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Application of yttrium-90 microsphere in conversion therapy for
hepatocellular carcinoma
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Abstract Hepatocellular carcinoma (HCC) is one of the malignancies with high incidence and mortality rates in
China. Approximately 64% of patients are diagnosed at intermediate or advanced stages at initial
presentation (CNLC stages IIb, IIla, and IIIb), and most have already lost the opportunity for curative
treatment. Conversion therapy aims to enable initially unresectable HCC patients to become eligible for
surgical resection or liver transplantation through effective interventions, thereby improving long-term
outcomes. Yttrium-90 microsphere selective internal radiation therapy (*’Y-SIRT) has demonstrated
unique advantages in HCC conversion therapy, owing to its potent local tumor control, induction of
future liver remnant hypertrophy, promotion of portal vein tumor thrombus regression, and favorable

safety profile with preservation of quality of life. This article systematically reviews the application of
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“Y-SIRT in conversion therapy prior to liver resection and liver transplantation, summarizes its

mechanisms of action, clinical evidence, and combination treatment strategies, and discusses current

challenges and future directions, with the aim of providing references for clinical decision-making and

research in HCC conversion therapy.
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J& T b i B[ b A 2> W1 (China Liver Cancer
Staging, CNLC) IIb 4] . Illa 3 AILIb #4919, 46Kk Z£
AR ETHM T AR, PUGFEBERE. 7RI
o b, F ARS8 W O B RO ST IR
IRIT A G & TARVIBR i 8 &, a9
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WA IR S AR . T AEOR, BEAE S2-90 TRk
PEPE N IR JT (Ytrium-90 microsphere selective
internal radiation therapy , *Y-SIRT) 7& ' E AYFRAL I
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VE AT B e AL T B, R I DD BR AR B2 BT 7% A R
AL 2 o 6T M I g A 1D R DK RS A2 (portal
vein tumor thrombus, PVTT) B #, “Y-SIRT & B
BIT WA EE G P . s A R SRR
A fE W (overall survival, 0S) . Jo M HE EH ) &2,
PY-SIRT /E 2 Ja #3697, 5 2 GE 1k P ko 1 o7 Bk
L 2E— 204 v s A T A

E1 “Y-SIRT{EAHLHIE
Figure 1 Schematic illustration of the mechanisms of
action of "Y-SIRT
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WITIF AT (P ALRE DRSS 299 S H ),
Jar B R ORR SE AR R UT A VE M AR HE (modified
response evaluation criteria in solid tumors , mRECIST)
PEAY 345 00 B £ ORR 2 88.3% . %07 111 21% HY i
HEZ THYIBRA, HX 0B EARE3F 0SH
ik 92.8% . 5 H LR 7119 )& DOORwaY90 f 55 1 s
W T BHE 65 Bl BB 2 B g A b ) 32 BEYE R
SRRV, K OY-SIRTIRYT G, BrA ol vPAh 6 i
B BRI W R, 589 N H B 5 £E ORR & A
98.5% , Pyl (disease control rate, DCR) =
ik 100%, Z%fif+7 2] (during of response, DoR)
>6 1 # i b 76.6%, A DoR M3t 300 d. 1E &
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Bk F 0] YD B IR YT IO TS N UE bR AR X
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£ ORR Jy 5541% . AN, 58 GI4HA AR5 64 H
Bl R 0 R R T, A 8 (13.79%) B H
PRIk g e T R 100, AT 4252 T IR Z27R 97 o Makary
SEUIY [u] B B SE 40N T 2017—2021 4F 7 S 2
% “Y-SIRT 1Y 88 14 JiF 4z & & o 90 45 2R Wow
BIT J5 6 4~ H B ORR K 83.3%, T iff J& A 47
(progression free survival, PFS) k (9.6+85) ™H.
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A9 . R T BB 9 A B AR L 23 O T A O
A
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I R b, %2 4 S it U0 Bk AR Br 75 19 FLR A
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i o AR R i 6 A A a7 A T A R A
95 1 %, FLR I 77>40%"
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ZEFL W U BR R (associating liver partition and
portal vein ligation for staged hepatectomy, ALPPS) :
2007 4F- /1 {8 [E Hans Schlitt 242 32 1, 31 ] i bk 45
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deprivation, LVD): BX 4 N PVE F AT & ik Fe 2€
(hepatic vein embolization, HVE) fi& ffi FLR it 3 3
Ao SR, X =R O EBIAEAE R R ¢ PVE T LVD
Al RE B o R E TR R e e, )5
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WEAE B 1, OY-SIRT J& 97 1l LAi% SR 97
U = A i D 1 D o o P 1 e ) [ DA
it 358 B 1 55 3 B 00 NG I & A AR R AR L OF
it , *°Y-SIRT 7 5 &80 40 98 10 [ B, 37 S il i i
REEPERG A, AR YT 3R AL T — 28 P45 1Y SR M
A BRI R F , Feng %1 5¢ B 1Y Hh [
0 COY-SIRT J3 97 R SL 3R B T4 S B . 1 B4 T
F R AR (10.73 em x 8.02 em x 10.97 em) 1] ik
A7 S KA O R G R, Y-SIRT R J5 54 H
FLR M 25% . % 1 % 75%, CNLC 43 3 M I 399 1 3
B2 b 01, [A) 25 S B80T iR B 01 55 FLR 3 m i XL
HH AR S5 S T DD B R S 0 s B A A i —
MRS T AT IR AR s I P TR Al AN A 4%
ik & e R o8 A R, B OoR W0 R U
MVI) . X H W b JE R
T OY-SIRT [W] 25 5 30 5 250 46 %88 5 FLR 3 24F 19 5% 4k

e

o B Z WMF AR AE S T X — S5 . filan,
Huang S9N AT 37 Bl 45 g /8 3, 45 R R,
OY-SIRT {697 5, s R BU7E 14 A Fn 3 4~ H B 43
457N 133 mL 5 206 mL; 5 bR B, FLR 5 AT
NARTET 5.8% 1 11.9% ., %4 mRECIST PFAk )5, 16797
34~ H i) ORR ik 78.4%, DCR 4 91.9%. 7& 14 fi| &
1B IT WS 5 A JF 4 32 U R s B8 A Y A 3 v, gl g
4% 15 min fir B 54 I S H I 6% 45 T BB TR BE
. BRIk Z 4, Birgin &P % B, °Y-SIRT A] 52
I 84% Wy iy A g 45 %5 WRIT IR 2~3 A, 28
B FLR 5 H M 2 40% UL b, 52 30% i # Rl
RS FARVIRI S, BEZENE, SPVERNE
BT HBF 9T ™ T OY-SIRT (9 il 24 D # ,  Bekki
R, P R L A FLR 5 LT W 2
S (Y-SIRT 4 : 30% vs. PVE4: 35%, P=0.200) .
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SR, JAYTI CY-SIRT 414 FLR 34 K W &8 T PVE 41
(FLR 5 It : 60% vs. 42%, P<0.010) . 7 B i % 45
Jap b, Y-SIRT 41 [A) A e B0 o 3] P p 5. &
mRECIST DAt 1Y 56 42 22 i %2 (50% vs. 0% ) FIAR 5
SERR IR IE R (50% vs. 0% ) Y97 T PVE 4 ; [A)
i, *Y-SIRT ZH /) MVI 2 AR (36% vs. 79% ) o

AN, AU AR E T CY-SIRT 5 PVE 45 &
M) 5 S ms 09 A %tk . 2015 4, Bouazza ZEPY 1 IR
fiRiE 7 °Y-SIRT 5 PVE J¥ 51397 Al T35 S %
PEOR B ) FLR B K. JR L0598, W Addeo 55
B TAE, #F—2ESE T “Y-SIRT 55 PVE J¥ 5{{fE N
— P A R R, B AE T U B R T S B i e
R4 1 FLR 6 K. 584l PVE 5 LVD AH b,
W FRE R ERTFLR B R R G, R
B SE VAT BRI T R R R, HX — i
R B A PR T SRR B O, A B T R
HEREARBEEFARMEE, HELEFERET
NI IRS I S

gi bk, R HETC T OY-SIRT (1)1 R A 58
FEAER L o M . REAS R N, PEIE
9% ) A FE R TE, {HY-SIRT B2 % #1 h 4k PVE |
ALPPS Je LVD Z J&, —FlGEi 24100 . RE % A &0 hn
FLR 193697 3. 58507 AU & T 52 A0 B 2
AL ANTE], Y-SIRT 715 5 FLR 3 KA A i), i 6
Xof iR R AT AT A o 3 P e L B K 4 R S R
FLR B BCE AL, (8 A i 5% A6 7 5w i 3
HR R A BT AR I PR I FH A1
2.3 BT PVTT: B hBFEEEL

HR 4G SCHER G , e BB 3 A JF PYTT /Y L 4
2R 44.0%~62.2%" . I 20 A 96 97 i B B B AR IR TT
HhE L AR (2023 i) ) MBI AR AR B, XTI
G IR MK T 8 — G oy SO AR BT I kO A
M JC: S R VI BR 1 8, D i b i G e T
i i R AE RS BGR 45, IR SC B R B . AE X
— I K ME S, °Y-SIRT b W /R & %R 7
w1

2 T0URIE 5% AR R A B PE AR L T HIESE o Edeline
PG T 151 iR AR A, v 34 ) 452 32 0Y -
SIRT y& 97 (20 il B, 14 B Bk & =7 58 R $i 3k
Je), N7HEZ RN RIRITY . 4R BN, PY-
SIRT 34 47 JIT 5 & Jf PVTIT & % 19 ORR ik 77.8%,
PVTT (% ORR 2 57.6% (A7 BE U5 I E] 11.0 4~ H ),
BEMR TR A B H . Martellei 52 3F — 2

AT RIT R AR, BRoE R, CY-SIRT 411
AR mTRMAECH (24.4% vs. 42%) . TERH
St U0 B R A B B, Y-SIRT 41 1% 0S L &
FEIER (20340 vs. 914 H, P=0.001), % —7i
WFE HLAL T Y -SIRT % 22 R 3% B 7 441 7). (tyrosine
kinase inhibitor, TKI) 7E#]Y4 5 & i 9 BT 98 11 Vpl-
Vp3 B PVTT B H 45 Ry . 45 R o, 1E4 i
RSN A 1) M T 43 UG B ARG O JS R ar B, Y-
SIRT 41 1Y M 9% ORR 43 5 hy 53.0% F1 56.7% , 1= T
TKI 2 (1) 12.3%~15.0%; [A] 5}, Y-SIRT ZH 1) PVTT
ORR L fft 7 TKI %0 (39.4%~46.7% wvs. 10.0%~
10.5%) U0 ax s g E L W) F B, CY-SIRT AU fig
Rt W 5 R R, W PVTT oA Bt A4 =) 3 42 71
RF, TN AP S OF PVTT (B 184t T R B i %
el 2.
24 RIEEESRELR

X T bR R R UL, AR i IR YT K ek
oy E B, B AR A BOR YT TR, iR
R ETMIRT SR ENWEEANZ —. 1
LAMETTE, AU R Y CY-SIRT 097 A R 14
KA RAEAR . W AN, Chen %P1 [a] 5 £ 4 A T
2008 — 2019 4F 413 5] #2 3Z *°Y-SIRT J 7 (1 A A] YJ B
JHF 96 R0 B, 4 SR R O P R R A R
5.08%, 3.2% W T RE B T ORI A, HoR
B 3~4 Z " O B . Helmberger 55 W 40 A
1 027 {4145 3 *°Y-SIRT () TRk b9 8, B 24 > H
KB, 30dNFET-F N 1.0%, ™EASRFHF
(3~4 9% ) KRAEFRMLT25%, HopusrEE 4. §
J T 15t 9z SR R S8 R TS AR O I A
8 K% A 2 0.3% . °Y-SIRT 1 7% b 968 3 A% 0 755 he
WAL, 548k T % (wranscatheter
arterial chemoembolization, TACE) #AHLIL, # % )5 4%
AR DL B A A R B AL X R
W & B, PY-SIRT 413 ¢ S DL /™8 A RS &
e BAK T TACE 41 (39% vs. 53%) , 7% HAE H g
198 £ 3 P Rl R ELA TR AT e e

FEIG T WS 5 I, TACE i % 75 it 2 KR9I5
DU AE R R3S, 2990% W B 5 76 19 IR TACE J& 7%
P2 2 A PR, M OY-SIRT LA R IG )T N
2RO E AT VU S R AT 3k 2 WO T A, M IR
BREZVGRITWRAERSOHAM, FU TS
AN . T2 AL MR R E kB,
AR A 0 1 T S A Yk s IR YT
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25 KLPOY-SIRT AEMMEEETRE

it 4 3k, LI EMERALD-1., LEAP-012 %
CHANCE2201 #ff 5% SO (R I G I Z 2
AN AT YT 06 97 B IS o Y -SIRT 1E y —F
SR IR YT T, BRI T R M A B e B
Y FE M9 2L 408 T iR E RN G g% A i (A NK 4
Md . NKT4HAE . CD8* T4l 5 CD4* T4 ffd) 2,
IEAE P JE i v 3 fin CD8* Az CD4* T 41 Jifd () TNF- o 3
IR IK V- B Bt D B 2 A0 B 0 T RE TR L DT O BB
G RPEIR YT A A RS

HAT, 23R T LLOY-SIRT A 3 fif (1) 25
BIWRITHE, JFWR A T . B Rk A
SRR B AT FEZE AR R I Z — . NASIR-HCC
WS R, R B 7R 2 CY-SIRT 697 5 3 4
R A PR YY, ORR A 41.5% (bl
WA A 2224 H ), H A DoR A 31 A, Hid9.5% iy
RSB R B O I A Z TRV o Tai 1
b — D UE IR B T B e AR, i
B ORR } 30.6% (95% CI=16.4~48.1) (v i 15 it
] 24.8 0~ H ), JFH 9% iy B R I7 8k i 3 3 2 4R
BHEVIBR SR, R S5 0 A A 45 7R M 52 9t
T e R

G348 1) 24 ) 38 o A T R R A0 A A 4K A G
Y5 43 B Ok BT AE T, 5 Y -SIRT Bk
A AT RE AR PR RO, DA A Ak iR T ARG
i rl etk . A BFIR Y, A LT PY-SIRT H
FH4, RPAEJEBEA CY-SIRT 41 H #1677 X 48 ORR
B (53.1% vs. 41.3%) (P A Bl 5 B[] 4.4 S H )
WA SCERMIR B, OY-SIRT /i fifi Fi & 128 Je 37l
R AT IE 230k b, DT JE 325 26 47 Y -SIRT Ay i # 15
B VG IT AL 2 o Huang SFWHR B T 8 BUR A BE & 7
%, HIY-SIRT # & © f& & Jé A1 PD-1 #l il 7
(SIRT-L-P) 5 TACE B& €& & e M pD- (L) 140
il 7 (TACE-L-P) 7£ /& g i fif HCC 8 % v iy y7
R, HEHREH, 4 mRECIST bRifEPEAL )5, SIRT-L-P
R 3 3% B9 ORR (78.0% vs. 61.5%, P=
0.017) (SIRT-L-P 41 # {3 Fifi Vi B 8] 24 122 4~ A
TACE-L-PZ4H 1141 ) .

AN, OY-SIRT ¥k A FoAlh J5 76 I A i 30
¥ . AR AIRE R, 1 6] CNLC a3 B 3
R (HA>15 em) fEPVIT B35, B FLR AR
K =2 AL Tk b VI bR, 7E 4232 Y-SIRT Bk &
TACE. I 3 ik % & k97 (hepatic arterial infusion
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chemotherapy, HAIC) . £ &8 J& & & &5 F 2k B 40
RIF IR A A, R S B 4 28 CNLC Th 3919 52 B
FARDIER, ARJ5 0 B 5L 7s Mg iz 48 . £ B
i, BLUOY-SIRT g B 6y, B4 R Geif T KA )=
BT 7 S 08 — Bl B AT W 1 B e (iR )7 s, nl 42
Th e e B E W T ARALS . HARRJIHIFRE
22 B PR BIF 9T L 38 0E FC I PR N A 8

3 “YSIRTHTH#ZEIHIFZEREH

N
\IT

JERS e P () AR FRZ —. X T
A K ZARMEIFE SR A by B F, B AT
FE IR 7 VT A R T e R, R A A e B Ve AL
B s T TR K LR A R, T A A
WIRYT LIRS B AL &1

22 WRIE 5% 32 H5 Y -SIRT 7 122 45 38 1149 157 FH A0 {8 o
FEAFHEIGIT 0, Salem S5 (4 THY I PR AFF 58 B
OY-SIRT 4 & & i 2 % g JF J& B B (time to
progression, TTP) T3 KT % L TACE (conventional
TACE, c¢TACE) # (*Y-SIRT 4 : >26 1~ H s
¢TACE #4H: 68 H, P=0.001 2), H#BH KFEH
(87% vs. 70%) . Bonne ZE¥13E — 25 PFAL T ©Y-SIRT {E
SRy AT 4 B S0 SR T R, P 339% S B AE P 4
BIT . 67% NIRRT . AR ER, 3THARE
mRECIST ¥ £ ORR ik 72%, 4 35 H a8 E L =KW
% F% 3 b5 ¥ (United Network for Organ Sharing-
Downstaging, UNOS-DS) [ i # HA 5 & WP 82/ 1%
WML, TEHEZ MR 23 IR FHd, 30% ik 2 i
SR 2R S G . A T IE T 2 O B SE
B fff 2 W) 16 ) UNOS-DS i fE (09 He %, 2 FR I013A
I7 IR Z BT ] RS R KB A7, PY-SIRT
(18 3% 300 1 2 23 R AR A 8 25 L T TACE, B 1R
FEAETE W R AR IR YT R . I R T AR Y A A 2
Ja 5 WG A & UNOS-DS FRifE 4 A 241 Lewandowski
U R B T BB A 9T 5 TACE B 42 e itk — 45
7 °Y-SIRT 7E R i 7 h i AR 4. T 2 /8 3 S
M UNOS T3 Hi[% 2= T2 8] (58% vs. 31% ), JoHFiFA4
1 (event-free survival, EFS) (17.7 M Hwvs. 7171,
P=0.001 7) F10S (A& M K& F . 41.6 ™ H os
19241, P=0.008) ¥4 W3 . A S HE Y-
SIRT %% Ak 36 Y7 I7 2501 A% 2 MG F 2 2% UE 08 £5 4k %
I, L
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&1 Y-SIRTHAUL BT R R MEIRKFARTIIR
Table 1 List of representative clinical studies on Y-SIRT for conversion therapy
SCHk W BN %k IVES ORR
EA VNN TN 3% Vi R TIE] 29.9 4 A
Salem, 04 Zrput [l HCCUR A 4<8 om H%) 160 *OY-SIRTCHENEER) 88.3% (P BV 29.9 41~ A
LR mRECIST)

Z vl BIBEME . HCC(BCLC A~C 3] KR

Kappadath, 55" FERhRES B kT AR<8 em BRI K
£2Z2M<12 ¢m)
Lee, 4511 Zhul iR . HCC(BCLC A~C #1) B4 |
WER P B W I AT RS
Makary, Z017 Bty [BEPE HCC(BCLC A~CHH)

Edeline, %28 Hopupy B HCCHEPVTT

Z s JFiths HCC (A AT ) B HOA TS &

de la Torre-Alaez M, 25141

2 B TACE)
e PG TR |
Tai, %142 s e HCC

Huang, %1 Zrfu [EEfE  HCC(BCLC B~C )

65 CY-SIRT(HEHIR) 98.5% (94> A It ,mRECIST)

107 °Y-SIRT(WEHHIR) 55.41%(3/6 4~ H i} ,mRECIST)

88 °Y-SIRT(B{HE k) 83.3%(64~ A i} ,mRECIST)
OY-SIRT (3% B S R/ I8 73 ORR: 77.8% wvs. 26.7%, PVTT
151 BRO+<RPEAE v REAEE  ORR:57.6% vs.10.5% (v bl
Jii1a] 11.0- H , mRECIST)
" OY-SIRT (RS TR )+ 41.5% (Fp iRt a] 22240 A
JLEht RECIST v 1.1)
40 POY-SIRTMASER) +ANEA] 30.6% (P e R 24.8 7 H
LT RECIST v 1.1)
OY-SIRT (AR R )+t 78.0% (ki) 12.24-H ) vs.
JE +PD- (L) 1 #0 i 57 vs.  61.5%(-P{BEsHa 11.41H)
TACE+& %% e +PD-(1)1
5

234

25 b, Y-SIRT 75 9 1T 56 A8 (4 122 5 B 0006
I7 R B R A g 4 Rl R v A, W
VE R AT 250 BT g8 3 P 26 )= B 3R 97 SR e o

4 INEERZ

OY-SIRT 1 Ay — FfoRg o (1) 16 61 9 i 56 97 T
B, TR RE . P s B B IR YT
BRI Tz M NS . R H AR RIR YT
[, Y-SIRT R, FIE A = 00 T A R
WIRIT MR GIRYT . REUE A R & R H 2 RR
PEFAREFBHAILE, BRI

SR, AE 15 R PY-SIRT J7 50 I 22 4 P 1 A ik
5 B T 2 WA I S A 0 SR BR A [ B
X 4 SR H R A AT AT DL R B, R 25
D7 O A DTN S I = S N o 5 N < (N i U B
i f2F KBS, JF AT BB s Al T AL . X FE — R LR
Wl T A R . W, H RSB AT Y R
Pibr &Y T W CY-SIRT J7 &%, 76— EFEE FIR
il T B B I 5 5 IR ORI iR KA

RGBT = T, — 5 1 86 A E 4
HH B Y -STRT 1}y 45 v B A AGB T e 7, B 1R
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