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Abstract

Background: Oncology telemedicine was implemented rapidly after COVID-19.
We examined multilevel correlates and outcomes of telemedicine use for patients
undergoing radiotherapy (RT) for cancer.

Methods: Upon implementation of a telemedicine platform at a comprehensive
cancer center, we analyzed 468 consecutive patient RT courses from March 16,
2020 to June 1, 2020. Patients were categorized as using telemedicine during >1
weekly oncologist visits versus in-person oncologist management only. Temporal
trends were evaluated with Cochran-Armitage tests; chi-squared test and multi-
level multivariable logistic models identified correlates of use and outcomes.
Results: Overall, 33% used telemedicine versus 67% in-person only oncologist
management. Temporal trends (pyepg < 0.001) correlated with policy changes:
uptake was rapid after local social-distancing restrictions, reaching peak use (35%
of visits) within 4 weeks of implementation. Use declined to 15% after national
“Opening Up America Again” guidelines. In the multilevel model, patients more
likely to use telemedicine were White non-Hispanic versus Black or Hispanic
(odds ratio [OR] = 2.20, 95% confidence interval [CI| 1.03-4.72; p = 0.04) or re-
ceiving >6 fractions of RT versus 1-5 fractions (OR = 4.49, 95% CI 2.29-8.80;
p < 0.001). Model intraclass correlation coefficient demonstrated 43% utilization
variation was physician-level driven. Treatment toxicities and 30-day emergency
visits or unplanned hospitalizations did not differ for patients using versus not
using telemedicine (p > 0.05, all comparisons).

Conclusion: Though toxicities were similar with telemedicine oncology man-
agement, there remained lower uptake among non-White patients. Continuing
strategies for oncology telemedicine implementation should address multilevel
patient, physician, and policy factors to optimize telemedicine's potential to
surmount—and not exacerbate—barriers to quality cancer care.
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1 | INTRODUCTION

The COVID-19 pandemic profoundly altered patterns of
in-person cancer care delivery. Given the vulnerability
of cancer patients to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and higher risks of serious
illness, hospitalization, and death,! use of telemedicine
platforms to deliver oncology care increased rapidly to
provide continuity of care while minimizing the risk of
cancer patients' exposure to COVID-19.”> The movement
toward virtual care was particularly marked in the ra-
diation oncology care delivery setting, since radiation
oncology care is characterized by a high density of in-
person interactions during acute treatment. A typical
radiotherapy (RT) course consists of daily treatments
lasting <1-7 weeks; until the COVID-19 pandemic, a
treatment course was also standardly accompanied
by weekly in-person visits with radiation oncologists
to manage treatment toxicities. As a result of the pan-
demic, in-person visits for many oncology practices
began to shift to virtual care.

Accordingly, analysis of radiation oncology care deliv-
ery in the peri-pandemic era now represents a distinctly
rich, high-density data source on oncology telemedicine
patient-provider visits that is useful for examining varia-
tions in telemedicine uptake and for informing ongoing
efforts to refine practice, especially given that oncology
telemedicine is forecasted for wide use, even beyond the
pandemic.’™® These data are also critical for early assess-
ment of whether remote management during treatment
increases the risk of acute treatment-related toxicity.

Although several early pandemic studies surveying
oncology physicians and patients suggested that telemed-
icine was associated with high levels of user satisfaction,
increased efficiency, and improved continuity of care,”
other studies also identified potential drawbacks—Ilimited
physical examinations, patient perceptions of lower qual-
ity of care, and lack of patient access to or comfort with
the technologies.B"16 Thus, it remains to be seen whether
future iterations of cancer telemedicine technologies and
practice will effectively and strategically leverage its po-
tential strengths to improve access to and equity in cancer
care delivery—or whether its limitations may perpetuate
disparities in care delivery.

An evidence gap remains regarding the patterns and
predictors of oncology telemedicine uptake and its ef-
fects on clinical outcomes.'” Data from prior studies of
use of molecular testing and enrollment on clinical trials

have demonstrated significant variation in their uptake,
driven by both patient and physician characteristics.'®
Variation and disparities in cancer care delivery have been
correlated with both patient and physician characteris-
tics,"** as well as poorer outcomes for vulnerable socio-
demographic groups (minority race/ethnicity, female, and
the elderly) such as guideline-discordant care and higher
mortality.zl’22 Therefore, in the face of telemedicine ex-
pansion in cancer care, evaluation of the initial variation
in and outcomes of oncology telemedicine use is neces-
sary to facilitate understanding of telemedicine’s potential
limitations and barriers to dissemination, facilitators of its
future applications, and opportunities to broaden its equi-
table access.

We therefore sought to analyze patterns, correlates,
and clinical outcomes associated with implementation
of physician telemedicine visits during treatment for a
cohort of consecutive patients treated in our large, aca-
demic radiation oncology practice upon first implementa-
tion, activated by the COVID-19 pandemic. Our objectives
were to (1) identify temporal trends in telemedicine use,
benchmarked by key policy changes over the study period,
(2) identify variations in telemedicine uptake and assess
correlations with patient and physician characteristics,
and (3) examine whether the use of telemedicine versus
in-person care increased the risks of acute adverse clinical
outcomes, including treatment toxicity, emergency care
use, and 30-day hospitalization rates.

2 | METHODS

This retrospective cohort study (protocol # PA19-0352)
was approved by the institutional review board, and the
need for informed consent was waived.*

2.1 | Studysample

We identified 468 consecutive complete RT courses in 461
unique patients at our institution from March 16 through
June 1, 2020. For the seven patients who had more than
one course during the study period, these separate courses
were considered independent analytic units, as they were,
for example, separated by time or managed by different
physicians. Each unit for analysis was considered an in-
dependent event in the primary analysis. In a sensitivity
analysis, only the first event for the 461 unique patients
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was included. Patients with any cancer disease site, stage,
treatment intent (palliative or curative), and treatment
site who were treated at the main academic center or four
regional community satellite practices were included. The
start date of the study reflected the date of the institu-
tion's implementation of an interactive audiovisual visit
telemedicine platform for managing radiation oncology
clinical care visits.**

All patients had one or more weekly management visits
during their course of RT, during which a board-certified
radiation oncologist evaluated the patient. Information
documented during weekly management visits included,
as applicable, grading of toxicities during treatment ac-
cording to Radiation Therapy Oncology Group (RTOG)*
and Common Terminology Criteria for Adverse Events
(CTCAE) v4.0% criteria and formulation of an overall
assessment and plan including management of clinical
toxicities.

2.2 | Covariates

Patient covariates included demographic, insurance, dis-
ease, and treatment characteristics and were abstracted
from the electronic medical records. Race and ethnicity
were based on patients’ self-reported race and ethnicity in
their electronic medical record in accordance with guide-
lines set forth in the 11th edition of the American Medical
Association Manual of Style.”” Distance between treat-
ment facility and home was calculated based on patients'
reported home address. Physician demographic covari-
ates, including self-reported race and ethnicity, were ob-
tained from publicly available data from the state Medical
Board.*®

2.3 | Outcomes

For the first and second study objective, the outcome was
use of telemedicine, dichotomized as use versus no use,
during the treatment course. Patients were considered
to have used telemedicine if they had had at least one
weekly visit with a physician during the entire course of
treatment, as opposed to not using telemedicine but hav-
ing all weekly physician visits in-person. For the third ob-
jective, the outcomes included: (1) occurrence and grade
of CTCAE physician-graded toxicities during the active
RT treatment delivery period; (2) emergency room visit
within 30 days of the last date of RT in the course; and
(3) unplanned hospitalization within 30 days of the last
date of RT (elective hospitalizations, e.g., for a planned
curative tumor resection, were excluded from this event
definition).

2.4 | Statistical analysis

The Cochran-Armitage test was used to analyze tem-
poral trends in telemedicine use. Univariable asso-
ciations of patient-level and physician-level covariates
with telemedicine use were tested with the chi-squared
test for categorical covariates and Wilcoxon rank-sum
or Kruskal-Wallis tests for continuous variables. A
multilevel multivariable logistic model using random
intercept, with patients (level 1) clustered within physi-
cians (level 2), identified the association of patient- and
physician-level characteristics with telemedicine use. A
residual intraclass correlation coefficient was calculated
to evaluate the strength of the cluster of relationships
to characterize the impact of physician-level variation
on outcomes. For this multivariate model, patient race
and ethnicity were categorized as White non-Hispanic
versus Black non-Hispanic or any Hispanic ethnicity
versus all other based on univariate distributions. Based
on univariate distributions and collapsing categories in
which the absolute count of physicians was <10 in a cat-
egory (to ensure anonymity), physician race, and eth-
nicity were categorized as White non-Hispanic versus
Asian versus all other.

Univariate CTCAE toxicities during RT, 30-day emer-
gency visits, and 30-day unplanned hospitalization fre-
quencies by telemedicine use category were compared
using the chi-squared test and multivariable associations
using logistic models. p values were two-sided. The thresh-
old of 0.05 was used to determine statistical significance.
Statistical analyses were performed using SAS v. 9.4 and
Stata Version 16.0 (StataCorp).

3 | RESULTS

3.1 | Uptake

Telemedicine was used as a component of 33% of patient
treatment courses (n = 155 of 468) whereas in-person only
oncologist management was used in 67% (n = 313). The roll-
ing proportion of weekly clinical appointment visits where
telemedicine was used (of the total number of visits by
week) over time is displayed in Figure 1. Significant tempo-
ral changes were noted in telemedicine use (pPyeng < 0.001).
Initial implementation across the oncology care center oc-
curred after being enabled by the Centers for Medicare &
Medicaid Services (CMS) rule on March 6, 2020 for tem-
porary payment for telemedicine services with the same
amount as for in-person care, followed by national expan-
sion under the Coronavirus Preparedness and Response
Supplemental Appropriations Act. Use of telemedicine
rose rapidly after its initial implementation, correlating
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FIGURE 1 Telemedicine use daily and as a proportion of total weekly physician visits, with key national, state, and local policy events

during the study period

temporally with the issuances of a county stay-at-home
order and state social-distancing restrictions, county and
state disaster declarations, and national Centers for Disease
Control and Prevention (CDC) distancing guidelines.
Telemedicine use peaked at 35% of total visits in the fourth
week after implementation. After this, the telemedicine
visit proportion declined, coinciding with release of US
national guidelines from the White House, “Opening Up
America Again,” on April 16, 2020.%° Telemedicine use was
at its nadir, 15%, during the last week of the study period.

3.2 | Patient and physician
characteristics

Patient, disease, treatment, and treating physician charac-
teristics are shown in Table S1. Median patient age at treat-
ment was 64 years (interquartile range [IQR] 52-72 years).
Patient sex was approximately evenly split between male
and female. The most commonly represented patient races/
ethnicities were non-Hispanic White (71%), any Hispanic
ethnicity (13%), and non-Hispanic Black (9%). The most
commonly treated primary disease sites were lung and tho-
rax (17%), breast (16%), and gastrointestinal (15%). Most
patients were treated with non-palliative intent. Nearly
half of patients received five or fewer daily treatments (RT
“fractions”). Most patients (52%) reported a home address
within 75 miles of their treatment facility. Of 64 treating
physicians, median age was 45 years (IQR 42-53 years);
53% were male; 41% were white non-Hispanic, and 31%

were Asian. On a per-physician basis, the median propor-
tion of each physician's visits managed by telemedicine was
18% (range 0%-100%; IQR 0%-38%).

3.3 | Multilevel correlates of
telemedicine use

Univariate patient-level correlates of telemedicine use are
displayed in Table 1. No differences in use were found
by patient age, sex, or distance to treatment facility.
When frequency of telemedicine use was compared for
White non-Hispanic patients versus others, White non-
Hispanics were more likely to have used telemedicine
than non-White patients (p = 0.04). Use of telemedicine
also varied by disease site (p < 0.001), with patients with
lung or other thoracic cancers, gastrointestinal cancers,
or head and neck cancers most likely to use telemedicine.
Patients treated with longer radiation courses were also
more likely to use telemedicine (p = 0.006).

The multivariable multilevel model identifying patient
and physician characteristics associated with telemedicine
use is shown in Table 2. The patient-level demographic
factors of age, sex, primary insurance payer, and distance
to treatment facility were not significantly associated with
telemedicine use. However, non-Hispanic White patients
remained more likely than Black or Hispanic patients to
use telemedicine (odds ratio [OR] = 2.20, 95% confidence
interval [CI] 1.03-4.72, p = 0.04). Patients undergoing
longer-duration courses (>6 fractions) also remained more
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Using telemedicine Not using telemedicine

Characteristic N =155 N =313 p-value
Age (years)
Median (IQR) 64 (53, 71) 64 (52, 72) 0.66
Sex
Female 71 (46%) 168 (54%) 0.11
Male 84 (54%) 145 (46%)
Race and ethnicity
White non-Hispanic 120 (77%) 213 (68%) 0.17
Black non-Hispanic 11 (7%) 33(11%)
Any Hispanic 14 (9%) 45 (14%)
Other 10 (6%) 22 (7%)
Primary insurance
Non-Medicare 88 172 0.09
Medicare 67 141

Distance to treatment facility

<25 miles 43 (28%) 101 (32%) 0.28
25-50 miles 22 (14%) 55 (18%)
50-75 miles 7 (5%) 13 (4%)
75-150 miles 18 (12%) 33 (11%)
150-500 miles 41 (26%) 58 (19%)
500-5000 miles 22 (14%) 40 (13%)
International 2(1%) 13 (4%)
Primary cancer site
Breast 12 (8%) 65 (21%) <0.001
Central nervous system 8 (5%) 3(1%)
Connective and soft tissue 2 (1%) 16 (5%)
Esophagus 3(2%) 2 (1%)
Other gastrointestinal 24 (15%) 44 (14%)
Genitourinary 15 (10%) 42 (13%)
Gynecologic 4 (3%) 8 (2%)
Head and neck 24 (15%) 26 (8%)
Hematologic 11 (7%) 40 (13%)
Lung and thorax 40 (26%) 40 (13%)
Skin 4 (3%) 12 (4%)
Other® 8 (5%) 15 (5%)
Treatment for disease recurrence
No 133 (86%) 265 (85%) 0.74
Yes 22 (14%) 48 (15%)
Treatment goal
Non-Palliative 102 (66%) 184 (59%) 0.14
Palliative 53 (34%) 129 (41%)
Number of radiotherapy fractions
1-5 60 (39%) 164 (52%) 0.005
6+ 95 (61%) 149 (48%)

Abbreviations: IQR, interquartile range.

“Includes adrenal gland, bone, neuroendocrine, non-cancer, retroperitoneum and peritoneum, and
unspecified.

Significant p-values are highlighted in bold.

TABLE 1 Patient characteristics
correlated with use of telemedicine for
weekly physician management visits
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TABLE 2 Multilevel model for patient and physician

characteristics associated with use of cancer telemedicine visits

OR
Patient level
Age 1.00
Sex
Female (Reference)
Male 1.25

Race and ethnicity

White non-Hispanic  (Reference)

Black or Hispanic 0.46

Other 0.66
Primary insurance

Non-medicare (Reference)

Medicare 0.72

Distance to treatment facility

<25 miles (Reference)
25-50 miles 0.68
50-75 miles 1.58
75-150 miles 0.70
150-500 miles 1.19
500-5000 miles 0.63
International 0.12

Primary cancer site

Lung and Thorax (Reference)
Breast 0.64
Central nervous 5.33

system

Connective and soft 0.57

tissue

Esophagus 0.43

Other gastrointestinal 1.71

Genitourinary 1.24

Gynecologic 3.25

Head and neck 5.89

Hematologic 6.15

Skin 2.88

Other® 0.76
Treatment for disease recurrence

No (Reference)

Yes 0.53
Treatment goal

Non-palliative (Reference)

Palliative 0.76

Number of radiotherapy fractions
1-5 (Reference)
6+ 4.49

95% CI

0.97-1.02

0.63-2.47

0.21-0.98
0.20-2.14

0.32-1.63

0.28-1.67
0.31-8.04
0.26-1.91
0.53-2.64
0.24-1.62
0.01-1.06

0.13-3.32
0.53-53.79

0.06-5.52

0.04-4.92
0.41-7.15
0.28-5.44
0.40-26.65
1.34-25.80
0.77-49.00
0.40-20.78
0.15-3.77

0.23-1.24

0.40-1.45

2.29-8.80

p-value

0.69

0.52

0.04
0.48

0.42

0.39
0.58
0.48
0.67
0.34
0.06
0.14

0.59
0.15

0.63

0.49
0.46
0.78
0.27
0.02
0.09
0.29
0.73

0.14

0.40

<0.001

Open Access.

TABLE 2 (Continued)

OR 95% CI p-value
Physician level
Age 1.02 0.94-1.10 0.68
Sex
Female (Reference)
Male 1.89 0.51-7.07 0.34

Race and ethnicity
White non-Hispanic  (Reference)
Asian 7.50 1.58-35.56 0.01
Other” 0.84 0.16-4.47 0.83

Abbreviations: CI, confidence interval; OR, odds ratio.

“Includes adrenal gland, bone, neuroendocrine, non-cancer,
retroperitoneum and peritoneum, and unspecified.

®Includes ethnicity or race categories with counts <10.
Significant p-values are highlighted in bold.

likely than those treated with 1-5 fractions to use telemed-
icine (OR = 4.49, 95% CI 2.29-8.80, p < 0.001). Differences
in telemedicine use by disease site were not significant
after covariate adjustment.

The model intraclass correlation coefficient demon-
strated that 43% of the variation in use was physician-level
driven. There was significant variation in the patterns of
telemedicine use by physician (p = 0.0005). However, of
the known physician-level characteristics, neither physi-
cian age nor sex were associated with telemedicine use.
Even after adjusting for patient and physician level co-
variates, Asian physicians were more likely (OR = 7.50,
95% CI 1.58-35.56, p = 0.01) than White non-Hispanic
physicians to use a telemedicine visit. In a sensitivity
analysis, when the multilevel modeling included the 461
unique patients undergoing first courses of RT within the
study period, results remained similar. Specifically, non-
Hispanic White patient race/ethnicity (OR = 2.15, 95% CI
1.00-4.61, p = 0.05), patients undergoing >6 fractions of
RT (OR = 4.50, 95% CI 2.29-8.86, p < 0.0001), and Asian
physician race/ethnicity (OR = 7.05, 95% CI 1.49-33.43,
p = 0.01) remained associated with telemedicine use.

3.4 | Clinical outcomes: Toxicities and
adverse events

No differences were found in the frequency of acute RT
toxicities, patient-reported pain, emergency room vis-
its within 30 days, or unplanned hospitalizations within
30 days for patients who were managed using any tele-
medicine versus patients managed using in-person physi-
cian visits only (Table 3). In multivariable logistic models,
telemedicine use was not a predictor of the combined
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Using telemedicine
N =155 N =313
Acute radiotherapy toxicity®
Grade 1 108 (70%) 208 (66%)
Grade 2 44 (28%) 70 (22%)
Grade 3 4 (3%) 8 (3%)
Emergency room visit® 18 (12%) 23 (7%)
Unplanned 16 (10%) 21 (7%)
hospitalizaltionb

Not using telemedicine

TABLE 3 Frequency of adverse events

I by telemedicine use

0.48
0.15
0.99
0.12
0.17

*Per Common Terminology Criteria for Adverse Events (CTCAE) v4.0 and Radiation Therapy Oncology

Group (RTOG) toxicity grading for acute radiation effects.
PWithin 30 days of radiotherapy.

outcome of any emergency room visit or unplanned hos-
pitalization within 30 days (OR = 1.47, 95% CI 0.73-2.98,
p = 0.28). The only significant predictor of emergency visit
or unplanned hospitalization was treatment with pallia-
tive intent (Table S2).

4 | DISCUSSION
In this cohort of cancer patients, we identified that mul-
tilevel factors impacted early uptake and use of oncol-
ogy telemedicine for weekly physician visits for radiation
oncology care. Temporal patterns of initial uptake and
eventual decrease in telemedicine use followed bench-
mark local, state, and national policies influencing health
insurance payment for telehealth-based care as well as
COVID-19 disease mitigation and management. At the
patient level, the only clinical factor that remained a sta-
tistically significant correlate of telemedicine use was
length of treatment. Longer treatment courses, which by
definition required more weekly physician visits, likely of-
fered more opportunities for patients and physician to opt
for at least one telemedicine-based visit. The sole patient
demographic factor that remained a correlate of a higher
likelihood of telemedicine use was non-Hispanic White
race/ethnicity, compared with significantly lower uptake
among Black and Hispanic patients. Non-Hispanic White
physicians, however, were less likely to use telemedicine.
Notably, patients who used telemedicine did not
demonstrate a statistically significant increase in the
frequency acute treatment-related toxicities, emergency
room visits, or unplanned hospitalizations. Despite ini-
tial concern that oncology telemedicine might result in
lower quality care,® these early outcomes data provide
initial reassurance of telemedicine's potential for effec-
tiveness as a modality to support high-quality cancer care
delivery, although evaluation of long-term patient out-
comes is needed. Evolving iterations of oncology telemed-
icine practices may continue to strengthen the clinical

outcomes achievable with this approach by improving
the incorporation of patient-reported outcomes, wear-
able data, and deeper user engagement, such as coaching
support to improve use of and comfort with the necessary
technology.*’** Provision of high-quality care may also
be facilitated by the development of expert guidelines re-
garding how to select appropriate patients for telemedi-
cine, such as those described in the recently published
American Society of Clinical Oncology Standards and
Practice Recommendations.*®

It is not known whether the observed differences in
this study in racial and ethnic patient- and physician-level
variations in use represent disparities in care delivery,
that is, a disadvantage in the care for minority patients.
Variations could represent intentional patient preferences
or needs. Unlike quality benchmarked practices in oncol-
ogy such as use of guideline-concordant care, the optimal
selection criteria for telemedicine care in cancer patients
are still undefined. For example, a survey study of 56 can-
cer patients showed that 88% were satisfied with virtual
visits overall, but 27% of patients receiving radiation were
dissatisfied with virtual on-treatment visits, a proportion
significantly greater than patients dissatisfied by virtual
new patient visits (6%) or follow-up visits (0%)."" A pilot
study of a telemedicine platform for the first appointment
after RT completion revealed 86% patient satisfaction and
82% physician confidence in assessments of treatment-
related toxicity (though less so for skin toxicity specific to
breast radiation).** A survey of radiation oncologists re-
ported that 71% saw at least no difference in their ability to
treat cancer appropriately via telemedicine visits versus in-
person visits, with 16% reporting potential improvement
in overall visit quality with telemedicine. Nevertheless,
the conclusion in that study was that 5%-30% of cancer
patients may still be better suited for in-person physi-
cian evaluations to optimize treatment recommendations
and planning.’ Findings from a survey by the National
Comprehensive Cancer Network Electronic Health
Record Oncology Advisory Group demonstrate provider
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confidence that a substantial fraction of visits for cancer
patients could be effectively and safely conducted using
telemedicine.'® Although patients and physicians have re-
ported the belief that telemedicine could increase safety
and convenience during the COVID-19 pandemic, authors
have also raised the consideration that certain subgroups,
such as patients with impaired senses or cognition, those
for whom physical examination could substantially alter
management, those for whom sensitive discussions are
needed, and those without access to smartphones and
broadband internet may nevertheless prefer in-person vis-
its.>>738 Still unknown, however, is how social and demo-
graphic patient characteristics may modify an individual's
comparative benefit from virtual versus in-person visits.
Given our study's findings that telemedicine use in on-
cology could vary by key factors such as race, additional
studies on variations in patient-reported benefits of tele-
medicine by sociodemographic factors may be needed.
Inequity as a possible contributor to racial and eth-
nic variation in telemedicine use in this study cannot be
ignored. Racial, ethnic, and socioeconomic disparities
continue to have adverse effects in cancer care, despite
considerable research on variation in quality of care, pol-
icy changes to promote access to care, and ongoing efforts
to improve cultural competence of the workforce.* These
early findings prompt the question whether rapid imple-
mentation of telemedicine in the COVID-19 setting may
reflect the socioeconomic inequalities in health under-
scored by the pandemic in the United States.* A recent
analysis of claims data from a large commercial insurer
examined patients with newly diagnosed cancer at the
start of the pandemic. This study showed that patients in
the highest quartile of a socioeconomic index were 31%
more likely to utilize telemedicine when compared with
those in the lowest quartile.* Although telemedicine is a
novel potential pathway for accessing cancer care, it is not
universally accessible, and patient factors such as literacy,
familiarity with technology, or access to resources such as
mobile devices and wireless connections may represent
barriers to telemedicine access in disadvantaged pop-
ulations.*? Our finding that 43% of the variation in tele-
medicine use patterns was driven by the physicians also
emphasizes the importance of engaging providers, care
teams, and health systems in understanding and directly
addressing potential inequities in telemedicine access.*>*
In the current study, Asian race among physicians was
strongly associated with telemedicine use, even after ad-
justment for physician factors, such as age and gender,
and adjustment for factors clustered by physician, such as
disease site specialty and treatment facility location. The
underlying mechanism for racial differences by physician
in use of telemedicine result is unclear. Possible physician-
level characteristics that may need to be explored in future
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studies include other detailed confounding factors such as
training and technological expertise. Because factors un-
derlying racial variation in physician uptake of telemedi-
cine have not been defined to date, barriers and facilitators
of telemedicine use from the oncologist perspective also
need to be identified.

Lower use of audiovisual telemedicine visits was not
identified among older patients in our sample compared
with younger patients. A recent study by Stevens et al. of
a general patient sample showed that older patients were
more likely to use telehealth in visits during the early
COVID-19 pandemic, though in that study, they were less
likely to use video technology than younger patients.*
Caregivers are frequently present for cancer patients and
may be an important support for helping older patients to
use telemedicine.

This study has limitations to consider. Analysis of the
multilevel correlates of use in radiation oncology may
not be directly translatable to other types of oncology
care such as surgery, chemotherapy, or stem cell trans-
plants and will require additional validation in these
other settings. Patient income and education were not
available covariates in this retrospective analysis, and
these variables may need additional investigation as
potential mediators of racial/ethnic differences in use.
Emergency visits and unplanned hospitalizations out-
side the authors’ institution and its affiliated practices
were not captured, which may have resulted in underes-
timation of these events, and thus additional validation
of clinical outcomes after telemedicine use, including
longer-term outcomes, is needed. In addition, results of
the current study are not intended to guide the prospec-
tive selection of patients best suited for telemedicine in
an oncology setting. Physician characteristics available
in this study were relatively limited. Additional studies
exploring such detailed physician-level data are needed
to better understand mechanisms of physician telemedi-
cine practice patterns in the oncology setting. Moreover,
multi-site analyses will be needed in order to include a
wider spectrum of physicians and physician practice pat-
terns and validate findings.

5 | CONCLUSION

We found that patient, physician, and policy factors influ-
enced uptake and use of oncology telemedicine in a radia-
tion oncology care delivery setting, but patterns of use were
relatively highly physician-driven. Given a lack of clinical
outcomes data to date on use of telemedicine for cancer
care, the results of this study are reassuring in demonstrat-
ing that telemedicine use for weekly physician management
visits was associated with similar profiles of acute clinical
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toxicities and adverse outcomes to those seen for physi-
cian management delivered solely in-person. Nevertheless,
given the lower uptake of telemedicine among non-White
patients, additional study is needed to characterize over-
arching patterns of variation in oncology telemedicine
access across cancer populations, especially medically
underserved and socioeconomically vulnerable groups.
Continuing implementation strategies should address the
influential multilevel predictors of telemedicine use to op-
timize the potential for this technology to surmount—and
not exacerbate—barriers to quality cancer care.
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