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VO Project title: Innovation of photonic and electrochemical biosensors for
cholangiocarcinoma diagnosis
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cholangiocarcinoma diagnosis St e
Background Previous finding CCA development is celype specific.
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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
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spectroscopy combined with machine learning algorithms in a rat model
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Vo Project activitiesMDKKUNECTEC SERS & Al (PCA) distinguish CCA staging in animal
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PCA was used to compare Raman spectra of four classes (Normal, InflammaticnaReer, ~ The integration of SERS and machine learning achieved a diagnostic sensitivity
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between the Precancerous and CCA (Tumor) groups. ot ot e S
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abo Project activities:MDKKUENKKU sgrs 2D CNN: A New Tool for Early CCA Diagiroaisimal

SERS + 2D CNN: A New Tool for Early CCA Diagnosiso_
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Raman SERS Spectra Mobkalep AROC curve analysis was used to compare the performance of COI‘lfL!SIOI‘] mat_nces of each signal processing anc
spectroftEN all classification models. machine learning methods by 2D CNN.
‘ / Ahe DWT + 2D CNN model demonstated the highest
==, accuracy for CCA diagnosis. = di
m ‘ W Result, AUG = 0.95 DWT = discrete wavelet transform
: ; : — Method Accuracy (%)  Sensitivity (Recall) Specificity (%) F1 Score (%)
M SERS substrates (%)
‘_ . DWT + 2D CNN 95.10 95.08 98.36 95.10
aIIIustratlon of study design for SERS+AI marks early stage of CCA DWT + 1D CNN 92.00 91.50 96.00 91.75
o —r— ‘ PCA + 1D CNN 88.00 87.50 94.00 87.75 e
oo ool i ——— LDA + SVM 84.50 84.00 90.50 84.25 e
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£ . \\. \\' [ : { ) ) ° ° °
\\,.;\_\\ NLAN | 1 Breakthrough: Our 2D CNN model can differentiate all stages of CCA (Normal, .
B ) ' | ' Inflammation, PreCancer, Tumor), something classical ML cannot do. . e e
R L |  Accuracy: This SERSbased method shows high accuracydfarly detection. , ,
fomenenttem? _ _ _ _ I Future: This technology is suitable for development into a poiatare mobile .
Raman peak identifies the different staging of inflammation, precancerous (Preapplication
CA) and CCA lesions ' * v
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abo Project activities. ENKKUBIosensing platform based on SERS

1. Software license

Surface Enhance Raman Spectroscopic (SERS) chip development 2. (Q1) ACS OMEGA
3. (Scopusndex) Conference paper to appear in
Part I: Synthesis of AUNPs and novel techniques to pair nanoparticles to yield greatest IEEEXplore
enhancement
DWT Mobile application

SERS spectra . : :
feature extracted [ eeh ot e | | et
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|

) I\ Ar 4
I e o o

) SERS
substrate

+ carried out characterization on TEMs, SEM, processing technique, etc. (Figures will be licensed under publisher)
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VO Project activitiesMDKKUBIOTECHSample collection, identification and
ED evaluation of biomarkerin CCA patients
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' ROC analysis for the efficacy of its performance by « o e
compare/combine with routine biomarkers. « o e

Verify betaHCG expression in CCA array by IHC technique
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IVO  Project activitiesMDKKU/NECTE®aman spectrum detection and Machine
ED learning training

Combination of Labefree SERBased\Nanosensorand Machine Learning SERS+LDA Model: Higbcuracy CCA
for Diagnosis of Cholangiocarcinoma Differentiation
_ 81% accuracy and 0.97 of AUC values
Human samnles analvsis (h=221): CCA =71, HCC =50, LM = 50, HA =50
(a) 4NC(44) e
1-CCA(58) (a) (b) 1-NC
2-CCA

[ : 4-LM

(b)

Mean spectra +/- standard deviation by group

CCA+HCC+WM

LD1

LDA Achieves Superior Separation of Liver diseases‘],-f""/

BCA (3D Plot): LDA Model Achieves High Classification Accurag
Valid data (n=194) : CCA = 58, HCC = 48, LM = 44, HA = 4§) PCA (3D Plot).

hows some natural clustering, but with significant overlap ROC C Evaluate the LDA model's ability t e
. : : : . urves: Evaluate the model's ability to

SERS Distinguishes Healthy vs. Malignant Liver Tlsggﬂé’ee” groups. : : c v
g y 9 isualizes spectral data for all four groups (NC, HCC, CCA, differentiate the four groups (NC, HCC, CCA, LM). ..

(@ Group Comparison: Unique mean spectra for Normal, LMm). Adigh 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. fstrong Performance: The model significantly . . e
between healthy (NC) and combined cancer Aachieves distinct and clear clustering, effectively outperforms a random classifier (diagonal line). v ..

(HCC+CCA+LM) samples. distinguishing all four groups.
_ o _ . The SERS with LDA model is highly effective for
Key Raman Sh|ﬁ$ can b.e use_d to distinguish LDA is a more powerful tool than PCA for classifying accurate liver cancer detection.

healthy from malignant liver tissue. these spectral data. <.
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ap CMU Biosensing platform based on silicon photonic development

Fabrication of silicon photonic
Sensors

Proof of concept \Efer:ls[sr:10e
In Laboratory source
September 2024«

Measurement system prototype and sensors purchase order

Development of
New sensor measurement

MEMS Power
filter Meter

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)

N R e R eay CCA detection test (Pending samples provided by KKU and Laos Teg
(TMECAugust 2024

February 2025
Fabricated sensors expected by y \/ V COMPLETED

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 [R5

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
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A2 Project Activities:Workshop on June 221, 2024 at KKU, Thailand
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2 'VO Project activities:Workshop on Feb 18, 2025 at CMU, Thailand
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https://www.facebook.com/BMEICMU/?locale=th_TH

ASEAN

35 Project activities: ASEAN IM@oject review & report at LAOS and Cambodia

ASEAN IVO Forum 2024, 7-9 Nov 2024, Camdodia
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ASEAN IVO Forum 2023, 15-16 Nov 2023
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2 DNO Project activities:Progress review at CMU, Thailand

[F———

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)

O ASEAN IVO Project Review 2025 o
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ap Three directors of NICT have visited and discussed atiKJ) 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
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VO cientific contribution: presentations at International Conferences:

Paper title: Author names Affiliation Conference Date Venue

SomchaiPinlaora,b, ChavisSrichan¢ PobpornDanvirutaid
Kitti Intuyodb,e ApisitChaideea,bChawalit Pairojkuleb,e

Thatsanapondongkindp,f, Suppakritkongsintaweesuk,f,
Mati Horprathumg PitakEiamchaigSaksorrLimwicheang

NoppadonNuntawongg

aDepanmemaf Parasnology, Facully of Medicine, and

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

ﬂcmlegenf Goxnyaitng Eenartantf Pathokosy ) Facuity o Medicine)

The 83rd Annual Meeting of September 19
s e R (Thu.)-21 (Sat),
(NECTED) Natonal Scerce and Teehnaeny Develooment Aoeny - Cgncer Association (JCA2024)2024

Fukuoka, Japan

aCollegef Computing, iversi 3

EarlyStage Cholangiocarcinoma Detection Using e il PG

Universit ThailandsD: Computer

bporn Danvirutaia ChawalitPairojkulb,e Sartra ing, Faculty of Engineeri ey

16th Biomedical Engineering 21 November

2 SurfaceEnhanced Raman Spectroscopy and 1D CN

with Discrete Wavelet Transform

Bachqrosnd: Chokngiocarinems (CCA, 3 i cuc cances, s prvalert n segioes s ncrheasta Th

Mathods: 2 vt
usis R s doytens
Heat, el i precancerous

daarenig CCAatbon e g ROC e s
‘Comelusion; SERS s S oo o1y N b o oo,
Background Results
Previous bypothesis New hypathesia Comgaring Raran

PCALDA of foue classnn
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et . gy
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faspoc e dasion rosds T D ot
Tranaiorm (UAT) + 20 CHY moce o AL o 096, which g1 th tighes o
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Tabie 2 Accurcy.Proceion, Recal 1 acces compeaaon between st spproaches

Dll ol -

0 B e e 4
Dbtnd s
Raman

40002, ThailanddDepartmentof Parasitology, Faculty of Medicine,

ongthanavasuaChavisSrichang Somchakinlaord,e e L e i

Research Institute, Faculty of MedicirghonKaenUniversity Khon
Kaen40002, Thailand

International Conference,
BMEICON024 2024-24

Pattaya, Thailand

The 2024 Biomedical Engincering International Conference (BMEICON-2024) N

Early-Stage Cholangiocarcinoma Detection Using
Surface-Enhanced Raman Spectroscopy and 1D CNN
with Discrete Wavelet Transform

Pattay Thailand No mber21 24 2024

e iral Dertay Coon 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
::".::':fﬁ:_’::m‘m”" requirement the IEEE logo. The BMEICON2024 will be held in Pattaya, Thailand on
KohjiMasida, lopan November 21-24, 2024. . Pattaya has always been one of the most popular destinations for
KedjiIraming, jspan beach holidays for Bangkok locals and expats. The city s a crowd-pleaser, with a wide range
Manfred Glesner, Germany of recreational activities, cultural, sight-seeing and natural attractions. Lying about 7.5
Michael Knoo, USA kilometers off of Pattaya by a 45-minute ferry or 15 minutes by speed Boat ride, Kor Lan
St Wibicomay indonesta Istand measures 2 kilometers by S kilometers and offers several white sandy beaches. Koh
Viet Dung Nguyen, Vietnam Lan still offers a wide range of activities including kayaking and snorkeling.
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is eritical for improving patient prognosis and survival rates.
Surfuce-Enhanced Ra ERS)
promising non-i

crlystage CCA  from precancerous,
inflammatory, and healthy conditions remains challenging °
uc to the subtle spectral differences and nonlincar

and specifcty. In this study, we propose # novel approsch
i d a

dimensional Convolutional Neural Network (1D CNN) for the
detection and differentiation of first stage CCA from
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 extensively studied over the past °
decades. Raman  spectroscopy  provides a molecular
fingerprint of biological samples, making it a 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 study.
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1. One license for SERS signal
processing using multiresolution
compression and convolutional neural
networks

2. Sharing proteomics datahe
accession numbers are PXD057256 for
ProteomeXchangand JPST003438 itOST
3. Sharing Raman data/endeley: DOI:
10.17632/8gs6tcovgr.l (Animal);
Mendeley: DOI:10.17632/hzg43f63k9.1.
(Human)
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