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Abstract
Due to widespread healthcare workforce shortages, many patients living in remote and rural North America
currently have reduced access to various medical specialists. These shortages, coupled with the aging North
American population, highlight the need to transform contemporary healthcare delivery systems. The
exchange of medical information via telecommunication technology, known as telemedicine, offers
promising solutions to address the medical needs of an aging population and the increased demand for
specialty medical services. This progressive movement has also improved access to quality health care by
mitigating the current shortage of trained subspecialists. Minimizing the effects of these shortages is
particularly urgent in the care of cancer patients, many of whom require regular follow-up and close
monitoring. Cancer patients living in remote areas of North America have reduced access to specialized care
and, thus, have unacceptably high mortality and morbidity rates. Teleoncology, or the use of telemedicine to
provide oncology services remotely, has the ability to improve access to high-quality care and assist in
alleviating the burden of some of the severe adverse events associated with cancer. In this review, the
authors describe how recent advances in teleoncology can reduce healthcare disparities and improve future
cancer care in North America.
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Introduction And Background
Introduction: disparities in health care
Despite recent medical advances, shortages of trained specialists exist throughout North America, where as
many as one in seven citizens remains "medically underserved" [1]. Most medical subspecialists remain
clustered in urban centers serving as a referral center for a large geographic area and population. Individuals
in rural or remote North America lack easy access to these referral centers and must travel long distances to
receive subspecialty care. For individuals suffering from chronic diseases, such as cancer, the prospects are
particularly bleak when one considers the fact that the most recent American Society of Clinical Oncology
(ASCO) data anticipate a total shortage of 2,393 oncologists and radiation oncologists by 2025 as the
increase in demand outgrows the rise in supply [2]. Although attempts to eliminate healthcare disparities
are complex and often require governmental involvement, telemedicine may help avert the projected crisis
by improving access to quality health care.

In the United States and other countries where most subspecialists are clustered in urban settings [3],
individuals living in remote areas disproportionately suffer the burden of chronic diseases like
cancer [4] and have unacceptably high mortality and morbidity rates associated with these diseases [5,6].
This is mainly due to the disproportionate quality of care provided to these patients. The current literature
is replete with instances of international telemedicine-based twinning programs that have positively
impacted survival and outcomes in low-income nations [7-11]. However, little has been written about
technology's potential impact in developed countries like the United States and Canada, where individuals
living in remote locations are often forced to accept suboptimal medical treatment due to reduced access to
regional urban healthcare facilities. The following overview will focus on how advances in technology and
recent experiences in international teleoncology can help address the maldistribution and shortage of
specialists in remote areas of North America and, as a result, enhance the provision of cancer care on the
continent.

Disparities in cancer care in North America
In the United States, where approximately 25% of individuals live in rural areas [12,13], and in Canada,
where 21.5% of citizens live in remote locations [14], cancer patients often face unique challenges in
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accessing adequate cancer care services. A recent report by the Canadian Institute for Health Information
revealed that Canadians living in remote areas, many of whom require 120 miles of travel or more to reach
the nearest specialist [14], were "less healthy" than their urban and suburban counterparts [14]. Managing
cancer or other chronic diseases with a multi-specialty approach can represent a severe logistical challenge
in a nation where many regions lack trained pathologists, oncologists, and other specialists. In addition to
cancer care, patients living in remote areas throughout North America also have reduced access to many
different types of specialized health care.

Similarly, a recent study in North Carolina found that Americans living in rural areas were among the "most
unhealthy" in the United States [15,16] and had the worst death rates in the region from chronic
diseases [16]. In addition to geographical separation, inaccessibility to specialized health care can also be
influenced by economic considerations, reduced mobility, incarceration, and social marginalization [17-
19]. Given North America's current shortage of nurses, this situation is expected to worsen for cancer
patients who rely on nurse-intensive long-term treatment programs such as hospice care and home health
care. According to a report from January 2023, long-term care facilities throughout the United States have
lost 210,000 jobs over the course of the pandemic from February 2020 to December 2022 [20]. As the current
nursing shortage in the US is not dire enough, experts estimate there will be a shortage of 260,000 registered
nurses by 2025 [21].

Review
Telemedicine
Telemedicine, or exchanging medical information via telecommunication technology, permits rapid
consultation between healthcare professionals in remote locations. Such novel strategies offer promise in
addressing the medical needs of an aging North American population, the increased demand for specialty
medical services, and the current shortage of trained subspecialists.

Infrastructure

The infrastructure required for telemedicine involves a computer and a high-speed internet connection
capable of transferring data and images rapidly. Depending on the application or needs of healthcare
collaborators, specific digitized peripheral components such as a video camera or digital diagnostic
equipment (i.e., stethoscope, otoscope, X-ray, and magnetic resonance imaging equipment) can be added to
this essential infrastructure to facilitate real-time video teleconferencing, the transfer of pathological or
radiological images, or any other medical data that participants deem necessary to their proposed
consultation [6,18]. Such instrumentation is readily accessible in today's information-based society [18].

Telemedicine in Practice

By improving access to specialized medical care, telemedicine can enhance patient convenience and, thus,
positively impact patient compliance and continuity of care [22].

Telemedicine has been used, in varying capacities, in nearly every field of medicine, including but not
limited to radiology [23,24], psychiatry [25], dermatology [26], pathology [27], cardiology [22],
endocrinology [28], surgery [29,30], gastroenterology [31], ophthalmology [32], oncology [7,13], and pain
management [33]. By leveraging existing technology, telemedicine allows clinicians separated by geographic
distance to collaborate on any combination of the following components of medical management, including
telediagnosis, teleconsultation, telepathology, telesurgery, and tele-follow-up (Table 1).
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Telemedical terminology

Telediagnosis: The utilization of computers and sophisticated video and audio modalities to facilitate the examination of patients in remote localities.

Teleconsultation: The process of allowing a multidisciplinary team to meet via video teleconferencing to discuss cases and guide the management of
patients in distant areas.

Telepathology: The practice of transferring pathological specimens or images to a distant pathologist for evaluation.

Telesurgery: The use of technology to consult distant surgical specialists on modes of surgical treatment for improving outcomes of local cases.

Teleradiotherapy: Describes the use of the internet and digital technology to enhance access to radiotherapy for patients living in remote regions.

Tele-follow-up: The practice of harnessing telemedicine technology to monitor disease progression and treatment results in patients completing
therapy.

TABLE 1: Various components of telemedicine
Adapted from [12].

Although traditional diagnosis relies upon obtaining a detailed patient history and comprehensive physical
examination in person, telemedicine allows local healthcare professionals to conduct physical inspections
and transmit their findings to the consultant. These interactions often depend on computers to enhance
images and audio-visual files from precision cameras, electronic stethoscopes, and other digitized diagnostic
medical devices [34,35]. The findings of telediagnosis can be digitized, stored, and shared via an internet
connection and ultimately used in teleconsultations. Teleconsultation involves multidisciplinary medical
teams meeting via video teleconferencing to help facilitate the formalization of management strategies.

Teleoncology
Teleoncology in Bridging International Healthcare Disparities

One aspect of telemedicine that has proven effective is teleoncology, or the delivery of oncology services
from a distance to facilitate consultation by cancer specialists to geographically remote primary care
providers [36,37]. Since accurate pathological evaluation remains a cornerstone of cancer treatment in
remote locations where experienced pathologists are often difficult to access, telepathology can be vital for
diagnostic accuracy [27,35]. Although the physical transfer of intraoperative or biopsy specimens to a distant
site is often necessary for telepathology, much of the interaction between pathologists and local care teams
can be undertaken via teleconsultation. The impact of such telemedicine collaborations can be maximized
by input from medical oncologists, radiation oncologists¸, surgeons, social workers, and others involved in
the care of individual patients [36]. This can be especially useful for including primary care physicians in
patient treatment planning and ultimately providing the highest quality care for a shared patient. Using
telemedicine to improve local delivery capacity in remote healthcare facilities and increase online physician
consultations with cancer patients can improve cancer care and patient satisfaction [38,39].

Teleoncology has proven effective in improving cancer care globally by allowing low-income nations with
limited resources and few trained medical experts to tap into the vast reservoir of resources available in
developed countries. In low-income nations where adequate medical infrastructure is typically
lacking [3,17] and where the number of trained specialists is "woefully inadequate" [3], teleoncology provides
a reliable method of linking healthcare specialists regardless of geographic separation [36,40]. This is
especially true in oncology subspecialties such as neuro-oncology, as the mortality in these subgroups can
be as high as 90% in economically disadvantaged countries compared to approximately 4% mortality in well-
developed nations [25].

In oncology, where multidisciplinary management has been recognized as a critical aspect of improving
cancer outcomes [36,40], teleoncology offers low-income nations and individuals living in remote areas a
flexible means of adopting a multidisciplinary treatment approach to managing and treating cancer [40]. A
recent collaboration between St. Jude Children's Research Hospital in Memphis, Tennessee, USA, and
national healthcare institutions in Honduras and Guatemala used teleoncology to facilitate the development
of early diagnosis programs for retinoblastoma and other central nervous system tumors [8]. Another series
of similar mentorship programs between specialists at St. Jude Children's Research Hospital and physicians
at the King Hussein Cancer Center in Amman, Jordan helped improve survival amongst patients with
retinoblastoma [41] and medulloblastoma [7]. In these and other collaborative teleoncology initiatives [7-
11], physicians and patients in low-income nations were given access to state-of-the-art technology,
equipment, and expert consultation that they would not have otherwise accessed.
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Teleoncology for Enhancing Cancer Screening and Early Detection

Given the sparse distribution of specialists in North America, establishing a multi-specialty management
team represents one of many challenges facing cancer care providers in rural and remote locations.
Screening and early detection have also been traditionally inadequate in underserved areas throughout
North America [42-44]. The lack of early detection programs has been linked to cancer mortality rates as
high as 30% in some remote areas of the United States [45]. Regular cancer screening can reduce cancer-
related premature mortality and therapy-associated morbidity by detecting cancer at an earlier, more
curable stage [44]. In the absence of teleoncology, such screening is arduous in remote locations. Most of the
commonly used screening methods, such as mammography, colonoscopy, Papanicolaou (pap) smear,
prostate-specific antigen (PSA), skin biopsy, and other pathology tests, can be accurately interpreted via
teleoncology [42,44,46-48]. A recent initiative in Arizona successfully used teleoncology to screen
immigrant, Hispanic women, and Native American women in remote locations for cervical and breast cancer
[44,49]. After locally trained healthcare providers performed mammography, colonoscopy, and slide
preparation, digital images of the slides and mammograms were instantaneously transmitted to a tertiary-
care facility in Tucson, which generated an online report that included interpretation, eligibility for ongoing
clinical trials, treatment options, online scheduling of real-time consultation, and a follow-up plan. Similar
screening programs have since been implemented worldwide [42,47].

Because approximately 10-15% of all breast cancers are believed to be hereditary, and nearly 30% of these
cases result from familial BRCA1 or BRCA2 mutations [46,47,50], cancer genetic counseling is widely
recognized as a "standard of care" in at-risk women [24]. However, the cost and complexity of gene
sequencing make screening widely unavailable [24,50], and genetic counselors, who can interpret and
integrate the information, are rare in underserved areas [24]. For example, only two cancer genetic
counselors serve rural parts of North Carolina, each practicing only a few days per month [24]. However, in a
clinical trial currently underway at Duke University Medical Center (Durham, North Carolina), teleoncology
is being utilized cost-effectively to provide quality genetic counseling in these areas by allowing patients to
communicate with genetic specialists via videoconferencing [24]. Although teleoncology-based cancer
screening remains unavailable mainly in developing countries, its growing application in the United States
will likely serve as a paragon for other nations to emulate.

The COVID-19 Pandemic's Effect on Teleoncology

The COVID-19 pandemic has redefined healthcare delivery, with telemedicine surging to the front as a
pivotal solution. As medical buildings such as hospitals and clinics became potential hotspots for virus
transmission, we intensified the need to protect vulnerable populations such as cancer patients.
Telemedicine ensured continuity of care and established a framework that the world could utilize in the face
of future pandemics that limit face-to-face contact. Some of the most significant merits of teleoncology
during the pandemic were its ability to offer remote consultations to safeguard immunocompromised cancer
patients from potential exposures, as well as alleviating the logistical and financial burdens associated with
frequent hospital visits, especially for those residing in remote areas [51]. The lessons learned from the
pandemic era can inform best practices, ensuring that teleoncology remains a sustainable and effective care
model, even post-pandemic.

One crucial factor to consider in teleoncology is the triage of cancer patients, establishing the need for
immediate consultation or intervention based on the urgency of the patient's condition. Correct triage
ensures that patients with aggressive or advanced-stage cancers and those exhibiting severe symptoms are
prioritized. On the other hand, incorrect triage can lead to devastating consequences, including preventable
disease progression and complications. Establishing transparent and evidence-based triage protocols is
essential to maintain trust and ensure optimal patient outcomes.

Teleoncology for Continuing Medical Education Amongst Professionals and Improving Public Awareness

In supporting cancer services in remote areas, teleoncology can facilitate acquiring education, training, and
continuing medical education (CME) credits for cancer specialists. Teleoncology also reduces unnecessary
referrals, increases the efficiency of diagnosis, positively impacts patient care, and allows for closer scrutiny
of overall medical services [12,34]. Moreover, teleoncology initiatives also aid in the identification of areas
requiring improvement, allow for the attainment of outstanding professional expertise without the need for
travel, and reinforce professional relationships by increasing the opportunities for collaborative publications
amongst healthcare professionals working in different institutions [7,41,52,53]. This is critical because most
clinicians who practice in remote areas are, like the patients they treat, typically isolated from essential
educational opportunities and interactions with medical experts and subspecialists [53].

Ultimately, teleoncology represents a largely untapped resource that can upgrade existing health delivery
services and improve the confidence level among remote primary care providers and expert
oncologists [38,54]. This can be accomplished via digital video conferences and televised educational
nursing courses created to hone the expertise of those involved in the care of local patients [55]. Patients
and their advocates have also supported teleoncology programs since they prevent the need for disruptive
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and expensive trips to regional cancer centers. Teleoncology also allows cancer patients to receive valuable
care in the presence of their family and other essential support networks that are often critical in terminally
ill cancer patients [54,56]. Further, patients can derive invaluable supportive clinical care through
assessments of pain and nutrition via teleoncology applications [55].

Teleoncology in Improving Radiotherapy

Radiotherapy remains a primary component of the integrated management of many cancers. However,
establishing costly primary radiotherapy centers in remote areas with minimal budgetary allocations is often
challenging [57]. In the few remote locations with adequate radiotherapy infrastructures and facilities, the
lack of trained experts often represents a challenge in providing quality care to cancer patients [57]. By
leveraging teleoncology resources, teleradiotherapy can help expand the availability of radiotherapy to
patients in sparsely populated regions and reduce errors in the provision of treatment [57,58].

Teleradiotherapy can occur only after digital computed tomography (CT) and relevant magnetic resonance
imaging (MRI) studies are digitized and sent to the main radiotherapy center. Once the main center receives
these studies, appropriate radiotherapy strategies are formulated, adopted, and performed on the patient via
a trained local operator [58]. Daily imaging and regular consultation between radiotherapy experts in urban
centers and clinicians and technicians in remote locations can reduce positioning errors and increase beam
utility in delivering radiation therapy to patients [59]. Notwithstanding, telemedicine has not sufficiently
addressed certain limitations in providing access to radiotherapy. Despite recent advances, many highly
effective, non-invasive radiotherapy modalities, such as intensity-modulated radiation therapy (IMRT),
proton beam radiotherapy (PBRT), and Gamma Knife radiosurgery, remain mainly inaccessible to individuals
living in remote or rural locations.

Teleoncology for Monitoring Chemotherapy

Advances in chemotherapy have enabled the delivery of chemotherapeutic treatments from a patient's
home. Despite its convenience for patients, home-based chemotherapy can make it challenging to detect the
adverse effects of therapy [60]. Cancer patients are now using teleoncology to keep regularly scheduled, web-
based symptom diaries that are instantaneously sent to the pager or mobile phone of the clinician
designated to monitor and archive these entries [60]. Leveraging telemedicine technology to enable this type
of daily interaction between patient and healthcare coordinator (e.g., oncologist or nurse liaison) has proven
effective in recognizing the adverse effects of chemotherapeutic agents in cancer patients [60]. Although
telemedicine may not necessarily improve access to chemotherapeutic medications, recent pilot studies
have demonstrated how pharmacists in large urban hospitals can use telemedicine to provide patients with
chronic diseases in remote areas with round-the-clock pharmacist coverage that ensures safe and effective
medication therapy [61]. After the chemotherapy is completed, teleoncology can be used for follow-up
appointments.

Teleoncology for Promoting Clinical Trials

Future clinical trials and multi-center research would benefit immensely from teleoncology. Incarcerated,
immobile, remote, or otherwise inaccessible patients could quickly be enrolled in clinical trials. Although
real-time expert review of pathology and radiology images remains uncommon in hospitals, prospective use
of such thoughts could improve patient outcomes by reducing diagnostic errors. Packer et al. performed a
central radiology review at the end of a medulloblastoma study and found that patients who received
inadequate radiological staging were less likely to survive [62]. If prospective teleradiology review had been
integrated into the study, these patients' outcomes would presumably have been better. Another central
pathology review at the end of a study found that 30% of patients diagnosed with high-grade glioma had
low-grade glioma [63]. These patients underwent unnecessarily aggressive therapy, which the inclusion of a
prospective telepathology review in the protocol could have prevented. Prompt feedback from experienced
radiologists and pathologists via teleoncology could improve diagnostic accuracy and avoid suboptimal
treatment of rare cancers. Teleoncology can also help to facilitate the inclusion of developing countries in
clinical trials, as was recently demonstrated via a collaborative exchange between St. Jude Children's
Research Hospital and oncologists in Chile [64]. Enhancing recruitment for clinical trials amongst
traditionally underserved patients remains critical to decreasing cancer mortality rates in these populations
[5].

Cost reduction and tele-follow-up
Telemedicine can significantly reduce the cost of healthcare delivery by mitigating provider shortages and
preventing the need to travel long distances. Given the possibility of disease recurrence or remission in
cancer patients, the need for tele-follow-up is critical for improving long-term outcomes. From a patient's
perspective, the main barriers to follow-up are logistics and travel expenses [55,65].

In South Dakota, where many Native Americans live an average of 140 miles from the nearest cancer center,
a recent study found that 47% of patients identified lack of transportation as a significant barrier to

2023 Elder et al. Cureus 15(8): e43562. DOI 10.7759/cureus.43562 5 of 9

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


healthcare access [5]. A recent province-wide survey in Quebec, Canada examined the efficacy of
telemedicine triage and revealed that 80% of individuals enrolled in the study saved an average of five hours
and three hours of childcare costs, 60% avoided significant travel costs, and approximately 25% avoided lost
time at their place of employment [66]. Further, previous studies have demonstrated how much time and
money telemedicine programs can save physicians through their ability to reduce the number of
unnecessary visits to emergency departments [67]. Teleoncology helps minimize the maldistribution of
resources, the relevance of fuel costs, travel expenses, and other factors in the treatment of cancer patients
and can encourage patients to seek regular follow-ups with the core care team in a manner that reduces the
above inconveniences [65]. Maldistribution and the shortage of specialists in remote areas of North America
have been summarized in Table 2.

Medical shortage Reference

One family physician per 3000 residents in some parts of Canada [33]

Only one dermatologist in Nova Scotia (estimated population: 970,000) [33]

Only two genetic cancer counselors serving all rural areas of North Carolina [34]

Even though over 21% of children in the USA live in rural areas, only 3% of pediatric intensive care physicians practice in rural areas [35]

Individuals in Hawaii cannot access specialty care without being flown into Honolulu [36]

There are over 19,400 nursing vacancies (8.1% national vacancy rate) in long-term care facilities throughout the United States [41]

American Indians in need of cancer treatment in South Dakota often travel an average of 140 miles to reach the nearest regional cancer
facility

[66]

TABLE 2: Examples of maldistribution of medical resources in North America

Potential drawbacks
The failure to aid physicians and ancillary staff in developing new skills can potentially hamper such
initiatives and undermine quality assurance [23,56]. Training intended practitioners remains crucial in
ensuring any telemedicine program's longevity. In addition to optimizing user performance and safety, well-
trained technical staff can positively impact such initiatives and contribute positively to patient satisfaction
with telemedicine applications [23,68,69]. Practitioners must express empathy and other emotions during
telemedicine exchanges to promote patient satisfaction and strengthen doctor-patient
relationships [68,69]. It is also crucial to recognize potential patient-related barriers to telemedicine.
Technology access is a primary concern typically arising due to a lack of the required devices or stable
internet access. Another challenge is being unfamiliar and lacking the knowledge to use the technology,
which could be too demanding for older people. This digital divide accentuates the health disparities, where
the most benefitting from telemedicine might be the least equipped to access it [70]. Another concern is
privacy, as digital platforms carry an inherent risk of data breaches, making patients hesitant about sharing
sensitive medical information online. We must also address the fear of compromised quality of care; virtual
consultations lack the physical aspect of health care, which some conditions necessitate [70]. Finally, there
is ambiguity regarding insurance coverage for telemedicine services, leading to potential out-of-pocket
expenses. Without clear information on reimbursement, many might hesitate to choose virtual care.

Palliative care and end-of-life options remain inadequate in remote communities. Future research may be
warranted to examine how telemedicine can improve the quality of and access to existing palliative care
models in remote communities.

Conclusions
By improving patient convenience and lowering costs, teleoncology can represent a novel approach for
ensuring patient compliance, long-term follow-up, and improved access to quality cancer care in remote
regions of North America. The success of such initiatives in the future hinges on the appropriate training of
local practitioners and tailoring individual applications to the specific needs of patients and healthcare
providers in each location. As we continue to confirm the success and significance of telemedicine in first-
world countries such as the United States, we will be able to create the blueprint necessary to develop the
same systems in other countries worldwide. The future of telemedicine is poised for unprecedented growth,
as it emerges as a vital facet of health care. This provides a scalable solution as the world grapples with
challenges like an aging population and limited access to health care in remote regions. However, its
potential can only be fully realized with continuous research. It is imperative to address concerns related to
data security, ensure equal access for all demographics, and validate new technologies for clinical efficacy.
Continued research will solidify telemedicine's role, ensuring it remains patient-centric, efficient, and
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universally accessible. As telemedicine continues to evolve and advance, it can revolutionize healthcare
delivery, reaching underserved areas and populations, thus bridging the gap in healthcare disparities and
contributing to better health outcomes for all.

The future of telemedicine is poised for unprecedented growth, emerging as a vital facet of modern health
care. With the integration of advanced technologies like artificial intelligence and machine learning,
telemedicine will offer more accurate diagnostics, personalized treatments, and enhanced patient
monitoring. Telemedicine provides a scalable solution as the world grapples with challenges like an aging
population and limited access to health care in remote regions. However, its potential can only be fully
realized with continuous research. Continued research will solidify telemedicine's role, ensuring it remains
patient-centric, efficient, and universally accessible.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
Fareshta Shafaq and Hussein Alazawi contributed equally to the work and should be considered co-second
authors.

References
1. The complexities of physician supply and demand: projections from 2019 to 2034 . (2021). Accessed: May 26,

2022: https://www.aamc.org/media/54681/download.
2. Yang W, Williams JH, Hogan PF, et al.: Projected supply of and demand for oncologists and radiation

oncologists through 2025: an aging, better-insured population will result in shortage. J Oncol Pract. 2014,
10:39-45. 10.1200/JOP.2013.001319

3. Kumar M, Rani P, Joshi B, Soni RK, Kumari A, Rohilla KK: Telemedicine as an unexpected catalyst during
and beyond the COVID-19 pandemic. Nepal J Epidemiol. 2022, 12:1171-4. 10.3126/nje.v12i1.42459

4. Salmond S, Dorsen C: Time to reflect and take action on health disparities and health inequities . Orthop
Nurs. 2022, 41:64-85. 10.1097/NOR.0000000000000828

5. Melkonian SC, Jim MA, Pete D, et al.: Cancer disparities among non-Hispanic urban American Indian and
Alaska Native populations in the United States, 1999-2017. Cancer. 2022, 128:1626-36. 10.1002/cncr.34122

6. Zahnd WE, McLafferty SL, Eberth JM: Multilevel analysis in rural cancer control: a conceptual framework
and methodological implications. Prev Med. 2019, 129S:105835. 10.1016/j.ypmed.2019.105835

7. Qaddoumi I, Musharbash A, Elayyan M, et al.: Closing the survival gap: implementation of medulloblastoma
protocols in a low-income country through a twinning program. Int J Cancer. 2008, 122:1203-6.
10.1002/ijc.23160

8. Wilimas JA, Wilson MW, Haik BG, et al.: Development of retinoblastoma programs in Central America .
Pediatr Blood Cancer. 2009, 53:42-6. 10.1002/pbc.21984

9. Rodriguez-Galindo C, Wilson MW, Chantada G, et al.: Retinoblastoma: one world, one vision . Pediatrics.
2008, 122:e763-70. 10.1542/peds.2008-0518

10. Antillon F, Castellanos M, Valverde P, et al.: Treating pediatric soft tissue sarcomas in a country with
limited resources: the experience of the Unidad Nacional de Oncologia Pediatrica in Guatemala. Pediatr
Blood Cancer. 2008, 51:760-4. 10.1002/pbc.21699

11. Haidar R, Sagghieh S, Muwakitt S, et al.: Limb salvage surgery for children and adolescents with malignant
bone tumors in a developing country. Pediatr Blood Cancer. 2008, 51:787-91. 10.1002/pbc.21696

12. Wootton R: Telemedicine support for the developing world . J Telemed Telecare. 2008, 14:109-14.
10.1258/jtt.2008.003001

13. Lopez AM, Kreykes L: Telemedicine in cancer prevention . Fundamentals of Cancer Prevention. Alberts DS,
Hess LM (ed): Springer-Verlag, Berlin, Germany; 2008. 191-204. 10.1007/978-3-540-68986-7_8

14. The Canadian Institute of Health Information. Canada’s rural communities: understanding rural health and
its determinants. (2006). http://secure.cihi.ca/cihiweb/dispPage.jsp?cw_page=GR_1529_E.

15. Kesler C, Balch D: Development of a telemedicine and distance learning network in rural eastern North
Carolina. J Telemed Telecare. 1995, 1:178-82. 10.1177/1357633X9500100308

16. Whitten P, Sypher BD, Patterson JD 2nd: Transcending the technology of telemedicine: an analysis of
telemedicine in North Carolina. Health Commun. 2000, 12:109-35. 10.1207/S15327027HC1202_1

17. Lugn NE: Global health care - bridging the gap . J Telemed Telecare. 2006, 12:109-10.
10.1258/135763306776738576

18. Glaser JB, Greifinger RB: Correctional health care: a public health opportunity . Ann Intern Med. 1993,
118:139-45. 10.7326/0003-4819-118-2-199301150-00010

19. Botsis T, Hartvigsen G: Current status and future perspectives in telecare for elderly people suffering from
chronic diseases. J Telemed Telecare. 2008, 14:195-203. 10.1258/jtt.2008.070905

20. Data show nursing homes continue to experience worst job loss of any health care sector . (2023). Accessed:
July 24, 2023: https://www.ahcancal.org/News-and-Communications/Press-Releases/Pages/Data-Show-

2023 Elder et al. Cureus 15(8): e43562. DOI 10.7759/cureus.43562 7 of 9

https://www.aamc.org/media/54681/download
https://www.aamc.org/media/54681/download
https://dx.doi.org/10.1200/JOP.2013.001319
https://dx.doi.org/10.1200/JOP.2013.001319
https://dx.doi.org/10.3126/nje.v12i1.42459
https://dx.doi.org/10.3126/nje.v12i1.42459
https://dx.doi.org/10.1097/NOR.0000000000000828
https://dx.doi.org/10.1097/NOR.0000000000000828
https://dx.doi.org/10.1002/cncr.34122
https://dx.doi.org/10.1002/cncr.34122
https://dx.doi.org/10.1016/j.ypmed.2019.105835
https://dx.doi.org/10.1016/j.ypmed.2019.105835
https://dx.doi.org/10.1002/ijc.23160
https://dx.doi.org/10.1002/ijc.23160
https://dx.doi.org/10.1002/pbc.21984
https://dx.doi.org/10.1002/pbc.21984
https://dx.doi.org/10.1542/peds.2008-0518
https://dx.doi.org/10.1542/peds.2008-0518
https://dx.doi.org/10.1002/pbc.21699
https://dx.doi.org/10.1002/pbc.21699
https://dx.doi.org/10.1002/pbc.21696
https://dx.doi.org/10.1002/pbc.21696
https://dx.doi.org/10.1258/jtt.2008.003001
https://dx.doi.org/10.1258/jtt.2008.003001
https://dx.doi.org/10.1007/978-3-540-68986-7_8
https://dx.doi.org/10.1007/978-3-540-68986-7_8
http://secure.cihi.ca/cihiweb/dispPage.jsp?cw_page=GR_1529_E
http://secure.cihi.ca/cihiweb/dispPage.jsp?cw_page=GR_1529_E
https://dx.doi.org/10.1177/1357633X9500100308
https://dx.doi.org/10.1177/1357633X9500100308
https://dx.doi.org/10.1207/S15327027HC1202_1
https://dx.doi.org/10.1207/S15327027HC1202_1
https://dx.doi.org/10.1258/135763306776738576
https://dx.doi.org/10.1258/135763306776738576
https://dx.doi.org/10.7326/0003-4819-118-2-199301150-00010
https://dx.doi.org/10.7326/0003-4819-118-2-199301150-00010
https://dx.doi.org/10.1258/jtt.2008.070905
https://dx.doi.org/10.1258/jtt.2008.070905
https://www.ahcancal.org/News-and-Communications/Press-Releases/Pages/Data-Show-Nursing-Homes-Continue-to-Experience-Worst-Job-Loss-Of-Any-Health-Care-Sector.aspx
https://www.ahcancal.org/News-and-Communications/Press-Releases/Pages/Data-Show-Nursing-Homes-Continue-to-Experience-Worst-Job-Loss-Of-Any-Health-Care-Sector.aspx


Nursing-Homes-Continue-to-Experience-....
21. Buerhaus PI, Auerbach DI, Staiger DO: The recent surge in nurse employment: causes and implications .

Health Aff (Millwood). 2009, 28:w657-68. 10.1377/hlthaff.28.4.w657
22. Gajarawala SN, Pelkowski JN: Telehealth benefits and barriers. J Nurse Pract. 2021, 17:218-21.

10.1016/j.nurpra.2020.09.013
23. Robb N: Telemedicine may help change the face of medical care in eastern Canada . CMAJ. 1997, 156:1009-

11.
24. Telemedicine vs. face-to-face cancer genetic counseling . (2012). Accessed: June 18, 2022:

https://classic.clinicaltrials.gov/ct2/show/NCT00609505.
25. Gallie BL, Zhao J, Vandezande K, White A, Chan HS: Global issues and opportunities for optimized

retinoblastoma care. Pediatr Blood Cancer. 2007, 49:1083-90. 10.1002/pbc.21350
26. Hadeler E, Prose N, Floyd LP: Teledermatology: how it is impacting the underserved. Pediatr Dermatol.

2021, 38:1597-600. 10.1111/pde.14838
27. Jiang CY, El-Kouri NT, Elliot D, et al.: Telehealth for cancer care in veterans: opportunities and challenges

revealed by COVID. JCO Oncol Pract. 2021, 17:22-9. 10.1200/OP.20.00520
28. Lee JY, Lee SW: Telemedicine cost-effectiveness for diabetes management: a systematic review . Diabetes

Technol Ther. 2018, 20:492-500. 10.1089/dia.2018.0098
29. Anderson JA, Kimmel B, Sansgiry S, Venkatasubba Rao CP, Ovalle AP, Cerra-Stewart CA, Kent TA: Using

mobile video-teleconferencing to deliver secondary stroke prevention interventions: a pilot study. Telemed
Rep. 2022, 3:175-83. 10.1089/tmr.2022.0026

30. Albritton J, Ortiz A, Wines R, et al.: Video teleconferencing for disease prevention, diagnosis, and
treatment: a rapid review. Ann Intern Med. 2022, 175:256-66. 10.7326/M21-3511

31. Rossaro L, Aoki C, Yuk J, Prosser C, Goforth J, Martinez F: The evaluation of patients with hepatitis C living
in rural California via telemedicine. Telemed J E Health. 2008, 14:1127-9. 10.1089/tmj.2008.0029

32. Ulrich JN, Poudyal G, Marks SJ, et al.: Ocular telemedicine between Nepal and the USA: prevalence of
vitreoretinal disease in rural Nepal. Br J Ophthalmol. 2009, 93:698-9. 10.1136/bjo.2008.151357

33. Burton R, Boedeker B: Application of telemedicine in a pain clinic: the changing face of medical practice .
Pain Med. 2000, 1:351-7. 10.1046/j.1526-4637.2000.00039.x

34. Rossano A, Crijns T, Ring D, Reichenberg J: Clinician preferences for current and planned future use of
telemedicine. Telemed J E Health. 2022, 28:1293-9. 10.1089/tmj.2021.0486

35. Lee S, Dana A, Newman J: Teledermatology as a tool for preoperative consultation before Mohs
micrographic surgery within the Veterans Health Administration. Dermatol Surg. 2020, 46:508-13.
10.1097/DSS.0000000000002073

36. Galiano-Castillo N, Cantarero-Villanueva I, Fernández-Lao C, Ariza-García A, Díaz-Rodríguez L, Del-Moral-
Ávila R, Arroyo-Morales M: Telehealth system: a randomized controlled trial evaluating the impact of an
internet-based exercise intervention on quality of life, pain, muscle strength, and fatigue in breast cancer
survivors. Cancer. 2016, 122:3166-74. 10.1002/cncr.30172

37. Sessa C, Cortes J, Conte P, et al.: The impact of COVID-19 on cancer care and oncology clinical research: an
experts' perspective. ESMO Open. 2022, 7:100339. 10.1016/j.esmoop.2021.100339

38. Ronald P: Teleoncology extends access to quality cancer care . Oncology (Williston Park). 2006, 20:1714.
39. Bhatia S, Landier W, Paskett ED, Peters KB, Merrill JK, Phillips J, Osarogiagbon RU: Rural-urban disparities

in cancer outcomes: opportunities for future research. J Natl Cancer Inst. 2022, 114:940-52.
10.1093/jnci/djac030

40. Miziara RA, Maesaka JY, Matsumoto DR, et al.: Teleoncology orientation of low-income breast cancer
patients during the COVID-19 pandemic: feasibility and patient satisfaction. Rev Bras Ginecol Obstet. 2021,
43:840-6. 10.1055/s-0041-1739425

41. Qaddoumi I, Nawaiseh I, Mehyar M, et al.: Team management, twinning, and telemedicine in
retinoblastoma: a 3-tier approach implemented in the first eye salvage program in Jordan. Pediatr Blood
Cancer. 2008, 51:241-4. 10.1002/pbc.21489

42. Mohammadzadeh N, Rezayi S, Saeedi S: Telemedicine for patient management in remote areas and
underserved populations. Disaster Med Public Health Prep. 2022, 17:e167. 10.1017/dmp.2022.76

43. Lu FG, Chen YP, Yang FJ: Do rural-urban identities affect individuals’ health? Evidence from China . Inquiry.
2022, 59:10.1177/00469580221104370

44. Yousef YA, Al-Nawaiseh I, Mehyar M, et al.: How telemedicine and centralized care changed the natural
history of retinoblastoma in a developing country: analysis of 478 patients. Ophthalmology. 2021, 128:130-
7. 10.1016/j.ophtha.2020.07.026

45. Espey DK, Wu XC, Swan J, et al.: Annual report to the nation on the status of cancer, 1975-2004, featuring
cancer in American Indians and Alaska Natives. Cancer. 2007, 110:2119-52. 10.1002/cncr.23044

46. Newman LA: Breast cancer screening in low and middle-income countries . Best Pract Res Clin Obstet
Gynaecol. 2022, 83:15-23. 10.1016/j.bpobgyn.2022.03.018

47. Couch FJ, Hartmann LC: BRCA1 testing—advances and retreats . JAMA. 1998, 279:955-7.
10.1001/jama.279.12.955

48. Tan A, Greenwald E, Bajaj S, et al.: Melanoma surveillance for high-risk patients via telemedicine:
examination of real-world data from an integrated store-and-forward total body photography and
dermoscopy service. J Am Acad Dermatol. 2022, 86:191-2. 10.1016/j.jaad.2021.01.055

49. Weinstein RS, López AM, Barker GP, et al.: Arizona Telemedicine Program Interprofessional Learning
Center: facility design and curriculum development. J Interprof Care. 2007, 21:51-63.
10.1080/13561820701349321

50. Forbes C, Fayter D, de Kock S, Quek RG: A systematic review of international guidelines and
recommendations for the genetic screening, diagnosis, genetic counseling, and treatment of BRCA-mutated
breast cancer. Cancer Manag Res. 2019, 11:2321-37. 10.2147/CMAR.S189627

51. Sirintrapun SJ, Lopez AM: Telemedicine in cancer care. Am Soc Clin Oncol Educ Book. 2018, 38:540-5.
10.1200/EDBK_200141

52. Augestad KM, Lindsetmo RO: Overcoming distance: video-conferencing as a clinical and educational tool

2023 Elder et al. Cureus 15(8): e43562. DOI 10.7759/cureus.43562 8 of 9

https://dx.doi.org/10.1377/hlthaff.28.4.w657
https://dx.doi.org/10.1377/hlthaff.28.4.w657
https://dx.doi.org/10.1016/j.nurpra.2020.09.013
https://dx.doi.org/10.1016/j.nurpra.2020.09.013
https://pubmed.ncbi.nlm.nih.gov/9099171/
https://classic.clinicaltrials.gov/ct2/show/NCT00609505
https://classic.clinicaltrials.gov/ct2/show/NCT00609505
https://dx.doi.org/10.1002/pbc.21350
https://dx.doi.org/10.1002/pbc.21350
https://dx.doi.org/10.1111/pde.14838
https://dx.doi.org/10.1111/pde.14838
https://dx.doi.org/10.1200/OP.20.00520
https://dx.doi.org/10.1200/OP.20.00520
https://dx.doi.org/10.1089/dia.2018.0098
https://dx.doi.org/10.1089/dia.2018.0098
https://dx.doi.org/10.1089/tmr.2022.0026
https://dx.doi.org/10.1089/tmr.2022.0026
https://dx.doi.org/10.7326/M21-3511
https://dx.doi.org/10.7326/M21-3511
https://dx.doi.org/10.1089/tmj.2008.0029
https://dx.doi.org/10.1089/tmj.2008.0029
https://dx.doi.org/10.1136/bjo.2008.151357
https://dx.doi.org/10.1136/bjo.2008.151357
https://dx.doi.org/10.1046/j.1526-4637.2000.00039.x
https://dx.doi.org/10.1046/j.1526-4637.2000.00039.x
https://dx.doi.org/10.1089/tmj.2021.0486
https://dx.doi.org/10.1089/tmj.2021.0486
https://dx.doi.org/10.1097/DSS.0000000000002073
https://dx.doi.org/10.1097/DSS.0000000000002073
https://dx.doi.org/10.1002/cncr.30172
https://dx.doi.org/10.1002/cncr.30172
https://dx.doi.org/10.1016/j.esmoop.2021.100339
https://dx.doi.org/10.1016/j.esmoop.2021.100339
https://pubmed.ncbi.nlm.nih.gov/17175748/
https://dx.doi.org/10.1093/jnci/djac030
https://dx.doi.org/10.1093/jnci/djac030
https://dx.doi.org/10.1055/s-0041-1739425
https://dx.doi.org/10.1055/s-0041-1739425
https://dx.doi.org/10.1002/pbc.21489
https://dx.doi.org/10.1002/pbc.21489
https://dx.doi.org/10.1017/dmp.2022.76
https://dx.doi.org/10.1017/dmp.2022.76
https://dx.doi.org/10.1177/00469580221104370
https://dx.doi.org/10.1177/00469580221104370
https://dx.doi.org/10.1016/j.ophtha.2020.07.026
https://dx.doi.org/10.1016/j.ophtha.2020.07.026
https://dx.doi.org/10.1002/cncr.23044
https://dx.doi.org/10.1002/cncr.23044
https://dx.doi.org/10.1016/j.bpobgyn.2022.03.018
https://dx.doi.org/10.1016/j.bpobgyn.2022.03.018
https://dx.doi.org/10.1001/jama.279.12.955
https://dx.doi.org/10.1001/jama.279.12.955
https://dx.doi.org/10.1016/j.jaad.2021.01.055
https://dx.doi.org/10.1016/j.jaad.2021.01.055
https://dx.doi.org/10.1080/13561820701349321
https://dx.doi.org/10.1080/13561820701349321
https://dx.doi.org/10.2147/CMAR.S189627
https://dx.doi.org/10.2147/CMAR.S189627
https://dx.doi.org/10.1200/EDBK_200141
https://dx.doi.org/10.1200/EDBK_200141
https://dx.doi.org/10.1007/s00268-009-0036-0


among surgeons. World J Surg. 2009, 33:1356-65. 10.1007/s00268-009-0036-0
53. Paterson C, Bacon R, Dwyer R, et al.: The role of telehealth during the COVID-19 pandemic across the

interdisciplinary cancer team: implications for practice. Semin Oncol Nurs. 2020, 36:151090.
10.1016/j.soncn.2020.151090

54. Baum NH: Telemedicine use in oncology practices . Oncology (Williston Park). 2020, 34:280-2.
55. West HJ, Barzi A, Wong D: Telemedicine in cancer care beyond the COVID-19 pandemic: oncology 2.0? .

Curr Oncol Rep. 2022, 24:1843-50. 10.1007/s11912-022-01332-x
56. Brigden M, Minty A, Pilatzke S, Della Vidova L, Sherrington L, McPhail K: A survey of recipient client

physician satisfaction with teleoncology services originating from Thunder Bay Regional Health Sciences
Centre. Telemed J E Health. 2008, 14:250-4. 10.1089/tmj.2007.0048

57. Datta NR, Heuser M, Samiei M, Shah R, Lutters G, Bodis S: Teleradiotherapy network: applications and
feasibility for providing cost-effective comprehensive radiotherapy care in low- and middle-income group
countries for cancer patients. Telemed J E Health. 2015, 21:523-32. 10.1089/tmj.2014.0154

58. Kristensen I, Lindh J, Nilsson P, et al.: Telemedicine as a tool for sharing competence in paediatric
radiotherapy: implementation and initial experiences from a Swedish project. Acta Oncol. 2009, 48:146-52.
10.1080/02841860802409520

59. Bolsi A, Lomax AJ, Pedroni E, Goitein G, Hug E: Experiences at the Paul Scherrer Institute with a remote
patient positioning procedure for high-throughput proton radiation therapy. Int J Radiat Oncol Biol Phys.
2008, 71:1581-90. 10.1016/j.ijrobp.2008.02.079

60. Larsen ME, Rowntree J, Young AM, et al.: Chemotherapy side-effect management using mobile phones .
Annu Int Conf IEEE Eng Med Biol Soc. 2008, 2008:5152-5. 10.1109/IEMBS.2008.4650374

61. Stratton TP, Worley MM, Schmidt M, Dudzik M: Implementing after-hours pharmacy coverage for critical
access hospitals in northeast Minnesota. Am J Health Syst Pharm. 2008, 65:1727-34. 10.2146/ajhp070610

62. Packer RJ, Gajjar A, Vezina G, et al.: Phase III study of craniospinal radiation therapy followed by adjuvant
chemotherapy for newly diagnosed average-risk medulloblastoma. J Clin Oncol. 2006, 24:4202-8.
10.1200/JCO.2006.06.4980

63. Donkor A, Atuwo-Ampoh VD, Yakanu F, et al.: Financial toxicity of cancer care in low- and middle-income
countries: a systematic review and meta-analysis. Support Care Cancer. 2022, 30:7159-90. 10.1007/s00520-
022-07044-z

64. Rivera GK, Quintana J, Villarroel M, et al.: Transfer of complex frontline anticancer therapy to a developing
country: the St. Jude osteosarcoma experience in Chile. Pediatr Blood Cancer. 2008, 50:1143-6.
10.1002/pbc.21444

65. Daggubati LC, Eichberg DG, Ivan ME, et al.: Telemedicine for outpatient neurosurgical oncology care:
lessons learned for the future during the COVID-19 pandemic. World Neurosurg. 2020, 139:e859-63.
10.1016/j.wneu.2020.05.140

66. Hagan L, Morin D, Lépine R: Evaluation of telenursing outcomes: satisfaction, self-care practices, and cost
savings. Public Health Nurs. 2000, 17:305-13. 10.1046/j.1525-1446.2000.00305.x

67. Walters J, Johnson T, DeBlasio D, et al.: Integration and impact of telemedicine in underserved pediatric
primary care. Clin Pediatr (Phila). 2021, 60:452-8. 10.1177/00099228211039621

68. Bell-Aldeghi R, Gibrat B, Rapp T, et al.: Determinants of the cost-effectiveness of telemedicine: systematic
screening and quantitative analysis of the literature. Telemed J E Health. 2023, 29:1078-87.
10.1089/tmj.2022.0161

69. Scott Kruse C, Karem P, Shifflett K, Vegi L, Ravi K, Brooks M: Evaluating barriers to adopting telemedicine
worldwide: a systematic review. J Telemed Telecare. 2018, 24:4-12. 10.1177/1357633X16674087

70. Ryu S: Telemedicine: opportunities and developments in member states: report on the Second Global
Survey on eHealth 2009 (Global Observatory for eHealth Series, volume 2). Healthc Inform Res. 2012,
18:153-5. 10.4258/hir.2012.18.2.153

2023 Elder et al. Cureus 15(8): e43562. DOI 10.7759/cureus.43562 9 of 9

https://dx.doi.org/10.1007/s00268-009-0036-0
https://dx.doi.org/10.1016/j.soncn.2020.151090
https://dx.doi.org/10.1016/j.soncn.2020.151090
https://pubmed.ncbi.nlm.nih.gov/32674217/
https://dx.doi.org/10.1007/s11912-022-01332-x
https://dx.doi.org/10.1007/s11912-022-01332-x
https://dx.doi.org/10.1089/tmj.2007.0048
https://dx.doi.org/10.1089/tmj.2007.0048
https://dx.doi.org/10.1089/tmj.2014.0154
https://dx.doi.org/10.1089/tmj.2014.0154
https://dx.doi.org/10.1080/02841860802409520
https://dx.doi.org/10.1080/02841860802409520
https://dx.doi.org/10.1016/j.ijrobp.2008.02.079
https://dx.doi.org/10.1016/j.ijrobp.2008.02.079
https://dx.doi.org/10.1109/IEMBS.2008.4650374
https://dx.doi.org/10.1109/IEMBS.2008.4650374
https://dx.doi.org/10.2146/ajhp070610
https://dx.doi.org/10.2146/ajhp070610
https://dx.doi.org/10.1200/JCO.2006.06.4980
https://dx.doi.org/10.1200/JCO.2006.06.4980
https://dx.doi.org/10.1007/s00520-022-07044-z
https://dx.doi.org/10.1007/s00520-022-07044-z
https://dx.doi.org/10.1002/pbc.21444
https://dx.doi.org/10.1002/pbc.21444
https://dx.doi.org/10.1016/j.wneu.2020.05.140
https://dx.doi.org/10.1016/j.wneu.2020.05.140
https://dx.doi.org/10.1046/j.1525-1446.2000.00305.x
https://dx.doi.org/10.1046/j.1525-1446.2000.00305.x
https://dx.doi.org/10.1177/00099228211039621
https://dx.doi.org/10.1177/00099228211039621
https://dx.doi.org/10.1089/tmj.2022.0161
https://dx.doi.org/10.1089/tmj.2022.0161
https://dx.doi.org/10.1177/1357633X16674087
https://dx.doi.org/10.1177/1357633X16674087
https://dx.doi.org/10.4258/hir.2012.18.2.153
https://dx.doi.org/10.4258/hir.2012.18.2.153

	Teleoncology: Novel Approaches for Improving Cancer Care in North America
	Abstract
	Introduction And Background
	Introduction: disparities in health care
	Disparities in cancer care in North America

	Review
	Telemedicine
	TABLE 1: Various components of telemedicine

	Teleoncology
	Cost reduction and tele-follow-up
	TABLE 2: Examples of maldistribution of medical resources in North America

	Potential drawbacks

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


