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Quantitative analysis of the breast tissue
chemical composition based on the spectral
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Breast cancer accounts for the largest number of malignancies in women worldwide. The
diagnostic outcome of conventional X-ray imaging relies heavily on relative attenuation differences in
nearby tissues. Since the contrast difference between cancerous and glandular tissues is often not
evident, the diagnosis is mainly based on morphological characteristics. Recently, advanced imaging
techniques were being developed making the extraction of quantitative information a feasible task.
We aim to exploit a technique of spectral decomposition to quantify the difference in chemical
composition between healthy and malignant dense tissues.

Our very first study, based on the tissue-equivalent custom-made phantom, showed promising
results in extracting an effective atomic number and density from multi-energy CT images. Although
being very useful in mimicking the attenuation properties of breast tissues, plastic inserts fail to
reproduce the valid local inhomogeneity observable in organic tissues. In this communication the
first attempt to quantitatively describe breast mastectomy samples was reported. Imaging was
performed at Elettra, the Italian synchrotron facility, using monochromatic beams of several energies
in the breast CT energy range (22-38 keV). With help of a radiologist, the regions of interest for
quantitative evaluation were selected. Three samples were processed by a spectral decomposition
algorithm, resulting in composition maps in terms of a selected pair of basis materials. Using a
dedicated mathematical procedure, we managed to decouple the information about the material
density and its chemical composition. Finally, a calibration allowed us to retrieve the effective atomic
number and density associated with each reconstructed voxel.

The range of effective atomic numbers among the plastics matched the slight differences among
tissue regions within the breast mastectomies. The region-based decomposition procedure is an
important intermediate step toward the application of the method to the full sample volume. The
presence of structural noise, coming from the intrinsic variability of the tissue region was observed.
However, its presence did not affect the overall stability of our decomposition method. The procedure
allowed an accurate discrimination of the chemical composition of considered anatomical regions.

The decoupling of the information about the chemical composition allows very accurate
discrimination of similar tissues composing the breast, opening the possibility of significant
contributions to a breast cancer diagnosis.
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