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Fig. 1 Schematic of experimental device
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Table 1 Experimental instrument information table
Name Instrument information
Laser Wavelength: 405 nm; power: 150 mW

Dichroic mirror

Fiber probe

Fiber spectrometer

Spectral range: 200—1100 nm; scanning speed: 4500 scanes '

Critical wavelength: 410 nm; transmission wavelength: >>419 nm; transmittance: > 80%; reflection
wavelength: 360—405 nm; reflectance: >99%

Diameter: 400 m; wavelength range: 300-800 nm

: resolution: 0.8 nm
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Fig. 2 Fluorescence spectra of slide and stain. (a) Fluorescence spectra of slide; (b) fluorescence spectra of stain
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Fig. 4 Normalized mean fluorescence spectrograms fitted by Gaussian function. (a) Normal breast tissue by SP staining;

(b) unstained cancerous breast tissue; (c¢) cancerous breast tissue by HE staining; (d) cancerous breast tissue by SP staining
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Table 2 Characteristic parameter information of Gaussian fitting peak

Sample A, A, A, Al A, A, w, W, w5 R*
SP(normal) 55.73 37.59 10. 61 491.39  516.76  631.68 64.06 107. 37 89. 16 0.998
Unstained(cancer) 19.48 72.23 31.49 492.74 520.77 630. 59 39.41 82.59  147.65 0.987
HE(cancer) 22.94 70.61 23.81 492.35  520.89  631.24 41. 38 135.55  147.13 0.992
SP(cancer) 24.47 38. 57 27. 86 495. 14 517.25 640. 84 64. 34 45.05 116. 20 0. 996
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Table 3 Peak area ratios of A, /A, and

Agss /A 4y, of normal and cancerous breast tissues

Breast tissue Asii /Ay Agys /A
Normal tissue with SP staining 0.6745 0. 1904
Unstained cancerous tissue 3.7079 1.6105
Cancerous tissue with HE staining 3.0780 1.0379
Cancerous tissue with SP staining 1.5762 1. 1385
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Abstract

Objective Breast cancer, the most common malignant disease with high mortality and morbidity, is the leading cause of death
in women worldwide, especially in developing countries. The current methods for breast cancer diagnosis are time-consuming,
expensive, and have low sensitivity, and these should be urgently addressed. Spectroscopy appears to offer a new method for
clinical detection of normal and cancerous tissues. Fluorescence spectroscopy is a tool for the noninvasive acquisition of
biochemical information and extracellular matrix, and its use is rapidly expanding owing to its safety and efficiency.

Methods Breast tissue autofluorescence spectroscopy mostly uses a light source in the 420-512 nm band, and the
tryptophan and tyrosine residues in the tissue are more sensitive to a laser with a wavelength of 405 nm. Therefore, this
study used a 405 nm laser source to obtain autofluorescence spectra of breast tissue sections to avoid the interference of fat
and blood on the spectrum during in vivo detection and to improve the spectrum intensity. Various biological
macromolecules or molecular groups in human tissues emit fluorescence, and the fluorescence spectrum is a superimposed
spectrum of various luminescent substances. Because of the short distance between the fluorescence wavelengths emitted
by some fluorescent substances, a peak overlapping phenomenon occurs, and the spectral characteristic peaks are not easy
to distinguish. On directly using the fluorescence spectral peak area for quantitative analysis, the quantification is neither
objective nor accurate. Therefore, this study proposes a Gaussian function to fit the fluorescence spectrum of breast tissue
slices. Because the Gaussian function describes the normal distribution, it effectively separates the overlapping peaks,
simplifies the spectrum, and extracts information using the characteristic parameter peaks of the fitted spectrum. The
area ratio method was used to analyze the differences in the spectra of the normal and cancerous breast tissues. Finally,
after studying several samples, this paper proposes the use of an SVM algorithm to classify the fluorescence spectrum and
analyzes the feasibility of this algorithm for the classification of the breast tissue fluorescence spectrum.

Results and Discussions After the breast tissue becomes cancerous, the content of some fluorescent substances also
changes. The normalized mean fluorescence spectra of normal and cancerous breast tissues show obvious red shifts in the
fluorescence peaks of cancerous tissues relative to normal tissues (Fig. 4). The difference in fluorescent substances in
normal and cancerous breast tissues was analyzed using area ratio method. The peak area ratios (Ag;/ Ay, Agys/ Ay ) of
cancerous tissues are 2.4-8.5 times that of normal tissues, which can be considered as criteria for the diagnosis of breast
cancer (Table 3). The discrimination results of the SVM algorithm are as follows: accuracy rate of 87.50% , recall rate of
93.94%, precision of 88.57%, and Fl-score of 91. 18%. This proves that the method has high sensitivity and
recognition ability for the fluorescence spectral information of breast cancer tissue, and can map normal and cancerous
tissue fluorescence spectral signatures in different states for classification.

Conclusions In this study, the fluorescence spectrum of breast tissues under a 405 nm laser was collected. After fitting
the fluorescence spectrum with a Gaussian function, the fluorescence spectrum peak area ratios for normal and cancerous
tissues were calculated, and the effect of the SVM algorithm on the fluorescence spectrum was analyzed. The
autofluorescence spectrum of cancerous breast tissues has a red-shift phenomenon compared with that of normal tissues;
after separating the overlapping peaks by Gaussian function fitting fluorescence spectrum, the peak areas at 517 nm,
635 nm, and 492 nm of cancerous tissues have a significant ability to distinguish between normal and cancerous tissues.
The SVM algorithm is feasible for the classification of breast tissue fluorescence spectrum, with an accuracy of 87.50% .
This proves that the method can recall and pinpoint cancerous breast tissues, and has a strong balance between recall rate
and precision, thus, providing a rapid diagnosis of breast cancer. In summary, the Gaussian function fitting the
fluorescence spectrum can obtain the spectral characteristic information of the fluorophore in breast cancer and the peak
area ratio can be used as the standard for diagnosing breast cancer. Moreover, the combination of the fluorescence
spectrum and the SVM classification algorithm model can be used for multi-sample breast cancer, providing a feasible
method for rapid diagnosis.
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