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TAKE HOME POINT - An interdisciplinary, case-based tool which simulates suboptimal
treatment plans is a feasible and effective strategy to supplement radiation oncology
resident education. Similar tools can be implemented in other skill-based specialties,
such as surgical subspecialties, and other health-related disciplines, such as nursing

and public health.

ABSTRACT

Introduction: Radiation treatment plan
evaluation is a critical component of
radiation oncology practice. Despite its
importance, prior studies have reported
that most residents are interested in
additional training and resources. We
report our initial experience with a case-
based educational curriculum to increase
confidence and competence in plan
evaluation.

Description of Innovation: In 2022,
physicists, dosimetrists, and medical
residents at a single institution developed
cases that incorporated problems
identified during plan evaluation. Three de-
identified plans were selected and
distributed to residents for voluntary
independent review. Residents then
participated in a teaching session to review
cases. Following the session, participants

were invited to complete anonymous
surveys regarding the cases and didactic
session.

Results: Cases incorporated problems
encountered during plan evaluation. Half of
eligible residents completed the case-
based curriculum. Most correctly identified
the major issues with each case. Only 57%
and 42% correctly identified image
misregistration leading to violated OAR
constraints, respectively; 29% accurately
listed the pros and cons of specific beam
arrangements; and 14% identified
techniques dosimetry could use to improve
target coverage. On the follow-up survey,
all residents reported that the cases and
the review session improved their
confidence. They indicated that they would
like to see similar educational material
incorporated into future training.
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Conclusion: We describe an
interdisciplinary exercise to supplement
resident education in radiation treatment
plan evaluation. This curriculum simulates
suboptimal treatment plans and provides
strategies to collaborate with team
members to improve them. Similar
strategies may prove useful in the
education of other skill-based specialty
trainees.

INTRODUCTION

Evaluating radiation treatment plans is
an essential component of patient care
for a radiation oncologist. Radiation
treatment planning and evaluation is the
process of using a CT simulation image,
in conjunction with additional diagnostic
imaging, to design high quality and safe
radiation fields using treatment planning
software. The goal of the planning
process is to deliver high doses of
radiation to the tumor (target volume)
while limiting dose to normal tissues
(organs at risk). As treatment planning
techniques, including software
automation, become increasingly
complex, the importance of precise and
accurate plan evaluation rises. Despite
the critical importance of this skillset,
many radiation oncology residents
continue to feel uncomfortable with plan
evaluation, with 60% reporting
inadequate exposure to treatment
planning during residency (Brower et al,,
2021, Wu et al,, 2020). Prior studies and
surveys have suggested that this lack of

comfort in plan evaluation results from
lack of formal plan evaluation curriculum,
lower numbers of cases per resident, and
lack of independent plan review (Brower
et al, 2021, Wu et al,, 2020).

There is significant variation in resident
education regarding treatment planning
and plan evaluation across institutions,
and efforts to standardize continue to be
limited. Notably, Dean et al. proposed a
systematic approach to plan evaluation
using the acronym CB-CHOP, which
stands for sequentially reviewing
contours, beam orrongements/fields,
coverage of targets,
heterogeneity/hotspots, organs at risk
(OARs), and prescription. This acronym is
an example of a simple and easily
distributed learning tool which helped
standardize the plan evaluation process
for many residents and providers (Dean
et al, 2017). That said, many residency
graduates are underprepared for
independent practice of plan evaluation,
with numerous studies demonstrating
significant plan changes in peer-review
(Brunskill et al, 2017, Martin-Garcia et al.,
2020, Vijayakumar et al., 2019, Hoopes et
al, 2015). Thus, there is an unmet need for
additional resources which can simulate
the real-world practice in a low stake
setting. Here, we discuss an interactive
case-based educational tool delivered to
residents at a single institution in an effort
to improve radiation treatment plan
evaluation education. As many
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specialties struggle with parallel
challenges in the training of residents,
similar tools can be adapted to other
contexts.

DESCRIPTION OF INNOVATION
Deidentified central nervous system
(CNS) radiation treatment plans from
previously treated patients were altered
to create three test cases to highlight
problems seen in suboptimal radiation
plans. Faculty and resident radiation
oncologists collaborated with
dosimetrists and physicists to generate
the flawed cases in the treatment
planning software. Cases incorporated
common problems encountered during
radiation plan evaluation. The problems
incorporated into the cases included
inaccurate image registration, doses to
OARs exceeding normal tissue
constraints, multiple options for beam
arrangements, and inadequate target
volume coverage (Figures 1-4).

In May 2022 radiation oncology residents
of all training levels (n = 14) at a single
institution were invited to review each test
case (Supplement A-C) and complete
anonymous surveys (Supplement D)
designed to assess their evaluation of
each plan. The answer key for case
questions is available in Supplement D.
Residents involved with case
development were not eligible to
participate in the educational tool or
surveys. Residents were given four weeks
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Figure I. Inaccurate image registration in
Case ]

Left: An axial slice of a T1 weighted post
contrast MRI scan of the brain that had
been misregistered to the treatment
planning CT scan is shown. Right: The
treatment planning CT scan with the optic
structures contoured using the
misregistered MRI is shown. This image
highlights that the contoured optic nerves
are not in the correct location.

to complete the activity. Participation was
voluntary.

Case 1 was a radiation treatment plan for
a test patient receiving adjuvant therapy
for a high-grade glioma using standard
CNS target volumes, doses, and OARs.
Inaccurate image registration and critical
OARs exceeding standard dose
constraints were incorporated
(Supplement A). The optic nerves and
chiasm were contoured in the incorrect
location due to misregistration of MRI to
the planning CT (Figure 1). Trainees were
asked to evaluate this plan and answer
eight survey questions. Questions focused
on the CB-CHOP method of plan
evaluation. Trainees were asked if they
would accept the plan, to justify their

2024 Emory University.
Authors retain copyright for their original articles.
ISSN 2836-9130



N. ALI ET AL

N

Figure 2: OAR constraints exceeded in Case 1

Treatment planning CT scan from Case 1
showing the correctly contoured optic
structures in green, the incorrectly contoured
optic structures in orange, and the 60 Gy
isodose line in red. The 60 Gy isodose line
overlaps with the true optic nerves, however
it does not overlap with the incorrectly drawn
optic nerves.

decision, and to explain any issues they
may have identified.

Case 2 included two treatment plan
options for a test patient receiving
adjuvant radiation for a low-grade
glioma (Supplement B). The two plans
used different beam arrangements, one
used non-coplanar arcs and one used
coplanar arcs (Figure 3). Depending on
the clinical scenario and plan objectives,
one beam arrangement may be more
advantageous. The survey asked trainees
to describe the differences between the
two plans and any pros or cons of each.

Case 3 included two treatment plan
options for a test patient receiving
adjuvant radiation for a high-grade
glioma (Supplement C). This case was

designed to assess trainees’ abilities to
detect inadequate target volume
coverage and to troubleshoot ways to
improve coverage while respecting
normal tissue dose constraints. In this
case, the target was close to, but not
contacting the optic nerves and chiasm.
Trainees were asked which plan they
would approve and if they could identify
techniques dosimetry might use to
improve the plan they did not select.

Following completion of the cases, a one-
hour long interactive session led by
dosimetry reviewed the cases and
concepts they were attempting to
highlight. Each case was thoroughly
discussed, including case survey
questions. Trainees were encouraged to
ask question related to the cases, as well
as other difficult plan evaluation
concepts. An anonymous follow-up
survey to assess the teaching session
was disseminated (Supplement E). This
study and related surveys were
submitted to the Institutional Review
Board and found to be exempt from
further review.

RESULTS

Seven of 14 (50%) eligible trainees
completed case review and
accompanying surveys. Surveys took an
average of 11.9 minutes to complete
(range 8.7-13.8 minutes). Upon review of
Case |, fifty-seven percent of residents
(n=4) correctly indicated that they would
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Figure 3: Comparison of two different beam arrangements for radiation therapy for Case 2

The plan on the left was made using non-coplanar partial arcs while the plan on the right was
created using two coplanar arcs. Isodose lines and their corresponding dose levels are shown.
This figure shows that the plan on the right has more low-dose spill to the non-target normal
brain.

Dose Volume Histogram =]

Figure 4: Inadequate target volume coverage Case 3

The dose volume histogram for two adjuvant radiation plans is shown. The planning target
volumes (PTVs) for both plans are in red. The plan using the optimization structure is
delineated using triangles and the plan generated without the optimization structure is
delineated using squares. The plan generated using the optimization structure meets the
coverage goal of at least 95% of the volume of the PTV receiving 100% of the prescription dose,
while the other plan does not meet this objective.
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not approve the contours, 42% of
residents (n=3) indicated that they would
not approve the based upon OAR doses,
and 71% of residents (n=5) indicated that
they would not accept the plan overall
(Figure 5). For Case 2 fifty-seven percent
of residents (n=4) accurately identified
that the difference between the two plans
was the use of non-coplanar arcs vs
coplanar arcs, and 29% of residents (n=2)
accurately listed the pros and cons of
these different beam arrangements
(Figure 5). For Case 3, seventy-one
percent of residents (n=5) accurately
selected the superior plan; however, only
14% of residents (n=1) could describe

Casel

appropriate techniques they would
discuss with dosimetry to improve this
plan (Figure 5).

All residents (100%) participated in the
interactive case review session held by
dosimetry. On the follow-up survey, all
residents (100%) responded that both the
cases and the review session improved
their confidence and understanding of
treatment planning and plan evaluation
(Figure 5). All respondents (100%) said
they would like to see more educational
material similar to this tool incorporated
in residency training in the future (Figure
5).

Correctly identified that the plan was unacceptable _ 71%
Correctly identified that they would not approve contours _ 57%
Correctly identified that they would not approve OAR doses — 42%

Case 2

Correctly identified the difference between the plans _ 57%

Correctly listed the pros and cons of differing beam arrangements _ 29%

Case 3

Correctlyselected the superior plan | ¢

Correctly described technigues to improve the plan _ 14%

Post-Didactic Survey

Felt that the cases improved their confidence in plan evaluation — 100%

Felt that the cases improved their understanding of plan evaluation _ 100%

Felt that the review session improved their confidence in plan evaluation _ 100%
Felt that the review session improved their understanding of plan evaluatio_ 100%
Desired more similar educational material incorporated into training _ 100%

% of Respondents

Figure 5: Demonstrates case question and post-didactic survey results
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DISCUSSION

Our single institution experience with an
education initiative to improve plan
evaluation training for radiation oncology
residents was well-received by our
participants. Four problems that occur in
real-world practice were incorporated
into three interactive cases. This case-
based educational initiative fulfils an
unmet need to improve treatment
planning and plan evaluation curricula in
radiation oncology residencies that has
been identified in prior studies (Brower et
al, 2021, Wu et al., 2020, Moideen et al.,,
2020). It appeals to multiple trainees,
including those with visual, kinesthetic,
analytical, and social learning styles.
Similar case-based simulations can be
developed in other specialties where
residents may benefit from resources to
improve confidence in specialty-specific
skills.

It was encouraging that most residents
correctly identified the issues with each
case; 71% rejected a plan exceeding OARs
in case 1, 57% identified the use of co-
planar and non-coplanar beam
arrangement in case 2, and 71% selected
the plan with better target coverage in
case 3. However, many residents
struggled with the questions aimed to
test their understanding of more intricate
challenges with plan evaluation. In case 1,
only 47% of respondents correctly
identified an error in normal tissue dosing
based on an image-fusion error. In Case
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2, 29% accurately listed the pros and cons
of co-planar vs non-co-planar beam
arrangements. In Case 3, a small minority
(14%) of respondents were able to provide
methods by which dosimetry could
improve target coverage when critical
OARs were in close proximity. This
highlights an area for potential
improvement in resident education.

A rise in auto-contouring tools and
templated plan goals and approval
strategies may contribute to training
deficits in certain more nuanced
concepts of treatment plan evaluation.
Moreover, image fusion is a critical
component of segmentation that is rarely
subject to peer review. Additionally, in
most residency programs, faculty
physicians provide guidance with
contours and plan approvals. However,
with the rise of remote work, radiation
treatment plans often go through
multiple iterations with dosimetry without
resident involvement. This experience
utilizes a face-to-face teaching session
with medical physics and dosimetry
instructors. Engaging the interdisciplinary
educators within the radiation oncology
department may prove invaluable for
resident education as demands for
faculty physician time increase.

While prior data supports contouring
modules for residents, data continues to
be limited regarding plan evaluation
(Abugideiri et al,, 2019, Gillespie et al,,
2017). An international pilot study

2024 Emory University.
Authors retain copyright for their original articles.
ISSN 2836-9130



N. ALI ET AL

demonstrated that an interactive tool
providing active feedback regarding
head and neck contouring to residents at
Addis Ababa University in Ethiopia
improved trainees’ confidence
significantly. Another study demonstrated
the benefit of the “near-peer” teaching of
radiation treatment planning for
residents (Walls et al., 2022). Case-based
plan evaluation initiatives more similar to
ours have been completed in Canadaq,
however literature remains limited in the
United States (Walls et al.,, 2022,
Roumeliotis et al., 2022, Winter et al., 2020,
Nabavizadeh et al, 2016).. Notably, at
Princess Margaret, a case bank of 70
cases for plan evaluation was developed
with positive subjective feedback from
residents (Winter et al,, 2020).

This educational experience is limited by
sample size both in the number of
trainees assessed and the number of
teaching cases available. The lower-
than-expected participation of eligible
residents was largely attributed to
multiple residents being on vacation and
studying for board exams during the
timing of this activity. We sought to
maximize participation in this study by
making assessments anonymous,
although this limited our ability to
evaluate any differential in effectiveness
of this teaching tool by residents’ training
levels.

In the future, we plan to develop cases
that correspond to each disease site
covered in trainee didactics. Ultimately,
this will result in a searchable case library
that residents can refer to for additional
practice. In addition, this data was
collected from a single institution.
However, we believe that it would be
possible to expand the use of this tool to
other residency programs and
subspecialties. For example, a surgical
subspecialty may choose to develop
case-based simulations to help trainees
identify common mistakes in a surgical
procedure. Alternatively, a nursing
student could use case-based
simulations to work through challenges
with providing emergent care for a
patient with cardiac arrest. Further, public
health trainees can use this approach to
replicate real-world healthcare crises
and possible solutions.

CONCLUSION

Our experience suggests that a case-
based educational tool for plan
evaluation is feasible and effective in
improving trainee confidence and
understanding of plan evaluation. This
initiative meets a previously identified
need for increased instruction in radiation
plan evaluation for residents. This tool
could be expanded to encompass
additional disease sites and include a
more comprehensive list of common
treatment plan evaluation concepts.
Further, it can be adapted and
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incorporated into other specialties. tool on confidence and preparedness for
Additional investigation is required to independent clinical practice.
understand the longitudinal effects of this
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