Automatic segmentation for the evaluation of cardiac substructure dose in support of
epidemiological research on cardiovascular morbidity after breast radiotherapy
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INTRODUCTION
Evidence for an increased risk of ischemic heart disease and cardiac mortality has been reported
for survivors who received radiotherapy for breast cancer, Hodgkin lymphoma, lung cancer, and
childhood cancer [1]. However, it remains unclear how to best optimize the treatments because
there are gaps in knowledge around which specific cardiac structures are at risk and the
mechanism of damage [2]. Unfortunately, due to the tedious nature of the task, it is typical for
only the whole heart, not heart substructures, to be contoured during treatment planning. As a
result, most research on cardiac risk to date has used mean dose to the whole heart as a radiation
exposure indicator. Studies which consider substructures tend to have a small number of patients
and are not sufficiently powered. The purpose of this work was to demonstrate an automatic
segmentation algorithm which can be applied to large patient datasets.

RESULTS

DISCUSSION

Geometric Performance

•

The average DSC in the current study was 96% for the WH, 65 to 82% for the four
chambers, and 6% for the LAD. We found that the ASDs for the WH, four chambers, and
LAD were less than 2, 12, and 16 mm, respectively

•

From the dosimetric performance evaluation, we found the doses to the cardiac structures
based on our automatic segmentation agreed well with that of manual segmentation
within expected variability of manual contouring. However, we found that our automatic
segmentation method systematically overestimated the mean and maximum dose to the
LAD for left breast treatments

•

Nonetheless, it should be recognized that many studies report significant inter- and intraobserver variability in manual contouring, especially for small structures such as the LAD.
Zhou et al. reported that the largest ASD for six patients among eight radiation oncologists
was 35 mm for the LAD [4]. Our sensitivity analysis showed that even a 5 mm shift in the
contours can result in substantial variation in dose, particularly for the RV and LAD for left
breast radiotherapy and RA and LAD for right breast radiotherapy

•

Even if the structures are perfectly contoured on the radiotherapy planning CT, the dose
estimates would still be limited by patient setup error, patient breathing, and cardiac
motion. Given these limitations, our results suggest that further geometric improvement in
our automatic segmentation method is unlikely to significantly improve our structure dose
estimates

AIM
We applied our previously published automatic segmentation method to contour heart
substructures [3] on CT images of female patients selected from the RadComp Radiorepository
who received external photon beam radiotherapy for breast cancer. The segmentation method
uses a most-similar atlas selection and a structure-guided B-spline transformation.

METHOD
Patient Data From RadComp Clinical Trial
• We collected non-contrast radiotherapy planning CT images for 100 breast cancer patients
enrolled in the RadComp trial who received external photon beam radiotherapy
• The radiotherapy plans (prescribed doses ranged from 45 Gy to 50.4 Gy) represent current realworld practice in the United States for patients with a high risk of nodal recurrence in whom the
internal mammary nodes are covered
• Two cardiologists generated a single consensus contouring of the whole heart, left atrium, right
atrium, left ventricle, and right ventricle, and left anterior descending artery (LAD) on the images
of all 100 patients
• We selected 30 of the patients to create a cardiac atlas library for the automatic segmentation,
with remaining 70 patients used for testing performance (40 left breast RT, 30 right breast RT)

Figure 1. Comparison of manual (top row) and automatic (bottom row) heart contours in
the axial (left), sagittal (middle), and coronal (right) views.

Dosimetric Performance
Figure 3. Correlation plots and best fit lines showing the relationship between manual and automatic segmentation
mean doses for left atrium, right atrium, left ventricle, right ventricle, and left anterior descending artery (LAD). The
maximum dose to the LAD calculated by each method was also compared. Best fit lines were calculated separately for
left- and right- sided treatment. Error bars represent the range of doses observed from the 5 mm shift sensitivity
analysis.
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Figure 2. Box plots of the Dice similarity coefficient (DSC) for the whole heart and
substructures for the 70 patients. Outliers are denoted by “+” and are defined as values
located 1.5 interquartile ranges below the first quartile or above the third quartile.

Table 1. Comparison of the cardiac substructure doses between manual and automatic
segmentations of a total of 70 breast cancer patients.

We found the dose to cardiac structures based on our automatic segmentation agrees well
with the values from manual segmentation within expected variability of manual contouring.
When applied to large patient datasets, our automatic segmentation method will facilitate the
development of better prescriptive criteria that may be applied in effort to mitigate
cardiovascular complications following breast radiotherapy.
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Automatic Segmentation
• The input to our automatic segmentation method is the contour of the whole heart which is
assumed to be manually drawn on the CT images of the breast cancer patients at the time of
treatment planning
• The 30 heart atlases in the library are then individually placed at the center of mass of each
patient’s whole heart and linearly scaled to match the whole heart volume. The scaled atlas (out
of 30 possible choices) showing the greatest Dice similarity coefficient (DSC) (a volume overlap
index between two volume objects ranging from zero to 100%) for the whole heart was selected
• Non-rigid transformation was applied between the selected atlas whole heart volume mask and
the patient whole heart volume mask (not CT image) by a structure-guided B-spline 3D
transformation

Performance Evaluation
• Geometric performance was quantified using the DSC and average surface distance (ASD) (the
average of all distances between the surfaces of two objects) metrics to compare the manual
and automatic structure contours
• Dosimetric performance was evaluated by applying the structure masks to the 3D dose matrix
and comparing calculated dose for the cases of manual or automatic structure contours
• To assess sensitivity of the dose estimates, the substructure masks were shifted by 5 mm in a
randomly selected 3D direction and then the dose was recalculated. A total of 100 realizations of
this shift were performed and the maximal and minimal observed dose were recorded. A shift of
this size (~5 pixels) reasonably simulates the variability in manual contouring, patient setup error,
and/or motion of the heart

CONCLUSION
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Table 2. Comparison of sensitivity of cardiac substructure doses to a 5 mm shift in the
manual contour. The maximal dose deviation is calculated as the largest deviation in dose
observed for 100 realizations of a 5 mm contour shift relative to the dose from manual
contouring.
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