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Welcome to the March issue of ARO! As spring ushers in green foliage and longer daylight, we are 
pleased to focus this edition on another theme of growth and enlightenment: education, which has 
always been a very keen interest of mine. 

Continuous improvement within education is imperative to advance best practices in teaching 
and, in turn, training a diverse future workforce in evidence-based cancer treatment. These are 
important take-home messages in the special feature, Future of Radiation Oncology Education: Trans-
forming Scholarly Teaching Into Medical Education Scholarship. Offering SA-CME credit, this insightful 
article delves into gaps and gains surrounding curricula, mentorship, technology-oriented and 
simulation-based teaching, continuing education, artificial intelligence and other areas that can 
augment undergraduate, graduate, and continuing medical education, as well as diversity, equity 
and inclusion efforts within radiation oncology.

Exploring the role of patient education, Personalizing Approaches to Patient Education Throughout 
the Radiation Oncology Workflow offers a pragmatic overview of multiple educational modalities for 
patients and how to maximize their use. The article reviews costs and benefits, optimal usage, and 
ways to adapt tools — such as virtual reality, videos, websites, and the role of the medical physicist in 
patient education — to personalize the educational experience.

On the resident front, Navigating Radiation Oncology Emergencies: Are We Maximizing Inpatient 
Call for Residents? is an excellent column describing optimal formats for inpatient call and how to 
strengthen what can be a highly educational opportunity for residents.

Please also enjoy this issue’s case reports on several unique topics, as well as an interesting  
research article on proton vs photon stereotactic radiosurgery for vestibular schwannoma.

Beyond these pages, we are excited to share a few updates from ARO medical student committees. 
Anthony Alanis, Bahareh Sharafi, and William Tyree, members of the Future Content Commit-
tee, have launched an informative quarterly enewsletter, RadOnc Student Scan. Designed to boost 
awareness and knowledge of radiation oncology among medical students, each issue explains areas 
of radiation oncology physics, biology, and clinical practice; highlights topical research; offers a 
radiation oncologist Q&A; and lists opportunities. Visit https://appliedradiationoncology.com/news/
ARO-Student-Voice to check out their great work.

In the Podcast and Webinar Committee, members are lining up interviews for the new podcast  
series, Beam On. The first episode is in production as of press time, and features student Ellie 
Thompson and Dr. Steven Octavianus, MD, discussing radiation therapy in Indonesia. Check our 
website soon for the exciting debut.

In other news, we are delighted to introduce 3 new members to the ARO editorial advisory board: 
Bree R. Eaton, MD, associate professor and pediatric medical director, Emory Proton Therapy Cen-
ter, Winship Cancer Institute of Emory University; Austin J. Sim, MD, JD, assistant professor, James 
Cancer Hospital, The Ohio State University Comprehensive Cancer Center; and Meng Xu Welliver, 
MD, PhD, associate professor, Mayo Clinic, Rochester. Bringing their respective expertise in pedi-
atrics; advocacy/legislation; and thoracic cancers, soft-tissue sarcomas and blood cancers (among 
other areas), we are thrilled to welcome them on board. 

Rotating off the board are several members who have spent many years aiding the development 
and expansion of the journal. We are deeply indebted to Jeffrey C. Buchsbaum, MD, PhD; Daniel J. 
Indelicato, MD; and Mohamed A. Elshaikh, MD, for their exceptional, dedicated service to ARO! 

We hope you enjoy the issue and wish you a bright new season of growth in 2023!
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areas from artificial intelligence to 
technology-oriented teaching.
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Due to technical advances and 
changing treatment paradigms, 
the knowledge required to practice 
radiation oncology continues to 
evolve, necessitating a compre-
hensive and ever-changing set of 
educational tools to train a spec-
trum of learners. Over the past two 
decades, academic medicine, and 
specifically the field of radiation 
oncology, has seen an increasing 
focus on medical education.1 This is 
likely multifactorial and attributable 
in part to an increase in learner’s 
needs, such as the need for high-

yield teaching due to time limita-
tions in educational settings, desire 
for more flexible learning options, 
and a generally higher standard of 
education exposure/expectations 
from a systemically more mature 
educational community. Increasing 
attention to vulnerable populations 
and the importance of diversity, eq-
uity, and, inclusion (DEI) in health 
care and medical training has also 
fueled educational interventions 
and innovations.2-4 In response to 
this increasing focus on the value 
of medical education, many US 

institutions now consider medical 
education scholarship when evalu-
ating academic faculty for promo-
tion.5 Here we describe differences 
between scholarly teaching and 
the scholarship of teaching before 
focusing on impactful areas of cur-
rent and future medical education 
scholarship within radiation oncol-
ogy, with a focus on undergraduate 
medical education (UME); graduate 
medical education (GME); and con-
tinuing medical education (CME); 
and diversity, equity, and inclusion 
(DEI). With educational innovation 
and educational scholarship, the 
future of radiation oncology edu-
cation is bright.

Defining Medical Education 
Scholarship

Dissemination of medical educa-
tion scholarship is needed to syner-
gize efforts across institutions, and to 
create a foundation upon which future 
efforts can further advance education. 

Abstract

Medical education is vital in preparing radiation oncologists to care for patients in an ever-changing landscape of 
new treatments and technologies. Medical education must develop and adapt through robust education schol-
arship, utilizing novel teaching with evidence-based best practices to optimally teach new concepts. Education 
scholarship has led to significant advances in several areas of radiation oncology education, spanning under-
graduate medical education (UME); graduate medical education (GME); continuing medical education (CME); and 
diversity, equity, and inclusion (DEI). Continued growth in these domains are critical for the future of our field, and 
education scholarship can facilitate these advances.

©Anderson Publishing, Ltd. All rights reserved. Reproduction in whole or part without express written permission is strictly prohibited.
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In this discussion, it is important to 
differentiate teaching methods within 
medical education (an umbrella term 
encompassing multiple practices in 
teaching hospitals) between those that 
specifically draw on best practices 
and evidence-based methods, here 
referred to as scholarly teaching, from 
nonevidence-based teaching methods. 
Scholarly teaching is similarly distinct 
from, though may overlap with, educa-
tion scholarship, the process of moving 
the field of medical education forward 
by rigorously measuring, assessing, 
and reporting on the results of schol-
arly teaching for publication.6 These 
distinctions are important because the 
advancement of medical education 

relies on both the development of 
scholarly teaching methods and the 
robust assessment and dissemination 
of the results of these interventions. To 
ensure that scholarly efforts in medical 
education qualify as rigorous educa-
tion scholarship, scholars may look to 
Glassick’s 6 standards for educational 
scholarship: 1) clear goals, 2) adequate 
preparation, 3) appropriate meth-
ods, 4) significant results, 5) effective 
presentation, and 6) reflective critique.7 
While interventional studies and pro-
spective trials are a common form of 
clinical research, impactful education-
al scholarship can focus on innovative 
teaching methods, novel educational 
materials, qualitative survey and focus 

group assessment, and curriculum 
design, among other examples.

One of the most common types of 
medical education scholarship in ra-
diation oncology is curriculum devel-
opment,8-10 for which an established 
framework is Kern’s Six Steps (Figure 
1A).11 These steps help ensure that 
Glassick’s criteria are met using a 
structured approach to curriculum 
development. For example, Figure 
1A illustrates a needs assessment of a 
simulation-based educational work-
shop for GME and CME learners.12,13 
Evaluation of this workshop led to 
curriculum adjustments and addi-
tional implementations of Kern’s Six 
Step Approach (Figure 1B),14 which is 

Step 1: Problem and General Needs Assessment

•  Problem: Gap between brachytherapy need  
and use

•  Needs assessment: survey (Gaudet, et al, 2015)13

• Need for increased training opportunities

Step 2: Targeted Needs Assessment

•  Learners: Attendees of a national conference, 
spanning multiple skill levels (GME/CME)

•  Needs identified through multi-institutional 
collaboration of content experts

Step 3: Goals and Objectives

• Feasibility

• Efficacy

Step 4: Educational Strategies

• Simulation

Step 5: Implementation

• Pilot at a national meeting in 2018

Step 6: Evaluation and Feedback

•  Evaluation of primary outcome of feasibility,  
and secondary outcome of efficacy

•  Feedback provided through survey on areas  
for improvement

•  Efficacy (secondary outcome) surveys, 
identification of areas for improvement

Figure 1A. Kern’s Six Steps provide a framework for curricular development. In this example of efforts to improve brachytherapy education, a single 
research team did not focus on completing all 6 steps independently. Rather, the needs assessment was addressed through surveys and involved 
Accreditation Council for Graduate Medical Education (ACGME) guidelines, which were written by different authors than those in the simulation-based 
education project illustrated in steps 2-6.
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cyclical and can be used for continu-
ous educational innovation. Overall, 
it is important to be methodical and 
intentional to transform scholarly 
activity to scholarship. 

Undergraduate Medical 
Education

In the UME setting, medical educa-
tion can be used to increase exposure 
to radiation oncology, which is critical 
for maintaining a workforce as well as 
preparing those in other specialties to 
understand when to consult radiation 
oncology. For students rotating in ra-
diation oncology, an evidence-based 
national UME curriculum in radiation 

oncology is also critical given that 
the field is rapidly evolving, with new 
technology and management indica-
tions growing from year to year. It is 
documented that UME rarely incor-
porates information about radiation 
oncology, while exposure increases 
medical student interest and affinity 
for the specialty.9,15,16

In UME, most school curricula 
do not include a dedicated radiation 
oncology didactic session in their 
preclinical curricula17 and some 
students may not gain exposure to 
any aspect of radiation oncology 
throughout their medical school 
education.9,18,19 Novel methods of 
incorporating radiation oncology 

into the medical school curriculum 
can include collaborating with pre-
clinical course leaders or integrating 
radiation oncology into a clinical 
rotation.20,21 Radiation oncology can 
also be incorporated into a general 
oncology educational curriculum. 
One example of this is the Scholars 
in Oncology-Associated Research 
(SOAR) cancer research education 
program, a summer research experi-
ence for first-year medical students 
at the University of Chicago, which 
includes a formalized interdisciplin-
ary and interprofessional oncolo-
gy curriculum, such as 10 2-hour 
lectures, tumor board attendance, 
and half-day shadowing with a 
pharmacist, therapist, or palliative 
care advanced practice nurse.22 This 
program has demonstrated that 
preclinical students had an increased 
understanding of the multidisci-
plinary nature of oncology, including 
radiation oncology, after completion 
of the program. 

In the preclinical setting, a single 
lecture on radiation oncology has 
been shown to significantly increase 
medical student knowledge of the 
field, as well as increase desire to 
learn more about the field.23,24 In the 
clinical setting, the introduction of an 
optional radiation oncology rotation 
during a core surgery clerkship for 
third-year medical students was 
shown to significantly improve 
radiation oncology knowledge and 
usefulness of the knowledge in their 
careers.20 Furthermore, a structured 
didactic curriculum in radiation 
oncology significantly improved 
knowledge and clinical competency, 
suggesting that structured didactics 
are important to a well-designed 
clerkship.25-27 

In addition to novel educational 
programs in medical school, men-
torship initiatives can also promote 
student interest and engagement 
in the field of radiation oncology. A 
large, formalized mentorship pro-
gram described by Hirsch et al, with 
both clinical and research tracks, 

Implementation of Kern's  
Six Steps to design a  
hands-on workshop

Additional implementation 
of Six Steps: adaption of the 
curriculum to incorporate 
magnetic resonance imaging 
and ultrasound guidance 
given this need in interstitial 
brachytherapy12

Additional implementation of  
Six Steps: international  
deployment given the burden  
of disease worldwide93

Figure 1B. In Figure 1A, the sixth step of evaluating the curriculum led to multiple 
new directions and implementation of all of the steps, resulting in multiple scholarly 
educational efforts. Ongoing assessment motivates educational innovation in multiple 
directions, but all projects share an overarching goal to improve brachytherapy 
education. As shown in this example, a single cycle of Kern’s Six Steps led to multiple 
cycles of Kern’s Six Steps with additional projects listed in Figure 1B.
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demonstrated that mentorship sig-
nificantly impacts specialty selection 
and productivity in the field.28,29 This 
mentorship initiative was associated 
with high mentee satisfaction and 
improved confidence in the resi-
dency application process.30 Similar 
results have been reported from 
other mentorship pilot programs in 
recent years.31,32 

In the COVID era, there has been 
a new emphasis on creating virtual 
mentorship and educational oppor-
tunities, which allows for expanded 
access to the field, even for those who 
attend a school without an associated 
radiation oncology residency pro-
gram. The Radiation Oncology Virtual 
Education Rotation (ROVER) is one 
example of a novel virtual experience 
that implemented educational panels 
and case-based learning, which sig-
nificantly improved medical student 
understanding of the role of radiation 
oncology in a number of disease 
sites.33 Other published experiences 
with virtual clinic, tumor boards, and 
didactics in the medical student pop-
ulation have yielded similar results 
with high satisfaction rates.34 The 
Radiation Oncology Intensive Shad-
owing Experience (RISE), a virtual 
educational and mentorship initiative 
for under-represented medical stu-
dents, was recently implemented to 
help reduce the disparities in access 
and exposure to radiation oncology 
during the COVID-19 pandemic; this 
added to the literature questions on 
optimal implementation of scholarly 
teaching for URM students in a virtual 
environment, as well as reported on 
experiences of both mentees and 
mentors in this understudied educa-
tional environment.35 Of the 14 URM 
students participating in RISE, 100% 
completed pre- and post-surveys 
with the majority agreeing strongly 
that they planned to utilize what 
they learned for their future practice 
(93%). This unique program centering 
equity and inclusion within medical 
education was not only feasible but 

desired and highly rated by partici-
pants.36 The above initiatives differ 
in size and scope, but all provide 
pathways to drive medical student 
interest in the field. Future directions 
should focus on optimizing the de-
sign, development, implementation, 
evaluation, and ongoing sustainability 
of these educational and mentorship 
programs as an integral part in the 
formation of the next generation of 
radiation oncologists.

Graduate Medical Education
The national requirements for 

radiation oncology residency training 
involve Accreditation Council for 
Graduate Medical Education (ACGME) 
case log requirements, American 
Board of Radiology (ABR) written 
and oral certification exams, and 
American College of Radiology (ACR) 
in-training written exams. However, 
the overall curriculum is left to indi-
vidual residency and fellowship train-
ing programs. To provide guidance 
to US training programs with regard 
to GME curriculum, the Radiation 
Oncology Education Collaborative 
Study Group (ROECSG) formed a Core 
Curriculum Leadership Committee 
utilizing the Delphi method to identi-
fy and develop content domains (CDs) 
and entrustable professional activities 
(EPAs) to formalize a curricular 
framework for radiation oncology 
GME in the United States.37 A strength 
of this process is the inclusion of 
numerous radiation oncology GME 
stakeholders, including academic and 
private practice physicians, residents, 
physicists, dosimetrists, nurses, thera-
pists, and others to ensure a well-bal-
anced curriculum.

Novel educational initiatives that 
leverage technology to facilitate learn-
ing in residency also have the poten-
tial to improve medical education. 
Recent work on web-based educa-
tional tools for residents focusing on 
anatomy and contouring guidelines 
has improved resident confidence 

and competence in these areas.38,39 A 
case bank learning tool on radiation 
treatment plan evaluation from Prin-
cess Margaret Cancer Centre has also 
been shown to improve resident com-
petency, with a pilot study demon-
strating that a high-fidelity simula-
tion platform was associated with 
increased learning and competency 
attainment.40 A common limitation in 
these studies utilizing web-based or 
technology-oriented teaching is the 
reproduction of these tools outside of 
the institution, whether due to intel-
lectual property concerns or resource 
concerns (ie, when an institution may 
not have the same software available 
to their learners). Another concern 
was the need for continuous informa-
tion technology upkeep and mainte-
nance that may require funding and 
resources. Finally, specialty curricula 
in radiation oncology residency have 
been developed in several niche areas 
such as global oncology41 and quality 
and safety,42 among others, with the 
intent that more robust education will 
increase career interest and progress 
in areas of critical need. With the 
increasing field complexity and grow-
ing knowledge required to be a radi-
ation oncologist, work on innovative 
learning tools should be prioritized.

Future GME efforts can also focus 
on transition to practice. Although 
residency is ultimately intended to 
prepare physicians for independent 
practice, the transition from resi-
dent to attending physician is often 
challenging, especially in areas of 
limited exposure during training. 
Within radiation oncology, multiple 
surveys, editorials, and focus groups 
have described the encountered or 
anticipated obstacles involved in 
adjusting to unsupervised clinical care 
during transition to independent prac-
tice.43-47 Commonly cited issues include 
inadequate exposure to certain clinical 
competencies, such as treatment plan 
review and image verification, and 
limited guidance about nonclinical re-
sponsibilities, including leadership,48,49 
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mentorship,31 and education.50 Cur-
rently, there are few widely available 
resources to develop proficiencies in 
plan review51,52 or image verification, 
while resources provided by individual 
programs can vary significantly, or 
more often are lacking altogether.53 
Scholarship of simulation-based 
teaching has shown substantial impact 
in acquisition of practical skills and, 
to date in radiation oncology, simula-
tion-based teaching has been created 
for plan review40 and image verifica-
tion,54 although it has broad appli-
cability for other radiation oncology 
skills, including treatment planning 
and toxicity management. As part of 
a collective effort through ROECSG, a 
series of workshops to structure the 
teaching of the basic components of 
plan evaluation – called the Radiation 
Oncology Plan Evaluation School 
(ROPES) – is in progress.55 This project 
draws on expert consensus from mul-
tiple institutions to develop a practical 
educational tool to evaluate several 
acceptable plans in the same patient 
scenario. Likewise, select programs 
are aimed at enhancing leadership56-58 
and teaching59 skills to utilize best 
practices in individual environments. 
Another ongoing ROECSG effort is the 
Teaching Mentoring in Radiation On-
cology (TEAMRO) program designed 
to develop mentoring talents among 
residents,60 with a multi-institutional 
pilot program underway investigating 
whether formalized mentoring of 
students by residents can impact a 
resident’s mentorship relations and 
education overall. 

In addition to individual inter-
ventions targeting specific deficien-
cies, another approach would be to 
augment resident autonomy overall. 
For example, continuity clinics and 
“transition-to-practice” services are 
experiences designed to position 
residents as the primary care pro-
vider with appropriate supervision. 
While these are common across 
the medical field,61-64 few programs 
in radiation oncology have been 

described. Of the published expe-
riences, the most comprehensive 
resident-led rotations include the 
senior resident rotation at Mayo 
Clinic65 and the Veterans Affairs 
Medical Center rotation in Duke’s ra-
diation oncology residency training 
program;66 however; there is a need 
for more robust and longitudinal 
scholarship demonstrating benefi-
cial translation of these experiences 
into clinical practice. Both programs 
facilitate autonomy by allowing the 
resident to assume responsibility for 
most patient care tasks, including 
clinical encounters, management 
recommendations, documentation, 
directing radiation therapy plan-
ning and delivery (ie, simulation, 
contouring, plan evaluation, image 
verification), and interdisciplinary 
communication and collaboration. 
While there is attending oversight, 
the attending assumes a consultant 
role for the trainee, allowing the res-
ident greater independence and re-
sponsibility, mimicking independent 
practice. Another option to promote 
autonomy is a continuity clinic for 
follow-up visits, as at the University 
of Southern California.67 These clin-
ics have been reported to improve 
resident confidence while addressing 
core issues during early indepen-
dent practice.67 Widespread use of 
resident-led follow-up clinics may 
be limited because of institutional 
and ACGME supervision policies but 
warrant additional consideration.

Continuing Medical Education
With the continuing technical 

advances and evidence-based clinical 
practice shifts in radiation oncolo-
gy, the need for education does not 
end after residency training. With 
practice-changing clinical trials in 
radiation oncology, medical oncology, 
and surgery, the standard of care in 
any disease site continues to evolve. 
Although states differ in the number 
and type of CME credits required (for 

example AMA category 1, vs AMA 
category 2, vs self-assessment or 
SA-CME), CME credits are required 
for state licensing, American Board 
of Radiology (ABR) certification and 
maintenance of certification (MOC). 
AMA Category 2 credit is self-desig-
nated, allowing physicians to claim 
credit for educational activities such 
as peer review, provided the activity 
meets AMA standards. Radiation 
oncologists may already engage in 
these activities at their practices. 
Self-assessment CME (SA-CME) is a 
subtype of CME that includes content 
followed by related questions. SA-
CME has been historically required 
for physicians to maintain certifi-
cation with ABR. Recently, the ABR 
announced that participation in MOC 
and online longitudinal assessment 
(OLA) would fulfill the SA-CME 
requirement, removing the need to 
complete additional self-assessment 
modules to meet ABR requirements.68 
It is unknown if this change will im-
pact quality or utility of CME. Outside 
of self-assessment, CME enables 
radiation oncologists to stay current 
on treatments, planning techniques, 
and toxicity management. Annual 
meetings for radiation oncology 
professional societies provide CME 
opportunities. In addition, many in-
stitutions offer oncology-specific CME 
courses. Virtual access to these meet-
ings during the COVID-19 pandemic 
enabled learning without travel, and 
continued virtual opportunities may 
improve future CME access.

Educational needs for practicing ra-
diation oncologists also may be driven 
by changes in practice throughout a 
career, such as treating new disease 
sites, or by a practice acquiring new 
technology. Web-based contouring 
tools such as eContour provide a 
resource for ongoing contouring edu-
cation for radiation oncologists across 
the world.69,70 On-the-job mentorship 
in brachytherapy was encouraged 
through the American Brachytherapy 
Society #NextGenBrachy initiative.71 
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Novel simulation-based workshops in 
brachytherapy have also been benefi-
cial, and simulation-based education 
may enhance CME in other areas 
in the future.12,72 Currently, the ACR 
offers a number of multiday hands-on 
educational experiences for practic-
ing radiologists focusing on topics 
such as breast MRI and nuclear medi-
cine. In the future, similar courses for 
radiation oncologists could facilitate 
practice transitions or vendor-neutral 
understanding of new technology 
in a practice. 

Technological advances in radia-
tion oncology will also drive new CME 
needs, such as with online adaptive 
planning for external-beam radia-
tion therapy. Both CT- and MR-based 
systems are now widely available for 
commercial use, necessitating the 
development of new physician work-
flows and education for clinicians 
unfamiliar with this technology.73,74 
Future work in the medical education 
space should also focus on artificial 
intelligence (AI) in clinical practice, 
such as AI-based contouring and 
treatment planning.75 As multiple 
recent studies have demonstrated, 
auto segmentation with AI and ma-
chine learning models can delineate 
some target volumes and organs at 
risk while significantly improving 
efficiency across disease sites.76-80 
Multiple recent studies have also 
shown a potential role for AI-based 
treatment planning and optimiza-
tion.81-83 Better understanding of AI 
could also facilitate radiation oncol-
ogy research in optimizing clinical 
workflow, prognosticating patient 
and personalization of management 
decisions, and identifying patients at 
risk of toxicity who require greater 
clinical attention, among other areas. 
Finally, AI-based tools may also be 
introduced into medical education to 
optimize teaching the next generation 
of learners.84 One example is a study 
that found deep-learning models 
could take full videos of surgeons 
performing surgical techniques for 

assessment, categorize them into 
individual surgical steps, and assess 
performance levels, suggesting a 
framework for assessing technical 
skills that may be difficult to quantify 
with examinations.85 CME scholarship 
in adaptive radiation therapy, AI, and 
other areas of growth will facilitate 
future medical education needs for 
radiation oncologists in practice.

Advancement of Diversity, 
Equity, and Inclusion

Integration of diversity, equity 
and inclusion (DEI) principles and 
practices throughout all aspects 
of medical education (UME, GME, 
and CME) are critical to workforce 
training. Ultimately, the creation of 
clinically applicable and sustainable 
education solutions that advance 
diversity require strategies that involve 
all aspects of medical education and 
include not only underrepresent-
ed-in-medicine (UIM) physicians, but 
also non-UIM physicians, patients, and 
hospital systems. 

In radiation oncology, a virtual 
away rotation is a medical education 
initiative that addresses DEI issues in 
clinical learning environments.86,87 
RISE is one such example of inten-
tionally targeting opportunities to 
learn about radiation oncology and 
UIM medical students.35 The RISE 
program demonstrates an example 
of transforming education research 
in DEI from scholarly teaching to 
scholarship, as authors utilize pre- 
and post-surveys to investigate how 
scholarly teaching impacted both 
teachers and learners in a novel 
environment, with results serving to 
improve future iterations of scholarly 
teaching in the virtual environment. 
There are also in-person opportu-
nities, such as in the Department of 
Radiation Oncology at the Washing-
ton University School of Medicine 
in St. Louis, which offers a 1-month 
medical student rotation for fourth-
year medical students from diverse 

backgrounds through the Diversity & 
Inclusion Clerkship Opportunity for 
Underrepresented Medical Students 
(D.I.C.O.M.S.) program. The rotation 
includes a $2000 stipend to help offset 
the cost of travel, housing, Visiting 
Student Application Service (VSAS), 
and incidental expenses. National 
radiation oncology organizations, 
such as the American Society for Ra-
diation Oncology (ASTRO), also have 
dedicated opportunities for medical 
students and early career faculty from 
underrepresented groups. Two exam-
ples are the ASTRO Minority Summer 
Fellowship Award, which exposes 
medical students to clinical, basic 
and translational research questions 
in radiation oncology, and the ASTRO 
Leadership Pipeline Program (for-
merly known as the Pipeline Protégé 
Program), a career development 
program aimed at increasing diversity 
among ASTRO leadership. Overall, 
as examples of scholarly teaching in 
DEI for radiation oncology grow, so 
does the need for medical education 
scholarship of such initiatives, high-
lighting the importance of evaluat-
ing and reporting on the impact of 
scholarly teaching on URM students, 
and radiation oncology trainees and 
practitioners, to inform and advance 
the field for our colleagues, patients, 
communities, and ourselves. 

Radiation oncology residents have 
also addressed the need for DEI 
training by establishing the Subcom-
mittee on Equity and Inclusion as 
part of the Association of Residents 
in Radiation Oncology (ARRO). 
The goal of the subcommittee is to 
foster a supportive environment for 
trainees, systematically assessing 
and reporting trends in workforce 
diversity, and initiating and fostering 
ongoing dialogue on issues of DEI 
and social justice.88 With studies 
demonstrating ongoing workforce 
disparities89 and the subsequent 
impact on health equity,90 it is critical 
that we move toward implementa-
tion and assessment of these and 
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other DEI-centered interventions91 to 
foster sustainability and reproduc-
ibility across specialties.92

Conclusion 
Radiation oncology medical edu-

cation is at an important inflection 
point where a heightened interest in 
educational innovation is meeting 
increased needs for research and 
innovation in critical topics across 
UME, GME, CME, and DEI. This 
article has noted several examples 
of education scholarship that have 
increased opportunity for further re-
search into critical areas. Scholarship 
on mentorship with medical students 
has improved mentorship practices 
in other areas of radiation oncology. 
Curriculum design on special topics 
such as simulation-based education 
in brachytherapy at the GME level has 
led to robust curriculum design of 
other special topics of critical need in 
early training and education of other 
technological advances, including 
simulation-based training in online 
adaptive radiation therapy at the 
CME level. Results in pilot studies 
investigating educational approaches 
for UIM students suggest that DEI 
education can improve training and 
patient care. Continued efforts in 
education and educational schol-
arship can advance best practices 
and evidence-based approaches for 
teaching, both of which are essential 
to train a diverse future workforce in 
evidence-based cancer treatment.
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Approximately half of patients 
diagnosed with cancer will receive 
radiation therapy (RT) as part of 
their treatment course.1 Receiving 
a cancer diagnosis can instill fear 
and anxiety in patients, particularly 
regarding the uncertainty of what to 
expect during treatment. Specific to 
RT, most patients and caregivers do 
not possess a sound understanding of 
treatment and often present with mis-

conceptions about its effects, such as 
treatment-induced radioactivity.2 Pro-
viding effective education to patients 
upon consultation is challenging. Up 
to 30% of words used during an initial 
RT consultation can be identified as 
medical jargon, potentially compro-
mising knowledge retention following 
an RT consultation.3,4 This can be 
problematic for patients emotionally, 
and can disrupt the consent process 

and treatment compliance.5 Provid-
ing education on RT terminology, 
logistics, and workflow plays an 
important role in achieving successful 
treatment outcomes. Patients who 
receive education show higher levels 
of understanding and lower levels 
of anxiety surrounding their radia-
tion treatment.6-9

Although supplementary educa-
tional materials are valuable, they 
should not replace interactions and 
relationships between patients and 
health care providers during which 
patients’ unique needs and learning 
styles can be individualized. Demo-
graphic characteristics including 
male gender and older age have been 
associated with lower requests for 
information during RT consultation.10 

Abstract
For cancer patients who undergo radiation therapy (RT) at some part of their treatment journey, new knowledge 
regarding the principles underlying RT, workflow, and side effects can become overwhelming and lead to patient 
fear and anxiety. Various patient education tools have been implemented in radiation oncology clinics interna-
tionally including virtual reality, educational videos, educational sessions, websites, and pamphlets. Although 
studies have demonstrated that such tools can increase patient knowledge regarding RT and its side effects 
while also decreasing patient anxiety, it is unclear how best to personalize each patient’s education. Similarly, 
patient characteristics such as age, gender, literacy level, and cultural considerations can also impact a patient’s 
need or desire for specific educational tools. Barriers to optimization include cost and resource availability with 
virtual reality, online misinformation, and pamphlets that may be written at an educational level higher than the 
average population reading level. The efficacy of different educational methods has been studied at various time 
points throughout the radiation oncology workflow. Overall, early educational intervention with continued rein-
forcement throughout the treatment course through an individualized multimodal learning approach is likely to be 
most effective.
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As this suggests, there is no one-size-
fits-all approach to patient education 
within radiation oncology; rather, 
each patient has different educational 
needs depending on age, gender, and 
educational level. Similarly, cultural 
differences including language may 
be a barrier to providing patients with 
generalized information. Radiation 
oncologists and allied health care staff 
should consider implementing indi-
vidualized patient-centered educa-
tional tools into the clinical workflow 
to enhance patients’ understanding 
of their radiation treatment. The pur-
pose of the current PubMed literature 
review is to present an overview of 
multiple educational modalities with-
in radiation oncology patient educa-
tion, their costs and benefits, where 
each technology may be best utilized 
within the RT treatment course, and 
how to adapt different tools to person-
alize the educational experience.

Patient Education Methods 

Virtual Reality

Virtual reality (VR) is a more 
recently instituted technology for 
educating patients about RT. One 
example of its use is Virtual Envi-
ronment for Radiotherapy Training 
(VERT).5,11 VERT is displayed via 
a projection screen and serves to 
create an interactive 3-dimensional 
(3D) RT treatment room environment 
consisting of clinical tools such as a 
linear accelerator, patient couch, and 
radiation fields.5 RT treatment plans 
in Digital Imaging and Communi-
cation in Medicine (DICOM) can be 
uploaded to display patient-specific 
anatomy, doses, tumor and target 
volumes, and therapy techniques.11 
Additional studies have used VR 
headsets and 360-degree video tours 
to show patients a virtual version of 
themselves undergoing RT.9,12

Overall, studies have demonstrat-
ed that VERT provides a basis for 
treatment expectations and therapy 
precision.5 VERT has also lowered 

patient anxiety, likely by enabling pa-
tients to directly envision the clinical 
experience in a nonclinical environ-
ment.13 The 3D environment creates 
a bridge that closes the gap between 
written educational materials and 
the treatment experience. This 
form of learning may be well-suited 
for patients who are visuospatial 
learners and those who prefer in-
teractive learning. However, virtual 
reality is not without its challenges. 
For example, displaying DICOM 
images with treatment parameters 
may unnecessarily overwhelm and 
distress patients.5 Logistically, VERT 
requires a high volume of resources 
upfront that may rely on institution-
al budgets, leading to inequality in 
access to care.5

Educational Video

Verbal communication regarding 
the RT process, including discus-
sion of face masks and equipment, 
can increase fear during a patient’s 
consultation.6 By visually describing 
the RT workflow, educational videos 
provide a realistic image of what to 
expect during treatment. Videos are 
advantageous because patients can 
view them prior to a consultation, 
reducing time on basic explanation 
and increasing time for specific 
patient questions during an appoint-
ment.14 Videos can also be effective 
for a wider variety of patient popula-
tions, including audiovisual learners 
or those with reduced literary skill. 
Additionally, patients can watch 
educational videos multiple times for 
longitudinal reinforcement. Given 
the significant logistical barriers 
to undergoing a lengthy radiation 
treatment process, many patients 
rely on their support network while 
undergoing RT. Another benefit of 
educational videos is that patients 
can easily share them with family 
and friends, improving understand-
ing of the treatment process.

Studies have demonstrated an 
increase in patient knowledge of 

RT side effects and workflow after 
watching an approximately 20-minute 
educational video, demonstrating its 
value as a tool to educate a diverse 
patient population.2,6,15 Although 
online and video-based education can 
be a powerful tool, some patients may 
have limited ability to benefit from 
these modalities due to limited tech-
nological literacy or access. Those 
without reliable access to technology 
or who lack the basic skills to navigate 
online video platforms may have dif-
ficulty taking full advantage of online 
and video-based education. Those not 
comfortable using technology may be 
overwhelmed by video-based educa-
tion, making learning more difficult.  

Online Information

Due to the general lack of knowl-
edge surrounding RT, patients and 
caregivers may search the internet 
to learn more about their treatment, 
leading them to departmental web-
sites and social media outlets such as 
YouTube, Twitter, and TikTok.6 

A major benefit to these sites as 
educational tools is the increasing 
internet accessibility and flexibility 
of use. Some patients may read web-
based content before their initial RT 
appointment to help guide expec-
tations and foster understanding of 
treatment options prior to physician 
recommendations.16 This can lead to 
thoughtful discussion and help build 
a patient-physician relationship, but 
could also lead to misinformation, es-
pecially since it is difficult to discern 
accurate from inaccurate information 
online.17 Misinformation online can 
generate negative consequences, 
such as patients believing they will 
emit radiation to loved ones after 
treatment or viewing their disease as 
an impending death.17 With increased 
patient anxiety, health care providers 
are forced to spend more appoint-
ment time counteracting and refuting 
misinformation read online.17

An analysis of academic radia-
tion oncology department websites 
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demonstrated that website language 
reached far above the reading level 
of an average adult, or the seventh to 
ninth grade reading level.16 Similarly, 
information presented on academ-
ic departmental websites may be 
intended for physicians, residents, 
medical students, or others who 
might have an advanced baseline 
knowledge of the associated medical 
topic.16 The National Assessment of 
Adult Literacy study demonstrated 
that most US adults lack the health 
literacy to understand most infor-
mation provided through different 
educational modalities.18

Although most studies analyzing 
online health care language readability 

involve the English language, more 
recent studies have compared online 
English and Spanish content.19,20 One 
study comparing online pancreatic 
cancer treatment information found 
that English content was written at a 
university level while Spanish content 
was written at a high school level.19 
Both English and Spanish content 
exceeded the average reading level for 
an adult.19,21 These findings suggest 
that readability issues with online ma-
terials span across languages and cul-
tures.19 It is imperative that educational 
materials such as academic websites 
should aim to best align to the literacy 
level and the language/linguistic needs 
of the general population, to ensure 

patients are appropriately informed 
in their search for RT educational con-
tent. Strategies to reduce the challenge 
of readability of online information 
include incorporating less complex 
language and acronyms, shortening 
sentences, and providing links to 
audiovisual material.20     

Medical Physicist Clinical Role

As technical experts, medical 
physicists play an integral role in 
treatment planning and patient 
quality assurance measurements. 
Their educational training and 
expertise facilitate patient discus-
sions of technical details of radiation 
treatment (eg, type of radiation, dose, 

Table 1. Advantages and Disadvantages Associated With Various Patient Education Tools Utilized in Radiation Oncology

MODALITY ADVANTAGES DISADVANTAGES

Virtual reality •  Closest replication to actual treatment experience

•   Can help ease patient anxiety surrounding 
treatment experience

•  Can be personalized for each patient

•  High cost

•  High resource volume

•  Potential for unequal access to care

•  Requires patient to be physically present in clinic

•  May require digital literacy above the patient’s level

Educational videos •  Beneficial for patients with reduced literacy level

•  Effective for audiovisual learners

•  Can be built into department websites

•  Easily disseminated to patients’ support systems

•  Cost and resources necessary for video production

•  May not be as helpful for patients who have nonvisual 
learning styles

•  Challenging to personalize

Online information •  Relatively easy accessibility and usability

•  Can be incorporated into existing department 
website

•  Low-cost or free for patients to access

•  Potential risk for misinformation

•  Difficult to comprehend based on literacy level

•  Challenging to personalize according to patients’ unique 
questions

•  Requires IT expertise to produce and update content

Medical physicist consultation •  Improved technical aspect education

•  Provides additional opportunity to directly address 
patient questions

•  Can be conducted remotely

•  Need for increased patient-simulation and communication 
training implementation at medical physics residency

•  Requires increased time commitment for medical 
physicists

•  Physicists may not be able to answer all questions relating 
to clinical care

Education sessions •  One-on-one patient education with more time for 
discussion

•  Allows for personalization according to patients’ 
unique concerns

•  Can be conducted remotely

•  Increased time requirement for providers

•  Potential for redundancy in patient questions

•  May not be effective if not tailored to specific patient 
needs

Pamphlets •  Relatively inexpensive to produce and distribute

•  Common in clinical practice

•  Can be produced in paper and electronic format

•  Can be difficult to understand

•  Challenging to personalize

•  May not be up to date with the latest medical advances 
and research
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and delivery method). Confusion and 
concerns about complex imaging and 
treatment modalities often arise. Clin-
ical trials have suggested that medical 
physicists, with their relevant training 
and knowledge, have potential to fill 
the gap on technology education.22,23

Studies reviewing one-on-one 
physicist-patient consults have demon-
strated a unique avenue for patient 
education and anxiety reduction.22,23 
In studies where the intervention-arm 
patients met with a medical physicist, 
the patients were surveyed for anxiety 
and distress levels.22,24 The medical 
physicists addressed technical aspects 
and questions at multiple points of 
treatment (eg, at treatment simulation, 
before the first treatment, and before 
completion). Anxiety was signifi-
cantly reduced in patients who met 
with a medical physicist throughout 
treatment, demonstrating a unique 
and beneficial role of physicist-patient 
consults.22,24 Furthermore, the consults 
also enabled patients to develop a 
more robust understanding of what to 
expect during treatment.25     

Education Sessions

Preparing patients for RT includes 
addressing their complex emotions 

and distress. Educational sessions 
specifically aimed at minimizing 
psychological distress while ex-
panding patient understanding have 
shown to be effective in a num-
ber of studies.26 Both one-on-one 
video conferencing and face-to-face 
individualized consultations have 
demonstrated increased patient 
satisfaction.27,28 Although the addi-
tional intervention varied along the 
RT workflow in these studies, the 
educational framework incorporated 
individualized written and verbal 
information at additional educa-
tion-focused appointments. This 
material was presented by multiple 
members of the interdisciplinary 
team, including nurses, radiation 
therapists, physicists, and physi-
cians, each bringing unique perspec-
tives to the patient. Along with time 
for additional questions, informa-
tion included general RT materials, 
side effects and management, and 
anticipated stressors.27-29 

Education sessions significantly 
reduced in anxiety scores in patients 
who received 2 consultations with a 
radiation therapist prior to planning 
and treatment in addition to de-
creased depression scores in patients 

receiving a teaching session by a 
clinical nurse.27,29 Video conferencing 
with visual tele-education materials 
prior to simulation also demonstrat-
ed high patient satisfaction with 
preparation and education.28

Providers should take special 
considerations when conducting ed-
ucation sessions with patients whose 
primary language is one other than 
English, using certified medical inter-
preters. In-person interpretation may 
offer greater personalization during 
the treatment visit as opposed to 
phone interpretation, although avail-
ability may be limited throughout the 
entire treatment workflow.30 Family 
members often accompany patients, 
but should not be used as primary 
interpreters given the risk for biased 
interpretation.30 Educational sessions 
could provide an opportune setting 
for providers to learn how their pa-
tients’ cultural values may affect their 
beliefs about cancer and preferences 
regarding their treatment.30

Pamphlets

The use of informational pam-
phlets can also be an effective meth-
od of patient education for those 
undergoing RT. These can provide 

Figure 1. Timeline displaying the point during radiation therapy consultation and treatment at which various educational interventions may occur.

Radiation Therapy Educational Interventions

End of  
treatment

Follow-up visits

Teaching sessions

Websites, pamphlets, and educational videos

Consultation with physicist

Virtual reality5,9,11,12

Initial visit 
with radiation 

oncocogist
Simulation Start of 

treatment
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concise and detailed information 
about radiation treatment and side 
effects in a medium that can be 
distributed quickly and relatively 
inexpensively. Although certain 
patients may prefer printed materi-
als, pamphlets can also be produced 
electronically and sent to patients 
via email or uploaded to their patient 
portal, allowing for decreased en-
vironmental impact, greater reach, 
and faster delivery compared with 
printed materials.31 

A significant drawback of pam-
phlets is that they can be difficult for 
some patients to understand, partic-
ularly those with literacy limitations. 
Furthermore, pamphlets cannot 
offer the same level of personaliza-
tion that an interactive discussion 
with a radiation oncologist, physi-
cist, or therapist can provide. As a 
result, it can be difficult for patients 
to gain a full understanding of the 
risks and benefits of their treatment 
from pamphlets alone. Table 1 
discusses advantages and disadvan-
tages associated with each education 
modality discussed.

Clinical Application
RT is a complex process that 

requires a multidisciplinary team for 
safe, effective execution. After the 
initial visit with a radiation oncolo-
gist, and once patients decide to pur-
sue radiation treatment, they under-
go simulation imaging with unique 
positioning considerations for 
optimal treatment. Planning may be 
modified and reassessed due to ana-
tomic shifts. Once the planning and 
quality assurance process is com-
plete, RT delivery begins.32 Patient 
education intervention has been 
implemented in many instances 
throughout the patient’s experience 
with the RT team. Physicist-patient 
consults, educational sessions with 
providers, and informational pam-
phlets have been provided directly 
before or after simulation sessions 

and before beginning treatment.22,28,29 
Other educational modalities, such 
as videos, have been utilized prior to 
initial visits to establish a baseline 
understanding for patients.14 

Figure 1 depicts at what point 
during the radiation oncology 
workflow various patient education 
modalities have been studied and 
found to be effective.

Conclusion 
Patients receiving RT often 

experience emotional distress and 
anxiety.33 These emotions can be 
exacerbated by unfamiliarity and 
lack of understanding about RT. 
To address patient concerns and 
improve quality of care, a multimod-
al approach to education should be 
used throughout the RT workflow. 
The modalities should be directed 
toward patient-specific needs while 
considering demographics, health 
literacy, and baseline knowledge. A 
multidisciplinary approach may also 
be implemented with the radiation 
oncologists, physicists, and nurses at 
different time points in the treatment 
plan. Studies have suggested that ef-
fective teaching must occur early and 
throughout the course of radiation.29       

Accessibility can be improved for 
many methods addressing RT patient 
education. Despite their ongoing 
efforts, education modalities often do 
not conform to the patient’s health 
literacy.34 Tools such as websites and 
pamphlets should be revised at a 
seventh-ninth grade reading level to 
be accessible and effective for the 
general population. Furthermore, 
patients who do not primarily speak 
English will also have additional 
language barriers when applying the 
multiple education modalities. To 
increase accessibility, future work 
should include creating opportuni-
ties for language translation, wheth-
er that be provided by the modality 
itself (eg, a website presented in 
multiple languages) or by an inter-

preter for tools such as educational 
sessions. Patient preferences and 
convenience should also be consid-
ered when incorporating increased 
technological modalities (eg, an 
elderly patient meeting for an edu-
cation session in person instead of 
via videoconferencing). To improve 
and advance education sessions and 
medical physicist participation in 
consultations, direct patient care ex-
perience is also necessary for provid-
ers.35 Specific tracks or programming 
can be implemented in health care 
training programs to educate radia-
tion oncology providers on various 
patient education modalities. 

Ultimately, the goal of patient 
education technologies is to improve 
patient understanding of radiation 
treatment and reduce anxiety. As mo-
dalities improve and diversify, more 
patients will gain access to tools best 
suited for their unique preferences 
and physical needs.
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Abstract
Objective: To evaluate the dosimetric advantages and limitations of protons compared with photons in stereotactic radiosurgery 
for vestibular schwannoma. 

Methods and Materials: Nine patients with vestibular schwannoma were selected among those receiving single-fraction proton 
stereotactic radiation therapy (PSRS) via a dedicated, passive, single-scattering stereotactic proton unit at a single institution 
between 2015 and 2018. These cases were re-planned with photon (X-ray) SRS (XSRS) volumetric-modulated arc therapy  
(VMAT) with 2.5- and 5-mm multileaf collimators (2.5 XSRS and 5 XSRS), respectively. Plans were constructed using the  
original total treatment dose of 12 Gy relative biological effectiveness (RBE) delivered in 1 fraction.

Results: Treatment plans were compared based on target volume dosimetry and estimated clinical toxicity. Average target  
volume was 0.71 cc (range, 0.2-1.8). There were no significant differences in V100%, homogeneity index or Dmax% between 
treatment modalities. However, 5 XSRS and 2.5 XSRS offered equal or superior V90% and V95% compared with PSRS for all 9 
cases. Gradient and conformity indices were most optimal for 2.5 XSRS. Dmax in Gy (RBE) to ipsilateral temporal lobe (7.7, 9.5, 
8.2), cochlea (9.6, 10.9, 10.6) and vestibule (7.7, 8.7, 8.5) was lower with 2.5 XSRS vs PSRS and 5 XSRS, P < 0.05. Dmax to  
brainstem was 8.8, 8.6, 9.2 for 2.5 XSRS, PSRS, 5 XSRS, respectively. Mean equivalent uniform dose (EUD) in Gy (RBE) to the  
ipsilateral temporal lobe, cochlea and vestibule was lower with 2.5 XSRS vs PSRS and 5 XSRS, P < 0.05. The projected risk of 
secondary tumors in excess of baseline was lowest for PSRS (PSRS - 2.8, 5 XSRS - 6.6, 2.5 XSRS - 5.5 cases per 10,000  
patient-years; P < 0.008 for all comparisons).

Conclusions: This study compared the dosimetric advantages and limitations of PSRS, 5 XSRS and 2.5 XSRS for vestibular 
schwannoma. Target volume coverage and organ at risk (OAR) dose is similar between XSRS and PSRS; 2.5 XSRS offers greater 
target conformality and lower dose to OAR than 5 XSRS. PSRS offers significantly lower excess risk of secondary tumor than  
2.5 XSRS and 5 XSRS although the absolute risk of secondary tumors is low across modalities.  

Keywords: vestibular schwannoma, radiosurgery, proton therapy, acoustic neuroma
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Vestibular schwannomas are 
benign cerebellopontine angle tumors 
arising from myelin sheath forming 
Schwann cells of the vestibular divi-
sion of cranial nerve VIII. Common 
presentations include ipsilateral 
sensorineural hearing loss, dizziness, 
imbalance and asymmetric tinnitus.1 
Large tumors may compress adjacent 
structures including cranial nerves 
(CN) V, VII, IX, X, XI, the brainstem, 
or cerebellum. Overall incidence rates 
are estimated to be 3 to 5 cases per 
100,000 person-years.2,3 Incidental 
diagnoses of vestibular schwannoma 
have increased in parallel with access 
to high-resolution imaging.1,2 Corre-
spondingly, the treatment paradigm 
has evolved to include the options of 
conservative observation, microsur-
gery and radiation therapy (RT)4 based 
on tumor size, growth rate, hearing 
status, symptoms, patient age, comor-
bidities, and preferences.   

RT is an effective treatment mo-
dality for vestibular schwannoma, 
especially for patients who decline 
surgery, are not surgical candidates 
due to comorbidity, or have surgically 
inaccessible or recurrent tumors. For 
appropriately selected cases, stereo-
tactic radiosurgery (SRS) delivers high-
dose conformal radiation to a limited 
target volume in a single fraction facili-
tated by high-precision localization 
in contrast to conventional regimens 
of 25 to 30 fractions.5 Both conven-
tional fractionated external-beam RT 
and SRS achieve high rates of tumor 
control (84% to 100% at 5 years).5 Thus, 
treatment goals include minimizing 
long-term toxicities, including hearing 
loss, imbalance, and toxicity to other 
cranial nerves. 

Feasibility of SRS depends on factors 
including tumor size and anatomical in-
terface with the brainstem and cochlea 
if hearing is intact. SRS dose < 13 Gy are 
given to decrease risk of facial nerve 
dysfunction, trigeminal neuralgia and 
hearing loss.6,7 SRS may be delivered via 
several modalities including Gamma 
Knife (Elekta) or CyberKnife (Accuray), 

linear accelerators (linac), and proton 
units. Proton beams are highly confor-
mal, have sharp lateral penumbras, low 
scatter, and preferential dose deposi-
tion within the target without exit dose 
due to its finite path length. As noted in 
The Congress of Neurological Surgeons 
evidence-based guidelines on vestibu-
lar schwannoma treatment, regarding 
radiosurgery technology, no studies 
directly compare SRS modalities, thus 
recommendations on outcomes based 
on modality cannot be made.4 Most 
studies of proton or photon SRS are 
single-institution experiences that do 
not directly compare these modalities 
but report similar tumor control effica-
cy.8,9 Furthermore, data are inadequate 
to compare hearing, cranial nerve 
preservation, cognitive function, and 
secondary tumors with each modality.8,9

In the absence of rigorous compar-
isons of SRS technologies, physicians 
must rely on theoretical benefits of 
each modality, limited series, and 
clinical experience. As protons are 
not widely available, patients may 
incur additional health care system 
costs and treatment burdens associat-
ed with referral to a center capable of 
performing proton SRS (PSRS). Thus, 
understanding the practical strengths 
of each modality can inform shared 
decision-making between physicians 
and patients. Future direct PSRS vs 
photon SRS (XSRS) comparison clini-
cal trials are unlikely. Dosimetric data 
from centers such as ours with exten-
sive PSRS experience may elucidate 
potential benefits of PSRS and XSRS 
in representative clinical scenarios. 
In the present study, we plan and 
dosimetrically evaluate 9 representa-
tive cases of vestibular schwannoma 
using PSRS vs linac-based XSRS with 2 
common multileaf collimator sizes. 

Methods 
Study Population

We identified a representative 
sample of patients with vestibu-
lar schwannomas among patients 

who received single-fraction PSRS 
between 2015 and 2018. The selected 
9 cases varied in pertinent anatom-
ic characteristics, including canal 
involvement, abutment/proximity 
to the brainstem as assessed per 
Koos grade (Table 1, Figure 1), and 
clinical characteristics (Table 2). The 
study was approved by our institu-
tional review board.

Simulation

Patients were immobilized with 
a modified Gill-Thomas-Cosman 
head frame (Integra-Radionics) and 
1/16-inch diameter stainless steel 
fiducial markers were placed in the 
skull’s outer table to facilitate target 
volume alignment to the isocenter 
of the radiosurgical system.10,11 CT 
simulation with intravenous contrast 
was performed. Simulation images 
were obtained at 1.25-mm axial inter-
vals and fused with diagnostic MRI to 
assist target delineation.

Treatment planning

PSRS plans were generated using 
the XiO planning system (Elekta 
Inc.). PSRS was delivered with a 3-D 
conformal, passive, single-scattering 
proton therapy unit via 3 equally or 
unequally weighted isocentric fields. 
Per department protocol, we defined 
case-specific lateral margins for pen-
umbra and set-up uncertainty and 
a beam-specific, end-range margin 
with a 3.5% CT density correction 
plus 1 mm for range uncertainty.12 

XSRS plans with volumetric-mod-
ulated arc therapy (VMAT) were 
generated using RayStation (Ray-
Search Laboratories) with 2.5-mm 

Table 1. Koos Grading Scale 
GRADE DESCRIPTION

1 Intracanalicular tumor

2 Protruding into 
cerebellopontine angle

3 Reaching the brainstem surface

4 Deforming the brainstem 
surface
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Table 2. Patient and Tumor Characteristics 
CASE AGE SEX LATERALITY KOOS 

CLASSIFICATION
PRESENTATION PRIOR 

RESECTION
TARGET 
VOLUME 

(CC)

1 71 F R Grade 2 Hearing loss, 
Facial weakness

No 0.2

2 67 M L Grade 2 Disequilibrium No 0.3

3 81 M R Grade 2 Hearing loss No 0.3

4 59 M R Grade 3 Tinnitus, 
Disequilibrium

No 0.6

5 45 M L Grade 3 Tinnitus, 
Hearing loss, 
Vertigo

No 0.9

6 68 M R Grade 3 Hearing loss No 1.0

7 54 M R Grade 3 Hearing loss Yes 1.8

8 76 F L Grade 2 Hearing loss No 0.5

9 72 M L Grade 2 Hearing loss No 1.0

All tumors treated with prescription dose 12 Gy (RBE). Abbreviations: F, Female; M, Male; R, Right; L, Left; cc, cubic 
centimeter

(2.5 XSRS) and 5-mm (5 XSRS) 
multileaf collimators (MLC) on the 
Varian Edge and TrueBeam systems, 
respectively, with a 6-MV flattening 
filter-free beam. VMAT plans were 
optimized with up to 3 partial arcs 
and avoided direct irradiation or exit 
dose through the ocular globes. 

All cases were prescribed 12 Gy 
relative biological effectiveness 
(RBE) with standard RBE of 1.1 for 
protons. The gross target volume 
(GTV) encompassed radiographically 
apparent gross tumor. The planning 
target volume (PTV) consisted of the 
GTV with a 0.5- to 1.0-mm isotropic 
expansion. Dose heterogeneity was 
limited by ensuring an effective 
normalization of approximately 
90%, while ensuring 98.8% PTV 
prescription coverage. Organs at 
risk (OAR) including brainstem, 
chiasm, cochlea, vestibule, ocular 
globes, hypothalamus, optic nerves, 
temporal lobe and brain, were 
verified by a neuro-anatomist and 

Figure 1. Axial images of gross target volume and critical structures including the cochlea, vestibule and brainstem for each case.
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Figure 2. Representative cross-sectional (axial, sagittal, coronal) planning images for proton stereotactic radiosurgery (PSRS) and photon stereotactic 
radiosurgery delivered via volumetric-modulated arc therapy using 2.5- and 5-mm multileaf collimators (2.5 XSRS and 5 XSRS, respectively) for case 4 
(Table 1) patient with vestibular schwannoma, 0.6 cc target, prescribed 12 Gy (RBE).
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CNS-specialized radiation oncologist. 
For bilateral structures, the ipsilat-
eral and contralateral volumes were 
delineated separately.

Plan Comparison

All plans were transferred to MIM 
software solutions for centralized, 
unbiased dosimetric comparison 
based on target volume dosimetry 
and estimated clinical toxicity. 

Parameters assessed for target 
volume dosimetry included: 1) GTV 
coverage defined as the percent of 
the GTV receiving at least a given 
percentage of the prescription 
dose (V90%, V95% and V100%); 2) 
Dmax%, maximum percent dose to 
GTV defined as the highest percent 
of prescription dose to a 0.1 cc vol-
ume within the GTV; 3) homogeneity 
index, the maximum dose within 
the GTV divided by the prescription 
dose; 4) conformity index,13,14 the 
reference isodose volume divided by 
PTV target volume; and 5) gradient 
index (GI),15 defined as 50% of the 
prescription isodose volume divided 
by the prescription volume. 

Clinical toxicity was estimated 
based on dose to OARs and excess 
risk of radiation-associated secondary 
intracranial tumor. The maximum 
dose to OARs (Dmax) was defined as 
the highest dose delivered to a 0.1 
cc volume within the OAR with a 0.2 
Gy buffer. To characterize inho-
mogeneous dose to each OAR, the 
equivalent uniform dose (EUD) was 
calculated. As first described by Nie-
mierko, the EUD is the dose that when 
uniformly distributed over a given 
volume causes the same radiobiologic 
effect as the delivered nonuniform 
dose distribution.16 The computa-
tion is as follows  
, where Di is the dose and vi is the 
partial volume of the i’th bin of the 
corresponding differential dose-vol-
ume histogram (DVH), and a is the 
model parameter specific to the OAR 
of interest.16 Parameter a was set to 
the following values: whole brain, 

10; brainstem, 12; temporal lobes, 
10; cochlea, 20; vestibule, 20; optic 
chiasm/nerves/ocular globes, 10; and 
hypothalamus, 5.17 

Excess risk of radiation-associated 
secondary intracranial tumor was 
modeled using the method pro-
posed by Schneider based on organ 
equivalent dose, the dose that when 
uniformly distributed over a given 
volume causes the same radia-
tion-induced tumor incidence as the 
delivered inhomogeneous dose.18 In 
the present study, organ equivalent 
dose is calculated using the dose-vol-
ume histogram for whole brain as 

, where the sum 
is taken over N bins of a differential 
DVH, vi is the relative size of the i’th 
bin corresponding to dose Di, and α 
is an organ-specific cell sterilization 
parameter. The excess risk of tumors 
(‘I’) is an organ-specific tumor inci-
dence rate for a low radiation dose 
(I0) multiplied by the OED,  
with the assumption that secondary 
tumor incidence rate is proportion-
al to the number of mutated cells 
relative to the number of stem cells 
prior to irradiation. For intracranial 
irradiation, we use model parameters 
estimated by Schneider based on 
data published by the United Nation 
Scientific Committee on the Effects of 
Atomic Radiation (UNSCEAR) of I0 of 
29.7 cancer cases per 10,000 patients 
per year per Sv and α = 0.08.

Parameters for target volume do-
simetry and estimated clinical toxici-
ty were evaluated using the Wilcoxon 
matched-pairs signed-ranks test and 
paired t-test with P value ≤ 0.05 con-
sidered statistically significant. 

Results
The selected 9 cases of vestibular 

schwannoma represent diverse pa-
tient characteristics, tumor volumes 
and anatomic characteristics (Table 
2). One patient underwent prior 
resection. Four lesions were either 
adjacent to or abutting the brainstem 

(Figure 1). The average target volume 
was 0.71 cc (range, 0.2-1.8). All cases 
were treated to a dose of 12 Gy (RBE).  

Treatment plans were compared 
based on target volume dosime-
try and estimated clinical toxicity. 
Figure 2 illustrates the differential 
dose distribution for each treat-
ment modality with representative 
cross-sectional planning images for 
case 4, a patient with right-sided 
0.6-cc vestibular schwannoma that 
abuts the brainstem. Summary target 
volume dosimetry metrics are shown 
in Table 3 (mean for all 9 cases 
according to modality and corre-
sponding statistical comparisons). 
There were no significant differences 
in V100%, homogeneity index or 
Dmax% between treatment modali-
ties. However, 5 XSRS and 2.5 XSRS 
offered equal or superior V90% and 
V95% compared with PSRS for all 9 
cases. The gradient index, driven by 
the clinical directive of 98.8% PTV 
coverage, was highest for 5 XSRS 
(PSRS, 4.87; 5 XSRS, 5.98; 2.5 XSRS, 
4.78). The conformity index was low-
est for 2.5 XSRS (1.44) vs PSRS (1.59, 
P = NS) and 5 XSRS (1.61, P = 0.003). 

Table 4 shows the Dmax in Gy 
(RBE) to pertinent OAR receiving 
> 1Gy (RBE) averaged across the 9 
cases according to modality and 
corresponding statistical compar-
isons. Dmax to the ocular globes 
(ipsilateral and contralateral), optic 
nerves (ipsilateral and contralateral), 
optic chiasm, contralateral cochlea, 
contralateral vestibule, contralateral 
temporal lobe and hypothalamus was 
< 1 Gy (RBE) for each modality. Dmax 
to the ipsilateral temporal lobe was 
significantly lower with 2.5 XSRS, 7.7 
compared with PSRS, 9.5, P = 0.001 
and 5 XSRS, 8.2, P = 0.03. Dmax to 
ipsilateral cochlea was also lowest for 
2.5 XSRS, 9.6 vs PSRS, 10.9, P = < 0.001 
and 5 XSRS, 10.6, P = 0.007. Similarly, 
Dmax to ipsilateral vestibule was 
lowest for 2.5 XSRS, 7.7 vs PSRS, 8.7, 
P = 0.02 and vs 5 XSRS, 8.5, P = 0.02. 
Dmax to brainstem was lowest with 
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PSRS, 8.6 vs 5 XSRS, 9.2, P = 0.04, and 
2.5 XSRS, 8.8, P = NS. 

The EUD to pertinent OAR in Gy 
(RBE) according to treatment modal-
ity for each case is shown in Figure 
3 and numerical values for EUD 
averaged over the 9 cases for all OARs 
are provided in Supplementary Table 
1 (online with article, www.appliedra-
diationoncology.com). The mean EUD 
to the ocular globes (ipsilateral and 
contralateral), optic nerves (ipsilateral 
and contralateral), chiasm, contra-
lateral temporal lobe, hypothalamus, 
contralateral vestibule, and contra-
lateral cochlea was < 1 Gy (RBE). OAR 
with significantly lower EUD in Gy 
(RBE) with 2.5 XSRS vs paired PSRS or 
5 XSRS plans, respectively, included 
the ipsilateral cochlea (9.3, 10.3, 10.1), 

ipsilateral vestibule (7.7, 8.5, 8.4) and 
ipsilateral temporal lobe (3.8, 4.8, 
4.2), P < 0.05 for 2.5 XSRS vs PSRS and 
2.5 XSRS vs 5 XSRS. Mean EUD in Gy 
(RBE) to the brainstem was signifi-
cantly lower with 2.5 XSRS, 4.7, and 
PSRS, 4.6, vs 5 XSRS, 5.0, P =.021 for 
both comparisons. 

The projected excess risk of 
secondary tumor for each case 
according to treatment modality is 
graphically displayed in Figure 4 and 
corresponding numerical values are 
shown in Supplementary Table 2 
(online with article, www.appliedra-
diationoncology.com). The estimat-
ed incidence of radiation-induced 
secondary tumors in cases per 10,000 
patient-years was lowest for PSRS, 
2.8, vs 5 XSRS, 6.6 and 2.5 XSRS, 5.5, 

(P < 0.008 for PSRS vs 2.5 XSRS, PSRS 
vs 5 XSRS and 5 XSRS vs 2.5 XSRS). 

Discussion
In the present study, we rigorously 

compared the dosimetric advantages 
and limitations of PSRS, 5 XSRS and 
2.5 XSRS by identifying 9 cases treat-
ed with PSRS representing various 
clinical characteristics and re-plan-
ning them with both 2.5 XSRS and 
5 XSRS using the original treatment 
dose of 12 Gy (RBE) in 1 fraction. Our 
results demonstrate that metrics of 
target volume coverage and homoge-
neity are similar between modalities. 
The gradient and conformity indices 
were most optimal (closest to 1.0) for 
2.5 XSRS. Regarding OAR, the mean 

Table 3: Target volume dosimetry including mean values for all 9 cases according to modality and 
corresponding statistical comparisons 

PARAMETER PSRS 5XSRS 2.5XSRS PSRS VS 5XSRS 
P-VALUE

PSRS VS 2.5XSRS 
P-VALUE

5XSRS VS 2.5XSRS 
P-VALUE

V100% 100.0 100.0 100.0 0.37 0.19 0.17

V95% 99.8 100.0 100.0 0.16 0.16 1.00

V90% 98.9 99.3 99.6 0.35 0.35 1.00

Homogeneity Index 1.12 1.11 1.11 0.16 0.29 0.30

Gradient Index 4.87 5.98 4.78 0.05 0.73 0.02*

Dmax% 112.1 110.7 111.5 0.16 0.29 0.30

Conformity Index 1.59 1.61 1.44 0.910 0.29 0.003*

Abbreviations
PSRS = Proton stereotactic radiosurgery; 2.5XSRS, 5XSRS  = Photon stereotactic radiosurgery delivered via volumetric-modulated arc 
therapy using 2.5mm and 5mm multileaf collimators, respectively; VX (%) = Percentage of total gross target volume receiving X% of the 
prescribed dose; Homogeneity index = Maximum dose within gross target volume divided by prescription dose; Gradient index = 50% 
prescription isodose volume divided by prescription volume; Dmax (%) = Dose maximum to 0.1ml volume of gross target volume as a 
percentage of prescribed dose; Conformity index = Reference isodose volume divided by target volume; *p-value ≤ 0.05 on paired t-test 
considered significant

Table 4: Maximum dose in Gy (RBE) to organs at risk including mean values for all 9 cases 
according to modality and corresponding statistical comparisons 
ORGAN AT RISK PSRS 5XSRS 2.5XSRS PSRS VS 5XSRS 

P-VALUE
PSRS VS 2.5XSRS 
P-VALUE

5XSRS VS 2.5XSRS 
P-VALUE 

Ipsilateral temporal lobe 9.5 8.2 7.7 0.016* 0.001* 0.03*

Ipsilateral vestibule 8.7 8.5 7.7 0.61 0.02* 0.02*

Ipsilateral cochlea 10.9 10.6 9.6 0.38 <0.001* 0.007*

Brainstem 8.6 9.2 8.8 0.04* 0.26 0.12

Abbreviations
PSRS = Proton stereotactic radiosurgery; 2.5XSRS, 5XSRS  = Photon stereotactic radiosurgery delivered via volumetric-modulated  
arc therapy using 2.5mm and 5mm multileaf collimators, respectively; Maximum dose to organs at risk = highest dose delivered  
to a 0.1cc volume within the structure; *p-value ≤ 0.05 considered significant
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Dmax and EUD to the ipsilateral tem-
poral lobe, ipsilateral vestibule and 
ipsilateral cochlea were lowest with 
2.5 XSRS. The relatively limited low-
dose bath with PSRS was reflected in 
a projected excess risk of secondary 
tumor that was significantly different 
between treatment modalities — high-
est for 5 XSRS followed by 2.5 XSRS 
and nearly halved for PSRS. 

Our results show that in treating 
vestibular schwannoma, dosimetric 
advantages are similar between PSRS 
and XSRS, but depending on clinical 
scenarios and acceptable tradeoffs, 
a given treatment modality might be 
favored. For many patients, select 
small statistically significant dosim-
etric advantages may not constitute 
a clinically relevant margin. Our 

formal dosimetric comparison to 
elucidate the subtleties of represen-
tative scenarios enables clinicians to 
decide when protons may be appro-
priate. These findings are important 
as dosimetric comparisons between 
PSRS and XSRS are limited4 and a 
randomized controlled trial between 
PSRS and XSRS is unlikely consider-
ing the large number of participants 

Figure 3. Equivalent 
uniform dose for 
organs at risk for all 
9 cases according 
to stereotactic 
radiosurgery 
treatment modality.

Abbreviations: PSRS, proton stereotactic radiosurgery; 2.5 XSRS and 5 XSRS, volumetric-modulated arc therapy SRS using 
 2.5- and 5-mm multileaf collimators, respectively; *P < 0.05 for 2.5 XSRS v-s 5 XSRS; Ŧ P <0.05 for 5 XSRS vs PSRS; a  
P < 0.05 for 2.5 XSRS vs PSRS.
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and long follow-up required to detect 
differences in tumor control and 
treatment toxicity. Furthermore, 
an informed decision in this setting 
may lower the additional health 
care system costs and individual 
patient treatment burden associated 
with referral to a center capable of 
performing PSRS. 

Tumor control rates for modern 
series of vestibular schwannoma 
treated with XSRS delivered via Gam-
ma Knife, CyberKnife or linac with 
tumor margin doses of equivalent to 
12 Gy (RBE) in 1 fraction are upwards 
of 90%.19 A single institution series of 
221 patients receiving proton radia-
tion therapy (PSRS or fractionated), 
with approximately 62% of patients 
receiving PSRS using a passive scat-
tering system, showed a 5-year tumor 
control rate of 96%.20 In seminal stud-
ies, doses > 12.5 to 13 Gy (RBE) were 
associated with increased morbidity 
with regard to cranial nerve toxicity 
(CN V, CN VII) without substantial 
gains in tumor control, whereas dose 

< 10 Gy (RBE) trended towards lower 
tumor control supporting modern 
dose regimens that aim to mitigate 
treatment toxicity.6,7,21    

The impact of SRS on hearing 
preservation is controversial as 
there are inherent patient selection 
biases and variable findings in the 
literature with some series reporting 
a long-term decline in hearing22 and 
others reporting rates of hearing 
loss similar to observation.23 To 
maintain < 25% risk of serviceable 
hearing loss defined as hearing that 
is useful with or without a hearing 
aid, Quantitative Analysis of Normal 
Tissue Effects in the Clinic (QUAN-
TEC) recommends a single-fraction 
maximum dose to the cochlea < 12 to 
14 Gy.24,25 Our dosimetric analysis of 
dose to cochlea with PSRS and XSRS 
shows dose to ipsilateral cochlea is 
different between PSRS and 5 XSRS 
vs 2.5 XSRS with a small but poten-
tially impactful difference applicable 
in situations where it is challenging 
to meet cochlear dose constraints. 

Brainstem injury during SRS is 
typically due to treatment of adja-
cent lesions, especially vestibular 
schwannomas. Data in this setting are 
limited; however, in one of the largest 
vestibular schwannoma SRS series 
including 149 patients by Foote et al, 
significant risk factors for cranial neu-
ropathy included tumor to brainstem 
distance, prior surgical resection and 
Dmax to brainstem with neuropathy 
rates of 2% vs 24% corresponding to 
dose < 12.5 vs > 12.5 Gy (RBE).21 Based 
on analysis of this study and other 
series, a Dmax of 12.5 Gy (RBE) to the 
brainstem during single-fraction SRS 
is recommended to limit the risk of 
permanent cranial neuropathy (due 
to proximity of cranial nerves to the 
brainstem) or necrosis to < 5% for 
patients with acoustic tumors.25,26 
Our representative sample included 
tumors with varying distance from 
the brainstem. Although our small 
sample size may limit the ability to 
detect statistically significant differ-
ences, in these paired plans PSRS 

Figure 4. Projected risk of secondary tumors (expressed as cases of secondary tumors per 10,000 patient-years) for all 9 cases according to 
stereotactic radiosurgery treatment modality.

Abbreviations: PSRS, proton stereotactic radiosurgery; 2.5 XSRS and 5 XSRS, volumetric-modulated arc therapy SRS using 2.5- and 5-mm multileaf collimators, 
respectively.
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offered a lower brainstem Dmax 
compared with 2.5 XSRS and 5 XSRS. 
This difference may be clinically 
relevant in situations where tumor is 
in proximity to the brainstem. 

Temporal lobe and brain paren-
chymal toxicity are anticipated to be 
low with typical vestibular schwan-
noma dose prescriptions of approx-
imately 12 Gy (RBE). The volume of 
brain receiving 12 Gy is significantly 
associated with development of 
symptomatic postradiosurgical 
imaging changes27 and symptomatic 
radiation necrosis.28 The QUANTEC 
analysis recommends limiting the 
V12 Gy to < 5 to10 cc correspond-
ing to a < 20% risk of symptomatic 
necrosis in single-fraction SRS.25 In 
our study, the prescription dose is 
12 Gy (RBE) and the mean Dmax to 
ipsilateral temporal lobes was ≤ 9.5 
Gy (RBE) across all modalities. 

Reports of secondary tumors and 
malignant transformation are rare, 
as anticipated, given the low proba-
bility of these events and long latency 
period. In a retrospective series of 440 
patients with vestibular schwannoma, 
median follow-up of 12.5 years, treat-
ed with Gamma Knife SRS between 
1991 and 2000, 1 patient (0.03%) de-
veloped malignant transformation.29 
Pollock et al performed a retrospec-
tive review of 1837 patients receiving 
SRS between 1990 and 2009 for benign 
tumors or indications with median 
follow-up of 9 years; they reported no 
radiation-induced tumors in 11,264 
patient-years of follow-up and a pre-
dicted 5-, 10-, and 15-year risk of ma-
lignant transformation of 0.5%, 0.8% 
and 2.4%, respectively.30 Among the 
reported cases of malignant transfor-
mation in a vestibular schwannoma, 
41% were in patients with neurofi-
bromatosis, and reported histologies 
included malignant peripheral nerve 
sheath tumor, triton tumor, rhabdo-
myosarcoma and sarcoma.31 Based 
on a literature review and analysis of 
36 cases of SRS-induced neoplasms, 
Patel and Chiang estimate the overall 

risk of developing an SRS-induced 
neoplasm is approximately 0.04% at 
15 years; notably more than half of 
the initially treated tumors in this 
analysis were vestibular schwanno-
mas.32 This is anticipated to be an un-
derestimate as only a fraction of cases 
of secondary tumors are likely to be 
submitted as reports and accepted for 
publication. Furthermore, they note 
that the mean latency to develop-
ment of an SRS-induced neoplasm 
is 7.9 years (range, 0.7-19 years),32 a 
duration that is relatively shorter than 
those observed with fractionated ra-
diation therapy (median latency 15.2 
± 8.7 years in the pituitary adenoma 
experience).33 Historical series with 
long-term follow-up in the setting of 
fractionated radiation for pituitary 
adenoma report cumulative risk of 
second brain tumors of 2.0% at 10 
years and 2.4% at 20 years without 
plateau,34 underscoring that the risk 
of secondary tumors even with older 
techniques is low but still a tangible 
risk that should be mitigated through 
careful modality selection and 
treatment planning. 

To our knowledge, the present 
study is the first dosimetric compari-
son of PSRS with modern linac-based 
XSRS techniques specifically for 
treatment of vestibular schwannoma. 
Our results differ from dosimetric 
studies published 20 years ago but 
are similar to contemporary studies 
for other skull base tumors. For 
example, in a dosimetric comparison 
study of proton (spot scanning or 
passive scattering) and photon (3D 
conformal, stereotactic arc therapy, 
intensity-modulated RT) for benign 
brain tumors including 5 acoustic 
neuromas in 2003, Bolsi et al con-
cluded that proton techniques were 
shown to be superior to all photon 
approaches for the irradiation of 
small brain lesions with regard to 
target dose uniformity, conformity 
and sparing of OAR.35 In contrast, our 
results show that neither modality 
has empirically superior dosimetry, 

which likely reflects technological 
progress in treatment planning, 
target localization and treatment 
delivery in recent decades leading to 
gains in photon dosimetry relative 
to proton dosimetry. Our results are 
consistent with the modern litera-
ture comparing proton and photon 
radiation for intracranial and skull 
base lesions, although there are no 
dedicated comparisons for vestib-
ular schwannoma. In the setting of 
hypofractionated treatment (2-5 frac-
tions) of intracranial tumors > 3 cm 
delivered via multiple modalities of 
SRS including protons (double-scat-
tering proton therapy and intensi-
ty-modulated proton therapy) and 
photons (Gamma Knife, CyberKnife, 
and coplanar- and noncoplanar-arc 
VMAT), Cao et al showed that PSRS 
consistently offered the lowest inte-
gral dose to normal brain and most 
optimal homogeneity index, but each 
modality had dosimetric advantages 
and limitations on a case-by-case 
basis.36 In the setting of pituitary 
adenoma, PSRS compared with XSRS 
offered similar target volume dosim-
etry and a lower risk of radiation-in-
duced secondary tumors.37 In the 
setting of conventional fractionation, 
Arvold et al38 and Winkfield et al39 
report that for benign meningioma 
(mean target volume ~27 cc) and 
pituitary adenoma (target volume 
2.4 cc), respectively, proton radiation 
compared with photon radiation 
decreased the risk of RT-associat-
ed secondary tumors and offered 
optimal OAR sparing. In our analysis, 
differences in OAR dose were mod-
est, which may reflect similar small 
target volume dosimetry (mean tar-
get volume 0.71 cc) between photon 
and proton approaches. PSRS did 
offer a consistently lower risk of sec-
ondary tumors. In addition, 2.5 XSRS 
offered consistently equal target 
coverage and optimal OAR sparing 
relative to 5 XSRS, supporting use 
of this MLC size when available for 
linac-based SRS systems. 
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This study has several important 
limitations. The 9 cases were select-
ed to be representative of common 
clinical scenarios applicable to ves-
tibular schwannoma SRS – various 
anatomic characteristics, presenta-
tions, and prior resection and target 
volumes. However, this selection is 
not exhaustive. Many systems can 
deliver XSRS, including the linac, Cy-
berKnife and Gamma Knife, among 
others. We focused our analysis on 
linac-based SRS, as this is a widely 
available modality in academic and 
community-based practices, and 
evaluated 2 common MLC sizes to 
address an important question in 
XSRS treatment planning. Our PSRS 
treatment planning is performed for 
a unique proton passive scattering 
system with optimized characteris-
tics intended for small field delivery. 
Thus, our dosimetric assessments 
may not transfer to all other passive 
scattering systems and may not di-
rectly apply to pencil-beam scanning 
with or without aperture collimation. 
SRS plans can be modified based on 
planning priorities and resources. 
The plans presented in our study 
may differ from those generated at 
other institutions. As described in 
our methods, we used commercial-
ly available software and common 
planning criteria; thus, major vari-
ations from our data can occur but 
would be unlikely.

Conclusion
In conclusion, this study com-

pared the dosimetric advantages and 
limitations of PSRS, 5 XSRS and 2.5 
XSRS for vestibular schwannoma. 
We show similar target coverage and 
OAR sparing with XSRS and PSRS; 2.5 
XSRS offers greater target confor-
mality and lower dose to OAR than 5 
XSRS, and PSRS offers significantly 
lower excess risk of secondary tumor 
than XSRS, although the absolute 
risk of secondary tumors is low 
across modalities.  
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The presence of accessory breast 
tissue (ABT) has been well document-
ed throughout medical literature. 
Most accessory breast tissue develops 
along the mammary ride (milk line), 
and the current classification of ABT 

is based on the system first developed 
by Kajava in 1915. In most cases, 
individuals develop polythelia (extra 
nipples) without functioning ductal 
tissue. However, there have been re-
ports of fully functioning ABT, which 

includes the production of milk.1 ABT, 
like regular breast tissue, is at risk of 
developing cancer, but literature re-
garding the incidence and treatment 
of cancer in ABT is limited. Specifi-
cally, there is little to no guidance on 
how to approach these cases from 
the standpoint of adjuvant radiation 
therapy (RT). Here we present 3 cases 
of resected carcinoma in the ABT 
treated at our institution, describe 3 
radiotherapeutic approaches, summa-
rize the current literature, and discuss 
the clinical considerations that may 
guide recommendations in this 
unusual scenario.

Abstract
Background: The presence of accessory breast tissue (ABT) has been documented throughout medical litera-
ture and, like prepectoral breast tissue, is at risk of developing cancer. However, there is a clear lack of data and 
reported experience to guide clinicians in choosing the optimal treatment for ABT cancers. Specifically, there is 
limited information on the role of adjuvant radiation therapy (RT) and no clear consensus on guidelines. 

Methods: We conducted a literature review of previously reported ABT cancers and their treatment. We also 
queried the database of breast cancer patients treated at our institution and identified 3 cases of ABT cancer for 
which adjuvant RT was offered. 

Results: We present 3 cases of ABT cancer, treated at our institution, with 3 approaches to adjuvant RT. The 
first 2 were stage 1 ER/PR+ HER2- invasive ductal carcinomas in postmenopausal women. Of these, 1 received 
adjuvant endocrine therapy only without RT, while the other received hypofractionated RT, 26 Gy in 5 fractions. 
The third case was locally advanced ER/PR+ HER2+ invasive ductal carcinoma in a premenopausal female. She 
underwent adjuvant breast and nodal irradiation with a boost to the axillary tumor bed. In each of the cases, the 
rationale behind the recommendations, dose and treatment volume are discussed.  

Conclusions: In formulating treatment recommendations for patients with ABT cancer, clinicians face several 
questions without answers from the existing data. Small case series and literature reviews such as this one can 
be used to provide the framework for considering treatment options in these challenging cases.

Keywords: accessory breast tissue, ectopic breast tissue, supernumerary breast tissue, axillary breast tissue, 
adjuvant radiation therapy
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Case Presentations

Case 1

The first case involves a G1P1 
61-year-old postmenopausal woman 
with a documented history of bilater-
al axillary ABT for several years. She 
had previously undergone a biopsy 
for suspicious calcifications in her 
left breast with benign findings. In 
March 2021, the patient underwent a 
routine bilateral screening mam-
mogram. She was asymptomatic 
and had no acute concerns. Her 
mammogram demonstrated 9 foci 
of calcifications in the right axillary 
ABT (Figure 1).

Subsequent stereotactic biopsy 
demonstrated moderately differenti-
ated invasive ductal cancer, estrogen 
receptor (ER) and progesterone 
receptor (PR) positive, HER2 negative, 
Ki-67 8%. She was clinically staged as 
T1N0. She was then evaluated by the 
breast surgical oncology team in April 

2021 and elected to undergo wide 
local excision of the ABT with wire 
localization and sentinel lymph node 
biopsy. Surgical pathology demon-
strated invasive ductal carcinoma 
(IDC) 20 mm at its largest width and 
ductal carcinoma in situ (DCIS) 5 cm 
at its largest width. The posterior 
and lateral surgical margins were 
identified by direct visualization of 
the deep tissue below the pectoralis 
and lateral to the latissimus mus-
cles, respectively. 

All final margins were negative for 
carcinoma (IDC and DCIS are more 
than 1 cm away from all margins). 
Tissue testing demonstrated simi-
lar molecular profile to that of the 
biopsy, and Oncotype Dx Recurrence 
score was 1. In addition, her sentinel 
lymph node biopsy was negative (0/1). 
She was therefore staged as pT1cN0. 
Postoperatively, she required multiple 
seroma aspirations and developed 
palpable cording in her axilla. She was 
evaluated by a medical oncologist and 
started on letrozole with plans to con-
tinue endocrine therapy for 5 years. 

She then presented to the ra-
diation oncology department for 
consideration of adjuvant radiation. 
The patient was presented with 2 
treatment options: 1) RT to the ax-
illary area only, since there was felt 
to be no anatomic communication 
between the ABT and regular breast 
tissue; and 2) no RT, since all ectopic 
mammary tissue had been removed, 
and this could, in a sense, be con-
sidered a full mastectomy of the su-
pernumerary breast. After extensive 
discussion, she opted to forgo the RT. 
At the time of writing this paper she 
had completed an 18-month imaging 
follow-up and a 15-month clinic fol-
low-up. She was tolerating letrozole 
well with minimal side effects, and 
her bilateral mammogram was nega-
tive for disease recurrence. 

Case 2

The second case involves a G3P2 
76-year-old postmenopausal woman 

who had never been diagnosed with 
ABT. Over the years, she had under-
gone 2 biopsies for suspicious find-
ings on screening mammograms, 
but both were benign. In November 
2021, she underwent a routine bilat-
eral mammogram where a 1.2 cm 
site of asymmetry was identified in 
the right axilla (Figure 2A). A biopsy 
of the site demonstrated IDC that 
was well differentiated, ER/PR posi-
tive, Her-2 negative, and Ki-67 5%. 

She was then evaluated by the 
breast surgical oncology team and 
underwent local resection aided by 
SAVI SCOUT (Merit Medical) with 
sentinel lymph node biopsy. Surgical 
pathology demonstrated that the 
mass excised was an accessory breast 
with a 1.8-cm single site of IDC. 
On the surgical specimen, invasive 
carcinoma was 0.2 mm from the 
inked anterior margin, < 1 mm from 
the posterior margin, and 1.5 mm 
from the inferior margin. Additional 
superior, inferior, lateral, medial, 
anterior, and posterior margins mea-
suring at least 1.0 × 1.0 × 0.5 cm, only 
contained benign breast tissue or 
benign fibroadipose tissue. All final 
margins were negative, and her sen-
tinel lymph node biopsy was negative 
(0/1). Tissue testing demonstrated 
similar molecular profile to that of 
the biopsy sample, and Oncotype Dx 
Recurrence score was 16. 

She was diagnosed with pT1cN0 
IDC of a right axillary accessory 
breast. She met with a medical oncol-
ogist and was started on anastrozole. 
She then presented to the radiation 
oncology department for evaluation 
of adjuvant radiation. Similar to 
the previous case, this patient was 
presented with the options of RT to 
the axillary area only vs no RT since 
all the ectopic mammary tissue 
had been removed. After extensive 
discussion, this patient opted to 
complete 2600 cGy in 5 fractions to 
the axillary area (Figures 2B-C). At 
the time of writing, she had com-
pleted a 9-month imaging follow-up 

Figure 1. Right preoperative mediolateral oblique-
craniocaudal view (MLO-CC).
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and a 10-month clinic follow-up. 
She was tolerating anastrozole well 
with minimal side effects, and her 
bilateral mammogram was negative 
for disease recurrence. 

Case 3

The third case involves a G1P1 
33-year-old premenopausal woman. 
The patient reported first feeling bi-
lateral axillary fullness at the time of 

her pregnancy in 2019. She indicated 
she was able to express milk from 
tissue in her left axilla during nurs-
ing. The right-sided axillary fullness 
persisted after she stopped nursing 

Figure 2. A) Right preoperative MLO-CC view with the lesion circled in yellow. The treatment plan with the planning target volume delineated in purple 
in the B) axial C) coronal, and D) sagittal view.
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and she had reported feeling a nod-
ule in her right axilla. She under-
went an ultrasound in August 2021, 
demonstrating a 1.2-cm hypoechoic 
nodule in what was initially believed 
to be the right axillary tail, and 2 
likely reactive hypoechoic lymph 
nodes measuring 1.3 cm and 1.6 cm, 
respectively (BIRADS 3). 

Repeat ultrasound and mammo-
gram (Figure 4A) in November 2021 
demonstrated a 1.7-cm irregular 
spiculated mass in the right axillary 
tail. A second irregular spiculated 
mass likely representing a 1.2-cm 
lymph node was noted in the right 
axilla. A biopsy of the right axillary 
tail mass demonstrated poorly differ-
entiated IDC measuring 1.4 cm and 
was associated with calcifications, 
ER 82%, PR 35%, HER2 +3 positive, 
and Ki-67 43%. PET demonstrated a 
hypermetabolic right axillary lesion 
corresponding to her known malig-
nancy as well as multiple hypermeta-
bolic right axillary lymph nodes con-
sistent with metastases (Figure 3). 
She was therefore staged as cT1N2. 

The patient completed 4 cycles 
of neoadjuvant doxorubicin/cyclo-
phosphamide followed by 4 cycles 
of TCHP (Taxotere/Carboplatin/

Herceptin/Perjeta). She was then 
evaluated by a breast surgeon in May 
2022 and underwent local resection 
aided by SAVI SCOUT and sentinel 
lymph node biopsy. The surgical 
specimen measured 7.7 × 1.9 × 3.1 
cm and pathology was negative for 
residual carcinoma. Sentinel lymph 
node biopsy did not show residual 
carcinoma (0/5), yet multiple lymph 
nodes exhibited treatment effect 
with evidence of fibrous scarring and 
focal calcifications. 

Of note during the operation, the 
surgeon noted a distinct anatomical 
separation between the axillary tail 
of the breast and area containing 
the primary lesion. Thus, this was 
determined to be an ABT cancer 
rather than an axillary tail cancer, 
contiguous with the breast, as had 
been initially assumed. All final 
surgical margins (≥ 1 mm) were 
negative, and the patient was staged 
ypT0N0. She was re-evaluated by the 
medical oncologist after the surgery, 
and the recommendation was to start 
KADCYLA. She then presented to 
the radiation oncology department 
for discussion of adjuvant radia-
tion. Given her young age and the 
locally advanced nature of her initial 

disease, the options presented to her 
were different from those discussed 
with the patients above. Specifically, 
the issues discussed were: 1) regional 
nodal irradiation to include the 
axillary and supraclavicular nodal 
stations but not internal mammary 
lymph nodes; 2) irradiation of the 
axillary tumor bed but not the entire 
right breast because, as in the other 
cases, there was felt to be an ana-
tomic barrier between the ABT and 
regular breast tissue; 3) boosting the 
axillary tumor bed (which is normal-
ly given after a lumpectomy but not 
after a mastectomy). 

After extensive discussion, the pa-
tient opted to undergo a hypofraction-
ated course of 4256 cGy in 16 fractions 
to the right axilla and supraclavicular 
fossa, followed by a boost of 1000 cGy 
in 4 fractions to the axillary tumor 
bed (Figures 4B-D). 

At the time of writing, the patient 
has completed the intended RT 
course with minimal toxicity and 
completed 16 cycles of KADCYLA. 
She has also completed a 3-month 
imaging follow-up PET/CT, which 
showed no F-18 fluorodeoxyglucose 
(FDG)-avid lesions in the right axilla 
and supraclavicular fossa, and a 

Figure 3. Positron emission tomography scan at diagnosis demonstrating the primary mass (white arrows) and multiple FDG-avid lymph nodes (yellow 
arrows) in the A) axial, B) coronal, and C) sagittal view.

A B C
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Figure 4. A) Right MLO-CC view pretreatment with the lesion and lymph node outlined in yellow. The treatment plan with the planning target volume 
delineated in purple and boost volume in cyan in the B) axial, C) coronal, and D) sagittal view.
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6-month clinic follow-up at which 
time her breast examination was 
negative for evidence of disease. 

Discussion
ABT is an umbrella term encom-

passing both supernumerary and 
aberrant anatomy. Supernumerary 
breast tissue is found along the milk 
line — an embryologic landmark 
running bilaterally from the axilla 
to the inguinal region. By contrast, 
aberrant refers to breast tissue found 
close to the normal breast tissue 
and by definition lacks organized se-
cretory systems.2 In either case, the 
defined mass is an isolated fragment 
of glandular tissue without any con-
nection to the native or “pectoral” 
breast. ABT is present in roughly 2% 
to 5% of the general population and 
incidence varies with ethnicity, sex, 
geographic region, and method used 
to determine its presence. 

The presence of ABT was first 
described in detail in 1915, and first 
was classified into 8 types according 
to the existence of glandular tissue, 
nipple, areola, skin, and patch of 
hair.1 This system is still widely used 
in the literature today. Class 1 (also 
termed polymastia) consists of a 
complete breast with a nipple, areola 
and glandular tissue. Class 2 refers to 
glandular tissue and a nipple but no 
areola. Class 3 consists of an areola 
and glandular tissue but no nipple. 
Class 4 is glandular tissue only. Class 
5 (also called pseudomamma) tissue 
contains a nipple and areola. Class 
6 is composed of a nipple only (also 
termed polythelia) and class 7 con-
sists of an areola only. Lastly, class 
8 refers to just a patch of hair. All of 
our cases are strictly fibroglandular 
tissue in the axilla, which represents 
class 4 according to this system.

Literature is divided on whether 
there is an increased risk of malig-
nant transformation in ABT. Of note, 
cancer in ABT appears to arise at an 
earlier age than in developmentally 

normal pectoral tissue. One review 
of 82 cases found the mean age at 
diagnosis to be 53.3 years in patients 
with cancer of ABT, whereas the 
mean age for pectoral breast cancer 
according to the National Cancer 
Institute is 61 years.3 Moreover, 
patients with ABT cancer tend to 
present with more advanced disease.4 
It is important to note that ABT is 
generally not included in routine 
breast cancer screening studies. This 
may, in part, explain why some 
patients present at a later stage than 
traditionally located breast cancer. 

To date, the literature is limited to 
case reports of ABT cancer with no 
established treatment paradigms. 
A literature review was conducted 
utilizing key words and phrases such 
as accessory breast tissue and ectopic 
breast tissue in PubMed to identify 
reported cases and guidelines. Upon 
our review, most case reports pres-
ent a combination of preoperative 
chemotherapy, surgical resection, 
postoperative chemotherapy, RT, and 
endocrine therapy. RT is still rec-
ommended for maximizing locore-
gional control. In a 2009 review of 
case reports by Madej B et al,5 most 
radiation prescriptions were 5000 
to 6600 cGy in 200 cGy per fraction. 
More recently in 2013, Hallam et 
al6 proposed extrapolating from the 
UK START B trial where 4000 cGy 
was given over 15 fractions. Notably 
though, there was no consensus on 
treatment fields. Proposed plans 
ranged from treating the tumor bed 
alone to including the ipsilateral 
uninvolved pectoral breast, axilla, 
and supraclavicular fossa even in the 
absence of nodal metastases.

In evaluating the cases presented 
here, we were faced with several key 
questions to help guide treatment 
recommendations:

The first question is how to classi-
fy the extent of surgery. Does the fact 
that the ABT, from which the carci-
noma arises, and is an independent 
structure from the pectoral breast, 

imply that the surgical resection is 
effectively a mastectomy? If so, one 
decision-making approach would 
be to extrapolate the indications for 
postmastectomy radiation therapy 
from the classic studies, ie, only 
offer it in the cases of nodal involve-
ment, T3 or T4 disease, and positive 
margins. If, on the other hand, this 
is considered a lumpectomy rather 
than mastectomy, in a low-risk 
patient one may consider applying 
criteria from the Hughes et al trial 
(CALGB C9343)7 for patients older 
than 70 or the PRIME II trial8 to iden-
tify those in whom omitting postop-
erative RT is an option. If radiation 
is offered as part of breast conserva-
tion therapy in these cases, we must 
also consider the applicability of 
accelerated partial breast irradiation 
(APBI) regimens, such as 600c Gy 
× 5 fractions.9.10 In a similar vein, if 
we are considering it whole-breast 
irradiation for the supernumerary 
breast tissue, the appropriateness 
of ultrahypofractionated regimens, 
such as 2600 cGy in 5 fractions as 
per the UK FAST FORWARD trial, 
should be assessed, particularly with 
respect to conferring a higher risk of 
lymphedema. In the first 2 cases, the 
patient stage was pT1cN0, the profile 
was consistent with luminal A molec-
ular subtype, and the Oncotype Score 
was low. Considering these factors, 
as well as patient age and perfor-
mance status, we presented several 
options, including: 1) hypofractionat-
ed RT to the axillary area of 4000-
4256 cGy/15-16Fx +/- boost 1000-1600 
cGy/5-8Fx; 2) Ultrahypofractionated 
RT 2600 cGy/5Fx as per UK FAST 
FORWARD trial (we felt this to be 
somewhat safer than the 600 cGy × 
5 fractions APBI regimen from the 
standpoint of causing lymphedema); 
3) endocrine therapy alone. The case 
for no RT can be made if one con-
siders surgical resection of ABT as a 
mastectomy. One can also consider 
omitting RT based on relatively low 
recurrence rates in select low-risk 
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patients after BCT, as seen in the 
CALGB and PRIME II studies. 

Another important question is the 
utility of Oncotype scores in guiding 
treatment recommendations for ABT 
cancers, in the fashion that is being 
explored in the ongoing MA-3911 
and DEBRA12 trials. Of note, our first 
patient would have been a candidate 
for the DEBRA trial had her cancer 
been in the pectoral breast. 

Finally, in a locally advanced case, 
such as the one presented above, 
what is the optimal target volume, 
which nodal areas need to be includ-
ed, and is a tumor bed boost warrant-
ed? In our third case the patient was 
cT1cN2 with biopsy-proven nodal 
involvement, and abnormal PET-avid 
nodes identified in both level 3 of 
the axilla and the supraclavicular 
fossa. Despite having a complete 
response to neoadjuvant chemo-
therapy, she was deemed a high-risk 
patient and adjuvant RT was offered 
to both the tumor bed and regional 
lymphatics. As in the other cases, the 
pectoral breast was not included in 
the treatment field as there was no 
anatomic connection between it and 
the resected ABT. Similarly, internal 
mammary LNs were not included in 
the treatment field, because the risk 
of spread to that location from the 
ABT was considered exceedingly low. 
Despite concerns about increased 
risk of lymphedema and after ex-
tensive discussion with the patient, 
a boost was given to the tumor bed 
because of the initially high tumor 
grade and Ki-67.

Conclusion
In formulating treatment recom-

mendations for these patients, we 
were faced with several questions 
without answers from existing data. 
Considering the rarity of such clin-
ical scenarios, there is little chance 
that large-scale randomized clinical 
trials can be carried out to guide cli-
nicians in the future. In the absence 
of these trials, our hope is that small 
case series and literature reviews, 
such as this one, can at least provide 
the framework for considering treat-
ment options in these challenging 
cases. To our knowledge, this is the 
first report where several possible 
radiotherapeutic approaches to car-
cinoma of the ABT are delineated.   
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Role of Boswellia Serrata in Management of 
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Case Summary 
A 59-year-old woman with no sig-

nificant past medical history present-
ed with abdominal discomfort and 
elevated liver function tests. She was 
incidentally found to have a left upper 
quadrant abdominal mass. She under-
went left robotic nephrectomy with 
pathology suggestive of multifocal 
clear-cell renal cell carcinoma, with 
a 9-cm and a 3.5-cm tumor, negative 
margins and 0/6 lymph nodes involved 
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(pT3 pN0). Systemic staging scans 
revealed right-sided, pleural-based en-
hancing nodules and pleural effusion. 
She had an F-18 fluorodeoxyglucose 
(FDG) PET/CT scan, which demon-
strated hypermetabolic activity in the 
right pleural surface in the mid to 
lower hemithorax (SUV max 3.0), with 
no other distant metastases. She un-
derwent video-assisted thoracoscopic 
surgery (VATS) biopsy of parietal 
pleural nodules, which confirmed 
metastatic renal cell carcinoma. 

Baseline contrast-enhanced MRI of 
brain was negative for intracranial me-
tastases. She was started on first-line 
systemic therapy with pembrolizumab 
and axitinib. Restaging scans revealed 
good response with improvement in 
small pulmonary nodules with mini-
mal residual pleural thickening in the 
right lung base. 

About 6 months after initial 
diagnosis, the patient presented with 
headaches and left-sided neck pain. A 
brain MRI with and without contrast 
revealed interval development of a 
1.5 × 1.4-cm enhancing nodule in the 
left frontal lobe with mild to moderate 
surrounding vasogenic edema and 
mass effect. She also had an MRI of 
the cervical spine, which demonstrat-
ed multilevel degenerative changes 
but no metastatic disease. She was 
started on a short course of tapering 

Abstract

Radiation necrosis (RN) is a concerning late toxicity after radiation therapy for brain metastases. The man-
agement of RN primarily depends on the extent of edema on imaging and presence of symptoms. Oral 
corticosteroids are the mainstay of management; however, they are not optimal for long-term management 
because of multiple side effects and drug interactions. Boswellia serrata is an extract derived from Indian 
frankincense, which is available as an over-the-counter supplement, and has been traditionally used in the 
treatment of asthma, arthritis and colitis due to its anti-inflammatory properties. Recent data have reported 
the benefits of Boswellia on reducing cerebral edema. We discuss a case report involving a patient with brain 
metastases treated with stereotactic radiosurgery who developed early RN and had a good response with 
resolution of postradiation edema with the use of Boswellia. 
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dexamethasone. She had no signif-
icant findings on her neurological 
examination and had an excellent 
performance status with a Karnofsky 
performance score of 90. Her baseline 
cognitive objective Patient-Reported 
Outcome Measurement Information 
System (PROMIS) score was 39/40. She 
completed fractionated stereotactic 
radiosurgery (fSRS) to her left frontal 
lesion to a dose of 24 Gy in 3 fractions 
using 4 volumetric-modulated arc 

therapy (VMAT) arcs of 6 MV flattening 
filter-free photons. A planning target 
volume (PTV) was created using a 
2-mm margin around the gross tumor 
volume (GTV). The conformity index 
was 0.95 and the GTV received a mean 
dose of 27 Gy. She tolerated the treat-
ment well with no acute side effects 
and continued pembrolizumab every 3 
weeks and axitinib 5 mg twice a day. 

She continued to have occasional 
headaches immediately after treatment 

and completed 2 short-term tapering 
doses of dexamethasone after her 
radiation treatment, with resolution 
of her headaches. Her follow-up brain 
MRI 2 months after treatment revealed 
a decrease in the left frontal enhancing 
lesion, but increased surrounding ede-
ma, consistent with grade 1 radiation 
injury, according to Common Termi-
nology Criteria for Adverse Events 
(CTCAE) v5.0. She was instructed to 
begin over-the-counter Boswellia  

A

D

B

E

C

F

Figure 1. Serial MRI imaging, with T1 postcontrast axial images (A-C) and T2 FLAIR images (D-F) demonstrate good tumor response (B, C), while there 
was increase in surrounding edema 2 months after fractionated stereotactic radiosurgery (E), which subsided after initiating Boswellia (F).
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serrata 4.2 to 4.5 gms daily in divided 
doses. She was taking Boswellia 3 
× 1200 mg capsules (TNV vitamin 
brand) and 2 × 450 mg capsules (GNC 
brand) daily equaling a total dose 
of 4.5 gms daily in 3 divided doses. 
She tolerated the drug well with 
mild fatigue. She did not have any 
nausea, vomiting, gastrointestinal 
intolerance or any other side effects. 
She had a follow-up brain MRI at 
5 months and 8 months post-treat-
ment, which was consistent with 
interval improvement of FLAIR 
enhancement and edema around 
the prior treated left frontal lesion. 
No other new enhancing lesions 
were noted. Her serial PROMIS 
scores were 40, 40 and 39 at 2, 5 and 
8 months of follow-up, respectively. 
At the last follow-up, 8.5 months 
after fSRS, she had remained free of 
headaches or any new neurological 
symptoms or signs.

Imaging Findings 
A baseline, pretreatment brain MRI 

revealed a 14 × 15-mm post-contrast 
enhancing lesion in the left fron-
tal lobe (Figure 1A) with minimal 

surrounding edema (Figure 1D). 
Post-treatment scans 2 months after 
completing fSRS revealed a decrease 
in the left frontal lobe enhancing le-
sion, measuring 8 × 7 mm (Figure 1B). 
There was extensive increase in sur-
rounding T2 FLAIR signal abnormality 
compatible with edema, measuring 5.6 
× 3.6 cm in perpendicular diameters 
(Figure 1E). Further follow-up brain 
MRI at 5 months after treatment 
showed continued decrease of the 
enhancing lesion in the left frontal 
lobe (Figure 1C). There was significant 
decrease in surrounding T2 FLAIR 
edema, which was now 1.4 × 0.8 cm 
(Figure 1F). This corresponded to a  
> 90% response per updated Response 
Assessment in Neuro-Oncology 
(RANO) criteria with measurement of 
sum of product of perpendicular diam-
eters (SPPDs).1 The irregular enhanc-
ing lesion within the left frontal lobe 
and surrounding edema continued to  
decrease, as shown in a brain MRI  
at an 8-month follow-up. No increase  
in perfusion around the treated metas-
tases was noted on follow-up imaging 
at 5 and 8 months, and there was no 
evidence of new enhancing lesions in 
the brain parenchyma.

Diagnosis
CTCAE v5.0 Grade 1 radiation inju-

ry after fSRS for brain metastases

Discussion
Radiation necrosis (RN) is a 

dose-limiting late toxicity after radia-
tion therapy for brain metastases. With 
advancements in radiation techniques 
and systemic therapies, patients with 
brain metastases tend to live longer, 
making late toxicities such as RN more 
relevant. Within the context of brain 
metastases, the true incidence of RN is 
hard to estimate and probably lies be-
tween 5% and 20%.2,3 Using primarily 
imaging-based diagnosis, Minniti et al 
reported a 24% incidence of RN (14% 
symptomatic, 10% asymptomatic).4 
Although the pathophysiology of RN is 
multifactorial, vascular injury and glial 
cell damage are attributed. Manage-
ment of RN primarily depends on 
symptoms and the extent of edema on 
imaging. Table 1 summarizes various 
treatment options for managing cere-
bral radiation necrosis. Oral cortico-
steroids (such as dexamethasone) are 
the preferred first line of management 

Table 1. Treatment Options for Cerebral Radiation Necrosis 

MODALITY MECHANISM OF ACTION ADEQUATE FOR SIDE EFFECTS / DISADVANTAGES

Oral corticosteroids Anti-inflammatory by suppressing 
migration of leukocytes, Repress NF-
κB regulated inflammatory genes

Grade 2-3, symptomatic patients Myopathy, iatrogenic Cushing’s 
syndrome, gastric ulcers, fluid 
retention, neuropsychiatric effects

Bevacizumab VEGF inhibition Steroid-refractory patients Hemorrhage, thrombosis and 
impaired wound healing

Laser interstitial thermal 
therapy (LITT)

Ablates both tumor tissue and 
VEGF-producing reactive glial cells

Steroid-refractory patients Operative morbidity, transient 
and permanent weakness, 
hemorrhage, seizures, and 
hyponatremia

Hyperbaric oxygen therapy Increased central oxygen levels 
promote perfusion and healing

Steroid-refractory patients Expensive, requires specialized 
facilities and significant time 
commitment

Oral pentoxifylline and 
vitamin E

Improved perfusion Grade 1-2, asymptomatic patients Poor response rates 

Boswellia serrata Herbal over-the-counter 
supplement with anti-inflammatory 
properties

Grade 1-3, asymptomatic and mildly 
symptomatic patients

Minimal, occasional 
gastrointestinal intolerance

Surgical resection Removes necrotic tissue Symptomatic patients with mass effect on 
imaging, unclear local failure vs necrosis

Operative morbidity
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for symptomatic patients. However, 
corticosteroids often fail to control 
RN and are not optimal for long-term 
management because of multiple 
side effects and drug interactions. 
Many patients may require steroids 
for a long duration and are at risk for 
chronic steroid toxicity such as myop-
athy, iatrogenic Cushing’s syndrome, 
gastric ulcers, etc. 

Multiple other treatment modal-
ities have been tried with limited 
success. Bevacizumab (humanized 
monoclonal antibody against VEGF) is 
used to treat steroid-refractory RN. A 
pooled analysis involving 71 patients 
showed that bevacizumab had a ra-
diographic response rate of 97% and 
clinical improvement rate of 79% with 
a mean decrease in dexamethasone 
dose of 6 mg.5 As such, bevacizumab 
appears to be a promising agent; how-
ever, the durability of response and 
toxicities associated with bevacizum-
ab, such as hemorrhage, thrombosis 
and impaired wound healing, must 
be considered.3,6 Multiple other treat-
ment modalities have been tried with 
limited success, including hyperbaric 
oxygen therapy, oral pentoxifylline 
and vitamin E, and laser interstitial 
thermal therapy (LITT), and their 
use is not well established.7 Surgical 
resection when feasible can provide 
control, relieve the mass effect, and 
provide pathological confirmation, 
but is associated with postopera-
tive complications. In this context, 
evaluation of newer agents effective 
in preventing and managing cere-
bral edema after radiation thera-
py is warranted. 

Easily available as an over-the-
counter supplement, Boswellia serrata 
is an extract derived from Indian 
frankincense. It has been traditionally 
used in treatment of asthma, arthritis 
and colitis, given its anti-inflammatory 
properties. Recent data have reported 
the beneficial effects of Boswellia on 

reducing cerebral edema.8 Kirste et 
al conducted the first randomized 
clinical trial to study the efficacy of 
Boswellia in reducing cerebral edema 
in brain tumor patients treated with 
radiation, and observed that 60% of 
patients receiving Boswellia reached 
a > 75% decrease in edema compared 
to only 26% in the placebo group.8 The 
Boswellia preparation has reported no 
adverse effects. No studies have report-
ed differential response rates based on 
Boswellia dose and preparation used 
so far. In another study, a Boswellic 
acid abstract given to 20 glioblastoma 
patients after surgery and chemora-
diation led to considerable decrease 
in cerebral edema with maintained 
quality of life.9

In our patient, we were able to 
achieve a significant response with 
Boswellia with near complete reso-
lution of edema, and our patient was 
able to avoid long-term steroid use. In 
this context, Boswellia can be used in 
various settings including decreasing 
existing cerebral edema, prophylactic 
risk reduction of symptomatic necro-
sis, and in management of RN, espe-
cially since it has no adverse effects. 
Drug interactions with steroid use 
become a particular concern in the 
modern era given the emergence of 
immunotherapy for several cancers. 
Boswellia can potentially decrease 
steroid dependence in these patients, 
thus reducing the risk of several side 
effects. Further prospective studies 
to evaluate the response rate with 
the use of Boswellia in patients who 
develop significant edema after fSRS 
for brain metastases is warranted. 

Conclusion
Radiation necrosis is a dose-lim-

iting late toxicity after stereotactic 
radiosurgery for brain metastases. 
Boswellia serrata is a promising treat-
ment option for early radiation injury 

with no added side effects seen in our 
patient. It may be a suitable alterna-
tive to long-term steroid use. Further 
prospective studies evaluating the 
response rates with Boswellia for 
radiation necrosis are warranted. 
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Oncological emergencies are defined as “condi-
tions arising from a reversible threat to an organ 
function, requiring treatment within hours of 
diagnosis.”1 For inpatient radiation, common emer-
gency indications include spinal cord compres-
sion, superior vena cava syndrome, and vaginal 
bleeding.2 As cancer therapies improve and more 
people live with metastatic disease, demand for 
inpatient radiation will likely increase. This raises 
2 important questions: 

1. What is the optimal format for 
an inpatient call system?

2. How can resident education be max-
imized during inpatient call?

The format for inpatient call varies based on 
department size and inpatient volume. In an 
attending-led format, the attending is notified of 
the consult and is expected to evaluate/treat as 
needed, only involving the resident as they see fit. 
In a resident-led format, the resident is expected 
to independently evaluate the patient and discuss 
the management plan with the attending. The 
attending may be a subspecialist (thoracic, central 
nervous system, etc.), a designated on-call attend-
ing from an inpatient service, or an attending on a 
daily/weekly schedule with clinic duties. Depend-
ing on format, resident responsibilities may extend 

Navigating Radiation Oncology 
Emergencies: Are We Maximizing  
Inpatient Call for Residents?
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from care coordination to treatment consent 
and contouring.

In our program, the on-call residents are primar-
ily responsible for seeing all inpatient consults and 
after-hour patient calls for 1 week. This includes 
communicating with the primary teams, obtain-
ing patient consents, and contouring treatment 
volumes. We also recently transitioned to a system 
in which the on-call resident has no primary 
service-related clinical responsibilities during this 
week, although the attendings with whom they 
staff cases continue to remain in clinic. 

The tasks associated with inpatient call vary 
across institutions. These opportunities can 
be highly educational as residents learn about 
radiation toxicities, logistics of urgent radiation 
therapy, and workup of new cancer diagnoses. The 
educational value of inpatient call depends on the 
inpatient volume and the amount of added ad-
ministrative work (consents, coordination emails, 
etc.). However, the educational value decreases 
if consults per week increase or administrative 
burden is high. 

At our hospital, call volumes have risen more 
than 50% over the last 5 years (Figure 1), with 
highs approaching more than 40 consults per 
week in 2022. As the demand for inpatient radi-
ation therapy grows, so will its place in residen-
cy training experience. Per the Accreditation 
Council for Graduate Medical Education (ACGME), 
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RESIDENT VOICE

duration of on-call weeks is not a prerequisite to 
meet graduate medical education (GME) require-
ments in radiation oncology. Although on-call 
hours are counted toward the 80-hour weekly lim-
it, on-call experiences do not necessarily count 
toward the 36-month minimum clinical radiation 
oncology experience, as they are not consid-
ered “comprehensive management of patients in 
treatment.”3 Hence, important considerations are 
how much the residents should remain involved 
in inpatient care and whether additional training/
lectures are warranted. 

Our call system has several advantages overall. 
As a resident, we gain independence in the patient 
management thought process. Increased exposure 
to various palliative scenarios and extensive repe-
tition within those domains boost our confidence 
in independently evaluating patients, as noted by 
recent graduates. We also learn to deal with several 
nuances, especially in a resource-limited setting. 

Take-Home Points
A one-size-fits-all approach to inpatient call is 

not likely, and radiation oncology programs should 
regularly evaluate their inpatient format to ensure 
the hospital’s inpatient radiation requirements 

maximize a resident’s educational experience. In  
a high-volume center, adjustments may be needed, 
including excusing residents from normal clinical 
duties, creating inpatient-specific didactics, form-
ing an inpatient radiation oncology service, or 
integrating midlevel providers. A nuanced solution 
to enhance learning and take the experience to the 
next level may be having PGY5s complete more 
low-risk palliative cases independently from con-
tours through plan review, all the way to alignment 
at the machines, with only minimal guidance from 
attendings. We encourage residency programs to 
experiment with and share ideas for successful call 
systems. In doing so, we will be better prepared to 
expand inpatient radiation services to maximize 
resident education and effective patient care. 
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Figure 1. Line graph depicting a 10-year trend for the number of inpatient consults received per week by our department of radiation oncology, and 
percentage of consults simulated for urgent inpatient radiation treatment.
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Case Summary 
A 70-year-old White woman with 

no personal history of radiation 
therapy, but with a prior history of 
breast cancer following postbilateral 
mastectomy with transverse rectus 
abdominis muscle (TRAM) recon-
structions, presented for her annual 
MRI in 2015. She was a heavy smoker 
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with additional oncological history 
of stage III ovarian cancer 22 years 
prior and a family history of breast/
colon cancer. Multiple bilobar liver 
lesions were incidentally found on 
breast MRI and confirmed on triple- 
phase computed tomography (CT) 
and positron emission tomography 
(PET) scans, which also identified 
a hypermetabolic mass in the body 

of the pancreas with CA 19-9 > 400. 
Ultrasound-guided fine-needle 
aspiration (FNA) of a liver lesion 
confirmed the diagnosis of T2N0M1, 
stage IV pancreatic adenocarcinoma. 
She received 16 cycles of FOLFIRI-
NOX (5-FU at 1800 gm, oxaliplatin 
at 65 mg/m2, and irinotecan at 100 
mg/m2 every 3 weeks) followed by 
no evidence of disease until 2021, 
when FNA confirmed a celiac nodal 
recurrence. Germline testing con-
firmed BRCA1 and ATM mutations. 
Chemotherapy with gemcitabine 
and cisplatin achieved a partial 
radiographic response. Capecit-
abine chemoradiation with 50.4 Gy 
of intensity-modulated radiation 
therapy (IMRT) achieved a complete 
response. She did not experience any 
known early or late toxicity related to 
her radiation treatment.

Abstract

Although the highest lifetime cancer risk in the setting of a BRCA 1 mutation is the development of a breast 
and ovarian malignancy, there is also a < 5% lifetime risk of pancreatic cancer.1 Recent recommendations 
suggest annual contrast-enhanced pancreatic MR imaging or endoscopic ultrasound for pancreatic cancer 
screening for these patients.2 In this case report, a patient undergoing MRI breast surveillance was inciden-
tally found to have metastatic pancreatic cancer in the liver. The patient was treated with leucovorin, 5-fluo-
rouracil, irinotecan, and oxaliplatin (FOLFIRINOX) alone and was rendered disease-free. Five years later, she 
developed an isolated nodal recurrence for which she received systemic gemcitabine and cisplatin chemo-
therapy with a partial response followed by consolidation chemoradiation to 50.4 Gy with intensity-mod-
ulated radiation therapy and concurrent capecitabine, with a complete response. This case highlights the 
potential for long disease-free intervals in the setting of BRCA1-metastatic pancreatic cancer and suggests 
an individualized role for locoregional radiation. 

Keywords: BRCA1, ATM, pancreatic adenocarcinoma
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Diagnosis
In this patient’s case, the workup 

confirmed she had developed a pan-
creatic body primary adenocarcino-
ma (Figure 1), which metastasized to 
multiple sites in the liver (Figure 2). 
There were no obvious involved ab-
dominal lymph nodes on imaging at 
the time of initial diagnosis in 2015. 
The FNA of one of the liver lesions 
showed the cells were positive for 
CK7, CK19, CA125, CA19-9, pancy-
tokeratin (AE1/AE3 CAM5.2), beta 
catenin, and GATA3.

At the time of recurrence (Figure 
3) in 2021, FNA of the celiac node 
was interpreted as poorly differenti-
ated carcinoma consistent with the 
history of prior pancreatic cancer. 
After systemic chemotherapy with 3 
months of gemcitabine and cisplatin 

every 21 days, the patient received 
chemoradiation with capecitabine 
and an IMRT plan to a dose of 45 
Gy in 25 fractions to the clinical 
target volume followed by a boost 
of 5.4 Gy in 3 fractions (Figure 4) to 
the gross disease.

Discussion
Despite recent advances in cancer 

therapy, pancreatic cancer continues 
to have one of the lowest 5-year over-
all survival rates (11%).3 The majority 
of cases are sporadic but genomic 
evidence now suggests there is a het-
erogeneous landscape of molecular 
subtypes.4 Several genetic syndromes 
are associated with pancreatic 
cancer including mutations in DNA 
mismatch repair (Lynch syndrome), 
BRCA1 and BRCA2.5 The BRCA tumor 

suppressor genes are responsible 
for numerous functions regarding 
DNA-damage-dependent cellular 
checkpoints, DNA repair, and cell 
death.6 Mutations that alter the func-
tions of these proteins may lead to 
targetable treatment. Given the rarity 
of BRCA-mutated pancreatic cancer 
(BMPC), it is unclear how much the 
prognosis differs from wildtype. 
However, there is agreement regard-
ing the improved sensitivity of BMPC 
to platinum-based chemotherapies 
and poly (ADP-ribose) polymerase 
inhibitors, such as olaparib.7 The role 
of radiation therapy in BMPC is not 
clear, with some laboratory studies 
showing enhanced radiosensitivity, 
but clinical studies failing to show 
clearly improved outcomes.8 

In addition to BRCA1, our patient 
had an ATM mutation, which is 

Figure 1. Positron emission tomography / computed 
tomography (PET/CT) image shows hypermetabolic 
lesions in the liver and pancreatic body. White 
arrow shows liver lesion; black arrow points to the 
pancreas primary tumor.
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associated with ataxia telangiecta-
sia and has been characterized by 
extreme radiosensitivity.9 Recent 
studies have shown that both hetero-
zygous and homozygous ATM inacti-
vation are associated with increased 
radiosensitivity10 and that patients 

with cancer and both BRCA and ATM 
mutations may have significantly 
increased radiosensitivity and an 
enhanced response to radiation 
therapies.11 ATM mutations have 
been of concern due to the potential 
of excessive radiation-associated 

toxicity particularly in breast cancer. 
Recent evidence indicates, however, 
that overall there is no excess in 
clinically significant acute toxicity, 
although caution is warranted as 
subvariants such as c5557G>A may 
have a higher risk of late toxicity 

Figure 2. A surveillance MRI 
scan of the breast shows 
occult liver lesions (white 
arrows). 

Figure 3. Axial contrast-
enhanced scan showing 
nodal recurrence in the 
celiac and aortocaval 
regions. Celiac nodes 
shown at the white arrow; 
aortocaval node shown at 
the black arrow.
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or radiation-induced contralateral 
breast cancer.12,13

The clinical implications of germ-
line genetic mutations illustrate the 
importance for genetic testing of all 
patients diagnosed with pancreatic 
cancer. Our patient declined BRCA 
testing after her first breast cancer 
diagnosis in her 30s, believing it 
was no longer important since she 
underwent bilateral mastectomy, 
only to be diagnosed with ovarian 

and pancreatic cancer over the next 
40 years. Early genetic testing would 
have also revealed her ATM H231fs 
mutation earlier, which is significant 
given the associated increased can-
cer predisposition to malignancies 
of the lung, thyroid, pancreas and 
other areas, which could have led to 
more frequent screening intervals. 
In addition, the ATM mutation has 
relevance to her sensitivity to plati-
num chemotherapy agents since this 

mutation can be associated with in-
creased response rates.14 The current 
standard of care is to offer genetic 
testing to all patients diagnosed with 
pancreatic cancer.15

In our case, the patient had a 
clinical complete response of her 
pancreatic primary and metastatic 
liver disease to FOLFIRINOX. Our pa-
tient has vastly exceeded the average 
prognosis of her condition with over 
6 years of survival to date and 5 years 
of remission prior to recurrence.16 
Interestingly, our patient relapsed in 
the celiac and adjacent nodes only 
without any recurrence in the pan-
creas primary site or liver. This was 
confirmed with an MRI scan of the 
abdomen before treatment initiation. 
After 3 months of gemcitabine and 
cisplatin chemotherapy, the MRI 
showed a persistent nodal viable 
tumor. Since multidisciplinary tumor 
board evaluation centered around her 
current age of 76 and her comorbidi-
ties, focusing on treatments to main-
tain her quality of life were preferred, 
leading to the decision to proceed 
with consolidation to all sites of nodal 
activity with chemoradiation (CRT).

For gastrointestinal tumor sites 
with adenocarcinoma histology, 
there is a paucity of literature sup-
porting radiation therapy for stage 
IV disease. In metastatic cancers of 
the esophagus, there is a potential 
survival benefit associated with 
CRT, suggesting that patients with 
chemotherapy intervals of 3 months 
or longer have improved outcomes, 
approaching 20% at 5 years for gas-
troesophageal junction tumors.17 In 
colorectal cancer patients, after im-
mune checkpoint blockade, oligopro-
gression can be a frequent pattern of 
failure and local therapy strategies 
that include radiation may improve 
clinical outcomes.18 In pancreatic 
cancer, there is as yet no literature to 
support the role of consolidation to 
nodal targets post-chemotherapy for 
stage IV disease.

For our patient, the decision to of-
fer her consolidation CRT was made 

Figure 4. Axial contrast-enhanced scan showing nodal recurrence in the celiac and 
aortocaval regions. Coronal dose distribution of the composite plan: 45 Gy in 25 
fractions to the clinical target volume, followed by 5.4 Gy in 3 fractions to the gross 
tumor volume, for a total dose of 50.4 Gy with intensity-modulated radiation therapy.
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after extrapolation from esophageal 
adenocarcinoma outcomes, recog-
nizing that her radiosensitivity was 
likely increased secondary to her un-
derlying BRCA1 and ATM mutational 
status. IMRT was incorporated to 
maximize her normal tissue sparing 
since the potential to enhance 
organ at risk (OAR) sensitization 
was unknown. The patient tolerated 
her CRT well and did not have any 
high-grade toxicities. At nearly 1 
year post-therapy, her CA 19-9 and 
imaging have not shown evidence of 
recurrence. The multidisciplinary 
tumor board has discussed the pos-
sibility of olaparib as maintenance 
therapy. Due to the results of the re-
cent POLO trial,19 the patient prefers 
to consider this if she recurs and not 
as maintenance therapy, given the 
lack of a survival benefit.

Conclusion
This case highlights the potential 

for long disease-free survival in 
BRCA-mutated metastatic pancreatic 
cancer. Although enhanced radio-
sensitivity of BRCA-mutated tumors 
has been described in the laboratory, 
correlative clinical outcomes are 
lacking. The resolution of primary 
and metastatic disease on systemic 
FOLFIRINOX therapy for 5 years 
postdiagnosis supports the efficacy 
of platinum-based chemotherapy 
in this patient population. After 
regional nodal recurrence, salvage 
CRT was delivered to the abdomen, 
and nearly 1 year post-treatment, the 
patient remains radiographically and 
biochemically without evidence of 
disease. As expert consensus opinions 
recommend all patients with pan-
creatic cancer obtain genetic testing, 

more patients may be identified with 
BMPC, and a personalized strate-
gy that includes radiation may be 
warranted for patients that respond to 
systemic therapy.
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