 2020. Notably, this is the only US-based telemedicine study for rural
cancer care in contemporary literature, highlighting the urgent need for additional work in
this area.

Across all studies was the consensus that rural cancer survivors value digital technology
approaches to their care, with results varying by type of technology. Telemedicine was

the most common type of technology considered. While the designs and approaches

differed across these studies, it was generally concluded that telemedicine is a feasible

and acceptable approach to improving care delivery. Telemedicine studies were able to
demonstrate both improved patient outcomes and improved access to care. Specifically, an
RCT examining telecare management on pain and depression outcomes among rural and
non-rural cancer patients found a significant increase of 60 depression-free days, as well as
an increase in quality-adjusted life-years compared to the usual care group.® A palliative
care telemedicine study found significantly improved anxiety and appetite at the first
follow-up visit among rural cancer patients.6% Implementing a comprehensive program of
telemedicine and patient navigation, genetic counseling for ovarian cancer patients increased
from 37% to 96% and for triple-negative breast cancer patients from 69% to 91%. Genetic
testing doubled for ovarian cancer patients and increased from 59% to 86% in triple-negative
breast cancer patients.>® These studies speak to the utility of telemedicine approaches to
address cancer survivorship in rural settings.

While telemedicine represented the largest category of studies in the present review, phone-
based studies had the most RCTs for both quantity and percentage (7/11, 64%). Phone-based
interventions supported weight loss in cancer survivors and improved patient outcomes

in palliative care. Phone-based strategies increased survivors’ feelings of connectedness

and facilitated access to care, and, as noted by the ENABLE team, were preferred over
Internet-based technologies that may have limited use due to lower skill and access.”” Future
studies should focus on implementation strategies to optimize these programs for long-term
sustainability.

Internet-based digital health approaches involving patients may emerge as being useful but
may also pose a potential challenge for implementation in rural populations. Beyond the
pure infrastructure limitation of access to the Internet, it is important to consider device
requirements and behavioral skills needed to utilize Internet-based technology. Applications
or “apps” can be desktop, mobile, and/or Internet-based. Desktop apps usually have all

the features of a program, whereas the mobile equivalent is a simpler and easier-to-use
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version. Internet or web apps can have extensive features too, but they must leverage the
capabilities of the Internet connection and the web browser program. Participants have
reported concern with using Internet-based interventions for palliative care due to lower
comfort with technology and access to the Internet.”” Patients may be more likely to

attend in-person counseling, attributed to a significant association found between decreased
computer comfort and attendance rate in telegenetics.58 Other telemedicine studies did not
support this finding, but the discord may be attributed to the skills and technology needed
to virtually attend a genetic counseling appointment from home versus teleconference

with an oncology specialist from a cancer clinic or primary care facility closer to home.
Only 2 studies involved a mabile app, yet the more streamlined format may be preferred
over web-based versions in rural populations. To this point, a prior secondary analysis

of the National Cancer Institute’s Health Information National Trends Survey found that
rurality was associated with the use of mHealth applications for making treatment decisions,
indicating mobile phone apps as a means to increase access to health information.86 Cell
phone ownership has increased significantly among rural populations, with 94% of US
adults reporting cell phone ownership in 2021. However, 14% report owning a cell phone
that is not a smartphone,87 precluding the use of apps as a point of the study intervention.
There is a need to further expand this area of research.

While medical mistrust was not a theme that emerged in the articles examined in the
present review, it is relevant to the discussion of rural health care delivery. Trust in the
provider and health care system has been documented as impacting rural health care
seeking behaviors,88-92 and there is emerging evidence that trust plays a role in digital
health intervention utilization as well.93-9° For instance, rural residents have reported
concern that not being able to visually see the provider when communicating health
information could result in individuals other than qualified medical professionals reviewing
their information.?3 Therefore, strategies to enhance trust, such as the preference of voice-
over text messages and using familiar voices when delivering voice messages,®* should be
considered in the design and implementation of studies and health care interventions among
rural populations.

The majority of studies (38/54) did not provide a definition of “rural.” There are a number of
ways that geography can be classified for the purposes of rural research and policy (Table 2).
In the US, the main classifications are provided by the US Census Bureau,% the US Office
of Management and Budget,®” and the US Department of Agriculture.%8:9° Australia, from
which a number of the telemedicine studies presented in this review were published, uses
the Accessibility/Remoteness Index of Australia.19 Aside from the broad implication of
complicating comparisons across studies, the definition chosen can result in different areas
being classified or not classified as rural, such that estimates of the rural US population
range from 15.0%-19.3% and estimates of rural land range from 72%-95%.

As evident by the present review and assessed by the MMAT, there are limitations to
the state of the science. Despite the availability of standardized reporting guidelines by
study design like CONSORT and STROBE, there is room for improvement in practice
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in terms of both study design and reporting results. Overall, there were few randomized
trials and samples sizes were low. Most studies restricted participants to those with Internet
access without reporting on how many potential participants were excluded due to access.
Few studies measured access to care variables. No studies examined the use of interactive
voice response, electronic health records, patient portals, or social media in the context of
rural cancer survivors. Despite the benefits of text messaging as an intervention strategy,
including reach, engagement, low cost, and documented effectiveness in directly supporting
behavior change, no studies using text messaging were identified for inclusion in this
study.101 Additionally, this review is not without some limitations. We could not measure
quality in every study and were restricted to evaluating the information reported. Broad
variation in study design prevented us from performing meta-analyses. Varying definitions
of rurality led to difficulty in generating comparisons across studies. As is the case with
other systematic reviews, there may be publication bias present, with studies finding null
results being less likely to be published and therefore included in this review. Despite the
limitations, our study synthesizes lessons learned thus far on designing and implementing
digital health studies among rural cancer survivors and highlights the gap in knowledge on
technology use in this population.

CONCLUSIONS

To conclude, unique challenges faced by rural cancer survivors require targeted approaches.
More research is needed involving studies of high scientific and methodological rigor

and employing cutting-edge technology to support this underserved population. Critical

to reducing the rural digital divide and the deployment of digital health strategies are
increasingly mobile, Internet, or broadband service in rural areas. While steps are being
taken to address this geographic disparity, the fact remains that nearly 30% of Americans
live in areas that lack the coverage needed for home Internet. Ease of use and technological
requirements are important considerations in rural populations. Given the study limitations
and knowledge gaps identified in this review, we recommend the following: Investigators
should take advantage of available guidelines like CONSORT at both the study design

and reporting phase to improve the quality of literature in this research area. Future rural
cancer control studies would benefit from the use of mixed methodology and a theoretical
framework to guide study development. Finally, studies should continue to build upon and
expand telemedicine and phone-based interventions as digital health strategies at a more
widespread scale, yet also consider innovative or under-utilized strategies.
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