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Abstract

Importance: Teleoncology—the use of telemedicine technologies in oncology—has emerged as
a critical tool in addressing cancer care disparities, particularly among rural, underserved,
and resource-limited populations. Despite growing adoption, comprehensive synthesis of its
implementation, barriers, and future directions remains limited.

Objective: To review the historical evolution, core applications, challenges, and future
directions of teleoncology, with emphasis on rural deployment, pharmaceutical industry
integration, and implications for equity-based cancer care delivery.

Evidence Review: A narrative review was conducted of literature published between January
2005 and March 2024 using PubMed, Scopus, WHO reports, ASCO resources, and policy
documents from oncology organizations and government health agencies. Included sources
comprised peer-reviewed studies, white papers, program evaluations, and regulatory
frameworks. Key themes were synthesized under domains including access to care, remote
treatment monitoring, decentralized trials, patient experience, infrastructure, and stakeholder
collaboration.

Findings: Teleoncology has evolved from early second-opinion consults to comprehensive
models including remote diagnosis, virtual tumor boards, remote chemotherapy supervision,
and digital navigation tools. Rural implementation in the United States has shown significant
benefits including reduced travel burden, improved time-to-treatment, and non-inferior
survival rates. Globally, countries such as Australia, India, and Kenya have adopted
teleoncology to extend services to remote areas. Major pharmaceutical companies now support
teleoncology-enabled decentralized clinical trials, Al-powered symptom tracking, and real-
world evidence generation. Key barriers to implementation include infrastructure deficits,
inconsistent reimbursement, regulatory misalignment, digital literacy gaps, and ethical
concerns about data use. Emerging hybrid care models, equity-centered platform design, and

global licensing frameworks are shaping the future landscape.
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Conclusions and Relevance: Teleoncology is redefining cancer care by enabling more equitable,
scalable, and digitally integrated delivery models. As healthcare systems transition to hybrid oncology
ecosystems, success will depend on coordinated policy reform, sustained infrastructure investment,
and cross-sector partnerships—including pharmaceutical and technology stakeholders. Future models
must ensure cultural responsiveness, digital inclusion, and long-term sustainability to fulfill the

promise of teleoncology in improving global cancer outcomes.

Implications for Practice and Policy

The expansion of teleoncology has profound implications for the future of cancer care delivery, particularly
in addressing geographic and socioeconomic disparities. For clinical practice, it enables oncologists to extend
their reach into rural and underserved communities, improving timely access to diagnosis, treatment, and
survivorship services. Adoption of virtual tumor boards, remote monitoring tools, and hybrid models allows
for continuity of care without compromising clinical outcomes—especially for patients with transportation,
mobility, or immunosuppression challenges.

For policymakers, teleoncology highlights the urgent need for standardized reimbursement, cross-state
licensure reforms, and investment in digital infrastructure, particularly broadband in rural areas. Equitable
access also requires attention to digital literacy programs, language services, and culturally tailored platforms.
Regulators and payers should support the integration of teleoncology into value-based oncology payment
models and national cancer control plans, ensuring sustainability beyond pilot initiatives.

Strategic alignment between healthcare systems, government agencies, and the pharmaceutical industry is
essential to scale teleoncology ethically and effectively. Its success will depend not just on technology, but on

policies that prioritize equity, interoperability, and long-term health system resilience.

Introduction

Cancer care delivery has traditionally relied on centralized tertiary or academic medical centers, resulting in
significant geographic and socioeconomic disparities in access to oncologic services. In the United States
alone, nearly 20% of the population resides in rural areas, yet fewer than 5% of oncologists practice in those
regions [1]. This maldistribution of the oncology workforce has led to documented delays in diagnosis, limited

participation in clinical trials, and worse survival outcomes for rural and underserved populations [2,3].
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Teleoncology—a subset of telemedicine specifically applied to cancer diagnosis, treatment planning, symptom
management, and follow-up—has emerged as a scalable, technology-enabled strategy to address these
inequities. It leverages digital communication tools to connect patients with remote oncologists, enable virtual
tumor boards, monitor chemotherapy toxicity, and conduct decentralized clinical trials [4].

The field of teleoncology evolved from early experiments in remote tumor board participation and second-
opinion consultations in the early 2000s to comprehensive virtual cancer care ecosystems. These include
secure telehealth platforms integrated with electronic health records (EHRs), artificial intelligence (Al)—
enabled triage systems, and digital pathology services [5,6]. The COVID-19 pandemic accelerated the
adoption of telemedicine in oncology, prompting temporary regulatory waivers, expanded reimbursement
from public and private payers, and rapid scaling of infrastructure [7].

As teleoncology becomes embedded in routine practice, it serves as a critical modality for reaching patients
in rural U.S. counties (65% of which lack a full-time oncologist) and in low-resource settings globally [8,9].
Moreover, it enables inclusive care models for populations that historically have had poor representation in
clinical trials, such as racial and ethnic minorities, the elderly, and geographically isolated groups [10].

This review explores the evolution of teleoncology, its core applications across the cancer care continuum,
regional implementation efforts, the role of pharmaceutical industry stakeholders, and future directions in

ensuring equitable, innovative cancer care delivery.

Historical Development of Teleoncology

The foundation of teleoncology dates back to general telemedicine innovations in the late 1990s and early
2000s. Initially, telemedicine was adopted for urgent care and specialist consultation in remote areas by
government agencies such as NASA and the Department of Defense. Oncology-specific applications emerged
as cancer centers sought to reach medically underserved populations in rural and frontier regions [11,12].

Early Phase (2000-2010):

In this period, teleoncology primarily involved:

« Second-opinion consultations via videoconferencing between tertiary centers and rural clinics.
« Virtual tumor boards, allowing collaborative review of patient cases across institutions.

« Telepathology, enabling digital transmission of histology slides for remote diagnostic input.

Programs such as the Queensland Teleoncology Program in Australia pioneered this model to deliver cancer
services to Indigenous communities [13]. In the U.S., academic hospitals began partnering with Veterans

Affairs (VA) and critical access hospitals to extend services [14].
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Growth Phase (2011-2019):

This era saw enhanced uptake due to:

* Broadband expansion and federal grants, especially in the U.S. through FCC’s Rural Health Care Program.
» Widespread adoption of electronic health records (EHRS), enabling remote access to labs, imaging, and
treatment plans [15].

« Structured clinical workflows, including local nurses or general physicians facilitating video consults with
offsite oncologists.

* Pilot programs, such as those in Alaska, Arizona, and Minnesota, which showed improvements in timely

care and patient satisfaction [16].

Studies from this period demonstrated that teleoncology was non-inferior to in-person visits for treatment
decisions, symptom management, and follow-up care, particularly when supported by well-trained local teams
[17].

COVID-19 Catalysis (2020-2022):

The COVID-19 pandemic acted as a systemic accelerant:

« CMS and other payers implemented temporary waivers allowing cross-state licensure and reimbursed tele-
oncology services at parity with in-person care [18].

« Rapid digital infrastructure deployment occurred across academic and private cancer centers.

« Virtual chemotherapy supervision protocols were developed, combining telemedicine visits with remote
toxicity monitoring and emergency triage pathways.

« Patient acceptance surged, with up to 87% of patients expressing satisfaction with virtual cancer visits for

follow-up, symptom checks, and survivorship care [19, 20].

Consolidation and Innovation (2023-Present):

Recent years have seen maturation of teleoncology infrastructure and more sophisticated applications:

« Integration of artificial intelligence (Al) in remote monitoring, predictive analytics, and digital navigation
tools [21].

 Pharmaceutical partnerships with oncology centers to deliver decentralized clinical trials using e-consent,
home visits, and courier-based drug delivery systems [22].

* Global adaptations, especially in low- and middle-income countries (LMICs), where teleoncology is being

used to support screening, triage, and follow-up for breast, cervical, and prostate cancer [23].
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Emerging innovations also include hybrid models combining asynchronous consultations, wearable devices,
and real-time alerts for early detection of complications. These tools are being piloted in rural U.S. states and

LMICs, signaling a more inclusive and sustainable oncology future [24].

Core Applications of Teleoncology

Teleoncology encompasses a broad spectrum of services beyond video consultations. Its applications are now
embedded across various stages of cancer care, including screening, diagnostics, treatment monitoring, clinical
trial participation, palliative support, and survivorship. These modalities are not only useful in rural areas but
also in urban underserved communities, post-disaster zones, correctional facilities, and low- and middle-
income countries (LMICs) [25].

1. Remote Consultations
Remote video consultations allow patients to engage with oncologists for diagnosis, treatment planning, and
follow-up without the need to travel to specialty centers. These consultations are typically conducted using
HIPAA-compliant telehealth platforms integrated with electronic health records (EHRS) [26].
Key benefits:

o Decreased patient travel costs and absenteeism from work [27]

o Shorter wait times for initial evaluation [28]

o Greater access to sub-specialists, including medical oncologists, radiation oncologists, and genetic

counselors

« Improved coordination between rural primary care physicians and academic centers [29]

A study from the U.S. Veterans Health Administration demonstrated that tele-oncology reduced time to

chemotherapy initiation by 26% in rural veterans with newly diagnosed cancer [30].

2. Virtual Tumor Boards
Multidisciplinary tumor boards (MTBs) are essential in developing consensus-based treatment plans. Virtual
MTBs enable participation by specialists across different institutions—especially helpful when expertise in
radiation oncology, pathology, or surgical oncology is not locally available [31].
Functionality includes:

o Collaborative review of imaging, histopathology, and genomics

o Shared decision-making with real-time input from tertiary and local providers

« Ability to include the patient or their local provider in the discussion [32]

Evidence shows that virtual MTBs reduce unnecessary transfers to tertiary centers and increase clinical trial
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enrollment rates by connecting patients with distant trial sites [33].

3. Remote Chemotherapy Monitoring and Symptom Management
Teleoncology supports safe chemotherapy administration in local facilities under virtual supervision. This
model is especially effective in rural areas, where trained nursing staff administer therapy while oncologists
monitor side effects, manage toxicities, and adjust treatment plans remotely [34].
Technologies used:

e ePRO (electronic patient-reported outcomes) platforms

o Al-assisted symptom triage systems

« Video check-ins before each chemotherapy cycle

e Wearables to track temperature, blood pressure, oxygen saturation, and fatigue patterns [35]
One program in rural Canada reduced emergency room visits related to chemotherapy toxicity by 37% using
telemonitoring tools [36].

4. Decentralized Clinical Trials (DCTSs)
Teleoncology is revolutionizing trial participation by removing geographic barriers. Pharmaceutical
companies and academic centers now leverage telehealth platforms to enroll patients remotely, deliver
investigational drugs to homes, and collect data virtually [37].
Features of tele-enabled DCTs:

o eConsent and remote eligibility screening

e Courier-based biosample collection

« Integration of wearable device data and remote lab monitoring

« Real-time adverse event reporting
The FDA reported a 42% increase in decentralized trial protocols in oncology since 2021, with higher

enrollment of rural and minority patients compared to conventional designs [38].

5. Psychosocial Support and Palliative Care
Teleoncology allows for the integration of mental health services, spiritual care, and palliative symptom
management in both early-stage and terminal cancer care [39].
Applications:
« Virtual counseling for depression, anxiety, and PTSD
« Remote symptom management (e.g., pain, nausea, constipation, breathlessness)

o Virtual family meetings and end-of-life planning
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o Bereavement support for caregivers
Studies show that virtual palliative care interventions result in higher patient satisfaction and reduced hospital

readmissions in the final 30 days of life [40,41].

Rural Implementation in the United States

The rural cancer care crisis in the U.S. is one of the most pressing equity issues in oncology. Approximately
60 million Americans live in rural areas, yet 65% of U.S. rural counties have no practicing oncologist, and
over 35% lack any type of subspecialist care [42,43]. These geographic disparities contribute to later-stage
diagnoses, lower participation in clinical trials, and higher cancer-related mortality [44].

Teleoncology provides a practical solution to these access gaps by enabling virtual oncology services, shared
care models, and local chemotherapy administration under remote supervision. Several federal and state-led
programs have piloted and scaled teleoncology interventions to support rural populations, especially in
Appalachia, the Midwest, and Native American tribal territories [45].

1. Key Outcomes Demonstrated in Rural Teleoncology Models
Multiple studies and pilot programs have confirmed tangible benefits of teleoncology in rural communities:

« Improved Time-to-Treatment: Patients receiving initial consultation via teleoncology had a 25-30%
reduction in time from diagnosis to treatment initiation compared to those referred for in-person
oncology [46].

e Reduced Travel Burden: Patients saved an average of 120-200 miles of travel per oncology visit,
significantly reducing absenteeism, cost, and caregiver strain [47].

o Improved Treatment Adherence: Studies in Montana and Kansas showed that remote follow-up via
teleoncology led to higher chemotherapy completion rates compared to patients without ongoing
specialist access [48].

e Survival Outcomes: A 2022 comparative analysis across six states found that rural cancer patients
engaged in structured teleoncology programs had non-inferior 2-year survival rates compared to

matched urban cohorts [49].

2. Regional Teleoncology Programs and Innovations
Several prominent programs highlight how teleoncology has been implemented at scale:
o Veterans Affairs (VA) National TeleOncology Program: Deployed across 33 rural VA sites, this model
combines remote oncologist staffing, nurse navigation, and EHR-integrated telehealth. VA reports

show over 12,000 virtual oncology visits were conducted in 2022 alone [50].
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Arizona Telemedicine Program (ATP): Leveraging academic-rural partnerships, ATP connects major
cancer centers with tribal health clinics in Navajo Nation, improving culturally sensitive cancer
education and follow-up [51].

Nebraska Virtual Oncology Clinics: Hybrid models utilize in-person oncology nurses and mid-level
providers at rural satellite clinics with remote oncologist supervision. This structure enabled
chemotherapy infusion at 22 rural hospitals, with zero grade >3 adverse events reported under remote

guidance [52].

3. Rural Patient Experience and Satisfaction

Beyond clinical metrics, rural patients report high satisfaction with teleoncology when services are designed

with empathy, continuity, and cultural awareness:

Patient Satisfaction Rates exceed 90% in structured teleoncology programs, especially when patients
can receive care at local facilities with known providers [53].

Trust Building: Teleoncology platforms that include local nurses or primary care providers during
remote visits foster trust and cultural compatibility, especially among Native American and Hispanic
communities [54].

Digital Divide Considerations: Successful rural teleoncology programs provide digital navigation
support, low-bandwidth platform options, and language translation services to accommodate older

adults, patients with limited literacy, or non-English speakers [55].

4. Challenges Unique to Rural Settings

While teleoncology has demonstrated strong outcomes, several persistent barriers remain in rural areas:

Category Challenge Description
Technological.  Limited broadband in some frontier regions; outdated hardware [56]
Clinical Support Shortage of trained infusion nurses and on-site diagnostic tools
Reimbursement  Inconsistent payer policies and lack of coverage for nurse co-visits
Infrastructure Small hospitals often lack private rooms or bandwidth for secure sessions

Cultural Barriers Mistrust of remote care models, especially among older or Indigenous patients

Addressing these requires policy coordination, stakeholder engagement, and equity-centered design in

platform development and service delivery [57].
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Global Perspectives on Teleoncology

Teleoncology is not only transforming care delivery in high-income countries (HICs), but it is also being
increasingly adopted in low- and middle-income countries (LMICs) to address cancer care access in regions
marked by oncologist scarcity, late-stage diagnosis, and fragmented referral systems. Innovations range from
government-led digital health strategies to non-governmental organization (NGO)-supported mobile units and

academic-global collaborations [58,59].

1. Australia: Teleoncology for Remote Indigenous Communities
Australia has been a global leader in rural teleoncology implementation. The Queensland Remote
Chemotherapy Supervision (QReCS) program is a flagship model that combines:
« Local chemotherapy administration by rural nurses
e Remote oncologist supervision via videoconferencing
« Standardized protocols for medication safety, escalation, and triage [60]
This model has demonstrated:
e 100% treatment completion in eligible patients
« High satisfaction among Aboriginal and Torres Strait Islander communities
» Reduced evacuation needs for cancer treatment [61]
Additionally, Australia’s Royal Flying Doctor Service now incorporates teleoncology support during routine

fly-in/fly-out service to extremely remote areas [62].

2. India: Urban—Rural Teleoncology Hubs
India faces a severe oncologist shortage, with some rural districts having 1 oncologist per >100,000 people.
The Tata Memorial Centre (TMC) in Mumbai has developed a hub-and-spoke model linking tertiary cancer
centers to community hospitals via:

« Virtual tumor boards in regional languages

o Remote follow-up of post-treatment cancer survivors

o Teleconsultation services for second opinions and genetic counseling [63]
One study showed that tele-oncology consultations reduced referral drop-off rates by 34% among rural Indian
patients [64].
Additionally, mobile telemedicine vans supported by NGOs like Sankara Nethralaya and Apollo Hospitals

offer breast, cervical, and oral cancer screening services with cloud-based diagnostics [65].
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3. Africa: NGO-Driven and Cross-Border Initiatives
In Sub-Saharan Africa, the lack of radiation therapy facilities and medical oncologists presents major barriers.
Teleoncology efforts here are often NGO-driven, and coordinated with academic partners from Europe or
North America.
Key programs include:
o Project ECHO Africa Oncology: Trains rural healthcare workers via case-based video sessions
(ECHO: Extension for Community Healthcare Outcomes) [66]
e ASCO International Cancer Corps: Implements telepathology and remote consultations with local
teams in Rwanda, Tanzania, and Ethiopia [67]
e South Africa’s eHealth Cancer Portal: Integrates Al-enhanced remote diagnostics and a patient

tracking dashboard for rural cancer patients [68]

Barriers such as intermittent internet, language diversity, and limited diagnostic imaging are addressed through

offline-first apps and solar-powered equipment.

4. Middle East and North Africa (MENA): Fragmented but Emerging
In the MENA region, teleoncology development is uneven but gaining momentum:
o United Arab Emirates and Saudi Arabia have introduced teleoncology pathways integrated with
government health platforms (e.g., Seha in UAE, Mawid in KSA) to support rural cancer follow-up
[69]
e Lebanon’s American University of Beirut Medical Center (AUBMC) connects oncology experts with
hospitals in Syria and Iraq, providing virtual tumor boards and refugee cancer care [70]
e In North Africa, Moroccan and Egyptian oncology units have partnered with French institutions to
provide remote radiation planning and dosimetry consultations [71]
However, barriers include fragmented regulatory frameworks, inconsistent reimbursement, and limited

availability of cloud-based PACS (Picture Archiving and Communication Systems).

5. Latin America: Hybrid and Mobile Models
In countries like Brazil, Colombia, and Mexico, teleoncology models include:
o Public-private partnerships such as Hospital Israelita Albert Einstein’s telemedicine center, offering
teleradiology, telepathology, and virtual MDTs [72]
e Brazil’s Mobile Oncology Units, equipped with cytology labs, mammography, and chemotherapy

chairs, are staffed by rotating teams connected to central hubs [73]
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e In Mexico, the National Telemedicine Network supports remote chemotherapy protocol validation and
second opinions from the Instituto Nacional de Cancerologia (INCan) [74]
Teleoncology in Latin America often uses hybrid models—combining mobile services, asynchronous

diagnostics (store-and-forward), and synchronous video for medical decision-making.

6. Cross-Cutting Global Challenges and Enablers

Challenge Examples and Solutions
Connectivity Offline-enabled platforms, mobile LTE routers, cloud-lite systems [75]
Language

o Use of community health workers and multilingual Al interfaces [76]
Diversity

Licensing & Policy WHO and ITU calling for global harmonization of telehealth regulations [77]

Workforce Task-sharing with nurse navigators, community health workers, virtual tumor board

Shortage observers [78]
Funding Gaps NGO-grant consortia, digital health funds from World Bank and USAID [79]

Teleoncology’s success in global health hinges on scalable infrastructure, sociocultural integration, and

regional ownership of digital oncology models.

Barriers to Implementation

Despite its promising benefits, the implementation and scalability of teleoncology are impeded by a complex
mix of system-level, infrastructural, clinical, and patient-related barriers. These challenges differ significantly
between high-income countries (HICs) and low- and middle-income countries (LMICs), and require

multifaceted, stakeholder-informed strategies to overcome [80].

1. Technological Barriers
« Insufficient Broadband Access: In many rural or remote areas (e.g., Appalachia in the U.S., and parts
of Sub-Saharan Africa), stable internet connectivity is limited, especially for real-time video platforms
[81].
o Outdated Hardware and Lack of Interoperability: Many community hospitals or clinics use legacy

systems that do not integrate with modern oncology-specific electronic health records (EHRS) or
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imaging platforms [82].

o Cybersecurity and Data Privacy Concerns: With the increasing use of cloud-based platforms and
remote diagnostics, concerns about HIPAA compliance, data breaches, and GDPR regulations in
Europe remain pressing issues [83].

Example: A 2022 survey of rural U.S. health facilities found that 42% lacked adequate infrastructure to support
two-way encrypted video telehealth at scale [84].

2. Regulatory and Legal Barriers
o Cross-State and Cross-Border Licensure: In the U.S., many oncologists are limited to providing care
only in states where they are licensed, making multi-state teleoncology programs legally complex [85].
« Reimbursement Inconsistencies: Reimbursement policies vary widely across public and private payers.
Medicare coverage for tele-oncology was temporarily expanded during COVID-19, but long-term
parity is still uncertain in some jurisdictions [86].
o Medical Liability: In many regions, liability laws remain unclear about who is responsible in remote
supervision models (e.g., the tele-oncologist vs. the local nurse administering chemotherapy) [87].
Solution Model: The Interstate Medical Licensure Compact in the U.S. and WHO/ITU recommendations on

international telehealth policy frameworks are aiming to harmonize licensure and legal standards [88].

3. Clinical and Workflow Barriers
o Lack of Physical Examination: Certain aspects of cancer care (e.g., lymphadenopathy assessment, port
site checks) require in-person evaluations, which are difficult to replicate virtually without trained
onsite personnel [89].
e Inconsistent Local Support: Teleoncology depends on the availability of trained local staff (e.g.,
oncology nurses, lab techs), which may not be present in frontier or underfunded hospitals [90].
« Diagnostic Imaging and Lab Access: Sites without CT/MRI, pathology, or real-time labs limit the
feasibility of remote consults and monitoring, especially for new diagnoses [91].
Mitigation: Hybrid models combining initial in-person workups with virtual follow-up have been used

effectively in Nebraska and Ontario [92].

4. Patient-Related Barriers
« Digital Literacy: Older adults, low-income individuals, and non-English speakers often struggle with

telehealth interfaces. Even when internet access is available, the usability gap remains high [93].
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o Language and Cultural Mismatch: Mistrust of remote care and discomfort with technology are more
prevalent among underserved ethnic minorities and immigrant populations [94].
o Physical and Cognitive Impairment: Many cancer patients suffer from fatigue, chemo-brain, or
vision/hearing issues, making self-navigation through virtual platforms difficult [95].
Solutions: Incorporating digital navigators, bilingual support staff, and simplified interfaces has improved

teleoncology uptake in such populations [96].

5. Financial and Sustainability Barriers

o Upfront Costs: The cost of setting up teleoncology platforms, licensing software, training staff, and
securing devices often exceeds the operational budgets of small clinics or rural hospitals [97].

« Sustainability After Grant Funding: Many teleoncology programs are launched with seed grants or
pilot funding, but lack long-term reimbursement strategies or cost-effectiveness analyses to ensure
continuity [98].

Example: A Canadian study showed that while startup costs for rural teleoncology clinics averaged $72,000,
per-patient savings reached $1,300 within 18 months—highlighting the need for long-term investment logic
[99].

6. Structural and Policy-Level Barriers
o Fragmented Health Systems: In LMICs and even some U.S. states, teleoncology implementation is
hindered by fragmented data infrastructure, siloed procurement systems, and lack of national cancer
control strategies [100].
o Lack of National Guidelines: Few countries have oncology-specific telehealth policies addressing

safety protocols, escalation algorithms, or equity metrics [101].

Recommendation: National health systems must align cancer control programs with digital health strategies

and include teleoncology in universal health coverage plans [102].

Pharmaceutical Company Involvement in Teleoncology

As the global cancer burden grows and health systems evolve toward hybrid and decentralized models,
pharmaceutical companies have recognized teleoncology as both a strategic opportunity and a necessity for
clinical research, patient access, and value-based care. Pharma’s role has expanded beyond drug development
to include investments in digital infrastructure, patient support systems, and remote trial capabilities that align

with real-world clinical workflows [103].
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1. Infrastructure Development and Technology Partnerships
Pharmaceutical firms have partnered with health systems, startups, and technology providers to co-develop
teleoncology platforms or fund their deployment in under-resourced areas.
o Examples include:
o Pfizer’s collaboration with the American Cancer Society and Flatiron Health to expand EHR -
integrated teleoncology in community settings.
o Novartis Foundation’s teleoncology initiative in Ghana and Kenya, deploying remote
consultation tools and nurse navigation systems [104].
o Core contributions:
o Funding for digital platforms and hardware (tablets, broadband routers)
o Training grants for rural providers and telehealth onboarding

o Integration of oncology-specific clinical decision support tools

A 2023 report by McKinsey & Co. projected that pharma investment in digital oncology platforms will exceed
$4.5 billion USD globally by 2026 [105].

2. Decentralized Clinical Trials (DCTs)
Teleoncology enables Decentralized Clinical Trials (DCTs) by overcoming geographical and logistic barriers
to trial participation—critical for improving diversity, enrollment, and speed of execution.
e Teleoncology-enabled DCT elements include:
o eConsent and remote screening via secure video platforms
o Courier delivery of investigational products and sample collection kits
o Virtual site visits, lab monitoring, and symptom reporting via apps or wearables
o Home-based nurse visits, especially in Phase 23 trials
o Key sponsors: Roche, Bristol Myers Squibb, and AstraZeneca have adopted DCT frameworks using

tele-oncology for immunotherapy and targeted therapy studies [106].

According to the FDA, over 40% of newly approved oncology trial protocols in 2023 incorporated at least one
decentralized element [107].

3. Digital Patient Navigation and Therapeutic Support Tools

Pharma-sponsored platforms now include digital navigation tools that assist patients in symptom tracking,
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medication adherence, appointment reminders, and access to virtual nurse chatbots.
e Tools include:
o Al-driven symptom checkers that provide real-time triage recommendations and escalate
critical cases to oncologists
o Mobile apps for oral chemotherapy adherence, developed in partnership with academic centers
o Interactive educational content, particularly in oncology indications with high patient burden

like breast, lung, and colorectal cancer [108]

A Novartis-led pilot showed that patients using their oncology digital support app had a 17% improvement in

medication adherence and a 25% reduction in ER visits compared to standard care [109].

4. Real-World Data (RWD) and Evidence (RWE) Generation
Teleoncology creates novel pathways for real-world data (RWD) collection through wearable integration,
home-based diagnostics, and digital questionnaires—allowing pharma to track drug effectiveness and toxicity
in everyday settings.
o Benefits for pharma include:
o Post-marketing surveillance via remote symptom tracking and wearable data
o Inclusion of underrepresented populations (e.g., rural, minority) in observational studies
o Adaptive trial models, using RWE to inform protocol refinements in real time [110]
« Companies are increasingly integrating tele-oncology datasets with real-world evidence platforms such
as Flatiron Health (acquired by Roche), Verily (Google), and Tempus [111].

Roche’s integrated RWE program using teleoncology tools enrolled over 22,000 cancer patients from non-

urban areas between 2021 and 2023, generating actionable data on response and tolerability trends [112].

5. Ethical and Commercial Considerations
While the integration of pharma in teleoncology is promising, it also raises questions regarding data
ownership, conflict of interest, and digital equity:
Concerns:
o Risk of preferential digital tools for patients on company-sponsored drugs
o Consent clarity when digital tools collect clinical trial or biometric data

o Access disparities if tools are tied to specific geographies or insurance plans
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Guidelines from the International Society for Pharmacoepidemiology (ISPE) and TransCelerate BioPharma

emphasize ethical integration of digital tools with transparency and patient control of data sharing [113].

Future Directions in Teleoncology

The future of teleoncology lies at the intersection of technological advancement, policy reform, equity-
centered design, and interdisciplinary collaboration. As cancer care becomes increasingly decentralized and
digitally enabled, teleoncology is positioned not only to expand access but also to redefine the quality,

efficiency, and inclusivity of oncology services worldwide.

1. Al-Enabled Remote Monitoring and Predictive Analytics
Artificial intelligence (Al) is rapidly transforming remote care by enabling:
« Early detection of toxicity or deterioration through predictive models trained on remote monitoring
data
« Natural language processing (NLP) to triage patient messages and e-symptom reports

o Computer vision to assess rashes, wounds, or movement disorders via smartphone cameras [114]

Wearables (e.g., smartwatches, biosensors) integrated with oncology platforms can track:
o Vital signs (HR, BP, O: saturation)
o Sleep and activity levels

e Chemotherapy-induced neuropathy or fatigue patterns

A multicenter study using Al-linked remote monitoring found 30% earlier detection of grade 2+ toxicities and

a 42% reduction in unplanned hospitalizations [115].

2. Equity-Centered and Inclusive Design
Ensuring that teleoncology addresses disparities—rather than amplifying them—requires:
e Language access tools, including real-time interpreters and multilingual apps
« Digital navigators to support older adults, low-literacy users, and persons with disabilities
e Asynchronous options (store-and-forward) for low-bandwidth or digitally underserved communities
[116]
Community partnerships, culturally tailored content, and locally co-designed solutions are essential to ensure

teleoncology is not a “one-size-fits-all” approach.
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The Digital Equity Oncology Framework by ASCO recommends equity audits, rural broadband investment,

and demographic data tracking to ensure inclusion in virtual care models [117].

3. Standardized Global Policy Frameworks
To harmonize the teleoncology landscape across regions and stakeholders, future efforts must prioritize:
« Unified licensure models (e.g., Interstate Medical Licensure Compact in the U.S., regional recognition
in EU/GCC)
« Reimbursement parity laws for telehealth across private and public payers

o Cross-border data-sharing agreements to enable secure, interoperable oncology records [118]

WHO and ITU are developing a global policy framework for telemedicine, and the International Agency for
Research on Cancer (IARC) advocates for teleoncology integration in national cancer control plans by 2030
[119].

4. Hybrid Models of Cancer Care Delivery
The future model is neither fully virtual nor fully in-person, but a hybrid approach optimized for efficiency,
personalization, and safety:

« Initial diagnostic and staging evaluations performed in person

o Treatment planning and follow-up conducted virtually when appropriate

e Home chemotherapy programs with remote supervision and nurse visits

« Mobile health vans or rural hubs serving as physical points of contact [120]

Studies have shown that hybrid care models can maintain clinical outcomes equivalent to traditional care,

while improving convenience and patient satisfaction by 35%-45% [121].

5. Interdisciplinary Ecosystems and Oncology Learning Networks
Future teleoncology success requires seamless collaboration between:
o Clinicians, pharmacists, IT teams, and patient navigators
e Academia, pharma, public health, and tech sectors
o Cross-sector learning collaboratives (e.g., Project ECHO Oncology, ASCO’s Teleoncology Resource
Center)
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Cloud-based oncology learning networks will foster:
o Virtual continuing medical education (CME)
« Multisite tumor boards and peer consultation
o Open-source datasets for Al development in oncology care [122]

6. Personalized Digital Oncology and Value-Based Integration

Teleoncology will evolve from being a tool of access to a precision care platform, incorporating:
e Genomic data and molecular profiling into remote consults
« Value-based oncology bundles reimbursed across hybrid delivery

« Personalized treatment plans updated via patient-reported outcomes (PROs) and wearable metrics

Organizations like Flatiron Health and Tempus are combining genomic-EHR-teleoncology data ecosystems,

enabling real-time personalized cancer care remotely [123].

Conclusions

Teleoncology stands at the forefront of reimagining cancer care—shifting it from fragmented, geographically
bound services to an interconnected, equitable, and digitally optimized ecosystem. The integration of Al tools,
wearable monitoring, and hybrid care models holds the promise of enhancing patient safety, adherence, and
clinical outcomes. Global adoption, however, will depend on sustained investment in digital infrastructure,
regulatory harmonization, equitable reimbursement models, and ethical partnerships across stakeholders
including governments, academic institutions, technology companies, and the pharmaceutical industry.
Teleoncology is no longer an emergency workaround but an enduring pillar in the global cancer care

continuum.
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