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This study aimed to explore the application of surface-enhanced Raman scattering (SERS) in the
rapid diagnosis of gastric cancer. The SERS spectra of 68 serum samples from gastric cancer
patients and healthy volunteers were acquired. The characteristic ratio method (CRM) and
principal component analysis (PCA) were used to di®erentiate gastric cancer serum from normal
serum. Compared with healthy volunteers, the serum SERS intensity of gastric cancer patients
was relatively high at 722 cm�1, while it was relatively low at 588, 644, 861, 1008, 1235, 1397,
1445 and 1586 cm�1. These results indicated that the relative content of nucleic acids in the
serum of gastric cancer patients rises while the relative content of amino acids and carbohydrates
decreases. In PCA, the sensitivity and speci¯city of discriminating gastric cancer were 94.1% and
94.1%, respectively, with the accuracy of 94.1%. Based on the intensity ratios of four charac-
teristic peaks at 722, 861, 1008 and 1397 cm�1, CRM presented the diagnostic sensitivity and
speci¯city of 100% and 97.4%, respectively, and the accuracy of 98.5%. Therefore, the three peak
intensity ratios of I722/I861, I722/I1008 and I722/I1397 can be considered as biological ¯ngerprint
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information for gastric cancer diagnosis and can rapidly and directly re°ect the physiological and
pathological changes associated with gastric cancer development. This study provides an
important basis and standards for the early diagnosis of gastric cancer.

Keywords: Surface-enhanced Raman spectroscopy; serum; gastric cancer; characteristic ratio
method; principal components analysis.

1. Introduction

Gastric cancer is currently the fourth most common
malignancy and the second leading cause of cancer-
related deaths worldwide. Approximately 650,000
individuals have died from this type of cancer, and
880,000 new cases of gastric cancer are diagnosed
each year. Improving the diagnosis of gastric cancer
is the most important approach to reducing the
mortality rate of this malignancy.1,2 Endoscopy
combined with histopathological analysis is the
most accurate method for the diagnosis of gastric
cancer. This method, however, in°icts damage on
patients. In addition, the subjectivity of pathologi-
cal diagnosis and the uncertainty of endoscopic
positioning are unavoidable and often result in the
misdiagnosis of small lesions in the early stage of
gastric cancer.3–5 Therefore, identifying a highly
sensitive, rapid, and noninvasive screening method
for the diagnosis of gastric cancer is vital.6–8

Near-infrared Raman spectroscopy can be used
to monitor the changes associated with the devel-
opment of diseases because it re°ects di®erential
changes in biomolecules, such as proteins, carbo-
hydrates and lipids.9,10 Surface-enhanced Raman
scattering (SERS) spectra has considerable poten-
tial as a cancer detection method given its high
speci¯city and sensitivity.11–13 In the ¯eld of bio-
medicine, in recent years, SERS technique has
shown to be an excellent technique for the biopsy-
based and body-°uid-based detection of some can-
cers such as gastric cancer, breast cancer, colorectal
cancer, esophagus cancer and cervical cancers.14–20

It has demonstrated good application value in the
body-°uid-based detection of cancer and is expected
to provide new diagnostic criteria for the clinical
detection and study of cancer.21 Among the body
°uids detection, the applications of blood detection
are the most frequent.22 Many research teams have
attempted to utilize the SERS technique in blood-
based cancer detection. Feng et al. used a polarized
laser to acquire the plasma SERS spectra of healthy
volunteers and gastric cancer patients, and

combined the multivariate statistical methods of
principal component analysis (PCA) and linear
discriminant analysis (LDA) to distinguish the
blood samples of healthy volunteers from those of
cancer patients. The diagnostic sensitivity and
speci¯city were 79.5% and 91%, respectively. The
results proved that the healthy volunteers and the
gastric cancer patients can be di®erentiated by the
SERS spectra of human plasma.23 Vargas-Obieta
et al. collected the SERS spectra of the serum
samples of 14 controls and 14 breast cancer patients
and demonstrated that SERS and PCA-LDA can
be used to discriminate between control and cancer
samples with 96% sensitivity and 87% speci¯city.24

S�anchez-Rojo et al. collected serum SERS spectra of
14 controls and 14 cervical cancer patients. The
spectral data was processed using multivariate sta-
tistical analysis including principal component
analysis (PCA) and LDA, and the sensitivity and
speci¯city for correctly classifying control and cer-
vical cancer samples were both 88%.25

PCA and LDA are the main mathematical sta-
tistical methods used for cancer detection based on
Raman spectroscopy.26 Given the complexity of
multidimensional analyses and the massive size of
spectral data, a simple and accurate multivariate
statistical method for the rapid detection of cancer
in body °uid must be developed on the basis of the
SERS technique.27 The characteristic ratio method
(CRM) is a popular unsupervised statistical analy-
sis method that discriminates samples by correlat-
ing variations in sample spectra with sample
pathology on the basis of peak intensity ratios.
CRM is simpler and faster than PCA. Thus, a di-
agnostic method that combines SERS with CRM
may have potential clinical applications in the
diagnosis of gastric cancer.

In this study, serum samples collected from 34
healthy volunteers and 34 patients who had been
diagnosed with gastric cancer through histopatho-
logical methods were used as the research objects.
Gold nanoparticles were used as the enhancement
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base. The di®erences in SERS spectra between
gastric cancer patients and healthy volunteers were
compared to study the changes in serum substance
concentrations. Finally, the CRM and PCA were
used to distinguish the SERS spectra of the serum
samples of normal and gastric cancer patients for
the rapid diagnosis of gastric cancer.

2. Experimental Materials and Methods

2.1. Preparation and characterization

of gold colloids

Gold colloids were prepared by using sodium citrate
to restore chloroauric acid. A total of 100ml of
0.01% chloroauric acid solution was boiled on a
heated magnetic stirring apparatus. The solution
was then removed from the stirring apparatus,
mixed with 1ml of 1% sodium citrate, then stirred
and heated for 15min. A wine-red gold sol solution
was obtained after intense boiling and cooling. The
solution was centrifuged for further use. The gold
sol was dropped to the microscope slide and dried
for further measurement.

Figure 1 showed the extinction spectrum and the
image of scanning electron microscope of the gold
sol prepared in the trial. It was measured with ul-
traviolet and visible spectrophotometer (supplied
by Shimadzu Corporation, with model of UV-2550),
and the absorption peak of the gold sol was located
at 520 nm, and its measured spectral bandwidth
from 300 to 900 nm. The gold sol was further mea-
sured using the ¯eld emission scanning electron
microscope (supplied by German Zeiss, with the

model of ultra55), which showed that the average
diameter of the gold sol was of 40� 3 nm.

2.2. Preparation of human serum
samples

A total of 68 serum samples were collected from the
patients of The First A±liated Hospital of Jinan
University. Among these samples, 34 were collected
from patients who were newly diagnosed with gas-
tric cancer, and 34 were collected from healthy
volunteers. The mean age of patients with gastric
cancer was 53� 10 years, whereas that of healthy
volunteers was 48� 12 years. All samples were
collected from patients with the same racial and
socioeconomic backgrounds. Serum were mixed
with gold colloid suspension at the volume ratio of
1:2, maintained at 4�C for 2 h, and then transferred
to a cuvette for SERS detection.

2.3. Raman instrumentation

A portable Raman spectrometer was used as the
measurement instrument. The measurement para-
meters were as follows: excitation wavelength of
785 nm, power of 70mW, spectral resolution of
8 cm�1, and spectral window of 400–1800 cm�1.

Given that the acquired Raman spectra exhib-
ited baseline drift and measurement was a®ected by
random noise, the 400–1800 cm�1 region in Raman
spectra was subjected to background subtraction
and smoothing using Origin 8.5 software.

3. Results and Discussion

3.1. Analysis of serum surface-
enhanced Raman scattering

(SERS) spectra

The averaged conventional Raman spectra of serum
samples from 34 healthy volunteers and 34 gastric
cancer patients are shown in Fig. 2. The Raman
spectra of the serum were collected at integration
times of 10, 20, 30 and 60 s. It can be seen that no
obvious Raman signal is detected in both normal
and gastric cancer serum without using gold nano-
particles. The Raman signals are negligibly en-
hanced with the prolongation of integration time. A
slight baseline drift is observed at the integration
time of 60 s.

Fig. 1. The UV/Visible absorption spectrum of the Au colloid.
The absorption maximum is located at 520 nm. The inserted
picture is the the TEM micrograph of the Au nanoparticles.

Identi¯cation and analysis of serum samples by surface-enhanced Raman spectroscopy
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Figure 3 shows the comparison of the mean
SERS spectra between 34 healthy volunteers and 34
gastric cancer patients, and the integration time for
all samples is 10 s. It can be seen that the SERS
spectra are considerably ampli¯ed relative to con-
ventional Raman spectra. The inset in the upper
portion of Fig. 3 shows the mean SERS spectra
of serum of 34 healthy volunteers and 34 gastric
cancer patients, the shaded areas represent the
di®erences among individuals in the same group.
The SERS spectra of both groups show good re-
peatability. The SERS spectra of both groups show
intense peaks at 505 (attributable to isoleucine),
588 (attributable to ascorbic acid and amino

compound), 644 (attributable to tyrosine), 722
(attributable to hypoxanthine), 861 (attributable to
tryptophan), 1008 (attributable to phenylalanine),
1235 (attributable to D-mannose), 1397 (attribut-
able to tryptophan), 1445 (attributable to elastin
and collagen), 1586 (attributable to phenylalanine)
and 1635 cm�1 (attributable to leucine). In order to
better understand the biochemical information
re°ected in the serum SERS spectra at the molec-
ular level, the main bands observed in the normal
and gastric cancer SERS spectra and the corre-
sponding assignment of biomolecules are listed in
Table 1.28–30

The lower part of Fig. 3 shows the di®erence
spectrum of the mean SERS spectra between heal-
thy volunteers and gastric cancer patients, consider
the biochemical di®erences among healthy volun-
teers, the Student's t-test was performed to ensure
that the observed di®erences of peak intensity cor-
respond e®ectively between normal and cancer
patients. Nine SERS peaks with statistical signi¯-
cance (p < 0:05) were selected for analysis, that is
588, 644, 722, 861, 1008, 1235, 1397, 1445 and
1586 cm�1. Comparing the intensities of these nine
characteristic peaks reveals that the peak at
722 cm�1 in serum spectra of gastric cancer patients
has high intensity. This peak is assigned to the in-
plane bending vibration mode of the C–H bond of
adenine in nucleic acid bases. This ¯nding shows
that the serum nucleic acid content of gastric cancer
patients is higher than that of the healthy volun-
teers. The intensities of the characteristic peaks at
588, 644, 861, 1008, 1235, 1397, 1445 and 1586 cm�1

(a) (b)

Fig. 2. The averaged conventional Raman spectra of serum samples: (a) healthy volunteers; (b) gastric cancer patients.

Fig. 3. Comparison of the mean SERS spectra for the normal
serum (n ¼ 34) vs that of the gastric cancer (n ¼ 34). The
shaded areas represent the standard deviations of SERS spectra
of normal and cancer serum. The bottom spectrum corresponds
to the di®erence of normal and cancer spectra.

L. Guo et al.
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in the serum spectra of gastric cancer patients are
weaker than those of the same peaks in the serum
spectra of healthy volunteers. The weak intensity of
these peaks, which are attributable to carbohy-
drates and amino acids, indicates that the carbo-
hydrate and amino acid contents of cancer patients
are lower than those of healthy volunteers. The
serum of patients with gastric cancer have elevated
adenine contents and reduced protein contents be-
cause metabolism intensi¯es and large amounts of
glucose and amino acids are consumed to provide
the energy required by the excessive proliferation of
cancer cells during carcinogenesis. The condition of
abnormal metabolism is in line with the results of
plasma detection using the SERS technique per-
formed on nasopharynx cancer and gastric cancer
by Feng et al.

Although the SERS spectra provided rich infor-
mation, gastric cancer cannot be diagnosed accu-
rately through the simple comparison of the
characteristic peak intensities between healthy
volunteers and gastric cancer patients. Therefore, it
is necessary to further analyze the SERS spectral
data by means of statistical methods to obtain
better diagnosis results of gastric cancer.

3.2. Analysis of SERS spectra of

samples of gastric cancer patients
and healthy volunteers

3.2.1. Principal component analysis

Principle Component Analysis (PCA) is a multi-
variate statistical method commonly used to

analyze the Raman spectra of di®erent biological
samples. Several principal components (PCs) with
major contributions can be obtained by simplify-
ing complicated spectroscopic data. These PCs
characterize most spectral information and can be
intuitively represented in two-dimensional and
three-dimensional coordinates.

In this study, the polynomial ¯tting was used to
subtract the °uorescent background of the original
SERS spectral data. Then, PCA statistical analyses
were performed on normalized spectroscopic data,
and PC1, PC2, and PC4, the three PCs with the
most signi¯cant di®erences, were selected through
Student's t-test. The cumulative percentage vari-
ance of these three PCs is 83%.

As shown in Fig. 4, the two-dimensional scatter
plot is drawn using PC1, PC2 and PC4 scores.
Based on the combination of di®erent signi¯cant
principal component, most of serum samples of
gastric cancer and healthy volunteers are clustered
in two di®erent areas. Figure 4(a) shows the PC1
and PC2 scatter plots for cancer and normal group
data with the corresponding discriminant line,
PC2 ¼ �2.11PC1þ0.51, and so 91.2% (31/34)
sensitivity and 97.4% (33/34) speci¯city, with the
accuracy of 94.1% (64/68); In addition, Fig. 4(b)
shows the PC1 and PC4 scatter plot for cancer and
normal group data with the corresponding dis-
criminant lines, PC4¼ 2.83PC1-0.91, and so 91.2%
(31/34) sensitivity and 88.2% (30/34) speci¯city,
with the accuracy of 89.7% (61/68). The result
shows that the selection of di®erent combinations
of signi¯cant PCs will provide di®erent levels of
accuracy for serum classi¯cation.

Table 1. SERS peak positions and vibrational mode assignments and the comparison of the intensity of mean
SERS spectra of normal and cancer (10�3, mean � s.d.).

Raman peak (cm�1) Vibrational mode Major assignment Normal Cancer P

505 Ring vibration L-arginine 17.31 � 6.68 17.30 � 7.02 0.0726
588 Ascorbic acid amide-VI 5.09 � 0.81 3.93 � 0.97 0.0264
644 � (C–S) Tyrosine 5.54 � 0.57 4.60 � 0.71 0.0301
722 � (C–H) hypoxanthine 11.93 � 2.84 17.32 � 3.14 0.0164
861 � (C–O–H) L-tryptophan 11.59 � 0.46 8.98 � 0.92 0.0203
1008 �s (C–C) L-phenylalanine 16.86 � 3.77 12.99 � 3.95 0.0189
1235 � (C–N) D-mannos 10.42 � 0.22 7.14 � 0.43 0.0311
1397 � (CH2) L-tryptophan 12.58 � 1.66 10.57 � 1.50 0.0195
1445 � (CH2) Collagen, phospholipids 6.56 � 0.09 5.55 � 0.11 0.0445
1586 � (C¼C) Phenylalanine 2.81 � 0.09 2.77 � 0.07 0.0451
1635 � (C¼O) L-Leucine 5.42 � 0.04 5.33 � 0.06 0.0643

Notes: �, stretching vibration; �, bending vibration; �s, symmetric stretch.

Identi¯cation and analysis of serum samples by surface-enhanced Raman spectroscopy
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As shown in Fig. 5, the three-dimensional scatter
plot is drawn based on PC1, PC2, PC4, and the
sensitivity and speci¯city are 94.1% (32/34) and
94.1% (32/34) respectively, with the accuracy rate
of 94.1% (64/68). From Fig. 5, it is clear that, al-
though there is partial overlapping between normal
and gastric cancer group, the two groups can be
easily distinguished. The spatial distribution of the
cancer group is relatively scattered while the normal
group is relatively concentrated. This distribution
pattern may be attributed to the stable serum
component levels of the healthy volunteers given
their normal physiological state. By contrast, the

serum component levels of patients with cancer,
who are in a pathological state, may drastically
change. These results show that PCA can prelim-
inarily discriminate the gastric cancer group from
the normal group. Nevertheless, identifying the
molecules that contribute to spectral di®erences is
di±cult, and the composition of human serum is
complex. Therefore, PCA cannot be used to re°ect
negligible changes in the spectral shape and spectral
intensity of serum SERS spectra.

3.2.2. Characteristic ratio method

SERS peaks attributable to di®erent substances,
such as proteins, fats, carbohydrates, and vitamins,
re°ect metabolic status and can be taken as im-
portant ¯ngerprint peaks for cancer diagnosis.31

Diseases have been diagnosed by analyzing the in-
tensities of Raman characteristic peaks or the in-
tensity ratios of di®erent peaks. For example, the
Raman intensity ratios of peaks at 1455 and
1655 cm�1 have been used to di®erentiate the serum
of healthy volunteers from those of breast cancer
patients and normal tissue from the tissue of ma-
lignant cervix neoplasm.32,33 Lin et al. diagnosed
colorectal adenocarcinomas by using the intensity
ratio of SERS peaks at 725 and 638 cm�1, which are
attributable to adenine and tyrosine, respectively,
as biological ¯ngerprint information.

This study also attempted to use the peak in-
tensity ratios of serum SERS spectra for the rapid
diagnosis of gastric cancer. The four characteristic

(a) (b)

Fig. 4. Scatter plots of the principal component (PC) scores for normal and gastric cancer serum spectra: (a) PC1 vs PC2; (b) PC1
vs PC4.

Fig. 5. (Color online) A three-dimensional scatter plot of the
principal component (PC) scores of serum SERS spectra in
gastric cancer (red triangle) and normal (blue circle) group.

L. Guo et al.
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peaks at 722, 861, 1008 and 1397 cm�1 with the
largest spectral di®erence (Fig. 3) and the most
statistically signi¯cant di®erence identi¯ed through
Student's t-test (Table 1) were selected for ratio
analysis.

Figure 6(a) shows the one-dimensional plot using
the I722/I861 ratio and when the discriminant diag-
nostic line is 1.53, the discriminant sensitivity for
the serum of cancer patients and healthy volunteers
is 91.2% (31/34), and the speci¯city is 85.3% (29/
34). Similarly, with I722/I1008 ¼ 1:07 and I722/
I1397 ¼ 1:39 as diagnosis line, the sensitivities for the
serum of cancer patients and healthy volunteers are
94.1% (32/34) and 88.2% (30/34), respectively, and

the speci¯cities are 88.2% (30/34) and 82.3% (28/
34), respectively (see Figs. 6(b) and 6(c)). There-
fore, using a single ratio index cannot su±ciently
distinguish the serum of gastric cancer from that of
healthy volunteers.

Figure 7(a) shows the two-dimensional plot, I722/
I1008 vs I722/I861, observing that the sensitivity and
speci¯city are 100% (34/34) and 94.1% (32/34),
with the accuracy of 97.1% (66/68). In addition,
observing the two-dimensional plot, I722/I1008 vs
I722/I1397, in Fig. 7(b), the sensitivity and speci¯city
are 94.1% (32/34) and 94.1% (32/34), with the
accuracy of 94.1% (64/68). It is clear from Fig. 7
that there is slight overlaps between normal and

(a) (b)

(c)

Fig. 6. Scatter plots of the intensity ratio of the Raman signal at (a) 722 vs 861 cm�1; (b) 722 vs 1008 cm�1 and (c) 722 vs 1395 cm�1

as measured for each sample. The dotted lines (I722/I861 ¼ 1:53; I722/I1008 ¼ 1:07 and I722/I1397 ¼ 1:39) as diagnostic threshold
detect the gastric cancer with 91.2% (31/34), 94.1% (32/34) and 88.2% (30/34) sensitivity, respectively; 85.3% (29/34), 88.2%
(30/34) and 82.3% (28/34) speci¯city, respectively.

Identi¯cation and analysis of serum samples by surface-enhanced Raman spectroscopy

1950003-7

J.
 I

nn
ov

. O
pt

. H
ea

lth
 S

ci
. 2

01
9.

12
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 H

U
A

Z
H

O
N

G
 U

N
IV

E
R

SI
T

Y
 O

F 
SC

IE
N

C
E

 A
N

D
 T

E
C

H
N

O
L

O
G

Y
 o

n 
04

/1
4/

19
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



gastric cancer group, and the healthy volunteers can
be easily di®erentiated from the gastric cancer
patients. The spatial distribution of normal and
cancer group is relatively concentrated.

The three-dimensional scatter plot based on the
intensity ratios of I722/I861, I722/I1008 and I722/I1397 is
shown in Fig. 8, and sensitivity and speci¯city are
100% (34/34) and 97.4% (33/34), respectively, with
the accuracy of 98.5% (67/68). It is clear from Fig. 8
that the healthy volunteers can be easily di®eren-
tiated from the patients with gastric cancer, and the
space regions of cancer group and the normal group
are distributed intensively. This result shows that
the SERS spectral data of cancer patients can be

directly di®erentiated from that of healthy volun-
teers on the basis of the peak intensity ratios with
statistically signi¯cant di®erences, and that I722/
I861, I722/I1008 and I722/I1397 can be used as the dis-
criminant parameters for the identi¯cation of gas-
tric cancer patients and healthy volunteers.

Comparing and analyzing Figs. 6–8 reveal that
classi¯cation accuracy can be improved through the
selection of multiple intensity ratios. Gastric cancer
diagnosis based on SERS spectral data is a multi-
factor process that involves the extraction of mul-
tiple characteristics and not only a single ratio
index. The above experiments were based on the
intensity ratios of I722/I861, I722/I1008 and I722/I1397
from SERS spectra, and all these three ratios are
signi¯cantly higher than that in normal serum. The
intensity of SERS peaks at 861 cm�1 (attributable
to tryptophan), 1008 cm�1 (attributable to phe-
nylalanine) and 1397 cm�1 (attributable to leucine)
weakened in the spectra of cancer serum. In con-
trast, the intensity of the peak at 722 cm�1 (at-
tributable to adenine) is strengthened. It is
indicated that the content and proportion of sub-
stances such as adenine in DNA and amino acids
have changed in cancer serum, and proves that the
canceration is a complex and multifactorial process,
which is not only the result of abnormal metabolism
of amino acids. This ¯nding is the foundation of
gastric cancer diagnosis based on SERS spectra
combined with the CRM.

CRM is more suitable than PCA for the dis-
crimination of serum SERS spectral of gastric

(a) (b)

Fig. 7. Scatter plots of the intensity ratio of serum SERS spectra in gastric cancer and normal group: (a) I722/I1008 vs I722/I861;
(b) I722/I1008 vs I722/I1397.

Fig. 8. A three-dimensional scatter plot of intensity ratio of
serum SERS spectra in gastric cancer (red triangle) and normal
(blue circle) group.
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cancer. The peak intensity ratios of I722/I861, I722/
I1008 and I722/I1397 re°ect the abnormal metabolism
of substances such as amino acids and nucleic acids
in the serum of cancer patients, and can be con-
sidered as an important ¯ngerprint peak for the
early diagnosis and detection of gastric cancer.
CRM shows the classi¯ed information of samples
through the positions of each sample point in the
band ratio classi¯cation map. Therefore, the clas-
si¯cation results of CRM are more intuitive and
operational than PCA, moreover, it shortens the
time required for classi¯cation. With all these
advantages, the physiological and pathological
changes in the body metabolism can be re°ected
more e±ciently and directly by CRM. The detec-
tion of biomolecular changes associated with cancer
development is highly important for the early
identi¯cation and diagnosis of gastric cancer.

4. Conclusions

In this paper, with gold nanoparticle as the en-
hancement base, the serum samples of gastric can-
cer patients are di®erentiated from that of healthy
volunteers by SERS technique. The Raman inten-
sity of the characteristic peak at 722 cm�1 (attrib-
utable to adenine) in serum SERS spectra of gastric
cancer patients is stronger than that in serum SERS
spectra of healthy volunteers. In contrast, the
Raman intensities of peaks at 588, 644, 861, 1008,
1235, 1397, 1445 and 1586 cm�1, which are attribut-
able to amino acids, phospholipids, and carbohy-
drates, in serum SERS spectra of gastric cancer
patients are weaker than those in serum SERS
spectra of healthy volunteers. Compared with serum
samples of healthy volunteers, the protein structure
in the cancer serum has changed, and the relative
content of adenine increased while the relative con-
tent of phospholipid and carbohydrates decreased.

CRM and PCA are performed to analyze and
discriminate the serum SERS spectra of healthy
volunteers and gastric cancer patients. Results show
that the classi¯cation performance of CRM is better
than that of PCA, and the discrimination sensitiv-
ity and speci¯city are 100% (34/34) and 97.4% (33/
34), respectively, with the accuracy of 98.5% (67/
68). In contrast to PCA, which requires the use
of integrated spectroscopic data, CRM can simply
and directly use spectral information by selecting
multiple peak intensity ratios. CRM may be applied

as a rapid, simple, noninvasive blood detection
method for gastric cancer with high accuracy and
good popularization potential.
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