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Raman spectroscopy determination of the mineral characteristics 
of microcalcifications in breast cancer: a way towards an 
improved screening approach

Fabio Corsi and Carlo Morasso

Breast cancer (BC) is the most frequently diagnosed 
malignancy in women and currently, it is expected that 1 
woman every 10 will receive a diagnosis of BC during 
her lifetime in countries with high sociodemographic 
index [1]. Thanks to the wide adoption of screening 
mammography, now the vast majority (90–95%) of BC 
are diagnosed at an early stage and the five-year survival 
rate of BC exceeds 80% [2]. 

During mammography screening, the detection 
of microcalcification (MCs) is common; and MCs are 
an important early hallmark of BC. On the other hand, 
only a small proportion of MCs are associated with 
the presence of BC, supporting the fact that screening 
mammography is highly sensitive but poorly specific [3]. 
The improvement of BC screening programs, with the 
final aim to reduce the number of unnecessary biopsies 
and other invasive procedures to role out malignancy, 
is, therefore, an unmet clinical need. A possible solution 
could be the improvement of our knowledge about the 
mineral characteristic of BC-associated MCs.

Raman Spectroscopy (RS) is a photonic approach 
that allows a label-free characterization of mineral 
samples in real-time and virtually without the need to use 
any sample preparation protocol [4]. RS is based on the 
analysis of the light inelastically scattered by a sample 
under the illumination of a monochromatic laser light 
source. Because of the molecular vibrations, part of the 
energy of the incoming light is held by the samples and 
thus a small portion of the light is scattered with a lower 
amount of energy (thus with a different wavelength) 
whose frequency depends on the nature of the sample 
itself. RS is particularly well suited for the study of the 
crystal properties of inorganic materials, as proved by the 
fact that is used as a technique for quality control in the 
pharmaceutical and semiconductor industry [5].

A first report from Haka et al. in 2002 [6] 
demonstrated how RS is univocally able to distinguish 
between calcium oxalate associated with benign lesions) 
and calcium phosphate (both in malign and benign lesions) 
MCs. Furthermore, RS was able to distinguish between 
malign and benign MCs with a 93% specificity. This 
impressive result sparked a notable interest and several 
groups started working on the development of Raman 
approaches able to provide a non-invasive, or minimally 
invasive, tool for the analysis of MCs in vivo or ex vivo on 
biopsies immediately after the excision [7–9].

This technological work, however, is based on 
thin clinical data. The report from Haka and co-workers 
included in the analysis just 90 MCs from 11 patients, and 
larger studies on the effectiveness of RS in distinguishing 
between MCs associated with benign and malignant 
lesions are needed. 

Recently, we started a research study of 473 MCs 
biopsies performed after screening mammography in a 
larger cohort of 56 patients [10]. Our results confirmed, on 
a larger scale, the original report from Haka. Remarkably, 
we also studied the composition of MCs from BCs but 
located outside the malignant lesion and we found that the 
characteristics of these MCs are similar to those located 
inside the lesion. This result strengthens the idea that 
RS on MCs could be a way to improve the accuracy of 
mammography screening as suggests that Raman analysis of 
MCs would not strictly require focusing only on MCs within 
the tumor to provide clinically meaningful information.

The work done until now, however, must still be 
improved. To prove the clinical value of RS, we need to 
study an even larger cohort of patients. Besides, up to now, 
no attempt has been performed yet to classify patients 
based on RS data. 

In the next future, this work will be merged with 
the development of new classification algorithms and with 
new tools for the acquisition of the spectra to deliver an 
advanced mammogram, able to identify in real-time BC 
lesions with a much-improved accuracy. This will allow to 
finally reduce the economical and psychological burden of 
false-positive mammography with a great benefit for both 
the patients and the healthcare system.

CONFLICTS OF INTEREST

Authors have no conflicts of interest to declare.

Fabio Corsi: Department of Biomedical and Clinical Sciences 
“Luigi Sacco”, Università di Milano, 20157 Milano, Italy; 
Surgery Department, Breast Unit, ICS Maugeri S.p.A. SB, 
27100 Pavia, Italy
Correspondence to: Fabio Corsi, 
email fabio.corsi@unimi.it
Keywords: Raman spectroscopy; microcalcifications; breast 
cancer
Received: February 05, 2021
Published: May 11, 2021

 Editorial



Oncotarget951www.oncotarget.com

REFERENCES

1. Heer E, et al. Lancet Glob Health. 2020; 8:e1027–37. 
https://doi.org/10.1016/S2214-109X(20)30215-1. [PubMed]

2. ECIS - European Cancer Information System. https://ecis.
jrc.ec.europa.eu. 

3. Wilkinson L, et al. Br J Radiol. 2016; 90:20160594. https://
doi.org/10.1259/bjr.20160594. [PubMed]

4. Butler HJ, et al. Nature Prot. 2016; 11:664–687. https://doi.
org/10.1038/nprot.2016.036. [PubMed]

5. Claßen J, et al. Anal Bioanal Chem. 2017; 409:651–666. 
https://doi.org/10.1007/s00216-016-0068-x. [PubMed]

6. Haka AS, et al. Cancer Res. 2002; 62:5375–5380. https://
cancerres.aacrjournals.org/content/62/18/5375.long. 
[PubMed]

 7. Sathyavathi R, et al. Sci Rep. 2015; 5:9907. https://doi.
org/10.1038/srep09907. [PubMed]

 8. Ghita A, et al. J Biophotonics. 2018; 11:e201600260. 
https://doi.org/10.1002/jbio.201600260. [PubMed]

 9. Stone N, et al. Analyst. 2007; 132:899–905. https://doi.
org/10.1039/B705029A. [PubMed]

10. Vanna R, et al. Cancer Res. 2020; 80:1762–72. https://doi.
org/10.1158/0008-5472.CAN-19-3204. [PubMed]

Copyright: © 2021 Corsi and Morasso. This is an open access 
article distributed under the terms of the Creative Commons 
Attribution License (CC BY 3.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original 
author and source are credited.

https://doi.org/10.1016/S2214-109X(20)30215-1
https://www.ncbi.nlm.nih.gov/pubmed/32710860
https://ecis.jrc.ec.europa.eu
https://ecis.jrc.ec.europa.eu
https://doi.org/10.1259/bjr.20160594
https://doi.org/10.1259/bjr.20160594
https://www.ncbi.nlm.nih.gov/pubmed/27648482
https://doi.org/10.1038/nprot.2016.036
https://doi.org/10.1038/nprot.2016.036
https://www.ncbi.nlm.nih.gov/pubmed/26963630
https://doi.org/10.1007/s00216-016-0068-x
https://www.ncbi.nlm.nih.gov/pubmed/27900421
https://cancerres.aacrjournals.org/content/62/18/5375.long
https://cancerres.aacrjournals.org/content/62/18/5375.long
https://www.ncbi.nlm.nih.gov/pubmed/12235010
https://doi.org/10.1038/srep09907
https://doi.org/10.1038/srep09907
https://www.ncbi.nlm.nih.gov/pubmed/25927331
https://doi.org/10.1002/jbio.201600260
https://www.ncbi.nlm.nih.gov/pubmed/28635141
https://doi.org/10.1039/B705029A
https://doi.org/10.1039/B705029A
https://www.ncbi.nlm.nih.gov/pubmed/17710265
https://doi.org/10.1158/0008-5472.CAN-19-3204
https://doi.org/10.1158/0008-5472.CAN-19-3204
https://www.ncbi.nlm.nih.gov/pubmed/32094303
https://creativecommons.org/licenses/by/3.0/
https://creativecommons.org/licenses/by/3.0/

