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Abstract

Intrahepatic cholangiocarcinoma (ICC) is a highly malignant liver tumor, with increasing incidence
and mortality in recent years. However, due to the lack of representative genetic markers and the
limited genomic studies available, effective targeted therapy for ICC remains challenging. With the
advent of advanced technologies such as next-generation sequencing (NGS), our understanding of
the genetic heterogeneity of ICC has greatly expanded, and several potential genetic alterations
have been identified. This review discusses the latest molecular research advancements on genetic
alterations in ICC, and provides an overview of clinical findings from NGS technology applied to ICC.
It specifically focuses on the genetic and epigenetic changes of individual genes and evaluates the
efficacy of new targeted therapies in ICC patients, particularly those with characteristic genetic
markers. However, molecular biomarkers related to postoperative recurrence in ICC remain un-
clear and warrant further investigation. In the future, deeper studies on molecular subtyping and
recurrence-related markers of ICC using NGS technology are expected to provide more precise
treatment options for ICC patients.
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1. 58

JF P IEE 40 i 2 (Intrahepatic cholangiocarcinoma, ICC) & 4k 41 g J (Hepatocellular carcinoma, HCC)
ZJE RIS T R R ERTIE, T JRUR PR A 2 15% [1]. AN R4 X AN [ 5K 0 R A i 22 5
SRV P ICC MR RAFET RITFRFFLE LTF. ICC R MW R, HEEMmISH Rk EFRY)
BREOMLZ:, 29 T0%I) B Bk T ARIGIT[2] AT RXETET RIERE, 5 FEEFRICT 10%[3], H
BRZ AR RGBT TR AR, BT AR L Re A A8 RN R I TR 4T T RVIBR I 30% &%, @wiflmE
RABRMEAC TR BB AR S AR, Bk, 68 1ICC B MTUE 7588 H I B Rk -

FARUIBRATI A2 1CC ME— R BERIA TV, HILRI)Z 32 3 2 MR R0, £ AR 5 R
PR R NI L e AR LA R LU R 5 BRIV [4] . BARRZHEZ T ARIBITIEE =
S, (B 5 RS0S4 8 28 M, H 5 FAAFREAE] 35%., HMETE RO V)RR (A
DIGBATE) e, ARG 5 FE TR EF AR 2%% 39%. XLLgE kW], 1ICC BA & 1M
FE, HAEEAT N AR RGP o8 (0 HCCL JHF I 350 IE A8 e Rzt iy AE B ) A AE 72 e, SR IR IR )
e A7 B AN 23 TR AL

RUEIEFERCA TN ICC K7 THLRIEAT T HPEIRER, WAE 7 —itg, HXSH R REmRT
SRR, ERRBER—JH, HEEBMAR—. 52 1ICC BH ARG R KIS TFHLH ARS8 4>
TOE, MRS T B — AN B AUR . BEE m B R BRI R, Rl o T AREE BRI P Bk
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(NGSINIH, BATA B EIRAMIRS ICC 1707 A BUEAA G AN, KGRI T R L A3
B RIS

2. ICC REERRMER, 7 FHRRE—EMNHR

JFF N R 40 e (| CC) & — s S S e i, LR AR 0 e 2 P s A RS 5 IR R X 208 . 1ICC B0
IR TR A S DL R OR S5 R S R S o M 3 5 A SR R Y 2 BEPE DDA O . R4 b, 1ICC A
DNSRUE TR A GH M R R AL, (FOE SR IR TR R, 1ICC 1 57 T SRR PT Re B 48 2 AN T A M AR S,
XS0 A LE T HE /N R ) R AR B AR AT Hering 3836 X I8, BB SEIG SR Rt — B,
ICC FIREVS I 40 M (1 2 40 [5] [6]. Fan SF[S1did 75 1F 40 g H i 3254 Notchl (NICD) AT AKT, iE B
T AR 25 A AR T B S BRI AR AR AL, I T LT LE T A A 20 B4R AE . Sekiya A1 Suzuki
[717ES BT B BB 78 Hp B SE T Notch S8 28 7E 40 AR R - (b M E R, 4R X —d T S 380K
SEATMERFIELL AN ICC k4. Kk, Holczbauer Z[6]#2H, ICC MR T Z M AR R, EE
TEIF AR TE 2R A, 048 /0N BB 46 I 20 RN 23 A 0 B s 4 R P REFh 1ICC MRS IR . Guest 55
(81 Lt — 25 S 35 1 RHAE 1 je e A8 JHE 980E S p53 BT 5t N M) ICC H Ak s, JEINaE T Notch
TR 1ICC AL IR SN E H o

L 61 22 b 5k DRI R 5 00 9 11735 5 T e 2 ) L A L ) S %% 4k, 4 CTNINBL (8%)~ APC (13%)
AXIN1 (41%)F1 CDH1 (11%)%% WNT 15 5% I8 B 1) %5 [9] [10]. MR, 20 bk IR AR /N B A Y
AR 15 1CC KA R R Ik R RAR FIId % A48 e [11], 04 myr-AKT ffid 2255 . Noteh BUE[5]
KRAS G12D RAZFN p53 HIHk2[12] Fig-ROS [13]LAJ PTEN FI SMAD4 [ IA[14], MGMT J:A (1) 3ik
[15], #HJIXLERLPRAIIE % 1) AL 57 5 1ICC IR AR e K

HAT, 1ICC MMARIRIE R O R Z TR, R RM RS B AE M JORE S5 A AR
HEZFRME, (EREZ LY, ICC A4 P REE T8 ML IHIE JERE )RR 22l IR 14
PR AR RO RE Y R 15 5 30 B 1) S WS (R T R A M 3G B . SRE A R (A0 VAR -6 (IL-6) FHE 4L,
HEKEF-B(TCF-R)EX — B R EEAEA, i — D edt 1 40 i A B AL . 5 ULRE, DNA
TG SATLA] (4 2k T8 LA % g 17 1) e FR1 0 5 o DR (R0 T8 B B T 1CC I AR [16]

VT AR T ICC s /N IR (1 8% AR A% 2 50, R AT T 1 A8 o 5 Tl Js A2
Wi g2 [17]-[20]. 481, B THFFFEAR AR LEEE RMER, WEW AL REFAERKER.
BT, SR SR G R RIA 5500 1ICC 7 AR, e iR AR | J6 A4 FH R W % 27 o3 DL R I 5%
AL, IS TR R B, CABFARIRGII T 238 N5 Efa AR OCHI LR, X R R AT AT
T A AE R E R AR R, TR IX S EEI YRR /N 36 A, IXSEIE[N 3 2 5 R
B AR A, G f-ERE E(CTNNBL)/MYC. R IRZER -+ (TNF) Al VEGFR/ERBB 4£[21].

TESER AW T rp, Qe R AP I R AE 1ICC AR BIUESE[17] .l L R 21 2 52 1 R (CGH) 4y
#r 98 5 ICC #fl, W5t K 1g. 5p. 7p. 8q. 17q Fl 20q Btk 14, LA 1p. 4q. 8p. 9p. 17p
A1 18q Yt R IIE K o FLAMBIE FL[22]7RIESE T ICC Hgg LR R AR 5, 45 KRAS (22%). BRAF (7%)+
EGFR (2%). IDH1/IDH2 (14%)L) }2 TP53 5845 (15%) [23], iX¥69848 5 ICC Rk LR R Ik 5. (H5
HEASE, KRAS RABTE ICC 1R AR ZRAEAN ) 43 W0 e oh oA B SR T v, R A 7 S R M R Ak 1 AR A
R(PSC)HEF 1, KRAS RALILT] 30%, FU] KRAS ZALT] HE & JIH 4 4 0 A0 1) FL A S 11 [24]

SVKTTT 5 1CC AR — i B S R MR, R R R A X () 1CC 3 R 4 220 S S L MY 0 2 1) 22 3R [25]
4y 2 BT BER B AN RIER FBL, W1 FISH. Sanger JUFH1 IHC 25, i 5 —FRBE PRI 5 (NG S) 45 A (1 7
F24 ICC MRS HERT FEHR At TR B30 L. AR 70K TEMN = T F ) NGS S8R, A MiT(h 1ICC Bk
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M, FMBAL AN AL AR, 3 35487R 1ICC B THLHI AR ARFAE, J ICC s WrAlia T f2 4t
WA RR E AN TT R A

3. NGS FI4ERARE ICC EFET R, FHRITNAHLSIEHNS

ITAER, 55 AL R 7 (Next-Generation Sequencing, NGS)+¥ A A H &y R B8 Al e e 1, |02 N H
THOIF=RITHE . BAL RIS iR 5 DR R 45 22 AN IR R 403 . 7E MR 5 1, NGS A 1 B AL
RENS IR R B R AR S, IERe R BB I 2 T AL, I MRAGIR T SR IS HE AR S . X —F
RIS B T B TR AE S )2, PTG, IEReRESEIL “ [RR0 MR S ih 7 A “AS [ s A6
ks e TR . T I A RE A 4 (ICC) SR Ut , NGS 9 FH — 77 T A 45 35 PR 448 S5 1) 4 35 ] 25 1
B, 55— TR O AL RO R ISR AL 7T REE, 4N IDH1/2 A1 FGFR2 4%,

3.1 ICC WERTRENR

NGS & K% H T Ffid T H (Opisthorchis viverrini)#H5% ICC fIBRAEAR R, X FhAR 776 72 [F AR AL it
XA W Kipp Z5[26]%F 8 AN 5 FF gtk 54 19 1CC i 451l J FLl ot 1 4 4 AT 45 A0 B 74100 7 (WES)
RIL T Lot 187 N EEAI 206 MAGHIRRAS, PSR ME S H 26 N EER CRAZGER: 19~34 4N). B
F KRB TP53. KRAS Fll SMAD4 f& i #li e A L [A] j&ﬁ%}ﬁu N 44.4%. 16.7%F1 16.7%. BLAb, ZHF
FLER Y E H MLL3. ROBO2. RNF43. PEG3 Zfi2 [ (R4, X SN = B 5HE B REAANF
EVE G B PSS OC . 76 IDH R PG X, 57 #HIEKILT IDHL Al IDH2 [# s AR, X

LERAR T e 5 p53 KT HIFF i Fl DNA FIEAL KF B3 hiAE 5¢[27]-[29].  BE4L, Chan-On £5[30]F0H A
FE[31AE ICC 4 5E Y Gt 5 I 35 K 741 BAPL (10%) 41 ARIDIA (10%) 15848, HiXLeRAr 54 EH
25 LA (HDAC) il 771 5 25 F B AL 25 R 8 1) 36 T A O

3.2. IDH EEZERSIRKE X

76 ICC H, IDH RGN SiE. IDHL A1 IDH2 5848 5 H A1 bR it Y e i 9, 3k
Efﬂmﬁrlﬂf“ 1) G B SR ATL 1) R R AR B 1A A . BRI, IDH 3 IR 1) AR AN A 0% 5 1 fie g 1) A

A S T (1) 52 R FNFE RS . BE6E IDHL AT IDH2 7B E 25 C &t N 1 AIGIRREE, JEEUE 7]
55’1%,\1*&,;.%, XN ICC AT H 4 78 7 Ml .

3.3. FGFR2 EET R 5IEEKE X

B 1 IDH LA, FGFR2 FEMN AR St 5182 1T 2 KiE . FGFR2 fyEEA & TE ICC B HH I,
H:rf FGFR2-BICC1. FGFR2-KIAA1598 Fll FGFR2-TACC3 4548 745 C 4Rl . Arai Z5[32] AW 58 K BN,
FGFR2 J: A EAEL 14%0K) ICC 1 L, T Fh 2 R Rl & S 208 MAPK Sl BSOS B A N +2 1CC
AR BURHLE . FGFR2 (1 idh 1 n] e A JF B3 40 B Xt FGFR #0117 BAT fuse, 1X Mtk ia
ST IRt OB IHE A

3.4.ICC W FRB5IsKMN A

B 1 BRI RAE, 1CC W5r ¥ B 2 Bk 2 00 . RE A 2 i 7s 7 1ICC BB R
i, (EXF ICC 4 T B AT S g R = RactE . wlin, EEmaFH, KL PTPN3 S K 1)
WOE RAANZRIL 5 (41%) [33], X5 M IS AIT R BTG . PTP Kk ICC HEE w2 R 5K
G, FRARAIGNIN T R R AR, S IR I S R B TIRE DG . A, PTP SRR BRI H g A4 A8 S Bl
FORSUBAEA [F I (1 22 S s 1 PR e e 1 i DR AR T v et [24]
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3.5. NGS BEAREE ICC ik 5ai=

A NGS £RFE ICC Wb ft 7 R E R AE R, EHN AP mls—2epkbi. =%, 1ICC K
TRBIERR, SEAFRM AR MGAEZES, TSR, MIRE 5. SR T GERFE VMK,
Hk, BIRCAH D ICC G KA 7 9B, (HXSAE NGS BN & [ ELEAR 731 70 L ) 2R 4
ZAEA L. RAK, EXS ICC [k BAMT T NAE HORREA R AT R S B E AT, 45 ImR S
2 RAR I, HES) 1CC 43773 BY ¥ 58 38 A R SLH -

2, NGS HARMN N ICC 1AL AR T IR 4E 7 BRI . SR, 32D w7t
i B PR SEFE . BORT & 225 DU R AR 5 ) I PRAR S PR S5 e, 4 REDR 1ICC B RS HE IR T 4
BN IR =

4. ICC REEXR XS FEURSHNMRER

FUE T A Stk T PA B 75 4 % (Intrahepatic cholangiocarcinoma, ICC)IRESTENS T —EHERE, HA
JE B KRR FEVFREVIAR A2, BRI, UEi oA IR T ICC Nk
AT (14353 A N R W38 A% 2 C5OAR o S8 38 0 A PRIV P e ) B LA 2 Wibs W 4B FH[17]-[20] foilt, —Ueggsy
HEINERE T ICC R G iR miAs . FED AR . oM 27 O A e s 2 AR A 55 431 DR 3 0 T 1) 8¢
M [21] [23] [27] [34]. IXLEHFNFRATTEME ICC M FHLEIHRAL T R M& R, HHATHRIE LRGN
IS =E AT Fs e =X /L an /8

BRIE R RIE AT oh, —LEhfF 750 RBUE R A 57 5 ICC ARG B R K AEAF A 2 18 ] BeA7 /5 <k i,
BN 47%I1 1CC I B Hh A7 TE 2 /b — AN 5 Y o B M AH DG 1) JE R 9, X e 58 50 22 (1) S R A A7
FHIG. M4, IDH E:FSBH RIS B AT EME, IDH RABAMRNER 3 FAAEN
33%, IMEFA IDH BEMAEFRN 81% [31]. IXELHHRR W], 1CC MIEFRA, RMiHE R L H
FHBFWEATEHVIMIG, NIERIGITIREE TR ER AR5 .

Keun 25 A 00 I AR B 2 5 43 1208 I B8 5 M, 2 H T X 1ICC #4720 o 2R 008 ik, LA
W EA ARG FREL AV TS 2 5 00 1ICC WRY[35]. M TRBL, WRIBAF IG5 & Fi8%E
XF ICC HEAT 73 2] BE IR AR PR AL 5 & BRI AR R IT T R X —HF R TR T 70 7 0 BT 5
AMEIRTT P E S, v — DR AARE T T

S IR LERE 78 3R B 4 F R KPR B R AR R T e 5 ICC TS AEDG, fH H AT B = HER 1)
T AR, HIX bR S RIIG R B AV A e 5 . AR Z RE—RENIRE, =546
HRE L EILNA ., M. RWBAE LS RGN, MRS &I RS2 P R AL A .
DRI, Ae 3 T 2 AN I TR U256 TG TRINASEZRY A7 AR SRt 9 R DG B Dk R

REREAIR, H ICC M7 THLHITE FRAIEARIK &, LR B AEH IR NGS HRAE ICC 2HiAlA
7 IR RS BCR, H A 2 BAXE ICC BT 0 Tt b R AT A 258 . FEE R AR, NGS K
N ICC MIAMAILIATT TR AL Z AT REE . FEHERR S, 3T IME AR VLIS AL FRAE N AN B B B e VR TT
T, CHONDURIE S OIS . S50 LUIMR S5 R R A6 7 K H I S AN, R v yT S i
Xof B R SR R AR BRI AR AR X 2 SO i s VR T TR

X T2 70%M EIETF ARG ICC BFHT T, NGS BRI A XL B E /K T H A%, @it 4wy
MrHEFHAR T, NGS 1] DUNIG RSE S 0067 77 %6, e BF RT3 . Ak, X5 T 30%6E%
B2 FARDIBRI B, NGS HARFRMM RN FE R, MUGBT RGN EESZ, Ttk SARE
FEAEIRTT IS0, SRR PR R R IR m AR A7 2 . R, RSk — DRI NGS HiAR 737 ICC &
EARJGERAREIIER AL R, F45E RNA FAEQTUK TR IRIE, RES I1ICC Bt R AR
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