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| BACKGROUND

Banales. J.M. et al, 2020  Ljver cancer is the highest incident rate in greater Mekong sub-region

Incidence/mortality of liver
cancers in SEA and ASIA

Incidence/mortality of various
cancers in Laos

| Liver cancer

WHO, 2022

It incidence is related with liver fluke infection.

Sota, 2024
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I BAC KG RO U N D Cholangiocarcinoma (CCA) in Thailand

Accumulated of CCA cases OV prevalence

Incidence of CCA in 2023
JMPHR #1,#7,#8,#9, #10 = 60.36/100,000 population N HSOI 5 JU ne 2024
Over all country =41.87/100,000 population

Stage at diagnosis
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Journal of Medical and Public Health Region (JMPHR)



} BACKGROUND

Radiology Pathology
. . : . s : Surgery
Tumor screening » Confirmation Tumor type identifying & staging

Current CCA »

diagnostic

techniques

Ultrasound CT/MRI/MRCP Tissue biopsy
Tumor markers: CA19-9, CEA, AFP
Oncology
. < .
CCA staging T3.WI|| surgerY
T4 give supportive treatment

early early Locally Advance  Metastasis ~ Cancers, 2022 >



§ BACKGROUND

Current CCA screening

“Cholangiocarcinoma Screening and
Care Program (CASCAP)”, in August
2013

Fig.1 OV-induced inflammation, fibrosis, advanced fibrosis, and contribution risk to CCA. Thus,
radiology such as MRI & Ultrasound are used for CCA screening. 6



ASEAN IVO phase |, 2023 Project title: Innovation of photonic and electrochemical biosensors for

cholangiocarcinoma diagnosis
NECTEC SERS Chips
Proposed methods

DNA, RNA, protein, peptide, lipid, etc.,

BiPhos
° Raman spectroscopy
Surface-enhanced Raman spectroscopy (SERS)

Silicon photonic sensor LC-MS/MS

ASEAN IVO Project Review 2025



Ql

PLOS ONE, 2025: https://doi.org/10.1371/journal.pone.0334916

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


https://doi.org/10.1371/journal.pone.0334916

Ql

https://pubs.acs.org/doi/10.1021/acsomega.4c11078

Accuracy 95%,
sensitivity 95%.
Specificity 96%



Develop colloidal Surface Enhance Raman Spectroscopic (SERS) chip

Synthesis of AUNPs and novel technigues to pair
nanoparticles to yield greatest enhancement

Ql

+ carried out characterization on TEMs,
SEM, processing technique, etc. (Figures
will be licensed under publisher) ASEAN IVO Project Review 2025

Manuscript submitted (under review)



Ql

Flow chart of the study

Verify beta-HCG expression in CCA array by IHC technique

Determine beta HCG level by automate

ROC analysis for the efficacy of its performance
by compare/combine with routine biomarkers.

Manuscript submitted (under review)
ASEAN IVO Project Review 2025



Ql

200 cases

ACS Appl. Nano Mater. 2026, 9, 250-263



. . ASEAN VO Ph [l
Objectives e

 To achieve the models of SERS, peptidomics and
photonic biosensor (BiPhoS) for CCA diagnosis in
left over specimens.

* To conduct point-of-care screening for CCA
diagnosis in Lao patients using SERS, peptidomics
and photonic biosensor (BiPhoS).

* To transfer the SERS, peptidomics and photonic

biosensor (BiPhoS) technology for CCA diagnosis to
Laos.



ASEAN IVO phase I

* |ncrease samples size from 200 to 1,020 cases; 510
cases for retrospective/ 510 cases for prospective cohort

* Include variety groups of patients classification 4 to 6
groups: HA, BBD, CCA, HCC, LM, other CA

* Implement in Lao’s patients

* |Include new member and countries: ADMU from

Philippines, Suzuka University, Japan

Mission
To develop the new platforms screening program for
CCA diagnosis.



Anﬁﬂ“*

Lao+Thai’s samples 1 year, 2025 510 cases Laotian’s patients 2nd year, 2026 510 cases

Retrospective study to set the models Prospective study for point-of-care screening

510 serum samples
from left over from

different groups 510 walk-in patients at

Hospitals who had
abnormal of liver
diseases and risk groups



§ BACKGROUND: CHALLENCE PLATFORM

@

Peptidomics platform

MALDI-TOF LC-MS/MS
NECTEC SERs Chips

Machine Learning: PCA, LDA, SVM,
Convolutional neuron network, CNN, etc.,

NC
CCA+HCC+LM

Raman spectroscopy

BiPhos Ver.3 Silicon photonic sensor o



t ®
15t year performing BV

Retrospective study

Project Kick-off CRDA Budget usage

approve approve approve

16 Sep 2025 10 Oct, 2025 | 02 Dec, 2025 |27 Jan to 31 Mar
2026

1. Human ethic approval for retrospective
study (LAOS & KKU)---HE : HE684049

2. Samples collection of various groups (NCC
& KKU) 510 cases

3. Investigation of SERS & peptidomics
analysis (KKU-NECTEC, -BIOTEC)—510 cases

4. Data analysis and models setting (ADMU,
Philippine)

5. Construct of BiPhos of multiplex peptide
based for CCA diagnosis (CMU-TMEC)

6. BiPhos testing & analysis (CMU)

7. Meeting: Report of SERS & peptidomics
models and BiPhos setting (KKU-CMU-LAOS-
Philippine)



Frequency

Cancer register at NCC, Vientiane, LAO

Spatial Distribution of Cancer Cases registered in a National Hospital-Based Registry in Lao
People's Democratic Republic from 2010 to 2024

Distribution of dat.laos$year
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The most common cancers are liver cancer in males and cervical and breast cancer in females.

Revised manuscript in BMC Public Health, Q1 .



Summary of LaoPDR serum samples

Patients’ data

15t batch (L-0001 to L-0049)
2nd batch (L-0050 to L-0138)
3" batch (L-0130 to L-0180)
4t batch (L-0181 to L-0272)

Total

Total
samples

49
89
51
92

281

Small amount
samples

17

22

Undentified
samples

11

20

Missing data

17

17

Completed
samples

49
58
40
75

222



Collection and shipping serum by Khon Kaen University (KKU)

No. Different groups of samples No. of samples
1 Cholangiocarcinoma (CCA) 194
2 Hepatocellular carcinoma (HCC) 180
3 Liver metastasis (LM) 99
4 Benign biliary diseases (BBD) 115
5 Healthy control (NC) 67
Total 655

Shipping to BIOTEC

20




KKU investigate Raman spectroscopy using
SERS Chip from NECTEC

KKU-NECTEC
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*TI]
BSIO0T&eC

a member of N SFDQ

Native peptide

Peptidomics platform for CCA

Maldi-TOF MS analysis ~ “Peptide barcode” for rapid screening

accuracy = 95%, precision = 96.29%,
sensitivity = 92.86%, specificity = 96.88%

LC-MS analysis Peptide sequence Peptide biomarker “Pe Ptidome" for future
diagnostic technology

28



Cholangiocarcinoma (CCA) peptidome research

Serum peptide biomarkers by Identification of serum peptide biomarkers for Discovery of novel serum peptide

. cholangiocarcinoma diagnosis and staging via MALDI-TOF MS . . .
MALDI-TOF MS coupled with and LC-MS/MS biomarkers for cholangiocarcinoma
machine learning for diagnosis and recurrence through MALDI-TOF MS

classification of hepato-pancreato- and LC-MS/MS peptidome analysis
British Journal of Cancer Vasin Thanasukarn®?, Piya Prajumwongs?, Nattha Muangritdech?,

bl Ila ry cancers scientiﬁc re OI‘tS Watcharin Loilome®?, Misana Namwat®?, Poramate Klanrit™?, Arpom Wangwiwatsin®?,
Piya Prajumwongsy, Attapol Titapun®?, Vasin ThanasuKar - ,mpireasssice s - 5 p Sawanya Charoenlappanit®, Janthima Jaresitthikunchai®, Sittiruk Roytrakul* &
Natcha Khuntikeo®?, Krit Rattanarmk™?, Nisana Namwat™?, Poramate Klanrit™?, Attapol Tita pun®™*=

15

Arporn Wangwiwatsin®3, Jarin Chinda prasirt™®, Supinda K: scientiﬁc reports

Prakasit 5a-Ngiamwibool™*, Nattha Muangritdech®, Sawanya C haroenla ppanit®,
Janthima Jaresitthikunchai®, Sittiruk Roytrakuls & Watcharin Loilome352
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297 participants
accuracy = 95%, precision = 96.29%,

sensitivity = 92.86%, specificity = 96.88% 81 participants
256 participants




Objective: CCA serum peptide barcode database

of KKU and Lao PDR cohorts

Unknown barcode

Serum peptide barcode database

30



Peptide barcode

1792 peptides were detected

KKU-BBD
KKU-HCC
KKU-LM
LAO-CCA
LAO-HCC
LAO-LM
LAO-other CA

LAO-unidentified
1000 Da 6000 Da

Peptides <10 kDa

\

Difference between peptide barcode of
KKU-HCC and LAO-HCC,
KKU-LM and LAO-LM

Maldi-TOF MS
analysis

‘ BBD: Benign Biliary Diseases
CCA: Cholangiocarcinoma

HCC: Hepatocellular Carcinoma
LM: Liver Metastasis

NC: Healthy control

Peptide
Barcode

31



Leptides <10 kDa }

\

Maldi-TOF MS
analysis

\

Peptide
Barcode

Different peptide barcode between
KKU-HCC and LAO-HCC

93 downregulated peptides
764 upregulated peptides

32



Leptides <10 kDa }

\

Maldi-TOF MS
analysis

\

Peptide
Barcode

Different peptide barcode between
KKU-LM and LAO-LM

60 downregulated peptides
692 upregulated peptide

33



Serum peptidome by LC-MS

625 peptides were identified

34



Peptide
biomarker

t

LC-MS analysis

t

Peptides <10 kDa

KKU-LM

KKU-BBD Lao-Unidentify

KKU-HCC Lao-LM

Lao-Other

Serum peptidome by LC-MS

Lao-CCA

Lao-HCC

35



Serum peptidome by LC-MS

Peptide
biomarker

1 36 downregulated peptides
6 upregulated peptides

LC-MS analysis

t

Leptides <10 kDa }

36



LC-MS analysis

Peptide
biomarker

t

t

L

eptides <10 kDa }

Serum peptidome by LC-MS

17 downregulated peptides
4 upregulated peptides

37



Peptide
biomarker

t

LC-MS analysis

t

Peptides <10 kDa

Serum peptidome by LC-MS

VIP (Variable Importance in
Projection) scores of PLSDA analysis

206 DEPs

ANOVA

38



Peptide
biomarker

t

LC-MS analysis

t

Peptides <10 kDa

Serum peptidome by LC-MS

KKU-BBD
KKU-HCC
KKU-LM
LAO-CCA
LAO-HCC
LAO-LM
LAO-other CA
LAO-unidentified

6000 Da

Peptide candidate:
GDDPSDKFFTSHNGMQF
VSAGNLLTHVGHTILGMNTVQL
FLVAFGSD

ALFQCVAAVFIAQ
FDNPWAGGAL
SGKSQLLFALVF
SIRHLWSVVYDHFDVV
EKVYGSGEKVAGRVIVEVCEVT
NQEQVSPLTL
AMFKVGPEADKYRLTYA
INEQWLLTT

39



Peptides <10 kDa

\

Maldi-TOF MS
analysis

\

Peptide
Barcode

Peptide barcode and Peptidome

47.82%

Difference between KKU-HCC
and LAO-HCC

41.96%

Difference between KKU-LM
and LAO-LM

Factors: Maldi-TOF MS
sample degradation
contamination
storage temperature

Solution: sample handling
re-analyze the peptide barcode
Al assisted data cleaning and normalization

Peptide
biomarker

t

LC-MS analysis

t

Peptides <10 kDa

40



Future work

Peptide
b'omirker * Re-analyse the peptide barcode of all serum
samples from KKU and Lao PDR using Maldi-TOF
MS
* NC - BBD - CCA
LC-MS analysis e HCC - LM - other CA
1 * Analyse remaining serum samples from KKU and

Lao PDR via LC-MS

Lpﬁdes(mknj * |dentify specific peptide biomarkers for CMU
team

‘ e Ask for help from Al team (NECTEC or ADMU)

» establish the Mass spectral Library
» design the Mass spectral library searching software

Maldi-TOF MS
analysis

\

Peptide
Barcode

41



Bio photonic sensors analyzer (BiPhoS)

The multi-biological detection

« Sensorl: CA19-9

« Senser2: 8NG

« Senser3: MUCb5ac

« Senser4: beta-HCG

Protein coating on SiN
sensor (Cover form S. This technique is based on the changes of resonance wavelength from

Udomsom et al., ACS Ag-Ab reaction which generated by the SiN ring structure .
Omega, 2024.)

)

Resonance wavelength shift (AM)

)

Samples flowed to sensor by
using microfluidic system

Input light source was generated by
Tunable laser wavelength 1550 nm AN o< Concentration




CMU’s activities

Activities 1-6 6-12 13-18 | 19-24
month | months | month | mont
S S hs
v

Construct of BiPhos of multiplex peptide
based for CCA diagnosis.

BiPhos testing & analysis. v

Design and develop the aptamer or antibody *
to detect peptides based on CCA diagnosis.

BiPhos testing & analysis. *

43



Itaconic crosslink (IA crosslink)
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850

—NPs+flu 10nM
—NPs+flu 5nM
—NPs+flu 2.5 nM

NPs+flu 1.25nM
—NPs+flu 0.625 nM
—NPs
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BiPhos Ver.3

BiPhos Ver.2 BiPhos Ver.3

Size

Light source

Detectors

Measurement

Sensor for detection

29*45*26 CM

Broadband
(1528-1563 nm)

Power meter

5 min

Single sensor

30*27*24 CM

Broadband
(1528-1563 nm)

OSA

2-5s

Multiples-sensors

45



Project kick-off

On line discussion
20 Oct 2025

KKU-BIOTEC-
NECTEC-ADMU-
Feb 06, 2026 NICT’s team Feb 09, 2026



Workshop on Developing photonics and specific peptides platform towards
point-of-care screening for cholangiocarcinoma diagnosis in Lao PDR

on February 12 to 13, 2026 at Vientiane, Laos



Visit four Hospital that will participate in 2" study

Mahosot Hospital Setthathirath Hospital

Mittaphab Hospital National Cancer Center



Future works

1.Finish Raman & peptidomics investigations

2.Re-analyze Raman & peptidomics data

3.Integrate AL & Advanced ML for Raman &
peptidomics analysis

4.Select candidate CCA marker and transfer to CMU
for BioPhos development

5.Develop BioPhos for multi-markers CCA diagnosis
and testing in real samples

6.Prepare cohort study in 4 hospitals in Lao’s patients
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