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Abstract: Microcalcifications are an important hallmark of breast cancer and their composition 
correlates with the degree of pathology. This study used mid-infrared spectroscopic imaging to 
assess the chemical composition of breast microcalcifications to aid disease diagnosis. 
OCIS codes: (170.0170) Medical optics and biotechnology; (110.0110) Imaging systems; (180.0180) Microscopy; 
(300.0300) Spectroscopy.  

1. Introduction

Breast cancer is the most common cause of cancer in women worldwide [1]. The mortality from this cancer in 
developing countries is increasing because of the late diagnosis. In this context, microcalcifications are the unique 
early marker of breast cancer [2], having a composition that correlates with the degree of pathology. 

Many studies suggest that vibrational spectroscopy, which is non-destructive, label-free and chemically specific, 
has the ability to provide characteristic ‘fingerprints’ for these microcalcifications based on their composition e.g. 
content of phosphate, protein and carbonate [2]. Our approach proposes to use Fourier Transform Infrared (FTIR) 
spectroscopic imaging in combination with novel IR technologies such as Quantum Cascade Laser (QCL) and 
upconversion cameras to improve detection and compositional analysis of breast cancer associated 
microcalcifications to aid diagnosis [3]. This IR spectroscopic data will be used to determine the level of carbonate 
substitution in each breast biopsy microcalcification and correlate this to the degree of the pathology. 

 There are different advantages of these novel technologies. In fact, upconversion detectors are used at room 
temperature without using liquid nitrogen cooling and are cheaper than a Mercury Cadmium Telluride (MCT) 
detector [4]. QCL source are more intense light source and allows selecting individual wavelength of interest faster 
than Globar thermal source [3].  

2. Results and discussion

The FTIR spectral features of standard minerals with different percentage of carbonate substitution that could be
found in breast cancer have been characterized using Attenuated Total Reflection (ATR) FTIR spectroscopy. There 
are two specific bands in the long wavelength region that are attributed to phosphate and carbonate ions at around 
9.8 and 11.4μm, respectively (Fig. 1). 

Fig. 1 Representative ATR-FTIR spectra of standard minerals with different percentage of carbonate substitution. 



These bands have been analyzed using spectral decomposition algorithms to relate a phosphate-to-carbonate 
absorption ratio to a composition ratio to use for calibration. 
The next step was to analyze breast cancer biopsies in order to determine the level of carbonate substitution 
contained in the microcalcifications based on the calibration above. A comparison between spectra obtained from 
different imaging devices - a commercial micro-FTIR imaging system with a Globar thermal source and an 
upconversion system coupled to a QCL source - has been performed, as illustrated in Fig. 2. 

Fig. 2 (a) Micro-transmission FTIR image of a breast cancer biopsy section based on the phosphate peak absorbance, in the range 9.8-10.4 μm. 
(b) Spectrum extracted from the microcalcification shown in (a), and (c) spectrum extracted from the same location as (b) but measured using

upconversion and QCL system. 

In Fig. 2, an image of a microcalcification is presented (a) along with a representative spectrum (b) obtained using 
the commercial micro-FTIR imaging system. This has the advantage of accessing a broad spectral range but is 
limited in that only the phosphate peak can be well characterized. However, the QCL and upconversion system gives 
access to both phosphate and carbonate bands (c) relevant for the breast calcification analysis. This is promising for 
the clinical prospect of using a QCL and upconversion system. 

3. Conclusion

This study has shown a direct comparison between a commercial micro-FTIR spectroscopic imaging system and
a QCL and upconversion system in terms of capability to measure breast cancer microcalcifications in ex vivo tissue 
biopsies. A preliminary analysis has focused on a collection of standard minerals for calibration purposes. As only a 
few discrete frequencies are required to identify the calcifications and their relative carbonate content (around 11.4 
to 9.8µm, corresponding to phosphate and carbonate bands) QCL systems could provide a fast scanning of large 
tissue areas when compared to the current micro-FTIR imaging system, thus promising new avenues for disease 
diagnosis. 
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