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ABSTRACT

Hepatocellular carcinoma (HCC) is one of the leading causes
of cancer-related mortality worldwide and is often diagnosed at
advanced stages due to its silent progression on the background of
chronic liver disease. Current screening and diagnostic strategies
rely mainly on imaging modalities combined with alpha-
fetoprotein (AFP); however, their sensitivity remains limited,
particularly in early-stage or AFP-negative HCC. This review
summarizes current and emerging biomarkers in HCC, including
traditional serum markers (AFP, AFP-L3, DCP), molecular
biomarkers based on liquid biopsy such as circulating tumor DNA
(ctDNA) and DNA methylation, non-coding RNAs, circulating
tumor cells, and extracellular vesicles. Available evidence
suggests that single biomarkers rarely achieve optimal diagnostic
accuracy, whereas multi-marker models and advanced molecular
platforms show promising potential in early detection, prognostic
stratification, and monitoring minimal residual disease.
Nevertheless, technical standardization and prospective validation
are required before widespread clinical implementation.
TOM TAT

Ung thur té bao gan (HCC) la nguyén nhdn tir vong hang ddu
do ung thu, thuong dwpc phat hién muén do dién tién am tham
trén nén bénh gan man tinh. Hién nay, sang loc va chéan dodn chii
véu dwa vao hinh danh hoc va alpha-fetoprotein (AFP), tuy nhién
do nhay con han ché, dac biét & giai doan som. Bai bdo nay téng
quan cdac ddu an sinh hoc trong HCC, bao gom marker huyét
thanh truyén thong (AFP, AFP-L3, DCP), cdc dau an phan tir dira
trén liquid biopsy nhu ctDNA va methyl hoa DNA, RNA khong ma
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héa, té bao u luu hanh va tii ngoai bdo. Tong hop cdc nghién ciru

cho thdy biomarker don 1é khé dat d6 chinh xdc t6i wu, trong khi

mé hinh két hop da ddu an va céng nghé phan tich phéin tir hién

dai c6 tiém nang cdi thién phat hién som, tién lwong va theo doi

bénh ton du t6i thiéu. Tuy nhién, viéc chuan héa ky thuat va xac

nhdn tién cuu van can dwoc thuc hién trucc khi ung dung rong rdi

trong lam sang.

1. GIOI THIEU

Ung thu t& bao gan (Hepatocellular
carcinoma — HCC) 1a loai ung thu gan nguyén
phat phé bién nhét, chiém khoang 85-90% cac
truong hop ung thu gan va nam trong nhom
nguyén nhin giy tir vong hang dau do ung thu
trén toan ciu (McGlynn, Petrick, & El-Serag,
2021). Ty 1& méc va tir vong do HCC tiép tuc gia
ting, diac biét tai cac qubc gia co ty 18 nhidm
viém gan virus B, C cao va xu huéng gia tang
bénh gan nhiém m& khong do rugu (NAFLD)
(Huang, El-Serag, & Loomba, 2021). Phan 16n
bénh nhan HCC duogc chan doan trén nén bénh
gan man tinh va xo gan, trong khi tri¢u ching
lam sang giai doan sém thudng nghéo nan,
khong diac hiéu. Piéu nay khién nhiéu truong
hop duoc phat hién & giai doan mudn, khi kha
nang didu tri triét can bi han ché va tién luong
sbng con thip.

Hién nay, cic phuwong phap chidn doan va
theo ddi HCC chu yéu dwa vao hinh anh hoc
(siéu am, CT, MRI) két hop vai mot sb déu 4n
sinh hoc huyét thanh nhu alpha-fetoprotein
(AFP) (Johnson, Zhou, Dao, & Lo, 2022). Tuy
nhién, AFP ¢6 d6 nhay va d6 dac hiéu con han
ché, dic biét & HCC giai doan sém hodac HCC
khong tiét AFP. Sy khong ddng nhét vé dic
diém phan tir va sinh hoc khdi u ciing gop phan
lam giam hi€u qua cita cac biomarker don 1é.

Trong bdi canh do6, nhu cau tim kiém va phat

trién cac dAu 4n sinh hoc méi, ¢ dd chinh xac
cao hon trong sang loc, chan doan sém, tién
luong va du doan dap tng diéu tri HCC tré nén
cap thiét.

Nhiing tién bo trong sinh hoc phan tir va
cong nghé giai trinh ty thé hé masi dd mo ra ky
nguyén “liquid biopsy”, cho phép phat hién
DNA khdi u luu hanh (ctDNA), thay dbi methyl
héa DNA, RNA khéng ma hoéa va cac thanh
phan ngoai bao trong tudn hoan (von Felden,
Garcia-Lezana, Schulze, Losic, & Villanueva,
2020). Pdng thoi, cac md hinh két hop da ddu 4n
va thuét toan tich hgp dit liéu 1dm sang va sinh
hoc dang cho thiy tiém nang vuot trdi so vai cac
marker truyén thdng (Johnson et al., 2022). Tuy
nhién, gia tri thuc sy cua céc d4u 4n sinh hoc
ndy trong thuc hanh 1am sang vAn con nhiéu
thach thtrc lién quan dén chuin hoa k¥ thuat,
tinh tai 14p va hi€u qua chi phi. Do d6, bai bao
tong quan nay nhim hé thdng hoa va phan tich
cac ddu 4n sinh hoc hién c6 va tiém ning trong
HCC, bao gdm diu 4n huyét thanh truyén théng,
déu 4n phan tir dya trén liquid biopsy, RNA
khong ma hoa, dau an methyl hoa va cac marker
dua trén té bao. Déng thoi, bai viét thao luan vai
trd cua cac biomarker trong sang loc, chan doan,
tién luong va dy doan dap ing didu tri, qua do
lam rd trién vong tGng dung trong chién lugc
didu tri c4 thé hoa ung thur té bao gan.

2. TONG QUAN

2



Tap chi Khoa hoc va Kinh té phdt trién S6 38 (2026)

e-ISSN: 3093-3714 | ISSN: 2588-1272

2.1 Khai niém va phin loai ciac ddu 4n sinh
hoc trong HCC

DA4u 4n sinh hoc (biomarker) trong ung thu
duoc dinh nghia 1a bat ky chét, ciu tric hodc
qua trinh sinh hoc nao c6 thé dugc phat hién va
dinh luong moét cach khach quan, phan anh sy
hién dién cua khéi u, dién tién bénh hodc dap
ung diéu tri (Das, Dey, Devireddy, & Gartia,
2023). Cac diu 4n nay c6 thé c6 ngudn gbc tir
md khéi u, mau ngoai vi hodc céac dich sinh hoc
khac, bao gém protein, axit nucleic, té bao khéi
u luu hanh, cac san pham chuyén héa va nhirng
thay ddi biéu sinh. Trong ung thu té bao gan
(HCO), ddu 4n sinh hoc dong vai tro dac biét
quan trong do bénh thuong dién tién 4m tham
trén nén bénh gan man tinh va xo gan, khién
viéc chin doan sém bing 1am sang va hinh anh
hoc gap nhiéu han ché.

Dua theo muyc dich str dung trong 1am sang,
cac diu 4n sinh hoc ung thu c6 thé dugc phan
loai thanh bbén nhom chinh 1a sang loc, chin
doén, tién luong va du doan dap tmg diéu tri
(Das et al., 2023). Dau 4n sinh hoc sang loc 1a
cac dau 4n duoc str dung dé phat hién bénh &
giai doan sém, dic biét trong cac quan thé nguy
co cao nhu bénh nhian xo gan hodc viém gan
virus man tinh nhu alpha-fetoprotein (AFP). Déau
4n sinh hoc chin doan hd tro xac dinh sy hién
dién cta ung thu, gitp phan biét HCC voi cac
tdn thuong gan lanh tinh hodc cac bénh gan man
tinh khéng 4c tinh nhu cac diu 4n nhu AFP-L3,
des-gamma-carboxy prothrombin (DCP) hoic
cac mod hinh két hop da ddu 4n. DAu 4n sinh hoc
tién luong phan anh dién tién ty nhién cta bénh,
nguy co tai phat hoic thdi gian sdng con, doc
lap v6i phuong phap diéu tri. Dau 4n sinh hoc
du doan dap ung didu tri co kha nang dy doan

kha niang dap ung hodc khang tri d6i vdi mot

phuong phap diéu tri cu thé, tir 46 hd tro ca thé
hoa chién luge diéu tri nhu cac biomarker phén
tir nhu ctDNA, RNA khong ma héa (Greten et
al., 2023).

2.2 Cac diu 4n sinh hoc huyét thanh truyén
théng

2.2.1 Alpha-fetoprotein (AFP)

Alpha-fetoprotein (AFP) 1a mét glycoprotein
c6 trong luong phan ti khoang 70 kDa, dugc
tong hop manh trong giai doan bao thai va giam
nhanh sau khi sinh. Sy tai biéu hién AFP &
ngudi truong thanh gén lién véi qua trinh sinh
ung thu, dic biét 1a ung thu té bao gan. Trong
nhiéu thap ky, AFP da dugc xem la déu 4n sinh
hoc huyét thanh kinh dién va timg dwoc coi la
“tiéu chudn vang” trong sang loc va chin doan
HCC khi két hop vé6i siéu am gan (Glowska-
Ciemny, Malewski, Von
Kaisenberg, & Kocylowski, 2022).

AFP ¢6 wu diém 1a d& dinh lugng, chi phi

Pankiewicz,

thap va kha nang tiép can rong rii trong thuc
hanh lam sang. Tuy nhién, d6 nhay cua AFP
trong chin doan HCC dao dong 16m, phu thudc
vao ngudng cét str dung, kich thuéc khdi u va
nén bénh gan man tinh di kém. Véi ngudng cat
thuong dung 1a 20 ng/mL, d¢ nhay ctia AFP chi
khoang 50-60% va giam dang ké & HCC giai
doan sém hodc khdi u nhé duéi 3 cm (Zhang et
al., 2020).

Mot han ché quan trong ctia AFP 1a ty 18 am
tinh gia cao, dac biét & cac truong hop HCC giai
doan sém hodac HCC khoéng tiét AFP. Nhiéu
nghién ctu cho thiy t&i 40-50% bénh nhan
HCC c6 ndng do AFP trong gidéi han binh
thuong, lam giam dang ké gia tri sang loc don
ddc cua marker nay. Nguoc lai, AFP ciing c6 thé
ting trong nhiéu tinh trang khéng ac tinh nhu

viém gan virus cap hodc man, X0 gan tién trién,
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hodac khi men gan alanine aminotransferase
(ALT) ting cao, din dén dwong tinh gia (Zhang
et al., 2020). Do d6, AFP don thun khong dua do
chinh xac dé chan doan HCC va hién nay khong
con duoc khuyén cao st dung nhu mdt cong cu
doc 1ap trong cac chuong trinh giam sat HCC &
nhiéu hudng din qudc té.

2.2.2 AFP-L3 va DCP (PIVKA-II)

AFP-L3 1a mot dong phéan glycosyl hoa cua
AFP, c6 kha ning gin véi lectin Lens culinaris
agglutinin, va dugc xem la dang AFP dac hiéu
hon cho HCC. AFP-L3 thuong duogc biéu thi
dudi dang ty 1& phan trim so véi tong AFP
(AFP-L3%), véi ngudng cat thuong dung tir 10—
15%. AFP-L3 c¢6 d6 dac hiéu cao hon AFP toan
phén va dac biét hiru ich trong viéc phat hién
HCC & nhitng bénh nhan c6 AFP tong thap hoic
trung binh (Tabu et al., 2021).

Des-gamma-carboxy prothrombin (DCP),
con dugc goi la prothrombin induced by vitamin
K absence or antagonist-II (PIVKA-II), 1a mét
dang prothrombin bat thuong do té bao gan ac
tinh khong thuc hién dugc qué trinh y-carboxyl
héa. DCP da dugc chirng minh c6 d6 nhay va do
dac hiéu cao hon AFP trong vi¢c phan bi¢t HCC
vdi cac bénh gan man tinh lanh tinh (Bu et al.,
2025). Viéc két hop AFP véi DCP gitip cai thién
dang ké kha niang phat hién HCC, dic biét trong
cac truong hop AFP am tinh.

Viéc st dung AFP-L3 va DCP trong thuc
hanh lam sang c6 su khac biét rd rét gilra cac
khu vue. Tai nhiéu quéc gia chau A, dic biét 1a
Nhat Ban va Han Quéc, DCP va AFP-L3 duoc
tich hop rong rai trong cac chuong trinh giam sat
HCC thudng quy. Nguoc lai, tai chdu Au va Bic
My, cac marker nay chu yéu dugc str dung cho
phan ting nguy co hon 1a sang loc dai tra, do

con thiéu bing ching manh tir cac nghién ciru

pha III-IV vé hiéu qua cai thién séng con
(Tayob, Kanwal, Alsarraj, Hernaez, & El-Serag,
2023).

2.2.3 Cdc chi sé két hop

Do han ché cua ting d4u 4n sinh hoc don 18,
cac mo hinh két hop da bién da duoc phat trién
nham nang cao dd chinh xac trong phat hién
som HCC. GALAD la mdt m6 hinh du doan dua
trén gidi tinh, tudi, AFP, AFP-L3% va DCP.
Nhiéu nghién ctru cho thiy GALAD c6 dién tich
dudi dudng cong ROC (AUC) cao, ké ca trong
HCC giai doan sém, vuot tréi so véi AFP don
thudn. Phién ban GALAD theo d&i doc
(longitudinal GALAD) con cho phép phat hién
su thay d6i nguy co theo thoi gian, dic biét hitu
ich trong quan thé bénh nhan xo gan (Jarrah et
al., 2025).

HCC early detection screening (HES) la mot
mé hinh khac két hop AFP véi cac thong s6 1am
sang va sinh hoa nhu tudi, ALT va sé lugng tiéu
ciu (Chan et al., 2024). Cac phién ban cai tién
ctia HES, khi b6 sung AFP-L3 va DCP, cho thay
d6 nhay cao hon so voi GALAD trong mot sb
quin thé bénh nhan xo gan. Bén canh do, viéc
két hop AFP véi cac thang diém danh gia chuc
nang gan nhu albumin—bilirubin (ALBI) da duoc
dé& xuit nham cai thién phan ting nguy co va
tién luong bénh nhan HCC, déng thoi hd tro ra
quyét dinh diéu tri trong thuc hanh lam sang
(Chan et al., 2024).

2.3 Déiu 4n sinh hoc phan tir va “liquid
biopsy”

Su phat trién cua sinh hoc phan tir va cong
nghé giai trinh ty thé hé¢ mdi di mo ra ky
nguyén “liquid biopsy” trong ung thu té bao gan
(HCC), cho phép thu nhan thong tin di truyén va
biéu sinh cua khéi u théng qua cidc mau sinh hoc

khéng xam lan, chui y€u la mau ngoai vi. Céc
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thanh phan chinh cua liquid biopsy trong HCC
bao gdm DNA tu do (cfDNA), DNA khéi u luu
hanh (ctDNA), ddu 4n methyl hoa DNA va RNA
khong ma hoa luu hanh.

2.3.1 DNA tu do va DNA khéi u luu hanh
(¢cfDNA/ctDNA)

DNA tu do trong tudn hoan (cell-free DNA,
cfDNA) 1a cac doan DNA ngin duoc giai phong
vao mau tir qua trinh chét té bao sinh ly. Trong
ung thu, mot ty 1& ¢fDNA c6 ngudn gbc tir té
bao u, dugc goi la circulating tumor DNA
(ctDNA). Ty 1é ctDNA trong tong cfDNA bién
thién rong (dudi 1% dén >50%), phu thudc vao
ganh nang khéi u, mirc do ting sinh va hoai tir u
(Chan et al., 2024).

O bénh nhan HCC, ndng d6 cfDNA/ctDNA
thuong ting cao va c6 mdi twong quan thuan véi
kich thudc khdi u, xdm 14n mach mau va giai
doan bénh. tDNA mang cac dot bién soma dic
trung cuia HCC, phan anh chinh xic b gen cua
khéi u (Kopystecka, Patryn, Le$niewska,
Budzynska, & Koziot, 2023). Cac d6t bién dugc
phat hién thuong xuyén nhéit bao gdm: TERT
promoter, TP53, CTNNBI1 (B-catenin). Cac gen
khac: AXIN1, ARIDI1A/2, KRAS, NFE2L2...
Céac nghién ciu st dung giai trinh ty siu cho
thdy d6 twong hop cao gitta dot bién trong
ctDNA va mé khdi u, dong thoi phat hién thém
cac dot bién khong hién dién trong mau sinh
thiét, phan anh di hop khdi u theo khong gian

Nong do ctDNA, tan suét bién thé alen va s6
luong d6t bién phat hién dugc c6 mbi lién quan
tuyén tinh v&i ganh niang khdi u. Quan trong
hon, ctDNA cho phép phat hién bénh ton du tbi
thiéu (minimal residual disease: MRD) sau phiu
thuat hoac diéu tri tai chd, thuong sém hon hinh
anh hoc vai thang (Kalashnikova et al., 2024).

Su ton tai cia ctDNA sau diéu tri triét can 1a yéu

td tién lwong manh cho tai phat sém va giam
thoi gian séng khong bénh. Khi két hop ctDNA
vOi cac marker huyét thanh nhu AFP hoic DCP,
kha nang phat hién MRD dugc cai thién dang
ké.

2.3.2 Ddu dn methyl héa DNA

Bén canh d6t bién gen, cac thay ddi biéu sinh
dac biét 1a methyl héa DNA dong vai tro trung
tdm trong sinh ung thu gan. Hypermethyl hoa
promoter cua cac gen tc ché u va hypomethyl
héa gen sinh ung thu xay ra sém trong tién trinh
HCC, tham chi truéc khi xudt hién tén thuong
trén hinh anh. DNA methyl héa c6 tinh 6n dinh
cao trong tuan hoan, do d6 dic biét phu hop cho
liquid biopsy (Chan et al., 2024).

Céc gen methyl hoa tiéu biéu nhu RASSF1A,
SEPT9, GSTP1. RASSF1A la gen trc ché u dugc
nghién ciru nhiéu nhét; promoter hypermethyl
hoéa xuét hién sém trong tién trién tir viém gan
man dén xo gan dén HCC (Rashid et al., 2024).
P3 c6 bang chung phat hién methyl héa
RASSF1A trong cfDNA 1-9 nam trudc khi
HCC dugc chan doan. Trong khi methyl hoa
SEPT9 trong huyét thanh cho thiy do chinh xac
cao trong chin doan HCC, vuot troi AFP trong
moét sé quin thé xo gan. GSTP1: promoter
hypermethyl héa phd bién trong mé HCC va
ctDNA, lién quan dén sinh ung thu va tién
lugng. Cac gen khac nhu CDKN2A (p16), APC,
SOCS1, IGFBP7...

Khi két hop cac panel methyl hoa da gen, d6
nhay va d¢ dac hiéu trong phat hién HCC, ké ca
HCC giai doan sém hodac AFP am tinh, dat mtrc
rat cao (AUC >0,9 trong nhiéu nghién ctru). So
véi ctDNA d6t bién, diu 4n methyl héa c6 xu
huéng xuét hién sém hon, it phu thudc vao tai
luong khéi u (Chan et al., 2024). Diéu nay khién
methyl héa DNA trd thanh modt trong nhiing
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huéng di hira hen nhét cho sang loc HCC thé hé
moi, dac biét & nhdm nguy co cao nhu xo gan
hodc viém gan virus man.
2.3.3 RNA khong ma hoa

miRNA 14 cac RNA ngin (~22 nucleotide),
tham gia diéu hoa biéu hién gen sau phién ma.
Chung c6 d6 6n dinh cao trong huyét thanh,
thuong tén tai trong exosome hodc phuc hop
protein. Cac miRNA lién quan HCC duoc
nghién ctru nhiéu nhit bao gdm miR-122 (dic
hiéu gan, giam trong HCC), miR-21 (tdng trong
HCC, lién quan ting sinh va xam 1an). Cac panel
miRNA huyét thanh cho thiy kha ning phan biét
HCC voi x0 gan va nguoi lanh, ké ca ¢ giai
doan som hodac AFP am tinh, véi AUC dao dong
0,8—0,95 (Chan et al., 2024).

RNA dai khong ma hoa (IncRNA) va RNA
vong (circRNA) tham gia diéu hoa biéu sinh,
hoat dong nhu “miRNA sponge” hodc diéu bién
tin hi¢u ung thu. Mot s6 IncRNA nhu HULC,
MALATI1 va cac circRNA trong exosome da
dugc chimg minh ¢6 gia tri chan doan va tién
luong HCC. CircRNA c¢6 céu triac vong khép kin
nén dic biét 6n dinh trong tudn hoan. Céc
circRNA ngoai bao cho thay hiéu niang chan
doan vuot troi AFP trong mot s6 nghién ctru gan
day (Chan et al., 2024).

RNA ngoai bao (extracellular RNA) voi
RNA duoc dong goéi trong exosome hodc vi hat
ngoai bao phan anh tryc tiép hoat dong sinh hoc
cua té bao u. Phan tich RNA ngoai bao khong
chi c6 gia tri chdn doan ma con cung cip thong
tin v& di hop khdi u va co ché khang tri, mo ra
tiém ning ung dung trong y hoc chinh xac (Chan
et al., 2024).

2.4 Céc diu 4n sinh hoc dya trén té bao va vi

hat

Bén canh cfDNA/ctDNA va RNA Iluu hanh,
cac thanh phan c6 ciu tric nguyén ven
nhu t& bao u lwu hanh (circulating tumor cells:
CTCs) va tii ngoai bao (extracellular vesicles:
EVs, dac biét 1a exosomes) cung cép thong tin
sinh hoc & murc t& bao va lién té bao, phan anh
trc tiép sy xam 1an, di hop khdi u va tuong tac
vi méi trudng u trong ung thu té bao gan (HCC).
2.4.1 Té bao u lwu hanh (Circulating Tumor
Cells: CTCs)

CTCs la céc té bao ung thu bong ra tir khdi u
nguyén phat hodc tén thuong di cin va di vao hé
tudn hoan. Mét ty 18 rdt nho CTCs c6 kha niang
séng sot trude ap luc co hoc va mién dich, dong
vai tro trung tdm trong qua trinh di cdn xa. Do
d6, su hién dién cua CTCs dugc xem la béng
chung truc tiép cua ung thu dang hoat dong,
khac v6i ctDNA vén chi phan anh vat liéu di
truyén tir cac té bao chét. Trong HCC, CTCs
phan 4nh dic diém sinh hoc cua khdi u nhu xam
l4n mach mau, di hop khéi u va tiém nang di
can. Cac nghién ctru cho thay CTCs hiu nhu
khong xuat hién ¢ nguodi lanh hodc bénh gan
man khéng ung thu, trong khi dugc phat hién &
ty 1& dang ké bénh nhan HCC (Omar et al.,
2023).

Viéc tng dung CTCs trong lam sang gap
nhidu thach thic ky thuat. Tha nhét, tAn suét
CTCs cuc thip (thudng chi vai té bao trong 10—
107 t& bao mau), dic biét & HCC giai doan som.
Tha hai, CTCs c¢6 tinh di hgp cao, khong ton tai
mot marker bé mit phé quat. Cac phuong phéap
thu nhan CTCs hién nay bao gf‘)m dua trén dac
tinh vat 1y (kich thuéc, mat dd); dua trén mién
dich hoc (EpCAM*/CK'/CD457); lam giau am
tinh (loai bo t& bao mau). Tuy nhién, HCC
thuong trai qua qua trinh chuyén dang biéu mé —

trung mé (EMT), lam giam biéu hién EpCAM,
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dan dén nguy co bo sot CTCs khi sir dung cac
nén tang dua trén EpCAM nhu CellSearch™
(Omar et al., 2023).

Mic du con han ché trong sang loc, CTCs lai
thé hién gia tri tién luong va theo ddi diéu tri 16
rét. S6 luong CTCs cao c6 lién quan chat ché
v6i xam 14n tinh mach cira, tai phat sém sau
phiu thuat hoic d6t u, thoi gian séng khong
bénh va sbng con toan bé kém hon. Pang cha ¥,
su tOn tai ctia CTCs sau diéu tri triét can c6 thé
phan anh bénh ton du téi thiéu (MRD), bd sung
cho ctDNA trong giam sat tai phat. Mot sé nén
tang ma&i cho phép phan tich gen va biéu hién
RNA ngay trén CTCs, mé ra tiém nang cé thé
hoa diéu tri va nghién ctru co ché khang thubc.
2.4.2 Tui ngogi bao (Extracellular Vesicles,
Exosomes)

Tuai ngoai bao 1a cac vi hat c6 mang lipid kép,
dugc tiét ra bai hau hét cac té bao, bao gom
exosomes (30—150 nm), microvesicles va
apoptotic bodies (Gregory & Rimmer, 2023).
Trong ung thu, exosomes c6 ngudn gbc tir té bao
u mang theo protein, DNA, RNA va lipid dac
hiéu khéi u, déng vai tro trung gian truyén tin
hiéu gitta té bao u va vi méi trudng xung quanh.
So voi ¢fDNA tu do, exosomes bao vé vat li€u
di truyén bén trong khoi bi phan hiy, gitp cac
biomarker nay 6n dinh hon trong tudn hoan.

Exosomes tir HCC chira nhiéu phan tir c6 gia
tri chdn doan va tién lwgng nhu Protein (GPC3,
HSP70, EpCAM, Annexin... phan anh ngudn
gbc u va muc do ac tinh), miRNA ngoai bao
(miR-122, miR-21, miR-483-5p... c6 kha nang
phan biét HCC v6i xo gan va nguoi lanh),
circRNA va IncRNA ngoai bao: mét sb
circRNA trong exosomes dat AUC >0,9 trong
chan doan HCC, ké ca giai doan sém hoac AFP

am tinh. Pang cht ¥, cac RNA ngoai bao nay

phan anh té bao u séng, b sung thong tin sinh
hoc ma ctDNA khéng cung cép dugc (Omar et
al., 2023). Exosomes hoi tu nhiéu vu diém cua
liquid biopsy thé hé méi nhu khong xam 14n, d&
lap lai; phan anh di hop khdi u va tuong tac vi
méi trudng; phat hién HCC giai doan som, ké ca
khi AFP am tinh hodc hinh anh chua 6. Tuy
nhién, viéc chuan héa quy trinh phan lap va dinh
lugng exosomes van 13 rao can 16n trudc khi
ung dung rong rai trong lam sang. Hién nay, cac
biomarker dua trén exosomes chu yéu van ¢ pha
tién 1am sang dén pha 1-2, tuwong tu CTCs
(Chan et al., 2024).
2.5 D4u 4n sinh hoc du doan tién lwong va
dap tng diéu tri

Trong ung thu t& bao gan (HCC), ty 18 tai
phat sau didu tri triét cin van dao doéng tir 50—
70% trong vong 5 nam. Pdng thoi, dap ung véi
liéu phéap toan than nhu thudc tc ché tyrosine
kinase (TKI) hodc liéu phap mién dich rit khac
nhau gitta cac ca thé. Do do, cac d4u 4n sinh hoc
¢6 kha ning du doan tién luong va dap tmg diéu
tri dong vai trd trung tim trong chién lugc diéu
tri c4 thé hoa. Khac v6i biomarker chan doan
mang tinh “tinh”, biomarker tién luong va du
doan dap ung mang tinh “dong hoc”, phan anh
su thay d6i ganh nang khdi u, hoat tinh sinh hoc
va tuong tac vi moi trudong u theo thoi gian.
2.5.1 Ddu dn sinh hoc huyét thanh trong tién
luong

N(“mg d6 AFP trude diéu tri co6 mdi lién quan
chit ch& véi kich thude khdi u, xam 1an mach
mau va giai doan bénh. AFP cao trudc phiu
thuat 12 yéu té tién lugng doc 14p cua: tai phat
sém sau cit gan, xam ldn vi mach
(microvascular invasion), thoi gian séng con
toan bo (OS) ngén hon. Tuy nhién, gia tri tién
luong manh hon nim & dong hoc AFP (AFP
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kinetics) hon 1a gia tri don 1¢. Giam nhanh AFP
sau phau thuat, dbt u, TACE va liéu phap nhim
trang dich lién quan dén dap tng diéu tri tot va
thoi gian sdng khong bénh (RFS) dai hon.
Nguoc lai, AFP khong giam hodc tang trd lai
sém sau diéu trj 1a chi diém cua bénh tén du tbi
thiéu va nguy co tai phat cao. Han ché quan
trong la AFP chi c6 gia tri & nhém bénh nhan
AFP-duong tinh, do d6 khong thé 4p dung phd
quat (Chaiteerakij, Addissie, & Roberts, 2015).
2.5.2 ctDNA va bénh ton duw t6i thiéu (MRD)

Su xuét hién cta ctDNA sau diéu tri triét cin
dugc xem 12 mot trong nhirg yéu t6 tién luong
manh nhét hién nay. Cac nghién ciru st dung
giai trinh tu sdu cho thiy: ctDNA duong tinh sau
phAu thuat lién quan nguy co tai phat ting gip
nhiéu 1an; ctDNA c¢6 thé phat hién tai phat s6m
hon hinh anh hoc trung binh 3—6 thang; s6 luong
dot bién va tan suét alen dot bién (VAF) tuong
quan tuyén tinh v6i ganh niang khéi u (Chan et
al., 2024). Pic biét, cac dot bién driver nhu:
TERT promoter, TP53, CTNNBI khi dugc phat
hién trong tudn hoan sau diéu trj c¢6 lién quan
voi tién luong séng con kém. Mot sé mé hinh
két hop ctDNA vé&i AFP hoiac DCP cho thay cai
thién dang ké kha ning phat hién MRD so véi
biomarker don 1é. So v6i AFP, ctDNA c6 uu
diém 1a ap dung dugc cho ca HCC AFP-am tinh,
phan anh di hop khdi u theo khong gian va theo
ddi dong hoc didu tri chinh xac hon.

2.5.3 Biomarker du doan dap vng TACE

TACE la diéu tri chuin cho HCC giai doan
trung gian. Tuy nhién, chi khoang 30—50% bénh
nhan dat dap Gng khach quan. Cac yéu té sinh
hoc dy doan dap ung TACE bao gém giam
ctDNA hoiac giam VAF sau TACE lién quan dap
ung tot; nong d6 DCP cao trudc TACE lién

quan xam lan mach va dap tng kém, methyl hoa

bat thuong ciia mot sb gen lién quan ting sinh
mach lién quan khang TACE. Ngoai ra, su ton
tai ciia ctDNA sau TACE c6 thé phan anh thét
bai diéu tri sém, ngay ca khi hinh anh hoc chua
cho théy tién trién ro (Chan et al., 2024).

2.5.4 Biomarker trong diéu tri nham tring dich
(TK1)

Sorafenib, lenvatinib va cac TKI thé hé méi
da cai thién OS & HCC tién trién, nhung khong
phai tit ca bénh nhan déu dap ung (Rossari, Foti,
Camera, Persano, Casadei-Gardini, & Rimini,
2024). Cac yéu t6 phan tir lién quan dap tng
TKI nhu dot bién TP53 lién quan tién luong xdu
hon; tai lugng ctDNA cao trudc didu tri lién
quan OS ngin hon. Mot sé nghién ciru ciing cho
thdy dot bién CTNNBI lién quan méi trudng u
“lanh mién dich”, c¢6 thé anh hudng dén hiéu qua
két hop TKI-ICI, mau methyl héa DNA dic
hiéu c6 thé dy bao nguy co khang thubc (Ao,
Xin, & Jian, 2021). Tuy nhién, chua coé
biomarker phan tir ndo dugc chuan hoa trong
thuc hanh thudong quy.

2.5.5 Biomarker du dodn dap irng mién dich
(Immunotherapy)

Liéu phap trc ché diém kiém soat mién dich
(PD-1/PD-L1) da thay dbi chién lugc didu tri
HCC tién trién. Tuy nhién, ty 1& dap Gmg khach
quan van chi khoang 15-30% (Chan et al.,
2024). Cac biomarker tiém nang nhu biéu hién
PD-L1 trong mé u (gia tri han ché va khong 6n
dinh); tai luong dot bién khdi u (TMB) chua
dugc xac 1ap 16 trong HCC; d6t bién CTNNBI
(B-catenin) lién quan khang mién dich do giam
tham nhép té bao T; chit ky mién dich dya trén
RNA; mau methyl héa lién quan gen vi moéi
truong midn dich. Gin day, ctDNA dong hoc
duoc dé xuat nhu coéng cu theo ddi dap tng ICI

sém hon hinh anh hoc, gitp phéan biét tién trién
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gia (pseudo-progression) va tién trién that (Ao,
Xin, & Jian, 2021).

2.6 Thach thirc va trién vong trong trng dung
1am sang

Mic du nhiéu du 4n sinh hoc da dugc dé
xuét trong chin doan, tién luong va theo doi
diéu tri HCC, viéc chuyén giao vao thyc hanh
lam sang van con han ché. Truéc hét, HCC la
bénh 1y c6 tinh di hop sinh hoc cao do khéc biét
vé cian nguyén (HBV, HCV, NAFLD), nén xo
gan, hd so dot bién va vi moi truong mién dich.
Vi vay, mot biomarker c6 gia tri & quan thé nay
6 thé khong tai 1ap duoc & quan thé khac, khién
viéc x4c dinh mot dau 4n “phé quéat” tré nén khoé
kha thi. Bén canh d6, phin 16n biomarker huyét
thanh don 1¢ nhu AFP, DCP hay GP73 c6 d¢
nhay va d6 dic hiéu chua téi wu, d& bi anh
huéng boi viém gan man va xo gan nén. Cac mo
hinh két hop nhiéu marker gitp cai thién hiéu
qua chan doan nhung lam tang chi phi va do
phirc tap ky thuat. Dbi véi liquid biopsy
(ctDNA, CTCs, miRNA), nhitng khac biét vé
quy trinh tach chiét, nén tang phan tich, ngudng
cét va sai sb tién phan tich van chua dugc chuin
hoéa, gay kho khan trong so sanh va ung dung
rong rai (Omar et al., 2023).

Su phét trién cua cong nghé giai trinh ty va
sinh hoc phéan tir dang mé ra trién vong quan
trong cho tng dung l1am sang cua cac diu 4n
sinh hoc trong HCC. Xu huéng hién nay la
chuyén tir biomarker don 1¢ sang cac mé hinh da
tham s két hop protein huyét thanh (AFP, AFP-
L3, DCP), dot bién gen va dic diém 1am sang
nham ning cao kha ning phat hién sém (Chan et
al., 2024). Cac chién lugc liquid biopsy, dic biét
la phan tich ctDNA va methylation DNA, cho
thay tiém nang phan anh di hop khéi u, dy doan

tai phat sau phiu thuat va theo déi bénh tdi thiéu

con sot lai. Khi duoc chuin hoa va xac nhan qua
nghién ctru tién ciru da trung tim, cac cong cu
nay c6 thé cai thién dang ké hiéu qua tAm soat &
nhom nguy co cao (Omar et al., 2023).

Trong diéu tri, biomarker phan t& hta hen
déng vai tro trung tdm trong phan tang bénh
nhan va ca thé hoa liéu phap. Viéc xac dinh dot
bién driver, dic diém vi méi truong mién dich
hoic hd so epigenetic c6 thé hd tro lya chon liéu
phap nhim trang dich va mién dich phu hop,
ddng thoi phat hién sém co ché khang thudc.
Tuong lai cia HCC ¢6 thé ndm & cac mé hinh
tich hop da tﬁng, Kkét hop dit liéu omics, hinh anh
hoc va tri tué nhan tao, hudéng téi hé théng du
doan dong gitp tdi wu hoa chién lugce diéu tri va
cai thién tién luong sdng con.

3. KET LUAN

Cac diu 4n sinh hoc déng vai tro ngay cang
quan trong trong toan bd tién trinh quan 1y ung
thu té bao gan, tir sang loc, chin doan sém dén
tién lwgng va dy doan dap tmg diéu tri. Mic du
cac marker huyét thanh truyén théng nhu AFP,
AFP-L3 va DCP van giir vi tri nhat dinh trong
thuc hanh 1am sang, song nhitng han ché vé do
nhay va tinh ddc hiéu da thuc ddy sy phat trién
cua cac chién luge tiép can méi dya trén sinh
hoc phan tir va liquid biopsy. Cac dau an nhu
ctDNA, methyl héa DNA, RNA khéng ma hoa,
té bao u luu hanh va ti ngoai bao cho thay tiém
niang vuot troi trong phat hién bénh tdn du tbi
thiéu, theo d&i dong hoc diéu tri va hd trg ca thé
hoéa li€u phap. Tuy nhién, tinh di hgp sinh hoc
cao ctia HCC, su thiéu chuin hoa k¥ thuat la
nhitng rao can 16n d6i véi viéc ung dung rong
rai trong thyc hanh thuong quy. Trong tuong lai,
cac mo hinh tich hop da théng sb két hop

biomarker phan tir, dit liéu 1am sang va cong
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nghé tri tué nhan tao gop phan nang cao hiéu

qua tAm soat, toi wu hoa chién lugc diéu tri.

TAI LIEU THAM KHAO

Ao, H., Xin, Z., & Jian, Z. (2021). Liquid biopsy
to identify biomarkers for immunotherapy in
hepatocellular carcinoma. Biomarker
research, 9(1), 91.

Bu, H., Luo, W., Tao, W., Dong, C., Wang, M.,
Ye, X., ... & Yu, Q. (2025). A Large-Scale
Retrospective Study of Serum Des-Gamma-
Carboxy Prothrombin as a Diagnostic Marker
of HCC: Effect of Liver Function on
Specificity. Journal of Clinical Laboratory
Analysis, 39(10), e70025.

Chaiteerakij, R., Addissie, B. D., & Roberts, L.
R. (2015). Update on biomarkers of
hepatocellular carcinoma. Clinical
Gastroenterology and Hepatology, 13(2),
237-245.

Chan, Y. T., Zhang, C., Wu, J., Lu, P, Xu, L.,
Yuan, H., . . . Wang, N. (2024). Biomarkers
for diagnosis and therapeutic options in
hepatocellular carcinoma. Molecular cancer,
23(1), 189.

Das, S., Dey, M. K., Devireddy, R., & Gartia, M.
R. (2023). Biomarkers in cancer detection,
diagnosis, and prognosis. Sensors, 24(1), 37.

Glowska-Ciemny, J., Pankiewicz, J., Malewski,
Z., Von Kaisenberg, C., & Kocylowski, R.
(2022). Alpha-fetoprotein (AFP)—New
aspects of a well-known marker in
perinatology. Ginekologia polska, 93(1), 70-
75.

Gregory, C. D., & Rimmer, M. P. (2023).
Extracellular vesicles arising from apoptosis:
forms, functions, and applications. The
Journal of Pathology, 260(5), 592-608.

Greten, T. F., Villanueva, A., Korangy, F., Ruf,
B., Yarchoan, M., Ma, L., ... Wang, X. W.
(2023). Biomarkers for immunotherapy of
hepatocellular carcinoma. Nature Reviews
Clinical Oncology, 20(11), 780-798.

Huang, D. Q., El-Serag, H. B., & Loomba, R.
(2021). Global epidemiology of NAFLD-
related HCC: trends, predictions, risk factors
and prevention. Nature Reviews
Gastroenterology & Hepatology, 18(4), 223-
238.

Jarrah, M., Arvind, A., Gopal, P., Deodhar, S.,
Yang, J. D., Parikh, N. D., & Singal, A. G.
(2025). Performance of GALAD, GAAD,
and ASAP for early HCC detection in chronic
liver disease: a systematic review and meta-
analysis. Liver cancer.

Johnson, P., Zhou, Q., Dao, D. Y., & Lo, Y. D.
(2022). Circulating biomarkers in the
diagnosis and management of hepatocellular
carcinoma. Nature Reviews Gastroenterology
& Hepatology, 19(10), 670-681.

Kalashnikova, E., Aushev, V. N., Malashevich,
A. K., Tin, A., Krinshpun, S., Salari, R., . . .
Ravi, H. (2024). Correlation between variant
allele frequency and mean tumor molecules
with tumor burden in patients with solid
tumors. Molecular Oncology, 18(11), 2649-
2657.

Kopystecka, A., Patryn, R., Le$niewska, M.,
Budzynska, J., & Koziot, I. (2023). The Use
of ctDNA in the diagnosis and monitoring of
hepatocellular carcinoma—Iliterature review.
International Journal of Molecular Sciences,
24(11), 9342.

McGlynn, K. A., Petrick, J. L., & El-Serag, H.
B. (2021). Epidemiology of hepatocellular
carcinoma. Hepatology, 73, 4-13.

10



Tap chi Khoa hoc va Kinh té phdt trién S6 38 (2026)

e-ISSN: 3093-3714 | ISSN: 2588-1272

Omar, M. A., Omran, M. M., Farid, K., Tabll, A.

A., Shahein, Y. E., Emran, T. M., . . . Kovac,
T. (2023). Biomarkers for hepatocellular
carcinoma: from origin to clinical diagnosis.

Biomedicines, 11(7), 1852.

Zhang, J., Chen, G., Zhang, P., Zhang, J., Li, X.,

Gan, D.n.,...Ye,Y. a. (2020). The
threshold of alpha-fetoprotein (AFP) for the
diagnosis of hepatocellular carcinoma: A

systematic review and meta-analysis. PloS

Rashid, S., Sun, Y., Saddozai, U. A. K., Hayyat,
S., Munir, M. U., Akbar, M. U., . . . Khan, M.
I. U. (2024). Circulating tumor DNA and its

one, 15(2), €0228857.

role in detection, prognosis and therapeutics
of hepatocellular carcinoma. Chinese Journal
of Cancer Research, 36(2), 195.

Rossari, F., Foti, S., Camera, S., Persano, M.,
Casadei-Gardini, A., & Rimini, M. (2024).
Treatment options for advanced
hepatocellular carcinoma: the potential of
biologics. Expert Opinion on Biological
Therapy, 24(6), 455-470.

Tabu, K., Mawatari, S., Oda, K., Taniyama, O.,
Toyodome, A., [juin, S., . . . Ido, A. (2021).
Highly sensitive Lens culinaris agglutinin-
reactive fraction of a-fetoprotein is a
predictive marker for hepatocarcinogenesis in
long-term observation of patients with
chronic liver disease. Molecular and Clinical
Oncology, 15(3), 174.

Tayob, N., Kanwal, F., Alsarraj, A., Hernaez, R.,
& El-Serag, H. B. (2023). The performance
of AFP, AFP-3, DCP as biomarkers for
detection of hepatocellular carcinoma (HCC):
a phase 3 biomarker study in the United
States. Clinical Gastroenterology and
Hepatology, 21(2), 415-423. e414.

von Felden, J., Garcia-Lezana, T., Schulze, K.,
Losic, B., & Villanueva, A. (2020). Liquid
biopsy in the clinical management of
hepatocellular carcinoma. Gut, 69(11), 2025-
2034.

11



