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breast cancer (BC) patients with respect to generic-purpose libraries.

Materials and methods: One generic-purpose and 9 specific-purpose libraries, stratified according to type
of surgery and size of thorax circumference, were obtained from the computed tomography of 200 BC
patients. Keywords about contralateral breast volume and presence of breast expander/prostheses were
recorded. ABAS was validated on 47 independent patients, considering manual segmentation from
Atlas-based segmentation scratch as reference. Five ABAS datasets were obtained, testing single-ABAS and multi-ABAS with
Breast cancer radiotherapy simultaneous truth and performance level estimation (STAPLE). Center of mass distance (CMD), average
Automatic contouring Hausdorff distance (AHD) and Dice similarity coefficient (DSC) between corresponding ABAS and manual
STAPLE contours structures were evaluated and statistically significant differences between different surgeries, structures
and ABAS strategies were investigated.

Results: Statistically significant differences between patients who underwent different surgery were
found, with superior results for conservative-surgery group, and between different structures were
observed: ABAS of heart, lungs, kidneys and liver was satisfactory (median values: CMD<2 mm,
DSC>0.80, AHD<1.5 mm), whereas chest wall, breast and spinal cord obtained moderate performance
(median values: 2 mm < CMD<5 mm, 0.60 < DSC<0.80, 1.5 mm < AHD<4 mm) and esophagus, stomach,
brachial plexus and supraclavicular nodes obtained poor performance (median CMD>5 mm, DSC<0.60,
AHD>4 mm). The application of STAPLE algorithm generally yields higher performance and the use of
keywords improves results for breast ABAS.

Conclusion: The homogeneity in the selection of atlases based on multiple anatomical and clinical fea-
tures and the use of specific-purpose libraries can improve ABAS performance with respect to generic-
purpose libraries.
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Abbreviations

RT radiation therapy

ABAS atlas-based automatic segmentation

BC breast cancer

CTvV clinical target volume

CT computed tomography

NaY supraclavicular nodes

OAR organs at risk

VF vector field

REs radius of the equivalent sphere

Volcg volume of the contralateral breast

STAPLE simultaneous truth and performance level
estimation

CMD center of mass distance

AHD average Hausdorff distance

DSC Dice similarity coefficient

and quality assurance have increased the accuracy of radiation
therapy (RT) [1]. Such developments usually imply increasingly
complex and therefore time-consuming processes and an intensi-
fied workload for medical and non-medical staff.

As the goal of RT is to irradiate the tumor volume avoiding
neighboring organs to prevent acute and late toxicity, one of the
key points in the treatment planning process is the segmentation,
namely the process of labeling image voxels with anatomical and
biological meaningful labels [2]. In particular, the widespread
practice of more conformal irradiation techniques, which maximize
normal tissue sparing and improve cosmetic outcomes, requires a
more accurate and time consuming segmentation of contours [3,4].
Moreover, a large number of organs at risk should be considered to
take into account the low-dose bath in intensity-modulated RT and
the related — still investigational — late oncogenetic effect [5,6].
Still, manual contouring is a slow time-consuming process, prone to
errors and inter- and intra-operator variability, which is difficult to
quantify [7—13], and this influences negatively the reliability of
dose distributions and therapeutic outcomes comparison between
different studies and institutions.

The recent introduction of fully or semi-automatic atlas-based
segmentation techniques aims to address the challenges of accu-
racy and reliability of contouring.

The general impression from previous studies reporting the
efficacy of atlas-based automatic segmentation (ABAS) in breast
cancer (BC) patients is that the homogeneity among subjects and
contours included in the library strongly influences the results of
automatic contouring procedure [14]. In this frame, the aim of this
study was to evaluate whether specific-purpose libraries featuring
a large number of atlases and relying on homogeneity classification
based on multiple selected anatomical and clinical features can
improve ABAS performance in the segmentation of BC patient with
respect to generic-purpose libraries. Performance of single-ABAS
and multi-ABAS are also compared.

2. Materials and methods
2.1. Atlas based automatic segmentation

2.1.1. Theoretical overview

In general, an atlas is a model image segmented by an expert
operator. In ABAS, a “library” of atlases is collected: the first step
consists of selecting a template atlas to serve as reference for the

non-rigid registration of all the remaining atlases populating the
library, thus obtaining a dataset of deformation vector fields
(VFatas = {V1, Vo, ..., Vh-1}, where n is the number of atlases). When
a new unlabeled computed tomography (CT) is given, it is regis-
tered to the template atlas and the resulting vector field (VFpew) is
compared to those saved in the dataset VF,yas. The atlas corre-
sponding to the vector field V; most similar to VFey is identified as
the best matching atlas and its contours are therefore propagated
onto the unlabeled CT scan. With other words, the similarity be-
tween the unlabeled image with all those available as atlases (or
with a specific subset of the library) is calculated and deployed in
order to assign a proper label to the voxels of the unlabeled image.
In single-ABAS, the atlas that maximizes the similarity index is non-
rigidly registered with the new image, and the contours are prop-
agated according to the deformation vector field resulting from the
registration. In multi-ABAS, the information from more than one
atlas is somehow combined to generate the automatic segmenta-
tion. One possible strategy to combine information from different
atlases is the Simultaneous Truth and Performance Level Estima-
tion (STAPLE) algorithm [15], which is an expected maximization
algorithm that computes a probabilistic estimate of the true seg-
mentation by weighting each segmentation on its estimated per-
formance level. This method is often used as a reference standard
segmentation for assessing performance of different algorithms
and when an improved segmentation is needed.

A manual refinement is usually required, but with much less
efforts with respect to a complete manual contouring from scratch
on each CT scan [2].

2.1.2. Description of the implemented ABAS strategies

The creation of the libraries was performed by means of the
commercial software suite MIM 6.1.7 (MIMvista Corp., Cleveland,
US-OH). One generic-purpose atlas and 9 specific-purpose sub-li-
braries were created.

At the building of sub-libraries, two main subgroups were
stratified as function of the type of surgery, namely post-
conservative surgery BC patients (hereinafter referred as “conser-
vative-surgery” group) versus post-mastectomy BC patients
(hereinafter referred as “non-conservative-surgery” group). For
non-conservative-surgery patients, the side of the tumor was also
considered for patient stratification. In order to describe specific-
purpose atlases, some anatomical features were selected. Since
the most common indicators of body size were not available in our
clinical dataset, a surrogate index was derived from thoracic
circumference. This was obtained as the radius of the sphere
equivalent to the volume of the axial slice at the sub-mammary fold
level (Rgs). Rgs thresholds were identified as the 33rd and 66th
percentiles of Rgs distribution, corresponding to 6.0 and 6.5 cm,
respectively. Three sub-groups were therefore obtained by
discriminating  between small (Rgs<6.0 cm), medium
(6.0 cm < Rgs<6.5 cm), and large size (Rgs>6.5 cm).

A further stratification was obtained by keywords describing the
contra-lateral breast volume (Volcg) as “small breast” (S) and “large
breast” (L), if it is inferior or superior to the median value of Volcg
distribution (corresponding to 506 cm?), respectively. Additional
categorizing keywords were related to the presence of breast
prosthesis (P) or expander (E). Therefore, there are 6 possible
combinations of keywords (S, SP, SE, L, LP, LE) that the operator can
chose when contouring the CT of a new patient.

2.2. Patients dataset
We collected 200 CT scans of BC patients, treated with adjuvant

RT at the European Institute of Oncology (Milan, Italy) between
January 2012 and December 2013. All patients gave written
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