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Abstract: Background: The fast development of Fourier transform infrared (FTIR) spectroscopy has proposed a novel 
avenue for distinguishing cancerous tissue from normal one. The aim of this research is to investigate the possibility 
of employing FTIR spectroscopy with support vector machine (SVM) classification as a new spectral discriminant 
method for classifying metastatic and non-metastatic lymph nodes. Methods: A total of 63 lymph nodes, from 
cholangiocarcinoma patients who underwent surgery for cholangiocarcinomaectomy, were obtained and then mea-
sured by FTIR spectroscopy. The average FTIR spectrum of metastatic and non-metastatic lymph nodes was made. 
Standard normal variate (SNV) method was exploited to reduce scatter effect, and support vector machine (SVM) 
classification model was utilized to discriminate spectrum of metastatic from non-metastatic lymph nodes. Leave-
one-out cross validation (LOOCV) was used to evaluate SVM model effects. Results: 20 metastatic and 43 non-
metastatic lymph nodes were pathologically diagnosed. Two parameters, including I1743 (related to Lipid) and I1080 
(related to Nucleic acid), are founded statistically different between metastatic and non-metastatic lymph nodes. 
The average FTIR spectra of metastatic group was pronouncedly different from non-metastatic group. The accuracy, 
sensitivity, and specificity of the SVM model were 88.9%, 75.0%, 95.3%, respectively. Conclusion: A novel approach 
to differentiate metastatic and non-metastatic lymph nodes in cholangiocarcinoma by employing the FTIR spectros-
copy combined with SVM model, is established and demonstrated, and could be applied in cholangiocarcinoma 
clinical stage value in future clinical practice.
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Introduction

Cancer is a serious health problem disease 
that brings about lots of deaths in worldwide 
[1]. Although cholangiocarcinoma has a rela-
tively low incidence rate, as one of the most 
aggressive human carcinomas, it has the clini-
cal features of a high mortality rate and a low 
long-term survival rate [2]. Thus, the corrective 
valuation of cholangiocarcinoma clinical stage 
and timely following treatment is extremely 
important for improving cholangiocarcinoma 
patients’ prognosis. The tumor node metasta-
sis (TNM) system classification and clinical 
staging system is an excellent predictor for the 
prognosis of cholangiocarcinoma and widely 
used nowadays [3]. TNM staging is closely 
associated with lymph node metastases. Thus, 

it is extremely important to measure and iden-
tify metastatic from non-metastatic lymph 
nodes. Current widely applied methods for 
assessing lymph nodes include frozen-section 
and histopathology, which have some disad-
vantages including being laborious intensive 
and time-consuming [4].

Fourier transform infrared (FTIR) spectroscopy 
is an absorption spectra technology, which can 
reflect the subtle vibrational changes of cellular 
biomolecules’ composition or structure, includ-
ing nucleic acid, protein, carbohydrate, and lipid 
[5]. This biochemical information is closely tied 
with to the carcinogenesis of biological tissues. 
Thus, FTIR spectroscopy has been widely 
applied to detect various kinds of tumor, includ-
ing leukemia [6], breast cancer [7], gastric can-
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cer [8] and lymph node metastases in gastric 
cancer [9]. Several investigations show that 
FTIR spectroscopy can serve as a reliable 
method of cancer detection, a diagnostic tool 
for differentiating cancerous from normal tis-
sues [10], and even can be used to definite sur-
gical boundary boundaries of cancer resection 
[11]. However, the way to identify FTIR spectra 
between benign and malignant biomedical tis-
sues is difficult and trivial, for the spectral data 
are extremely complex and complicated. 

While support vector machine (SVM) classifica-
tion is a powerful binary model that can repre-
sent data as points in the high dimensional 
space and separate different categories by 
maximizing distances to its closest data points 
[12]. This classification model has the capabili-
ty to identify and learn highly nonlinear relation-
ships from input data. SVM-based classifier 
approaches have been employed to predict 
human epidermal growth factor receptor 
(EGFR/ErbB-1) inhibitors [13] and have been 
proposed for detecting Piwi-interacting RNAs 
(piRNAs) with the accuracy of 98% [14]. The 
support vector machine classification is one 
kind type of supervised machine learnings, and 
has been widely applied in large datasets anal-
ysis among the biological and other scientific 
fields during last decades [15].

The purpose of this study was to investigate the 
possibility of employing FTIR spectroscopy as a 
potential approach for classifying metastatic 
and non-metastatic lymph nodes of cholangio-
carcinoma in combination with support vector 
machine (SVM) classification, with the intent to 
get a high classification accuracy.

Materials and methods

Tissue samples

A total of 63 lymph nodes were obtained from 
cholangiocarcinoma patients who underwent 

surgery for cholangiocarcinoma ectomy in the 
Surgery Department of Peking University Third 
Hospital, China. At room temperature, all sam-
ples were cut into cubes (1.0 cm × 1.0 cm × 1.0 
cm) and later measured on an attenuated total 
reflection (ATR) detection accessory which had 
attached to spectrometer in the shortest pos-
sible time. After characterization by the FTIR 
spectroscopy, these samples were sent for 
definitive histopathology by serial sectioning 
immediately. Pathologic diagnosis was per-
formed by two independent pathologists. All 
procedures were approved by the Peking 
University Biomedical Ethics Committee and 
Institutional Review Board of Peking University 
Third Hospital (IRB00001052-11034), and 
written informed consent was obtained from 
each patient.

Collection of FTIR spectra

The FTIR spectra of the specimens were mea-
sured by means of a WQF-660 FTIR spectrom-
eter (Beijing Rayleigh Analytical Instrument 
Corporation, Beijing, China) with ATR accesso-
ry. A Spectra-Tech mid-IR optical fiber was uti-
lized to connect ATR with FTIR spectrometer. 
Scan wave number’ srange is from 1800 cm-1 
to 1000 cm-1 at a resolution of 8 cm-1. 32 spec-
trums were collected from each specimen and 
then were combined to one for achieving an 
acceptable signal-to-noise ratio.

Statistical analysis method

Spa Pro version 2.2 software (College of 
Chemistry and Molecular Engineering, Peking 
University, Beijing, China) was used to baseline 
correct, smooth the spectra, and measure the 
peak intensity of each spectra band. SPSS ver-
sion 20 software (IBM, Armonk, New York, USA) 
was used for statistical analysis. Tests of nor-
mal distribution and variance of homogeneity 
were performed for all parameters. Normally 
distributed data were analyzed with Student’s t 
test. In all instances P<0.050 was considered 
to be statistically significant.

Support vector machine (SVM) classification 
were carried out to distinguish the FTIR spectra 
between metastatic and non-metastaticlymph 
nodes. Before performing SVM, standard nor-
mal variate (SNV) method was adopted to pre-
process spectroscopic data sets for reducing 
effects of baseline shift and non-specific scat-
ter at the surface of the samples [16]. MATLAB 

Table 1. Basic information of the investigated 
patients
Information Number 
Sex
    Male 25
    Female 38
Lymph nodes
    Metastatic 20
    Non-metastatic 43



Investigation of lymph node metastases in cholangiocarcinoma by FTIR

2927 Int J Clin Exp Med 2017;10(2):2925-2931

R2013a (MathWorks, Inc., Natick, Mass., USA) 
was used for SNV pre-processing and SVM 
model building. The spectroscopic data of sam-

where C is the cost parameter constant, §i is 
parameter for handling non-separable data, 
and the index i labels the N training cases. Note 

Table 2. Preliminary assignments of characteristic bands of FTIR 
spectra

Peak position (cm-1) Vibrations of the groups Reference sub-
stances

1743 V (C=O) Lipid
1640 Amide I band Protein
1550 Amide II band Protein
1460 Δ (C-H) Lipid
1400 Δ (C-H), δ (C-O-H) Lipid
1250 νas PO2

- Nucleic acid
1160 Ν (C-O), δ (C-O-H), δ (C-O-C) Carbohydrate
1080 νs PO2- Nucleic acid
νas, asymmetric stretching vibration, νs, symmetric stretching vibration, δ, bending 
vibration.

Table 3. Spectral parameters’ comparison between metastatic 
and non-metastatic lymph nodes

Parameters
Metastatic Non-metastatic

t value P
N Mean ± SD N Mean ± SD

I1743 20 0.018±0.008 43 0.034±0.024 -2.807 0.023
I1640 20 0.291±0.084 43 0.257±0.107 1.249 0.217
I1550 20 0.105±0.035 43 0.102±0.026 0.336 0.738
I1460 20 0.012±0.005 43 0.011±0.006 0.049 0.961
I1400 20 0.012±0.006 43 0.011±0.005 0.520 0.605
I1250 20 0.010±0.004 43 0.008±0.005 1.314 0.194
I1160 20 0.005±0.004 43 0.007±0.005 -1.584 0.118
I1080 20 0.018±0.009 43 0.007±0.005 3.242 0.002

I: peak intensity.

Figure 1. Average Fourier transform infrared spectrum from metastatic and 
non-metastatic lymph nodes (wave number between 1800-1000 cm-1). The 
intensity of non-metastatic at wave number 1743 cm-1 (related to lipid) is 
significantly higher than metastatic’s. While the intensity of non-metastatic 
at wave number 1640 cm-1 (related to protein) and 1080 cm-1 (related to 
nucleic acid) is much lower than metastatic’s. These differences strongly 
contribute to distinguish non-metastatic and metastatic lymph nodes.

ple i at wavenumber k could 
be standard normalized as 
(1): 
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of spectroscopic data of sam-
ple i, while p is the number of 
the wavelength, and (p-1) is 
the freedom degrees.

Then SVM algorithm, which 
employs a non-linear mapping 
to transform the original train-
ing data into higher dimen-
sional data, was carried out to 
distinguish metastatic and 
non-metastatic groups [17]. 
The principle is explained as 
following [18]. For labeled 
training data of the form (xi, yi)
i∈{1,· · ·,n} where xi is an 
n-dimensional Feature vector 
and y∈{-1,1} the labels, a deci-
sion function is found repre-
senting a separating hyper-
plane defined as (2):

ix , xf b= +~ z^ ^^h h h        (2)

where ω is the weight vector, 
b is the bias value, and Φ(x) is 
the kernel function. 

By projecting the data using a 
mapping Φ(x), nonlinear deci-
sion boundaries in the in-put 
data space can be ob- 
tained. Finding the hyperplane 
while maximizing the margin 
is formulated as the following 
optimization problem:
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that y∈{-1,1} is the class labels, and xi is the 
independent variables.

Nonlinear classification using the Gaussian ker-
nel as following equation (4) was investigated:

K expx, x
x xi

2

i = -
-

v
^ ch m                                  (4)

where v  is the kernel width, which controls the 
amount of the local influence of support vec-
tors on the decision boundary.

A retrospective validation and leave-one-out 
cross-validation were also used to evaluate the 
discriminatory power of SVM method. The 
results of pathologic diagnosis served as stan-

spectral properties, which could indirectly 
reflect the alterations about the conformation 
of functional groups, the order of chemical 
bonds, the amount of hydrogen bonding and 
the secondary protein structure in cells. Two 
parameters, including I1743 (related to Lipid) and 
I1080 (related to Nucleic acid), are founded sta-
tistically different between metastatic and non-
metastatic lymph nodes, as is presented in 
Table 3. The average FTIR spectrum of meta-
static and non-metastatic groups of lymph 
nodes after preprocessing of SNV is shown in 
Figures 1-3, in which the differences between 
FTIR spectra of metastatic and non-metastatic 
groups become pronounced. Particularly, peak 
intensities of metastatic group at the wave 

Figure 2. Average Fourier transform infrared spectrum from metastatic and 
non-metastatic lymph nodes (wave number between 1800-1350 cm-1). The 
differences of intensity between metastatic and non-metastatic are more 
obvious, especially at wave number 1743 cm-1, 1640 cm-1 and 1550 cm-1.

Figure 3. Average Fourier transform infrared spectrum from metastatic 
and non-metastatic lymph nodes (wave number between 1350-1000 cm-

1). The differences of intensity between metastatic and non-metastatic at 
wave number 1160 cm-1 (related to carbohydrate) and 1080 cm-1 (related to 
nucleic acid) are more visible.

dard, and were compared with 
the classification from the 
SVM. The sensitivity, specifici-
ty and accuracy of SVM meth-
od were calculated. The for-
mulas were as follows:

Sensitivity = TP/(TP+FP)

Specificity = TN/(TN+FN) 

Accuracy = (TP+TN)/(TP+TN+ 
FP+FN)

where TP means the true posi-
tive ones, FP means the false 
positive ones, TN means the 
true negative ones, FN means 
the false negative ones.

Results and discussion

The basic information of 
patients participated is sum-
marized in Table 1. Eight pe- 
aks were identified and given 
a preliminary assignment re- 
ated to biomolecules includ-
ing nucleic acid, protein, lipid 
or carbohydrate, as reported 
in Table 2. Eight peak intensi-
ty (I) parameters, which could 
be used to roughly measure 
the relative content of a bio-
molecule, were calculated. 
The basic theory of FTIR spec-
troscopy differentiating cells 
or tissues is that, FTIR spec-
trum has its unique band 
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numbers related to lipid, protein and nucleic 
acid, are higher than that of non-metastatic 
group. All of these above findings indicate that, 
there could be a faster cellular metabolism, 
enhanced cell proliferation with more nucleic 
acid produced and an increased expression of 
proteins in cancer cell, as we had reported in 
previous works [19, 20]. 

SVM discriminant model was applied to classi-
fy metastatic and non-metastatic groups of 
lymph nodes and LOOCV was utilized to evalu-
ate the efficiency of SVM model. Comparison 
between FTIR spectroscopy technique and 
standard pathologic diagnosis is presented in 
Table 4. As is presented, of the 43 known 
cases non-metastatic samples, 41 cases were 
correctly classified, with 2 samples being mis-
judged; among from the 20 known cases of 
metastatic samples, 15 cases were correctly 

metastases in breast carcinoma by Fourier 
transform infrared spectroscopy [21]. However, 
the ultimate goal of developing this novel 
approach is not to replace histopathology with 
the FTIR technique, but to offer another effec-
tive way of distinguishing metastatic from non-
metastatic lymph nodes. Additionally, as 
hortage of this pilot research is that, the total 
number of lymph nodes studied is not large. 
Thus, the next step we have planned to do is to 
increase the number of specimen in a prospec-
tive multicenter study. Though this step, the 
SVM classification model would become more 
powerful and further improvements in sensitiv-
ity and accuracy.

Conclusions

In this study, FTIR spectra characteristics of 
metastatic and non-metastatic lymph nodes in 

Table 4. SVM discrimination compared with pathologic results of lymph node metastases in cholan-
giocarcinoma

SVM classifier results
Pathologic results

Sensitivity Specificity Accuracy
Metastatic Non-metastatic

Metastatic 15 2 75.0% 95.3% 88.9%
Non-metastatic 5 41

Figure 4. ROC analysis of SVM model: the value of AUC is 0.889, 95% CI 
[0.826, 0.953], P<0.000.

classified, with 5 samples 
being misjudged. The accu-
racy, sensitivity, and specific-
ity of diagnostic model were 
88.9%, 75.0%, 95.3%, res- 
pectively, which clearly indi-
cate that this novel approach 
could well differentiate the 
FTIR spectra of metastatic 
versus non-metastatic gro- 
ups. The ROC analysis of 
SVM model is presented in 
Figure 4. Therefore, FTIR 
spectroscopy combined with 
the SVM classifiers system 
has the potential to offer a 
new, safe and effective ap- 
proach in for the diagnosis 
and classification of meta-
static and non-metastatic 
lymph nodes and helping phy- 
sicians to better to value 
patient’s clinical stage based 
on the number of metastatic 
lymph nodes and to practice 
corresponding treatments. 
The results are in confirma-
tion of sentinel lymph node 
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cholangiocarcinoma had been illustrated. A 
new diagnostic approach, FTIR spectroscopy 
combined with support vector machine classifi-
cation, can achieve a high discrimination accu-
racy. The results indicate that FTIR spectrosco-
py with SVM is practical, and could be applied 
in cholangiocarcinoma clinical stage value in 
future clinical practice.
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