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VO Project title: Innovation of photonic and electrochemical biosensors for
cholangiocarcinoma diagnosis
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Tumor markers: CA19-9, CEA, AFP .
b CA19-9 (Carbohydrate Antigen 19-9), CEA (Carcinoembryonic Antigen), and AFP (Alpha-fetoprotein) .
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abo Project title: Innovation of photonic and electrochemical biosensors for

cholangiocarcinoma diagnosis Y
Background : Previous finding CCA development is cell-type specific.

Histopathological diagnosis

. Without cholangiofibrosis
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O. viverrini infection contributes to CCA development
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OV-induced inflammation, fibrosis, advanced fibrosis, and contribution risk to CCA. Thus, radiology >
. = e o
such as MRI & Ultrasound are used for CCA screening. @ o
OV = Opisthorsis viverrini o °°
| 5) Cholangiocarcinoma | a o o

Target To develop and validate innovative optical and electrochemical biosensing platforms "t
for the early diagnosis of cholangiocarcinoma. ..
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VO Project title: Innovation of photonic and electrochemical biosensors for
cholangiocarcinoma diagnosis

Proposed methods
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Contents lists available at

Biosensors and Bioelectronics
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Early-stage diagnosis of bladder cancer using surface-enhanced Raman R

spectroscopy combined with machine learning algorithms in a rat model
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Hamster’s CCA establishment for hypothesis testing, proof-of-concept

Sample preparation
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¢ Raman baseline
¢ Raman+SERS NECTEC
¢ Raman+SERS EN KKU 3

860 960 1060 1160 1260 1360 1460 1560 1660
Raman shift (1/cm)

Normal Vs OV+NDMA

: — Paraffin-embedded liver tissue
Liver T
Cholangiofibrosis

Normal Cancer
Schematic diagram illustration of the scope of the study in animal model. The step include 1) proteomic analysis for protein . . e
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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Project activities: MDKKU-NECTEC
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g L]
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Experimental groups
= = Chot

ibrosis = Cholangiofibroma Tumor

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

Scatter plot of all data on their LDA

SERS & Al (PCA) distinguish CCA staging in animal
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Comparison among Raman peak based on classical machine (ML) algorithm of four
r s classes based on normal, inflammation, pre-cancerous and tumor features.
,L . precisicn recall £l-score sSupport
SERS couple with PCA
o 2 . Group 1-H 0.61 0.84 .71 231 Couldnlt d|St|ngU|Sh
E s Group 2-I 0.40 0.07 0.11 El .
B Group 3-B - 551 - - precancerous—tumor lesion
. Group 4-C 0.65 0.65 0.65 220 and yield accuracy of test
- 62%.
Precancerous & . accuracy 0.62 722

el Tt - . Tumorous lesions macre avg 0.57 0.52 0.51 722

Inflammation - + weighted avg 0.61 0.62 0.60 122 °

PCA was used to compare Raman spectra of four classes (Normal, Inflammation, Pre-cancer,
Tumor). However, classical ML algorithms using Raman intensity could not distinguish
between the Pre-cancerous and CCA (Tumor) groups.
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The integration of SERS and machine learning achieved a diagnostic sensitivity of
93%, specificity of 95%, and accuracy of 2 67% for precancerous lesions and CCA
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Raman peak identifies the different staging of inflammation, precancerous (Pre-

Illustration of study design for SER%+AI marks early stage of CCA

Intensity
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Projea activities: MDKKU-ENKKU SERS + 2D CNN: A New Tool for Early CCA Diagnosis in animal
SERS + 2D CNN: A New Tool for Early CCA Diagnosis

1.0

Normal

0.8 -

Inflammation -

°
o

Different staging of
CCA development was

True Positive Rate
Ground Truth

0.4
: -, - PCA + SVM (area =0.81)
established. P — LDA + SVM (area = 0.87 .
P PCA + 1D CNN (area = 0.88) CCA -
0.2 4 > —— PCA + 2D CNN (area = 0.91)
5 —— DWT + 1D CNN (area = 0.92) ) ] )
Pid = DWT + 2D CNN (area = 0.95) Normal  Inflammation Pre-CA CCcA
0.0 4 - —e —~ —~ Predicted
0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate
Mobkalep *ROC curve analysis was used to compare the performance of Confusion matrices of each signal processing and
all classification models. machine learning methods by 2D CNN.

*The DWT + 2D CNN model demonstated the highest
accuracy for CCA diagnosis.
*Result: AUC = 0.95

DWT = discrete wavelet transform

— Method Accuracy (%)  Sensitivity (Recall) Specificity (%) F1 Score (%)
(%)
DWT + 2D CNN 95.10 95.08 98.36 95.10
DWT + 1D CNN 92.00 91.50 96.00 91.75
‘,7,5:?“ PCA + 1D CNN 88.00 87.50 94.00 87.75 *
Normal | LDA + SVM 84.50 84.00 90.50 84.25 ¢
1 PCA + SVM 82.40 82.00 88.40 82.20 .

Accuracy 95%, sensitivity 95%. Specificity 96%

NLAN | e Breakthrough: Our 2D CNN model can differentiate all stages of CCA (Normal,
Py e Inflammation, Pre-Cancer, Tumor), something classical ML cannot do.

e Accuracy: This SERS-based method shows high accuracy for early detection.

e Future: This technology is suitable for development into a point-of-care mobile
application.
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ap Project activities: ENKKU: Biosensing platform based on SERS

1. Software license

Surface Enhance Raman Spectroscopic (SERS) chip development 2.(Q1) ACS OMEGA
3. (Scopus-index) Conference paper to appearin
Part |: Synthesis of AuUNPs and novel techniques to pair nanoparticles to yield greatest [ flene
enhancement
DWT Mobile application
SERS spectra S —
B featuri 3xtracted | | s
|
(|
, AA}\Z ;I ’#,/\‘F'/ /"’-“-
) SERS \ LI
W substrate —_— o e o o
\ N,’.‘:_‘ M '."‘. e o o
+ carried out characterization on TEMs, SEM, processing technique, etc. (Figures will be licensed under publisher) I
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abo Project activities: MDKKU-BIOTECH; Sample collection, identification and

evaluation of biomarker in CCA patients
Tomam

Concamavalin A CCA (n=153), HCC (n=52),
— LM (n=52), BBD (n=52),
= NC (n=52)

N B HNWWRRNND
i © ctehoheNe

Nonmalignant
interstitial

fluid (NIF) \

7.0+

p-HCG
(mIU/ml)
(3]
i

Relative abundance

Cholangiocarcinoma

patient (n=3) ‘h‘= D

Tumor 7.—_-
interstitial fluid R
(TIF) Proteomics analysis

Healthy BBD CCA
(N=60) (N=52) (N=100)

Flow chart of the study Determine beta HCG level by automate

T™MA NC vs CCA
‘ HCC vs CCA
5 100 -

: — HCG (0.5317) 100 = .

: o AP (0762) HCG (0.5218)
g » CEA (0.9015) — AFP (0.8435) .
» 2 607 — CA19-9 (0.7763) g CEA(0.5144) .

cca Adjacent .E — HCG+CA-19-9 (08093) % 50 CA19-9 (05993)
c Adinowt & 407 _ — HCG+AFP+CA19-9 (0.8442) 8 == HOGEARR ((7859) *
2 ‘ 204 7 — HCG+CEA+AFP+CA19-9 (0.9617) = DCCARPCATIS(00017) .
D — HCG+AFP+CEA+CA 19-9 (0.8901)

0 T T T T 1 0~ °

1
0 20 40 60 80 100 0 50 100

o 100 - Specificity 190 Spaciicity |
e : ROC analysis for the efficacy of its performance by .« o e
compare/combine with routine biomarkers. .« o e

Verify beta-HCG expression in CCA array by IHC technique
/8 — ASEAN IVO Project Review 2025 R



IVO  project activities: MDKKU/NECTEC; Raman spectrum detection and Machine

@ learning training

Combination of Label-Free SERS-Based Nanosensors and Machine Learning SERS+LDA Model: High-Accuracy CCA
for Diagnosis of Cholangiocarcinoma Differentiation
] 81% accuracy and 0.97 of AUC values.
Human sambles analvsis (n=221): CCA =71, HCC =50, LM =50, HA =50
B US— e
1-CCA(58) (a) (b) 1-NC
.. , 2-CCA W
L : 4LM j
: Ry ‘ o

(b)

Mean spectra +/- standard deviation by group

CCA+HCC+WM

5

A LD2

LD1

LD1

LDA Achieves Superior Separation of Liver diseases

BCA (3D Plot): LDA Model Achieves High Classification Accuracy .
Valid data (n=194) : CCA = 58, HCC = 48, LM = 44, HA = 44 (8) PCA (3D Plob):

*Shows some natural clustering, but with significant overlap ROC C Evaluate the LDA model's abilitv t ¢ v e
e : . . . urves: Evaluate the model's ability to
SERS Distinguishes Healthy vs. Malignant Liver Tissue ~ Petween groups. . : . o e
& Y 8 -Visualizes spectral data for all four groups (NC, HCC, CCA, differentiate the four groups (NC, HCC, CCA, LM). L.
(a) Group Comparison: Unique mean spectra for Normal, LM). *High AUC Values: The Area Under the Curve (AUC) for
HCC, CCA. and LM. (b) LDA (2D Plot): each class is high, indicating excellent separation. o o o
(b) Cancer vs. Normal: Significant spectral shifts identified *Applied specifically to maximize class separability. Strong Performance: The model significantly © e

outperforms a random classifier (diagonal line).

between healthy (NC) and combined cancer *Achieves distinct and clear clustering, effectively . o e
(HCC+CCA+LM) samples. distinguishing all four groups.
_ S _ o The SERS with LDA model is highly effective for
Key Raman shifts can be used to distinguish LDA is a more powerful tool than PCA for classifying accurate liver cancer detection. o o
healthy from malignant liver tissue. these spectral data. .«
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IVQ 2024 PROGRESS
ap CMU: Biosensing platform based on silicon photonic development

Fabrication of silicon photonic

sensors New sensor measurement

Development of

ngth Shift (nm)
=

MEMS Power
filter Meter

Proof of concept broadband
In Laboratory source

September 2024 V

Measurement system prototype and sensors purchase order

October 2024 — March 2025 V

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

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

S R R T s CCA detection test (Pending samples provided by KKU and Laos Team
(TMEC) August 2024 J

February 2025 V COMPLETED
Fabricated sensors expected by

March 2025 V
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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

Total cancer incidence in Laos between 2010 and 2024 5. Transfer technology of SERS and Al for CCA diagnosis to Laos’ team
22500
Transportation Laos’ samples to KKU Detection of Serum Using Raman Spectroscopy
20000
= Estimate ASR
= 10
]
g 6
;1750& 4
5 2
B Phase Il
15000 1
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105000 102’000 104‘000 105;000 108000 I VO
UTM Easting (km)
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2 DNO Project activities: Workshop on Nov 13-16, 2023 at Vientiane, LAOS
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2 ! DNO Project Activities: Workshop on June 20-21, 2024 at KKU, Thailand

BAYASITA HOTEL ASEAN IVO
123 Mit hap Rd., Muang District, “‘“; ;"
Khon 40002, Thailand ¥

OPEN WORKSHOP FOR

INNOVATION OF PHOTONIC AND
ELECTROCHEMICAL BIOSENSORS FOR

CHOLANGIOCARCINOMA DIAGNOSIS
P T oo

@ Time:
8:00 am - 5:00 pm
~SPEAKERS
g Assoc. Prof. Chawalit
" Lo SO
— '
ssist. Prof. Chavis
v

MODERATORS

Dr.Apisit Chaidee Ms. Phonpilas Thongpon
g Knon Kaca Unersty Knon Kaen Univarsity
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2 'VO Project activities: Workshop on Feb 18, 2025 at CMU, Thailand

WORKSHOPFOR INNOVATION

OF PHOTONIC S&ELECTROCHEMICAL
BIOSENSORS FOR
CHOLANGIOCARCINOMA
DIAGNOSIS

THEERA-UMPON

SOMCHAI PINLAOR

SPEAKERS
\:E aabiie

Bl

Sponsored by iRCT

AR’

i

I
i

"’"-Institufe, Chiang Mai University

- &

!

P



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

ASEAN

abo Project activities: ASEAN IVO project review & report at LAOS and Cambodia

ASEAN IVO Forum 2024, 7-9 Nov 2024, Camdodia

) =
E ASEA| 5
s -
Moo ooty '
-
r -
\ g 7 '

ASEAN IVO Forum 2023, 15-16 Nov 2023
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ASEAN

2 D'VO Project activities: Progress review at CMU, Thailand

Group discussion at CMU, 27 Dec 2024

Dr.Emoto Hiroshi (NICT)

Yoshihiro Sakuda (NICT Asia center, BBK, Thailand)
Assoc.Prof.Sansanee Auephunviriyakul (CMU)
Assoc.Prof.Ukrit Mankong (CMU)

Dr.Suruk Udomsom (CMU)

Prof.Somchai Pinlaor (KKU)
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ap Three directors of NICT have visited and discussed at MD-KKU for next project activity.

NICT 20 November 2024

Hiroaki Harai (Director General of Network Research Institute)

Tetsuya Kawanishi (Research Executive Director, Prof. of Waseda University)
Yoshinari Awaji (Director General of Photonic ICT Research Center)

Kouichi Akahane (Director of Optical Access Technology Laboratory)

Toshimasa Umezawa (Senior Researcher of Optical Access Technology Laboratory)
Atsushi Matsumoto (Senior Researcher of Optical Access Technology Laboratory)

U hEN




Author names Affiliation Conference Venue

Somchai Pinlaor a,b, Chavis Srichanc, Pobporn Danvirutaid, *Department of Parasitology, Faculty of Medicine, and

sCholangiocarcinoma Research Institute, “Faculty of Engineering,

The 83rd Annual Meeting of September 19

Early diagnosis of cholangiocarcinoma using surface-
1 enhanced Raman spectroscopy combined with Al in

a hamster model
Noppadon Nuntawongg

Early-Stage Cholangiocarcinoma Detection Using
2 Surface-Enhanced Raman Spectroscopy and 1D CNN
with Discrete Wavelet Transform
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Kitti Intuyodb,e, Apisit Chaideea,b, Chawalit Pairojkuleb,e,
Thatsanapong Pongking b,f, Suppakrit Kongsintaweesuk b,f,
Mati Horprathumg, Pitak Eiamchaig, Saksorn Limwicheang,

Pobporn Danvirutaia, Chawalit Pairojkulb,e, Sartra
Wongthanavasua, Chavis Srichanc, Somchai Pinlaor d,e

“College of Computing, *Department of Pathology, Faculty of Medicine,
“Biomedical Sciences Program, Khon Kaen University, Khon Kaen
40002, Thailand. National Electronics and Computer Technology Center
(NECTEC), National Science and Technology Development Agency
(NSTDA), Pathum Thani, Thailand

the Japanese

aCollege of Computing, Khon Kaen University, Khon Kaen 40002,

Thailan

Department of Parasitology, Faculty of Medicine, Khon Kaen
University, Khon Kaen 40002, Thailand; cDepartment of Computer
Engineering, Faculty of Engineering, Khon Kaen University, Khon Kaen
40002, Thailand.; dDepartment of Parasitology, Faculty of Medicine,
Khon Kaen University, Khon Kaen 40002, Thailand.; eCholangiocarcinoma
Research Institute, Faculty of Medicine, Khon Kaen University, Khon
Kaen 40002, Thailand
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The 16th Biomedical Engineering International Conference (BMEICON2024) Is intended to
provide an international forum where researchers, practitioners, and professionals interested
in the advances in, and applications of, biomedical engineering can exchange the latest
research, results, and ideas in these areas through presentation and discussion. To celebrate
the 90th anniversary of Thammasat University's establishment, all accepted papers will be
submitted for inclusion into IEEE Explore subject to meeting IEEE Xplore's scope and quality
requirement the IEEE logo. The BMEICON2024 will be held in Pattaya, Thailand on
November 21-24, 2024. . Pattaya has always been one of the most popular destinations for
beach holidays for Bangkok locals and expats. The city is a crowd-pleaser, with a wide range
of recreational activities, cultural, sight-seeing and natural attractions. lying about 7.5
kilometers off of Pattaya by a 45-minute ferry or 15 minutes by speed Boat ride, Kor Lan
island measures 2 kilometers by S kilometers and offers several white sandy beaches. Koh
Lan stil offers a wide range of activities including kayaking and snorkeling.

The organizing committee is pleased to invite all researchers, engineers, physicians, scientists,
technicians, and technologists to attend and help shaping the future of biomedical
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» Healthcare information systems engineering
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b This Early detecti i A
is eritical for improving patient prognosis and survival rates.
Surfuce-Enhanced Ra RS) offers a
promising noa-i i,

crlystage CCA  from precancerous,
inflammatory, and healthy conditions remains challenging
duc to the subtle spectral differcnces and nonlinear

and specifcity. In this study, we propose » novel approach
combining Discrete Wavelet Transform (DWT) and a one-
dimensional Convolutional Neural Network (1D CNN) for the
detection and differentiation of first stage CCA from
precancerous, inflammation, and healthy states using SERS
data. Our method is compared with a traditional Principal
Component Analysis (PCA) followed by Support Vector
Machine (SVM) classification. In contrast, the PCA+SVM
method could only differentiate late-stage CCA and healthy
states due to the nonlinearity of the SERS dataset. Reeeiver
Operating Characteristic (ROC) curve analysis further
validates the superior performance of our proposed method. We
studied on hamster serum and the concept can be exteaded to
human serum in the near future work.

Index Terms—Cholangiocarcinoma _detection, Early stage
CCA, SERS, Wavelet transform, 1D CNNs
1. INTRODUCTION (HEADING 1)
Cholangiocarcinoma (CCA), a malignant tumor of the
biliary tract, poses significant diagnostic challenges due to its
asymptomatic nature in carly sages and aggressive
progression, most detectable cases are in late-stage yielding
high mortality rate. Early detection is erucial for effective
treatment and improved patient outcomes [1]. Surface-
Enhanced Raman Spectroscopy (SERS) has emerged as a
powerful tool for biomedical diagnostics, offering molecular-
level information with high scnsitivity [2-7]. However,

979-8-3315-0543-1/24/$31.00 €2024 IEEE

f the SERS data.

Machine leaming techniques have been applied to SERS
data for cancer detection, with methods such as Principal
Component Analysis (PCA) combined with Support Vector
Machines (SVM) showing promising results  [8].
Nevertheless, PCA +SVM approaches often struggle with
nonlincar datasets, limiting their ability to distinguish between
carly-stage CCA and other conditions. Decp leaning,
particularly Convolutional Neural Networks (CNNs), has
demonstrated superior performance in handling complex,
nonlinear data in various pattern recognition tasks

11 RELATED WORK

The application of Raman spectroscopy in cancer
diagnostics has been cxtensively studicd over the past
decades. Raman  spectroscopy  provides a molecular
fingerprint of biological samples. making it valuable tool for
disease detection. Surface-Enhanced Raman Spectroscopy
(SERS), in particular, enhances the Raman signal by several
orders of magnitude, allowing for the detection of low-
concentration biomarkers [9-12). Report on SERS in CCA
detection could be rarcly found in literature. Here are the list
of work related to this shudy.
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P ‘patients remains poor,

particularly for proximal tumors, with a dismal S-year survival rate
of just 10%. The challenge in managing CCA s exacerbated by its typically late detection,
contributing to 2 high mortaliy rate. Current screening methods, such as ultrasound, are
insufficient, as many CCA patients do not exhibit prior symptoms or detectable liver fluke
(Opisthorchis viverrini: OV) infections, underscoring the urgent need for alternative early

‘were collected as the data set. DWT was employed for feature extraction, enabling the capture of the entire SERS spectrum, unlike
traditional methods like PCA and LDA, which focus only on specific peaks. These features were used to train 2 2D convolutional
neural network (2D CNN), which i particularly robust against translation, rotation, and scaling, thus effectively addressing the SERS
‘peak shifting issues. We validated our approach using gold-standard histology, and notably, our method could detect CCA at an early
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methods, such as ulirasound and invasive biopsies, have limitations; there is a critical
need for a rapid, minimally invasive and effective strategy for the early diagnosis and
staging of CCA.

Methods

dex Toms—Chataaglocseciama detecion, Tarty stage gy e Gt 8 5. vt
CEXTERS Waveis rasstorm, 1D CX%s Toe applicaten of Raman spectioscopy i cancer detection methods. Methods: In this study, we introduce 2 novel approach utilizing itoiogi | geneti Sitirangs el We aimed to address this need using serum samples and label-free surface-
- s s o ey ek et S suficeenhanced Raman spectroscopy (SERS) combined with nesrlosess signal o e k. S ERS) comtined wit oo
iocarcinoma (CCA). 3 malignant tumos fingerprint of brological samples. making it a valuable tool for compression via discrete wavelet transform (DWT) together with 2D CNN for the first time. Hamster serums of different stages - development was induced in hamsters using  Gombination of Opisthorchis wiverini
mu\ wact. poses sigmficant diagnostic Challenges MW i disease detection. Surface-Enhanced Raman Spectroscopy sl June 21, 2025 i with courses.

spanning 1-5 monthis). Narmsal and pathological stages (inflammation, precancerous
lesion, and CCA) were assigned based on histopathological features, as well as the
xoression o cyckerain 1 4nd sph-feloroten. Ramen wec wre sutfeced 1o

powertil tool for biomedscal diagnostics. offering moleculas- ; : : - : reduction using clusters
level mformation with high sensitivity [2-7] However, stage. The ability to identify CCA at the early stage significantly improves the chances of successful intervention and patient using partial o .mw;
outcomes. Results and conclusion: Our results demonstrate that our method, combining SERS with extremely compact wavelet T mpatin sy . roed
feature extraction and 2D CNN, outperformed other approaches (PCA + SVM, PCA + 1D CNN, PCA + 2D CNN, LDA + SVM, [ ——
and DWT + 1D CNN), achieving performance of 95.1% accuracy, 95.08% sensitivity, 98.4% specificity, and an area under the curve
L (AUC) of 95%. The trained model was further deployed on 2 server and mobile application interface, paving the way for uture field
979.8-3315.0543-124/531 00 £2024 IEEE s i z [Eroyere— e
experiments in rural areas and home-use potential point-of-care services.
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55 Conclusion: Innovation of photonic and electrochemical

biosensors for cholangiocarcinoma diagnosis

1. Target: This study aims to develop and validate innovative optical and
electrochemical biosensing platforms for the early diagnosis of
cholangiocarcinoma.

2. Methods: We used SERS and Al, proteomic, silicon photonics platform.

3. Scientific papers: 3 international published, 2 international under
revised/review

4. Societal impact: Our data Raw data are available to publish access. This
technology is ongoing to implement in Lao PDR in Phase |l project.

5. New partners: We have new collaborative partner including NECTECT,
BIOTECH from Thailand, Philippines, and China.

6. Collaborative: We have expanded of the larger cohort to study in Thailand,
Lao, and China.
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