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Near-Infrared Raman Spectroscopy for Detection of Gastric Cancer
Peritoneal Dissemination in vivo
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Abstract The nude mice injected with human gastric cancer cells (SGC-7901) in their peritoneums are chosen as
animal models of gastric cancer peritoneal dissemination in this research. The Raman spectra at 785 nm excitation of
both these nude mice which are in different tumor planting periods and the normal counterpart are taken in vivo in
the imitate laparotomy. 205 spectra are collected. The spectra of different tissue types are compared and classified by
support vector machine (SVM) algorithm. The results show significant differences between normal and malignant
tissues. For normal and malignant tissues, the sensitivity, specificity and accuracy are 95. 73% . 70. 73% and
90.73% , respectively, while for different tumor planting periods, they are 98.82% , 98.73% and 98.78% . The
experimental results show that Raman spectra differ significantly between cancerous and normal gastric tissues,
which provides experimental basis for the diagnosis of gastric cancer by Raman spectroscopy technology. And SVM
algorithm can give well generalized classification performance for the samples, which expands the application of
mathematical algorithms in classification.
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Fig. 1 Experimental system of the Raman spectroscopy
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Table 1 Tentative biochemical assignment for Raman peaks

peﬁir/nca;ﬂ Tentative biochemical assignment Biological molecules
870 C—C stretching vibration of Hydroxyproline nucleic acid, protein

1007 C—C symmetric ring breathing of Phenylalanine protein/carotenoid
1050 C—O stretching vibration of Deoxyribose nucleic acid
1093 PO, symmetric stretching vibration of Phosphodiester groups nucleic acid
1209 C—Cg H; stretching vibration of Phenylalanine nucleic acid
1330 C—H bond and CH, deformation vibration in the base phospholipid/nucleic acid
1450 CH, stretching or bending vibration protein/lipid
1660 C=0 stretching vibration of Amide I and H—O— H bengding vibration of the water protein/water
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Table 2 Classification of normal and neoplastic gastric ti

ssues by SVM of 10-Fold Cross-Validation at different kernels

Kernel Fold Number of suppport vectors Sensitivity /% Specificity /% Accuracy /%

1 50 93.75 60. 00 85.71

2 56 100. 00 50. 00 90. 00

3 50 100. 00 50. 00 90. 00

4 58 100. 00 75.00 95. 24

5 56 88. 24 100. 00 90. 48
Linear 6 58 88. 24 75.00 85.71

7 48 93.75 75.00 90. 00
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Kernel Fold Number of suppport vectors Sensitivity /% Specificity /% Accuracy /%
8 54 93.75 75.00 90. 00
9 55 93.75 75.00 90. 00
10 50 88. 24 100. 00 95. 00
totality 93.90 73.17 89.76
1 58 100. 00 60. 00 90. 48
2 58 100. 00 100. 00 100. 00
3 55 100. 00 50. 00 90. 48
4 53 100. 00 75.00 95. 24
5 54 88.24 50. 00 80. 95
RBF 6 58 88. 24 75.00 85.71
7 60 93.75 75.00 90. 00
8 55 93.75 100. 00 95. 00
9 61 100. 00 75.00 95. 00
10 56 93.75 50. 00 85. 00
totality 95.73 70.73 90.73
1 57 93.75 60. 00 85.71
2 54 100. 00 50. 00 90. 00
3 52 100. 00 75.00 95. 24
4 58 100. 00 50. 00 90. 48
5 56 82.35 100. 00 85.71
Poly 6 58 82.35 25.00 71.43
7 52 93.75 75.00 90. 00
8 54 93.75 100. 00 95. 00
9 50 93.75 100. 00 95. 00
10 56 87.50 75.00 85. 00
totality 92.68 70.73 88.29
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Fig. 3 ROC curves of different kernel functions. (a) Linear; (b) radial basis; (¢) polynomial
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Table 3 Classification of different growth stages of cancer by SVM of 5-Fold Cross-Validation at different kernels

Kernel Fold Number of suppport vectors Sensitivity /% Specificity /% Accuracy /%
1 29 94.12 93.75 93. 94
2 32 94.12 93.75 93.94
Linear 3 29 100. 00 93.75 96. 97
4 27 94.12 100. 00 96. 97
5 23 94.12 93. 33 93.75
totality 95. 29 94. 94 95.12
1 33 94.12 100. 00 96. 97
2 35 100. 00 100. 00 100. 00
RBF 3 32 100. 00 93.75 96. 97
4 38 100. 00 100. 00 100. 00
B 30 100. 00 100. 00 100. 00
totality 98. 82 98.73 98.78
1 25 94.12 100. 00 96. 97
2 30 94.12 100. 00 96. 97
Poly 3 29 94.12 100. 00 96. 97
4 26 94.12 100. 00 96. 97
5 25 100. 00 100. 00 100. 00
totality 95.29 100. 00 97.56
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Fig. 4 ROC curves of different kernel functions. (a) Linear; (b) radial basis; (¢) polynomial
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