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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. 
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