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Highlights: 

 The serum Raman spectra from cholangitis, cholangiocarcinoma, and healthy 

person, has significant difference in Raman peak intensities and peak wavelength, 

representing different metabolic component. 

 

 The diagnostic sensitivity for cholangiocarcinoma of serum Raman spectroscopy 

combined with support vector machine algorithm is better than traditional 

serological methods. 

 

 The results demonstrated great potentials for developing serum Raman 

spectroscopy methods into a novel clinical tool for rapid and non-invasive 

screening of cholangitis and cholangiocarcinoma. 

 

 

                  



Abstract：The feasibility of serum Raman spectroscopy for rapid screening of 

cholangitis and cholangiocarcinoma (CCA) was discussed. Raman spectra were 

collected from 49 patients with cholangitis, 38 patients with CCA, and 55 healthy 

volunteers. Normalized mean Raman spectra and spectral attributions reveal 

disease-specific biomolecular differences. Support vector machine (SVM) was used to 

establish the two-way (cholangitis vs healthy, CCA vs healthy etc.) and 3-way 

(cholangitis vs CCA vs healthy) classification model, and leave-one-out 

cross-validation (LOOCV) was used to verify these models' performance. Based on 

the support vector machine algorithm, serum Raman spectroscopy could identify 

cholangitis and CCA. Its diagnostic sensitivity, and specificity were 89.80%, 94.55%, 

and 89.50%, 98.18%, respectively. This study demonstrates that label-free serum 

Raman spectroscopy analysis technique combined with SVM diagnostic algorithm 

has great potential for noninvasive cholangitis and CCA screening.  

Keywords: Raman Spectroscopy; Serum; Cholangitis; Cholangiocarcinoma (CCA); 

Screening; Support vector machine (SVM) 

1. Introduction  

Cholangiocarcinoma (CCA) is the second-largest primary liver malignancy after 

hepatocellular carcinoma, accounting for about 15% of all primary liver tumors and 3% 

of all gastrointestinal tumors 
[1]

. The incidence and mortality of CCA has been 

increasing worldwide in the past decades. Globally, CCA has an incidence of 

0.3-6/100,000 per year and a mortality rate of 1-6/100,000 per year. Specific regions 

such as South Korea, China and Thailand have higher rates, more than six in 100,000 

per year 
[2]

. Cholangitis incidence and prevalence vary depending on geographic 

location, with incidence ranging from 0-1.3/100000 and prevalence from 

0-16.2/10000 
[3]

. Although often having an insidious onset and variable disease course, 

cholangitis generally leads to the development of cirrhosis and other disease 

complications 
[4]

. However, cholangitis is positively correlated with the risk of 

hepatobiliary malignancy, especially CCA. As one of the most serious complications 

of cholangitis, CCA accounts for about 1/3 of the death causes of patients with 

                  



cholangitis 
[5]

. In addition, most CCA is not detected until the late stage, when the 

available treatment options are very limited, resulting in a poor prognosis of CCA and 

increasing mortality 
[6]

, as many as 72% of patients with cholangitis who develop 

CCA die within 1 year 
[7]

. Hence the gravity of this condition and need for early 

differentiating between benign and malignant bile duct disease. 

Currently, there is no standardized diagnostic method for early detection of CCA 

and cholangitis in clinical practice. Imaging modalities including abdominal 

ultrasound, computed tomography (CT), and/or MRI/magnetic resonance 

cholangiopancreatography (MRI/MRCP) are used to assess for and characterize 

dominant strictures [8]
. However, all these imaging modalities lack a high positive 

predictive value (PPV) desired for diagnosis of CCA. For example, the use of MRI/ 

MRCP for diagnosing CCA, the PPV is only 23% 
[9]

. In addition, many traditional 

imaging techniques carry radiological damage 
[10]

. Due to the aforementioned 

shortcomings, many experts recommend the measurement of serum tumor marker 

Carbohydrate Antigen 19-9 (CA 19-9) in addition to imaging 
[11]

. CA19-9 is the most 

used tumor marker for CCA, but this assay detects CCA with only 62% sensitivity 

and 63% specificity. Nonetheless, very high levels of CA 19-9 (≥A1000 U/mL) have 

been associated with metastatic CCA, so this assay might be used in disease staging 

rather than diagnosis 
[12]

. Therefore, it is very important to find a convenient, 

non-invasive, rapid, and highly sensitive diagnostic technique for cholangitis and 

CCA. 

Raman spectroscopy is a label-free, rapid, and non-invasive optical detection 

technique 
[13]

. Currently, Raman spectroscopy is widely used in basic and applied 

research in food safety, environmental monitoring, materials science, and 

archaeological research [14, 15]. Raman spectroscopy has attracted much attention in 

biomedical research and is emerging as a potentially useful clinical adjunct in cancer 

diagnosis, identifying subtle changes associated with cancer progression in biological 

samples such as tissues, cells, serum, urine, and saliva 
[16]

. Recent studies have 

reported the significance of the application of serum Raman spectroscopy in cancer 

detection for prostate cancer [17], breast cancer [18], and esophageal cancer [19]. These 

                  



exploratory works indicate that serum Raman spectroscopy is very promising for 

cancer detection. In addition, the study of serum Raman spectroscopy in cholangitis 

and CCA detection has not been reported.  

This study evaluated the feasibility of using a serum Raman spectroscopy-based 

technique for label-free detection of serum samples from patients with cholangitis, 

CCA, and healthy volunteers. Support vector machine (SVM) algorithm was used to 

establish the diagnostic model, and the linear and Gaussian radial basis kernel 

functions were compared. This pilot study may lead to developing a rapid, convenient, 

and non-invasive method for cholangitis and CCA detection.  

2. Materials and methods 

2.1. Serum sample collection and preparation 

In this study, 142 serum samples were collected from the First Affiliated Hospital 

of Xinjiang Medical University, including 49 from cholangitis patients, 38 from CCA 

patients, and 55 from healthy volunteers, all of which met the clinical diagnostic 

criteria. Table 1 lists simple information about these participants, including age and 

gender distribution. This study has been authorized by the Ethics Committee of the 

First Affiliated Hospital of Xinjiang Medical University (Ethics No. K202107-16). 3 

ml of fresh blood from the patients in fasting state was taken and centrifuged in a 

high-speed centrifuge at 3000 r/min for 10 min without adding any anticoagulant, and 

then the serums were obtained by taking the upper clear liquid layer and placed in a 

centrifuge tube and stored in a refrigerator at -80℃.  

 

Table 1. Age and gender information of patients with Cholangitis, CCA, and healthy volunteers. 

 Cholangitis (n=49) CCA(n=38) Healthy volunteers(n=55) 

Age    

Mean  52 57.3 48 

Median 50.8 56.5 46.8 

Gender     

Male 29 23 28 

Female 20 15 27 

                  



 

2.2. Serum Raman spectrum measurements  

Raman spectra of serum samples were recorded using Raman 

micro-spectrometer (ATR6500-785, Optosky, China) equipped with a 785-nm laser. 

Before testing, each sample was thawed at room temperature, and then 10 μl serum 

sample was placed on aluminum foil for Raman measurements without air drying. 

The spectrum acquisition was carried out in a dark environment, the spectral data 

were obtained by a 40X objective lens, and the wavelength calibration was carried out 

before each online acquisition, spectral range of 300-1800 cm
-1

, laser power of 200 

mW. The resolution of the spectrometer was about 4.5 cm
-1

. The acquisition time of 5 

seconds and accumulations of 3 times was used for each spectrum. Three tests were 

carried out on different positions of each sample, and the average spectrum was taken 

as the analysis spectrum 
[20]

. A total of 142 Raman spectra were obtained, 49 of which 

were from cholangitis patient serum samples, 38 from CCA patient serum samples, 

and 55 from healthy people serum samples. 

2.3. Spectral data pre-processing 

The pre-processing of Raman data includes smoothing, baseline correction, and 

normalization. We used Savitzky-Golay (SG) algorithm to smooth filter the collected 

serum spectral data, which can not only improve the smoothness of the spectrum but 

also reduce the interference of noise. The baseline was removed using the adaptive 

iteratively reweighted penalized least squares (airPLS) algorithm 
[21]

. Performed 

vector normalization processing on each spectrum 
[22]

.  

2.4. Data analysis 

After pre-processing the spectra, the spectral data were analyzed using Principal 

Component Analysis (PCA) methods. Analysis of Variance (ANOVA) was used to 

select principal components (PCs) with statistical differences and the highest 

contribution rate. PCA is an unsupervised learning algorithm. In general, the first few 
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PCs can contain the variance of most raw Raman spectral data，which may identify 

patterns or clustering in the data set 
[23]

. Although PCA can effectively extract data 

features, its recognition ability is low. Therefore, the diagnostic model was established 

by the support vector machine (SVM) algorithm. For SVM classifications, the 

LIBSVM 3.22 
[24]

 package was used, and the Linear kernel function and Gaussian 

radial basis kernel function (RBF) were selected as the comparison. The model was 

evaluated by leave-one-out cross-validation (LOOCV) methods. LOOCV means to 

use one sample in the data set as validation data and the remaining spectra as training 

data. Our samples of cholangitis, CCA and healthy people have all been verified by 

the LOOCV methods 
[23]

. Matlab R2020a completed the whole data analysis process. 

Different classification diagnosis models' diagnostic accuracy, specificity, and 

sensitivity were analyzed and compared.  

3. Results and discussion    

3.1. Spectral preprocessing results  

Figure 1 shows the spectral preprocessing of a randomly selected sample of the 

healthy control group. During the spectral collection of serum samples, some noise 

will inevitably be introduced due to instrument and external environment noise. 

Therefore, before establishing the classification diagnosis model, it is necessary to 

carry out de-noising processing to improve the signal-to-noise ratio of spectral signals. 

In addition, for biological samples, the generation of Raman signal is accompanied by 

the generation of the self-fluorescence signal, which is reflected in the baseline drift in 

the spectrum. Hence, the baseline correction of the spectrum is required after noise 

removal. Finally, to eliminate the influence of different dimensions, the vector 

normalization operation is carried out after the baseline correction. The spectral 

preprocessing was carried out in the order of (a)→(b)→(c). (Note: the same 

pre-processing process was used for all spectra.)  

                  



 

Figure1. Raman spectral pre-processing results of a randomly selected representative sample；（a）

Original spectrum and the original spectrum after denoising；（b）Baseline corrected spectrum；（c）

Normalized spectrum. 

3.2. Raman spectral analysis 

In this study, the spectrum of the serum sample was recorded in the characteristic 

spectral region (300-1800 cm
-1

) because it contains the most useful information for 

diagnosis. Figure 2(a) shows normalized mean Raman spectra of serum from patients 

with cholangitis, CCA, and healthy volunteers in the 300-1800 cm
-1

 wavelength range, 

in which the shaded areas represent the standard deviations of the means. The main 

characteristic peaks of serum Raman spectra of the three groups were 415, 486, 566, 

650, 736, 886, 941, 1003, 1036, 1127, 1254, 1340, 1445, 1530 and 1654 cm
-1

. The 

attribution of each spectral peak was shown in Table 2. The spectrum contains the 

most information about various amino acids, DNA/RNA bases, glucose, β-carotene, 

and other biomolecules in human serum 
[25]

. As the spectral profiles of the three 

groups were relatively close, to observe the spectral differences between them more 

                  



clearly, the difference spectra of the average spectra of the three groups were given in 

Figure 2(b). As can be seen from the difference spectrogram, the Raman spectra of 

serum of CCA patients were significantly different from those of cholangitis patients 

and healthy controls. Serum samples from patients with cholangitis and CCA showed 

high spectral intensity at 486, 566, 650, 736, and 1036 cm
-1

. However, it was lower at 

886, 1003, 1445, and 1654 cm
-1

 than the healthy control group. These differences 

reflect the changes in serum biomolecular components in CCA patients and 

cholangitis patients during the progression of the disease. 

The Raman spectrum peaks of Guanine (486 cm
-1

) and Thymine (736 cm
-1

) in 

the serum of the CCA group were significantly higher than those of normal healthy 

people, indicating that the nucleic acid content in the blood of CCA patients was 

higher than that of normal healthy people. There were many literature reports that the 

same trend has been found in other cancer research, such as colorectal cancer 
[26]

, 

nasopharyngeal carcinoma 
[27]

, and breast cancer 
[28]

. Abnormal changes in the content 

of free DNA in serum may be detected when human cancer occurs. As for the 

increased free nucleic acid content observed in the blood of cancer patients, it has not 

been fully understood. One possible explanation is that cells release free DNA into the 

blood during apoptosis, necrosis, or breakage 
[29]

. It is suggested that the detection of 

free DNA Raman signal in serum may be used to monitor the occurrence and 

development of cancer.  

The 566cm
-1

 peak and 650 cm
-1

 peak in the serum Raman spectrum were 

classified as Tryptophan and Glucose, respectively. They were significantly 

up-regulated in the sera of patients with CCA and cholangitis and more significantly 

in the sera of patients with CCA. Glucose was a factor promoting inflammation, and 

tryptophan was a crucial regulator of inflammation and immunity. Relevant studies 

have shown that tryptophan metabolism may be the body's defense response to reduce 

the inflammatory response. Some key enzymes and products in the process of 

tryptophan metabolism can participate in immune regulation and then affect the tumor 

immune microenvironment, which usually occurs in cancer development 
[30]

. 

                  



At 886 cm
-1

(Glutathione) and 941 cm
-1

(Valine, Proline) peaks, the serum Raman 

spectral signal of CCA patients was significantly lower than that of normal healthy 

persons, indicating that the percentage of amino acids in the serum of CCA patients 

decreased. Similar changes have been seen in other cancer areas 
[31]

. The Raman 

bands of 415 cm
-1

(phospholipid), 1445 cm
-1

(Phospholipid, Collagen), and 1654 

cm
-1

(Collagen) in serum of CCA patients show lower percentage signals than those of 

Healthy, suggesting that cancer patients may be caused by tumors that metabolize 

aggressively and consume large amounts of fat, a similar phenomenon found in other 

cancer studies 
[17, 32]

. At the peak of 1003 cm
-1

 (Collagen), the Raman signal in the 

CCA group was lower than in the healthy group. The Collagen was lower in the level 

of serum proteins in the CCA group than in the normal group with associated the 

depletion of cytoplasmic mucin, resulting in the concentration of metalloproteinase 

was increased in the process of cancer cell dysplasia, and thereby the rupture of 

Collagen in the stromal layer 
[33]

. At 1036cm
-1

 (Phenylalanine), the serum Raman 

signal in the CCA group was higher than that in the healthy group. It can be seen that 

the content of Phenylalanine in the serum of CCA patients was significantly higher 

than that of normal people. Similar situations were also found in cervical cancer and 

other related cancer fields 
[34]

.  

At 1127 cm
-1

 (Amide II) and 1254 cm
-1

 (Amide III) peaks, the serum signal 

intensity of CCA group was higher than that of normal healthy group, indicating that 

the concentration of Amide was increased in the total Raman-active components of 

CCA samples. This change could be attributed to vibrational modes of the amino acid 

bonds of the secondary structure of proteins 
[35]

. Moreover, Depciuch et al., also 

showed changes in the Raman spectra in the range corresponding to amide II and 

amide I vibrations, they noticed increase of the protein vibrations in CCA 
[36]

. At 1530 

cm
-1

 (β-carotene) peaks, the serum Raman signal intensity of the CCA and cholangitis 

groups was lower than that of the healthy group. The decreased carotene of the 

diseased serum samples was consistent with previous research, including some 

cancers 
[37,38]

. In a word, relevant studies have shown that due to the specific 

anatomical position of the bile duct, when the bile duct is damaged, the metabolic 

                  



function of the liver will be directly affected due to the obstruction of bile flow, which 

will lead to the disorder of bilirubin metabolism, lipid metabolism and amino acid 

metabolism 
[39]

. The above differences revealed that the changes in serum between 

patients with CCA, and cholangitis could be detected by Raman spectra, suggesting 

that serum Raman spectra technology can provide a potential clinical evaluation 

methodology for CCA and cholangitis screening. 

 

 
Figure 2. (a)Comparison of the normalized average Raman spectra from Cholangitis, CCA and healthy 

volunteers’ serum samples in the different bands;(b) The difference spectra calculated from the mean 

                  



spectra among the three groups. Shade area represents the standard deviations. 

 

Table 2. The tentative assignments for serum Raman spectra 

Raman shift 

(cm
−1

) 
Tentative assignment 

415 phospholipid 

486 DNA, guanine 

556 Tryptophan 

650 D-glucose, lactose 

736 Thymine 

886 Glutathione， 

941 Valine, proline 

1003 Phenylalanine (of collagen) 

1036 Phenylalanine， 

1127 Amide II, Protein 

1254 Amide III Proteins 

1340 Nucleic acid mode 

1445 Collagen, phospholipid  

1530 β-carotene  

1654 Collagen 

“Assignments taken from References [17, 40-47]
” 

3.3. Classification results based on PCA and SVM methods 

To reduce the Raman spectra data’s complexity and multidimensionality, PCA 

was conducted on the cholangitis, CCA, and healthy volunteers’ serum samples 

Raman spectrum data, in a range of 300-1800 cm
-1

. After computing the PCs, 

Analysis of Variance (ANOVA) was used to select PCs with statistical differences and 

the highest contribution rate (PC1, 50.2%; PC2, 18.7%; [p < 0.05]). Figure. 3 showed 

the two-dimensional scatter plots of principal component scores of serum Raman 

spectra. According to PC1, spectra of the cholangitis, CCA, and healthy volunteers 

were differentiated demonstrating that Raman spectroscopy of serum samples has the 

capability to discriminate the cholangitis, CCA, and healthy volunteers. Further, for 

each pre-processed spectrum, the SVM algorithm was used to establish a 

classification diagnosis model, and the retention cross-validation (LOOCV) method 

                  



was used to verify the model's performance. A total of 142 cases were collected, 

including 49 cases in the Cholangitis group, 38 cases in the CCA group, and 55 in the 

healthy volunteer group. The SVM algorithm of the two functions has the same 

overall accuracy for the classification of the three groups, 83.80%. The detailed 

results were shown in Table 3. Specifically, for 55 spectra of healthy people, 52 were 

correctly classified, 1 was classified as CCA, and 2 was classified as Cholangitis. Of 

the 38 CCA spectra, 29 spectra were successfully classified, 2 were classified as 

Healthy and 7 were classified as Cholangitis. For 49 Cholangitis spectra, 38 spectra 

were successfully classified, 4 were classified as Healthy, and 7 were classified as 

CCA. Thus, the diagnostic sensitivities of 94.55%, 76.32%, and 77.55%, and 

specificities of 77.01%, 86.54%, and 87.10%, respectively, were yielded for 

differentiation three types of serum Raman spectra. Cholangitis, as a kind of risk 

factor for CCA, has become a chronic stimulus leading to the occurrence of malignant 

tumors. Therefore, it is of positive significance to carry out the differential diagnosis 

of cholangitis and other bile duct diseases as soon as possible 
[48]

. Compared with the 

current conventional diagnostic tools for bile duct diseases, the results of this study 

suggest that CCA, cholangitis and healthy people can be differentiated at one time. 

 
Figure 3. Two-dimensional scatter plots of principal component scores of serum Raman spectra 

 

Table3. Cross validation results of SVM based on Gaussian radial and linear basis function  

  
Actual 

group 

LOOCV 

Healthy CCA Cholangitis 

TRUE Healthy 52 1 2 

                  



CCA 2 29 7 

Cholangitis 4 7 38 

  Sensitivity 94.55% 76.32% 77.55% 

  Specificity 77.01% 86.54% 87.10% 

  Accuracy   83.80%   

 

Besides, we also explore the effect of dichotomies based on serum Raman 

spectroscopy. Table 4 shows the results of SVM leave-one cross-validation binary 

classification. The healthy group was compared with CCA and cholangitis group. The 

sensitivity and specificity of classification diagnosis were 89.50%, 98.18%, and 

89.80%, 94.55%, respectively. The sensitivity and specificity of CCA group and 

cholangitis group were 78.30% and 83.70%, respectively. Finally, we combined the 

cholangitis group and CCA into the case group, and the corresponding classification 

sensitivity, specificity, and accuracy were 92.72%, 94.55%, and 94.36%, respectively. 

Serum levels of CA 19-9, a tumor biomarker, can aid in diagnosing CCA, but this 

assay detects CCA with only 62% sensitivity and 63% specificity 
[49]

. Moreover, 

increased levels of CA 19-9 were also observed in patients with benign diseases such 

as bacterial cholangitis or choledocholithiasis 
[50]

.  

The results of this study showed that the sensitivity (89.50%) and specificity 

(98.18%) of CCA diagnosis were higher than the above commonly used CCA 

diagnosis methods. It suggests the potential clinical significance of serum Raman 

spectroscopy combined with machine learning algorithm in differential diagnosis of 

bile duct diseases. This paper is a preliminary study on the detection of CCA and 

cholangitis by serum Raman spectroscopy. In the next step, we will conduct further 

in-depth studies on a broader range of research objects.  

Table4. Cross validation results of SVM based on Gaussian radial basis function 

Comparison groups 
SVM 

Sensitivity  Specificity  Accuracy 

Healthy vs CCA 89.50% 98.18% 94.62% 

Healthy vs Cholangitis 89.80% 94.55% 93.27% 

CCA vs Cholangitis 78.30% 83.70% 80.46% 

Healthy vs Cases* 92.72% 94.55% 94.36% 

*Cases, CCA and Cholangitis group. 

                  



4. Conclusion 

This study is based on the potential label-free serum detection of serum Raman 

spectrum and combined with machine learning methods to realize the rapid diagnosis 

of cholangitis and CCA. We found significant spectral differences between the 

average Raman spectra of serum from patients with cholangitis, CCA, and healthy 

volunteers. This indicates that some biomolecular components in serum were changed 

in humans suffering from bile duct diseases. They have potential value as diagnostic 

markers of CCA or cholangitis. With the portable Raman spectrometer, the Raman 

spectrum data of patients with cholangitis, CCA, and healthy volunteers can be 

obtained with only a small amount of serum. The difference between the spectra can 

reflect the changes of biochemical components in patients' serum compared with 

healthy people. Combined with SVM algorithm, Raman spectra of different serum 

types were classified, and good diagnostic accuracy was obtained. Compared with 

traditional clinical diagnostic techniques, serum Raman spectroscopy has the 

advantages of rapid and non-invasive. This preliminary study is expected to provide a 

new method for the clinical detection of CCA and cholangitis. 
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