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Phan A: GIOI THIEU LUAN AN

1. PAT VAN PE

Theo cac s6 liéu thong ké mai nhét vé tinh hinh bénh ung thu
trén toan thé gioi va tai Viét Nam, ung thu phdi dimg hang dau véi ca
sb ca mGi mac va tir vong cao ¢ ca hai gigi 70% cac truong hop ung
thu phdi tai nudc ta nhap vién khi bénh da vao giai doan tién xa,
khong con kha ning phiu thuat. Liic ndy, chi con c¢o thé tién hanh xa
tri hodc hoa tri nhung hiéu qua triét can khong cao va dé lai nhiéu tac
dung phu cho ngudi bénh.

Trong nhimg nam gan day, khoa hoc da phat trién mot thé hé
thubc mai c6 tén 1a liéu phap diéu tri trang dich (LPDTTD) dem lai
hiéu qua khang ung thu cao va it tac dung phu. Tuy vay, khong phai
bénh nhan nao ciing dap Gng tét voi thude diéu tri dich vi hidu qua
ctia thude nay con phu thude vao tinh trang dot bién cac gen ma hoa
cac protein ndm trong con duong tin hiéu té bao ung thu. S6 lugng
bénh nhan ung thu phdi ngay cang cao, nhu cau sir dung LPDTTD
ngdy cang cao trong khi nghién ctru xac dinh dot bién gen 1am nén
tang cho LPDTTD & nudc ta con han ché.

2. MUC TIEU CUA PE TAI
Dé tai “Xac dinh dot bién gen EGFR va gen KRAS quyét dinh
tinh dap wing thude trong diéu tri bénh ung thw phoi khong té bao
nhé” duoc thuc hién vaéi cac muc tiéu sau :
1. Xdc dinh ty 1é dot bién gen EGFR va gen KRAS quyét dinh tinh dép
umg thudc diéu trj dich trén bénh nhan UTPKTBN giai dogn mugn.
2. Budc dau danh gid hiéu qua diéu tri dich budc 1 bang erlotinib trén
cdc bénh nhan UTPKTBN giai doan mugn c6 dét bién gen EGFR.
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3. TINH CAP THIET, Y NGHIA THUC TIEN CUA LUAN AN

LPDTTP di duoc chimg minh c6 hiéu qua tét cho bénh nhan
Ung thu phdi khong té bao nho (UTPKTBN), dic biét 1a nhitng bénh
nhan c6 dot bién gen EGFR va khong c6 dot bién gen KRAS. Thang
06/2009, Cuc Quan Iy Thuc pham va Duoc pham Hoa Ky da chinh
thirc dua ra théng bao rang bénh nhan trude khi duoc chi dinh dung
thudc e ché EGFR can phai lam xét nghiém tinh trang gen EGFR.

Tai Viét Nam, nhu ciu LPDTTD cho bénh nhan UTPKTBN
ngdy cang ting, nhung chua c6 nghién ciru nao khao sat dot bién gen
EGFR va KRAS trén s6 lugng 1on bénh nhan ciing nhu chua cé
nghién ciru nao vé hidu qua diéu tri dich dua trén tinh trang dot bién
hai gen nay ciia ngudi bénh. Do @6, nghién ctru vé tan suat dot bién
gen EGFR va KRAS trong bénh UTPKTBN ciing nhu hiéu qua diéu
tri dich trén nhém bénh nhan c6 dot bién gen EGFR 1a huéng nghién
ctru dang rat dugc quan tim.
4. NHUNG PONG GOP MO| CUA LUAN AN

Tinh trang dot bién gen EGFR va KRAS duogc xac dinh bing
hai k§ thuat tién tién, giup giam ty 1& am tinh gia, cho két qua chinh
xéc va tin cdy. Nghién ctru cung cp nhitng co s& ban du vé tan suit
dot bién gen EGFR va KRAS trong bénh UTPKTBN giai doan
mugn, ciing nhu hiéu qua diéu tri erlotinib budc 1 trén nhiing bénh
nhan c6 dot bién gen EGFR.
5. CAU TRUC CUA LUAN AN

Ngoai phan dit van d&, két luan va kién nghi, luan 4n c6 4 chuong:

Chuong 1: Tong quan tai HeU .......co.cocevvevereerenrenenn, 32 trang
Chwong 2: DPbi tugng va phuong phap nghién ciu .... 13 trang
Chuong 3: K&t qua nghién clU .....oo.cvvevvevereereeneean, 36 trang
Chuong 4: Ban ludin ..o 39 trang

Luan an c6 28 bang, 5 biéu dd, 1 so dd, 42 hinh, 10 phu luc va
184 tai liéu tham khao (167 tiéng Anh, 17 tiéng Viét).
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Phan B: NQI DUNG LUAN AN
CHUONG 1
TONG QUAN

1.1. Bénh ung thu phdi khong té bao nhé

Bénh ung thu phdi duoc chia 1am hai nhém chinh Ia
UTPKTBN (80-85%) va ung thu phdi té bao nhé (15-20%). Ung thu
phdi phat sinh do sy tiép xtic voi cac yéu td sinh ung thu va su nhay
cam di truyén ciia nguoi bénh. Trong nhimg nim gan day, nhiéu bién
dbi & cap d6 phan tir chi phdi viéc phat sinh va tién trién khéi ung thu
phdi di dugc xac dinh. Trong d6 co dot bién gen EGFR va gen
KRAS chiém ty I& cao, con cac réi loan khac it gip hon. UTPKTBN
dugc chan doan xac dinh bang giai phau bénh, chi yéu gdm 3 phéan
nhom: ung thu biéu mé tuyén (40-60%), ung thu biéu mé vay va ung

thu biéu mo té bao 1on.

1.2. Vai tro ciia con dwdng tin hiéu EGFR

EGFR (Epidermal Growth Factor Receptor) 1a thu thé yéu to
phat trién biéu mo, 1a mot protein xuyén mang c6 kha ning tyrosine
kinase kich hoat con duong tin hidu noi bao & cac té bao biéu mo
phdi. Thong qua céc tryc tin hiéu RAS/RAF va PI3K/AKT, sy hoat
hoéa binh thuong ciia EGFR s& chi phdi sy ting sinh va ting trudng
binh thuong cua té bao. Khi cac truc tin hiéu nay bi kich hoat bt
thudng va lién tuc do dot bién gen EGFR hoic KRAS sé& lam té bao
chuyén dang 4c tinh.

Dot bién gen EGFR lién quan dén tinh dap ang véi thude didu
tri dich thudc 4 exon tur 18-21 cua gen EGFR va duoc chia lam 2
nhém. Nhom dot bién 1am tang tinh nhay cam cia té bao ung thu véi
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thude diéu tri dich gém 85-90% la cac dot bién xoa doan tai exon 19
va dot bién diém L858R tai exon 21. Nhom dot bién gay khang thudc
diéu tri dich gdm chu yéu 1a cac dot bién chén doan va dot bién diém
T790M tai exon 20. Trong bénh UTPKTBN, dot bién gen EGFR c¢6
tan suat cao ¢ cac nudc Pong A, bénh nhan nit va nhom khong hit
thudc 14 hon 1a cac phan nhém con lai.

Dot bién tai codon 12 va 13 gen KRAS tao ra protein KRAS
dot bién c6 kha ning tu kich hoat con duong tin hiéu xudi dong ma
khong phu thudc vao sy hoat hoa cua EGFR thuong ngudn. Do do,
gen KRAS bi dot bién s& 1am mét tac dung cua thudc ¢ ché hoat tinh
tyrosine kinase cuia EGFR (EGFR TKIs). Nguoc lai voi EGFR, dot
bién gen KRAS pho bién hon & bénh nhan Au My va c6 hat thudc 14.

Hiéu qua cta cac EGFR TKIs dang phan tir nhé nhu gefitinib va
erlotinib d& dwoc ching minh qua nhiéu thir nghiém 1am sang 16n nhu
IPASS, WITOG3405, OPTIMAL, EURTAC...véi ty 1& dap tng cao
va kéo dai dugc thoi gian séng thém cho nguoi bénh khi so sanh véi
cac phac dd hoéa tri hai thudc truyén thdng, dic biét 1a trén nhom bénh
nhén c6 dot bién gen EGFR lam ting tinh nhay cam véi EGFR TKIs.

1.3. Cac phwong phap phat hién dot bién gen EGFR va KRAS
KY¥ thuéat giai trinh ty gen
Ky¥ thuat PCR-RFLP
Ky thuat Scorpion ARMS
K§ thuat Smart Amplification Process

1.4. Tinh hinh nghién ctru dét bién gen EGFR, KRAS va diéu tri
dich ung thu phdi khong té bao nhé tai Vigt Nam

Céc nghién ctu vé dot bién gen EGFR va KRAS ciing nhu
hiéu qua diéu tri dich trén bénh nhan UTPKTBN ¢ nudc ta con han
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ché, bit dau tir nam 2009 dén nay va méi c6 10 nghién ciru. Chua c6
nghién ctru ndo két hop nhiéu k¥ thuat véi cac uu diém khac nhau dé
tang d6 nhay khi xac dinh dot bién. Nghién ctu PIONEER (2014)
béo cao ty & dot bién gen EGFR trén bénh nhan ung thu biéu mo
tuyén Viét Nam 1a 64,2%. Chua c6 nghién ctru nao danh gia hiéu qua
diéu tri dich budc 1, dua trén nén tang két qua xac dinh dot bién gen
EGFR va gen KRAS.

CHUONG 2
POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. P6i twong nghién ciru: gom 2 nhom bénh nhan:

- 181 bénh nhan dugc xac dinh dot bién gen EGFR va gen
KRAS la nhitng bénh nhan UTPKTBN giai doan 11I1B/IV md¢i chan
doan, c6 md bénh hoc thuéc mét trong ba loai ung thu biéu mé tuyén,
ung thu biéu mo vay hodc ung thu biéu mé té bao 16n.

- 61 bénh nhan duge diéu tri dich bude 1, duoc lya chon tir
181 bénh nhan dd dwoc xét nghiém dot bién gen. Cac bénh nhan nay
khong mang dot bién gen KRAS, chi mang cac dot bién EGFR lam

tang tinh dap (ng thube diéu tri dich da duoc cong bb.

2.2. Thiét ké nghién ciru:

Nghién ctru Cit ngang, md ta loat ca (xac dinh dot bién gen) va
nghién ctu tién ciru, c6 theo ddi doc thoi gian séng thém (danh gia hidu
qua diéu tri). Thoi gian nghién ctu: tir 01/01/2012 dén hét 30/03/2014.



2.3. Phwong phap nghién ctru:
2.3.1. Xdc dinh dgt bién gen EGFR va KRAS:

MAau mé sinh thiét dac nén duoc lua chon vung tap trung té
bao ung thu. DNA duogc tach chiét va tinh sach bang xylene va
phenol/chloroform. Thyc hién song song 2 ky thuat giai trinh tu gen
va Scorpion ARMS dé xéac dinh dot bién gen EGFR va KRAS:

- Ky thuat giai trinh tu gen st dung BidDye Kit (Applied
Biosystems), giai trinh tur ty dong trén may ABI3700, phéan tich bang phan
mém Seqscape (Applied Biosystems). Trinh t gen EGFR va KRAS cua
bénh nhan duge dbi chiéu véi trinh tw tham chiéu trén GenBank.

- K§ thuat Scorpion ARMS sir dung EGFR PCR kit va KRAS
PCR kit (Quiagen) phat hién 29 loai dot bién gen EGFR va 7 loai dot
bién gen KRAS bang phan ng real-time PCR, do nhay 1 alen dot
bién/100 alen.

2.3.2. Theo déi hiéu qud didu tri erlotinib buwéc 1:

Xac dinh ty 1é dap tng thuc thé ORR (theo tiéu chuan RECIST
v1.1), ty 1& dap tmg toan trang (theo chi sé Karnofsky) mdi 3 thang.
Ghi nhan thoi gian song thém bénh khéng tién trién (PFS) va thoi
gian séng thém toan thé (OS) cua cac bénh nhan dwoc diéu tri
erlotinib buéc 1. Ghi nhan va phan do tic dung phu (néu c6) cua
erlotinib theo tiéu chuin Pdnh gid doc tinh ciia héa chdt cia Vién
Ung thu Quéc gia Hoa Ky (CTCAE v3.0).

2.4. Xir 1y sb lidu:

Quan 1y, phan tich théng tin va xt 1y s liéu bang phan mém
SPSS 21.0. So sanh su khac biét giita cac nhom bang test Chi binh
phuong Str dung phuong phap Kaplan-Meier dé phan tich thoi gian
song thém. Str dung test Logrank dé so sanh thoi gian song thém trung
binh gitta cac nhom (véi p<0,05 duoc xem 14 co ¥ nghia théng ké)



2.5. Pao dirc nghién ctru:

Nghién ciru duoc tién hanh dua trén sy ty nguyén tham gia cua
cac bénh nhan. Cac s liéu st dung trong nghién ciru da duoc thong
qua Hoi dong Pao duc ciia Truong Pai hoc Y Ha Noi.

‘ M3u mé ung thu phéi ‘

b

‘ Lwa chon vung t€ bao ung thw ‘

}

‘ Tach chiét va tinh sach DNA ‘

l

Xac dinh dot bién gen EGFR va KRAS bang
ki thuat Gidi trinh tu gen va Scorpion ARMS

/\

Bénh nhan cd Bénh nhan khéng cé dot
dét bién KRAS bién gen KRAS
(b3t k& 13 c6 /l\A
hay khéng cé
dét bién gen Khﬁ_rlg co dét C6 dot bién C6 dot bién dap
EGFR) b':gf:” khéng thudc rng thudc trén
trén gen EGFR gen EGFR
l v l l
Khéng digu tri dich Diéu trj dich bang erlotinib

|

Ghi nhan dap rng
thuc thé va toan trang

!

Ghi nhan thoi gian séng thém

So d6 tién hanh nghién ciru



8

CHUONG 3
KET QUA NGHIEN CUU

181 bénh nhan UTPKTBN giai doan I11B/IV méi chan doan da
dugc xét nghi€ém xac dinh dot bién gen EGFR va KRAS.

3.1. Ty lé dot bién gen EGFR

Bang k¥ thuat giai trinh tu gen xac dinh dugc 80/181 truong
hop dot bién, bang k§ thuat Scorpion ARMS xéc dinh duoc 101/181
truong hop dot bién. Két hop ca hai ky thuat xac dinh dugc 106
truong hop dot bién (58,6%). Trong d6, dot bién xo6a doan LREA
(exon 19) va dot bién L858R (exon 21) chiém ty 1& cao nhét (lan luot
12 48,1% va 40,6%).

Phat hién duoc 2/106 truong hop 1a dot bién doi S7681+V769L
(exon 20) va T790M (exon 20)+L858R (exon 21).

Phat hién 04/106 truong hop 14 dot bién méi chua duge cong bd
trén y van, gom: dot bién c.2137delA (exon 18), ¢.2373 2374delAA
(exon 20), ¢.2499 2521del23 (exon 21) va ¢.2554/2555insACA (exon
21). Cac dot bién nay chua rd tinh dép tmg véi thubec EGFR TKIs.

Dot bién lam tang tinh nhay cam v6i thudc EGFR TKIs chiém
wu thé 99/102 trudng hop (97,0%). 3/102 truong hop 1a cac dot bién
gdy khang thubc (3%).
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Bang 1. Ty Ié cac loai ddt bién gen EGFR

e 1 Pap wng véi | KT giai | KT Scorpion | Két hep 2
Dot bien Exon | £ R TRls | trinh tw ARME k§ thhgt
G719S 18 Nhay 1 1 1 (0,9%)
¢.2137delA 18 Chua 13 1 0 1 (0,9%)
LREA 19 Nhay 45 51 51 (48,1%)
T790M 20 Khang 1 1 1 (0,9%)
c.2373 2374 delAA | 20 Chua 13 1 0 1 (0,9%)
S7681 + V769L 20 Khang 1 0* 1 (0,9%)
L858R 21 Nhay 25 43 43 (40,6%)
L861Q 21 Nhay 2 4 4 (3,8%)
T790M + L858R 20+21 | Khang 1 1 1 (0,9%)
€.2499 2521 del23 21 Chua 13 1 0 1 (0,9%)
C.2554/2555insACA | 21 Chua 13 1 0 1 (0,9%)
Tong so dothién| 80 101 106
(100%)
Ty lédotbién| 80/181 | 101/181 106/181
=442% | =558% | =58,6%
CTG 1>C(;(; (L858R)
GGGCTIGCGC ( GGCGCGGGCC

Mau lanh tinh

Mau bénh nhan ung thu

Hinh 1. Hinh anh giai trinh tu gen phat hién dt bién L858R

trén exon 21 cia gen EGFR
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Mau noi chuin {/

Mau bénh nhan

AL SR L e T

Hinh 2. Hinh anh két qua dét bién L858R exon 21 gen EGFR
bang ky thuat Scorpion ARMS

3.2. Ty lé dot bién gen KRAS
Bang 2. Ty 1é cac loai ddt bién gen KRAS

L oai dot bién KT giai KT Scorpion Tong hop
o trinh tu gen ARMS 2 k¥ thuit
G12A (codon 12) 2 3 3(10,7%)
G12D (codon 12) 9 10 10 (35,7%)
G12C (codon 12) 2 4 4 (14,3%)
G12S (codon 12) 1 1 1(3,6%)
G12V (codon 12) 5 5 (17,8%)
G13D (codon 13) 4 5 5 (17,8%)
Téng s6 dot bién 23 28 28 (100%)
Ty 18 dot bién 23/181=12,7% | 28/181=155% | 28/181=15,5%

- Bang k¥ thuat giai trinh ty gen xac dinh dwoc 23/181 truong
hop dot bién gen KRAS, bang ky thuat Scorpion ARMS xac dinh dugc
28/181 truong hop dot bién. Két hop ca hai ky thuat xac dinh dugc
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28/181 truong hop dot bién gen KRAS (15,5%). Trong do, dot bién tai
codon 12 chiém wu thé (82,2%) so vé&i dot bién tai codon 13 (17,8%).

- Khong phat hién dugc dot bién doi va khong phat hién dot
bién méi nao tai codon 12 va 13 gen KRAS.

GGT >AGT (G12S)

"GGTGGC 'GGTGGC
Mau lanh tinh M4u bénh nhan ung thur
Hinh 3. Hinh anh giai trinh ty gen
phat hién dt bién G128 trén exon 2 gen KRAS
Trong 181 bénh nhén, chiém da sé (56,4%) 1a truong hop cb
dot bién gen EGFR nhung khong c6 dot bién gen KRAS. 4/181

truong hop vira mang dot bién gen EGFR, vira mang dot bién gen
KRAS (2,2%).

Bing 3. Phan b tinh trang dot bién gen EGFR va KRAS

Tinh trang Cé dot bién | Khéng cé dot Tén
dot bién gen EGFR | bién gen EGFR g
Cé dot bién gen . . .
KRAS 4 (2,2%) 24 (13,2%) | 28 (15,5%)
Khoéng cé dot
s > | 102 (56,4% 1 (28,2% 153 (84,5%
bién gen KRAS 02 (56,4%) 51 (28,2%) 53 (84,5%)
Téng 106 (58,6%) 75 (41,4%) | 181 (100%)

3.3. Hiéu qua diéu tri erlotinib bwéc 1
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Theo so dd nghién ciu, tiéu chuén chon mau, va két qua xac
dinh dot bién gen EGFR va KRAS cuia bénh nhéan, 72 bénh nhan du
tiéu chuan tham gia vao qua trinh danh gia hiéu qua diéu tri erlotinib
budc 1. Tuy nhién, do mot sb yéu td khach quan nén chi con 61 bénh
nhéan thuc su duoc theo ddi diéu tri erlotinib. Tudi trung binh cua
nhom 1a 66,16+18,24.

Béng 4. Pap g thuc thé ciia nhém bénh nhén diéu tri erlotinib

(n=61)
Loai dap 3 thang 6 thang 9 thang 12 thang
ung n % n % n % n %

Hoan toan 0 0 0 0 1 1,6 1 1,6

Mat phan 22 | 361| 39 | 639 | 28 | 459 | 18 | 295

Giir nguyén 37 | 606 | 16 | 262 | 16 | 26,2 | 14 | 229

Tién trién 2 3.3 6 9,9 16 | 26,2 | 28 | 459

ORR 22 | 361| 39 639 20 | 475 | 19 | 311

1/61 truong hop dap tmg hoan toan trong sudt qua trinh nghién
ctu. Ty Ié dap tmg (ORR) dat cao nhat ¢ thang thir 6 (63,9%), sau d6
giam dan con 47,5% va 31,1% twong tng thoi diém thang tha 9 va
thang thir 12.

Bang 5. Pap tmg toan trang ciia nhém bénh nhan diéu tri erlotinib

(n=61)
. X . 3 thang 6 thang 9 thang 12 thang
Chi so Karnofski m % - % - % - %
On dinh/Tang | 59 [ 96,7 | 54 [885| 47 |[77,0] 33 | 541
Giam 2 3,3 7 115 14 | 230 | 28 | 459

Ty 1& bénh nhan c6 chi s6 on dinh/ting cao nhat ¢ thoi diém
thang tht 3 sau diu tri va giam dan theo thoi gian, tuong ung vai ty
Ié bénh nhan tién trién bénh.

Bang 6.Twong quan giita diic diém bénh nhan va thoi gian séng thém
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Dic diém bénh nhin n PFS tru,ng binh | OS truflg binh
: : (thang) (thang)
Gisi Nam 36 9,18 12,72
Nir 25 9,58 11,92
P 0,811 0,648
N <65 20 11,73 14,53
Tuoi >65 41 8,18 11,35
P 0,04 0,08
Tién cin |Khong hit thuoc | 37 9,81 13,15
hiit thude | Hit thudce 24 9,04 11,91
P 0,647 0,482

Thoi gian diéu tri erlotinib trung binh 1a 9,8 thang. Trung vi
PFS 1a 9,4 thang (3,2 — 48) va trung vi OS 1a 15,5 thang (5,7 — 48

thang) (biéu do 1). Do cic nhom dic diém phan bd twong d6i dong

déu nén nghién ctiru khong phat hién duoc nhitng khac biét nho co

huong loi tir erlotinib giita hau hét cac phan nhom. Co sy khac biét

c¢6 y nghia gitra PFS trung binh & nhém bénh nhan <65 tudi 1a 11,73

thang va & nhom >65 tudi 1a 8,18 thang (p <0,05) nhung loi ich nay

khong ghi nhan duoc & OS trung binh.
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song thém tong cong (OS) ciia nhém bénh nhin didu tri erlotinib
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Bang 7. Cac tac dung phu cia erlotinib trong nghién ciu

Tac dung phu Pj 1-2 D) 3-4 Tong cong
Giam bach cau hat 9 (14,8%) 0 9 (14,8%)
Giam Hb 7 (11,5%) 0 7 (11,5%)
Tiéu chay 24 (39,3%) 0 24 (39,3%)
Tang men gan 9 (14,8%) 1(1,6%) 10 (16,4%)
Budn ndn, nén 5 (8,2%) 0 5 (8,2%)
Phat ban thé ndi mun | 28 (45,9%) | 4 (6,6%) 32 (52,4%)
Viém canh moéng 13 (21,3%) 1(1,6%) 14 (23,0%)
Pau co khop 3 (4,9%) 0 3 (4,9%)
Rung toc 2 (3,3%) 0 2 (3,3%)

CHUONG 4
BAN LUAN

4.1. Xac dinh ty 18 dot bién gen EGFR va KRAS
4.1.1. Ky thudt xdc dinh dpt bién gen EGFR va KRAS

Pugc xem 1a dai dién cho nhom kj thudt tam sodt dgt bién,
dén nay k¥ thuat giai trinh tu gen van duoc sir dung rong rii dé tim
cac dot bién di cong bd va dot bién “méi” chua duge cong bd. Bing
k¥ thuat nay, nghién ctru phat hién dugc 04 dot bién méi chua duoc
cong bd, gdm: dot bién x6a 1 nucleotid ¢.2137del A (exon 18), dot
bién x6a 2 nucleotid ¢.2373 2374 delAA (exon 20), dot bién x6a 23
nucleotid ¢.2499 2521del23 (exon 21) va dot bién thém 3 nucleotid
€.2554/2555insACA (exon 21). Tuy vay, ky thuat giai trinh tu gen
chi c¢6 thé phat hién dot bién khi luong alen dot bién hién dién it nhét
25% trong tong s alen cua quan thé té bao, trong duong d6 nhay
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25%. Trong nghién ctu, tinh trang nay da dugc khic phuc bang cach:
tach chiét DNA tir ving mé da duoc lya chon tap trung nhiéu té bao
ung thu va thyc hién song song k¥ thuat Scorpion ARMS, vén c¢é do
nhay cao hon. Tuy con nhiéu han ché nhung do dét bién gen EGFR
trén exon 18 + 21 va dot bién codon 12, 13 gen KRAS rét da dang
nén ky thuat giai trinh ty gen van duoc xem 1a “tiéu chuan vang” dé
khao sat cac loai dot bién nay.

Scorpion ARMS 1a sy két hop cua ky thuat khuéch dai dac hiéu
alen dot bién (ARMS) va cong nghé Scorpion trong phan ung real-time
PCR, véi do nhay cao (1%). Pay 1a mot ky thuat thuoc nhoém phdt hién
tring dich, da duoc nhiéu tac gia st dung trong nghién ctru vé dot bién
gen EGFR va gen KRAS. Nho c6 d¢ nhay cao, ky thuat Scorpion
ARMS da giap khang dinh lai s truong hop nghi ngd c6 dot bién khi
thuc hién bang ky thuat giai trinh tu gen. Pay 1a 1an dau tién k¥ thuat
Scorpion ARMS dugc thuc hién tai Viét Nam, cho phép phat hién
chinh xac dot bién gen trong cac mo phén tich c¢6 ty 18 té bao ung thu
thap (<25%) va alen dot bién chiém ti Ié rat nho (khoang 1%). Ngoai
ra, do thoi gian thyuc hién xét nghiém ngin va it giai doan can thao tac
nén k¥ thuat nay rat phi hop véi cac phong xét nghiém dich vu. Tuy
nhién, k¥ thuat nay dugc thiét ké dang mdi dac hiéu bt cap véi alen
dot bién nén chi phat hién duoc nhimng dot bién di duoc cong bd, ddng
thoi nhimg dot bién nay phai c6 moi dic hiéu trong hdn hop phan ung.
Do d6, dbi véi nhitng dot bién méi, chua duge cong bd thi khong thé
c6 mdi dac hiéu dugc thiét ké san nhu 4 loai dot bién gen EGFR méi
phat hién trong nghién thi k§ thuat Scorpion ARMS khong thé phat
hién ra, s& cho két qua am tinh gia.

Ngoai ra, do dot bién gen EGFR rat da dang nén ky thuat
Scorpion ARMS ciing khong thé thiét ké dé phat hién toan bo. Trong
sb cac dot bién diém gen EGFR, chi c6 dot bién L858R va L861Q
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(exon 21) va dot bién T790M va S786I (exon 20). Hau hét cac dot
bién con lai khac déu dugc xac dinh dudi dang nhém. Co6 thé nhan
thy, k¥ thuat Scorpion ARMS duoc thiét ké dé xac dinh nhimng dot
bién exon 18-21 gen EGFR va dot bién codon 12-13 gen KRAS ¢6
tan suat lyu hanh cao va cé y nghia trong diéu tri.

Pay 1a 1an dau tién tai Viét Nam, dot bién EGFR va KRAS
trén bénh nhan UTPKTBN duoc khao sat bang hai ky thuat dugc
xem 1a dai dién cho hai nhom ky thuat xac dinh dot bién gen. Hai k¥
thuat nay bo khuyét cho nhau va xac dinh ty Ié dot bién gen EGFR,
KRAS luu hanh trong trong UTPKTBN mdt cach chinh xac nhat va
khong bo s6t dot bién mai. Tuy nhién, cach 1am nay khé cé thé ap
dung cho bénh nhan trén 1am sang do rao can vé thoi gian va kinh
phi. Viéc thir nghiém két hop cac k¥ thuat tim soat va ky thuat phat
hién trang dich ciing da dwoc ap dung nhiéu trén thé gisi nhu két hop
giai trinh ty va PCR RFLP, giai trinh ty voi Tagman PCR, giai trinh
tu véi SMAP....déu nham myc dich cai tién cac khuyét diém cua ky
thuat ¢ dién va gia ting do nhay, tranh bo sét dot bién, 1am 15 co hoi
st dung thudc diéu tri dich cho bénh nhan. Lwa chon sir dung ky
thuat nao phai phu thudc vao nhidu yéu t6 nhu muc dich, ban chit
mau xét nghiém, trang thiét bi va tay nghé k¥ thuat vién.

4.1.2. Ty 1¢ dgt bién gen EGFR

Két qua nghién ctru cho thiy dot bién gen EGFR rét da dang,
phan bd ca 4 exon, gdbm tat ca cac dang dot bién diém, x6a doan va
thém doan Trong nhitng d6t bién gen EGFR don doc di phat hién
trong nghién ctru, dot bién x6a doan LREA exon 19 chiém ty 1& cao
nhét (51/106 truong hop, 48,2%), ké dén 1a dot bién L858R exon 21
(43/106 trudng hop, 40,7%). Ngoai ra, con mot sé dot bién hiém gap
khac chiém ty 1é thap. Ty 1& dot bién d6i ciing rat thap, mdi loai chi
c6 mot truong hop. Két qua nay tuong ddi phit hop véi da sé nghién
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ctru trén thé gisi. Sy khac biét, néu co, c6 thé do chung toc va k¥
thuat x4c dinh dot bién.

Nghién ciru phét hién 4 dot bién moi, chwa cong bd trén y vin,
khong loai trir ddy 1 nhimng dot bién dic biét & nguoi Kinh. Bon dot
bién nay xuat hién véi ty 1é rat thap va hién tai chua rd c6 anh huong
ra sao ddi véi thude diéu tri dich hodc co thé chi 1a nhimng dot bién vo
nghia. Viéc xac dinh mot dot bién mai co6 anh huong dén tinh dap
mg voi thude diéu tri dich hay khong can thuc hién in vitro va trén
dong vat truée khi thir nghiém trén nguoi bénh. Mit khéc, véi tan
sudt qua thip, viéc theo ddi, ddnh gia anh huong ctia bén dot bién nay
trén mot quan thé dé ¢ ¥ nghia thong ké 1a rat kho khan.

Céac dot bién gen EGFR lam ting tinh nhay cam vai thudc
EGFR TKiIs chiém 97,0%, trong khi cac dot bién khang thudc chi co
3,0%. Dot bién T790M don doc & exon 20 chiém 1/3 trong s6 dot bién
khang thube. Cac ty 1& trong ddng véi cac théng ké trude day trén thé
gigi. Hoang Anh Vii xac dinh dot bién EGFR trén 71 bénh nhan
UTPKTBN nguoi Kinh nhung khong phat hién truong hop dot bién
khang thudc nao da duoc cong bb. 2/3 dot bién khang thude roi vao
hai truong hop dot bién doi. Dot bién S7681 + V769L (exon 20) giy
khang thubc EGFR TKIs da dugc cong bd. Dot bién T790M (exon 20)
+ L858R (exon 21) 1a mot truong hop dot bién déi phirc tap khi mang
dong thoi dot bién gay khang va ting nhay cam EGFR TKIs. Nghién
ctu kha ning dap ung véi gefitinib & cp do in vitro cua dot bién
T790M + L858R cho thiy tinh trang khang thuéc manh do bo d6i lam
tang ai lyc gan két ATP ciua EGFR gép 5 lan dot bién L858R.

4.1.3. Ty 1¢ dgt bién gen KRAS

Exon 2 cua gen KRAS, 1a viung chira codon 12 va 13, dugc xac
dinh dot bién bang k¥ thuat giai trinh tw gen va Scorpion ARMS cho
ty 18 dot bién 1a 15,5%, twong ddng vai nhiéu nghién ctru trude day.
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Ty 18 dot bién codon 12 va 13 cia exon 2 gen KRAS trong bénh
UTPKTBN tai chau A duoc bio céo 1a thip hon cic qudc gia Au My.
Ty 1€ nay trén nguoi Viét Nam trong nghién ctru cao hon ty I¢ trén
ngudi Trung Quéc va Triéu Tién co 1& do két hop 2 ky thuat giai trinh
tu va Scorpion ARMS gitp tim ra nhiéu do6t bién hon, khong loai trir
dot bién gen KRAS c6 thé pho bién hon ¢ nguoi Kinh. Ngoai cac yéu
t6 da duoc xac dinh nhu chung téc, gioi tinh, thoi quen hat thube va
loai m6 bénh hoc, ty 18 dot bién gen KRAS con chiu anh hudng boi
yéu t6 ki thuat twong tu nhu dot bién gen EGFR.

Céc dot bién KRAS phat hién trong nghién ciru déu duoc bao
c40 va co ty 18 tuong dong trén co so dir lisu COSMIC. Mot diém
dang quan tdm 1a phat hién dot bién KRAS trong nhém c6 mang dot
bién EGFR va nhoém khong c6 dot bién EGFR. Cac nghién ciru trudc
day thuong ghi nhan rang dot bién gen KRAS hién dién trong nhiing
khéi u c6 gen EGFR va ALK binh thudng, n6i mot cach khac 1a dot
bién KRAS va cac dot bién gen khac trong UTPKTBN loai trir 13n
nhau. Tuy nhién, khi tng dung cac k¥ thuit c6 do nhay cao dé phat
hién dot bién KRAS, ciing c6 nhitng nghién ctru ghi nhan dot bién
KRAS gap trong nhimg truong hop c6 dot bién EGFR va 1a nguyén
nhan khang erlotinib va gefitinib nguyén phat. Két qua nghién ctu
cho thay trong UTPKTBN can khao sat dong thoi ca hai dot bién gen
EGFR va KRAS dé gitip chon lya bénh nhan phu hop cho diéu tri
dich bang erlotinib va gefitinib.

4.2. Panh gia hiéu qua diéu tri dich bwéc 1 bing erlotinib trén
bénh nhan UTPKTBN cé ddt bién gen EGFR
4.2.1. Ddp trng diéu tri

O giai doan muon, viéc cai thién chat luong séng duoc dit 1én

hang dAu, vi viy hoa tri toan than (ca hoa chét truyén thdng va thudc
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diéu tri dich) c6 vai tro chu yéu la giam nhe triéu ching (ca co ning
va thuc thé) va kéo dai OS cho ngudoi bénh.
Ddp ing thuc thé

Dap g hoan toan hiém khi dat dwoc & bénh nhan ung thu giai
doan cubi vi kich thudc u 16n, xam 14n va c6 thé da cho di can xa. Do
d6, dap mg hoan toan & thang thir 9 diéu tri cho thay hiéu qua tét cua
erlotinib trén nhitng bénh nhan c6 dot bién gen EGFR. Ty 1é dép tng
ORR trong nghién ctru dat cao nhat 1a 63,9% vao thang thir 6 sau
diéu tri. Pay 1a ORR khé cao trong cac nghién ctru di thyc hién tai
Viét Nam. ORR trong nghién ctu cia Tamura va cong sy la 75%,
cua Mok va cong su la 71,4%, cta Inoue va cong sy la 66% va cua
Jeanne va cong su 1a 66%.

Tuy nhién, sau khi dat cao nhit tai thoi diém théng thu 6,
ORR bit dau giam dan, goi y mot tinh trang khang thudc thir phat.
Viéc tiép xuc véi erlotinib mot thoi gian co thé da kich thich sy phat
sinh mot s6 rdi loan ¢ cip do phan tir gay khang véi EGFR TKIs nhu
dot bién T790M exon 20 gen EGFR, su khuéch dai thu thé MET,
tang biéu hién yéu td phat trién té bao gan HGF...Do khong thé tién
hanh sinh thiét lai dé xét nghiém, dong thoi tai Viét Nam ciing chwa
c6 diéu kién dé xac dinh céac rdi loan di truyén nay nén nguyén nhan
bénh tién trién sau mot thoi gian dung thudc van chua duoc tim hiéu.
Bén canh d6, 2 bénh nhan c6 bénh tién trién chi sau mot thoi gian
ding thudc rat ngin va da duoc xép vao nhom nghi ngd khang thude
nguyén phat. Tuy da loai trir dot bién codon12-13 gen KRAS va cac
dot bién gen EGFR khang thudc cung cac dot bién gen EGFR méi
nhung con c6 cac bién d6i & cip do phan tir khac nhu sy hién dién
ctia dot bién codon 600 gen BRAF va phuc hop gen ALK-EMLA.
Céc rdi loan nay, néu khong duogc xac dinh trude khi didu tri dich s&

gdy lang phi cho nén y té. Do d6, can nhanh chéng xiy dung quy
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trinh k¥ thuat xac dinh cac réi loan lién quan dén tinh trang khang
thude dicu tri dich, dac biét 1a tinh trang khdng nguyén phat.
Dadp rng toan trang

Ty 1& bénh nhan co chi s6 Karnofski on dinh/tang dat cao nhat
vao thang thir 3 sau diéu tri (96,7%). 2 bénh nhan khong hé c6 cai
thién toan trang sau dung thude, c6 thé do c6 mét réi loan ¢ cap do
phan tir khac gy khang voi erlotinib nhu d dé cap & trén. Ty 1& bénh
nhan c6 chi s6 Karnoski on dinh/ting giam dan & cac thoi diém danh
gia diéu tri sau, twong ng voi su ting dan cua ty 18 bénh tién trién.
Chi s6 Karnofsky ting ching to toan trang ngudi bénh kha 1én, chét
lugng Séng c6 cai thién. Trén bénh nhan diéu tri erlotinib c6 dap ung,
cai thién triéu chung thuong dugc ghi nhan ¢ ngay thang dau & 80%
bénh nhan. M6t s6 bénh nhan du dap tng chi & mac bénh gid nguyén
nhung vé co ning dung nap thudc tét, bénh nhan cam thiy d& mét, an
udng kha hon, chat lwong séng duoc ning cao. Cac bénh nhan diéu
tri erlotinib bang duong udng con tranh dugc tinh mét moi, chan in
va budn nén trong nhitng ngay sau truyén hoéa chét.
4.2.2. Thoi gian séng thém

Trung vi PFS va OS trong nghién ctru nay lan luot 13 9,4 thang
va 15,5 thang, twong dong so Véi bao cdo cua Inoue, Sequist, Mok va
Tamura, nhung lai ¢6 khac biét so véi cua Jeanne du ciing trén bénh
nhan chau A. Khi so sanh véi cac phac dd hoa tri truyén thong 2
thubc c6 platinum trén cing d6i tugng bénh nhan & mot sd nghién
ctru khac, PFS va OS cua nghién ctru nay déu kéo dai hon. Ty 1é
bénh nhan con séng sau 1 nam trong nghién ciru nay 1a 74,9%, cao
hon ciia Mok 14 58% va cia cac bao cdo trén nhom hoa tri truyén
thong 1a khoang 33%. Mot s6 nghién ctru da cong bd mbi twong quan
gitta hiéu qua cua erlotinib véi gidi tinh, thé mé bénh hoc, tinh trang
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hut thude 14 va chung toc. Tuy nhién, do quan thé nghién ctru co ty 18
nam cao hon nir va nhém tudi >65 chiém wu thé nén chi c6 do tudi
duogc ghi nhan 1a yéu t6 giup kéo dai thoi gian PFS (p<0,04). Loi ich
nay khong quan sat dugc ¢ thoi gian OS.

Tém lai, erlotinib can dugc chi dinh budc 1 trén cac bénh nhan
c6 dot bién EGFR lam ting tinh nhay cam véi thuéc EGFR TKiIs.
Trén cac bénh nhan budc 1 khong thé hoa tri, nén xem xét diéu tri
erlotinib néu 1a bénh nhan chau A va ung thu thé biéu mé tuyén. Tt
nhét 1a can c6 két qua xét nghiém tinh trang dot bién gen EGFR va
KRAS truéc khi lya chon phac do diéu tri dé nguoi bénh dat dugc
hiéu qua diéu tri tdi vu, tranh nhitng truong hop diéu tri tha, cho doi
roi thay do6i phac do.

4.2.3. Tdac dung phu cia erlotinib

S0 V6i cac phac dd héa tri cd dién c6 platinum, diéu tri dich
bang erlotinib hoic gefitinib dugc ghi nhan dung nap tt hon va it cac
tac dung phu & mirc d6 trung binh-nang hon, dac biét 1a tac dung phu
trén hé tao huyét. Trong nghién ctru ndy, tac dung phu gap nhiéu nht
cua erlotinib 1a phat ban thé ndi mun & da (52,4%) va tiéu chay
(39,3%). Po nang cua tac dung phu nay hau hét 1a do I-I1, c6 thé kiém
soat duoc bang thude bdi ngoai da c¢6 corticoid hodc giam liéu erlotinib
di voi phat ban da. Rt it trudng hop tac dung phu trén hé tao huyét
nhur giam bach cau hat (14,8%) va giam huyét sac t6 (11,5%) muc do
nhe. Phat ban da thé ndi myn 1a mot trong nhiing tac dung phu chinh
cia EGFR TKIs, bén canh ti€u chay va viém canh mong. Trong
nghién ctru niy, phat ban da thé ndi mun ciing chiém ty I¢ cao nhat
trong nhom erlotinib. Mot nghién ciru tién ctru ghi nhan phat ban thé
ndi mun gitp tién lugng hiéu qua erlotinib. Phat ban da thé néi mun
cang nang, két qua diéu tri thuong cang tét.
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KET LUAN

1. Xac dinh ty 1¢ dot bién gen EGFR va gen KRAS bing hai ky
thuat giai trinh tw gen va Scorpion ARMS.

- 106/181 bénh nhan mang dot bién gen EGFR (58,6%). Ty l¢ dot
bién LREA (exon 19) va L858R (exon 21) 1a 48,2% va 40,7%, cac dot
bién khac chiém 12,1%. 2/106 bénh nhan mang dot bién doi; 4/106 bénh
nhan mang dot bién mai, gdm c.2137delA (exon 18), ¢.2373_2374delAA
(exon 20), ¢.2499 2521del23 va ¢.2554/2555insACA (exon 21).

- 28/181 bénh nhan mang dot bién gen KRAS (15,5%). Ty Ié
ddt bién tai codon 12 12 82,2% va tai codon 13 1a 17,8%.

- 4/181 bénh nhan cliing mang dot bién gen EGFR va KRAS (2,2%).

2. Panh gia hi¢u qua diéu tri dich bwéc 1 bang erlotinib

Lan dau tién tai Viét Nam, nghién ciru danh gia hiéu qua diéu tri
buéc 1 bang erlotinib dwoc thuc hién trén 61 bénh nhan UTPKTBN
giai doan muon, c6 dot bién gen EGFR, khong co dot bién gen
KRAS, cho hiéu qua tot va kéo dai thoi gian séng thém véi ty 18 dap
ung 1a 63,9%, trung vi PFS 1a 9,4 thang va trung vi OS 1a 15,5 thang.
Erlotinib duong udng c6 tinh dung nap tét. Chi c6 d6 tudi < 65 tudi
dugc ghi nhan 1a yéu t6 giup kéo dai PFS (p=0,04).
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KIEN NGHI

1. Can phai xét nghiém tim d6t bién gen EGFR va KRAS cho bénh
nhan truéc khi bat dau lidu trinh diéu tri dich buéc 1 nhim dem
lai lgi ich cao nhat cho ngudi bénh. Dé giam chi phi xét nghiém,
budc dau nén sir dung Ky thuat giai trinh tu gen (c6 gia thanh
canh tranh hon) dé tim soat dot bién. Nhirng bénh nhan nao c6
két qua dot bién gen am tinh bang k¥ thuat giai trinh ty s& duoc
xét nghiém lai bang ky thuat Scorpion ARMS.

2. M¢ rong nghién ctu hiéu qua diéu tri dich trén bénh nhéan
UTPKTBN giai doan mudn co dot bién gen EGFR theo ting
nhom bénh va theo cac dang dot bién khac nhau.

3. Xac dinh tinh d4p Gng véi thuéc EGFR TKIs cua cac dot bién gen
EGFR méi phat hién, gdm cac dot bién xoa doan ¢.2137delA (exon
18), ¢.2373_2374delAA (exon 20), ¢.2499 2521del23 (exon 21) va
dot bién thém doan ¢.2554/2555insACA (exon 21).

BACKGROUND

According to the latest worldwide cancer statistics, lung cancer
ranks first with high incidence and mortality in both sexes. 70% of
lung cancer patients in Vietnam were diagnosed at advanced stages
and no longer underwent an operation. By that time, radiation therapy
or chemotherapy should be administrated but left more adverse
events and the radical efficacy was limited.

In recent years, scientists have developed a new kind of drugs that

called the targeted therapy. Targeted therapy locked the target
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proteins in the cellular signaling pathways in lung tumors, harvesting
high anti-tumor efficacy and less side effects. However, not all
patients are responsive to targeted therapy since the responsiveness of
targeted drugs depend on the mutation status of the genes encoding
functional proteins in the signaling pathways.

OBJECTIVES
The study “Detection of EGFR and KRAS mutation related to
responsiveness of targeted therapy in non-small cell lung cancer”
was carried out with the following objectives:

3. Determining the frequencies of the targeted therapeutic
responsiveness related-EGFR and -KRAS mutation in advanced
non-small cell lung cancer.

4. Initially evaluating the responsiveness of first-line erlotinib in

advanced and EGFR-mutated non-small cell lung cancer patients.

URGENT NATURE OF THE STUDY

Targeted therapy has been shown to be effective to non-small cell
lung cancer (NSCLC) patients, especially in those harboring EGFR
mutated gene and KRAS non-mutated gene. In June 2009, FDA
recommended that EGFR mutation status should be determined in
the initation of EGFR tyrosine kinase inhibitors (EGFR TKIs)
administration. Although the targeted therapy becomes more frequent
in Vietnam, there has not been any study investigating the EGFR and

KRAS mutation on a large scale and evaluating the effectiveness of
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genotype-driven targeted therapy. Therefore, the studies on this field

are considerable concerned.

NEW CONTRIBUTIONS FROM THE THESIS
EGFR and KRAS mutation were detected by using the two
advanced methods which helped to lower the false negative rate and
made the results more precise. This study provides not only the initial
information about the frequencies of EGFR and KRAS mutation in
advanced NSCLC but the responsiveness of first-line erlotinib in the

EGFR-mutated patients as well .

THESIS OUTLINE
This thesis covers 125 pages, including: preamble (2 pages), the
overview (34 pages), materials and method (13 pages), results (37
pages), discussion (37 pages), conclusion (1 page), petition (1 page).
It consists of 27 tables, 5 charts, 1 diagram, 42 figures and 184

references (17 in Vietnamese and 167 in English).
Chapter 1: OVERVIEW

1. Non-small cell lung cancer

Non-small cell lung cancer gets the majority of lung cancer with
the frequency from 80% to 85%. NSCLC arises from the exposure to
carcinogenic risk factors and the genetic susceptibility of patients.
More molecular dysfunctions of NSCLC have been discovered in
recent years, including EGFR and KRAS mutations, which account

for higher proportion than other rare genetic disorders. NSCLC is
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divided into three main histologic subtypes, including
adenocarcinoma, squamous carcinoma and large cell carcinoma.
2. Role of EGFR signaling pathway

Epidermal growth factor receptor (EGFR) is a transmembrane
tyrosine kinase receptor that plays a central role in regulating cell
division and death. Downstream effects of EGFR activation include
modulation of three major pathways that have been well
characterized. Induction of the RAS-RAF-MAPK pathway occurs
when phosphorylated EGFR recruits the guanine-nucleotide
exchange factor via some adapter proteins, which activates RAS.
This step subsequently stimulates RAF and the MAP kinase pathway,
ultimately affecting cell proliferation, tumor invasion, and metastasis.

Although mutations can occur anywhere within the tyrosine
kinase domain, a significant set of EGFR mutations in lung cancer
that are associated with objective response to single agent TKI
therapy are observed in exons 18-21. The most frequent of these are
in-frame deletions in exon 19 that occur in approximately 45% of
cases, followed by point mutations in exon 21, in 40-45% of cases.
While more than 20 different deletions are observed in exon 19,
L858R in exon 21 is the most common point mutation detected. In
NSCLC, EGFR mutation is more frequent in East Asia than other
countries, in female than male and in never smokers than ever
smokers.

Mutation in codon 12 and 13 of KRAS gene transcripted a

mutated KRAS protein which is able to auto-activate the downstream
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signaling pathway regardless of the upstream EGFR. Therefore,
KRAS-mutated NSCLC were intrinsically 'resistant' to the EGFR
TKIs gefitinib and erlotinib. Unlike EGFR mutation, KRAS mutation
is more common in Caucasian patients and smokers.

The efficacy of the small molecules EGFR TKiIs gefitinib and
erlotinib has been shown through many clinical trials such as IPASS,
WJTOG3405, OPTIMAL, EURTAC ... with high response rates and
prolong survival time when compared with platinum-based
chemotherapy, especially in EGFR TKIs-sensitive EGFR mutants.

3. EGFR and KRAS mutation testing methods

Direct sequencing method

PCR RFLP method

Scorpion ARMS method

Smart Amplification Process method


http://reference.medscape.com/drug/tarceva-erlotinib-342270?src=wgt_edit_news_lsm&lc=int_mb_1001
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4. Researchs in EGFR and KRAS mutation and targeted

therapy of non-small cell lung cancer in Vietnam

Researchs about EGFR and KRAS mutations or the efficacy of
targeted therapy in NSCLC in Vietnam have been limited. There
were 10 studies from 2009 till now. There is no study in combination
more methods to elevate the sensitivity of the test. The occurrence of
EGFR mutation in Vietnamese adenocarcinoma NSCLC was
reported 64,2% in the PIONEER study (2014). Besides, there is also
no evaluation of the responsiveness of first-line EGFR TKIs, driven
by EGFR and KRAS mutation status.

Chapter 2: MATERIALS AND METHOD

1. Materials: including 2 groups:

- 181 advanced and chemonaive NSCLC patients whose
histologic subtypes are adenocarcinomas or squamous carcinomas or
large cell carcinomas, were determined EGFR and KRAS mutations.

- 61 first-line erlotininib administrated patients, selected from
the 181 patients above. These 61 patients were adenocarcinomas and
harbored EGFR TKIs-sensitive mutated EGFR gene and non-mutated
KRAS gene.

2. Study design:

Cross-sectional and descriptional study (for mutation detection
study) and cohort and survival study (for responsivess of first-line
erlotinib study). Study duration: from 01/01/2012 to 30/03/2014.
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3. Study method:
3.1. Detection of EGFR and KRAS mutations:

All samples underwent a haematoxylin and eosin pathology
review to confirm the diagnosis of NSCLC and the presence of tumor
in the samples. The NSCLC samples were macro-dissected by
scraping only the tumor area that had been selected by a pathologist.
Genomic DNA was extracted and purified using xylene and
phenol/chloroform. EGFR and KRAS mutation were detected by
using simultaneously direct sequencing and Scorpion ARMS method:

- The Sequencing reaction using BidDye Kit (Applied
Biosystems) was done in ABI3700 analyzer and Seqgscape software
(Applied Biosystems). Sequences of EGFR and KRAS genes of the
patients were compared with the reference sequence in GeneBank.

- Scorpion ARMS method using EGFR PCR kit and KRAS
PCR kit (Quiagen) detects 29 EGFR mutations and 7 KRAS mutation
by real-time PCR, the sensitivity 1% (1 mutated allele in total of 100
alleles).

3.2. Responsiveness of first-line erlotinib:

The overall response rate (ORR) (according to RECIST criteria
version 1.1) and patients’ performance status (according to Karnofski
scores) were recorded after each 3 months. The progression-free
survival time (PFS) and the overall survival time (OS) were recorded.
Adverse events were followed and classified according to the
Common Terminology Criteria for Adverse Events v3.0 (CTCAE
v3.0).
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4. Data processing:

The statistical analyses were done using the SPSS software
package version 21.0. Chi-square tests and Fisher’s exact tests (when
there were fewer than five expected counts in the contingency table)
were used to assess the difference between subgroups. Kaplan-Meier
curve was used for survival analysis. Logrank test was used to
compared the mean survival time between subgroups. All statistical
tests were two sided and p values less than 0,05 were considered
statistically significant.

5. Ethics in medical research:

The study was conducted based on the voluntary participation of
patients. The data used in the study was approved by the Ethics
Board of the Ministry of Health.
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Chapter 3: STUDY RESULTS

181 advanced and chemonaive NSCLC patients were undergone

EGFR and KRAS mutation testing.

1. Frequency of EGFR mutation

This study detected EGFR muations in 80/181 patients by using
direct sequencing and in 101/181 patients by Scorpion ARMS
method. In the combination of the two methods, 106/181 patients
(55,8%) showed an EGFR mutation. Mutations were found in all four
exons but mainly clustered in exon 19 and 21 (48,1% and 40,6%,
respectively).

2/106 patients carried the double mutation, including
S7681+V769L (exon 20) and T790M (exon 20)+L858R (exon 21).

New mutations occurred in 04/106 patients, including: c.2137delA
(exon 18), ¢.2373_2374delAA (exon 20), ¢.2499 2521del23 (exon
21) va ¢.2554/2555insACA (exon 21). Their responses to EGFR
TKIs are unknown.

Patients with the EGFR TKIs-sensitive mutation were in the
majority of cases (99/102, 97,0%) while those with the EGFR TKIs-

resistant mutation were in 3/102 (3,0%).
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Table 1. Incidence of EGFR mutations

. Response to Direct Scorpio L
Mutation Exon . n ARMS | Combination
EGFR TKIs | sequencing
method
G719S 18 Sensitive 1 1 1 (0,9%)
c.2137delA 18 Unknown 1 0 1 (0,9%)
LREA 19 Sensitive 45 51 51 (48,1%)
T790M 20 Resistant 1 1 1 (0,9%)
€.2373_2374 delAA 20 Unknown 1 1 (0,9%)
S768I1 + V769L 20 Resistant 1 0* 1 (0,9%)
L858R 21 Sensitive 25 43 43 (40,6%)
L861Q 21 Sensitive 2 4 (3,8%)
T790M + L858R 20+21 Resistant 1 1 1 (0,9%)
€.2499 2521 del23 21 Unknown 1 0 1 (0,9%)
€.2554/2555 insACA 21 Unknown 1 0 1 (0,9%)
All mutation 80 101 106 (100%)
Mutation rate 80/181 101/181 106/181
=44.2% =55,8% =58,6%
CTG >CGG (L858R)
GGGCIGCC( !

Wild-type

GGCCGGCCC

Tumor

Figure 1. L858R mutation in exon 21 of EGFR gene by direct

sequencing
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Mau ndi chuin

Mau bénh nhan
d6t bién L858R

Figure 2. L858R mutation in exon 21 of EGFR gene by Scorpion
ARMS method

2. Frequency of KRAS mutation

Table 2. Incidence of KRAS mutations

Mutation Direcf Scarpion Combination
sequencing ARMS method

G12A (codon 12) 2 3 3 (10,7%)
G12D (codon 12) 9 10 10 (35,7%)
G12C (codon 12) 2 4 4 (14,3%)
G12S (codon 12) 1 1 1 (3,6%)
G12V (codon 12) 5 5 5 (17,8%)
G13D (codon 13) 4 5 5 (17,8%)

All mutation 23 28 28 (100%)

Mutation rate

23/181=12,7%

28/181=15,5%

28/181=15,5%
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- This study detected KRAS mutations in 23/181 patients by
using direct sequencing and in 28/181 patients by Scorpion ARMS
method. In the combination of the two methods, 28/181 patients
(55,8%) showed a KRAS mutation. Mutations were found in all four
exons but mainly clustered in exon 19 and 21 (48,1% and 40,6%,

respectively).
- No double mutation or new mutation in the codon 12 and 13

was discovered.

GGT >AGT (G12S)

|
‘GGTGGC 'GGTGGC

it

Codonl2 Codonl3 Codonl12 Codonl3
Wild-type Tumor

Hinh 3. Mutation G12S in exon 2 of KRAS gene by direct

sequencing

The mutated EGFR and non-mutated KRAS patients were in the
majority of cases (56,4%). The concurrent EGFR and KRAS
mutations occurred in 4/181 patients (2,2%).
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Table 3. Fequencies of EGFR and KRAS mutations

. EGFR
Mutation status EGFR r_nytatlon mutation All
positive .
negative
KRAS mutation positive 4 (2,2%) 24 (13,2%) 28 (15,5%)
KRAS mutation negative 102 (56,4%) 51 (28,2%) 153 (84,5%)
All 106 (58,6%) 75 (41,4%) 181 (100%)

3. Responsiveness of first-line erlotinib

According to the study processing diagram, eligibility criteria and

mutation status, there were 61 patients who were selected to first-line

erlotinib study. Mean ages were 66,16+18,24.

Table 4. Objective response rate (N=61)

3-month 6-month 9-month 12-month
Response

n % n % n % n %

Complete response | 0 0 0 0 1 1,6 1 1,6
Partial response 22 | 36,1 | 39 | 639 | 28 | 459 18 29,5
Stable disease 371606 | 16 | 26,2 | 16 | 26,2 | 14 | 229
Progressive disease | 2 3,3 6 9,9 16 | 26,2 28 | 459
ORR 221 36,1 |39 |639| 20 | 475 | 19 | 311

There was 1/61 patient who got complete response . The overall

response rate (ORR) reached to the highest at the time of 6-month
(63,9%) and then went down to 47,5% and 31,1% at the 9-month

and 12-month, respectively.
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Table 5. Karnofsky scores (n=61)

3-month 6-month 9-month 12-month
Karnofsky scores

n % n % n % n %
Stable/Increase 59 | 96,7 | 54 | 885 | 47 | 77,0 33 54,1
Decrease 2 3,3 7 115 | 14 | 23,0 28 45,9

The rate of patients who got a stable or increase Karnofski score
was highest at the time of 3-month. This rate decreased time by time,

corresponding to the rate of progressive patients.

Table 6. Relationship between patients’ characteristic and

survival time

Characteristic n Median PFS Median OS
(months) (months)

Male 36 9,18 12,72

cender I Female 25 9,58 11,92
p 0,811 0,648

<65 20 11,73 14,53

Age >65 a1 8,18 11,35
p 0,04 0,08

Smoking | Non-smoking 37 9,81 13,15

status Smoking 24 9,04 11,91
p 0,647 0,482

The mean duration of treatment was 9,8 months. The median PFS
was 9,4 months (3,2 — 48 months) and the median OS was 15,5
months (5,7 — 48 months) (Figure 4). Due to the equality between the
patients’ characteristics, statistically significance was hardly
discovered from most of subgroups. The PFS was statistically

significance longer in <65-year old patients than in >65-year old
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patients (11,73 months vs 8,18 months, p <0,05). However, this
difference was not observed in OS.

Survival Function

~I 1 Survival Function
1,0 L ~+- Censored
0,8 1[
T o6 b
=
z
3
w L
5 il
3 o4
O 04 il
0,24
- +
0,0
T T T T T T
0o 10,00 20,00 30,00 40,00 50,00
FPSmonths
Survival Function
~I1Survival Function
1,07 —1H_,l —+ Censored

Cum Survival
o
5
1
I

T T T T
0 10 20 30 40 50

OSmonths

Figure 4. Kaplan-Meier curves for progression-free survival

(PFS) and overall survival (OS)
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Table 7. Adverse events of erlotinib

Adverse events Grade 1-2 | Grade 3-4 | All adverse events
Leukopenia 9 (14,8%) 0 9 (14,8%)
Anemia 7 (11,5%) 0 7 (11,5%)
Diarrhea 24 (39,3%) 0 24 (39,3%)
Hepatic enzyme evaluation | 9 (14,8%) 1(1,6%) 10 (16,4%)
\Vomiting 5 (8,2%) 0 5 (8,2%)
Rash or acne 28 (45,9%) | 4 (6,6%) 32 (52,4%)
Paronychia 13 (21,3%) | 1(1,6%) 14 (23,0%)
Myalgia, arthralgia 3 (4,9%) 0 3 (4,9%)

Hair loss 2 (3,3%) 0 2 (3,3%)

Chapter 4: DISCUSSION

1. Frequencies of EGFR and KRAS mutations

1.1. EGFR and KRAS mutation testing method

Which method was used to determine the mutations is also an

important factor impacting on the occurrence of the mutation as well.

The rate of the mutations in tumor DNA detected by the Scorpion

ARMS was compared with that determined by the direct sequencing

as a current standard method. DNA from tumor samples consisted of
a mixture of the mutant DNA and wild-type DNA because the EGFR

mutation status was always heterogeneous, and the complete removal

of normal cells, such as normal epithelial cells and inflammatory

cells, from tumor specimens is very difficult. Since parallel tumor

tissue investigations were done on all specimens, which is a
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recognized advantage in the present study, more EGFR mutations
were detected (106 cases), instead of 101 cases or 80 cases when
using Scorpion ARMS only or direct sequencing only. Ellison et al
reported the overall EGFR mutation rate was 12.6%, higher than the
single Scoripon ARMS method or sequencing (8.4% and 7.9%,
respectively). It can be speculated that the high sensitivity and
specificity of the EGFR Scorpion allowed the study to detect more
mutations or to confirm uncertain results, which originated from the
lower sensitivity of direct sequencing. Although Shi et al reported
high frequency of EGFR mutations in seven Asian countries of the
PIONEER study by using Scorpion ARMS method, no new or
unknown mutation was found (22). In this study, 4 new mutations
(deletion and insertion) and one V769L mutation were determined
only by using direct sequencing. This is the first time in Vietnam, a
EGFR mutational analysis was carried on by both direct sequencing
and Scorpion ARMS method. One limitation of the EGFR Scorpion
kit is that it is able to detect mutations targeted by the designed
Scorpion primers while EGFR mutations are not solely at several
sites but clustered around the ATP-binding site in exon 18, 19, 20
and 21. In addition, the occurrence of EGFR mutations depends on
various technical factors such as the tissue extraction method, the

qualification of the tumor tissue and the DNA purification procedure.
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1.2. EGFR mutation rate

The current study reports the results from a molecular analysis of
the EGFR gene in 181 non-small cell lung cancer patients before the
initation of gefitinib or erlotinib administration. Among the 181
patients, there were 106 patients (58,6%) carrying EGFR mutations
in the tumor. The positive rate of EGFR mutations is much higher
than previously reported for Caucasian patients but rather higher than
that observed in East Asian patients. The frequency of EGFR
mutations was reported 39% in Japan, 34.6% in Korea, 38.6% in
Taiwan and 57.4% in Thailand. This suggests that previously study
designs had import selection biases concerning this mutation
analyses. One possible explanation for the higher mutation rate in
this study lies in the distribution of the histological subgroups. In a
manner consistent with the previous reports, the EGFR mutations are
tightly associated with this pathology type. Since adenocarcinomas
were also in this study more likely to exhibit a EGFR mutation, the

frequency was overestimated.

Moreover, the mutations seem to be complex in that 2 tumors
carried double mutation, including T790M+L858R and
S7681+V769L. This finding would suggest that the cancer cells might
be accumulating multiple molecular events in the EGFR gene in
these tumor specimens. Regarding to the impact of EGFR mutations
on the responsiveness of tyrosine kinase inhibitors, the sensitising

mutations were more frequent than the resistant mutations in this
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study (99/106, 93.4% vs 3/106, 2.8%), which is a finding similar to
the previous reports. 2 of 3 tumors occurring resistant mutations
carried the double mutation, in which T790M, S7681 and V769L
were resistant-reported mutations while L858R is classified into
sensitizing mutation. Although EGFR double mutations were
previously reports, from which the frequencies varied from 13% to
17%, they were limitedly studied in Vietnamese NSCLC patients.
T790M+L858R is a comlex double mutation for the combination of a
sensitising and a resistant mutation. The in vitro gefitinib response of
EGFR T790M+L858R mutants was investigated, compared with
single and double mutants. The T790M+L858R double mutants
showed strong resistance to gefitinib treatment because they
increased the ATP affinity of EGFR kinase domain 5-fold higher
than the L858R single mutants.

1.3. KRAS mutation rate

Mutations in codon 12 and 13 of KRAS gene were discovered in
total 28/181 patients (15,5%) by using the direct sequencing and
Scorpion ARMS method. KRAS mutation in Asia patients was less
frequent than in Caucasian ones. This study carried out in
Vietnamese patients reported a higher proportion of KRAS mutation
than in China and Korea. That might be due to the combination of
two method leading to detect more mutations and it has not been
excluded that KRAS mutation was more common in the Kinh.

Besides the characteristics which have been discussed such as
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ethnics, gender, smoking history and histologic subtype, KRAS
mutation rate was influenced by technical factors like EGFR
mutations.

The KRAS mutations detected in this study had been reported
with the similar frequencies in the COSMIC database. Another point
of interest was that KRAS mutations were detected in both EGFR
mutant and non-mutant group. It was discussed in the previous
reports that KRAS mutations are usually mutually exclusive with
EGFR mutations and ALK translocations. However, highly sensitive
methods facilitated to detect the concurrent EGFR and KRAS
mutations, which were intrinsically 'resistant' to the EGFR TKIs
gefitinib and erlotinib. The outcomes recommended that EGFR and
KRAS mutation should be determined simultaneously in the initation
of gefitinib or erlotinib administration.

2. Evaluation of first-line erlotinib in EGFR-mutated non-small
cell lung cancer
2.1. Therapeutic response

In advanced stages, improving the quality of life is priority, so the
systemic therapy (both traditional chemotherapy and targeted
therapy) helps to take palliative care and prolong OS for patients.
Objective response

Complete response is rarely achieved in advanced NSCLC
patients because of the size, invasion and metastases of the tumors.
Therefore, a complete response at the 9-month time showed good
effectiveness of erlotinib in EGFR mutated patients. The ORR in the


http://reference.medscape.com/drug/tarceva-erlotinib-342270?src=wgt_edit_news_lsm&lc=int_mb_1001
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study was 63.9%, the highest value at 6-month time after
administration. This is a high ORR in the previous studies carried out
in Vietnam. The ORR was reported as 75% and 71.4% by Tamura et
al and Mok et al, as 66% by both Inoue et al and Jeanne et al.

However, after reaching the highest values at 6 months, the ORR
began declining, suggesting a secondary drug resistance. It might be
noticed that the exposure to erlotinib may have stimulated a number
of molecular EGFR TKIs-resistant disorders such as the mutation
T790M in the exon 20 of EGFR gene, the MET amplification, the
HGF overexpression ... These hypotheses have not been explored
since the molecular disorders have not been determined in Vietnam at
the present time and the biopsy has not been extracted many times
for molecular testing.

In addition, that 2 patients having progressive diseases after only a
very short time suggested a primary drug resistance. Although KRAS
mutation, EGFR TKIs-resistant EGFR mutations and new EGFR
mutations were excluded due to eglibility criteria, there were also
molecular disorders responsible for the outcome, such as a BRAF
mutation or EML4-ALK translocation. Thus, technical procedures
for genotype-driven therapies should be established.

Patients’ status

The percentage of patients with stable/increase Karnofski scores
reached to a peak (96.7%) at the 3-month after erlotinib
administration. Two patients had no any improvement, may be due to

a molecular disorder, causing resistance to erlotinib as mentioned



46

above. After this period, the proportion went down, corresponding to
the gradual increase of the progressive disease rate. That Karnofsky
scores rose proved the patients’ better performance status and the
improvement in the quality of their lives. Symptomatic improvements
were observed in the first month in 80% of the complete and partial
response patients. In the stable diseases, erlotinib was well tolerated
so the patients felt better and avoid fatigue, loss of appetite and
nausea.
2.2.Survival time

Median PFS and OS were recorded 9,4 months and 15,5 months,
respectively, similarly compared with which reported by Inoue,
Sequist, Mok and Tamura et al, but differed from that of Jeanne et al.
When compared with traditional platinum-based chemotherapy, the
PFS and OS of this study were more prolonged. This study showed a
74.9% of 1-year OS, higher than which of Mok et al (58%) and
which of previous studies in traditional platinum-based
chemotherapy patients (approximately 33%). A number of studies
have been published the correlation between the efficacy of erlotinib
with sex, histologic subtypes, smoking status and race. However,
only the age <65-year old was noticed to be a factor that helped to
prolong PFS (p <0.04) due to the similarity between the study
subgroups. This difference was not observed in OS.

In summary, first-line erlotinib should be administrated in EGFR
TKIls-sensitive EGFR-mutated NSCLC patients. In the patients who

were not suitable for chemotherapy, erlotinib administration should



47

be considered if the patient is Asian and adenocarcinoma. However,
the EGFR and KRAS mutation testing were strongly recommended
for the optimal therapeutic selection.
2.3. Adverse events of erlotinib

Compared with the traditional platinum-based chemotherapy,
targeted therapy with erlotinib or gefitinib was observed better
tolerability and fewer side effects, especially adverse effects in bone
marrow. In this study, the most common adverse events of erlotinib
are skin rash or acne (52.4%) and diarrhea (39.3%). The severity of
this side effect clustered in grade 1-2 and could be controlled by
corticoid cream or erlotinib-dose reduction. Skin rash or acne is one
of the main adverse events of EGFR TKIs, in addition of diarrhea
and paronychia. A prospective study reported skin rash to be a

predictor for erlotinib effectiveness.

CONCLUSION

2. Frequencies of EGFR and KRAS mutations determined by
using direct sequencing and Scorpion ARMS method:

- The frequencies of EGFR and KRAS mutations were 58,6%
(106/181) and 15,5% (28/181) in 181 advanced non-small cell lung
cancer (NSCLC) patients, detected by using the direct sequencing
and Scorpion ARMS method.

- 4/106 patients showed new mutations in EGFR gene,
including small deletions ¢.2137delA (exon 18), ¢.2373_2374delAA
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(exon 20), c.2499 2521del23 (exon 21) and an insertion
€.2554/2555insACA (exon 21).
- 4/181 patients carried the concurrent mutations in EGFR and

KRAS genes.
2. Responsiveness of first-line erlotinib

This is the first time in Vietnam that the responsiveness of first-
line erlotinib was studied in advanced NSCLC patients who were
EGFR mutation positive and KRAS mutation negative. The overall
response rate was 63,9%, the median of progression-free survival
time was 9,4 months and the median of overall survival time was
15,5 months. Age under 65-year old was noticed to improve PFS
(p=0,04).

PETITION

4. EGFR and KRAS mutation testings were recommended before the
initation of first-line gefitinib or erlotinib administration for the
highest benefits of the patients. For lowering the testing
expenditures, the direct sequencing should be indiated to screen
mutations before Scorpion ARMS method.

5. Evaluate the responsiveness of erlotinib or gefitinib in advanced
and EGFR-mutated NSCLC in different therapeutic groups (first-
line or second-line) and in different mutation types.

6. Determine the responses of the new EGFR mutations in this study

to erlotinib and gefitinib.



