American Heart Journal Plus: Cardiology Research and Practice 38 (2024) 100349

ELSEVIER

Contents lists available at ScienceDirect

American Heart Journal Plus:
Cardiology Research and Practice

journal homepage: www.sciencedirect.com/journal/

american-heart-journal-plus-cardiology-research-and-practice o
Research paper A
Measuring early changes in heart function due to radiation treatment in

breast cancer patients

Walter G. O'Dell >, Shruti Siva Kumar ®, Christopher L. Klassen ©, Michael S. Rutenberg d
Raymond B. Mailhot Vega , Nancy P. Mendenhall , Paul G. Okunieff?, Julie A. Bradley ©

@ Department of Radiation Oncology, University of Florida College of Medicine, Gainesville, FL, USA

b Alcon Laboratories, Inc., Irvine, CA, USA

¢ Department of Radiology, University of Florida Health Shands Hospital, Jacksonville, FL, USA

d Mayo Clinic Jacksonville, Jacksonville, FL, USA
€ University of Florida Health Proton Therapy Institute, Jacksonville, FL, USA

In breast cancer (BC) patients, a challenge in identifying root causes
of cardiac toxicity and effective interventions is that major cardiac
events often do not present until 5-10 years post-therapy [1]. Our goal
of this research is to develop, validate and apply tools to quantify sub-
clinical changes in heart function early after treatment to identify pa-
tients at risk for future cardiac events and to correlate cardiac graded
dysfunction with patient and treatment factors. Our on-going study is
approved by the University of Florida's human subjects in research
institutional review board, and all patients provide informed consent.
The study includes patients receiving conventional three-dimensional
(3D) intensity-modulated X-ray based radiation therapy (IMRT), and
those receiving proton therapy. We acquire 3D cardiac magnetic reso-
nance imaging (cMRI) before and after radiation treatment in patients
with left-sided breast cancer. In-house software tools are used to
segment the left ventricular (LV) endocardial wall in each view, accu-
rately model the 3D LV endocardial surface [2], and precisely measure
LV ejection fraction (LVEF) [3]. A preliminary analysis in 10 patients
finds that proton therapy patients (n = 6) have a significantly lower
mean heart dose (MHD) (0.3 + 0.2 Gy) compared with IMRT patients (n
=4;4.1 £1.1 Gy; p < 0.001). A two-tailed, unpaired student's t-test was
used for all p-value calculations. At 6-9 months post-treatment we
observed a decrease in LVEF that correlated strongly with MHD (R-
squared = 0.75) with a slope of around 5 %. The mean change in LVEF
was overall positive for the proton therapy group (+8.3 + 5.2 %) indi-
cating improved LVEF function after treatment. LVEF change was
negative for the IMRT group (—9.6 + 2.1 %) and significantly different
between the treatment groups (p < 0.001). If confirmed with additional
subjects, this would be the first demonstration of a cardiac health benefit
of proton therapy over X-ray-based radiation treatment (RT) in breast
cancer. We hypothesize that the improvement in LVEF in the proton

therapy group is a result of our patients having received chemotherapy
prior to acquisition of the baseline cMRI. Perhaps all patients had
diminished LVEF at baseline which was exacerbated in the IMRT group
because of additional radiation insult, but where in the absence of
substantial MHD with the proton therapy group the hearts were able to
somewhat recover. A follow-up study is underway to address the impact
of chemotherapy on sub-clinical changes in LVEF. In patients with BC it
is also possible using cMRI to measure changes in regional perfusion in
myocardial tissue [4], and regional myocardial mechanical strains [5]
via MRI cardiac tagging [6-8] with the potential advantage of related
regional radiation exposure to regional changes in perfusion and func-
tion. Conveniently, each of these cMRI exams can be performed in our
cancer patients within the same 1-h imaging session. However, these
additional techniques require further refinement and streamlining to be
practical for routine clinical use. The greatest barrier to clinical imple-
mentation is the time required to segment the heart endocardial and
epicardial surfaces for each view and time. Model-based and artificial
intelligence approaches hold promise for fully automating these tasks.

CRediT authorship contribution statement

Walter G. O'Dell: Conceptualization, Data curation, Formal anal-
ysis, Funding acquisition, Investigation, Methodology, Project admin-
istration, Resources, Software, Supervision, Validation, Writing —
original draft, Writing — review & editing. Shruti Siva Kumar: Data
curation, Formal analysis, Investigation, Methodology, Resources,
Software, Validation, Writing — original draft. Christopher L. Klassen:
Conceptualization, Data curation, Investigation, Methodology, Project
administration, Validation, Writing — original draft. Michael S.
Rutenberg: Data curation, Investigation, Methodology, Resources,

* Corresponding author at: Dept. Radiation Oncology, PO Box 100385, UF Health Cancer Center, University of Florida, Gainesville, FL 32610, USA.

E-mail address: wodell@ufl.edu (W.G. O'Dell).

https://doi.org/10.1016/j.ahjo.2023.100349

Received 20 September 2023; Received in revised form 21 November 2023; Accepted 21 November 2023

Available online 24 November 2023

2666-6022/© 2023 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nec-nd/4.0/).


mailto:wodell@ufl.edu
www.sciencedirect.com/science/journal/26666022
https://www.sciencedirect.com/journal/american-heart-journal-plus-cardiology-research-and-practice
https://www.sciencedirect.com/journal/american-heart-journal-plus-cardiology-research-and-practice
https://doi.org/10.1016/j.ahjo.2023.100349
https://doi.org/10.1016/j.ahjo.2023.100349
https://doi.org/10.1016/j.ahjo.2023.100349
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ahjo.2023.100349&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

W.G. ODell et al.

Validation, Writing — original draft. Raymond B. Mailhot Vega: Data
curation, Investigation, Methodology, Project administration, Re-
sources, Validation, Writing — original draft, Writing — review & editing.
Nancy P. Mendenhall: Conceptualization, Formal analysis, Investiga-
tion, Methodology, Project administration, Validation, Writing — orig-
inal draft, Writing - review & editing. Paul G. Okunieff:
Conceptualization, Formal analysis, Investigation, Methodology, Project
administration, Supervision, Writing — original draft. Julie A. Bradley:
Conceptualization, Data curation, Formal analysis, Funding acquisition,
Investigation, Methodology, Project administration, Resources, Soft-
ware, Supervision, Validation, Writing — original draft, Writing — review
& editing.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

Funding for this research was provided by the Ocala Royal Dames for
Cancer Research Foundation, and the Florida Breast Cancer Foundation.

Funding acknowledgments

This symposium was funded by the University of Florida Cancer
Center, the University of Florida College of Pharmacy Department of
Pharmacotherapy and Translational Research, and the University of
Florida College of Pharmacy Center for Pharmacogenomics and Preci-
sion Medicine. This research was supported through grants from the
Florida Breast Cancer Foundation and the Ocala Royal Dames for Cancer

American Heart Journal Plus: Cardiology Research and Practice 38 (2024) 100349

Research Foundation.

Ethics statement

The study was performed under an IRB-approved protocol in
accordance with all federal, state and institutional guidelines for human
subjects in research. All patient subjects provided informed consent to
participate in this study.

References

[1] J.E.J. Jacobs, W. L’Hoyes, L. Lauwens, Y. Yu, M. Brusselmans, C. Weltens, et al.,
Mortality and major adverse cardiac events in patients with breast cancer receiving
radiotherapy: the first decade, J. Am. Heart Assoc. 12 (2023), e027855, https://doi.
org/10.1161/JAHA.122.027855.

[2] W.G. O’Dell, A.D. McCulloch, Imaging three-dimensional cardiac function, Annu.

Rev. Biomed. Eng. 2 (2000) 431-456, https://doi.org/10.1146/annurev.

bioeng.2.1.431.

Walter G. O’Dell, Accuracy of left ventricular cavity volume and ejection fraction for

conventional estimation methods and 3D surface fitting, J. Am. Heart Assoc. 8

(2019), e009124, https://doi.org/10.1161/JAHA.118.009124.

O.R. Coelho-Filho, C. Rickers, R.Y. Kwong, M. Jerosch-Herold, MR myocardial

perfusion imaging, Radiology 266 (2013) 701-715, https://doi.org/10.1148/

radiol.12110918.

[5] A.S. Douglas, E.K. Rodriguez, W. O’Dell, W.C. Hunter, Unique strain history during
ejection in canine left ventricle, Am. J. Phys. 260 (1991) H1596-H1611.

[6] W.G. O’Dell, C.C. Moore, W.C. Hunter, E.A. Zerhouni, E.R. McVeigh, Three-
dimensional myocardial deformations: calculation with displacement field fitting to
tagged MR images, Radiology 195 (1995) 829-835.

[7] C.C. Moore, C.H. Lugo-Olivieri, E.R. McVeigh, E.A. Zerhouni, Three-dimensional
systolic strain patterns in the normal human left ventricle: characterization with
tagged MR imaging, Radiology 214 (2000) 453-466, https://doi.org/10.1148/
radiology.214.2.r00fe17453.

[8] E.-S.H. Ibrahim, Myocardial tagging by cardiovascular magnetic resonance:
evolution of techniqueEs—pulse sequences, analysis algorithms, and applications,
J. Cardiovasc. Magn. Reson. 13 (2011) 36, https://doi.org/10.1186/1532-429X-13-
36.

[3

[4


https://doi.org/10.1161/JAHA.122.027855
https://doi.org/10.1161/JAHA.122.027855
https://doi.org/10.1146/annurev.bioeng.2.1.431
https://doi.org/10.1146/annurev.bioeng.2.1.431
https://doi.org/10.1161/JAHA.118.009124
https://doi.org/10.1148/radiol.12110918
https://doi.org/10.1148/radiol.12110918
http://refhub.elsevier.com/S2666-6022(23)00102-7/rf0025
http://refhub.elsevier.com/S2666-6022(23)00102-7/rf0025
http://refhub.elsevier.com/S2666-6022(23)00102-7/rf0030
http://refhub.elsevier.com/S2666-6022(23)00102-7/rf0030
http://refhub.elsevier.com/S2666-6022(23)00102-7/rf0030
https://doi.org/10.1148/radiology.214.2.r00fe17453
https://doi.org/10.1148/radiology.214.2.r00fe17453
https://doi.org/10.1186/1532-429X-13-36
https://doi.org/10.1186/1532-429X-13-36

	Measuring early changes in heart function due to radiation treatment in breast cancer patients
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Funding acknowledgments
	Ethics statement
	References


