
Instrument & Methods
� The craniocaudal (CC) or mediolateral-oblique (MLO) views of both breasts of women 
enrolled under a tissue characterization study were scanned with the SoftScan breast 
optical imaging device. The instrument relies on a time–domain optical spectroscopic 
imaging technique to provide physiological and optical contrast information. 

� To obtain this information, the patient lies on a table with the breast to be scanned 
pendular in a scanning cavity (see illustration on Figure 1). The breast is immersed in an
optical matching liquid that mimics the optical characteristics of a woman breast. To 
maintain the breast in a fixed position during the scanning process, the breast is 
immobilized between two transparent stabilization plates. Brief infrared pulses of light at 
multiple wavelengths sensitive to the main breast chromophores are launched on one side 
of the breast and are collected at the far side. The breast is scanned in a raster pattern 
and the transmitted signal is saved for each of the 5 detectors positioned so as to provide 
angular separation allowing for tomographic reconstruction.  

� The data acquired from the scans are processed with a diffuse optical tomography
algorithm [1-2] that yields to spatial distribution of absorption and scattering coefficients as 
well as oxy- (HbO2) and deoxyhemoglobin (Hb) concentrations. 
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Introduction
Near-infrared diffuse optical tomography used adjunctively to x-ray mammography could 
potentially enhance diagnostic capabilities. The technology relies on the sensitivity of 
near-infrared light to breast tissue chromophores (e.g oxyhemoglobin, deoxyhemoglobin) 
to yield endogenous contrast information in a non-invasive manner. Results of a multi-site 
clinical study involving the SoftScanÒ time-domain imaging system are reviewed. The 
results demonstrate the ability of optical mammography to non-invasively characterize 
breast lesions.
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� Based on this statistical analysis, oxyhemoglobin is the most effective marker for 
discriminating between normal and abnormal tissue. This finding is in agreement with the 
angiogenesis process that is anticipated in cancers. Otherwise, the scattering index 
appears promising in reflecting changes in cell density and nuclear volumes that are 
expected with the inception of cancer as well.

Summary

The clinical results demonstrate the ability of optical mammography to non-invasively 
characterize breast lesions based on the oxyhemoglobin and scattering indices. The high 
sensitivity and specificity combined with the high system repeatability level, outline the 
potential usefulness of the technique, in clinical settings, for detection, diagnosis and 
treatment monitoring. 

Clinical Study
� Three medical centers were involved in the data gathering process: CHUM Hotel Dieu
Hospital (Montreal, Quebec), Cedars Breast Clinic, Royal Victoria Hospital (Montreal, 
Quebec) and Avon Comprehensive Breast Evaluation Center, Massachusetts General 
Hospital (Boston, MA). 

� The clinical trial recruited 105 pre- and post-menopausal women aged between 31 and 
74. Among this population, 29 women were healthy volunteers with negative mammograms 
and 76 women were patients with abnormal findings scheduled for tissue biopsy or surgical 
excision. The types and number of lesions included in the study are summarized in Table 1.

Results and Discussion

Demographic Trends

� Significant correlation between oxyhemoglobin, deoxyhemoglobin content and breast 
radiographic density was observed (p-values of respectively p=10-8 and p=10-9) for the 
healthy breasts (78 cases) (refer to Figure 3). In a majority of cases imaged, breasts with 
denser pattern exhibited increased amounts of blood volume compared with scattered 
fibroglandular and adipose tissues. These observations are consistent with expected breast 
physiology and are in accordance with published results [3]. 
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� The algorithm is implemented in a radiology-like Review Workstation. The software 
incorporates an x-ray-optical co-localization module to help the clinician localize the region of
interest in the optical image (see illustration on Figure 2). 

� Once the region of interest is localized, the recovered concentrations could then be used 
to qualify a suspicious lesion hypothesizing that, for a tumor to grow and expand, it will 
exhibit an increased blood content due to angiogenesis. The technology provides also, 
through the scattering parameter, an indication of the structural changes that occur at the 
microscopic level of tissues with the presence of a cancer. 

Sensitivity & Specificity Analysis

� Statistical analyses were performed on the gathered clinical data with the objective of 
determining the optical signatures allowing for differentiation between diseased and normal 
tissue. For each eligible woman, p-values between suspicious area and remaining background 
healthy tissue were calculated using simple logistic regression modeling. Statistically significant 
(p<0.002) discrimination between malignant and background healthy tissue based on the 
oxyhemoglobin index was found.

� ROC (Receiver Operator Characteristic) curves were derived for the oxyhemoglobin, total 
hemoglobin and scattering indices (refer to Figure 6) . The area under the ROC curve as well as 
the corresponding standard deviation and p-value are reported in Table 3.

� Sensitivity and specificity scores were recovered from the ROC curves. The values are 
reported in Table 4. 

Breast Characterization 

� The intensity images displaying the total number of photons transmitted through breast 
show clearly the layer of adipose tissue that surrounds the glandular segment of the breast. 
The fatty region is characterized in the intensity images by high transmission relatively to the 
glandular section. It translates also by smaller quantities of total hemoglobin content 
compared to the rest of the breast. These observations are in agreement with published 
studies [3].

� Descriptive statistics were applied to the optical and physiological parameters for all 
subjects under study. The malignant population presents higher contrast in scattering 
coefficient (particularly at 830 nm) relative to the benign and healthy populations (refer to 
Table 2). In terms of physiological parameters, patients with malignant lesions exhibit on 
average a higher blood content, which is in accordance with the angiogenesis process (see 
illustration on Figure 4) [4-7].
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58 year-old post-menopausal subject with an irregular nodular lesion associated with 
micro-calcifications located in the upper-outer quadrant of the left breast. The biopsy 
reported two malignant sites: an infiltrating ductal carcinoma (grade II/III) at 2:30 and 
a DCIS at 12 o’clock (grade II/III). Both lesions are clearly apparent in the HbO2 and 
scattering images (refer to Figure 5) whilst the DCIS was not reported in the 
mammogram reading.
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