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Abstract Portal vein tumor thrombus (PVTT) is a common manifestation of advanced hepatocellular carcinoma
(HCC), associated with poor prognosis and significant treatment challenges. Although various
therapeutic options—including surgery, systemic therapies, and local treatments such as interventional
procedures and radiotherapy—are available for HCC with PVTT, monotherapies often yield limited
efficacy, highlighting the need for combined treatment strategies. With the advancement of radiotherapy
technologies, stereotactic body radiation therapy (SBRT) has gained increasing recognition due to its
high precision, ablative doses, and fewer treatment fractions. SBRT plays a crucial role in palliative care,
conversion therapy, neoadjuvant, and adjuvant settings. Recent studies have demonstrated that SBRT,
either alone or in combination with other modalities, significantly improves overall survival and local

control rates in patients with HCC and PVTT. This review summarizes the current research progress of
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SBRT in the management of HCC with PVTT, emphasizing both monotherapy and combined approaches
with surgery, interventional therapy, targeted agents, and immunotherapy, aiming to provide insights for
clinical decision-making.
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IR RE BOVE AR 1 5 = RS ANk M e D4R
Mg ( hepatocellular carcinoma, HCC) & 3% Bl
HOR A YA A R PR R AR s e % L AR 2 Y
W R AR A o FE TP, d R R B
HF 4895 B (hepatitis B virus, HBV) JB&Ze [T Hk Ik
Ji& ¥ (portal vein tumor thrombus, PVTT) & HCC
UL — RO 2R AN A, S TS Y
HEWR . G I PVIT RATAL AT HUAY B B A A7
1 (overall survival, 0S) 1 K274 H, 1idEPVIT
BHEMO0S 24 A, KT HCCH I PVTT YA YT
M I A GE—, BR3E [ S0 R 48 B SR PVTT &
FEH 2T RGRYT o RN, LK HE DAY I IR 5
B HE AR R B AR T 5 . TR Y)
Br . & 8 S KALIT 2 ZE R (transcatheter arterial
chemoembolization, TACE) . M 3 fk # 3 b J7
(hepatic arterial infusion chemotherapy, HAIC) K 37
1K %2 17 i JF  (stereotactic body radiotherapy , SBRT)
o — I T 1927 I A B Meta 73 BRI,
HAIC . []# B ALYT . TACE . U7 40 5B T
ESTERN < - 1/ R 1 NP N L 1/ SN B =P 5 54
AR BA I )T SRAARJEAM L, SBRT fig
35 s 08" AR GE TR IR TT AN BE X i 96 9 AL RS
WEE AL, BE XS JHF I HE A7 85 RV Rl IR 5, B A T
JUE BRI R0 S 0 B, & AR TS PE A (radiation-
induced liver disease, RILD) F1HT % v i XU R 38 0
SBRT ¥ & G i y7 B m Mg e tE . mifl it . 107 A
Wk BIERI SRS, T4k, BEEUTHOR
Mk, DL SBRT AU 1Y RS HE ST 3% 42 7 PVTT
S RYIT R, B BT RO AR SR T AR Ok
(€ N 4k SBRT K& SBRT k& R 4Ly . FARIGIT .
JRy A AT AE HCC & FF PVTT A (9 BT 5 i e 1 —
gk

1  BYhSBRTI&YT

Wl E B MR 20T 09 PVTT & 19 b
Jed Jaa R AR T A OS B LA 45 B AR ', SBRT
B A HCC A 97 PVTT i — AP el 17 i 4k F ARG 97
ik, HEECR HEAR G S 80T R 2 B 1] 4%
(=R LIE 5% NI = 1B 11T B0 S [ DR AR e R T
Yok /L I R RO 9K S PR 2K B R e s R vk o v R
R TRE I O WA R R [ TSRS W A X = B L2 S
il 2R TR B AR ST A OE B AL 2R E 2 B A IR R
AR, MR T BT A2 25 00 A, R R
JIE o e 7] ek RGN AN a2 A R DNA Sk A A
i 96 A B, 34 3 ek AR A A A 4 ok R) B2 S S 4k R
PRI R A0S TS o B A, Ak & MR Al AE TS )R
TR0 ) 7 D5 R A i TR A AR v T MR e
AT 00 i gge 52 K RN e B AR AT

SBRT & & 23 T PVIT B & A 1E 45 ), &
] BF 5% U Il B P 43 A T 80 8 4% A% SBRT IR 97 Y
PVTT B# G IR GO, HER B/ R 0S H11.540H ,
3.6, 120 H 0S #4535 92.5% . 74.5% F147.5% .
Khorprasert VNG BB TG 4 A WA KB
59 2k, #E— LIS UE T SBRT 1Y % 4 fiif 52
P HOPR L ZE BRI IR I 98 43 3] (Barcelona Clinic
Liver Cancer, BCLC) W% #:7% SBRT 1E b i 141 T
FEBIRYT . [H SBRT B i R4 &6 0 et 76 AN 25 22
Mo —3 Meta 53 M1 Al R GO R 7R, SBRT 4111
W 2% fik R (Objective response rate , ORR) # =4
EATHOT W (70.7% vs. 51.3%, P<0.001), 55—
Meta 43 B Fll 3 Ge 7017V 5% 25 2R i — 20 3R W] SBRT
4 JRy HB AT M I R B TR BT AL . AR
GRS B, 5 AT H R A L Can o B T
%), SBRT 7 W ) HCC 3G 7 e B Wb 3 4 35,
FORALRBAS IE K (B 3 OS . 48 4y y7 i, W42
SME LA AZ o B s, R R RN
() I 1) HCC B8 35 AT 42 32 I B 1R 07 R 3R 15 F Rk
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R I AR A% GE AT 4597 3k 0 2 RO s (B T
JUE HE A %) s 5 DL K3 T7 AR L BRI A% 7 15 AT g
AKREEGREZHBEHERE . WA, X E
38177 % (China Liver Cancer Staging, CNLC) IIIb il
HCC 2% B 4t 5 3% R JT] SBRT 1A J7 W AE 4R 5 H 5 1
08 K231

S48 SBRT 7E HCC IR YT i g b FH R %, (1
I ££ SBRT 1 & 1 Jo a2 6™, (R & M IF 297 1R
M (2022 4R 1) ) WHfEFE SBRT i J7 7 2 >45~60 Gy/
3~10 Fxo WFZEPVE R, 1E 5 I 42 52 7 259 71 i i
(51254 Gy), WNTERE kKBRS, T ix
WFFEREA BB/, 5 %00 I B 75 2t 2 o
KFEABE AL B 52 50 UF . SBRT # i 77 22 2 Fh
PR 520, A FE U g R/ o AL AHAR AR
4 S S Ve P EAR A e L BEIML DI EE . AR E
W2 ) 4 A o Jia SR B PVTT (835 R 97 1 i
1 i Child-Pugh 3 2% 5 RILD 4 & 4 A & 0S % U] 4
K, TR R i o3 E AR AL T 3SR, — I
LR 7 ROV i s 2l 1| N 2 00 107 N [ 0 o
Child-Pugh 73 2% . AL . 5 JF PVTT LA K 5445 19
B, RAAMAEF &0 SBRT IR I e & &H
B, JFRESC B R AR R . S 4h, Tadimalla
SRS I e R R AR B AR R A A S R R 4 A A
9 D) BEAS 4 HCC [ 42 14~ 144k SBRT W3R 97 J7
E N EP S LN S A Rl % s NI R

S I R Nl B R LB
SBRT ¥ R Al 2 4 M 1) DG T 78, At J2 oK Ol 98 ik
I7HET A T ] o BRI, SBRT 7ESEL PVTT &
FOS K Jmy ER A Ty UG TN AR, gk
WA RIE, (AR TE PVTT B H iGI7 F AT 5%
JERILD . JCHS & WS 3 5 R B 2

2 SBRTEX&EFAi&TT

(R RVERFEIZIT AR ™ (2022 4F /) ) W5,
FARUIER A & CNLC la B HCC /&3 B I Y7 ik,
B Z BTG G, &5 B ] i F ARG T
AT AR IT AR o WA LR T PVTT 4 # 7E
AERAL TR T S ) A, 2 R U AR
KB, XFAIERTUIBR B PVTT VAL, MRIGHE
YI R W] B K H 0SS, T ARIAYTF & HCC & JF
PVTT I~IIAY (35 24k 25 19 )5 =0, IVAIPVTT (3%
B FARBCREM 2, ANEWUXTIVE PVTT B & 17 F
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RIGIFE, HCC & I PVTT 5% 0] 2 [& A A 57 4 B
HCTT B J5 5 BT, R4 = OS 5 AR b &2
o U N OE VTN T 1))y it BT B ANy L S
R TR A AT, ML AT REUE T PVTT X ik
I7 1 U o A R -6 T AR S S0 T RN
(LR bR R W, AE A B B Bl i AR O S Y
i F A i — 2 B3R Kishi ZEPYRTREME 08T T 8 19l
PVTT £ # 17 R A SBRT (48 Gy/4 k) i BIIRIT 3L
R, 6B MRIG I BRTF AR B FHE D 3FER T
SER AR, M SBRT 2 FARMAME], A W 2 5
290Dk 11 SBRT AHOC RIS W o — T4 A 3 31 %) A ik
5 0 RGN IR SE B B B T RS DT BR R
B Al T U) bR R BB 3 A K HCC & 9 PVTT B &
[ 0S .

52 R AT S I 9 U0 B R T I Y 3 ()
JH VT B AR 5 356 G Al B 50T RE 8 AR AT B e R S
Bk, FARJG 4~6 JE ] fie 2 G B o v s R B i
[0S, Shi ZEPHEAT 1Y F AR BEA AR 5 5l B SBRT iR
7 I A 4R 0 R E R BE LT BRI R b, BB IR
P M 1. 3. SAR TR A AE R Ak 92.1% .
65.8% M1 56.1%, 1M M2l F AR H 4K 76.3% . 36.8%
F1263% (P=0.005). 253K, SBRT{EN—Fpit
SWHE BT Jr X, nT AR Ik R AR & R K T
A . PVTT &8 RS M B U7 REZE K 0S, #]
AEJ& B T AR5 5 A% 18 3/ N R O B2 AR SE BT
H. SRIGRSFIRITHL, ARG H BT o k%
PVTT & W HUS Y. B SBRT 5 T RIGIF M54,
Be b, PR AT DU AH A, 2 SR T ROR
—J& SBRT ] HI T~ 4 /N g AR BURI i 4 RN, s>
FARAMEBE RS 5 X T F ARG 5 BRI
ikt , SBRT W] LI S #b 5036 97 ok 45 w5 Jay 8 4 il 52
I F %% . SBRTERA FARIGITE LRI
BRI R, B H R SBRT BE & F ARG T B9 I IR A
UL LD, R B = K R U B, B
BT B 28 i XURS: CAn ke S SR A0 0 + R S
aeACEE) R Fe o VEAl . IR ROR A TE 2 1Y 5
JoT A 9 i — 2L BRIE

3 SBRTHEEEITNIETT
CFF 40 M6 4 00 T T3 o 6 22 R ia h %

FIAR (20184 ) ) W5, TACEAE N PVTT i
FREERIBEIET FE, 1. 2, 3408 E 4
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MM 35.3%., 15.4% . 9.7%, HA {7 0S K 1044 FH,
PVTT A £ 1k TACE 1% A % 28 S0E — 7 # ik & T
FHZE, mIRBVs & St Il Bt , I R 52 Bk
T & O 2 2 BB R 4F (2 fig Child-Pugh 43
e ABGL) L TR DK B ZE R B R A AR S A R
B A H2 32 TACEIRYT o I 4K, SBRT X H it
B G I P $2 B 56 7E . SBRT BEAS 45 /N PVTT K /)N
FELR B LS 0 T KL, Dy e SR Y —
HARYT . B TACE ARG VI BR AR o A I SBRT
XA TACEJRYT PVIT R HF HAWENLHE, F 2
WF 5% R T SBRT B4 TACE 7E PVTT 4 Y7
8o 3R P R SO AE 22 W5 AR BB E . — 30
AT 70 BT FAR I bR HCC H 3 (4 [l Jo 4 43 !
BoR, B4l SBRT 4 H 7 0SLl (3.0+1.0) A,
M SBRT B & TACE /G F 4l i &F E K & (120
1.6) N (P<0.001) o /)N HLA [l ot 44 wff 5% 10 ik —
AIE B SBRT B¢ & TACE BE 2 % 42 55 1 4F 0S LA K&
IR i

SR, H AT TACE BX 45 SBRT (34 97 i 7 K [1]
B B R 3R R B S — o — TN A T 9T 5F (n=
938) MY Meta 73 BT 7R« 5 F gl SBRT 5 TACE if
JPAHEL, SBRTHKA TACE i 1. 24F 0S % & ORR ik
FWE, HAFE BN, SBRT 5 TACE 47 0] bg
f <28 d 418 3 HA AR K OS E FTORR . 7
=28 d 4l , BREIRIT AR IR 48 5 0 253R 9T
124 . Kang Z5™1k — 2 & Bl SBRT Bt & TACE B3R
JE N ASTE), 3 f H 2 OS . boRg SR 8 4 ) 2R TG
Bl i 2% 5, {H TACE 5 SBRT ¥ B8 )7 H & 5 5l i
2 e Ak . X HE R IR YT T T A8 A I 52 e A
fiif 3% P (8] 42 52 W 36 G VR 97 T BRIT AL, BT, G
F TACE F1 SBRT [ I J3° Jz 8] B 0] 20 1, i 25 A
% % . —J7 [ TACE 78 # 2E i 3l ik i 25 5 75 & 2tk
BT £, 55— 5 i SBRT M7 F2 48 TACE B K, 5
| R R L W T PVITT 43 780 2 B 45 5 114 g 3 T
DL % [E 54T SBRT i TACE YA 7, X T8 # 43 0 4
i By % v] L5 47 TACE 5 SBRT 3477, SBRT 5
TACE 36 97 [0] g b (8] RS B 2o 4 F8) . (0 H A6 T3k
BIRIT IS K2 o WM o8, IR A B 2
WP BE B X BRI S0 B0 UE S T A 45 4 .

4 SBRTEEGERSGATMBENETT

41 SBRTE&E#HEETHNEEIETT

AR, $BRIAYY . IR YT AR M HCC IR
Jr AR T RIAFMACR . 205 RN . R
PEVR YT AE 3 ST K ) HCC B 0S LK TG o ik
T ( progression-free survival , PFS ), [n) B 224 1k
AT 2 fH HCC 4 I PVTT H #5475 1 1ifs 7™ 1R
PRk, Jeong WK BESE WoR , RPLAESE 2GR )Y
Vp3 Fl Vpd PVTT 35 B Hh 7 OSAUR 3.1 4 H, $20R
Mgl 2SR IF T PVIT B 97 s . ik,
SBRT 5 $8 [a] 25 9 19 P 1R 4 B Sk F 5 1) #4051
Goh 25 OIE AT 14 JBCTT 5K B i 20 198 U8k T 490 o) 390 6 L s
2 TR T B0 ) 96 97 IR 3 HCC T AL, BRAIR
I (90.7% (5B F A LRI ) A 1R A 1R B8 Tl 41
0 700 4L B4 B P g a0 R s ) B ARG (8.4 H ws.
3440 M, P<0.001). 7EMEH HCC &, 5l
P 52§ 1A B IR YT M L, SBRT B HE 1) 40 8 R
J7 RE R OSPY L BEASE A M T 18 il A2
SBRT J¥ Bt & £ Je 16 7 Hh i 11 o A8 55 104 i R 9%
B, H3.0 6. 90 120 184 A BB & i Hl R N
100% . 94% . 94% . 94% . 94%, %4Vt L, BH
R DR R B D RE S ok R T 320 45 1k O IR T
S 3T — T[] Jo5t P A SR B — 2D R . © R JE B
4 SBRT (9 f fii 0S ik 193 4~ H , ORR #£ JI &
56.8% , 1 JEBA SBRT Al ffi 5E 1 KUK F& K 63%
(HR=0.37, 95% CI=0.23~0.60) . NRG/RTOG 1112 #f
P 829 Y L # ON BCLC 433 € 5], SBRT k4
KPAE R4l (n=85) MG IRI7 M ZAM F R AE e
4, HARRMFHRARM., LR RER
B SBRT I 45 HE ] 36 97 45 B HEL o) YA 97 051 947
B 5G F BE A 36 97 T 4 2 10 50 ) 25 9 38 1A 48—
K F BB IR T PR 1) 25 W) 00 ok R (E AR I — 2 B g
S, DI Gy H w ) me L B ) 25 9 6 ER AR
SPRORTEAE . HRk, M iYrEsEd 5850
ZoUE R G, DN 4 B MR R A A T A R

B BEIR IT R — P o o R K A S B R
(immune checkpoint inhibitors, ICI ) FIIEIE P R
R Bl N AR L F B e R, DT S B AT i
SRR BRI 7 o BOY AR AN BE B2 A BE iR 4
JL, S T 42 1 0 T 40 A 95 i LA B 4 A e B
TEH1 (programmed cell death-1, PD-1) FIFETFE
YETSZAREAR 1 (programmed cell death-ligand 1, PD-L1)
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MRk, NI R 30T 6 G e IR 97 4R 41 T BB K
P o [ B, G IR T 8 AT DL R B BT Y I PR AR
R — T S 0] P B HCC () TEH B R I A it
B R, SBRT 5 R I Al Bk FLHT Y ORR Ry 52.4% .
Hh 37 PFS A1 OS 43 %1k 5.8 4~ A fl 1424 H, dE—
HEB T BE AR 4 HCC B k6. BRI & T
SBRT Bt A 8 BT 7E PVTT B E ISR AT B, T
e = W] A O ERE R B T £ 09 RCT SR Ok
PR A T IR
4.2 SBRTEA REFEEIETT

—J7 L, BT AT DO TR R T M R
B AR O NG R SR A I R O R, 1
SEAREVER, [RIE ICT ] LA RO 515 B 3% 1 1
G it 25 ALY LR, RS IE E BT R VR T
Ty — T, P AE A R AT DGR HE R A R S
TEH A L B IR B A B e AR S O T R e T
BT, WEFE1 R B, SBRT 7615 AT & 4 1Cl
AT L5 A= B 25 % 5 00 W AE D kA SR A a4 T
W REHE R ) . PR RE 25 Y A BT R IS M . SBRT AN
B[] G RE YR IT MR A N, N A RE A5 L 5 N i
Je MR R R R, EL A BB A S b By Lk R B K
MR, —W 2O ariE g Rk . —
Y9N 60 4 PVTT 35, H252 - v 1 B 1B 7 5 Je i
SBRT 41 (n=40) H1dF SBRT 41 (n=20) &Yy H fii
0S 439 J 1274 H vs. 8.6 4 H , 47 PFS 43 51 Ky
46 4~ H vs. 251 H, ORR 4%~ 47.5% vs. 20.0%,
PRI R RN R 72.5% vs. 40.0%., BIF5EE B T % 15k
BIRIT A RE, REh PVIT B MR 7 440 T
B .

SR LLSBRT R AR 3R 0 8K A 3R 97 78 PVTT 19 3R
7 R TR A BT AL, A ] 9 D I KR 1Y
K BBR A IR T I B AT R TR AT A R Y ] A
Hk, XFROTECA I . S 25 90T i BF 5T
WD, T — A B 5T ORI B 2 )
IR X6 6 97 45 R B, IRANBR BRI R E T
% g R R T R R S AR A A2 . T Vpd B
PVTT & Filfa il 22, 1F 2 %2 AR HERR 76
A, il 2 A O I R B SR o A X — 1 B
AH 2 BV R T PD-1 3 75 1B A & 1% 8 Je ik
JY I = BR T % . 7 39 5] Vpd B PVTT /&,
6 H R 1, 245 0SF50 5120 71.8% . 33.3% F115.4%,
EATH A OS F1PFS 43 51k 9.4 4~ H 149 4~ A
ORR N 61.5%, 3ok 4 BN R FLEFRN17.9%,
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e B DL AR I BN 2 b EL A e /D (10.3% ), FE{H AR
FEEME, ZRESWER, BUTE3ITANH IR
BEWKE IEH & 0SS ysgm &, $ER I br &
IR DRI RS R, X T E T
PVIT 4%, Ni&i & F AR TACE, 1MifL 587 nl fig
2R a0 A UG o IR L SBRT B2 R K 26
M OCHIRYT ik . BMARE TR A8, SBRT K&
B ) 23R 97 TE HCC A 9 PVTT W3R 97 LS T —
FERHERE, (ABEGIRIT ML TR B, LINH
R A e (1) T B B SR i A R R g —
(2) TEFH MR AR BT 1) | B i 24 ) B2 ELAACR) 6 v JC 2 18
(3) EPEMAIGITH & TR (BUTHIHZ . BT R
M2y o7 Fe H25) o
4.3 SBRTEX&¥BmEEEIRITH TACE

Jg T i — 2B VAL 7E SBRT 4 ¥ 1] 4 958 VA U7 1Y
FEAl Fom A TACE {697 72 % B A %, Huang 551%![a]
B A A T 13 il sz R AR e . R S R R BT
TACE F1 SBRT BX 516 Y7 19 PVTT & 3& I R 72 kF, 2%
4R H ORR N 41.7%, %59 #5241 % 4 50.0%,
fi PFS 24 15.7 4~ H , 14F PFS % 4 58.3% . Zhang
EOTHE— L PRE SBRT K & R HidEJE . ICI A TACE
(SITS 41) HEFIE LB A TACE (ST 4l) RI7
PVIT B E 74, 455 iR : 5STHIMHLL, SITSH
() H 7 PFS (1044 H vs. 634 H, P=0.015) H10S
(13.8 4 H vs. 884~ H, P=0.013) K . SITS 41
ORR W] B % T ST 41 (53.3% vs. 25.0%, P=0.036) .
SITS A 10 ] 8 & WL B WIF 462 7 F R . %4t
Gk — 20 R W DU T vk AT B AR Sy — b 6 A A
sk ms ik, JFHZeA M. LR FIiGE R
F 5% 25 A 7R SBRT K & I 1] 5 88 75 97 A1 TACE /&
hr . ALATIR, fH K B A 5T S [l PE F oY B A
FREAR B D, BT I — 2 I R iy i o Bl B AR
WF 58 R R T X MR B IR IT AR U 2 & stk . &
Je B 5E O R AR KT . AN R OR N A
Ji M

5 INEERE

HCC &I PVIT & 2 R B W AN o 1T Ik
=)A= B . el - o s 8 AL
A5 FIAE 1S B . SBRT J294 77 HCC 4 I PVTT
() —Fh A ZCTBe,  BE 50 e R0 o A e S o g b 4%
TR R E bR DX 3, [R) A 0 X6 JE O A 4R
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W, BEERAM. REESG R, G7 Y
B R A . (R SBRT £ 3R J7 HCC & 9F
PVTT LA 7R — M R B, B T HCC & 0T
WE 3z Bl B RE IR, TGk 58 4 A UE 0T # IXC A o A 1
JLYk, SBRT Ay i 7 i JE G 25 51 IF 2 g A 42 HCC
BEMF WA RILD ., H G, A 02X HCC B
255 VAN J5 AT SBRT ¥R YT -

SBRT Bk & HAth 697 F Bt (WF ARG .
RPEEIRIT . A AIRYT) TEIRYT HCC {5 IF PVIT Hh A
A UMRIVE T, BB A Ak 4 il e a0 R N ek 3 Hee
BHE WG . SBRTHA F ARIGIT AR LA AT 46 /)
e 96 K s e R /N AT e ARG T A XU FHE A g
By 1k R AR G & K . SBRT BG4 H0 8] 5 B8 3R 7
I 2 AR A JRE A B T AR S AR R i 5 g A RO
M 97 8, 5 M i = AT 5 A9 1000 M AR AR R .
SBRT HX 45 TACE i 97 RE 8 [ AR PVTT K/ JFf B 2
(AN 7 (1R WA= i = B P A [
B A BE AR YT B F M L R RILD 45 3% & 4iE 1Y %
A& AR RS 5 10 B, LASBRT i B3 1 =
5 B E YT IE 7E 3% W S A PVTT 97 40 3R 1%
23

JLAE SBRT Bk & HoAh G Y7 F BOAE 1R Y7 HCC &
PVTT 7T st THEH KW J1, e & E a8tk
WIT, W RERALIRYT . B BNAYY . RS HTE)
BIT M R A EEAEH . (AR ARV £ )
T BT, QA5 A R R A B R R g —
BOLT) L 24 ) 1 o SRR A AT R BE L OYT I
FERTHLIEE$E . JRIT A Ay (SBRT Bk & #8 [1) |
BREIRIT . M AGRIT) Wl £ . H H RiA C 8
WF 55 A A B, 75 T 2 RCT WF 58 A 309 B 1
Bl ke dE — B 0 UE . Bl A RS HE S 2 R0 R 1
AWk, SBRT B & H MRy ik (W F Rk
J7 . BRI REEIRYT . M AIRITSE) RTRES N PVTT
BERMEE Z IR Il MEAEN BUS . KRBT
FT7 0] DL AR A % . SR A% i
25T AN EIBESY , A HCC & 9 PVTT (%
PR A B MR IRIT TR

VEZTERFER,: LFRAAEE & RN 7k, KR
ARG EBEERTR, LHEERNEHRFHENAD
R, T AIEFh i £ 7R,

FEZFR: TAESEYFARGEAZF R,

5% Tk

[1] Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries[J]. CA Cancer J Clin, 2021, 71(3):209-
249. doi:10.3322/caac.21660.

[2] Llovet JM, Zucman-Rossi J, Pikarsky E, et al. Hepatocellular
carcinoma[J]. Nat Rev Dis Primers, 2016, 2:16018. doi: 10.1038/
nrdp.2016.18.

[3] Llovet JM, Bustamante J, Castells A, et al. Natural history of
untreated nonsurgical hepatocellular carcinoma: rationale for the
design and evaluation of therapeutic trials[J]. Hepatology, 1999, 29
(1):62-67. doi:10.1002/hep.510290145.

[4] Heimbach JK, Kulik LM, Finn RS, et al. AASLD guidelines for the
treatment of hepatocellular carcinoma[J]. Hepatology, 2018, 67(1):
358-380. doi:10.1002/hep.29086.

[5] European Association for the Study of the Liver. EASL Clinical
Practice Guidelines: Management of hepatocellular carcinomal[J]. J
Hepatol, 2018, 69(1):182-236. doi:10.1016/j.jhep.2018.03.019.

[6] Korean Liver Cancer Association (KLCA) and National Cancer
Center (NCC) Korea. 2022 KLCA-NCC Korea practice guidelines
for the management of hepatocellular carcinomalJ]. Clin Mol
Hepatol, 2022, 28(4):583-705. doi:10.3350/cmh.2022.0294.

[7] Hasegawa K, Takemura N, Yamashita T, et al. Clinical practice
guidelines for hepatocellular carcinoma: the Japan society of
hepatology 2021 version (5th JSH-HCC guidelines) [J]. Hepatol
Res, 2023, 53(5):383-390. doi:10.1111/hepr.13892.

[8] i NERILFNE K TN D BB R )R . IR VN

27 16 6 (2022 4F i) [7]. T LSS AMREZR R 2022, 42(3):241-
273. doi:10.19538/j.cjps.issn1005-2208.2022.03.01.
Department of Medical Administration, National Health
Commission of the People's Republic of China. Standardization for
diagnosis and treatment of hepatocellular carcinoma (2022
edition)[J]. Chinese Journal of Practical Surgery, 2022, 42(3):241-
273. doi:10.19538/j.cjps.issn1005-2208.2022.03.01.

[9] Sun H, Ma B, Sun N, et al. Survival benefit of perioperative
locoregional adjuvant treatment for hepatocellular carcinoma with
portal vein tumor thrombosis: a systematic review and Bayesian
network meta-analysis[J]. Crit Rev Oncol Hematol, 2023, 189:
104083. doi:10.1016/j.critrevonc.2023.104083.

[10] Bettinger D, Pinato DJ, Schultheiss M, et al. Stereotactic body
radiation therapy as an alternative treatment for patients with
hepatocellular carcinoma compared to sorafenib: a propensity score
analysis[J]. Liver Cancer, 2019, 8(4): 281-294. doi: 10.1159/
000490260.

[11] Lee DS, Seong J. Radiotherapeutic options for hepatocellular

http://www.zpwz.net


http://dx.doi.org/10.3322/caac.21660
http://dx.doi.org/10.1038/nrdp.2016.18
http://dx.doi.org/10.1038/nrdp.2016.18
http://dx.doi.org/10.1002/hep.510290145
http://dx.doi.org/10.1002/hep.29086
http://dx.doi.org/10.1016/j.jhep.2018.03.019
http://dx.doi.org/10.3350/cmh.2022.0294
http://dx.doi.org/10.1111/hepr.13892
http://dx.doi.org/10.19538/j.cjps.issn1005-2208.2022.03.01
http://dx.doi.org/10.19538/j.cjps.issn1005-2208.2022.03.01
http://dx.doi.org/10.1016/j.critrevonc.2023.104083
http://dx.doi.org/10.1159/000490260
http://dx.doi.org/10.1159/000490260

1520 W E AR A 55 34 45

carcinoma with portal vein tumor thrombosis[J]. Liver Cancer,
2014, 3(1):18-30. doi:10.1159/000343855.

[12] Song CW, Glatstein E, Marks LB, et al. Biological principles of
stereotactic body radiation therapy (SBRT) and stereotactic
radiation surgery (SRS): indirect cell death[J]. Int J Radiat Oncol
Biol Phys, 2021, 110(1):21-34. doi:10.1016/j.ijrobp.2019.02.047.

[13]Li X, Ye Z, Lin S, et al. Predictive factors for survival following
stereotactic body radiotherapy for hepatocellular carcinoma with
portal vein tumour thrombosis and construction of a nomogram([J].
BMC Cancer, 2021, 21(1):701. doi:10.1186/s12885-021-08469-1.

[14] Khorprasert C, Thonglert K, Alisanant P, et al. Advanced
radiotherapy technique in hepatocellular carcinoma with portal vein
thrombosis: Feasibility and clinical outcomes[J]. PLoS One, 2021,
16(9):¢0257556. doi:10.1371/journal.pone.0257556.

[15] Reig M, Forner A, Rimola J, et al. BCLC strategy for prognosis
prediction and treatment recommendation: The 2022 update[J]. J
Hepatol, 2022, 76(3):681-693. doi:10.1016/j.jhep.2021.11.018.

[16] Rim CH, Kim CY, Yang DS, et al. Comparison of radiation therapy
modalities for hepatocellular carcinoma with portal vein
thrombosis: a meta-analysis and systematic review[J]. Radiother
Oncol, 2018, 129(1):112-122. doi:10.1016/j.radonc.2017.11.013.

[17] Wu G, Huang G, Huang J, et al. Comparison of external beam
radiation therapy modalities for hepatocellular carcinoma with
macrovascular invasion: a meta-analysis and systematic review[J].
Front Oncol, 2022, 12:829708. doi:10.3389/fonc.2022.829708.

[18] Zhang S, He L, Bo C, et al. Comparison of stereotactic body
radiation therapy versus fractionated radiation therapy for primary
liver cancer with portal vein tumor thrombus[J]. Radiat Oncol,
2021, 16(1):149. doi:10.1186/s13014-021-01874-7.

[19] Li LQ, Zhou Y, Huang Y, et al. Stereotactic body radiotherapy
versus  intensity-modulated radiotherapy for hepatocellular
carcinoma with portal vein tumor thrombosis[J]. Hepatol Int, 2021,
15(3):630-641. doi:10.1007/s12072-021-10173~y.

[20] Yang JF, Lo CH, Lee MS, et al. Stereotactic ablative radiotherapy
versus conventionally fractionated radiotherapy in the treatment of
hepatocellular carcinoma with portal vein invasion: a retrospective
analysis[J]. Radiat Oncol, 2019, 14(1): 180. doi: 10.1186/s13014~
019-1382-1.

[21] 8 W R ME PR ICA T T A Y 6 AN Tl RE L. o el 5

FIAMEFA 3, 2016, 36(6):603-606. doi:10.7504/CIPS.ISSN1005-
2208.2016.06.04.
Zeng ZC. Six fundamental questions on external beam radiation
therapy for HCC[J]. Chinese Journal of Practical Surgery, 2016, 36
(6):603-606. doi:10.7504/CJPS.ISSN1005-2208.2016.06.04.

[22] Sapisochin G, Barry A, Doherty M, et al. Stereotactic body

radiotherapy vs. TACE or RFA as a bridge to transplant in patients

http://www.zpwz.net

with hepatocellular carcinoma. An intention-to-treat analysis[J]. J
Hepatol, 2017, 67(1):92-99. doi:10.1016/j.jhep.2017.02.022.

[23] HhAe N R AN [ 58 TR R 2 A 2 R BH] . s R MER ST

TR (2024 4F J0) [7]. v 63858 A2 A, 2024, 33(4):475-530.
doi:10.7659/j.issn.1005-6947.2024.04.001.
Department of Medical Administration, National Health
Commission of the People's Republic of China. Guidelines for the
diagnosis and treatment of primary liver cancer (2024 edition) [J].
China Journal of General Surgery, 2024, 33(4): 475-530. doi:
10.7659/1.issn.1005-6947.2024.04.001.

[24] Bae SH, Chun SJ, Chung JH, et al. Stereotactic body radiation
therapy for hepatocellular carcinoma: meta-analysis and
international  stereotactic  radiosurgery  society  practice
guidelines[J]. Int J Radiat Oncol Biol Phys, 2024, 118(2):337-351.
doi:10.1016/j.ijrobp.2023.08.015.

[25] Wu QQ, Chen YX, Du SS, et al. Effect of the normal liver mean
dose on intrahepatic recurrence in patients with hepatocellular
carcinoma after receiving liver stereotactic body radiation
therapy[J]. Transl Oncol, 2022, 25: 101492. doi: 10.1016/).
tranon.2022.101492.

[26] Jia J, Sun J, Duan X, et al. Clinical values and markers of radiation-
induced liver disease for hepatocellular carcinoma with portal vein
tumor thrombus treated with stereotactic body radiotherapy[J].
Front Oncol, 2021, 11:760090. doi:10.3389/fonc.2021.760090.

[27] Feng M, Suresh K, Schipper MJ, et al. Individualized adaptive
stereotactic body radiotherapy for liver tumors in patients at high
risk for liver damage: a phase 2 clinical trial[J]. JAMA Oncol,
2018, 4(1):40-47. doi:10.1001/jamaoncol.2017.2303.

[28] Tadimalla S, Wang W, Haworth A. Role of functional MRI in liver
SBRT: current use and future directions[J]. Cancers (Basel), 2022,
14(23):5860. doi:10.3390/cancers14235860.

[29] Z= RR g, sk HEZE, BRI, 45 . ol DIRRJIF A A6 G 0T IR i i b

BRAIFI]. P ERE MR RRE, 2022, 31(7):870-879. doi:10.7659/
j.1ssn.1005-6947.2022.07.003.
Li LZ, Zhang SR, Lu S, et al. Experience in surgical treatment of
resectable hepatocellular carcinoma complicated with portal vein
carcinoma thrombus[J]. China Journal of General Surgery, 2022, 31
(7):870-879. doi:10.7659/j.issn.1005-6947.2022.07.003.

[30] FRAHE, S e, BRI, &5 . e o RO T2 B P 43 1 1 bk

S REVRYT BBUR 46 T2 L] AR EEAE R, 2004, 84(1):3-5.
doi:10.3760/j:1ssn:0376-2491.2004.01.002.
Cheng SQ, Wu MC, Chen H, et al. Significance of typing of tumor
thrombi in determination of treatment and assessment of prognosis
of hepatocellular carcinoma with tumor thrombi in the portal
vein[J]. National Medical Journal of China, 2004, 84(1):3-5. doi:
10.3760/j:issn:0376-2491.2004.01.002.


http://dx.doi.org/10.1159/000343855
http://dx.doi.org/10.1016/j.ijrobp.2019.02.047
http://dx.doi.org/10.1186/s12885-021-08469-1
http://dx.doi.org/10.1371/journal.pone.0257556
http://dx.doi.org/10.1016/j.jhep.2021.11.018
http://dx.doi.org/10.1016/j.radonc.2017.11.013
http://dx.doi.org/10.3389/fonc.2022.829708
http://dx.doi.org/10.1186/s13014-021-01874-7
http://dx.doi.org/10.1007/s12072-021-10173-y
http://dx.doi.org/10.1186/s13014-019-1382-1
http://dx.doi.org/10.1186/s13014-019-1382-1
http://dx.doi.org/10.7504/CJPS.ISSN1005-2208.2016.06.04
http://dx.doi.org/10.7504/CJPS.ISSN1005-2208.2016.06.04
http://dx.doi.org/10.7504/CJPS.ISSN1005-2208.2016.06.04
http://dx.doi.org/10.1016/j.jhep.2017.02.022
http://dx.doi.org/10.7659/j.issn.1005-6947.2024.04.001
http://dx.doi.org/10.7659/j.issn.1005-6947.2024.04.001
http://dx.doi.org/10.7659/j.issn.1005-6947.2024.04.001
http://dx.doi.org/10.1016/j.ijrobp.2023.08.015
http://dx.doi.org/10.1016/j.tranon.2022.101492
http://dx.doi.org/10.1016/j.tranon.2022.101492
http://dx.doi.org/10.3389/fonc.2021.760090
http://dx.doi.org/10.1001/jamaoncol.2017.2303
http://dx.doi.org/10.3390/cancers14235860
http://dx.doi.org/10.7659/j.issn.1005-6947.2022.07.003
http://dx.doi.org/10.7659/j.issn.1005-6947.2022.07.003
http://dx.doi.org/10.7659/j.issn.1005-6947.2022.07.003
http://dx.doi.org/10.3760/j:issn:0376-2491.2004.01.002
http://dx.doi.org/10.3760/j:issn:0376-2491.2004.01.002
http://dx.doi.org/10.3760/j:issn:0376-2491.2004.01.002

M

2 W), 5 2 SR 1 BT 96 9T AT 48 MR A S T EE O A 8 B T 1521

[31] I BRI P2 9 el 2% B2 R O 27 4, v LB 50 R R e

SO IR 2 M 2 DA 23 P A 20, T I A Y I e 2 2 e
BUR AW S LB 7 L B 2, 5 IR RGP &
F IR (2020 4 {R)[T]. I ARIFARFE 24 3, 2021, 37(2):296-301. doi:
10.3969/.issn.1001-5256.2021.02.010.
Precise Radiotherapy Study Group, Chinese Society of Liver
Cancer, Chinese Medical Doctor Association; Liver Cancer Study
Group, Committee of Radiation Oncology, Chinese Research
Hospital Association; Committee of Tumor Radiobiology and
Multimodal Imaging and Therapy, Chinese Research Hospital
Association, et al. Consensus on radiation therapy for primary liver
cancer (2020)[J]. Journal of Clinical Hepatology, 2021, 37(2):296~
301. doi:10.3969/j.issn.1001-5256.2021.02.010.

[32] Bai S, Wu Y, Yan Y, et al. Evaluation of the efficacy and toxicity of
radiotherapy for type III-IV portal vein tumor thrombi[J]. Technol
Cancer Res Treat, 2021, 20: 1533033821995286. doi: 10.1177/
1533033821995286.

[33] Wei X, Jiang Y, Zhang X, et al. Neoadjuvant three-dimensional
conformal radiotherapy for resectable hepatocellular carcinoma
with portal vein tumor thrombus: a randomized, open-label,
multicenter controlled study[J]. J Clin Oncol, 2019, 37(24):2141-
2151. doi:10.1200/JCO.18.02184.

[34] Kishi N, Kanayama N, Hirata T, et al. Preoperative stereotactic
body radiotherapy to portal vein tumour thrombus in hepatocellular
carcinoma: clinical and pathological analysis[J]. Sci Rep, 2020, 10
(1):4105. doi:10.1038/s41598-020-60871-0.

[35] Wei Z, Zhao J, Bi X, et al. Neoadjuvant radiotherapy for resectable
hepatocellular carcinoma with portal vein tumor thrombus: a
systematic review[J]. Hepatobiliary Surg Nutr, 2022, 11(5): 709-
717. doi:10.21037/hbsn-20-854.

[36] Wang L, Qiu L, Ke Q, et al. Systematic review of adjuvant external
beam radiotherapy for hepatocellular carcinoma following radical
hepatectomy[J]. Radiother Oncol, 2022, 175:101-111. doi: 10.1016/
j.radonc.2022.08.019.

[37] Shi C, Li'Y, Geng L, et al. Adjuvant stereotactic body radiotherapy
after marginal resection for hepatocellular carcinoma with
microvascular invasion: a randomised controlled trial[J]. Eur J
Cancer, 2022, 166:176-184. doi:10.1016/j.¢jca.2022.02.012.

[38] Yang J, Liang H, Hu K, et al. The effects of several postoperative
adjuvant therapies for hepatocellular carcinoma patients with
microvascular invasion after curative resection: a systematic review
and meta-analysis[J]. Cancer Cell Int, 2021, 21(1):92. doi: 10.1186/
$12935-021-01790-6.

[39] i BRI B 2x JIF9 b 2 DY 2 . TP A 5 0F T o i 222
FH2f T E L I Q018 4ER) (1. I ARAT AR 2% 5k, 2019, 35
(4):737-743. d0i:10.3969/.issn.1001-5256.2019.04.008.

Chinese Society of Liver Cancer, Chinese Medical Doctor
Association. Chinese expert consensus on multidisciplinary
diagnosis and treatment of hepatocellular carcinoma with portal
vein tumor thrombus(2018) [J]. Journal of Clinical Hepatology,
2019, 35(4):737-743. doi:10.3969/j.issn.1001-5256.2019.04.008.

[40] Yuan Y, He W, Yang Z, et al. TACE-HAIC combined with targeted
therapy and immunotherapy versus TACE alone for hepatocellular
carcinoma with portal vein tumour thrombus: a propensity score
matching study[J]. Int J Surg, 2023, 109(5): 1222-1230. doi:
10.1097/3S9.0000000000000256.

[41] Han K, Kim JH, Ko GY, et al. Treatment of hepatocellular
carcinoma with portal venous tumor thrombosis: a comprehensive
review[J]. World J Gastroenterol, 2016, 22(1): 407-416. doi:
10.3748/wjg.v22.i1.407.

[42] Shui Y, Yu W, Ren X, et al. Stereotactic body radiotherapy based
treatment for hepatocellular carcinoma with extensive portal vein
tumor thrombosis[J]. Radiat Oncol, 2018, 13(1): 188. doi: 10.1186/
s13014-018-1136-5.

[43] Choi HS, Kang KM, Jeong BK, et al. Effectiveness of stereotactic
body radiotherapy for portal vein tumor thrombosis in patients with
hepatocellular carcinoma and underlying chronic liver disease[J].
Asia Pac J Clin Oncol, 2021, 17(3): 209-215. doi: 10.1111/
ajco.13361.

[44] Zhang XF, Lai L, Zhou H, et al. Stereotactic body radiotherapy plus
transcatheter  arterial ~ chemoembolization  for  inoperable
hepatocellular carcinoma patients with portal vein tumour
thrombus: a meta-analysis[J]. PLoS One, 2022, 17(5): €0268779.
doi:10.1371/journal.pone.0268779.

[45] Kang J, Nie Q, Du R, et al. Stereotactic body radiotherapy
combined with transarterial chemoembolization for hepatocellular
carcinoma with portal vein tumor thrombosis[J]. Mol Clin Oncol,
2014, 2(1):43-50. doi:10.3892/mco0.2013.196.

[46] Llovet JM, Ricci S, Mazzaferro V, et al. Sorafenib in advanced
hepatocellular carcinoma[J]. N Engl J Med, 2008, 359(4):378-390.
doi:10.1056/NEJMo0a0708857.

[47] Bruix J, Raoul JL, Sherman M, et al. Efficacy and safety of
sorafenib in patients with advanced hepatocellular carcinoma:
subanalyses of a phase III trial[J]. J Hepatol, 2012, 57(4):821-829.
doi:10.1016/j.jhep.2012.06.014.

[48] Finn RS, Qin SK, lkeda M, et al. Atezolizumab plus bevacizumab
in unresectable hepatocellular carcinoma[J]. N Engl J Med, 2020,
382(20):1894-1905. doi:10.1056/NEJMoal915745.

[49] Jeong SW, Jang JY, Shim KY, et al. Practical effect of sorafenib
monotherapy on advanced hepatocellular carcinoma and portal vein
tumor thrombosis[J]. Gut Liver, 2013, 7(6):696-703. doi: 10.5009/
¢nl.2013.7.6.696.

http://www.zpwz.net


http://dx.doi.org/10.3969/j.issn.1001-5256.2021.02.010
http://dx.doi.org/10.3969/j.issn.1001-5256.2021.02.010
http://dx.doi.org/10.3969/j.issn.1001-5256.2021.02.010
http://dx.doi.org/10.1177/1533033821995286
http://dx.doi.org/10.1177/1533033821995286
http://dx.doi.org/10.1200/JCO.18.02184
http://dx.doi.org/10.1038/s41598-020-60871-0
http://dx.doi.org/10.21037/hbsn-20-854
http://dx.doi.org/10.1016/j.radonc.2022.08.019
http://dx.doi.org/10.1016/j.radonc.2022.08.019
http://dx.doi.org/10.1016/j.ejca.2022.02.012
http://dx.doi.org/10.1186/s12935-021-01790-6
http://dx.doi.org/10.1186/s12935-021-01790-6
http://dx.doi.org/10.3969/j.issn.1001-5256.2019.04.008
http://dx.doi.org/10.3969/j.issn.1001-5256.2019.04.008
http://dx.doi.org/10.1097/JS9.0000000000000256
http://dx.doi.org/10.1097/JS9.0000000000000256
http://dx.doi.org/10.3748/wjg.v22.i1.407
http://dx.doi.org/10.3748/wjg.v22.i1.407
http://dx.doi.org/10.1186/s13014-018-1136-5
http://dx.doi.org/10.1186/s13014-018-1136-5
http://dx.doi.org/10.1111/ajco.13361
http://dx.doi.org/10.1111/ajco.13361
http://dx.doi.org/10.1371/journal.pone.0268779
http://dx.doi.org/10.3892/mco.2013.196
http://dx.doi.org/10.1056/NEJMoa0708857
http://dx.doi.org/10.1016/j.jhep.2012.06.014
http://dx.doi.org/10.1056/NEJMoa1915745
http://dx.doi.org/10.5009/gnl.2013.7.6.696
http://dx.doi.org/10.5009/gnl.2013.7.6.696

1522 W E AR A

5 34 45

[50] Goh MJ, Park HC, Yu JI, et al. Impact of intrahepatic external beam
radiotherapy in advanced hepatocellular carcinoma patients treated
with tyrosine kinase inhibitors[J]. Liver Cancer, 2023, 12(5):467-
478. doi:10.1159/000529635.

[51] Piening A, Swaminath A, Dombrowski J, et al. Overall survival in

advanced hepatocellular carcinoma treated with concomitant

systemic therapy and stereotactic body radiation therapy or
systemic therapy alone[J]. Front Oncol, 2023, 13:1290691. doi:
10.3389/fonc.2023.1290691.

ZIRAY, TR I, K, A5 SEARGE BT R ST CHRAE JETRYT I

S0 P P B 2R 5 22 A A3 BT 0], I R AT REL 2% 585, 2021,

37(9):2120-2124. doi:10.3969/j.issn.1001-5256.2021.09.023.

[52

—

Ji XQ, Zhang AM, Zhang T, et al. Efficacy and safety of sequential
lenvatinib therapy after stereotactic body radiotherapy in treatment
of advanced pri-mary liver cancer[J]. Journal of Clinical
Hepatology, 2021,2021, 37(9):2120-2124. doi:10.3969/1.issn.1001~
5256.2021.09.023.

[53]Ji X, Xu Z, Sun J, et al. Lenvatinib with or without stereotactic
body radiotherapy for hepatocellular carcinoma with portal vein
tumor thrombosis: a retrospective study[J]. Radiat Oncol, 2023, 18
(1):101. doi:10.1186/513014-023-02270~z.

[54] Dawson LA, Winter K, Knox J, et al. NRG/RTOG 1112:
randomized phase III study of sorafenib vs. stereotactic body
radiation therapy (SBRT) followed by sorafenib in hepatocellular
carcinoma (HCC) (NCT01730937)[J]. Int J Radiat Oncol, 2022, 114
(5):1057. doi:10.1016/j.ijrobp.2022.09.002.

[55] Choi C, Yoo GS, Cho WK, et al. Optimizing radiotherapy with
immune checkpoint blockade in hepatocellular carcinoma[J]. World
J Gastroenterol, 2019, 25(20): 2416-2429. doi: 10.3748/wjg. v25.
i20.2416.

[56]Li JX, Su TS, Gong WF, et al. Combining stereotactic body
radiotherapy with camrelizumab for unresectable hepatocellular
carcinoma: a single-arm trial[J]. Hepatol Int, 2022, 16(5): 1179~
1187. doi:10.1007/s12072-022-10396~7.

[57] Herrera FG, Ronet C, de Olza MO, et al. Low-dose radiotherapy
reverses tumor immune desertification and resistance to
immunotherapy[J]. Cancer Discov, 2022, 12(1): 108-133. doi:
10.1158/2159-8290.CD-21-0003.

http://www.zpwz.net

[58] Fukumura D, Kloepper J, Amoozgar Z, et al. Enhancing cancer
immunotherapy  using  antiangiogenics:  opportunities  and
challenges[J]. Nat Rev Clin Oncol, 2018, 15(5): 325-340. doi:
10.1038/nrclinonc.2018.29.

[59] Zhong L, Wu D, Peng W, et al. Safety of PD-1/PD-L1 inhibitors
combined with palliative radiotherapy and anti-angiogenic therapy
in advanced hepatocellular carcinomal[J]. Front Oncol, 2021, 11:
686621. doi:10.3389/fonc.2021.686621.

[60] Hu Y, Zhou M, Tang J, et al. Efficacy and safety of stereotactic
body radiotherapy combined with camrelizumab and apatinib in
patients with hepatocellular carcinoma with portal vein tumor
thrombus[J]. Clin Cancer Res, 2023, 29(20): 4088-4097. doi:
10.1158/1078-0432.CCR-22-2592.

[61] Li G, Zhao Y, Li K, et al. Effectiveness and safety of the PD-1
inhibitor lenvatinib plus radiotherapy in patients with HCC with
main PVTT: real-world data from a tertiary centre[J]. J Hepatocell
Carcinoma, 2023, 10:2037-2048. doi:10.2147/JHC.S432542.

[62] Huang Y, Zhang Z, Liao W, et al. Combination of sorafenib,
camrelizumab, transcatheter arterial chemoembolization, and
stereotactic body radiation therapy as a novel downstaging strategy
in advanced hepatocellular carcinoma with portal vein tumor
thrombus: a case series study[J]. Front Oncol, 2021, 11:650394. doi:
10.3389/fonc.2021.650394.

[63] Zhang Z, Li C, Liao W, et al. A combination of sorafenib, an
immune checkpoint inhibitor, TACE and stereotactic body radiation
therapy versus sorafenib and TACE in advanced hepatocellular
carcinoma accompanied by portal vein tumor thrombus[J]. Cancers

(Basel), 2022, 14(15):3619. doi:10.3390/cancers14153619.
(ALspit £0E)

AR5 R AR, 5558, MR, 45 . SLHGE I ACTIRTATAN
JidE A O 1T DK AS T R (0], b R E AR AR, 2025, 34
(7):1514-1522. doi: 10.7659/j.issn.1005-6947.240166

Cite this article as: Li SG, Wang XY, Jiang SS, et al. Research
progress of stereotactic body radiation therapy for hepatocellular
carcinoma with porta vein tumor thrombus[J]. Chin J Gen Surg, 2025,
34(7):1514-1522. doi: 10.7659/j.issn.1005-6947.240166


http://dx.doi.org/10.1159/000529635
http://dx.doi.org/10.3389/fonc.2023.1290691
http://dx.doi.org/10.3389/fonc.2023.1290691
http://dx.doi.org/10.3969/j.issn.1001-5256.2021.09.023
http://dx.doi.org/10.3969/j.issn.1001-5256.2021.09.023
http://dx.doi.org/10.3969/j.issn.1001-5256.2021.09.023
http://dx.doi.org/10.1186/s13014-023-02270-z
http://dx.doi.org/10.1016/j.ijrobp.2022.09.002
http://dx.doi.org/10.3748/wjg.v25.i20.2416
http://dx.doi.org/10.3748/wjg.v25.i20.2416
http://dx.doi.org/10.1007/s12072-022-10396-7
http://dx.doi.org/10.1158/2159-8290.CD-21-0003
http://dx.doi.org/10.1158/2159-8290.CD-21-0003
http://dx.doi.org/10.1038/nrclinonc.2018.29
http://dx.doi.org/10.1038/nrclinonc.2018.29
http://dx.doi.org/10.3389/fonc.2021.686621
http://dx.doi.org/10.1158/1078-0432.CCR-22-2592
http://dx.doi.org/10.1158/1078-0432.CCR-22-2592
http://dx.doi.org/10.2147/JHC.S432542
http://dx.doi.org/10.3389/fonc.2021.650394
http://dx.doi.org/10.3389/fonc.2021.650394
http://dx.doi.org/10.3390/cancers14153619
https://dx.doi.org/10.7659/j.issn.1005-6947.240166
http://dx.doi.org/10.7659/j.issn.1005-6947.240166

