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a Biological continuum of disease

222222222222

b Current approach of clinical trials € Individual variation in the response
to treatment

Therapy (mainly Rx)
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Adverse No Benefit

Number of individuals
Response magnitude

Event Benefit
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" GENE MO HINH Y HOC CHiNH XAC - CA THE HOA

Z SOLUTIONS
Stratified Medicine Precision Medicine

Patients are grouped by: Individual patient level:
Disease Sub-types Genomics and Omics
Risk Profiles Lifestyle
Demographics Preferences
Socio-economic Factors Health History
Clinical Features Medical Records
Biomarkers Compliance
Molecular Sub-populations Exogenous Factors

it o0 0
3 Companion Diagnostic
Sample ’ B @ (OO0 Biomarker

Therapy (mainly Rx)

(Enrichment strategies] Therapy (Rx + Dx = CDx)

A

NN N & N
S
|.| ’ﬁl I.I Iﬁ|
Patient groups benefit from more targeted Each patient benefits from individualized
treatment treatment

Decreased Prognostic Predictive
heterogeneity enrichment enrichment
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Y HQC HE GENE (GENOMIC MEDICINE) TRONG VONG POI CON NGUOI

Y HOC HE GENE

Viéc str dung céng nghé thong
tin va c6ng nghé gen (vi du: giai
trinh tw gen, bao gom toan bd bd
gen va exome hodc da gen) dé
xac dinh nguy co va khuynh
hwédng bénh, chan doan va tién
lwong cing nhw lwa chon va wu
tién cac lwa chon diéu tri, phong
ngua.

Curr. Drug Metab. 15, 209-217 (2014).
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GIO1 THIEU Y HOC HE GENE (GENOME MEDICINE))

Common practice ] Rapidly evolving
Analyses Sample types

Individual Sets of .
Individual Sets of
transcripts transcripts

. [ndividual Sets of

Requirements -

A Resources needed
A Potential for novel information
d Importance of pattern recognition

Journal of Internal Medicine, 2023, 294; 455-481




CONG NGHE DNA NGOAI BAO (CELL- FREE DNA): XET NGHIEM KHONG XAM LAN

Non-Invasive Prenatal Testing (NIPT)
(fetal DNA: 5%)

Cong nghé DNA
ngoai bao la cach
tiép can hop ly vé
chi phi va hiéu qua

Plasma and call-frea DNA

1 White blood cells
| Red biocd cells

cho nguoi Viét
Nam

~
Cell-free DNA

Cancer liquid biopsy (STL)
Late stage (ctDNA: 1%)
Early stage (ctDNA: 0.05%)

- Khéng xam lan
- Antoan, don gidn
- DO chinhxaccao

Théch thire: lwgng DNA ngoai bao muc tiéu rat thap 5 Crariating sormal ik }{ C ircslaki g furma: (340
trong mau




NGHIEN CU'U VE GENE/DI TRUYEN DA VA DANG THAY DOI THU'C HANH Y KHOA

Hé Gen phuc vu Strc khoé Cong Déng

Public |
Health
Genomic?;"'f

GENOMICS &
PERSONALIZED
MEDICINE

WHAT EVERYONE NEEDS TO KNOW™

Exponential growth in DTC and NIPT testing Exponential growth in genome sequencing
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HE THONG TRUNG TAM XET NGHIEM NGS CUA GS TAI DONG NAM A

TIEN PHONG CHUAN HOA CHAT LUONG QUOC TE TRUNG TAM XET NGHIEM NGS TAI VIET NAM

Ay
U

' 100K +

Xthhang

%THE MEDICAL CITY 1,000’0004_

PHILIPPINES Xét nghiém cho thai phu

rr / ’g" lOK 50,000+

XN/thang Xét nghiém cho chan doan bénh nhi
XNithang ~ U L L 40,000+

ﬁ Xét nghiém cho hé tro’ diéu tri ung thw
Y 33,000+
Cho tam soat dw phong ung thw
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Es Frkalon 40+
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CAC PHUONG PHAP SANG LOC TRU'OC SINH

XET NGHIEM SINH HOA Cell-free Fetal DNA

Thuc hién tir tuan thai 11 — 13: Double Test
W Maternal DNA

DWW Fetal DNA

Thuc hién tir tuan thai 18 - 20: Triple Test

XET NGHIEM NIPT

(Non-Invasive Prenatal Testing)

Dwa trén DNA cua thai nhi dwoc phong thich tir banh
nhau vao mau me dé phat hién bat thuwdng vé sé

lwvgng NST (HC Down, HC Edwards...)

e Thuc hién tir tuan thai 9
* Khbéng xam lan va dd chinh xac cao

 Hon 90 qudc gia d3 st dung

lllustration adapted from Genetic Counseling Aids, 7th Edition, Copyright 2020, permission for use
granted by Greenwood Genetic Center




NGUYEN NHAN BAT THUONG BAM SINH

7-10%
Mbi trwong 20.000 gen
> 4000 bénh don gen

Bat thwong NST

1. Bat thuding s6 lwgng NST: 2, Bat thudmg cau triic NST 3. Dot bién
dw hodc mat 1 NST Vimat doan/ Vi l3p doan diém trén gen

50-60% N
Khéng ré nguyén nhan | | | | I I I I
1 2 3 4 5

Dot bién gen

41.000 WEEs#

Tré bi di tat bam sinh/na

13 PHUT

C6 1 tré di tat bam sinh chao doi

17 18
I}
1.700 A BT

Tré t&r vong do dij tit bam sinh/ndm

(|
I 1
I 1
I 1
RN RN R H
6 7 8 9 10 11 12 ::
I 1

Wi H o0 ou
13 14 15 16

Ngudn: B6 Y Té Viét Nam Keith.L.Moore T.VN. Persaud, Mark G. Tochia (2008), "The Developing Human-Clinically Oriented Embryology". 8th edition




QUY TRINH XET NGHIEM NIPT

Taylor & Francis

THE JOURNAL OF MATERNAL-FETAL & NEONATAL MEDICINE
Taylor & Francis Group

https://doi.org/10.1080/14767058.2018.1481032

10ml mau me ORIGINAL ARTICLE
Establishing and validating noninvasive prenatal testing procedure for fetal
‘ aneuploidies in Vietnam
4 X Minh-Duy Phan*** (), Thong V. Nguyen®*, Huong N. T. Trinh?, Binh T. Vo®f, Truc M. Nguyene'f,
Tach chiét DNA tU’ do cell Nguyen H. Nguyen?, Tho T. Q. Nguyen", Thuy T. T. Do®, Tuyet T. D. Hoang", Kiet D. Truong/,
free DNA Hoa Giang®' and Hoai-Nghia Nguyen®
‘ 3Gene Solutions, Ho Chi Minh City, Vietnam; ®School of Chemistry and Molecular Biosciences, the University of Queensland, Brisbane,
Lam giau DNA ty
do
NST 21 NST 21
(binh thwong) (H6i chirng Dolvn)
Giai trinh tw: hé théng NGS lllumina - .
_C;:fﬂ- . thai
‘ F: thai 5&;
Phan tich di liéu: thuat toan triSure o o
da duoc kiém ching ﬁ'cﬁ ﬁ
‘ o | me “Cffo Me
LA ar ‘a £ . a ~- .szf“
Phat hién tin hiéu bat thwong 1éch boi P =
ﬁ"\-.
s

\

thuat toan triSure da dwoc kiém chirng két hop 2 phwong phap: count-based va size based

Phan et al. Establishing and validating noninvasive prenatal testing procedure for fetal aneuploidies in Vietnam.

J Matern Fetal Neonatal Med. 2018 Jul 10:1-7
s


https://www.ncbi.nlm.nih.gov/pubmed/29865915

CAC CONG BO KHOA HOC CUA NIPT KIEM CHUNG TREN THAI PHU VIET NAM

1. Sang loc léch boi- + 2. Tich hgp sang loc gen

3. Tich hgp sang loc 25

2017 bénh thé an-2020 bénh don gen trdi -2022
Thiét 1ap quy trinh: SEN,  Tan sudt 9 bénh di Cong nghé NGS sau va dua
SPE, PPV truyén ldn pho bién nhat  trén amplicon
Phan biét bat thuong t LA nohAchnalng e
N X it | et | et ESTABLISHMENT AND ASSESSMENT OF A
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Establishing and validating noninvasive prenatal
testing procedure or fetal aneuploidies in
Vietnam
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Reducing false positive rate of fetal monosomy X in mm reports

non-invasive prenatal testing using a combined algorithm
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Developing and validating noninvasive prenatal testing for de novo

autosomal dominant monogenic diseases in Viemam

o Thuy i Mink T hi on
firh Thi Ha,

Kha nang xét nghiém duong tinh
khi thai that su mac di tat
(D6 nhay)

triSure - NIPT

98% (1)

Xét nghiém sinh hoa

(Combined test)

82% (3)

Kha nang xét nghiém am tinh khi
thai that su khéng mac di tat
(Do dac hiéu)

99% (1)

95% (3)

Kha nang thai that su mac
di tat voi két qua xét nghiém
duong tinh
(Gia trj tién doan duong chung
cho Trisomy 21-18-13)

94%
thong ké dua trén
34.250 xét nghiém da tién hanh

6% (2)




GIA TRI LAM SANG CUA NIPT

1 | Gidm s6 ca bénh bi bo sét 99% (chi bo sét 1 ca)

Ti 1& phat hién 85% (ctr 100 ca bénh, bo sét 15 ca)

. BAGLLEARLALALALARLLLARALLGLRALGLLLLGALLLGRELLLLLLS
Combined test , - ,
BLlLLLLULRLALALLLLLLRLLALLGRLLGLLGE
Ti 1& phat hién 99% (c(r 100 ca bénh, bo sot chua dén 1 ca)
NPT I S R I I R A R R R I I I I I R I I

A3 IR,

(Grace et al. Obstet Gynecol Sury
2016 August. 71(8) 477-487)

NIPT giam 1 5X

sO ca bi bé s6t (3m tinh gid)




GIA TRI LAM SANG CUA NIPT

2 | Gidm thwc hién chan doan xam lan

Chan doan |
P (dich 6i/gai nhau) ' 250-500 ca
51.333 : ” Césgfi;acig
‘ : NIPT giam
[Combined test]—> thai phu )
nguy
>1/250| cocao 2 5 X

sd ca choc 8i “oan”



NIPT NANG CAO- GIAI PHAP TOAN DIEN

Bat thuwong so lwong NST Dot bién gen — Bénh di truyén lan
(HC Down: 1/700) 9 bénh thé an thudng gap
(Tén suét < 1/100)

Dot bién gen — Bénh di truyén trdi — dot bién maéi - de novo
25 bénh di truyén troi — 30 gen
(Tan sudt cdéng gdp: 1/600)

(1) Baird, P. A. et al. Am. J. Hum.Genet. 42, 677-693 (1988).

(2) ACMG, Practice guideline, June 2008

(3) GeneReviews
e 000 99 D 0009090000 [
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KHAI NIEM VE CIRCULATING TUMOR DNA (CtDNA)

Apoptotic bodies
Point mutations

— Copy number
| | alterations

Rearrangements

B ~Methylation
s/ changes

' Exosomal DNA

Nature Review, Cancer,
24 Feb 2017
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7//“;\‘ SOLUTIONS ) Multi - can

( V7 GENE €) SPOT-MNS

XU HUONG TAM SOAT

Tam soat ung thu gilp ci thién séngGidi han clia tdm soat ung thu hién
tai

con

Sinh thiét ldng: Conga K(RM 864tS lungli K3\ pha

Early stage

O O O

(00000060
More than 9 in 10

Late stage

Around 1in 10

Note:
1. Siegel R et al. CA cancer J Clin. 2018;68:7-30
2. https://seer.cancer.gov/archive/csr/1975_2015/.

Chi tadm so&t don co quan

Phuong phap xam l&n
Tiép xtic vdi birc xa

Ty |é duong tinh gia cao
(46%—60%)
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GIAlI PHAP TAM SOAT DA UNG THU’

1.KJJt h p nhi Qu x ®t
t2nh gi [ cao + <chi
2.Ch_p -@€&cThi ph?2z qus§s§
3.KhlFo s8t t3m tJ] b~
4.Ctng ngh’  Ct DNA:

O ung
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m h3nh
cao
d€ehng

[nh dhekng

t2nh gi [
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khl[ thi

Carcinoma @ ®

Mach mau
-
®s ® - ® 3. Thoat mach
.
- ® - - - ; Chuyén
: Qhuyen dang dang lMET
iéu mo-trung moé
®oe o000 _ T cte) el
Mang S N 7/ e
déy A ar R = - ™ ~
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2. Xuyén mach
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B0z Nat Rev Cancer. 2017;1714!:223—38
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TAM SOAT PA UNG THU BANG CtDNA KHAC VO1 TAM SOAT THUONG QUY?

* DNA methylation profiles

ra Y ™ . Glioma »  IDHmutated gliomas AUC: 0.99
¢ EBVDNA ol IDH wide-type gliomas AUC: 0.99
Sensitivity: 97.1% 4« | Nasopharynx | Iy
Specificity: 98.6% s .
\ > o 5 methylation markers
P : Sensitivity: Stage I/II/II/1V,
o . « Promoter methylation of 6 genes P Esophagus 53 D‘;o ;\24y0% /797 Oi/u//92/0% .
o @ 0 (SOXT7, TAC1, HOXAT, CDO1, HOXA9 Specfiity 91.0%
. s X M > and ZFP42) \ i o
i Late stage Sensitivity: 93.0%; Specificity: 62.0% I
Very early stage Early stage Intermediate stage g Y 0, 5P Y. 62.U% . o VL methylation
S 9111 ~ * Lung Clip score (CNVs plus SNVs) 4 Lung Sensitivity: 0%-50.3%;
Liquid biopsy ( ) B - Sensitivities: Specificity: 90.7%-100.0%
i ) it Stage |, 63.0%
\ ~ N Traditional methods Smge e .  RASSFIA methaon
/ Stage Il 75.0% . Kidney » Sens!tlv!ty: 459 o/0—62.91 o/o;
Specificity: 80.0% \ / Specificity: 93.0%-93.3%
0 \

cfDNA methylation signatures
Plasma: AUC, 0.97-0.99;

€=

Cd score (10 methylation markers)

Cell-free DNAs Sensitivity: 83.3%; Specificity: 90.5% Urine: AUC, 0.85
microRNAs m o Wd score (32 5-hmC markers) 5
Exosomes ﬁ Sensitivity: 82.7%; Specificity: 76.4% . gEP Tt9 Tﬂ%lggogg »
it W3 ensitivity: 48.0%-90.0%;
Circulating tumor cells T Lung ,\ * HCC screen score ( TP53, CTNNBT, Specificity: 73.0%-97.0%
— * wemlV 7
AXINT and the promoter region of )
LD-CT TERT, HBV sequence and protein < o < B
A ‘ markers, AFP and DCP) Sensitivity: 59.0%
! ./ Mukiple Lung Sensitivity: 100.0% Specificity: 94.0% b Specificity93.0
¥, cancer types : lﬂ \\ 1 !
0 op ! Breast | o HIFI score (5-hmC , motif, fragmentation, Colorectum ) ¢ SFRP2 meythylagpn S
AN - nucleosome footprint) . Sensitivity: 89.2%; Specificity:73.0%
- , Mammography Sensitivity: 95.8%; Specificity: 95.0% * NDRG4 BMP3 methylation plus KRAS
o Mach_lne %P | Cancer ® + ¢fDNA fragmentation mutation and Hgb immunohistochemical
learning ’ ‘ Ll Sensitivity: 96.8%; Specificity: 98.8% Sensitivity: 92.3%; Specificity: 73.0%
N y » 4 b’ (Er—— o Cd-score (9 methylation markers)
\ e _ Colorectum | « BCa-specific methylation markers y Bladder / Sensitivity: 87.9%; Specificity: 89.6%
Tissue Sensitivity: 90.0%; Specificity: 83.1% / ‘_‘
9 of origin Colonoscopy Ve \ * KRAS mutation plus protein biomarkers
* Methylation signatures: cytologically 7 (CA19-9,TIMP1 and LRG1)
nonmalignant vs CIN2 + smear ¢ Cervix uteri Sensitivity: 64.0%;
(TCervrutean) AUC: 0.69-0.87 | Pancreas > Specificity: 99.5%
: " o 5-hmC markers
. . AUC: 0.74-0.97
Thin prep cytologic test

Gao, Qiang et al. The Innovation, Volume 3, Issue 4, 100259
s




QUA TRINH PHAT TRIEN CONG NGHE SPOTMAS TAI VIET NAM

i Thang 10/ 2018

1
—Cell-free DNA H
— Giai trinh tw thé hé mai
~ D liéu 1&n
~ Phan tich nhiéu dac tinh
cua cfDNA

M6 hinh may hoc

Phéat hién da ung thuw sém

Identification of tumor origin

H

20,000 bénh nhan ung thw
(dir liéu tw thu thap)

Thang 12/2021
Tham dinh quy trinh phan tich

Duy nhat mét quy trinh thue hién
(cho phan tich nhiéu dac tinh):

o D 13p lai va do tai lap

PcN

Thang 12/2022 *

Chuong trinh K-DETEK
(NCT05227261)

2,700* nguoi tham gia khéng cé dau hiéu ung
thu tir 13 bénh vién/trung tam y khoa
Trang thai: hoan thanh

Chuong trinh K-DETEK mé& réng

10.000* ngudi tham gia khéng cé dau hiéu ung
thu tr 75 bénh vién/trung tam y khoa
Trang thdi: dang tién hanh

1,620 nhém bénh-chirng
(nghién clru héi ciru)

PN

10,000 ngur&i khde manh
(nghién ctru doan hé)

Nam 2023
Lugng gid m& rong

K-DETEK for SEA

4,0007 ngudi tham gia
khong c6 dau hiéu ung thu
(Indonesia, Thailand,
Philippines)



( £ < Bnons  (§) SPOT-MNS GI A TRl CUA

SPOT-MAS Galleri Dau hiéu sinh hoc khéi u Xét nghiém hinh anh hoc

(GRAIL, Hoa Ki) (CEA, CA19.9,..)
Sensitivity 73.9% (1) 51.5% ©3) 6.6% - 10.8% ()
Specificity 95.9% (1) 99.5% (3)
Positive Predictive Value 60% (2) 40-49% ) 2.7% - 5.8% ) Mammography: 36.5%
(PPV) FIT: 5.8%

Low-dose CT: 3.3% - 43.5%

Accuracy of Tumor Origin 83.3% (2) 89% ( on report)
Prediction

(1) Retrospective study of 1,620 case-control cohort; Nguyen et al. Vietnam Medical Journal, Volume
1, April-2022

(2) CANCER INVESTIGATION. https://doi.org/10.1080/07357907.2023.2173773(3)
https://pubmed.ncbi.nlm.nih.gov/34176681/

(4) PHATHFINDER validation program on 6,629 participants

(5) https://www.nature.com/articles/s41598-020-75319-8
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ONCOGS: KHAO SAT DOT BIEN CHO 12 LOAI UNG THU’

Ungt hp h ZEGFR, KRAS, BRAFENRAS, MET, HER2, ALK, ROS1, NTRK, PIK3CA, RET, TP53, SKT11
Ungt hL Htir grang: KRAS, NRAS, BRAF, HER2, PIK3CA, NTRK fusion, RET

. BRCA1, BRCA2, PALB2, PIK3CA, ESR1, HER2, NTRK fusion, RET
Ung t h H Hday: HER2 mutations, PIK3CA, NTRK fusion, BRAF, RET
Ungt hit uy 'gidap: BRAF NTRK fusion, ALK, RET

:NnBRCAL1, BRCA2, BRAF, NTRK fusion, RET
' BRCALl, BRCA2, PALB2, AR, NTRK fusion, RET
- NTRK fusion, RET

Ung t ht u:cBRCALl, BRCA2, KRAS, NRAS, BRAF, RET, NTRK fusion
Umod I <nl 1 Y ntigu hoda GIST: KIT, PDGFRA, BRAF, RET
Melanoma : BRAF, KIT, NRAS, RET

o o g g g oo 0 o000 oo g

Ung t h md6 bao Erdheim -Chester, Langerhans, Rosai-Dorfman : MAP2K1, KRAS, NRAS, BRAF



SINH THIET LONG KHAO SAT TON DU TOI THIEU KHOI U

Levels of ctDNA

PIEU TRI TRIET CAN

o Pap ung

diéu tri
tan ho tro

TAI PHAT/ DI CAN

Theo doi
tai phat
sau ho tro

Phat hién

ton du toi _ u

oTheo doi dap ]

&rng khi diéu tri

| thiéu

\
‘\, Minir?{Residual disease-MRD
N

Time

Nature Review, Cancer, 24 Feb 2017




NG D NG LAM SéNG T N

Cadi KEA 46 K

R | ] 1

MRD
PHAU THUAT
2 . lan1 Lan 2 Lan1 Lan n+1 Lin1 Lann
Lich thumau  (TruécPT) \ (Sau PT 2-4 tuan) (Truére phéc d8) (Sau phéc d8) (Tu3n n)
Theo doi Theo doi o .
.‘» , | - Theo doi tai phat
ton du bo tro’
A 4
Maé&u mé u ’
Mau mdu ” U 1 i U U . ﬂ ‘ U
.\
ctDNA (-)
I Y J \ ' J
Theo ddi tir 2 - 4 tuan Trudc/sau két thic phc db, M31 3 thang/ 2 n3m dau tién
sau phau thugt va méi 2-3 chu ki trong qua M&i 6 thang/ 3 nam thir hai
trinh diéu tri)




MOl TUONG OUAN GI A MRD G e

HCC Breast
Post-operative ctDNA Il Relapse [ No Relapse Post-operative ctDNA I Relapse [ No Relapse
& 1007 1007 &2 Sensitivity = 82.8% & 1007 1007 Sensitivity = 100.0%
S 80- o 80- Specificity = 96.0% S @ 807 Specificity = 93.8%
2 5 PPV = 96.0% S 80 5 60 PPV = pending
a 601 p<0.001  —-ctDNA+ F 607 NPV = 82.8% @ 5 NPV = pending
$ 40 HR:17.92 - ctDNA- -g' 40 Accuracy = 88.9% 2 604 5 401 Accuracy = 94.1%
2 20- = 20- 2 = 20-
(] [0)]
g 0 T T T T T T 1 0' § 40 T T T T 1 0“
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Months ctDNA . Months ctDNA
Number at risk Number at risk
ctDNA+ 25 23 8 6 4 2 0 O Lead time (months) = 2.0 (0 -7.3) ctDNA+ 13 12 8 5 2 0 Lead time (months) = 9.0 (3.3 - 13.2)
ctDNA- 29 29 27 27 27 24 10 O ctDNA- 123 120 108 63 36 0
CRC Gastric
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. Months ctDNA Months ctDNA
Number at risk Number at risk
ctDNA+ 12 11 6 4 2 2 2 0 Lead time (months) = 7.7 (3.5 - 10.5) CtDNA+ 5 3 3 1 0 0 Lead time (months) = 0.7 (0.7 - 6.1)
ctDNA- 43 39 28 19 8 6 6 O ctDNA- 37 37 30 14 6 0
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