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Abstract
Purpose: Our purpose was to determine the utilization of and barriers to implementation of radiopharmaceutical therapy (RPT)
among U.S. radiation oncologists.
Methods and Materials: An anonymous, voluntary 21-item survey directed toward attending radiation oncologists was distributed
via social media platforms (Twitter, LinkedIn, Facebook, Student Doctor Network). Questions assessed practice characteristics, specific
RPT prescribing patterns, RPT prescribing interest, and perceived barriers to RPT implementation. Nonparametric x2 test was used for
correlation statistics.
Results: Of the 142 respondents, 131 (92.3%) practiced in the United States and were included for this analysis. Respondents were well
balanced in terms of practicing region, population size served, practice setting, and years in practice. Forty-eight percent (n = 63) reported
prescribing at least 1 RPT. An additional 7% (n = 8) participate in RPT administration without billing themselves. Among those that
actively prescribed RPT, the mean cumulative cases per month was 4.2 (range, 1-5). The most commonly prescribed radionuclides were
radium-223 (40%; mean 2.8 cases/mo), iodine-131 (18%; mean 2.3 cases/mo), yttrium-90 (13%; mean 3.4 cases/mo), “other” (8%),
samarium-153 (6%; mean 1.0 cases/mo), and strontrium-89 and phosphorous-32 (2% each; mean 1.8 and 0.4 cases/mo, respectively). Of
those who answered “other,” lutetium-177 dotatate was most commonly prescribed (8%). No significant (P < .05) association was noted
between practice type, practice location, years of practice, or practice volume with utilization of any RPTs. Most radiation oncologists (56%,
n = 74) responded they would like to actively prescribe more RPT, although 27% (n = 35) were indifferent, and 17% (n = 22) said they
would not like to prescribe more RPT. Perceived barriers to implementation were varied but broadly categorized into treatment
infrastructure (44%, n = 57), interspecialty relations (41%, n = 53), lack of training (23%, n = 30), and financial considerations (16%,
n = 21).
Conclusions: Among surveyed U.S. radiation oncologists, a significant number reported prescribing at least 1 RPT. The majority
expressed interest in prescribing additional RPT. Wide-ranging barriers to implementation exist, most commonly interspecialty
Sources of support: This work had no specific funding.
Disclosures: none.
Research data are stored in an institutional repository and will be

shared upon request to the corresponding author.

*Corresponding author: Mudit Chowdhary, MD; E-mai
mchowdharymd@gmail.com

1 U.K. and I.H.C. contributed equally to this work.

https://doi.org/10.1016/j.adro.2021.100827
2452-1094/© 2021 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article unde
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
l:

r

http://crossmark.crossref.org/dialog/?doi=10.1016/j.adro.2021.100827&domain=pdf
mailto:mchowdharymd@gmail.com
https://doi.org/10.1016/j.adro.2021.100827
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.adro.2021.100827


2 U. Shukla et al Advances in Radiation Oncology: September−October 2022
relations, treatment infrastructure, lack of training, and financial considerations.
© 2021 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Radiopharmaceutical therapy (RPT) is a growing
branch of cancer treatment with several agents in clinical
use,1 new agents in phase 3 clinical trials,2 and many other
agents under development. Radiation oncologists (ROs)
are specifically trained and certified to administer thera-
peutic radiation in the form of external beam radiation
therapy (EBRT), brachytherapy, and RPTs; however, over
the past 2 decades the field has dramatically shifted
toward delivering EBRT.3

Becoming too dependent on a single modality has
potential implications on the overall health of the spe-
cialty,4 particularly as nationwide trends show a decrease
in EBRT utilization rates.5 A recent American Society of
Radiation Oncology (ASTRO) study showed an increas-
ing desire among ROs to expand their scope of practice,
particularly with RPTs.6

Currently, there are limited data on RPT usage among
domestic ROs. Therefore, we designed this survey to
assess overall and specific RPT prescribing patterns, inter-
est in expanding RPT usage, and barriers to RPT imple-
mentation among domestic ROs.
Methods and Materials
Survey design

An anonymous, Internet-based (REDCap) survey was
developed to assess RPT usage among practicing ROs.
The survey contained a total of 21 items and was divided
into 4 domains: (1) demographics, (2) specific RPT pre-
scribing patterns, (3) interest levels in expanding scope of
practice with RPTs, and (4) perceived barriers to such
expansion (Supplemental File 1). Questions focused on
commonly used RPTs as well as those that are included as
part of Accreditation Counsel for Graduate Medical Edu-
cation RO residency case requirements: iodine-131,
radium-223, yttrium-90, samarium-153, strontrium-89,
phosphorous-32, and “others.”
Participants and survey distribution

Practicing attending ROs were eligible for this survey.
For this analysis, we focused only on domestic respond-
ents. The survey was distributed via social media plat-
forms: Twitter, LinkedIn, Facebook, and Student Doctor
Network. Three authors (U.S., I.C., M.C.) created original
promotional posts with a trackable link to the survey.7

These posts were then “shared” by the remaining study
authors to reach a wider audience. Responses were col-
lected from February 2, 2021, to August 29, 2021. The sur-
vey was voluntary, participants remained anonymous,
and responses were confidential.
Statistical analysis

Descriptive statistics were generated for categorical
and numeric variables. Nonparametric x2 testing and
logistic regression were used for correlation statistics. An
alpha < 0.5 was considered significant for 2-sided P val-
ues. Statistical analysis was performed with Stata 16 soft-
ware (StataCorp, 2019; Stata Statistical Software: Release
16; StataCorp LLC, College Station, TX).
Results
We received a total of 142 survey responses, of which
131 were from domestic attending ROs. Respondent demo-
graphics are available in Table 1. Years in practice was
evenly distributed with 32% (n = 42) of attendings in prac-
tice >10 years, 22% (n = 29) 6 to 10 years, 22% (n = 29) 3
to 5 years, and 24% (n = 31) 0 to 2 years. Practice type
included academic-main site among 41% (n = 54), aca-
demic-satellite in 17% (n = 22), and private practice/other
in 42% (n = 55) of attendings. Forty-six percent (n = 60)
of attendings served populations of >500,000, 22%
(n = 29) between 200 to 500,000, 21% (n = 28) between
100 to 200,000, and 11% (n = 14) <100,000.

Forty-eight percent (n = 63) reported prescribing at
least 1 RPT. An additional 16% (n = 21) participate in
RPT administration without billing. Among those that
actively prescribed RPT, the mean cumulative cases per
month was 4.2 (range, 1-34). Figure 1 shows specific RPT
prescribing patterns: radium-223 (40%; mean 2.3 cases/
mo), iodine-131 (18%; mean 2.3 cases/mo), yttrium-90
(13%; mean 3.4 cases/mo), “other” (8%), samarium-153
(6%; mean 1.1 cases/mo), and strontium-89 and phospho-
rous-32 (2% each; mean 1.8 and 0.4 cases/mo, respec-
tively). Of those who answered “other,” all 11 respondents
prescribed lutetium-177 dotatate. No significant (P < .05)
association was noted between practice type, practice
location, years of practice, or practice volume with utiliza-
tion of any RPT.

The majority (56%, n = 74) of respondents stated they
would like to actively prescribe more RPTs, and 27%
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Table 1 Survey respondent demographics

Characteristics
All respondents
(n = 131)

Years in practice -
0-2 24% (n = 31)
3-5 22% (n = 29)
6-10 22% (n = 29)
>10 32% (n = 42)

Practice type
Academic medical center-main site 41% (n = 54)
Academic medical center-satellite site 17% (n = 22)
Private practice 34% (n = 44)
Other 8% (n = 11)

Practice region -
Northeast 34% (n = 44)
Midwest 21% (n = 28)
South 30% (n = 39)
West 15% (n = 20)

Population served
<100,000 11% (n = 14)
>100,000-200,000 21% (n = 28)
>200,000-500,000 22% (n = 29)
>500,000 46% (n = 60)
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(n = 35) were indifferent and 17% (n = 22) were not inter-
ested (Fig 2). Perceived barriers to implementation were
varied (Fig 3), but broadly categorized into treatment
infrastructure (44%, n = 57), interspecialty relations (41%,
n = 53), lack of training (23%, n = 30), and financial con-
siderations (16%, n = 21).
Fig. 1 Specific radiopharmace
Discussion
In this study, almost half (48%) of survey respondents
reported prescribing at least 1 RPT, most commonly
radium-223, iodine-131, or ytrrium-90. The cumulative
mean number of monthly cases was 4.2 (range, 1-34).
The majority (56%) of respondents wanted to actively
prescribe more RPT; however, many barriers to imple-
mentation were identified, most notably treatment infra-
structure, interspecialty relations, lack of training, and
financial considerations. To our knowledge, this is the
first study to specifically evaluate overall and RPT subtype
(ie, radium-223, etc) usage, as well as to quantify monthly
RPT usage, among domestic ROs.

Our results build upon the recently published ASTRO
scope of practice survey,6 which demonstrated that 31%
of ROs prescribed RPTs/theranostics. They found ROs in
private practice and nonacademic hospital settings were
more likely to prescribe RPTs compared with those in
academic settings (P < .001 and P = .0023, respectively).
In addition, generalist ROs were more likely to prescribe
RPTs compared with subspecialists (P = .019). Among
early career ROs, there was significant desire for expand-
ing scope of practice with RPTs. In this study, we also
found numerically higher RPT prescribing rates (56% vs
42%) and prescribing interest (60% vs 54%) among non-
academic ROs, though no differences were seen based on
number of years in independent practice. Notably, the
ASTRO survey was unable to assess specific RPT utiliza-
tion as in our study.
utical prescribing patterns.



Fig. 2 Interest in prescribing more radiopharmaceuticals.
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Treatment infrastructure and financial considerations
were identified as significant barriers to RPT utilization
among ROs. With many RPTs, the “cold” targeting mole-
cule is centrally manufactured while the radionuclides are
formulated for individual patients around the time of
administration within so-called “hot” labs of nuclear med-
icine.8 Without significant RPT treatment volumes, many
Fig. 3 Word cloud of perceived barri
RO departments are unable to invest the high financial
capital needed to develop their own infrastructure. Addi-
tionally, current U.S. nuclear medicine policy requires
RPTs to be administered in the inpatient setting where
costs are much higher, posing another significant financial
restriction.9 Cooperation with the pharmaceutical indus-
try may present an avenue to overcoming some of these
ers to radiopharmaceutical usage.
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barriers. Indeed, the increase in approved RPTs10 as well
as the 2017 acquisition of a large nuclear medicine phar-
maceutical company (Advanced Accelerator Applica-
tions) by the oncology giant Novartis for $3.9 billion,
suggests that there may be burgeoning industry interest in
RPT.11

Another identified common barrier to RPT use was
interspecialty relations. There is no 1 dominant user of
RPT in the United States, which can lead to confusion
and challenges with referral patterns. Recently, the Ameri-
can College of Radiology, American College of Nuclear
Medicine, ASTRO, and Society of Nuclear Medicine and
Molecular Imaging updated their collaborative practice
parameter for RPTs, in which they stressed close coopera-
tion and communication to maximize its efficacious and
safe use.12 Building upon this work, the Theranostic
Working Group of ASTRO created a framework for
patient-centered pathways of care for RPT.13 They
emphasized unique skillsets that ROs can provide, such as
pre- and post-RPT treatment planning. RPT treatment
planning14 allows for more accurate dose delivery as well
as potential integration with EBRT, for example, in hepa-
tocellular carcinoma cases receiving both yittrium-90 and
stereotactic body radiation therapy. In the past, the lack
of availability of standard treatment planning methods
and software systems has been an impediment to RPT
treatment planning; however, recent joint efforts to create
mathematical formalism for RPT dosimetry between
National Cancer Institute, Imaging and Radiation Oncol-
ogy Core Services, and the dosimetry software company
may help overcome this barrier.14,15

We identified lack of RPT training among ROs as a
major barrier in both our survey and the ASTRO Scope of
Practice Survey. Historically, enthusiasm for RPT within
RO has waxed and waned. In 2003, ASTRO developed the
Systemic Targeted Radionuclide Therapy initiative, aimed
to stimulate clinical interest and research in RPT. Initial
research efforts were funded in conjunction with the
National Cancer Institute to investigate the molecular
aspects of isolating and developing radiolabeled targeted
monoclonal antibodies and receptor peptides; however,
this project ultimately failed and was discontinued in
2007 owing to lack of interest.16,17 ASTRO has recently
begun offering “master classes” specific to RPT training at
the 2019 to 2021 annual meetings to allow members to
expand their practices.18 These classes include introduc-
tion to RPTs, basics of physics, and in-depth practical
training for multiple RPTs. In addition, the Accreditation
Counsel for Graduate Medical Education RO residency
committee increased the minimum case requirement of
RPTs/unsealed sources from 6 to 8 procedures, effective
July 2020.19 Although this is a good first step, it is impera-
tive to ensure that RO residents are not simply observers
fulfilling case requirements, but rather active participants
in the RPT process from consultation to follow-up. With-
out adequate training of all radiation-related therapeutic
modalities, patients will be lacking potentially life-pro-
longing therapies24,25 or other specialties will enter the
void, potentially leaving ROs as technicians fixed with
their machines.

There are some limitations to this study. We cannot
define a response rate given our distribution method;
however, our methodology is consistent with web-based
survey sampling methodology7 and recent published web-
based surveys.20,21 Notably, the total responses in this
study are greater than published studies with high
response rates,22,23 which highlights how strongly
response rate is affected by sample size (ie, 80% response
rate but only a 60-person sample). Nonetheless, we
acknowledge our overall number is still limited relative to
the total number of practicing domestic ROs. Our find-
ings are subject to response bias. It is important to note
that the percentage of respondents self-reporting as “aca-
demic” was higher than expected based on prior publica-
tions. Respondents with interest or who are actively
engaging in RPT administration are also more likely to
respond to our survey. Therefore, true estimates of RPT
utilization are likely lower than what was found in our
study. This does, however, come with the advantage of
learning from those that are highly informed regarding
RPT prescribing challenges.
Conclusions
In this study, almost half of surveyed domestic ROs
actively prescribe at least 1 RPT (mean 4.5 cases/mo), of
which radium-223 was the most common. The majority
expressed interest in prescribing additional RPTs. Barriers
to RPT implementation were identified, including
treatment infrastructure, interspecialty relations, lack of
training, and financial considerations. A multifaceted
approach is needed to make RPTs a routine part of an
RO’s toolbox.
Supplementary materials
Supplementary material associated with this article
can be found, in the online version, at doi:10.1016/j.
adro.2021.100827.
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