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MUC TIEU

1.Liét ké va mé ta duwoc cac co ché chinh gay ra bat thwong
gen trong bénh ung thu;
2.Néu dwoc mdt s teng dung ciia chan doan phan tir trong

phat hién nguy co di truyén va diéu tri bénh ung thuw.



NOI DUNG TRINH BAY

1.GIOI THIEU CAC BAT THUONG GEN TRONG UNG THU

2.PHAT HIEN NGUY CO DI TRUYEN CUA UNG THU

3.PHAT HIEN CAC BiCH NHAM PHAN TU’ CHO BIEU TR
UNG THU




MO HINH UNG THU BAI TRU'C TRANG
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UNG THU LA “BENH CUA GEN” -
(genetic disease)
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POT BIEN CAC GEN RAS TRONG UNG THU M=K
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HOAT BDONG CUA KRAS BOT BIEN
KHONG CON PHU THUOC THU THE
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POT BIEN GEN P53 TRONG UNG THU

Uterine carcinosarcoma (n = 57)

Ovarian cystadenocarcinoma (n = 316)

Lung squamous cell carcinoma (n= 178) —

Esophageal carcinoma (n = 184)
Head and neck squamous cell carcinoma (n = 306)

Pancreatic adenocarcinoma (n = 91)

Colorectal adenocarcinoma (n = 223) -

Lung adenocarcinoma (n = 229)
Glioma (n = 289)

Bladder carcinoma (n = 130)
Stomach adenocarcinoma (n = 221)
Kidney chromophobe (1 = 66)
Hepatocellular carcinoma (n = 198)
Breast invasive carcinoma (n = 981)
Glioblastoma multiforme (n = 290)
Uterine carcinoma (n = 248)
Adrenocortical carcinoma (n = 90)
Skin cutaneous melanoma (n = 345)
Prostate adenocarcinoma (n = 261)

Acute myeloid leukemia (n = 197)

Cervical carcinoma (n = 194)
Kidney renal papillary cell carcinoma (n = 161)
Kidney renal clear cell carcinoma (n=417)

Thyroid carcinoma (n = 405)

Cold Spring Harb Perspect Med 2015;6:a026294
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GEN BE NEN KHOI U: P53

« Chét té bao theo lap trinh (apoptosis): con dwdng ndi
sinh va ngoai sinh
. P53 diéu khién chung
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CO CHE HOAT BbONG CUA P53

DNA damage
Cell cycle abnormalities

Hypoxia
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BAT THUONG PHAN TU PHUC TAP TRONG UNG THU
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PrC: prostate cancer; TC: Thyroid cancer (Laurent-Puig P, Clin Cancer Res 2009) 11



THUOC NHAM TRUNG DiCH PHAN TU':
TRONG VA NGOAI TE BAO
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New Approach to Cancer Therapy Based on a
Molecularly Defined Cancer Classification

Javier Cortés, MD, PhD"%; Emiliano Calvo, MD, PhD®; Ana Vivancos, PhD%;
Jose Perez-Garcia, MD®; Juan Angel Recio, PhD®; Joan Seoane, PhD”

A Novel Classification of Cancer

Following this rationale, we propose a different approach
to the classification of cancer that may have important
implications for treatment and research. If driver mutations

present in tumors determine the treatment of cancer, then
we should study and classify cancer based on its molecular >
res rather than by the organ of origin of the tumor,

Thus, comparisons between dilferent tumor types with

common molecular characteristics not only could help us
understand the biology of these diseases but also would
have crucial research and therapeutic implications. New
clinical trials should include patients with similar tumors,
as defined at the molecular level, independent of the organ
of the tumor. Some examples are discussed below.

CA Cancer ] Clin 2013;000:000-000. © 2013 American Cancer Society.

13



CAC DANG BAT THUONG CUA GEN
TRONG BENH UNG THU

KHUECH DAl GEN (gene amplification): Tang biéu hién protein
MAT GEN: Mat biéu hién protein (d& nén u)

POT BIEN GEN (point mutation, insertion, deletion):

Thay déi ban chat cua protein

TAO GEN TO HOP (gene fusion): Tao protein moi

THAY BOI NGOAI GEN / BIEU GEN (epigenetic):

Thay déi m&rc dd biéu hién protein

14



KHUECH DAl GEN: TANG SO LUONG BAN SAO am \b7

Lk A
Mormal Amplification
Gana Lana Gana Gana

Mormal numiber Many more copias
of copies of a genea of gene than normal
Mormal protein activity Increased protein activity
& controlled call growth & uncontrolled cell growth

2 LUMGewity Foundation 15



KHUECH BAI GEN HER2/ UNG THU VU

Normal (1x)
~ 25,000-50,000 HER2
receptors

Overexpressed
HEFP.2 (10-100x)
upo ~ 2,000,000

Lai tai ché gan huynh quang Hoéa mé mién dich
(FISH: fluorescence in situ hydridization) (IHC: Immunohistochemistry)



DOT BIEN TANG CHUC NANG
(gain-of-function / activating mutation)

M ARGV

Mutated DNA
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BOT BIEN GEN EGFR/ UNG THU PHOI:
THU THE BDUOC HOAT HOA KHONG CAN PHOI TU
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Gana A Gaena B

Fusion gene AB

"y

Protein A Protein B Fusion protein AB

s Y
) 45
Center for Molecular Biomed

19

\E7



GEN TO HOP BCR-ABL TRONG BENH
BACH CAU MAN DONG TUY (CML)

Changed chromosome 9

Normal

chromosome 9 Chromosomes break
Changed
chromosome 22
Normal (Philadelphia
chromosome 22 chromosome)

1 ber - —
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, i
‘ |
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GEN TO HOP EML4-ALK TRONG UNG THU PHOI

b

Cell Cycle
Normal Fusion — Deregulation
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GEN TO HOP TRONG UNG THU M=%

Center for Molecular Biomedicine

. | First characteristic First characteristic | | . First gene fusions in
First . | translocations in translocations in . First characteristic . First gene malignant epithelial and
chromosome leukaemia: experimental . translocationina —oo..  fusion in T cell mesenchymal tumours:
banding 1{9:22)(q34:q11) in CML tumours: t{6:15) ' malignant mesenchymal BCR-ABL1 | @ neoplasms: RET-CCDC®6 in thyroid
technique is and 1{(8:21Hq22:q22) in and 1(12:15) in Ctumour: t{2:13Hqg36:q14) detectedin | | TRA-MYC carcinoma and EWSR1-FLI1
introduced® | | AML®® MPCs | in ARMS™ CcML0an | in T-ALL* ™ in Ewing sarcoma'*”-118

First specific . First characteristic First characteristic First gene fusions in ‘ First characteristic First gene fusion in
chromosome translocation in translocationin a B cell lymphomas: translocations in malignant AML: PML-RARA
change in neoplasia: ymphoma: benign epithelial IGH-MYC, IGL-MYC. epithelial tumours: in APLts-116
Philadelphia 8:14)q24:q32) in tumour: IGK-MYC in Burkitt t(X:1Mpl11:q21) in kidney

chromosome Burkitt lymphoma'! t(3:8)(p21:q12)in lymphoma and MPC35 57 cancer and t(6:9)(q23:p23)

detected in CML7 SGA?** in salivary gland ACC?77*

First gene fusions in First gene fusion

benign mesenchymal found in a high First FDA-approved

and epithelial tumours: frequency in a TKI treatment for a

HMGAZ—LPP in lipoma common cancer: Launch of carcinoma with a

and CTNNB1-PLAGI1I in TMPRSS2—-ERG in The Cancer specific gene fusion:

SGA97.172 prostate cancer’® | Genome Atlas EML4-ALK in NSCLC

Imatinib. a TKI that First FDA-approved First gene 9,928 gene
specifically targets the TKI treatment for a fusions fusions
BCR—-ABL1 fusion protein in mesenchymal tumour detected by involving 8.607
CML. is approved by the FDA with a specific gene deep genes known
fusion: COL1A1- sequencing*® in neoplasia® | Nat Rev Cancer 15, 371-381 (2015).

PDGFRB in DFSP
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NOI DUNG TRINH BAY

2.PHAT HIEN NGUY CO DI TRUYEN CUA UNG THU
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Sporadic cancer

Majority of cancer patients
(90%)

Genetic change occurs during
life

Localized mutation detected in
tumour “somatic”

Both hits in tumour, none in the
blood

No pattern in family tree

Elderly to accumulate second
hit

Hereditary cancer

Minority of cancer patients
(10%)

All cells in body carry mutation
‘germline” = first hit

Second hit observed in tumour
Family tree with a pattern
Unusual tumours

Multiple cancers in same
individual

Young cancers



5—10% UNG THU CO TiNH DI TRUYEN
(>90% UNG THU CO TiNH NGAU NHIEN)

Ung thw xuat hién s&m (trwére 50 tudi/ ung thw dwdng
tiéu héa, trwdc 40 tudi/ ung thw vi — budng trirng)
Ung thw di thwd'ng (ung thw va/ nam)

Ung thw nhiéu vj tri co’ quan khac nhau

Ung thw hai bén (va, than) hodc da 6

Trong pha hé c6 nhiéu ngwdi ung thw lién quan

Trong pha hé cé nguwdi mang ddt bién gen gay ung thw



GEN GAY MAN CAM VO'l UNG THU

A predisposing ‘hit’
suggested for
familial cancers;
recessive cellular
mechanism
proposed for
autosomal

dominant cancers™

Identification
of the
retinoblastoma
gene RB1

(REF. 93]

* TP53 germline

mutations identified

in Li-Fraumeni
syndrome®%

* Assignment of
early-onset familial
breast cancer to

17q21(RER 9)

Assignment
of familial

* |dentification of BRCA1 at 17q21 (REF. 105)

* Mapping of second breast cancer susceptibility
locus to 13q12-13 (REF. 10)

* |dentification of MLH1 (REFS 102,103)

* Germline p16 mutations in familial melanoma

104

melanoma
to 9pl3-pl2
(REF. 14)

1990 1991

1992 1993

1994

E-cadherin mutations in
familial gastric cancer'”

Demonstration
of association
between
common
variation at 8q24
and prostate
cancer risk®

GWA studies harvest
multiple low penetrance risk
loci for common cancers
(colorectal, breast, prostate
and chronic lymphocytic
leukaemia)5+7s360sse0E1

1995

1998

2002

2006

2007

Genetic
model for the
incidence of
embryonal

cancer

* Assignment of
FAP to 5q21
(REFS 11,94)

* Increased risk of
breast cancerin

female ataxia
telangiectasia
carriers®

|dentification | | Assignment of hereditary |dentification | | * MUTYH as a basis of
of APCasthe | | non-polyposis colorectal of BRCAZ at recessive colorectal
gene for cancer tochromosomes 2p | | 13q12-13 cancer®
FApsT-# (MSH2) and 3p (MLH1)*4 (REF. 106) s Demonstration that
| CHEK2*1100delC
Identification of MSH2. variant confers
Mutator phenotype in twofold increase in
colorectal cancer'® breast cancer risk™*

2008

2009

GWA studies
identify low-
penetrance
risk loci for
breast
cancer +41®

» Demonstration of long-range
interaction between the
common 8q24 risk variant
rs6983267 and MYCHE:

* Exomic resequencing
identifing PALB2 mutations as
a cause of familial pancreatic
cancer”

APC: adenomatous polyposis coli; FAP: familial adenomatous polyposis;
GWA, genome-wide association (Fletcher O, Nat Rev Cancer 2010)



Cancers with inherited mutations

Tumor type
HEAD & NECK
ENDOMETRIAL /
LUNG 2 7% ‘
KIDNEY 5%
GLIOBLASTOMA
) s 10 15 20

Percentage of tumors with inherited mutations

Nat. Commun. 6:10086
doi: 10.1038/ncomms10086 (2015).




POT BIEN MAM & BOT BIEN SINH DUONG

GERM-LINE MUTATIONS
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Hoi chirng Gen lién quan Loai khéi u

Ung thw vi/budng trivng gia dinh BRCA1, BRCA2 Ung thw vu, ung thw budng trirng

Bénh polyp tuyén gia dinh APC Ung thw dai trwc trang, u xwong
U nguyén bao vong mac RB1 U véng mac, u xwong

HGi chirng Lynch MLH1, MSH2, Ung thw dai trwc trang, ung thw
(ung thw dai trwe trang di truyén  PMS2, MSH6  ndi mac tlr cung, ung thw da day,
khong polyp) ung thw budng trirng

HGi chirng Li Fraumeni P53, hCHK?2 Sarcédm mé mém, ung thw v,

u ndo, leukemia

HGi chirng Bloom BLM U dac
H6i chirng Cowden PTEN Ung thw vd, hamartoma
Thiéu méau Fanconi FACC, FACA  Leukemia cip dong tay

Ung thw than gia dinh MET Ung thw than, cac ung thw khac




CAC GEN MAN CAM VOI UNG THU VU cns¥

Center for Molecular Biomedicine
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BRCA: BREAST CANCER

D6t bién mam:

* 5% ung thw vu chung

« 20 - 40% céc gia dinh c6 nhiéu
nguwoi bi ung thw vi

«  Ngwo®i mang alen dot bién co
80% nguy co ung thw vu, 40%
nguy co ung thw budng trirng

HBOC cancer risks compared to the
general population

100% 1

80% 1

60% 1

40%

0%

20% t+ |

B general
population

O BRCA
population

ovarian breast male
breast

Bai véi ngudi mang alen dét bien (carrier):
 Tam soat: Chup nhi anh, siéu am va MRI
« Can thiép phong ngwa: Tamoxifen, doan nhi va/hoac

cat budng trirng
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Age-dependent penetrance of different germline <M
mutations in the BRCAT gene ., 1. s006250 555

Results: It is shown that different BRCAT gene mutations
have distinct effects that influence the age of onset of
breast or ovarian cancer. Mutations in exon 2 of the
BRCAT gene had significantly lower penetrance compared
with mutations of exons 11, 13 and 20. The median age
of affliction with breast cancer was 55 years for
185delAG in exon 2 (95% confidence interval (Cl) 46.7 to
59.5), 47 vyears for the 4184delTCAA mutation in exon 11
(95% Cl 39 to 55.4), and 41 years for exon 13 duplication
(95% CI 32.9 to 49.7) of the BRCAT gene. Moreover, 14
novel mutations in BRCAT and BRCAZ genes in the
Yorkshire/Humberside population were identified.
Conclusions: The 185delAG mutation of the B8ACAT gene
is a low penetrance mutation that is age dependent
especially when compared with the exon 13 duplication
mutation. The data have important ramifications on
screening, genetic counselling and prophylactic treatment

of BRCA1 gene mutation carriers. .



U NGUYEN BAO VONG MAC (RETINOBLASTOMA)

thickening of optic nerve
(B) due to extension of tumor

normal retinoblastoma
retina

1/20.000 tré sinh song, khéng phan biét chung tdc va gidi tinh.
Chiém 3% céac truong hop ung thw & tré em, la dang ung thu ndi
nhan thuwong gap nhat.

Som: dong twr trang, 1€, thi lwc kém.

Tré: mat do va dau

33



Mutation and Cancer: Statistical Study of Retinoblastoma

Proc. Nat. Acad. Sci. USA
ALFRED G. KNUDSON, JR. Vol. 68, No. 4, pp. 820-823, April 1971

ABSTRACT Based upon observations on 48 cases of
retinoblastoma and published reports, the hypothesis is

developed that retinoblastoma is a cancer caused by two Knudson’s hypothesis
mutational events. In the dominantly inherited form, one

mutation is inherited via the germinal cells and the second (tW O- hi t h y p ot h es | S)
occurs in somatic cells. In the nonhereditary form, both
mutations occur in somatic cells.

Normal individual Hereditary retinoblastoma
Inherited
mutant
RB gene

Il I

Occasional deletion of one Occasional inactivation of other &
of the two RB genes functional RB gene copy

Excessive cell
proliferation, leading
to retinoblastoma

No tumor formation Tumor formation




TAI CAC NUOC PHAT TRIEN

« Phat hién s&m u nguyén bao vong mac

« Bénh duwoc coi la chiva khai, ty 1& diéu tri thanh coéng >95%
« Thilwc duwoc bao ton

« CA4c ung thw thir phat trong UNBVM thé di truyén: Sarcom

xwong, mélandm, ung thw phdi, ung thw bang quang

Phat hién dot bién gen RB1:
« Tam soat ung thw cho ngwdi lanh mang alen dot bién
 Panh gi4 nguy co xuat hién b&nh & mat con lai trén bénh

nhan dang diéu tri



,.-"‘MV Molecular Vision 2019; 25:215-221 <http:/www.molvis.org/molvis/v25/215> © 2019 Molecular Vision
"": Received 17 February 2018 | Accepted 2 April 2019 | Published 4 April 2019

Spectrum of mutations in the RB/ gene in Vietnamese patients
with retinoblastoma

Nguyen Cong Kiet,! Le Thai Khuong,” Do Duc Minh,” Nguyen The Vinh,? Nguyen Huynh Minh Quan,? Phan
Thi Xinh,* Nguyen Ngoc Chau Trang,' Nguyen Thanh Luan,* Nguyen Minh Khai.* Hoang Anh Vu?
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POT BIEN GEN RB1 TRONG MO U VA MAU

Toan bd |Bénh 1 mat |Bénh 2 mat
(n =52) (n = 39) (n = 13)

Pot bién (+) 43 (82,7%) 32 (82,1%) 11 (84,6%)

potbién () 9(17,3%) 7 (17,9%) 2 (15,4%)

Mau
Pot bién (+) 21 (40,4%) 12 (30,8%) 9 (69,2%)

W Dotbién () 31(59,6%) 27 (69,2%) 4 (30,8%)

Chi c6 khoang < 20% d6t bién mam RB1 dwoc truyén tr cha/me,

da soO la dot bien méi phat sinh (de novo)
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UNG THU DAl TRUC TRANG

Nam trong nhém 5 ung thw hang dau & ca hai gioi

Ngay cang gap nhiéu & bénh nhan tré tudi

O bénh nhan tré tudi: C6 1/3 1a ung thw di truyén, trong d6 20%
khéng co tién st¥ ung thw gia dinh (Mork ME, J Clin Oncol 2015).

Sporadic Cases

Cases with Familial
Risk
10% to 30%

Lynch Syndrome
(Hereditary
Nonpolyposis
Colorectal Cancer)

2% to 3%

Hamartomatous
Polyposis Syndromes
<0.1%

Familial Adenomatous
Polyposis
<1%



Lynch syndrome (LS)/Hereditary non-polyposis
colorectal cancer

Germline mutations in one of four mismatch repair (MMR)
genes (MLH1, MSH2, MSH6, and PMS2) and EPCAM gene

MLH1 and MSH2 germline mutations account for approximately
90%;

MSH6 mutations ~7%-10%; and

PMS2 mutations in fewer than 5%.

Germline deletions in EPCAM (not a mismatch repair gene)
inactivate MSHZ2 in about 1% of individuals with Lynch
syndrome.
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80% -

60% -

40% -
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Lynch Syndrome Cancer Risks

Compared to the General Population

Colorectal Cancer Endometrial Cancer

B@Men with Lynch
@Women with Lynch

OGeneral Population




Amsterdam Criteria
used to diagnose Lynch syndrome (3-2-1)

Amsterdam Criteria

Three or more family members, one of whom is a first-degree relative of
the other two, with a confirmed diagnosis of colorectal cancer

Two successive affected generations

One or more colon cancers diagnosed before age 50 years

FAP(Familial Adenomatous Polyposis) excluded

Amsterdam |l Criteria

Three or more family members, one of whom is a first-degree relative of
the other two, with HNPCC-related cancers **



Lynch Syndrome

(MLH1 and MSH2 heterozygotes)

Cancer Type General Population Risk

Risk Mean Age of Onset
Colon 5.5% 52%-82% 44-61 years
Endometrium 2.7% 25%-60% 48-62 years
Stomach <1% 6%-13% 56 years
Ovary 1.6% 4%-12% 42.5 years
Hepatobiliary tract <1% 1.4%-4%% Not reported
Urinary tract <1% 1%-4% ~55 years
Small bowel <1% 3%-6% 49 years
SB‘::tizﬁ:entral nernvos <1% 1%-3% ~50 years
Sebaceous neoplasms <1% 1%-9% Not reported




Management of Lynch syndrome

Increased surveillance
Colorectal, endometrial, ovarian, urinary tract
Prophylactic surgery

Colorectal, endometrial, ovarian

Does surveillance help??

Detection of CRC at an earlier stage, to a 63% reduction of the risk of CRC
and to a significant reduction of the mortality associated with CRC



Molecular characteristics of yvoung-onset colorectal cancer in
Vietnamese patients

Minh Duc Do’ |  Thinh Huu Nguyen® | Khuong ThailLe® |
Bac Hoang Nguyen® | Kien Trungle® | Thao Phuong Thi Doan®
Hoai-Nghia Nguyen' | Tuan Diep Tran® | Hoang AnhWu'
TABLE 2 Geermiline mutations ard their associated syndromes
Patient Futation
YCRC-3 PrS2
341 _3498del (p.L114Ffs=22)
WO R =l APC
CA1P0SIinsG (pUGas 3 T WiTs®14)
YCRC-5% PrS2
CI7ERA = T (p K SBO)
WO RC =62 o |
c 27 Adel(p Pl12&RFs*829)
YCRC-87 MSHZ
c.11465C = T {(p.R38%%)
YORC-91 PASHZ
c2038C = T {p.R&BD")
YO RC-92 APC
C. 2927 _3931delAAAGA (p E130F 0 s 4}
Y RC-100 PSS HLS
c 394_395delCA (p.O132fs)
YO RC-101 MLH T
cCA19FEC = T {(p.R&STT)
YCRC-110 PSS

c1572_1573delCA (p¥524%)

Linh Hoang Gia Le' |
| Chuong Quoc Ho' |

Asia-Pac J Clin Oncol, 2022:1-8,

Aszociated syndromes

Lynch symdrome

Familial adenomatous polyposis (FARP)
Lynch syndrome

Hereditary diffuse gastric carcer
Lynch syndrome

Lynch symdrome

Familial adernomatous polyposis (FAP)
Lynch syndrome

Lynch symdrome

Lynch syndrome




NOI DUNG TRINH BAY

3.PHAT HIEN CAC BiCH NHAM PHAN TU CHO DIEU TRI
UNG THU
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UNG THU VU: CAC DAU AN PHAN TU

BREAST CANCER

MOLECULAR BIOMARKERS

| 60 - 70% | 20 - 30%

|5—10%

ER HER2

BRCA1/2

T
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PANH GIA HER2 BANG IHC VA FISH
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UNG THU VU: KHUECH DAl GEN HER2

C ) O )
C Eg O )
HER?2
(NST 17)

Binh thuvong: Ung thw vu:
2 tin hiéu mau do nhiéu tin hiéu dé

5B

Trastuzumab
(Herceptin)



UNG THU VU: KHANG TRASTUZUMAB

HER2
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|‘|',,-gsa;‘,'_‘.‘.’;'~'~ e 37 = "*‘&*!&'13”
A . - PI3K c E ,
PIK3R1/p85 PIK3CA/p110a. p|p — PDK1
mutated mutated/amplified z FiPs
p85 ):1;0(: Activation of \/ |
o g downstream signaling
l FIN pathways >< SO
! v
Constitutive activation of PTEN loss of function I :
PI3K/Akt ' LOSS OF INHIBITION ' Amplification Overexpression '
CCR Focus A
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PARP Inhibitors: Clinical Limitations and Recent Attempts to

Overcome Them Int. ]. Mol. Sci. 2022, 23, 8412.
,-—""'-SSBDNArepair ~~~~~ .
’," DNA damage \~\
<0 PR w oNA repair ue e
/” - o o \ ‘1 \\\
/ v WALYAFAL Yl \
] |} L ) L Y \
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i WA\ 1‘ AV 1A recruitment of repair complex '
'. Smgle-strand break (SSB) :
\ !
\‘\ v & y ’,'
\ /
\\\ PARP pARP ’1’
\\\ ‘i'([ ‘I" " q) Nt L ’,’ .
) * ’ } v( i —» '{ ' | DX S
S Bundlné to damaged DNA  NAD+ bmdmg and PARyIa,tloﬁ PO Iy (AD P B R I bose)
Synthetic Lethality PARPil ___________________ -~ Polymerase inhibitor:
Unrepaired SSB .
® \o PARYylation + O apari b
PARP  pARP Trapped on DNA .
NP PPN + Rucaparib
Converted to double-strand breaks (DSBs) + N | r ap arl b

Broken DSB repair system DSB ' t I . b
Homologous recombination mutatio repair system
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it Pl + Veliparib
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~ UNG THU PHO!:
CAC DOT BIEN GEN CHU DAO (driver mutation)

East Asla USA/Europe

HER2
(2-3%) (1-2%)

(2-3%)

(Takashi K et al., Transl Lung Cancer Res, 2015)



ALK MET HER2 :
~ Crizotinib * - Crizotinib ? - Trastirumaly smisnsine
~ Alectinib 4 -~ Cabozantinib 2 ~ Afatinib ?

EGFR Sensitizing ~ Ceritinib 2 : ~ Dacomitinib 2

L - - - 4

‘ S:::::::“ = Loratinl - PHERSS ROS1

g ~ Brigatinib 2 : D2

. Afatinib & >1 Mutation 3% > Crizotinib *

-~ Osimertinib ¢ EGER HER2 2% ~ Cabozantinib 2

~ Necitumumab ¢ Other 4% » Ceritinib 2

~ Rociletinib? ROS1 2% ~ Lorlatinib ?
RET 2% BRAF

Vemurafenib 2
Dabrafenib 2

\z\
-

)

A

[

[

3

\

v

PIK3CA 1%
Unknown RS0 e Cabg-z?ntinib 2
Oncogenic Driver ~ Alectinib 2
Detected ~ Apatinib ?
31% » Vandetanib 2
» Ponatinib ?
~ Lenvatinib?

NTRK1

Key
1-Phasel 3 -Phase lll
2 - Phase |l 4 - Approved

~ Entrectinib ?
~ LOXO-1012
~ Cabozantinib?

MEK1 PIK3CA
~ Trametinib 2 ~ L¥30234142
» Selumetinib ? ~ PQR309?
~ Cobimetinib !

~ DS-6051b!

(Tsao AS et al., J Thorac Oncol, 2016)
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TKI: TYROSINE KINASE INHIBITOR cmzK

Center for Molecular Biomedicine

P = e \_‘\_;.: P TN

\1) ="

_Anti-EGFR
monoclonal

—

actuity'of cytotoxic dmgs and radlotherapy

(Ciardiello F, N Engl J Med 2008) 53



Gefitinib or Carboplatin—Paclitaxel in Pulmonary
Adenocarcinoma

wes |RESSA EGFR M+ (n=132)
wsusss IRESSA EGFR M- (n=91)

Carboplatin / paclitaxel EGFR M+ (n=129)
----- Carboplatin / paclitaxel EGFR M- (n=85)

1.0

— EGFR M+
HR=0.48, 95% C1 0.36, 0.64, p<0.0001

L 0.6 ceess EGFR M-
. HR=2.85, 95% Cl 2.05, 3.98, p<0.0001
(o)
F
=04
L
5]
Ko
o
Q. 0.2
Treatment by
....... P subgroup
Sesscccctnnnnee  Se— interaction test,
0.0 — ] ©<0.0001

0 4 8 12 16 20 24
Time from randomisation (months)

Mok T, Wu TL, Thongprasert S et al. N Engl J Med 2009, 361

EGFR: Dwong tinh gia rat nguy hiém!



POT BIEN EGFR TRONG UNG THU PHOI

el Nerer « Carcindm tuyén > carcindm gai-
g 40 Fengk tuyén
E . Asin - « Ni¥ > nam
E : « Khéng hat thube 1& > hat thube
E 20 » Theo chiing toc:

i

E 10 s bk » Au, My: 3 -5%
. v : ﬁ Non-adeno » Nhat: 32%

0 | i | “_ . .

Bty S Smokng  Hisoog > Han Quoc: 36,4%
e > Dai Loan: 55%
(Fukui T, Gen Thorac Cardiovasc Surg 2008) » Thai Lan: 57,4%

> Viét Nam: 40 - 60%

55



Spectrum of EGFR gene mutations in Vietnamese patients
with non—small cell lung cancer (1}

Hoang Anh VU,' Phan Thi XINH,* Hua Thi Ngoc HA,” Ngo Thi Tuyer HANH,®
Nguyven Duc BACH,' Doan Thi Phuong THAQO,’ Ngo Quoc DAT*
and Nguyven Sao TRUNG"

Asia-Pacific Journal of Clinical Oncology 2016; 12: §6-90

Abstract

Aim: Epidermal growth factor receptor (EGFR) mutational status is a crucial biomarker for prediction of
response to tyrosine kinase inhibitors in patients with non-small cell lung cancer (NSCLC). Although these
mutations have been well characterized in other countries, little is known about the frequency or spectrum
of EGFR mutations in Vietnamese NSCLC patients.

Methods: Using Sanger DINA sequencing, we investigated mutations in EGFR exons 18-21 from 332 pa-
tients diagnosed with NSCLC at University of Medicine and Pharmacy, Ho Chi Minh City, Vietham. DNA
was extracted from formalin-fixed, paratfin-embedded tissues, followed by PCR amplification and sequenc-
mng.

Results: EGFR mutations were detected in 135 samples (40.7%), of which eight samples carried double mu-
tations. In total, 46 ditferent types of EGFR mutations were found, including six novel mutations (p.K713E,
p-K714R, p.P794S, p.RB03W, p.P8485, and p.K867E). Among the four exons investigated, exon 19 was most
trequently mutated (63 out of 332 patients, 19%), with the p.E746_A750del appearing in 43 samples. Exon
21 was mutated in 56 samples (16.9%), of which 47 were p.L858R. Each of exons 18 and 20 was mutated in
12 samples (3.6%). The frequency of EGFR mutations was higher in females than in males (48.9% vs 35%,
P = 0.012), but not stanstically different between adenocarcinomas and other histological types of NSCLC
(41.3% vs 34.5%, P = 0.478).

Conclusion: DNA sequencing detected EGFR mutations with high trequency and revealed a broad spectrum
of mutation type in Vietnamese patients with NSCLC.



PAP UNG VOI THUOC UC CHE EGFR THE HE 1
PHU THUOC KIEU BOT BIEN

LREA
A G719a/s deletion L858R

associated with l v v 1LBE1X

sensitivity to

EGFR TKls P a=C A
assn_ciated with Exon 18 Exon 19 Exon 20 Exon 21
resistance to
EGFR TKIs T
D770 N771insNF
B P a-C A
Exon 18 Exon 19 Exon 20 Exon 21
unclear association AA M
with sensitivity to
EGFR TKis
23 3 a3l |2 A3 3 T 28 g |z el
X8 X | R 2 = 558 8 /)< IYC3)\F
- =< o w O =<=< =W Oz T I IT=<= O >
x >33 337 34 3% T EERE
T 2 IR GI> "R =% <7 22X 83

Clin Cancer Res 2006;12(24) December 15, 2006
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KHANG EGFR TKI TRONG UNG THU PHOI

Small-cell MET
transformation amplification
(6°/°) (40/0)
HER2
amplification
(12%)

Unknown
(18%)*

AZD9291
(Osimertinib)

EGFRT79M gnd
rare second site
mutations (60%)

(Takezawa K, Cancer Disc. 2012)
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UNG THU PHOI: DAO BDOAN NST

2007: Dao doan cia NST 2 tao gen t6 hop EML4/ALK trong ung thw
phdi khdng té bao nhd

Thang 8/2011: FDA chap thuan chi dinh crizotinib cho ung thw phdi co
biéu hién EML4/ALK

2018: Crizotinib (Xalkori), Ceritinib (Zykadia), Alectinib (Alecensa),
Brigatinib (Alunbrig)

BCR-ABL inhibition t T -
(Gleevec) — el yealris
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JONIRWOI Y Adeioy; pojobie
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FISH: PHAT HIEN TAI SAP XEP ALK

L= AIK Tel — 2p23 —p — 2p2] = Cen
L 1= EML4 gAI.K EMM?
=] == |

inv(2)(p21p23)

D T s o % N

An inv(2}{p21p23) is indicated when a green/orange fusion signal, specific
for ALK, splits into separate green and orange signals and simultaneously
the EMLA specific blve signal splits, resulting in an extra blue signal.

The saparate green and orangs signals each codocalize with o blue signal.

é BCR indicates the ALK and EML4 breakpoint cluster regions.
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'UNG THU bAI TRUC TRANG:
THUOC PIEU TRI TRUNG DICH PHAN TU

Phan ter dich Chi dinh duoc FDA chap thuan

Ung thw dai trwc trang (khong dot

Cetuximab  orp ER1/ERBB1)  bién RAS)
(Erbitux) N\ <
. Ungthw dau - co
Panitumumab . Ung thw dai tryc trang (khong dét
(Vectibix) ~ CCOTR(HERLERBBL) = e pas)
Ung thw dai trwc trang
Bevacizumab 2 oo . U nguyén bao than kinh dém
(Avastin) PhOI e VEGE " Jng thu phai khong t€ bao nhé
(NSCLC)

Carcindm than (RCC)

Regorafenib KIT, PDGFRB, RAF, . Ung thw dai truc trang
(Stivarga) RET, VEGFR1/2/3 - U mo dém dwong tieu hoa (GIST)
. CarcinOm té bao gan

Ziv-aflibercept

(Zaltrap) PIGF, VEGFA/B . Ung thw dai trwee trang



EGFR TRONG UNG THU BAI TRUC TRANG

» Dot bien EGFR trong ung thw dai trwc trang: rat hiem.
« 70% - 80% c0 biéu hién EGFR: Dich diéu tri ciia khang thé
don dong.

EGFR antlhndy

Amphiregulin
EplrE—ng'ln

Extracellular
Has
Cett survivar 4= ¢ . Cell motility

N

Proliferati n-rl
Metastasis

Anglngﬁnnsu




KRAS Mutations As an Independent Prognostic Factor
inmn Patients With Advanced Colorectal Cancer Treated m
WiIith Cetuximab

Astricd Ligvre, Jearn—-Bapiiste Bacher, Valérie Boige, Arnre Coayre, Idelphine Le Corre, Ermrrrarncel Buc,
Adeaarc Yohrose, Olivier Bowché, Brurmro Lasndi, Christophe Lowver, Thierry Arndrée, Fréderic Bibvweas,
MMarie—IDdanicle IHebold, Philippe Rowgier, MMichel Drrecreresc, Gorarrea T ormmrasic,. Jearn—- Francois Ernile,
Frédérigue Pervacele— L lorca, ared Pierre Latererre— Prais

J Clin Oncol 26:374-379. © 2008 by Amerncan Society of Clinical Oncology
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Wild-Type BRAF Is Required for Response to Panitumumab m
or Cetuximab in Metastatic Colorectal Cancer s

Federica DM Nicolantonio, Miriam Martini, Francesca Molinari, Andrea Sartore-Bianchi, Sabrina Arena,
Piercarlo Saletti, Sara De Dosso, Luca Mazzucchells, Milo Frattini, Salvatore Siena, and Alberto Bardelli

J Clin Oncal 26:5705-5712. @ 2008 by American Society of Clinical Oncology
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KRAS

12 13 11? 146

| 4% |

m@%%

12 13 39 61 117 146

I"-IT

5% 4 = codons

Figure 2: Frequency of KRAS and NRAS Mutations Beyond KRAS Exon 2 in the Updated
Analysis of the PRIME Study—PRIME = Panitumumab Randomized Trial In Combination
wWith Chemotherapy for Metastatic Colorectal Cancer to Determine Efficacy. Data from Dou-
illard et al. N Engl J Med. 2013.[36] NT = not tested.
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Metastatic colorectal cancer with unresectable metastases
Molecular testing

Any RAS mut (55%) l All RAS wt (40%) l BRAF mut (5%)
Bevacizumab Bevacizumab EGFR inhibitor Bevacizumab
+CT doublet + CT doublet + CT doublet + FOLFOXIRI
VEGF inhibitor VEGF inhibitor Bevacizumab EGFR inhibitor
+ CT doublet + CT doublet + CT doublet +-CT
. EGFR inhibitor +/- . .
Regorafenib irinotecan Regorafenib Regorafenib
BSC ] Regorafenib [ BSC J [ BSC ]

L= ]

Flgure 3: Treatment Algorthim for the Practical Medical Management of mCRC Based on Clinkcally Relevant Molecular Testing—E5C = best supportive care;
T = chemotherapy; EGFR = epidarmal growth factor receptor; mCRC = matastatic colorectal cancer; mut = mutated; PD = progressive disease; VEGF = vascular endo-
thelial growth factor; VEGF inhibitor = bevacizumab or aflibercapt; wt = wild-type.

(Sridharan M, Oncology February 15, 2014)



POT BIEN GEN TRONG GIST

(Gastrointestinal Stromal Tumor: U mé dém dwdng tiéu hoa)

KIT Mutations PDGFRA Mutations

Exon8:1 case :
Exon9:99%

exon11:60% b Qb
Exon13: 2‘V_oi - l

Jjuxtamembrane Jjuxtamem brane
domam ]

Exon17:13% ) ‘ Exon18:6.4% ) ‘

68



HIEU QUA PIEU TRI| GIST BANG IMATINIB

Patients and Study Design

The core study, denoted study B2222, was a phase I1, prospective, open-
label, multicenter, randomized trial conducted at three study centers in the
United States and at one in Finland. Adult patients with histologically con-
firmed, unresectable or metastatic GIST that expressed the CID117 antigen (as
a marker of the KIT receptor) and with measurable disease based on South-

Mo, at risk Median duration 95% CI

Treatment Months: 0 12 24 36 48 60 {months) LL UL

400mg T3 62 54 42 34 26 57 35 N/A

—_— G00rmg T4 67 58 46 39 28 57 44 NAA

=== Pooled 147 129112 88 73 54 57 44 MN/A
100 —
90 -
80 -
70 -
= 604
2 50
T 40 4
30
20 -
10 -

1 1 1 1 I 1 I I I 1 1 1
0 6 12 18 24 30 36 42 48 54 60 66 72
Time Post First Dose {(months)
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(Blanke, J Clin Oncol 2008)



DAP UNG BAN DAU VO!I IMATINIB
TUY THUQC KIEU BOT BIEN KIT

Progression (probability)
Overall Survival (probability)

0 10 20 30 4 5 & 0 10 2 N 4 50
Time Since Registration {months) Time Since Registration (months)

(Heinrich, J Clin Oncol 2008)

60
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ao4 &
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£ e0-
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T 50
=
a 404
vid
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207
107
o] T T T 1
8] 1 2 3 4
Time (years)
o N Number of patients at risk
37 b2 27 14 2 — Wid
47 58 29 12 0 == KiTexon8
135 248 207 120 33 KIT exon 11

(Wozniak, Cancer Investigation 2010)

The ESMO, NCCN, and Canadian guidelines all
recognize that imatinib is the standard of care for patients
with recurrent, unresectable, and metastatic GISTs. The
ESMO recommends using imatinib at a dose of 400 mg
daily except in patients who have K77 exon 9 mutations,
for whom the recommended starting dose is 800 mg daily.
Patients who have tumor progression on 400 mg
daily should have their imatinib dose increased to 800 mg
daily, which may be particularly useful in patients who
have exon 9 mutations."> (Blay, Cancer 2010)

of the protein for the inhibitor.” Notably, the clinical
response for primary KIT exon 9 mutant and wild-type
GISTs was higher in patients treated with sunitinib than
in those treated with imatinib.** Molecular modeling
studies are ongoing to shed light on these findings.

(Pierotti, Nat Rev Clin Oncol 2011)

70




POT BIEN KIT VA PDGFRA KHANG IMATINIB

O >

5 immunoglobulin-like loops
Extracellular (ligand-binding) domain
(EC)

KIT exon 8
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2007: NHAY/KHANG VOI THUOC UC CHE EGFR

A A

EGFR amplification HER2 amplification

EGFR expression?

EGFR-TKI Ras
A ,r
Exon 19 deletion, L858R K-ras mutation
EGFR mutation SOS
Exon 20 inserion, T790M
» GHBE
Loss of PTEN 4 Signal tranducers

AKT STAT3 MEK

il
I

E-cadherin

I Receptors I

Cell membrane

r \ E-cadherin
| overexpression

e
Increased phospho AKT l MA PK

- Gene tran scnptlon Factors associated with sensitivity
Cell-cycle progression
x‘
\ DNA=§ Myc==H Cyclin D 1/1/ Factors associated with resistance

Myc CyclinD

(Uramoto H, British Journal of Cancer 2007;96,857 — 863)

Pa c6 thuoc cho dot bien KRAS va T790M cia EGFR



TOM TAT

Ung thw la “bénh cda gen”, nhwng > 90% khong phai do dét bién di
truyén qua cac thé hé.

Dot bién gen trong ung thw thwdng gy mat chirc ndng gen dé nén
khdi u hodc gen slra 16i bat cdp sai DNA (APC, P53, BRCA1, RB1,
MLH1, MSH2,...) va thém chirc nang gen sinh ung thv (KRAS, BRAF,
EGFR, KIT, PDGFRA,...)

Dot bien mét gen nhat dinh cé thé gép trong céc dang ung thw khéc
nhau; mét loai ung thw thwdng cé dét bién cua nhiéu gen cung Ilc.

C6 nhiéu gen @t bien gay tang tinh man cadm véi ung thw v, trong do
guan trong nhat la dét bién BRCA1 va BRCA2.

Trong ung thw v(, khuéch dai gen HER2 1a mét chi dinh cua diéu tri
khang thé don dong trastuzumab.



TOM TAT

U m6 dém duong tiéu héa cé thé dwoc diéu tri bang imatinib do c6
mang dot bién gen KIT hoac PDGFRA. D6t bién gen KIT gap chu
yéu & exon 11.

Pot bién gen EGFR gay ung thw phdi thwérng gap & exon 18 dén
21. Méi kiéu dét bién c6 tinh nhay cdm v&i thube dac hiéu erlotinib
hodc gefitinib khac nhau. D6t bién exon 19 va 21 thwérng cho dap
(rng véi thude tot nhat. Dot bién T790M cla exon 20 gay khang
thudc thé hé dau, nhwng nhay véi osimertinib.

Gen t6 hop EML4/ALK 14 do dao doan cla nhiém sac thé sb 2 tao
nén. Tuy chi gap khéng qua 10% trong ung thw phdi khdng té bao
nhd, nhwng EML4/ALK |a dich diéu tri hiéu qua cta thudc nham
tring dich.

Dot bien cac gen RAS trong ung thw gay khang thudc khi dich dieu
tri la cac thu thé xuyén mang. Dét bién thwong gép nhéat & codon 12
va 13 cua gen KRAS.



