
Project Budget:

Project Duration :

Project Title: Innovation of photonic and 

electrochemical biosensors for 
cholangiocarcinoma diagnosis 

First Year     : 40,000 USD
Second Year: 40,000 USD

80,000 USD

24 months

First Year     : May 1st , 2023 to April 30th , 2024
Second Year: May 1st , 2024 to April 30th , 2025

Speaker: Prof. Somchai Pinlaor, et al.,

25 Sep 2025, BBK, Thailand

ASEAN IVO Project Review 2025



Project Title: Innovation of photonic and electrochemical biosensors for 

cholangiocarcinoma diagnosis 

KKU (THA) : Somchai Pinlaor, Chavis Srichan, 

Pobporn Danvirutai, Kitti Intuyod, Apisit Chaidee, 

Sirinapha Klungsaeng

CMU (THA) : Ukrit Mankong, Suruk Udomsom

TMEC : Nithi Atthi

BIOTEC : Sittiruk Roytrakul, Janthima Jaresitthikunchai, 

Narumon Phaonakrop

NECTEC : Noppadon Nuntawong, Mati Horprathum, Pitak

Eiamchai, Saksorn Limwichean

Mittaphab Hospital (LAO) : Champadeng Vongdala,

Keooudone Thammavong

NICT (JPN) : Toshimasa Umezawa, Atsushi Matsumoto, 

Kouichi Akahane

Human samples 
collection: MD-KKU

Design : CMU, NICT
Fabrication : NICT, TMEC

Workspace of project management 

Sample setting : MD-KKU, 
Discovery and verify CCA diagnosis : 
EN-KKU, MD-KKU, NECTEC, BIOTEC

LAOS

7 institutes, 3 countries

Project management
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Project members



Tumor screening Confirmation

MRI Tissue biopsyUltrasound

Tumor markers: CA19-9, CEA, AFP 

Tumor type identifying & staging

Banales. J.M. et al, 2020 Sripa B et al. 2011Khuntikeo N et al. 2018

Background
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Current 
diagnostic 
techniques

Project title: Innovation of photonic and electrochemical biosensors for 

cholangiocarcinoma diagnosis 

CA 19-9 (Carbohydrate Antigen 19-9), CEA (Carcinoembryonic Antigen), and AFP (Alpha-fetoprotein) 



Fig.1 OV-induced inflammation, fibrosis, advanced fibrosis, and contribution risk 
to CCA. Thus, radiology such as MRI & Ultrasound are used for CCA screening. Fig.2 OV-induced chronic inflammation, precancerous lesion 

and CCA development

Histopathological diagnosis

Tumor marker localization
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Previous finding

Our hypothesis

Project title: Innovation of photonic and electrochemical biosensors for 

cholangiocarcinoma diagnosis 

CCA development is cell-types specifics.



+

Silicon photonic sensor

Raman spectroscopy

Convolutional neuron network, CNN

NECTEC SERs Chips

Challenge
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To develop photonic and electrochemical biosensors for cholangiocarcinoma diagnosis

Target

Project title: Innovation of photonic and electrochemical biosensors for 

cholangiocarcinoma diagnosis 



Fig.3 Schematic diagram illustration of the scope of the study in animal model. The early marker for CCA diagnosis was 
discovered in hamster model and apply in the patients. The step include 1) proteomic analysis for protein identification, 2) 
Raman spectroscopy based on based line peak, SERS from NECTEC and SERS from EN-KKU, and 3) histopathological study by 
staining with hematoxylin-eosin (H&E), cytokeratin-19 (CK-19) and alpha-fetoprotein (AFP).
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Hamster’s CCA establishment for hypothesis testing



Project activities: MDKKU-NECTEC

Fig.6 Comparison among Raman peak based on classical machine (ML) algorithm of four 
classes based on normal, inflammation, pre-cancerous and tumor features.

Fig.5 Comparison among principle components analysis (PCA) results of Raman spectra of 
four classes of normal, inflammation, pre-cancerous and tumor. However, Raman intensities 
couldn’t distinguish between pre-cancerous and CCA groups based on classical machine (ML) 
algorithm.

SERS couple with PCA 
couldn’t distinguish 
precancerous-tumor lesion 
and yield accuracy of test 
62%.

Fig.4 CCA development is classified into inflammation, pre-cancerous 
lesion and tumor lesion according to histopathological changes

Normal

Inflammation

Precancerous &
Tumorous lesions
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The integration of SERS and machine learning achieved a diagnostic sensitivity of 
93%, specificity of 95%, and accuracy of ≥ 67% for precancerous lesions and CCA



Accuracy 95%, sensitivity 95%. Specificity 96%

Fig.10  ROC curves analysis the performance of various 
classification models.  The DWT + 2D CNN model 
achieved an AUC of 0.95, which gave the highest 
accuracy performance for CCA diagnosis compared to 
the other models.

Fig.11  Confusion matrices of each signal 
processing and machine learning methods by 2D 
CNN.

Raman spectrometry coupled with machine learning, especially, 2D CNN, could distinguish stage-specific 
for CCA development for normal, inflammation, pre-cancerous and tumor, but doesn’t by  classical 
machine learning of Raman intensity. Integrative SERS with 2D CNN explores high accuracy performance 
for early CCA diagnosis, which can apply for a mobile application use.

Fig.7 Different staging 
of CCA development 
was established. 

Fig.8 Illustration of study design for SERS+AI marks early stage of CCA

Fig.9 Raman peak identifies the different staging of inflammation, precancerous 
(Pre-CA) and CCA lesions

DWT = discrete wavelet transform

ASEAN IVO Project Review 2025

Project activities: MDKKU-ENKKU



Project activities: ENKKU: Biosensing platform based on SERS 

Biosensing platform development based on Raman spectroscopy techniques

Surface Enhance Raman Spectroscopic (SERS) chip development

(a) Raman peak selection for a specific analyte (Srichan et 
al., 2016), (b) designed portable SERS-based sensor for 
early CCA detection (this proposal).

SERS chip using (a) 3D microporous graphene (Srichan et al., 2016) (b) 
Silver nanorods fabricated by glancing angle method (Botta et al., 2018) 
(c) electrochemically synthesized silver nanowires (Fang et al., 2012) (d) 
Hot spot model as one of the mechanisms behind Raman signal 
enhancement (Radziuk & Moehwald, 2015).

Enhanced hotspot with linkers and receptors 
for biomarker
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Project activities: ENKKU: Biosensing platform based on SERS 

ASEAN IVO Project Review 2025

n = #hamster 
x #spatial measurements



Surface Enhance Raman Spectroscopic (SERS) chip development

Part I: Synthesis of AuNPs and novel techniques to pair nanoparticles to yield greatest 
enhancement

+ carried out characterization on TEMs, SEM, processing technique, etc. (Figures will be licensed under publisher)

Project activities: ENKKU: Biosensing platform based on SERS 
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1. Software license
2. (Q1) ACS OMEGA         
3. (Scopus-index) Conference paper to appear in 
IEEEXplore





Project activities: MDKKU-BIOTEC

Normal

Pre-CA

CCA

Olfm4

+ −
Pooled pos control Pooled neg control

Proteomics discovery Olf4, SMC2, B4GALT4 for CCA diagnosis

Heatmap

Partial Least Squares Discriminant Analysis (PLS-DA) analysis 

Dot-blot

In progress to verify 
in human samples
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Determination of β-HCG levels in human serum. Serum β-HCG levels in 
healthy (N=60), Bening biliary disease (N=52), and CCA patient (N=100) 
were determined using electrochemiluminescence immunoassay. * 
P<0.05 compared with healthy group. #P<0.05 compared with BBD 
group.

Immunohistochemical staining for β-hCG in cholangiocarcinoma and 
adjacent tissues. Staining pattern of the TMA section (A). 
Immunoreactive positive area (%) in cancerous tissues was higher than 
in adjacent tissues (B). Images showing β-hCG staining in CCA (C), and 
adjacent tissues (D). ** P<0.001 compared with adjacent tissue.

Raman peak separates serum CCA from the patients from 
normal serum by  Raman spectroscopy. Upper line is CCA, and 
under line is normal.
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Project activities: MDKKU-BIOTECH; Sample collection, identification and 
evaluation of biomarker  in CCA patients 



ROC analysis results when combined HCG, AFP, CEA and CA19-9
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Project activities: MDKKU-BIOTECH, Identification and evaluation of biomarker in 
CCA patients 



ASEAN IVO Project Review 2025

Project activities: MDKKU/NECTEC; Raman spectrum detection and Machine 
learning training

Human samples analysis (n=221): CCA = 71, HCC = 50, LM = 50, HA = 50

(a) Mean Raman spectra ± standard deviation for all four groups: 
normal control (NC, n = 44, pink), liver metastases (LM, n = 44, 
purple), hepatocellular carcinoma (HCC, n = 48, orange), and 
cholangiocarcinoma (CCA, n = 58, green). Each spectrum represents 
the averaged SERS signal for the respective group.
(b) Mean Raman spectra ± standard deviation grouped into two 
categories: normal control (NC, orange) and combined liver cancer 
samples (CCA + HCC + LM, green). The spectral differences between 
the normal and cancer groups highlight key Raman shifts relevant 
for distinguishing healthy and malignant samples.

(a) 3D Scatter Plot of Principal Component Analysis (PCA) 
Components: Visualization of Raman spectral data projected onto 
three principal components, showing the distribution of different 
groups: normal control (NC, blue), cholangiocarcinoma (CCA, light 
blue), hepatocellular carcinoma (HCC, yellow), and liver metastases 
(LM, red). The clustering pattern suggests some separation between 
the groups.
(b) 2D Scatter Plot of Linear Discriminant Analysis (LDA) 
Components: LDA was applied to maximize class separability in the 
spectral data, resulting in distinct clustering of the four groups. The 
improved separation compared to PCA indicates the effectiveness of 
LDA in distinguishing between normal and cancerous samples.

The ROC curves represent the classification performance of the 
Linear Discriminant Analysis (LDA) model in differentiating 
between the four groups: normal control (NC), 
cholangiocarcinoma (CCA), hepatocellular carcinoma (HCC), and 
liver metastases (LM). The area under the ROC curve (AUC) values 
for each class indicate the model's ability to distinguish between 
groups, with higher AUC values reflecting better classification 
performance. The diagonal dashed line represents a random 
classifier (AUC = 0.5) for reference. The LDA model demonstrates 
high classification accuracy, particularly for distinguishing normal 
and cancerous samples, supporting the effectiveness of SERS-
based machine learning for liver cancer detection.

Valid data (n=194) : CCA = 58, HCC = 48, LM = 44, HA = 44

Combination of SERS and silver nanorod 
substrate with LDA could effectively identify 
and differentiate CCA from healthy subjects 
and patients with other liver malignancies with 
81% accuracy and 0.97 of AUC values. 
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Project activities: MDKKU/BIOTEC; Protein identification in participants serum

The Venn diagram illustrates the overlap of differentially expressed 
proteins among the four groups: cholangiocarcinoma (CCA, red), 
hepatocellular carcinoma (HCC, yellow), liver metastases (LM, 
green), and healthy controls (cyan). The numbers within each 
section represent the count of unique or shared proteins between 
the groups. The central region (7820) indicates the core set of 
proteins common across all groups, while peripheral numbers 
highlight proteins uniquely expressed in each condition. This analysis 
provides insights into shared and distinct molecular features among 
liver cancer subtypes and healthy individuals, aiding in biomarker 
discovery for disease classification.

The PCA score plot visualizes the clustering patterns of different 
sample groups based on their principal component scores. Each 
point represents an individual sample, color-coded by group: 
cholangiocarcinoma (CCA, red), hepatocellular carcinoma (HCC, 
green), liver metastases (LM, blue), and healthy control (cyan). The 
ellipses represent the 95% confidence intervals for each group. The 
clear separation between groups suggests distinct molecular or 
spectral differences, supporting the potential of PCA in 
distinguishing liver cancer subtypes from normal samples.

The heatmap represents the expression patterns of selected 
proteins across four groups: cholangiocarcinoma (CCA, red), 
hepatocellular carcinoma (HCC, green), liver metastases (LM, 
blue), and healthy controls (cyan). The color scale indicates 
normalized protein expression levels, with red representing 
upregulated proteins, blue representing downregulated 
proteins, and white indicating intermediate expression levels. 
The hierarchical clustering on the left groups proteins based on 
similarity in expression patterns. The observed differences in 
protein expression suggest potential biomarkers for 
distinguishing between liver cancer subtypes and normal 
samples.
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Project activities: MDKKU, ENKKU, NECTEC, BIOTEC

Activities Budget

Hamsters’ CCA setting, samples collection and 
histopathological confirmation

4,000 USD

Discovery of Raman peak for CCA diagnosis 3,000 USD

Patients sample collection 2,500 USD

Identification & evaluation of biomarker in 
CCA patients: training set

3,500 USD

Verification of electrochemical sensor for CCA 
diagnosis: verification set

3,000 USD

SERS development: Synthesis 4,000 USD

SERS development: Characterization 1,000 USD

Total 21,000 USD

Activities Budget

Sample collection and providing standard 
protein & antibody for CMUs’ team

4,000 USD

Proteins panel discovery and identification 7,500 USD

Raman spectrum identification 5,000 USD

Construct AI & Machine learning model 2,000 USD

Transfer technology of SERS and AI for CCA 
diagnosis to Laos’ team

2,500 USD

KKU facilities services 2,100 USD

Total 21,000 USD

Budget usage for the 1st year Budget usage for the 2nd yearCOMPLETED COMPLETED
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Overview of research objectives and activities of CMU
CMU: Biosensing platform based on silicon photonic development

(Year 1) Key elements demonstrated in laboratory (Year 2) Device manufacturing & performance assessment using 
standard testing method

Activities in ASEAN IVO 2023
1. Sensor device design investigation specifically 
for the detection of CCA biomarker (s) 
2. Simulation of silicon nitride biosensor devices

Budget usage Budget 

Survey report of the photonic sensor technologies that are 
applicable to cholangiocarcinoma detection. 

$3000

investigation of new photonic sensor design and simulation 
results using numerical based simulation. 

$3000

Computer-aided design (CAD) drawing of silicon photonic 
sensor mask design 

$1500

Budget usage Budget 

Photonic (resonator) sensor devices and a prototype of the 
measuring system

$7000

Project workshop and meeting $3500

Activities in ASEAN IVO 2024
1. Prototype sensor system development 
2. Sensing experiment using samples provided by KKU or 

Laos
- Detection of new CCA biomarkers from KKU
- Comparison with conventional method

COMPLETED

COMPLETED
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COMPLETED

2024 PROGRESS 
CMU: Biosensing platform based on silicon photonic development

Fabrication of silicon photonic 
sensors

Fabricated sensors expected by 
March 2025

Photomask designs submitted to manufacturer 
(TMEC) August 2024

Development of
New sensor measurement 

system prototype

September 2024

Proof of concept 
In Laboratory

broadband 
source

MEMS
filter

Power
Meter

Measurement system prototype and sensors purchase order 

The project will order a developer to created a system based on the laboratory concept with software control 

October 2024 – March 2025

Tech transfer (workshop in CMU, demo of the prototype)

CCA detection test (Pending samples provided by KKU and Laos Team 

February 2025
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Project activities: LAOS ; Biosensing platform for clinical application

Biosensing potable platform for clinical sample of Laos CCA patients in various specimens

Budget usage Budget 

Freezer $6,000

Total $6000

COMPLETED

Budget plan for year 1st

Budget usage Budget 

Collection of various samples from the patients: healthy, CCA, HCC, and other 
cancers; materials, volunteer compensation, physician, surgeon, etc., 

$2500

Identification & evaluation of biomarker in CCA patients: training set $1500

Total $4000

Collect and verify CCA 
samples: urine, serum

Budget plan for year 2nd

COMPLETED
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Project activities: LAOS ; Biosensing platform for clinical application

Biosensing potable platform for clinical sample of Laos CCA patients in various specimens

Spatial Distribution of Cancer Cases in Hospital registries in Laos PRD

Phase II



Project activities: Workshop on Nov 13-16, 2023 at Vientiane, LAOS 
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Project Activities: Workshop on June 20-21, 2024 at KKU, Thailand 
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Project activities: Workshop on Feb 18, 2025 at CMU, Thailand 
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Biomedical Engineering Institute, Chiang Mai University

https://www.facebook.com/BMEICMU/?locale=th_TH


Project activities: Progress review at CMU, Thailand 
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Project activities: ASEAN IVO project review at LAOS and Cambodia



4 Directors of NICT have visited and discussed at MD-KKU for next project 
activity
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R&D results: ENKKU-MDKKU; Biosensing platform development based on 
Raman spectroscopy techniques.

ENKKU: Surface Enhance Raman Spectroscopic (SERS) chip development. 

Received 
1. Software license
2. (Q1) Article published on ACS 
OMEGA]
3. (Scopus-index) Conference paper 
to appear in IEEEXplore
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R&D results: CMU 

CMU: Designed and developed photonic sensor device for CCA diagnosis.

Sensing results:  Laboratory proof of concept of the prototype

Broadband source MEMS filter Power meter

Next step CCA biomarker test
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Scientific contribution: 

No: Paper title: Author names Affiliation Conference Date Venue

1

Early diagnosis of cholangiocarcinoma 

using surface-enhanced Raman 

spectroscopy combined with AI in a 
hamster model

Somchai  Pinlaor a,b, 
Chavis  Srichanc,  
Pobporn Danvirutaid, 
Kitti Intuyodb,e,  Apisit
Chaideea,b, Chawalit
Pairojkuleb,e, 
Thatsanapong
Pongking b,f, 
Suppakrit
Kongsintaweesuk b,f , 
Mati Horprathumg, 
Pitak Eiamchaig, 
Saksorn Limwicheang, 
Noppadon
Nuntawongg

aDepartment of Parasitology, 

Faculty of Medicine, and 
bCholangiocarcinoma

Research Institute, cFaculty of 

Engineering, dCollege of 

Computing, eDepartment of 

Pathology, Faculty of 

Medicine, fBiomedical

Sciences Program, Khon Kaen

University, Khon Kaen

40002, Thailand. gNational

Electronics and Computer 

Technology Center 

(NECTEC), National Science 

and Technology Development 

Agency (NSTDA), Pathum 

Thani, Thailand 

The 83rd Annual 
Meeting of the 
Japanese
Cancer 
Association 
(JCA2024)

September 19 (Thu.) 
- 21 (Sat.), 2024

Fukuoka, Japan

Presentations at International Conferences:

Published Journal Papers:

No: Paper title: Author names Affiliation Journal name: Publisher
Volume number 

and Pages

1

Highly Accurate and Robust Early Stage 
Detection of Cholangiocarcinoma Using 
Near-Lossless SERS Signal Processing with 
Machine Learning and 2D CNN for Point-
of-care Mobile Application

Pobporn Danvirutai, 
Thatsanapong Pongking, 
Suppakrit
Kongsintaweesuk, 
Somchai Pinlaor, Sartra
Wongthanavasu, Chavis 
Srichan*

1College of Computing, Khon Kaen University, 
Khon Kaen 40002, Thailand
2Department of Parasitology, Faculty of Medicine, 
Khon Kaen University, Khon Kaen 40002, Thailand.
3Cholangiocarcinoma Research Institute, Faculty of 
Medicine, Khon Kaen University, Thailand
4Biomedical Sciences Program, Graduate School, 
Khon Kaen University, Khon Kaen 40002, Thailand
5Department of Computer Engineering, Faculty of 
Engineering, Khon Kaen University, Khon Kaen
40002, Thailand.
6Department of Biomedical Engineering, Faculty of 
Engineering, Khon Kaen University, Khon Kaen
40002, Thailand..

ACS OMEGA ACS Publisher
Vol 10, Issue 
11,March, 2025
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Copy Right

Scientific contribution: 

Poster presentation on JCA 2024
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Proceeding



Submitted & revised manuscripts

Human RamanAnimal Raman Biomarker in human serum

MDKKU



Societal impact: 

1. One license for SERS signal processing using multiresolution compression and convolutional neural 
networks 

2. Sharing proteomics data: The accession numbers are PXD057256 for ProteomeXchange and JPST003438 for jPOST.
3. Sharing Raman data : Mendeley: DOI: 10.17632/8gs6tc6vgr.1 (Animal)

Mendeley: DOI:10.17632/hzg43f63k9.1. (Human)

4. Two international publications
- SERS with DWT and CNN for CCA diagnosis (ACS Omega, 10;11,2025)—Q1

- Proceeding on international conference on BMiCON 2024 (online)
5. Four manuscripts have been submitted & revised on Q1 journal

- SERS diagnosis in hamsters’ serum (PLOS ONE, revised)

- SERS diagnosis in patients' serum (ACS Applied Nano Materials, revised)

- Colloidal SERS for CCA diagnosis (ACS Omega, under review)
- beta-HCG marks for CCA diagnosis (Advances in Medical Sciences, under review)

6.  Two international conferences:
- The 83rd Annual Meeting of the Japanese Cancer Association (JCA) on September 19-21, 2024 at     

Fukuoka, Japan (poster presentation)
- International conference on BMCiCON 2024, 21-24 Nov 2024, Pattaya, Thailand (Oral   

presentation)

7. Manuscript preparation: INPROGRESS
- Incidence of cancer in Lao PDR (The Lancet Regional Health - Southeast Asia, will be submitted)
- Proteomics identified candidate markers for CCA diagnosis (Manuscript preparation)
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Activity and budget planning in the 2nd year

ASEAN IVO Project Review 2025

No Activities Budget (US) Responsibility Out put

1 1. Sample collection and Std protein & ab for CMUs’ team

2. Proteins panel discovery

3. Raman spectrum identification

4. Construct AI & Machine learning

5. Transfer technology of SERS and AI for CCA diagnosis to Laos’ 

team

21,000 KKU (MD & EN)

BIOTECH

NECTEC

- Samples of CCA, HCC, 
metastasis liver and healthy 
subjects collection,

-At least 1 publication

-1 patent/pretty patent

2 Optical sensing development: equipment, materials, 

research exchange at NICT

7,000 CMU -1 publication

3 Human sample & clinical data collection:
Surgery team & pathology team for samples collection, biobank, 

histopathological study, freezer, equipment, etc.,

4,000 Laos Team initiation, CCA sample 

& other cancer sample 

collection
4 Project meeting or workshop at the end of the 2nd year 3,000 KKU for all team 

(CMU-KKU-Laos)

Meeting & conference: 1 

session for biosensor for 

CCA diagnosis
5 Project meeting or workshop at the end of the 2nd year 3,500 CMU for all team 

(CMU-KKU-Laos)

Meeting & conference: 1 

session for biosensor for 

CCA diagnosis
6 Project meeting and report (estimate) 1,500 KKU team Attend on Campodia,  6-7 

Nov 2024
Total 40,000



Two years timeline schedule
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Institution Research activity 2023 2024

4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3

MD-KKU, 

NECTEC, 

BIOTECH

Supplies & Materials: Animal model 

setting, equipment, samples collection, 

Raman spectrometer finger print 

EN-KKU, SERS chip development : equipment & 

materials, SERS substrate synthesis and 

design of portable CCA specific SERS-

based sensor, training with NICT

CMU Optical sensing development: equipment, 

materials, training with NICT

MD-KKU Surgery team & pathology team for 

samples collection, biobank, 

histopathological study, standard method 

confirmation by ELISA & WB

Lao PDR Surgery & pathology team management,  

workshop, training, samples collection, 

prototype evaluation, team meeting and 

conference
MD-KKU, EN-

KKU, 

CMU,BIOTECH, 

NECTEC, TMEC, 

Laos, NICT

Meeting and conference, transport, 

report, publication, biosensing prototype  



Future works: 
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Phase II

Greater Mekong subregion



Inflammation induces CCA 
genesis

Thank you


