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Abstract Hepatocellular carcinoma (HCC) is a common malignant tumor of the digestive system. Although
there have been some advances in the treatment of HCC in recent years, it remains one of the cancers with a
high global mortality rate. With the continuous deepening of research into the molecular mechanisms of
HCC, personalized precision treatment based on the molecular characteristics of patients with HCC offers new
hope. This article will discuss the practical application and future development prospects of precision medicine

in the treatment of HCC from four aspects: driving factors of HCC, molecular classification and subtypes,

the status of targeted immunotherapy, and preclinical models.
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NMP A b Jp I — 2367 58 . MR 9 ik
ALK HCC BFERAE T H 2 6 7 s, WiEsh 1
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P FE Y (patient-derived tumor xenograft, PDX) fll
B kB 25 48 B (patient-derived organoids,
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FHIE HCC FF AR 1 42 56 PR 4 % B 00 ) 43 Fr o O 00
FEARALFRIR 5 52 T 2240 T 10 G R 0K 3 ik A, 3 87 &
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Vb — B & 0 B B 2 0. 1% ~ 1% B 32 SR YL BF
AR, SRR A & R AR HBV IR Y 50
K Bt . Bifi %5 12 M 2 BT % (chronic hepatitis B, CHB)
BB G B A HBV 5 R A 0 T 40 i 4
T LA 5 R ST Y k2 T R AR T RE 2 HCC M9 Rl
RANM . A S E A S, CHB B H AF 4180 i
HBV 38 4 M HL & B e 4 A Y e fk b, SR m 7E
HCC o, HBV J X 8 4 T 1] T & A= 78 5 1 LA
fir 51, HETHATSEE &3 HBV A1 56H HCC JEH
HPAEAE WA FE W HBV B S/ 85, — M T
TERT £ 5 3 7 IX 3 (7] W T2 25% # HCC i
FH) o — AT MLLA JEH 5 3 245 6 W (7]
WF 2 12% /) HCC B3 . DL K — SER K H UL %
AL Cyclin E1 #l Cyclin A2M*, HBV-TERT
AW T & A TERT B FIX 48, £ RZHE
JipggE 40 i o, TERT 35 KA B sk 06 1k, i HBV-
TERT # 4 7] 530 TERT &3k /K F 20 -,
HBV-TERT/TERT Ja 8% 5 CTNNBI &4 1
HBV/HCV X HCC Hrfal i %& A 3 b iF— 25 5
J8 7 TERT Ml Wnt/B-catenin il % 75 5 25 J&% e H 3¢
HCC KA i R

HBV 1% & 6 W] g 3 08T 9 A 28 36 D sl
B- ARSI £ L, £ HCC W, HBV 78 MLL4 3
SR 3 & 6 4h i H A9 3% A 3 30 N2 o 45 18T 19
MLL4 #1/8, HBV-MLLA fill &% 549 19 % 3k, T
S MLL4 £ IE % D™ . i HBV R A&
BT B0 MLLA 3 P4 (1 28 3k 2 R, 2 177 52 i 40 it 1 3%
RG34 . MLL4 K& DA i 48 7 5 il 5 T R - SO )
il 32 2K BIRAS T 0 D Ak L 3 T g T Bk 4 & 2B it
AHEEE, Fln, MLLA B8kl 88 52 DNA 2§
SEAY A 5 30 % 10 b R R T 0 A G B DR A ek

B T R Ry 3 5L K Sk A HBY 38 58 9 I 3k
PRI 2 1) 5 A0 A Ak, T 56 PR o R L DL B0 S R L £ 1A
[ il . 3 S R 45 A A Ak mT e 5 SO R o P
TP53 Ry A2 3L TERT . MYC (9 5 LA % it
o B L b A R DR £ R TR 8 AN A (] T e
Je T L, 38 2 AN [ AL il A& HCC A 5 o

AR 8 1 6 HBV A 56 HCC BEAR E 17 42 3
AL P 2 BT 050 T & HBV A Bt Y @ (R A1 26
JR DNA (extrachromosomal circular DNA, ecDNA) .
X2 ecDNA I 520 T 2 A A {298 2 K, an TERT,
MLL4 . MYC %, B4 HBV 5 TERT 3t H 1% &
1 HCC B 9k 78 70 i 18, {H A DR 20 %) 5030 o A 4
TR LKA 1L ecDNA Y FRIR 25 4 15 DL 16 21 5L
HAEI, B, XL BRI T 3T ecDNA 99"
WA AEZE HBV MI5& HCC il 7M., x—
MUK A8 R o E— L F R HBV BR3hiY HCC & 45
KRS T BT

2 FRHSFH%kS TR

BEE SR EARASEZHEERNEE,
HCC 153 F 43 BB Wi g i 57 - o FHOR M 1 22 5%
ST R AR A S R, BFEE & BT 2004
AP UG I S A B A A R A R R ) R
fE# HCC 40 A 4R B 4, b5 78 3R Rl B8R
T Z Fh4y 2297 . G1-G6 ., S1-S3., C1-C3 F1 iClustl-
iClust3 5§, WA 24 L O 7 0 4 19 ol 4 o0 5 L
HCC 3= %243 14 it 00 Al 338 5 0070000 H op 348 3
R HCC 2y 4 S 20 M98 96 61 1) 50 %0 . H E 2RI
FipRE L AU AS B LA VRV B O L (R 22 ik ) B R
R, HAE HBV #H5C HCC B # 0,

T 35 1 8 11 5 20 0% 43 0 0 D AR 48 2 1 o ) 3R
KERER P 2 0 S- 1 S-S ), s 1
WAL B FREAE AE T AR AR (40 CYP1A2,CYP3A4
T OTC) By 35 3w, 1 S- 11 S0 AU (1) 3% 5 A 6 #8 b
(fn CDK1,HDAC2 1 PCNA) E A H ., 5 S 1 Al
S- 11 AR He S-S 29 4 116 0K 105 0 25, HL A o i 1Y) 1=
e,

TR L Bt 2 P 1A B AE HCC B8 3R 97 i
T A A B ORI 2 B OCTE L 1R 2 F % HCC 43 1
53 TP A v R AR A i R SR BT v 3 Ao e R R B
10 HCC 40 F 43 8, nl BB 0 A Bh T 48 5 HCC B
f36I7 . Sia DU AT 228 4~ HCC BEAR 1)
PEFIRMI, K IL 2590 1 BE AR RE bR 35 ) 1 R
RIKOF B L, S AN MR A £ R K R K
Hh, BE— A5 TEUN TS 028 . — 2 I IR R R I 2K
LA AR A I e 38 SN B R T A 3 RR AR Y R ik
KV B R AR R e BE O 2, DT 4N i AR v A
A A K R B 3 B SRR AR . FE RS 1T 5T
H SRR A s e — b Ak, T B HCC 9% B B 43
R R ST 28 R AR R AE L 43 il i 3506 I 6506,
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HNE A 3 Z 1l Y B 2 2K (22 00) FB R 4 1Y
FAPE W 2R (15000, T 3E R AE 28 W (3 95 HE R I 38
20 %) MW (43 %0) . A BRI KR vk
CTNNBI 2742 i 45 AR &, 31X 5 DA W 4¢3 /Y ax 28
G I AN 5 R A RE 1 DUARAE . 5 AR RE 28 i X
A ZEA L X — W o it CCLS F1 CCLA 3R 3k
HKFTE R LA TAPLB2M Al HLA-B 45 51 i &
328 TR Y BE AL KT AR . B A 2% B B T LA
A BRE IG5 BN A 53 A G0 e TR 1 i RE A B
FHE > F 43 B 43 A Classl. Class2 ., Class3 . Class4 LU
S Class5 FLAN AL, I AR 45 AN 6] 20 BL 6 8 T A R Y
JFJE IR T7 SR B . 40 Class1 Fil Class3 X ¥ [m] 37 97 5 f%
J&, T Class2 Fl Classd %t 2l ki 2€ by o s

XA R TR AAUR B T HCC 7 ik, Jf B
R T XA [FE R HCC #3347 A M4k R 97 19 08
TEAT RETE A B THE SR YT BB X PEFN AR, dl it 25
AR RIR B R OR U R S R B A R BRI
T ER b T HCC B35 IR YT ROR M W5 . 904 Bl
TI R BIHIRS T KM

3 HCCHm%Eiar R EBEERT
R g

TRk, BEAE HCC 23 T AL BF 5T AR A, 8Ok
1 22 1Y 0 R S i PR 9 8 1 HE ) 25 ) M S R 9T 2
W LT N T R L 45 HOC SR I A A7 i ok 1T 1
ERME, RALAEJE (sorafenib) J& 5 — 4~ 7E B 1Y)
HCC A HE A T 04 22 3t 0 1t 550, & mT L BEL W s 24
1% 3% 52 /& (VEGFR-2/3 . PDGFR-B. c-Kit, FLT-3,
RET) ., 4l il T % i # ¥4 §% (Ras/Raf/MEK/ERK,
JAK/STAT) i 5 If BH Wr At A1 5C 48 5 (c-Raf |
B-Raf) . 58 R, RPAE R IR IT I B H A 7 W
FERT 2.8 N H P ALEAEA WY 107 AL BER
78l A AR JE A T AR 228 F B 18] 25 W Y
B2 MR 5, G 0 22 1Y 22 e A 1 5R) B I DR
F Wt HCC B A fE A3 3 1 i — 2 e K

I 7E B REIR 7 AU PD-1L 1 B g g 470 A oo % ]
B BT (atezolizumab) BEG T I A P R 2B KR H 50
BEHT /& D1 1K 2R 8 3T (bevacizumab) A9 41 & 16 J7 £
HCC R4k B 4 o 7 — A3 i A . 7
BHAREM R IMbravel50 5, [ iR 25 ¥ Bk A £
AT YIBR ) HCC & R4 1 29, 800 1 BRI
M5 R PR JE T A0 FL , 152 3 — 2 Wy BB HH O 58 10 2%
HEHAEFMER T 5.8 AT, X HAERE

WIS R h AR ] ] B e HCC B3 B4
FESA IR T T3k I Hax o J2 e e i A ot BHL BT 57 1 1k
I+ HCC iy —imyr ™ .

A 22 0t 0 ) 3R B0 83 Dy e 4 HCC B i
KT A ALK F L HCC B W UG 8 A AR
W, ARR—FR B B HIBIT AL 2R
Il 75 {1k & WL 2% f# 2R (objective response rate, ORR)
(RZHE R <<10%, RHAEJE R 226 ~ 3%0) Flif 25
T R I R UIE i e B B — R 1) 2 W3R
55 T geg A 24 M A I SRR G, PRt L RE 4R R A R 1Y
e R AR 4 . AHELZ T L I56H 22 R ) 25 W A7 A1 T 3 i
i 2450, 3 Hoh BB E A ok T 2 R AR 3 A . I M —
I R B 2 WAL & o Je Bk A R A KN 32 1k
(epidermal growth factor receptor, EGFR) #l ] 5§ &
JER JE (gefitinib) 97 HCC B3, 76 57 01 1l PR i 45
R T — T Rk A BT R SRR
X EGFR (9 #)1fil 2 5 2 EGFR-PAK2-ERKS {5 5 4l
8 BTG 5 33X ol B A5 W0 1) A S 23 A8 b 9 0 A
% 5 M EGER #0450 W) w7 LA BH W7 iZ 45 5 AT i
TR BRFMAEAAN . HCC % b EGFR #4519 %
AERAEHAR (<500 AR T2 — i HCC i 4
PR EGFR RIZKV-THm i HE k. N 0. K
FIEH) EGFR 1B A= W bn 35 W) vl GE A BY T 56 2 1 14
HCC ##% MHE a7 Pk e

AT R FE— T 720 45 A HCC fR# it
1y W SEARCH #F 58, RyrdE e 5 55 — Fib
EGFR 4l i 5 32 % # J& (erlotinib) 19 41 A K Ak i 7w H
TR R PR B T sk . X —Z5 R TR T
XTI BN 220 3 , LA SR AR Je RS A
R RN . BT EIRA G AN B PR 5 B4R
PO T — 28 HA 1) 21 5 e 18 25 1) (HL I BE R o 27 B
KB Y il 3 vh i — 2P k. H AT, TR 97 HCC
(49535 F8 ) 25 90 9 20 5 B A AR AR .

55T S A A i BELIBT 1 3R SR 9T A Ll R T A
] 245 W) T 5 3 7 AR AL AR B B s 1 B ) 2 1 XU
I HL B RE 97 200 ] Bl A A AR L RV
I, L TR ) 25 W R IR G IR T A HCC 3R 97 Hh AT Iy 1
HEATERME,

Y I 22 T A 1) R 68 A0 S AR w3 S R
i 245 Mk FRATAS AL T I 5 A [F) R A 245 90 38 e 22
T IR IT T7 BB IR E AR A 22 k. HAl
VF 2 R B98I B BE T A W bs s W % 28 35 A7 00 )2
DA SRS EIR YT o AE— IRl Y 1T 3 BF 5 20 A e
il RAS 28728 (F e 9] HCC J8 3% 7£ 4% 52 MEK #1 4il
AR JE (reparixin) 5 R P AEJE BB SR )7 I, 2



MABE % 2024 4F58 7 4% 431 BACHU MEDICAL JOURNAL, 2024, Vol. 7, No. 4

BT A R R IR R SOGRSY . AAN R E &
BT — R EAREMEAT N E HCC TR, 3 26 fi 3
Ay TSC1/2 2878, I %8 A8 R IA 7 R I = B
J&

NGS Pk % 2 $2 80 36 97 000K B 2 42 41t
T A, BT AR E Y R ) 35 T T DL G
NGS #E47J8 5 Fn 5§, H b NGS G848 X 4 i g 4> 1k
FEAE  FELA B0 B A 36 97 80 A W T A R TR
WYt — 5B, HRTZ TSR E R T NGS
FE HCC K5 i $E 1) 36 97 M. /8 — 1003 S i Je
(regorafenib)JG¥7 HCC B #H Y [ #91f K i 56 v, 0F
FEEWUHE T 6T O 1Y iR 4 2N I K RE AR, 3 0
NGS #: i & BT — 20 0] LA 7500 i S 38 JE J7 8 AY I 3%
miRNA 1548 3L N, 78— 10 BIOSTORM #ff 5%

« 7 e

700 RIS 3 0 NGS AR T e T 146 ANl
DU L PR H8 b L X S8 AR A B T X AR Se 7 32 32 R i
ERRIT IR LA & & 1 HCC B . ok, i oe
W KB, pERK 7K - 1 ek 1 45 32 i 2 19 A 2k 57 A9 10
T H.EMfESA BN HCC BEHEFRFENE L
L, X% IR HCC (3R 97 42458 758 9 2 W) A
YA BT S ORI IR T RN . B Ab,
NGS 2 i 156 ¥ 76 25 W) SRR AR B ) e T /L,
— I HTREPE DR S DR N B 5 NGS F 6 X 127
& HCC (B35 HEAT R 5 0 3 , 45 2R W7, #5 4 SO
P PISK-mTOR %748 (1) HCC & £ R Pk e k7
TR B B AR 25 IR YT 45 R I Wnt TF A6 AH OG5
7 (A AE 5 X G 98 K A A5A R R A S R T 24 AR
ST R RO 1A T I R G UL 1,

F1 BEHEGEETERIRE
I PR it 3 R % il e F A s LR i PR 4 3
E "j A b %
TRIPLET'™  REFIBBHIEABTIER  PD 16 ; VEGFR? R 11 3
GIEIRIT
,‘11‘1"* 7 B il - WIT L > A ‘~f§r
P FRARIGT ST R R AL 5 .
J7 G IEIRIT
HIMALAYA"  fh e KBAHBE & AAJEFT  PD-1 #4157 ; CTLA4 ¥ RPEIRIT Il #1
o RESHIERBBIBCA WA R A1 PD-1 M ) F; VEGFR2 TKI; RAF, G IT RS
~ 3 [75]
CARES=310 sorafenib VEGFR Ml PDGFR £ 8L & 1 71 P 151
a NV ‘A%
IMbrave050™ B4 RIS LBEIE 4 0L (KBt PD-1 MBI s VEGE R Il 4
G IEIRIT
B - . PD-1 ## #] ; RAF, VEGFR #1 PDGFR  #[aF B4
) U7 gy gR G B A R E:
CheckMate 459 A S R AR R S A 11}
: VEGFR-1, VEGFR-2., VEGFR-3, FG-
~ppl7sd > 2 e A A1 1A R BE A APy
LAUNCH SR e A LT FRL.PDGFR. cKit. Ret B ) R T B A AT 11}
VEGFR-1.VEGFR-2. VEGFR-3. KIT,
- Yo AN T | B (AT 3 T A
COSMIC 5120 FMRRICERIRRSIIS by b1 TIE2: PDL g . PRI I 4
RHdE e . RPEIRIT
VEGFR2
. ) X VEGFR-1, VEGFR-2, VEGFR-3, FG- ¥ IEIFE &
_ [80] AN s = I\ =1 . S
LEAP00ZEE GRERIAWMAKII  pp ) PDGFR. cKit.Ret: PD-1 #0511 Soe it i
RAF.VEGFR #l PDGFR % # &5 #1 #i
ZGDH™®Y ZHAE B A RAAEE %] ; CRAF. BRAF. V600EBRAF, c-kit. AR YT [l
FIT-3,VEGFR-2,VEGFR-3,PDGFR-B
ORIENT-32*” frd B PTIR 43 DU BR S f PD-1 0 il ) VEGFR2 TKI; RAF,  HEENAYTIRG 383
’ ke VEGFR Hl PDGFR £ 55 37 %1 51 BB IR T .
NCT039166275 PG4 F By FH T HE BIAYY  PD-1 REIRIT 11 441
LEAP-012 &0 ZE AT R S B A S  VEGFR-1, VEGFR-2, VEGFR-3, FG-  {byFEE& 80 A | 5
) AR T LA I R 2R bt FR1.PDGFR,cKit,Ret; PD-1 il 5 LB IT g
o BVD R TR 1 WE RN R . A7 i v O X
a = [85] ) 3
NCTO29T3885™ o ki v d L2 Wk e fose 0 20 X H B GE 53
i e J IR ‘“,? ) =1
NCTOL9634297 LT TR LATBINIMN T WO T Bt b g

SN I 95 #Y 52 R




EAE R 2024 4F58 7 %% 4 ] BACHU MEDICAL JOURNAL, 2024, Vol. 7, No. 4

e 8

XUERFFE LR R W], NGS FARTE I IR 52 B b iy
ST 5 e 1 o U R RE 1 00 R A R A 1R A
PR IT T 5 O R IR T SR R ESR . RIS A
FLI R YT MR BENR T AL 5 B NGS SR 9 1 2
I B, FW X SR FE A BT AR AT A AR
TN i 27 SR M N S R T J8 2 10 i PR A8 o T DL
BB A 807 7 SR H 2 ot NGS FoR, Ry
Lol N By BB O B A7 R 1 B T BEORS 0 93RO
S DU 7 SO F s> A Z R R

4 ImRBTEBFR

Il PR AR R A8 HCC B BIF 55 b 403 3 3 S A €
R FHAA A Bl A 2 gt Ao 98 %) 2 0 2 e e i L
S 3B 24 AR 5% e ML A J 2 T L. I DR i A
K F ¥4 4% PDX il PDOs,

1969 4%, F} & %2 %% Rygaard B WLIIH AR 45
i 958 e 95 A% AF T AR B Y L 3X 02 PDX AR Y 7 1
R 1996 4E L BIFST N B IR EESL T HCC
B PDX #5448 HCC By PDX #5581 &
Ge18 HACRART o 5 3T 48 % (9 I R BF 58 45 5 Oy PDX
BEARLLE I 988 W 98 vh g 0 A7 ok 7 Ay 2. B i, HCC
1) PDX A58 5 AR £ 28 B IF Ay 2 — b B AR 7% iy
IR R R R NS B R =/ o
DL g 55 HC ) PRl 2H 2R e AR o8 A ELAE T L O HL e R
R AR PRI P . X 45 PDX BEAUAE HCC 1Y
WEGE 259 T K h 4555 FEAE AT A Bl T 0 4 b 3
St 995 ML ) RIS 7 3k B A

PDOs J& —Fi /R S8 15 752 1) = 4E 25 /B R, e f% A
AL TE B A T 20 MR P 1 40 B AT, 3 S R
% I B0 55 4y o 9 %) 4 S B P AR s ) 5 A A5 AL 2 21
AL VR 19 ) BE AR W 2247 0 TR) s O B 5 B 4 2 2% R AIE
022 il A4 5 VL 40 355 9K Bl 56 ARG 2 AR A gt
£ HCC 43, PDOs 75 A4E KA B FE L HCC ¢
SRR SRR I P B AR DL S TE S RS A AR A
O TR 1) 6 T TR A PR e R — L xS
SUEAS PDOs BR RS 1 B 24 A 53 0 BEARR R, J LG58
FHFIR YT HUMERF 5T L 25 9 0 35 ARG Y7 e R 000 . A
#37 HCC PDOs, W58 A 51 & 3 HCC %R i dE e ™
Aot T BB 5 RS L {5 5 3 I 1 FB O A R RE IR
B 52 U I R R I AT DG 1) MEK/ERK fil AKT 7%
B . X — R BEW L PDOs RMUA B F 3k
TG A B T 08 10 A 0 2 e 1, R BB R T R A MR Y
TRIT T PR OCHEME B, HE T AT R WO R R R
SPas A, L, BT AT AR 0 PDOs #5278 % T

BAMEALTR ST T 1 A ORI 1 3k 88 75 ik A B 4R
THIF i 5 B B

5 MNESRE

HCC By &4 K 32 3 3t L 3 W st % LA K 3R B2
PRI 3R 52 2% 5% ), x4 B 3% 2 () 4R T 4 B iy 3
e R AR AT, RAR H AT AT HCC Ay 3t
AAEYFRER TECHRA RN, H HCC 1 &
S TR RG24 04 e g A B 45 YR T RN TS DA A ok
THRPME ., XS HCC IR IT 5 w55 22 0 ks
HEFNASPEAL o DL X A2 2% i g 3 A BRR A

RS VE BT A KT 52 F L ER I RHMIF N B IE i
EE R ZH AR GWAS UL R IE Ay T2
I TR0 HCC & A Kk SR W 52 m [ &, 3X
SERIE ST R L R T FRATT X HCC 38t 1% £+ % 1) 3
fift o I Ry T 2 4 1] 245 0 ) G2 U6 T SR AR TR
SIS, B, 8 0 R R e 0 B ik R IR
BhEEN A8 (4 TERT ., TP53 Fil CTNNBI 2€78) LA I
I 2 FARIC, 7T LSZ X HCC 3 3 RS HE 1
TRIT . REESF AR AL AT BY T IO AR X R TR YT Y
J R T Ry 8 3 SR A AR B3R 97 6. BbAbh . B
FAEWIERE HCC 1y 2 W st 14 2% 4%, tn DNA H
HAl HEH B miRNA Fl IncRNA 1) 5% £ ik,
10X S A AR T A A SR AR A A T

Wit 5 ek DR 17 A5 750 R R 8 S g 20 0 LR B R
I PDX Hil PDOs #5258 (4 JF & , BF 52 & 901 Be % 3
TR b AT UL N 218 ik 9o 1 358 4% AR 1 R ek e A 8 ) A8
HAEM . PDX #58I [R JLAE 43 —F F1 2 295 3 2 2 1T
JE A B DA B R R A L BT D AR PR P R R A
(] 9 S Tk 55 22 R e i TR B i R 24 W Ok S A
AR R RS B E AR AT 9E DL ORS HE BE YT Y
BREPRE Tz N Al R R PR G A R X
R UK B R R AT B L PR E A F R T
FLHB I PDOs AR, 3 S8 A5 B Y T 45 58 i
T HE PR 2289 5 B AR SR AL L 38 )z T T e AR
SRS L 24 P ML A A 3R R B R RE IR T SR W 1Y
FRER T EENMENEM.

g5 LR, IR 9T I 98 1 35t A% R 3R 0L 35t A%
filt o ¥ 2 I 6 35 B AU PR A AR, DL K ) X 2 A A
B UEBIHT B TT 0 L X T O I g AR L TEORG o
TAHMBGIT B REE, XL AR TR
RO HE K R AR A I BRI G AR AR S
EAAIT R AR . B R Ok, HCC BF 5% 75 2L 15
R R A AE S5 A ETI R AE AR B AR HOR A i



MABE % 2024 4F58 7 4% 431 BACHU MEDICAL JOURNAL, 2024, Vol. 7, No. 4

R 70 B T B, LI AE HCC /932 Wr iR 7 F TS
VA A 22 A 5 Th] S B R R

S E k-

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

Rumgay H, Arnold M, Ferlay J, et al. Global burden
of primary liver cancer in 2020 and predictions to 2040
[J]. ] Hepatol, 2022, 77(6): 1598-1606.

Bray F, Laversanne M, Sung H. et al. Global cancer
statistics 2022: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries| ] ].
CA Cancer J Clin, 2024, 74(3): 229-263.

Burton A, Tataru D, Driver R J, et al. Primary liver
cancer in the UK incidence, incidence-based mortality,
and survival by subtype, sex, and nation[J]. JHEP
Rep, 2021, 3(2): 100232.

Rumgay H, Ferlay J, de Martel C, et al. Global, re-
gional and national burden of primary liver cancer by
subtypelJ]. Eur J Cancer, 2022, 161: 108-118.

Estes C, Razavi H, Loomba R, et al. Modeling the epi-
demic of nonalcoholic fatty liver disease demonstrates an
exponential increase in burden of disease[]J]. Hepatolo-
gy, 2018, 67(1) . 123-133.

Chen S Z, Cao Q Q. Wen W, et al. Targeted therapy
for hepatocellular carcinoma: challenges and opportuni-
ties[J]. Cancer Lett, 2019, 460: 1-9.

Vogel A, Meyer T, Sapisochin G, et al. Hepatocellular
carcinomal ] ]. Lancet, 2022, 400: 1345-1362.

Cheng A L, Qin S K, lkeda M, et al. Updated efficacy
and safety data from IMbravel50: atezolizumab plus be-
vacizumab vs. sorafenib for unresectable hepatocellular
carcinomal J . J Hepatol, 2022, 76(4) . 862-873.
Nahon P, Zucman-Rossi J. Single nucleotide polymor-
phisms and risk of hepatocellular carcinoma in cirrhosis
[J]. ] Hepatol, 2012, 57(3): 663-674.

Nahon P, Sutton A, Rufat P, et al. Myeloperoxidase
and superoxide dismutase 2 polymorphisms comodulate
the risk of hepatocellular carcinoma and death in alcohol-
ic cirrhosis[J]. Hepatology, 2009, 50(5): 1484-1493.
Nahon P, Sutton A, Rufat P, et al. Liver iron, HFE
gene mutations, and hepatocellular carcinoma occur-
rence in patients with cirrhosis[ J]. Gastroenterology,
2008, 134(1): 102-110.

Wei Y G, Liu F, Li B, et al. Interleukin-10 gene poly-
morphisms and hepatocellular carcinoma susceptibility:
a meta-analysis[ J]. World J Gastroenterol, 2011, 17
(34): 3941-3947.

Yoon Y J, Chang HY, Ahn S H, et al. MDM2 and p53

polymorphisms are associated with the development of

[14]

[15]

(16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

e 9

hepatocellular carcinoma in patients with chronic hepati-
tis B virus infection[J]. Carcinogenesis, 2008, 29(6) :
1192-1196.

Kozlitina J, Smagris E, Stender S, et al. Exome-wide
association study identifies a TM6SF2 variant that con-
fers susceptibility to nonalcoholic fatty liver disease[]].
Nat Genet, 2014, 46(4) . 352-356.

Romeo S, Kozlitina J, Xing C, et al. Genetic variation
in PNPLLA3 confers susceptibility to nonalcoholic fatty
liver disease[J]. Nat Genet, 2008, 40(12): 1461-1465.
Luukkonen P K, Zhou Y, Nidhina Haridas P A, et al.
Impaired hepatic lipid synthesis from polyunsaturated
fatty acids in TM6SF2 E167K variant carriers with
NAFLD[J]. ] Hepatol, 2017, 67(1): 128-136.

Pirazzi C, Adiels M, Burza M A, et al.
phospholipase domain-containing 3 (PNPLA3) 1148M

Patatin-like

(rs738409) affects hepatic VLDL secretion in humans
and in vitro[ J]. J Hepatol, 2012, 57(6): 1276-1282.
Trépo E. Contribution of PNPLA3 gene to the natural
history of liver diseases[J]. Acta Gastroenterol Belg,
2017, 80(1): 43-51.

Trépo E. Romeo S, Zucman-Rossi J. et al. PNPLA3
gene in liver diseases[J]. J Hepatol, 2016, 65(2): 399-
412.

Stickel F, Buch S, Nischalke H D, et al. Genetic vari-
ants in PNPLA3 and TM6SF2 predispose to the devel-
opment of hepatocellular carcinoma in individuals with
alcohol-related cirrhosis[J]. Am ] Gastroenterol, 2018,
113(10): 1475-1483.

Abul-Husn N' S, Cheng X P, Li A H, et al. A protein-
truncating HSD17B13 variant and protection from chro-
nic liver disease[ J]. N Engl J Med, 2018, 378 (12);
1096-1106.

Ma Y L, Belyaeva O V, Brown P M, et al. 17-beta
hydroxysteroid dehydrogenase 13 is a hepatic retinol de-
hydrogenase associated with histological features of non-
alcoholic fatty liver disease[ J]. Hepatology, 2019, 69
(4): 1504-1519.

Nault ] C, Ningarhari M, Rebouissou S, et al. The role
of telomeres and telomerase in cirrhosis and liver cancer
[J]. Nat Rev Gastroenterol Hepatol, 2019, 16 (9):
544-558.

Huang D S, Wang Z H, He X J, et al. Recurrent
TERT promoter mutations identified in a large-scale
study of multiple tumour types are associated with in-
creased TERT expression and telomerase activation[ ] ].
Eur J Cancer, 2015, 51(8): 969-976.

Torrecilla S, Sia D. Harrington A N. et al. Trunk mu-

tational events present minimal intra- and inter-tumoral



[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

B B

2024 4F2E 7 % 4] BACHU MEDICAL JOURNAL, 2024, Vol. 7. No. 4

10 -

heterogeneity in hepatocellular carcinomal J]. ] Hepa-
tol, 2017, 67(6) . 1222-1231.

Sun J, Lu H Q, Wang X, et al. MicroRNAs in hepato-
cellular carcinoma: regulation, function, and clinical
implications[J]. Sci World J, 2013, 2013: 924206.
Truong D J, Phlairaharn T, Ebwein B, et al. Non-inva-
sive and high-throughput interrogation of exon-specific
isoform expression[ J]. Nat Cell Biol, 2021, 23(6):
652-663.

Jiao J J, Niu W B, Wang Y, et al. Prevalence of afla-
toxin-associated TP53R249S mutation in hepatocellular
carcinoma in hispanics in south texas[J]. Cancer Prev
Res (Phila), 2018, 11(2): 103-112.

Miiller M, Bird T G, Nault J C. The landscape of gene
mutations in cirrhosis and hepatocellular carcinomal]].
J Hepatol, 2020, 72(5): 990-1002.

Aguilar F, Harris C C, Sun T, et al. Geographic varia-
tion of p53 mutational profile in nonmalignant human
liver[J]. Science, 1994, 264(5163);: 1317-1319.
Rodriguez C, Ramos-Araque M E, Dominguez-Martinez
M, et al. Single-nucleotide polymorphism 309T>G in
the MDM2 promoter determines functional outcome af-
ter stroke[J]. Stroke, 2018, 49(10): 2437-2444.

Xia Q, ShuZ Y, Ye T, et al. Identification and analysis
of the blood IncRNA signature for liver cirrhosis and
hepatocellular carcinomal J]. Front Genet, 2020, 11
595699.

Perugorria M J, Olaizola P, Labiano I, et al. Wnt-#-
catenin signalling in liver development. health and dis-
ease[J]. Nat Rev Gastroenterol Hepatol, 2019, 16(2):
121-136.

Xu C R, Xu Z, Zhang Y, et al. B-Catenin signaling in
hepatocellular carcinomal J]. J Clin Invest, 2022, 132
(4): el54515.

Ng C K Y, Dazert E, Boldanova T, et al. Integrative
proteogenomic characterization of hepatocellular carcino-
ma across etiologies and stages [J]. Nat Commun,
2022, 13(1): 2436.

Pezzuto F, Izzo F, Buonaguro L., et al. Tumor specific
mutations in TERT promoter and CTNNBI gene in hep-
atitis B and hepatitis C related hepatocellular carcinoma
[J]. Oncotarget, 2016, 7(34): 54253-54262.

Schulze K, Imbeaud S, Letouzé E, et al. Exome se-
quencing of hepatocellular carcinomas identifies new mu-
tational signatures and potential therapeutic targets[]].
Nat Genet, 2015, 47(5): 505-511.

Shtutman M, Zhurinsky J, Simcha I, et al. The cyclin
D1 gene is a target of the beta-catenin/LEF-1 pathway
[J]. Proc Natl Acad Sci U S A, 1999, 96(10): 5522-

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

5527.

Chen L, Zhang C, Xue R D. et al. Deep whole-genome
analysis of 494 hepatocellular carcinomas[]J]. Nature,
2024, 627(8004) : 586-593.

Tu T, Budzinska M A, Vondran F W R, et al. Hepati-
tis B virus DNA integration occurs early in the viral life
cycle in an in vitro infection model via sodium tauro-
cholate cotransporting polypeptide-dependent uptake of
enveloped virus particles[J]. ] Virol, 2018, 92(11):
e02007-17.

Tu T, Mason W S, Clouston A D, et al. Clonal expan-
sion of hepatocytes with a selective advantage occurs
during all stages of chronic hepatitis B virus infection
[J]. T Viral Hepat, 2015, 22(9): 737-753.

Toh ST, JinY, Liu L Z, et al. Deep sequencing of the
hepatitis B virus in hepatocellular carcinoma patients re-
veals enriched integration events, structural alterations
and sequence variations[ J]. Carcinogenesis. 2013, 34
(4) . 787-798.

La Bella T, Imbeaud S, Peneau C, et al. Adeno-associ-
ated virus in the liver: natural history and consequences
in tumour development[]J]. Gut, 2020, 69(4). 737-
747.

LiCL, LiCY. LinY Y, et al. Androgen receptor en-
hances hepatic telomerase reverse transcriptase gene
transcription after hepatitis B virus integration or point
mutation in promoter region[ J]. Hepatology, 2019, 69
(2): 498-512.

Nault J C, Mallet M, Pilati C, et al. High frequency of
telomerase reverse-transcriptase promoter somatic mu-
tations in hepatocellular carcinoma and preneoplastic le-
sions[J]. Nat Commun, 2013, 4. 2218.

Alvarez E G, Demeulemeester J, Otero P, et al. Aber-
rant integration of Hepatitis B virus DNA promotes ma-
jor restructuring of human hepatocellular carcinoma ge-
nome architecture[[J]. Nat Commun, 2021, 12(1):
6910.

Boyault S. Rickman D S, de Reynies A, et al. Tran-
scriptome classification of HCC is related to gene altera-
tions and to new therapeutic targets[J]. Hepatology,
2007, 45(1): 42-52.

Cancer Genome Atlas Research Network. Comprehen-
sive and integrative genomic characterization of hepato-
cellular carcinomal J]. Cell, 2017, 169(7): 1327-1341.
e23.

Chiang D Y. Villanueva A, Hoshida Y., et al. Focal
gains of VEGFA and molecular classification of hepato-
cellular carcinoma [J]. Cancer Res, 2008, 68 (16):
6779-6788.



MABE % 2024 4F58 7 4% 431 BACHU MEDICAL JOURNAL, 2024, Vol. 7, No. 4

[50]

[51]

[54]

Désert R, Rohart F, Canal F, et al. Human hepatocel-
lular carcinomas with a periportal phenotype have the
lowest potential for early recurrence after curative resec-
tion[J]. Hepatology, 2017, 66(5): 1502-1518.
Hoshida Y, Nijman S M, Kobayashi M, et al. Integra-
tive transcriptome analysis reveals common molecular
subclasses of human hepatocellular carcinomal J]. Canc-
er Res, 2009, 69(18): 7385-7392.

Lee] S, ChulS, Heo J. et al. Classification and pre-
diction of survival in hepatocellular carcinoma by gene
expression profiling [ ] ]. Hepatology, 2004, 40 (3):
667-676.

Yang C. Huang X W, Liu Z C, et al. Metabolism-asso-
ciated molecular classification of hepatocellular carcino-
mal[J]. Mol Oncol, 2020, 14(4): 896-913.

Lee ] S, Heo J, Libbrecht L, et al. A novel prognostic
subtype of human hepatocellular carcinoma derived from
hepatic progenitor cells[J]. Nat Med, 2006, 12 (4):
410-416.

[55] Jiang Y, Sun A H, Zhao Y, et al. Proteomics identifies

[56]

[57]

[59]

[60]

[61]

[62]

new therapeutic targets of early-stage hepatocellular car-
cinomal J]. Nature, 2019, 567(7747): 257-261.
Petitprez F, Meylan M, de Reyniés A, et al. The tumor
microenvironment in the response to immune checkpoint
blockade therapies[J]. Front Immunol, 2020, 11: 784.
Sia D, Jiao Y., Martinez-Quetglas I, et al. Identification
of an immune-specific class of hepatocellular carcinoma,
based on molecular features [ J]. Gastroenterology,
2017, 153(3) . 812-826.

Chen Y H. Deng X Y, Li Y. et al. Comprehensive mo-
lecular classification predicted microenvironment profiles
and therapy response for HCC[J]. Hepatology, 2024,
80(3): 536-551.

Llovet ] M, Ricci S, Mazzaferro V, et al. Sorafenib in
advanced hepatocellular carcinomal[]J]. N Engl ] Med,
2008, 359(4) . 378-390.

Kudo M, Finn R’ S, Qin S K, et al. Lenvatinib versus
sorafenib in first-line treatment of patients with unre-
sectable hepatocellular carcinoma: a randomised phase 3
non-inferiority trial [J]. Lancet, 2018, 391 (10126):
1163-1173.

Cheng A L, Qin S K, Tkeda M, et al. Updated efficacy
and safety data from IMbravel50: atezolizumab plus be-
vacizumab vs. sorafenib for unresectable hepatocellular
carcinomal J]. ] Hepatol, 2022, 76(4): 862-873.

Finn R S, Qin S K, lkeda M, et al. Atezolizumab plus
bevacizumab in unresectable hepatocellular carcinoma

[JJ. N Engl ] Med, 2020, 382(20): 1894-1905.

[63] Boshuizen J, Peeper D S. Rational cancer treatment

o 11

combinations: an urgent clinical need [J]. Mol Cell,

2020, 78(6): 1002-1018.

[64] JinHJ, ShiYP, LvYY, et al. EGFR activation limits

[65]

[66]

[67]

[68]

[69]

[70]

[71]

(72]

(73]

the response of liver cancer to lenvatinib[ J]. Nature,
2021, 595(7869): 730-734.

Komposch K. Sibilia M. EGFR signaling in liver disea-
ses[J]. Int J Mol Sci, 2015, 17(1): 30.

Zhu A X, Rosmorduc O, Jeffry Evans T R, et al.
SEARCH: a phase [ll , randomized, double-blind, pla-
cebo-controlled trial of sorafenib plus erlotinib in pa-
tients with advanced hepatocellular carcinomal]]. J Clin
Oncol, 2015, 33(6): 559-566.

Lim H Y. Heo J, Choi H J, et al. A phase Il study of
the efficacy and safety of the combination therapy of the
MEK inhibitor refametinib (BAY 86-9766) plus sor-
afenib for Asian patients with unresectable hepatocellu-
lar carcinoma[J]. Clin Cancer Res, 2014, 20 (23);
5976-5985.

Zugazagoitia J, Manzano A, Sastre J, et al. Sorafenib
for non-selected patient population with advanced hepa-
tocellular carcinoma: efficacy and safety data according
to liver function[ J]. Clin Transl Oncol, 2013, 15(2):
146-153.

Teufel M, Seidel H, Kochert K, et al. Biomarkers as-
sociated with response to regorafenib in patients with
hepatocellular carcinomal]J]. Gastroenterology, 2019,
156(6): 1731-1741.

Pinyol R, Montal R, Bassaganyas L, et al. Molecular
predictors of prevention of recurrence in HCC with sor-
afenib as adjuvant treatment and prognostic factors in
the phase 3 STORM trial[J]. Gut, 2019, 68(6): 1065-
1075.

Harding J J, Nandakumar S, Armenia J, et al. Prospec-
tive genotyping of hepatocellular carcinoma: clinical im-
plications of next-generation sequencing for matching
patients to targeted and immune therapies [J]. Clin
Cancer Res, 2019, 25(7): 2116-2126.

Zhang T Q, Geng Z J, Zuo M X, et al. Camrelizumab
(a PD-1 inhibitor) plus apatinib (an VEGFR-2 inhibi-
tor) and hepatic artery infusion chemotherapy for hepa-
tocellular carcinoma in Barcelona clinic liver cancer stage
C (TRIPLET): a phase I study[J]. Signal Transduct
Target Ther, 2023, 8(1): 413.

Chiang C L, Chiu K W H, Chan K S K, et al. Sequen-
tial transarterial chemoembolisation and stereotactic
body radiotherapy followed by immunotherapy as con-
version therapy for patients with locally advanced, unre-

sectable hepatocellular carcinoma (START-FIT): a sin-

gle-arm, phase 2 trial[J]. Lancet Gastroenterol Hepa-



[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

B B

2024 4F2E 7 % 4] BACHU MEDICAL JOURNAL, 2024, Vol. 7. No. 4

12 -

tol, 2023, 8(2): 169-178.

Abou-Alfa G K, Lau G, Kudo M, et al. Tremelimumab
plus durvalumab in unresectable hepatocellular carcino-
ma[J]. NEIM Evid, 2022, 1(8): EVID0a2100070.
Qin SK, Chan SL, Gu S Z, et al. Camrelizumab plus
rivoceranib versus sorafenib as first-line therapy for unr-
esectable hepatocellular carcinoma (CARES-310): a
randomised, open-label, international phase 3 study[]].
Lancet, 2023, 402(10408): 1133-1146.

Qin S K, Chen M S, Cheng A L, et al. Atezolizumab
plus bevacizumab versus active surveillance in patients
with resected or ablated high-risk hepatocellular carcino-
ma (IMbrave050) : a randomised, open-label, multicen-
tre, phase 3 trial[J]. Lancet, 2023, 402(10415): 1835-
1847.

Yau T, Park ] W, Finn R S, et al. Nivolumab versus
sorafenib in advanced hepatocellular carcinoma (Check-
Mate 459 ). open-label,
phase 3 trial[J]. Lancet Oncol, 2022, 23(1): 77-90.
Peng Z W, Fan W Z, Zhu B W, et al. Lenvatinib com-

a randomised, multicentre,

bined with transarterial chemoembolization as first-line
treatment for advanced hepatocellular carcinoma: a
phase Il » randomized clinical trial (LAUNCH)[J]. ]
Clin Oncol, 2023, 41(1). 117-127.

Kelley R K, Rimassa L., Cheng A L, et al. Cabozantinib
plus atezolizumab versus sorafenib for advanced hepato-
cellular carcinoma (COSMIC-312) ;: a multicentre, open-
label, randomised. phase 3 trial[J]. Lancet Oncol,
2022, 23(8): 995-1008.

Llovet ] M, Kudo M, Merle P, et al. Lenvatinib plus
pembrolizumab versus lenvatinib plus placebo for ad-
vanced hepatocellular carcinoma (LEAP-002): a ran-
domised, double-blind, phase 3 trial [J]. Lancet Oncol,
2023, 24(12): 1399-1410.

Qin S K. Bi F, Gu S Z, et al. Donafenib versus sor-
afenib in first-line treatment of unresectable or metastat-
ic hepatocellular carcinoma: a randomized, open-label,
parallel-controlled phase [-I trial[J]. J Clin Oncol,
2021, 39(27): 3002-3011.

RenZ G, Xu] M, Bai Y X, et al. Sintilimab plus a bev-
acizumab biosimilar (IBI305) versus sorafenib in unre-
sectable hepatocellular carcinoma (ORIENT-32) : a ran-
domised, open-label, phase 2-3 study[J]. Lancet On-
col, 2021, 22(7): 977-990.

Marron T U, Fiel M I, Hamon P, et al. Neoadjuvant
cemiplimab for resectable hepatocellular carcinoma: a
single-arm, open-label, phase 2 trial[J]. Lancet Gastro-
enterol Hepatol, 2022, 7(3): 219-229.

Llovet J] M, Vogel A, Madoff D C, et al. Randomized

[85]

[86]

[87]

[88]

[89]

[90]

(91]

[92]

[93]

[94]

[95]

phase 3 LEAP-012 study: transarterial chemoemboliza-
tion with or without lenvatinib plus pembrolizumab for
intermediate-stage hepatocellular carcinoma not amena-
ble to curative treatment[ ] ]. Cardiovasc Intervent Radi-
ol, 2022, 45(4): 405-412.

LiQJ, He M K, Chen H W, et al. Hepatic arterial in-
fusion of oxaliplatin, fluorouracil, and leucovorin versus
transarterial chemoembolization for large hepatocellular
carcinoma: a randomized phase [l trial[J]. J Clin On-
col, 2022, 40(2): 150-160.

Kim T H., Koh Y H, Kim B H, et al. Proton beam ra-
diotherapy vs. radiofrequency ablation for recurrent
hepatocellular carcinoma: a randomized phase [l trial
[J]. J Hepatol, 2021, 74(3): 603-612.

Sato T, Stange D E, Ferrante M, et al. Long-term ex-
pansion of epithelial organoids from human colon, ade-
noma, adenocarcinoma, and Barrett’s epithelium [ ]].
Gastroenterology, 2011, 141(5). 1762-1772.

Rygaard J, Povlsen C O. Heterotransplantation of a hu-
man malignant tumour to “Nude” mice[J]. Acta Pathol
Microbiol Scand, 1969, 77(4) . 758-760.

Sun F X, Tang Z Y, Lui K D, et al. Establishment of a
metastatic model of human hepatocellular carcinoma in
nude mice via orthotopic implantation of histologically
intact tissues[J]. Int J Cancers 1996, 66(2). 239-243.
Hu B, Cheng ] W, HuJ] W, et al. KPNAS3 confers sor-
afenib resistance to advanced hepatocellular carcinoma
via TWIST regulated epithelial-mesenchymal transition
(1. T Cancer, 2019, 10(17): 3914-3925.

He S, Hu B, Li C, et al. PDXliver: a database of liver
cancer patient derived xenograft mouse models [ ] ].
BMC Cancer, 2018, 18(1): 550.

Nuciforo S, Fofana I, Matter M S, et al. Organoid
models of human liver cancers derived from tumor nee-
dle biopsies[J]. Cell Rep, 2018, 24(5): 1363-1376.
Leung C O N, Tong M, Chung K P S, et al. Overriding
adaptive resistance to sorafenib through combination
therapy with src homology 2 domain-containing phos-
phatase 2 blockade in hepatocellular carcinomalJ]. Hep-
atology, 2020, 72(1). 155-168.

Akce M, El-Rayes B F, Wajapeyee N. Combinatorial
targeting of immune checkpoints and epigenetic regula-
tors for hepatocellular carcinoma therapy[J]. Onco-
gene, 2023, 42(14): 1051-1057.

Hama N, Totoki Y, Miura F, et al. Epigenetic land-
scape influences the liver cancer genome architecture
[J]. Nat Commun, 2018, 9(1): 1643,

DA B 4 2024-10-29



