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ABSTRACT

Objective: To determine the frequency of gene mutations and their association with overall survival
in pediatric acute leukemia (AL), including T-ALL, B-ALL, and AML.

Materials and Methods: Aretrospective secondary analysis of 763 pediatric patients with T-ALL (n=265),
B-ALL (n=251), and AML (n=247) was performed using publicly available, de-identified data from St.
Jude Cloud (GenomePaint/PeCan). Gene events (SNVs, indels, structural rearrangements, pathogenic
fusions) were aggregated. Overall survival was analyzed using Kaplan—Meier and log-rank tests.

Results: High-frequency mutations (>10%) included RUNX1 (46.4%), NRAS (45.9%), NOTCH1
(41.8%), ETV6 (37.9%), KRAS (30.9%), FLT3 (22.0%), MLLT3 (18.2%), WT1 (13.9%), KDM6A (13.0%),
BCR (12.6%), TP53(12.2%), and KIT (11.3%). RUNX1, NRAS, ETV6, and KRAS predominated in B-ALL
and AML, whereas NOTCH1 was almost exclusive to T-ALL. Intermediate-frequency mutations
(5-10%) included CD56, CBL, EZH2, FOXP1, TPK1, MSH2, MRD5, and KDM4C. NRAS mutation in
B-ALL was significantly associated with poorer overall survival (p = 0.005); KRAS mutations showed
no significant prognostic impact.

Discussion and Conclusion: The mutational landscape varies markedly across AL subtypes and
has potential clinical value for risk stratification and personalized treatment.
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TOM TAT
Muc tiéu: Xac dinh tan suat dét bién gen va maéi lién quan vdi tién lugng séng con & bénh nhi lo' xé
mi cép (LXMc), bao gdbm T-ALL, B-ALL va AML.

Déi twgng va phuwong phép: Phan tich tht cap trén 763 bénh nhi LXMc gom T-ALL (n=265), B-ALL
(n=251) va AML (n=247), khai thac tir bo d¥ liéu cong khai da 4n danh cla St. Jude Cloud (nén tang
GenomePaint/PeCan). Cac bién c6 di truyén bao gdm SNV, indel, téi sdp x&p c4u tric va té hgp gen
c6 y nghia bénh sinh. S8ng con toan bé dugc phan tich bang Kaplan-Meier va kiém dinh log-rank.

K&t qua: Cac gen tan suét cao (>10%): RUNX1 (46,4%), NRAS (45,9%), NOTCH1 (41,8%), ETV6
(37,9%), KRAS (30,9%), FLT3 (22,0%), MLLT3 (18,2%), WT1 (13,9%), KDM6A (13,0%), BCR (12,6%),
TP53 (12,2%) va KIT (11,3%). RUNX1, NRAS, ETV6 va KRAS chll yéu & B-ALL va AML; NOTCH1 uu
th&rd rét 8 T-ALL. Cac gen tan suét trung binh (5-10%) gobm CD56, CBL, EZH2, FOXP1, TPK1, MSH2,
MRD5 va KDM4C. Dot bi€n NRAS & B-ALL lién quan tién lugng xdu co y nghia thdng ké (p = 0,005);
KRAS khong cho thay y nghia tién lugng.

Ban luan va két luan: Phé dot bign gen khac biét ré gitra cac thé LXMc va cé gia tri tién luong, hd

trg phan tang nguy co va diéu tri ca thé hoa.

Tir khéa: Lo xé mi cép; dot bién gen; tién lugng; T-ALL; B-ALL; AML.

1. DAT VAN DE

Lo'xé& micép (LXMc) la nhom bénh ac tinh clia hé tao méau, gom
LXMc dong lympho (T-ALL, B-ALL) va LXMc dong tiy (AML); day
(4 bénh &c tinh thudng g&p nhat & tré em, c6 dién tién nhanh
va tién lugng phu thudc nhiéu yéu t6 lam sang, mién dich va di
truy@n. Sy phat trién cuia gidi trinh tw gen thé hé mdi da gitp xac
dinh nhiéu dot bién quan trong nhu RUNX1, NRAS, NOTCHA1,
ETV6, KRAS va FLT3, cé vai tro trong sinh bénh hoc, tién lugng
va dinh huéng diéu trj ca thé hoa. Tuy nhién, tan suétvay nghia
tién luong clia cac dot bién nay khac nhau gilta cac thé bénh
va nhiéu nghién cttu hién nay con gidi han & tirng nhém bénh
hodc c& mau nhd. Trén co s& dif liéu giai trinh tu quy mé lén
cua St. Jude Children’s Research Hospital, chiing téi phan tich
dathé& LXMc &tré em nhdm danh gia phé dot bién gen, tan suét
va mai lién quan véi tién lugng séng con, gop phan hé trg phan
tAng nguy co'va ca thé héa didu tri.

2. DOI TUONG VA PHUONG PHAP NGHIEN cU'U

2.1. D3i twgng va thiét ké nghién ciru

Nghién ctru hoi cliru, mo ta, phan tich thir cip trén 763 bénh
nhi LXMc, gdm T-ALL (n=265), B-ALL (n=251)va AML (n=247),
khai thac tir b6 dir liéu cdng khai cuia St. Jude Cloud.

2.2. Xac dinh dot bién gen va bién sé nghién ciru

D{ liéu bién thé dugc khai thac tir nén tang GenomePaint/
PeCan cUa St. Jude Cloud [1], tdng hap céc két qua WGS va

*Téc gia lien hé

WES da dugc chd gidi bdi nhom tin sinh hoc clia cd s@ nguon.
Mét bénh nhan dugc coi la mang “dot bién” ctia mot gen khi céd
it nhat mot bién thé cd y nghia bénh sinh tai gen d6, bao gom:
bién thé diém (SNV), bi&n thé chén/mat nho (indel), tai sdp x&p
c4utric hodc t6 hop gen pathogenic. Cac bién thé dong té bao
mam (germline), bién thé déng nghia va bién thé cé y nghia ldm
sang chua rd (VUS) dugc loai trirtheo bé loc mac dinh clia nén
tang nguon. Can luuy day la cac bién cd ditruyén & mirc cac sy
kién phan tlr, khéng phai mirc biéu hién gen.

Céc bién nghién clru gobm: loai dot bién gen, tan suat dot
bién, phan nhém bénh va tinh trang séng con. Dot bién
dugc phan nhém theo tan suat: >10% (t&n suét cao) va
5-10% (t&n suét trung binh).

2.3. Xt ly sé liéu va phuong phap théng ké

So sénh ty |é gitra cac nhdm st dung kiém dinh Chi-square
hoac Fisher’s exact test khi thich hgp. Phan tich séng con
dugc thuc hién bdng phuong phap Kaplan-Meier va so
sanh bang kiém dinh log-rank. Bién c6 s6ng con la séng con
toan bo (overall survival, OS) véi s kién dugc ma hoéa la t&r
vong do moi nguyén nhan; bénh nhan con séng tai [an cap
nhat cudi dugc coi la dir liéu kiém duyét (censored). Thdi
gian theo ddi dugc tinh tir thoi diém chan doan dén lan cap
nhat cudi theo co s& dif liéu ngudn. P8i vdi tirng gen, bénh
nhan dugc phan thanh hai nhom cdé va khéng cé dot bién.
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Murc anh hudng tién lugng clia tirng gen trén tirng thé bénh
(Bang 3) dugc phén loai dinh tinh: “x4u” khi p<0,05 va
duding cong Kaplan-Meier ctia nhém mang dét bién ndm
thép hon; “tot” khi p<0,05 va dudng cong nhém mang dét
bién ndm cao haon; “trung binh” khi p=0,05 hoac s6 su kién
khong da dé két luan. Pay la phan loai sg bd, can kiém
chirng bang mé hinh hdi quy Cox da bién vé&i bao cdo HRva
95% ClI. Gié tri p<0,05 dugc coi la cd y nghia thong ké.

2.4. Pao durc nghién cttu

DAy la nghién ctru phan tich thit cap, khong can thiép, trén
bd dif liéu da an danh hoan toan clia Saint Jude Children’s
Research Hospital (St. Jude Cloud); déng thuén va phé duyét
dao dirc cho viéc tao lap bé dir liéu gbc da dugc co sd ngudn
thuc hién theo digu khoan sirdung dit liéu cong khai. Viéc st
dung di¥ liéu th& c8p cho nghién ciru nay da dugc Hoi dong
DPao dirc Truong Pai hoc Y Dugc Hai Phong phé duyét véi ma
s0 14 / IRB_HPMU, pham vi phé duyét la phan tich dit liéu
thit c8p da an danh. Do di liéu hoan toan &n danh va khong
c6 sy can thiép truc ti€p dén bénh nhéan, nghién cttu khong
tao thém nguy co nao déi vdGi déi tugng tham gia.

3. KET QUA

3.1. Tan suét cac dot bién gen
Bang 1. Pac diém céac gen dot bién tan suat cao (>10%)
trong LXMc (n=763)

STT| Téngen (:;glélg) (::;Iéli) (nihzdz:}) Tang (n) T(lg/ol;e
5 | TPKA 5 39 7 51 6,7
6 | MsH2 3 38 9 50 6,6
7 | MRD5 4 33 6 43 5,6
8 | KDM4ac 7 23 11 M 5,4

STT| Téngen (::;t;lé) (::2\;:) (nﬁhz’lz:}) (::;éga) T(‘;/:)e
1| RUNX1 33 212 109 354 | 46,4
2 | NRAS 35 206 109 350 | 45,9
3 | NOTCH1 | 264 47 8 319 | 41,8
4| ETVE 25 237 27 289 | 37,9
5 | KRAS 12 194 30 236 | 30,9
6 | FLT3 21 94 53 168 | 22,0
7 | MLLT3 24 81 34 139 18,2
8 | wr 49 14 43 106 13,9
9 | KDMeA 27 59 13 99 13,0
10| BCR 1 92 3 9% 12,6
11| TPs3 11 79 3 93 12,2
12 KT 4 10 72 86 11,3

Nh&n xét: Cac gen co6 tan suét cao nhat la RUNX1 (46,4%),
NRAS (45,9%) va NOTCH1 (41,8%). RUNX1, NRAS, ETV6 va
KRAS phan bé chti yéu & B-ALL va AML, trong khi NOTCHA1
wu thé ré rét & T-ALL (264/265, 99,6%). FLT3 (22,0%),
MLLT3 (18,2%) va WT1 (13,9%) cling c6 tan suat dang ke,
chtiyéu & B-ALL va AML.

Bang 2. C4c gen dot bién tan suét trung binh (5-10%)
trong LXMc (n=763)

STT| Téngen (::;:I%) (:;gls-:) (nihz’l:n Tang (n) T()t:/ol)e
1| cose 1 62 12 75 9,8
2| cBL 3 37 25 65 8,5
3| EzH2 24 22 14 60 7,9
4 | Foxp1 6 M 13 60 7,9

Nhén xét: Cac gen nhém tan suét trung binh dao déng 5,4—
9,8%, trong dé CD56 (9,8%) va CBL (8,5%) cao nhat. Phan
l&n cac dot bién trong nhdom nay phan bé uu thé & B-ALL,
ngoai trir EZH2 phan bd tuwong d6i dong déu gitra ba thé bénh.

3.2. Y nghia tién lwong clia cac dot bién gen

NRAS trong bénh T-ALL NRAS trong bénh B-ALL

KRAS trong bénh T-ALL KRAS trong bénh AML

KRAS trong bénh B-ALL

Hinh 1. K&t qua ti L& séng con cua dét bién gen NRAS,
KRAS trén t'ng nhém bénh

Nh&n xét: Hinh Kaplan-Meier cho théy sy khac biét séng
con theo mic biéu hién NRAS va KRAS gitra T-ALL, B-ALL
va AML. NRAS & B-ALL c6 y nghia thng ké (p = 0,005) véi
nhom biéu hién cao lién quan tién lugng x&u hon rd
rét, trong khi T-ALL va AML khoéng c6 khac biét. Nguoc
lai, KRAS khéng ghi nhan sy khac biét séng con c6 y nghia
théng ké & ca ba nhém bénh.

Téng hop phan loai anh hudng tién lugng clia cac dot bién
gen dugc trinh bay & Bang 3.

Bang 3. Phan loai anh hudng tién lwgng clia cac dot
bién gen theo thé bénh

STT Tén gen T-ALL B-ALL AML
1 RUNX1 Trung binh X&u X&u
2 NRAS Trung binh X&u Trung binh
3 NOTCH1 Tot Trung binh | Trung binh
4 ETV6 Tot Tot Trung binh
5 KRAS Trung binh | Trung binh | Trung binh
6 FLT3 Trung binh Xau X&u
7 MLLT3 Trung binh | Trung binh X&u
8 WT1 Trung binh | Trung binh X&u
9 KDM6A Trung binh | Trung binh | Trung binh
10 BCR Trung binh Xau Trung binh
11 TP53 Trung binh | Trung binh X&u
12 KIT Trung binh | Trung binh X&u
13 EZH2 Trung binh | Trung binh | Trung binh
14 CBL Trung binh | Trung binh | Trung binh
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STT Tén gen T-ALL B-ALL AML

15 CD56 Trung binh | Trung binh X&u

16 FOXP1 Trung binh | Trung binh | Trung binh
17 TPK1 Trung binh | Trung binh | Trung binh
18 MSH2 Trung binh | Trung binh | Trung binh
19 MRD5 Trung binh | Trung binh | Trung binh
20 KDM4C Trung binh | Trung binh | Trung binh

Nhén xét: Trong AML, cac dot bién RUNX1, FLT3, WT1,
MLLT3, TP53, KIT va CD56 lién quan tién lugng xau. o
B-ALL, RUNX1, NRAS, FLT3 va BCR lién quan tién lugng
xau, trong khi ETV6 lién quan tién lugng tot. Trong T-ALL,
NOTCH1 va ETV6 c6 xu hudng tién lugng t6t; cac dot bién
con lai chua cho thdy y nghia tién lu'gng ro rét.

4. BAN LUAN

4.1. Phé dot bién gen theo thé bénh

Nghién cttu ghi nhan phé dot bién da dang trong LXMc tré em,
v3i céc gen co tan suét cao nhat la RUNX1 (46,4%), NRAS
(45,9%) va NOTCH1 (41,8%) — day la cac gen quan trong trong
diéu hoa biét hoa, tang sinh va chét theo chuong trinh cla té
bao tao mau. K&t qua phu hgp véi cac nghién citu lén cho thay
dot bién RAS va y&u t6 phién ma (RUNX1, ETV6) chiém ty 1&
cao va c6 tinh dac hiéu theo thé LXMc [2,3]. V& phan b8 theo
thé bénh, RUNX1, NRAS, ETV6 va KRAS chu yéu gap & B-ALL
va AML, trong khi NOTCH1 uu thé r6 rét & T-ALL (264/265 ca,
99,6%) — phl hgp vdi vai trd chti chét cia NOTCH1 trong T-ALL
[4] va vai trd cia RUNX1, ETV6 trong ri loan biét hoa dong B
va dong tay [5]. FLT3 (22,0%), MLLT3 (18,2%) va WT1 (13,9%)
cd ty lé cao, phu hgp vdi cac nghién cltu clia Kottaridis va cs,
Déhner va cs trong dé FLT3 va WT1 dugc xac dinh la yéu t6
tang sinh manh va tién lwgng xau trong AML [6,7].

Trong nhém tan suét trung binh, céc gen nhu CD56 (9,8%), CBL
(8,5%), EZH2 (7,9%) va FOXP1 (7,9%) chiém uu thé va tap trung
& B-ALL, cho thay vai trd clia cac cd ché ngoai gen va tin hiéu noi
bao trong sinh bénh hoc LXMc dong B. EZH2 (thanh phan phic
hop PRC2) c6 vai trd methyl hda histone, diéu hoa biéu hién gen
va lién quan dén tién luong khong dong nhét [8]. Tuong tu, CBL
- mdt E3 ubiquitin ligase — tham gia diéu hoa tin hiéu tyrosine
kinase, va dét bién CBL [dm ting hoat héa duding dan tin hiéu
tang sinh trong LXMc [9].

4.2.Y nghia tién lwgng

Phan tich Kaplan-Meier cho thdy NRAS & B-ALL lién quan tién
luwong xau co y nghia théng ké (p = 0,005), pht hgp véi cac nghién
cltu trudc vé vai trd clia dot bién RAS trong khang hoa tri va tai
phat. Ngugec lai, KRAS khong cho thay y nghia tién lugng 6 rang.
Trong AML, céac dét bién nhu RUNXT, FLT3, WT1, TP53 va KIT lién
quantién lugng xau, phl hgp vdi hé thdng phan tang nguy coclia
European LeukemiaNet [7]. Trong T-ALL, NOTCH1 c6 xu huéng
tién luong t&t, mac du con phu thudc vao cac dong dot bién. O
B-ALL, ETV6 lién quan tién lwong tat, trong khi BCR lién quan tién
lwong xau, phi hgp vai cac phan loai nguy co hién hanh.

4.3. Han ché cuia nghién ctru

Nghién clitu c6 mot sé han ché. Thi nhét, tan suat dot bién
cla mot s6 gen (RUNX1, NRAS, NOTCH1) cao hon céac bao
cdo cd dién; diéu nay c6 thé phan anh dac diém cua co s&
di liéu ngudn vén bao gom cac trudng hop da giai trinh ty
sau, tiéu chi chu giai bién thé rong (g6p SNV, indel, téi sdp x&p

cAu tric va té hgp gen) va co thé bao gobm céa cac bénh nhan
tai phat/khang tri. C4c gid tri tan suat nén dudc hiéu a ty &
bién cd di truyén tich Ly & mic bénh nhan, khéng truc tiép so
sanh duoc véi tan suat dot bién diém tai thdi diém chan doan
trong cac nghién ctru don trung tdm. Th( hai, do thi€t ké phan
tich th( cép, két qua phu thudc vao quy trinh cha gidi mac
dinh cua St. Jude Cloud. Thi ba, phéan loai tién lugng theo
“t&t/trung binh/xau” la dinh tinh, khéng bao gom hiéu chinh
cac yéu t6 nhiéu (tudi, nhém nguy co ban dau, cac déong dot
bién); can kiém chiing bang mé hinh hdi quy Cox da bién vdi
bao cao HR va 95% Cl. Thirtu, véi cac dot bién hiém hodac khi
phan tang theo thé bénh dan t&i s6 su kién rat it, udc luong
s6ng con cé thé thiéu 6n dinh.

5. KET LUAN

Phd doét bién gen trong LXMc tré em da dang va khéc biét rd
rét gira cac thé bénh, phan anh vai trd dac hiéu cla ting
nhom gen trong ca ché sinh bénh. Sy két hgp dong thai clia
céac dot bién tin hiéu (RAS), yéu t6 phién ma (RUNX1, ETVS,
NOTCH?1) va gen diéu hoa epigenetic (EZH2, KDM6A) cho
thdy LXMc c6 nén tang di truyén phiic tap. Dot bién NRAS &
B-ALL lién quan tién lugng xau c6 y nghia théng ké. Két qua
nghién c(ru nhan manh tdm quan trong clia viéc tich hgp ho
S0 dot bién gen vao phan tang nguy cd, gop phan dinh hudng
diéu tri ca thé héa va cai thién tién lugng cho bénh nhi LXMc.
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Chuing tdi xin bay té long biét on sau sic téi Uy ban Nhan
dan Thanh phé Hai Phong, S& Khoa hoc va Cong nghé Hai
Phong, Truong Pai hoc Y Dugc Hai Phong va cac don vi
lién quan da hé trg va tai trg kinh phi cho dé tai nghién ciru
ma s6 966/HD-DT.YD.2023.

7. TAI LIEU THAM KHAO

[11Zhou X, Wang J, Patel J, et al. Exploration of coding and
non-coding variants in cancer using GenomePaint.
Cancer Cell. 2021;39(1):83-95.

[2] Papaemmanuil E, Gerstung M, Bullinger L, et al.
Genomic classification and prognosis in acute myeloid
leukemia. N EnglJ Med. 2016;374(23):2209-2221.

[3]InabaH, Greaves M, Mullighan CG. Acute lymphoblastic
leukaemia. Lancet. 2013;381(9881):1943-1955.

[4]WengAP, Ferrando AA, Lee W, etal. Activatingmutations
of NOTCH1 in human T cell acute lymphoblastic
leukemia. Science. 2004;306(5694):269-271.

[5]Osato M. Pointmutationsinthe RUNX1/AML1 gene: another
paradigm of how hematopoietic transcription factors are
altered in leukemia. IntJ Hematol. 2004;79(5):380-384.

[6] Kottaridis PD, Gale RE, Frew ME, et al. The presence of a
FLT3 internal tandem duplication in patients with acute
myeloid leukemia adds important prognostic information
to cytogenetic risk groups. Blood. 2001;98(6):1752-17589.

[7]1 Doéhner H, Estey E, Grimwade D, et al. Diagnosis
and management of AML in adults: 2017 ELN
recommendations from an international expert panel.
Blood. 2017;129(4):424-447.

[8]1Ernst T, Chase AJ, Score J, et al. Inactivating mutations
of the histone methyltransferase gene EZH2 in myeloid
disorders. Nat Genet. 2010;42(8):722-726.

[9] Sanada M, Suzuki T, Shih LY, et al. Gain-of-function
of mutated C-CBL tumour suppressor in myeloid
neoplasms. Nature. 2009;460(7257):904-908.

= Crossrefd 81




