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Abstract

Purpose of Review The purpose of this review is to describe the current state of telemedicine within neuro-oncology. This
article will address the development of tele-neuro-oncology over time with a focus on current use and applications of tel-
emedicine within the field. Current modalities and practical considerations for tele-neuro-oncology visits and opportunities
for growth will be highlighted.

Recent Findings The use of telemedicine has expanded significantly during the COVID-19 pandemic, particularly within
neuro-oncology. The use of telemedicine is widely accepted by neuro-oncologic patients and providers and continues to
expand in utilization and scope. The use of tele-neuro-oncology is expected to develop further with opportunities for mul-
tidisciplinary and integrated care, clinical trials, research, and education.

Summary Telemedicine provides a unique, patient-centered approach to neuro-oncologic care. Telehealth will remain a

valuable tool, and its use and role are expected to expand within neuro-oncology.
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Introduction

Telemedicine is defined the remote diagnosis, treatment, and
management of patients through the use of communication
technologies and electronic information [1]. A telemedicine
encounter typically occurs using a secure telephone or video
conferencing platform when patients and providers are sepa-
rated by distance. The use of telemedicine has grown over
the past decade across multiple medical specialties, initially
as a means of addressing geographic and social barriers to
healthcare and improving access to subspeciality care [2, 3].

Within medical oncology, telemedicine has been used to
facilitate multidisciplinary care, access second opinions, and
expand healthcare access for patients with rare tumor types [4,
5]. Telehealth has been utilized for nearly two decades to pro-
vide care for neurologic patients and has evolved significantly
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since its initial use for acute stroke management [6]. Today,
the use of telemedicine has expanded across most clinical
neurologic subspecialties and has been shown to be feasible
and satisfactory for patients and providers alike [8—10].

Prior to the COVID-19 pandemic, limited published data
existed regarding the use and experience of telemedicine
within the field of neuro-oncology. The COVID-19 pan-
demic beginning in 2020 resulted in rapid expansion of tel-
ehealth across the globe. In this new era of physical distanc-
ing, telemedicine has proven to be a useful tool for providing
high-quality clinical care while limiting patients’ exposure
and physical touchpoints within a healthcare system [11].

This review article will address the current state of tel-
ehealth within neuro-oncology and its expansion during
the COVID-19 pandemic. The delivery of telehealth and
clinical considerations of tele-neuro-oncologic visits will be
discussed in addition to the benefits, limitations, and oppor-
tunities for growth of this technology.

Delivery of Telemedicine
Tele-neuro-oncologic care should be delivered over a secure

and HIPPA-compliant telephone connection or video con-
ferencing platform. Virtual visits are treated with the same
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degree of professionalism, security, and privacy as in-per-
son evaluations. Providing clear instructions and training to
clinical and administrative staff and patients is imperative to
ensure a successful telehealth visit. For patients with cogni-
tive or visual impairment, the addition of a patient support
person should be considered. All telemedicine encounters
should begin with obtaining patient consent for the visit.
For children with brain tumors, a caregiver or legal rep-
resentative should provide consent and be present for the
duration of the visit. All telemedicine encounters should be
documented within the appropriate patient record.

Video encounters are considered the gold standard and
recommended for direct audio-visual communication and
patient evaluation. Video encounters have several advan-
tages over telephone visits when evaluating a patient with
neuro-oncologic disease. A neurologic exam can be feasibly
and accurately completed during a video visit, with some
limitations such as examination of reflexes or sensation.
Skill and mastery of the virtual neurologic examination by
clinicians are necessary [12e]. Systemic findings such as
oral candidiasis, lower extremity edema, and skin lesions
can also successfully be assessed using a video encounter
[13]. A video encounter also allows for the clinician to share
their screen to review neuroimaging and laboratory results
with patients [14ee]. Importantly, during a video encounter,
providers are able to witness patients' function, move, and
ambulate within their home environments. Virtual consent
for cancer therapies, genetic testing, or clinical trials may
also be obtained during the video encounter and should be
clearly recorded in the patient’s medical record [15]. Policies
regarding obtaining virtual consent for treatment or research
vary by institution, and local guidance should be followed.

Telephone encounters are also used in telemedicine and
may be appropriate for certain patients when visual evalu-
ation and neurologic examination are not absolutely neces-
sary or when technologic or connectivity issues preclude
the use of video conferencing. Video encounters have been
shown to be barriers to care for older patients and those
with limited Internet accesss [16]. Telephone encounters
may be suitable for stable patients such as long-term brain
tumor survivors, those with low-grade or benign lesions,
stable neurologic complications of cancer (such as chemo-
therapy induced neuropathy), or those with mild symp-
toms. Telephone encounters may also be used for urgent
evaluation if a video or in-person visit is not feasible in a
timely manner [17].

Benefits of Tele-neuro-oncology
The use of telemedicine has many benefits for neuro-

oncologic patients. First and foremost, telehealth allows
for patients to be physically and geographically distanced
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from their providers. Often this results in providing care
within a patient’s own home. Many neuro-oncology cent-
ers are located within urban areas that may be difficult
for patients to access due to distance and resources. Tel-
emedicine removes the need for long-distance travel for
some patients which improves access to specialized neuro-
oncologic care, particularly for patients in regions without
established neuro-oncology providers. This also creates
opportunities for expedited second opinion consultations,
which may occur at centers outside of a patient’s home
city or state and are not always feasible with traditional
in-person Visits.

Additionally, many patients with neuro-oncologic dis-
eases have cognitive or neurologic symptoms that limit
their ability to travel for in-person clinical care. Patients
at high risk of treatment toxicities, such as older patients,
may benefit from increased frequency of telemedicine vis-
its for clinical assessment and toxicity monitoring [18].
For at-risk patient populations, longitudinal monitoring
using telehealth may allow for improved symptom man-
agement and earlier detection of toxicities or disease pro-
gression. Additionally, telemedicine visits can often be
coordinated more quickly than in-person visits, allowing
for expedited evaluation and management of new or pro-
gressive symptoms.

Another advantage of virtual visits is the ability to
have multiple members of a patient’s family or support
network be present during the visit. This can be par-
ticularly useful for patients with memory and cognitive
deficits, where information obtained from the patient
may be limited. Additionally, the presence of key car-
egivers ensures accurate information is received from
the clinician, communication is streamlined, and that
concerns from all parties are appropriately addressed.
This enhanced communication helps to build trust with
the medical team and allows for expedited evaluation of
patient and family concerns.

Telemedicine in medical oncology has been success-
ful in expanding access to additional services including
genetic counselling, survivorship care, palliative care,
and support services [19, 20]. Virtual visits allow for
multiple specialty consultations, often in a timelier fash-
ion than in-person visits, due to decreased constraints
by clinic scheduling and availability. Enhanced services
provided via telemedicine may also include speech ther-
apy, physical therapy, and integrated and lifestyle coun-
selling. Additionally, providers are able to share and
review images and documents with patients in real time
during the visit which may improve communication and
enhance patient education. This is particularly useful
when completing patient education regarding medica-
tions and cancer therapies and when reviewing consent
for clinical trials.
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Limitations and Potential Risks
of Tele-neuro-oncology

While telemedicine has many advantages, there are limi-
tations and potential barriers to more widespread use and
implementation. The primary barriers to telehealth are tech-
nology specific including issues with connectivity, commu-
nication devices, and the technologic proficiency of users
[21]. Telehealth requires training, technological skill, and
proficiency in the use of virtual conferencing platforms
for medical staff, clinicians, and patient alike. Appropri-
ate resources, training, and familiarity with workflows are
necessary for clinical staff to properly create and execute
virtual encounters. Additionally, staff and clinicians should
be trained on technical troubleshooting for common con-
nectivity issues to assist patients in real time during a tel-
emedicine visit. Virtual conferencing platforms should be
secure, easy to use, cost-effective, and integrated with the
electronic medical record [22, 23]. Patients should receive
clear instructions and guidelines on the appropriate use of
virtual platforms. Patients with lower technology literacy
such as some older patients, those with language barriers,
lower levels of education, and cognitive impairment may
require additional support prior to a telemedicine visit [24].

Equitable access and distribution of telehealth services
must also be considered. Telehealth services may not be
accessible for patients who lack access to affordable or reli-
able broadband Internet or communication devices [25].
Some clinicians and practices may not have the resources
or infrastructure to support costly audiovisual equipment,
computer software, and staff required for telehealth. Addi-
tionally, some institutions may have internal policies that do
not support or encourage the use of telemedicine.

During the COVID-19 pandemic, reimbursement for tele-
medicine service was supported by Medicare, Medicaid, and
most health insurance companies. This coverage extended to
both video and telephone encounters, although reimburse-
ment for telephone encounters has been limited [26]. As the
public health emergency evolves, coverage and reimburse-
ment for telemedicine is expected to change. Governmental
policies supporting the continued use and expansion of tel-
emedicine services will play a key role in determining the
future of telehealth. Competitive rates for telemedicine vis-
its are needed for flexibility and sustainability of healthcare
systems [27]. The integration of telehealth services within
neuro-oncology will also depend on local, institutional, and
state guidelines.

A frequent criticism of telemedicine is the impact it may
have on the patient-clinician relationship. Studies across
multiple specialties have demonstrated that telehealth visits
are at least equivalent for patient and provider satisfaction
when compared to in-person visits [28—30]. Additional care

should be taken by providers having difficult conversations
or providing bad news. Lastly, not all aspects of a compre-
hensive neurologic or physical exam can be adequately com-
pleted over video. Patients with new or unexplained symp-
toms which require a detailed examination or diagnostic
examination maneuvers that cannot be completed via video
should be evaluated in-person.

Future Directions for Tele-neuro-oncology

Telemedicine presents an opportunity to evolve the way in
which clinical and supportive care, research including clini-
cal trials, and education are delivered. Multidisciplinary care
is paramount for neuro-oncologic patients, often involving
providers from neurosurgery, radiation oncology, medical
oncology, neurologic subspecialties, and palliative care.
Advanced practice providers, nurses, social workers, and
support staff are also key members of the patient care team.
As oncologic patients become more complex, care teams
will grow in number and specialty and may include pallia-
tive care, genetics, psychiatry, or mental health providers
and others. The use of an online video conferencing plat-
form provides the opportunity for simultaneous or sequential
care by multiple clinicians and members of the care team.
This allows for streamlined multidisciplinary care in real
time without the constraints of provider schedules, physical
clinic space, or geography. Multidisciplinary virtual visits
provide patients the ability to have a robust discussion about
their care, limit the cost and resources required for multiple
in-person specialist appointments, and help to build trust
and consensus. From a provider standpoint, multidiscipli-
nary visits allow for real-time discussion and development
of a treatment plan with colleagues, ideally leading to more
expedited patient care and management. These multidisci-
plinary visits may be of particular importance for advanced
care planning, complex patients, those with rare tumor types
and patients near the end of life.

Patient and provider education is another opportunity for
telemedicine. Telemedicine has been successfully used to
provide patient education and peer support for patients with
various medical conditions [31-33]. The use of a virtual
format is conducive for broad brain tumor—specific educa-
tion of multiple patients simultaneously from geographically
disparate locations. Facilitated group sessions also allow for
patients and caregivers with similar diagnoses to learn from
and support each other, fostering a sense of community.
These patient-centered forums present a unique opportu-
nity to highlight specific programs, ongoing research, and
clinical trials.

Additionally, multidisciplinary discussion may be pro-
vided in a virtual tumor board setting which allows mul-
tiple providers to discuss the diagnosis, treatment, and
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management of patients with brain tumors, regardless of
their geographic location [34]. Tumor boards are an essen-
tial component of comprehensive oncologic care and require
the presence and input of clinicians from multiple specialties
[35]. The virtual format allows for the expansion of the local
tumor board and may include regional or national experts
and may lead to improved attendance and timely discussion
by clinicians due to reduced travel time [36]. Virtual tumors
boards allow for bypassing of geographic barriers, which
may access to neuro-oncologic care, and for collaboration
with other neuro-oncologic providers in the region. Addi-
tion of other providers may also raise awareness for new
technologies, treatments, and clinical trials.

Integration of telehealth within clinical trials represents a
significant opportunity for the advancement of neuro-onco-
logic research. In a field where treatment options are limited
and outcomes for most primary brain tumors remain poor,
enrollment of patients on clinical trials is paramount [37].
In addition to patient- and tumor-specific factors, socioeco-
nomic factors such as employment status, level of education,
and treatment facility location have been shown to influence
enrollment onto glioblastoma clinical trials [38]. Addition-
ally, older patients with brain tumors have been historically
underrepresented on interventional clinical trials [39e].

Currently, most primary brain tumor clinical trials are
located at major brain tumor programs in urban centers.
The geographic location of these centers alone may prohibit
study enrollment for rural and low socioeconomic status
patients and those unable to drive due to neurologic deficits
[40e]. Telemedicine provides an opportunity for patients
to receive information and screening for clinical trials at
brain tumor programs around the country. This tool also
allows centers to potentially increase enrollment on studies
as the number of potential subjects increases. Some study
visits may be able to be safely completed via telemedicine,
decreasing the burden on patients and potentially decreas-
ing study cost. The development of appropriate criteria and
clinical assessments for virtual study encounters are needed
for telemedicine to further develop within the field.

Conclusion

The COVID-19 pandemic has catalyzed the use of telemedi-
cine which has significant implications for the care of neuro-
oncologic patients. Virtual clinical, specialized, and multi-
disciplinary care can feasibly be provided for this patient
population. Through video conferencing, providers can com-
plete a neurologic examination, evaluate treatment toxicities,
review and share imaging to assess treatment response and
provide patient education and supportive care interventions,
while involving additional members of the patient’s fam-
ily and care team. The use of telemedicine is expected to
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grow as patients and providers become more accustomed
to this technology and provides an opportunity to increase
access to subspecialty neuro-oncologic care. Clinical trials
represent a major utilization for telehealth as a means of
decreasing the burden associated with travelling for clini-
cal trials while improving access to research and potentially
impacting enrollment on studies. Thoughtful consideration
and support from clinicians, study sponsors, regulatory
agencies, and payers is needed for virtual neuro-oncologic
care to evolve to fit the needs of patients and the field.
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