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[ Abstract] Colorectal cancer (CRC) is the second leading cause of cancer death worldwide. Hepatic metastases, which account
for the major cause of mortality in CRC patients, occur in about half of the patients when the primary tumor is discovered or after
the treatment. Local treatment along with systematic therapy is the most common schedule for CRC patients with liver metastases
(CRLM). As one of the well-accepted minimally invasive local therapies, yttrium-90 (°*°Y)-microspheres selective internal
radiotherapy (SIRT) has shown its confirmed efficacy and safety and been applied in CRLM patients abroad for nearly 20 years.
National Comprehensive Cancer Network (NCCN) and European Society for Medical Oncology (ESMO) guidelines recommend
Y microspheres SIRT as a local minimally invasive treatment option for CRLM patients. The Guidelines for the Diagnosis and
Treatment of Colorectal Cancer (2019) issued by Chinese Society of Clinical Oncology (CSCO) also recommended *°Y-microspheres
SIRT at level 1. In this study, we reviewed the progress of *’Y-microspheres SIRT in terms of palliative and translational treatment
for metastatic colorectal cancer (mCRC), which indicated that *’Y-microspheres SIRT had the advantages in local control as well as
the improvement of survival time and living quality, either alone or combined with other local or systemic therapies.

[Key words | 9()Y-microspheres; Selective internal radiation therapy; Colorectal cancer

%5 H 9 (colorectal cancer, CRC ) &4 FkAk (3797 ) o 15% ~ 25%CRCTEHGIZ I BN &1 s
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IEATREAAR, SSFEAAFRINT 5%, WMOACRCIEE
M EEHSERA L PR AR AT ARSI
A e CRCIZYT Y H RUFIXE S, H AT 2R
REAIT A JRRIA T BRI TR0 | R,
DI ATs e . AR

R 24290 (yttrium-90, Y ) fER
ERIEPEME N UFNAYT (selective internal radiation
therapy, SIRT ) 7E[E4MC A V204 1l RAE 2
5y, K R UE W] T Y S BRSTRTYA YT I IE
JibRE BT AR At o AR SO SR T il AR
J7 47 DY SR SIRTAE CRLMIAY T HA A FHAF
SRk LAZEIR
1 RHIERERE

FEXIAR T VIR RS PR 45 B9 ( metastatic
colorectal cancer, mCRC ) fF I EIRYY, £
[ [ 37 275 & R 0E M 4% ( National Comprehensive
Cancer Network, NCCN) 7£ (&5 ad8 m
(20204E%54 0 ) ) M (HmEdERE (2020
RO ) ) BMEREI S IKEE H1LIT (hepatic

TACE
HAIC

Artery
intervention

SIRT
Ablation

| EBRT

Clinical application
of SIRT in mCRC

_

artery infusion chemotherapy, HAIC) . &
SE KNS #E ZE (transcatheter arterial
chemoembolization, TACE ) MYk SIRTZS: 5
XA AIGIT . RSN IR T B

KR A g N B2 2 ( European Society
for Medical Oncology, ESMO ) F20164-%
M CF B4 B 488 ) BFmCRC
MRS FEHBIEBIR (oligometastatic
disease, OMD ) FlJ Z FERPESNN ( metastatic
disease ) . OMDHs “BERARfL <247 Hl “B5%
BEH <507 WMME, £ XTOMDRIAYT Bk
TG HGR B TCRIRA (no evidence of disease,
NED) , @A RGEMEIRIT 9 HEAE 25 18 R
EERIPEVRYT (local ablative treatment, LAT) .
LATF B F 2 A E I 2 FAE IR 223697 S SIRT
BNk ATBIT o D EIG IR M %25 ( Chinese
Society of Clinical Oncology, CSCO ) KA
(BRI HRR (2019) ) B Rt riE N
M (K1) .

—

Electroporationf- [ESMO™

FOLFOX/CAPEOX/FOLFIRI+bevacizumab

FOLFOX/FOLFIRI+cetuximab/panitumumab

FOLFOX/irinotecan+bevacizumab

J

Systemiceatnen | — SCoONdHNEHEAMENti— £or FoX/aflibercept/ramucinumab

|

Irinotecantcetuximab

Regorafenib

TAS-102

Nivolumab

Fruquintinib

1 EEHEFHNAATFARMCRCEFT AR

Fig. 1 The treatments of unresectable mCRC the guidelines recommended

FFXTmCRCHHE LIRS, NCCNEBUK R4
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150 Gy, {832 il P DNA ™ 5 52451 72 A 5 K i) %
TR, Y ERF SR SRR 2.5 mm, #O6F
IEF AL AR /N, Y B RIRTT O
PR RN LA BRI . RATApETE . BeE s (&
E12.270 MeV, F-#0.937 MeV ) | HifesE; 2k
Wi, RNEYERRER, 28RS %rREE ; et
U, TREFEEEREY; EWHETEL, BeS
HIARRESS G wRRERE, WX 53X
WORFR L Y M AR, Y EEER
B, PR, FE IRECY BRI T 12
FAR, VST Y RN B .

T 20014 — T MAAFSE ), EEE M,
Zii & P )5 (Food and Drug Administration,
FDA ) T20024F DL i HT & #it ( premarket
approval, PMA ) Jy 20 IE A 7°°Y-# fig
WER T 45 Hm i T 5% (colorectal liver
metastases, CRLM ) AYSIRT. HAjFEH E K
Bili, 2OY-R4 B SRR IE Ak Tk O R B B, AR
202 VA BT,

2 SIRTEMCRCH I A RIER
2.1 Y#IKSIRTA TmCRCHI 4 878 57
2.1.1 SIRTECAHAIC

CRLM Y Jry i 45 il X U G 2L, SR
i R E W LR HAICT R E AR, &
THASMT-BE, Gray%: '* [ 19894F B it Wi g<
£ 7 SIRT X ifseg Jmy 3 4 il A 850 2, A 3RO
7o B I R UESE , JFJR T SIRT 5 R HAIC
KA X mCRCHAFFY, HHRMHAICIRYT 414
Fo, 7E12 d HAICIRYY HAl LA SIRTAL % M
ZZf# % (objective response rate, ORR ) i &
T (44.0% vs 17.6%, P=0.010) ; HFWERHEIE
JERfE] (time to progression, TTP) R EHH K
(15910 H vs 9.71H, P=0.001) ; 1. 2., 3,
SEEE AR AR (72.0% vs 68.0%; 39.0%
vs 29.0%; 17.0% vs 6.5%; 3.5% vs 0.0% ) ; Bt
B H3~AGA RN T 3, ARG
JCHH B FEAG, ESESIRT AT G 25 1 i g 22 1) 5
o BRI FZBESE P SIRT R FRIA T L3,
R EFDA T 20024F I ALY W g i Bk F T
CRLMMIRYT

2.1.2  SIRTECA RGHIT

RGBT S HIimCRC 2 Bk U /Y 15
BE, (EXHHE IR R R RSO AME, 23
BEREAPE . FrR L SIRTEC A HAICH I
PRECR W35, $EnmiFoT 3 vl F SIRT Y =y il 5
RIRANRGEMEIRIT A
2121 H—2B7HH

H T B UESIRTAE — AR YT T I RCR Al 42
P£, Van Hazel%: ") JFJE T SIRT 5B EI697 %
LU B S-FU/LVIRYT AR 8 ERA T F R
mCRCH T G RIS . BEAIRYT 4L (ot J
HAF A (progression-free survival, PFS) g &
£ (18.64-H vs 3.6 H, P<0.0005) , Jfii4:
M (overall survival, OS) EEHF K (2947 H
vs 12.8H, P=0.025) ; ORREZZETE (90.1%
vs 0.0%, P<0.001) ; BRAHBEERITIALU
S TR B % (P=0.030) , X JCEEIESKE
T SIRT5mCRC—Z ALY B FH A %t

Van Hazel%s 7 (58518 T #F 5% # % SIRT
AT A Hr4i ¢ 1#, Sharmas 8 A1 BH
HIR-SIRT 5 FOLFOXHX A Ay 25 7 9 5% 75 H
H ) —ZIRYT BTS2 R T — 00 T ] R Il
RS . 200 B HAEFOLFOX 2 Bibyy &
W, JEEE YL FIETF R (30~85 mg/m® ) JR4k
A SIRT, 7E8M4%E% 260 mg/m &, splEE
A3NAGA RN, 26 SIRTH| A A B0
(OB GO 3G R ) i A HL S 1Y
et HARUEE B i AR5 5 | B RN RSN .
HEHFFTIESE T FOLFOX S SIRTH &k, X
SRR B 1R R E L.

J T AR R UIFOLFOX N T i —Z b
HEIR YT I A SIRT W %8 2 FAT %, 2006—
20144 RGN FF R T 34 KA AT E E 2
L BEAL . TR EIG R 5T, RISIRFLOX .
FOXFIRE },FOXFIRE Global#f5¢ (n=1 103) .
SIS A metaZi AT, BEAIRYTLLORR WAL
T ibITAH (72% vs 63%, P=0.0012) , 4
120> F Fifi 175 B 506 A5 20 A O s 1 o A el 3
TP Ak T4 (22% vs 39%, P<0.000 1)
45 R B AR BT SIRT X T i g 14 )= 3 45
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Hil, (HETEAL (0S) KikF, HHrHEK
mr. © ZRXERLTMEANITHE; @ W
HIARER PR A fE 22 53 00 o A IR
K CRCH TGP, 78 & A 1E C 2 I
B, EHKERASHMBRAFIEH 278 | Joit*t
A7 A 2 B0 ) 2 # N R BRI IR Y T B
AR, #ijE2. —WXTSIRFLOXFIFOXFIRE
GLOBALWFFEHEAT ()41 4341 15 7E L3 g it
BB AN [ 1Y) S8 R4 32 R-SIRTEE A A6 IT IS 1
B, S FE R 17961 47 R & MEmCRC &
HH P OSTERR AiRIr Al B, KT
49401, WA AN R K B H OS2 R TS 2#
B, PERSIRTHCG —Z b7 vl BE S A R T4l
mCRCHEH ",
2122 5= ZZIBIFEH

T —IGIT R MY R, S R A
AR JEAE A mCRC A = Zebr i IR YT Y e 5
5SIRTH B & N B 2 CEZ . — W . Al
WEERF ST (P SIRTIE & 0 7 5 BE VR YT 5- 91
JREENE ( 5-fluorouracil, 5-FU) M52 %I CRLM
BH 5 RS T SRS KA R
MAET, BEAIAYTIORR N48%, PFSH6.0
H, OSH12240 A, SEAENIEH LB
FERIECRAR L B E ST . Kennedy%s 11
KR — R TG IR oE K 0L, BEAEHZ
1t AR 4 B AL mCRC #4152 SIRTEC A Bt
X AR JE IR it 2 e SR R AF, P{PFSZOS
GEARARII2AN H A BRI R EB 43 Sk e 3 v
B, /R SIRTHE G b7 sl 2R Pyl A S — 2k
SRR AR . WalterE [P Lk
AImCRC =257 BmetaZ3 1 7 Fi R AR JE .
TAS102FISIRTHIX T AL FRYT, AR
S A SO E T OS,. T 4L B B it
FREER[E, JCIEIEMN AR [EIGYT 7 9780, (B1E
TR IT R A R % FESIRT H AT 85/ D A B 55
PR IER . WangE U (g — IR AT HE PERFE o
SIRTIAYT J5 i fldurvalumab Fltremelimumabif
Y M mCRCE , TEM-MITREh B2 I g

ek, (BRI AT A S A3 L I
) T SN o SIRTIA YT 1l IS 5% B8 kb itk 12 48 Jifg
R K38 . B IESESIRT 7] DL 22 42 M 5
durvalumabfltremelimumabth[E] 7597, {HSIRT
ANBEAR R 2 1) e BE N . R TR SR AC
b, BB PN E R, deTR it —
WFFEIESE
2.1.2.3  TEMRRCHERYT TR S AT

VFZ CRLMAE Z AT G AT) & AR B E e
P e 33X 2 SR 1Y g I 2B R I R IR T Y T A
TE— T Z Fh Ay 2R ICRLM £ b0 BE AL X 1R 3
K (n=44) h, Hendlisz% ""* #8Z& T SIRTH A
S-FUALST 53R P A LB PR, S5 EoR, B
A HHPIREHIPR (disease control rate, DCR )
FTE (86% vs 35%, P=0.001) , HFHESIEPES
WEHER (5510 H vs 2140 H, P=0.003) , Hrp
V1) (8 B A2 IR B R T Ja s dn /D =T DI BR . %
WFFEE—HAIE S T SIRTHE 3 s s thil $2 1y 7 2%
R EEN, ERIERIESEA20124ENCCN
T6F M 20144FESMOTE T, IR N ER XL HENG
PECRLMIW 5 SR T HERE
2.1.3  SIRTFEmCRCH ) HLH

FZmCRCEH 5 AT T B H etk 2k
YRRAYY, WA, Y EER Y
oo EEXMEIFIRZ . B IR T R LIRS O
[, Besterds ' T T SIRTX Hfiefd S0 4%
IRYT I R ASRIE Y, 45BN, $EZSIRTIA
JPHmCRCEFH FFAI0S (n=51) WEEK (11.9
vs 6.6~ 5, P=0.001) . XHE/RFRETREA N H
ZAbh, SIRTFEALIT it Z5mCRC ) HUph o H g
BF WAL, RIRUEIRYT R DR A

20024, Kennedy%s LIS IR T SIRTYAYY
224897 5 A AT IR mCRCHY RREAS i ELSE A
FE5E (MOREMFSE, n=606) , 20154EF12017
A CMOREWFFE IR T a R o, #5525
=324y 1 B E AT NSIRTH ik £ . HFAM% RS
FFNESZ SRR . IFEREAKE . i Eor ik
PEARST IR 25 52 M SIRTYAY T O SR 25 Ay it 57 7%
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o IXTELSC AU R $E R SIRT R R JE i VIBR 1)
mCRCEEEZLIRIT G R AEAEIR TS

ET L FIEE, NCONHE R 4E 4 % byr 2k
sl xS . LU R b EMmCRC, LI2AHERE
Y IGERSIRTAE TSl kA AiRYT
22 Y#IKSIRTA TmCRCH 254078 57

JoikHEA T CRLMAR VA AR SR 20 J 3 A A7 i &
BRI, BN AT YR A4 bR 5 Ak ok RTIBR 2 ek
HPIE I OCHE, e 2 AR IR T AR
WX 199841 H—20174E8 H T AT FR
mCRC/E A #EATSIRTIGY T Y SCHR [0 B, SEHi
ANA]FARA 8021 F 7 A 13.6%1EI0YT 5 Al AT
FAR T FE20174F, Garlipp%s 1! XFSIRFOLX
K FHBUE 5 8PPl 2 BEHL G B 58 v o ik DI B
MmCRCZIAYT G W TEIR A A Al B ( REsectfff
%), BREIR, ERLTORHTN T, fTIE
SIRTHH A A ALY 7 ZHHAR E AT PIER A o) 22 5T
GiiteFa X (11.9% vs 11.0%, P=0.775) ; MifE
B AR MRS B A B T A R, A 4L T VIR R
F BN (38.1% vs 28.9%, P<0.001) , &M
SIRT ] 44 i B A2 ARTA AR A

R0 7 RS E AR 2 X A 3 /N ) 8 3
P2 VIR AR AR IR YT, A 2 — 0 JH- 30 4l 1ff.
WO A, A HAA PR O, BTl RE IE 1Y
JFHZU# 4%, GarlippZs ') & U SIRTAEIRYT
JHERRIRE NS, A7 AEARRAE HIATL 75 S A AR
B, 20164FESMOAE F 47 SIRT HI T AR Al g i
AT IFUIBRAE U5 5 8 A AR RS J2 f8 25 )l
BIBYT
23 YHIKSIR T 57 89 R B RN B Atk

FEN Y ERSIRTIAYF I h, 29—
()R 2 AN B R R, 0T DL A 4T
Gef, Jo UL ERSENS . Kurilova®s 12 fg—
TR HORESE, 81 E I T T 146 B Y fEk
SIRTIAYT, HOLFEDTI B 9.1 H o 4 il 40 Y
I TR B R BRI AIEdE . 36MIE
HHELZ . ERENK . B, PR AR
G, ¥IRI29AN R, TR

T3~49 G . RN WEIIRIMESEAN B O, Y
25T 7 W R DT RLIEA o

SIRT MW H 3k 78 vh o T 57 3 05 PR s ek O
R, AT O 8 R A 1, HE v DU R
FEFR 3% WL . Kokabig ' 1E 394 i 3% T Ji2
SIRTIRYY, Horh 146 & 29 FDhRei s, 44
RAZGFOIRePE , (HAR &A™ 5 )
REfE . Y Sl ER M 2E T 1l 3 ik i Bk S Al 4%
R B R A LA B 40l 2, %0 R
R A, HAT DL S Al i 37 E 1 A% T
2.4 "YHIKSIRTYT 3% m B &

W L2 [ S BT TR Y R SIRTYA
SEIAE L A DS i i 3 B T D R s 5
TRV FR o WFST AN A ZEM 25 W g S 74181
HZs 25 . 5 AN & B, Al
J R B E IR IF OSBRI (5.4 H vs 6.2,
P=0.02) . van RoekelZs ") 4327 T 90f|CRLM
BRE XY ERSIRTIAYF 5 34 H s, & BRAE
FELL B AR BT AN R () BB AL, B it
RE B (63% vs 93%, P=0.001 6) . FF4
FFAMENs s B A0S 6.5 H , T JCATFAMER
AR OSTIIE 10 A, $ R IELR A AT
AN Y S A LE TG A e 1Y) BB TS B 2%
Dabrowiecki%§ 7 [l T M2013—20184F
HAT Y IR SIRTIAYF IImCRCHEE , K BTCHEA
A . MELDVFAMI . Mg ik, 58 EIAER b
JatIMEZ ( Eastern Cooperative Oncology Group,
ECOG ) W4 NO0J& K — 24k y7 R WG 52 7°Y
THERSIRTYAY Y FE OS I Al 37 U R 2% .

3 it

2044 IR RUESE T Y I BRIG ¥ CRLMF¥)
JrRORI . T T AR AN TS Jin 4y PR AR 25 1iF
P, Y TERSIRT B % [E Brs ma e A T Al
AR mCRC 1 W BIRTT S EARIRTT . O IT
JUE A b g R E R ([EI2) o RS HAD
Y, R SR sa BT I E A Rt
— A HR,
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Combined with HAIC (floxuridine)

Combined with first-line treatment: 5-FU/LV, FOLFOX
(FOLFOX was recommended by NCCN., ESMO., CSCO)

Combined with second/-third-line treatment: Clinical evidence
Combined with | Irinotecan/regorafenib (Both were recommended

was included in
ESMO/NCCN

Palliative systemic therapy | by NCCN, ESMO, CSCO)
treatment ) ) )
Combined with chemotherapy in
salvage treatment (5-FU)
Clinical application —
of SIRT in mCRC Alone
To reduce the tumor stage before resection and Clinical evidence was
B increase residual liver volume included in ESMO
treatment

B 2 SIRTEMCRCHMIIGFRR AR
Fig. 2 The summary of clinical application of SIRT in mCRC
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