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Development of diagnostic apparatus using Raman spectroscopy for colorectal
cancer .

Sato, Sumito
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Raman spectroscopy measures the specific spectrum which represents the
molecular structure of the irradiated target. Our aim is to evaluate whether Raman spectroscopy can
be used as a medical diagnostic application for colorectal cancer. Samples were measured with an
excitation wavelength of 1064 nm and confirmed the safety for the irradiated samples. The specific
Raman spectra for cancer and normal tissue were obtained, discrimination analysis with principal
components showed that sensitivity, specificity, and accuracy of the diagnosis were 87.5%, 82.6%,
and 85.1%, respectively. In addition, it distinguished early cancer and advanced cancer. Raman
spectrometer can efficiently discriminate using the narrowed spectral range in fingerprint regions.
Raman spectra for mesentery was also collected. Raman spectroscopy performed using a handheld device

has potential to become a clinically powerful tool diagnosing colorectal cancer.
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All-in-one Raman spectroscopy was performed using (A) a handheld ProgenyTM spectrometer
(Rigaku Raman Technologies Inc., Tokyo, Japan). (B) The tissue sample is placed in the
holder attached to the front of the device and scanned. (C) A recorded Raman spectra.
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All Raman spectra obtained from 94 measuring points
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Mean intensity of Raman spectra from (A) normal colon tissues and (B) colorectal cancer
tissues

Raman shift P value AUC 95% C1 Sensitivity Specificity
1261 cm™ P <0.05 0.593 0.501-0.678 49.3% 64.2%
1427 cm™! P <0.05 0.589 0.495-0.674 44.0% 60.5%
1276 cm™ P=0.143 0.567 0.476-0.655 37.3% 65.4%
1442 cm™ P=0.132 0.570 0.478-0.656 40.0% 61.7%

AUC: The area under the ROC curve, 95% CI: 95% confidence interval.

Characteristic Raman spectrum shift and discrimination analysis using ROC curve and AUC.
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The 12 principal components obtained from analysis of the Raman spectra
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87.5% 82.6% 85.1%

Pathological diagnosis

(n=194) Cancer Normal
Raman Cancer 42 8
classification Normal 6 38
Total 48 46

Sensitivity 87.5%, Specificity 82.6%, Accuracy 85.1%

Discrimination analysis of cancer and normal tissue of the colon

Pathological diagnosis

Advanced Early

(n=48) cancer cancer
Raman Advanced cancer 36 1
classification Early cancer 6 5
Total 42 6

Sensitivity 85.7%, Specificity 83.3%, Accuracy 85.4%

Discrimination analysis of advanced and early cancer of the colon




1100
1000¢

ooooooooooooooooooooooooooooooo
EBEEE8 3B fEfEEREEs8ces8ERiRseEReBEREEREEEE 228282
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

Raman Shift (cm®-1)

Raman Spectra obtained from the mesentery tissue
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800 cm? 1800 cm?
Raman shift

The Raman spectra ranging from 800 to 1800 cm® are divided into 10 regions of 100 cm*

each.

Region Accuracy Combined regions Accuracy

(D 800 cm™" ~ 900 cm™! 70.3% @D ~ 10 84.1%
(2) 900 cm™" ~ 1000 cm™! 71.2% D~® 78.1%
(3) 1000 cm™ ~ 1100 cm™ 74.2% ®) ~ 0 76.5%
@ 1100 cm™ ~ 1200 cm™ 63.8% @O~ 75.4%
(5) 1200 cm™ ~ 1300 cm™! 70.6% @~@ 80.1%
() 1300 cm™! ~ 1400 cm™! 78.2% ®) ~ 10 71.3%
(7 1400 cm™! ~ 1500 cm™! 65.6% @3 ® 83.4%
® 1500 cm™ ~ 1600 cm™ 67.1%

(9 1600 cm™ ~ 1700 cm™ 69.7%

@ 1700 cm™ ~ 1800 cm™! 70.2%

Results of the Discriminant Analysis per Region and Combinations of Regions
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