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Research progress for the clinical application of radionuclide labeling fibroblast activation protein inhibitor in
the diagnosis and treatment of liver cancer

HE Yibo'?®, SHI Hongcheng'**"
1. Department of Nuclear Medicine, Zhongshan Hospital, Fudan University, Shanghai 200032, China
2. Shanghai Institute of Medical Imaging, Shanghai 200032, China
3. Institute of Nuclear Medicine, Fudan University, Shanghai 200032, China

[ Abstract] Liver cancer has high morbidity and mortality worldwide. Traditional morphological imaging can offer crucial
anatomical information for the diagnosis and treatment of liver cancer, and when combined with the functional data shown by PET
imaging, the diagnostic accuracy of tumors can be further improved and assisted in treatment selection. Fibroblast activation protein
(FAP), a signature protein of cancer-associated fibroblasts, is highly expressed in a variety of malignant tumors of epithelial origin
and is an important target for tumor diagnosis and treatment. Compared with routinely applied '*F-fluorodeoxyglucose (FDG) PET
imaging, FAP inhibitor (FAPI) PET imaging has the advantages of high image contrast and independence from blood glucose. In
recent years, a variety of radiopharmaceuticals targeting FAP have been continuously expanded in the diagnosis, staging and targeted

therapy of different liver cancer types, and the progress of their related applications is reviewed in this paper.

[ Key Words ] liver cancer; fibroblast activation protein inhibitor; **F-fluorodeoxyglucose; positron-emission tomography;

tomography; X-ray computed
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WX/ (<3 ecm) Wi2W REES & T RS, MR . B N B RS
80% ", SR, 49 CT W4hn T 5 % 2 48 5 e AN LR eGSOy AR I T R s, R ARG
R0, 1 MRS . 5 s shthse, % IR EEAL Y BRT, AR R
R TRRASIIGRE . AR5 1 i aERIis AT B T3 F bRy FAP #0757 ( FAP inhibitor, FAPI) fif
WhizWr, (AR, EXERLFE o R e ) 55 o AWy TR 2y, Hoh®Ga-1,4,7,10-
PET RAR A TLRIRINRE BRI R, IR T PUR A3+ —he-1,4,7,10-PU 2R (1,4,7,10-
TG 252 AR W B BE . T F - UL I 4 R 2 B tetraazacyclododecane-1,4,7,10-tetraacetic acid,
( "F-fluorodeoxyglucose, "F-FDG ) J&h fif)™ DOTA ) -FAPI-04 ( “Ga-FAPI-04 ) REy= A= %Uf-1)
(¥ PET 7”55, {H%F HCC A1 ICC WL #EIM  EUR B, IGRR HR ) 2" . 5 "F-FDG &
HAK . "F-FDG PET Xf HCC ¥l 2 5 GAHLL, FAPL WARGEAS EMGOGT LU BE 2 FAR A2 1o
50%~70%, 5 CT M4, PR TF IEH# P S ) SN SR R (297 N F TP AR BN B
i 540k HCC 1 "F-FDG $BURE AT, % He ASONAHICHE R EF RN o
A, 1CC WMRRIA C RS 2, "F-FDG K
PRI H AR AR SRR R, R

1 FAPI BB ERE2H R B R

YF-FDG PET i2 W7 1CC J& & &t 0y 72 8B 5 38 1.1 HCC HCC &4 EREE 7SI WIEIE FIEE =K
94.2%, (HFFFENH 68.3%. FEIERAET IR, o R PR Y 75%~85% .

FET Y 4 g 340G & H ( fibroblast activation HCC #4k & TIH A 4efb s aiifl, 1A 16 ALY L
protein, FAP) &M AH G LT 4E 4N ( cancer- YA R, K FAPL AR HA AL H
associated fibroblasts, CAFs) MtrdEtE&EH, A FAPI PET/CT SARAE i A P i vh 9 32 2 R AF
AL PR A AR 28 R RS . FAP 7EIE 3 4141 TR 1,

&1 FAPIPET/CT EREZMAERNEZIGKFR
Table 1 Major clinical studies of FAPI PET/CT in primary liver cancer

Study Study design Modalities studied  Criteria for final diagnosis Nu@ber of Tumor type Radiop harmace

patients utical

Guo et al, Retrospective FAPI/FDG Histopathology, radiography 34 HCC and ICC %Ga-FAPI-04

2021 PET/CT. CECT. and clinical examinations

MRI

Shi et al, Prospective  FAPI PET/CT . Histopathology 17 HCC, ICC and liver *Ga-FAPI-04

202117 CECT/MRI metastases

Shi et al, Prospective  FAPI/FDG PET/CT Histopathology, radiography 20 HCC and ICC %Ga-FAPI-04

20211 and clinical examinations

Wang et al, Retrospective FAPI/FDG PET/CT Histopathology and 25 HCC %Ga-FAPI-04

20211 radiography

Zhang et al, Prospective  FAPI/FDG PET/CT Histopathology, radiography 37 HCC, ICC and liver '*F-FAPI

2023 and clinical examinations metastases

Siripongsatian  Retrospective FAPI/FDG PET/CT Histopathology and 27 HCC and %Ga-FAPI-46

etal, 20222 radiography cholangiocarcinoma

Pabst et al, Prospective  FAPI/FDG Histopathology, radiography 10 Cholangiocarcinoma *“*Ga-FAPI-46

2023 PET/CT, CECT  and clinical examinations

Liet al, Prospective  FAPI/FDG Histopathology, radiography 47 Cholangiocarcinoma “*Ga-FAPI-04

2023 PET/CT. CT/MRI and clinical examinations and gallbladder

cancer

FAPI: fibroblast activation protein inhibitor; FDG: fluorodeoxyglucose; PET/CT: positron emission tomography/computed
tomography; CECT: contrast-enhanced computed tomography; MRI: magnetic resonance imaging; HCC: hepatocellular carcinoma;
ICC: intrahepatic cholangiocarcinoma.
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HTF“Ga-FAPI-04 841, Shi %" #4T FAPI
PET RARWI AT 45 R B R, 28 NP AL
BIR BRI iR E (SF SUV,,, N 8.4) o
fbit — R, WEHKA 8 4~ HCC Wikl 6 4~
FAP %k, £ W FAPI PET W44 R vl A %%
J I HCC 28 Hh FAP kK. JRgemise™
KB, “Ga-FAPI BAZX T RF4EFEEE HCC %5
KEAORS 2R T UF-FDG A%, Ho AR R 45
R 100%, WBETF-FDG Z1% (43.8%) ,
X —EHAE Wang &' 057 th 45 2 9E— 2 B0 30E .
Guo %3 F 20 ] HCC B vt — Bt Ga-
FAPI PET/CT A% 099 kR AL #4525 SR W
“Ga-FAPI SAZ X% HCC J5 & kil 450 52 R e
5 T F-FDG BA% (94% vs 69% ) , {H 51450
CT (94% ) A1 MRI ( 100% ) 4. 4K, 2 1)
HCC #1853 “Ga-FAPI SARKS H T Lkt s
TOHMMIGEHRIT TS, 78" "Ga-FAPI WAL L
L R AMARIRY T R L TR S

T 25T B S LA B BT TE I T X A
S I PRI FH 8% . Zhang 25 I &L, AlL"F-

1,4,7- = RAEHThi-1,4,7-— LB (1,4,7-tria-

zacyclononane-1,4,7-triacetic acid, NOTA ) -FAPI .
1555 F-FDG A% A B A9 HCC Jg kb 450 2 ¢
JE Rk 97.0% (32/33) , #t—FKUET FAPI &
AR GE 53 B AR 7 s B L . 4K
ifii, Siripongsatian %" 3T 14 5] HCC ¥ Hy*}
LT &0, R4 “Ga-DOTA-FAPI-46 (i i H1 3
L AU FAPI-04 M0k 6 507 L AR A AL, WIFR
“Ga-FAPI-46 ) A%¥M HCC ikl %: "F-FDG 1%
REUEEE (100% vs 71% ) , V54 2 A" "F-FDG
EAR U A TE " Ga-FAPI-46 TA% FoRK
KUIIE N FAP RIMFAFERBME, MRS
A S B Sy 4 T A bR AR e . RS B
JiM, Geist &7V 3ETF 8 G ST B E (4 4
HCC) MR EERY], I3 B
“Ga-FAPI-04 3l 11250 B T MFFJi FIE 5 JiF
SRR HCC, A SE SN2 Wi 4 T
AIPEAL LA

&2, FAPIPET/CT 4% HCC BAA %Y
PRI R, SN2 W . o BRI DL RGR YT

PR AR ACTE T A AR e A LA A A
UINIEES
1.2 ICC ICC j&—FpR%E I Fz 4 g ke U i) I A&
PERRGE I, o R EIE N 10%~15%", HhT
ICC PEA 535 (2T 4 45 4% 41 2138 1= Tl FAP i35 3%
ik, FAPI BAZ0] GEAT Bl T FRAFFL 8 oA 5% AR
GPERRIE . Guo %57 X 34 BSEMUTRE B (20
HCC, 12 #] ICC ) 47"Ga-FAPI-04 5"F-FDG PET
S BAR LI, ICC kA" Ga-FAPI-04 $5 Ui 2
T T H"F-FDG 8 HUF HCC 5 4L Ga-FAPI-04
B, IR T 1CC £F 44 45 4l 40 E 38 A e i o

SPFAL FAPL BAREEH HLRE AR A A A 10 S BRI
%, Pabst &%t 10 BB EBFE (6 6 1CC) 47
“Ga-FAPI-46 PET/CT 1%, J#5"F-FDG Z1%H1
W CT HFATXTLLAr BT, 4521 R =35 Bk
P B A, AR T A ik 2L 435 R Ak B B k-
“Ga-FAPI-46 1% (375 100% ) RO R B
T ""F-FDG 1% (90.9% Hl 66.7% ) Fii g
CT (27.3% 1 33.3%) . 2R, 2R T/IMEARE
DL R a3 R T 2, IR 9T R B ik — 2 W 22 3]
FAPI AL TIPS . Li & Tk
FEAS (47 BISERIMHIE R B, 45 22 i ICC) 1Y
XS LB, FAR"Ga-FAPI-04 15 %F T JH
R R (97.6% vs 85.7% ) . R L 45
(90.1% vs 87.1% ) . bR 4L (100% vs
83.7% ) A1 ICC &k (100% vs 95.5% ) 25425
kL BORS R 5 T F-FDG 4%, PiEiRft T —
R M o W WSS R, HAMHR T CT 5
MRI, “Ga-FAPI-04 A% A T 14 filEE (9 6
ICC) 143 /Fo1 0, Hodr 6 il 8 1Ry 5
KAEREEMAS, K FAPL BARTEIRTT IRk LA
PR T8 SR

M2z, “Ga-FAPI PET/CT 7 0] i @A% 7
1A R, AT R R ICC kLR R I
TS W Ko IR, A B TR RS T B ok
k.
13 #Hsk XA REMEIE  HAT, FAPI BARFERE
TRk 2 AU R g R e R 2 o S R
Ergiil 2538 1 1 5T WA 28 P4 43 00088 S8 3 1Y
“F-FDG #1"Ga-FAPI-04 PET/CT XJ It 1%, R4&
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Jif 988 1 Ki-67 3 58 45 50 35 80% , Fi kL) F-
FDG $3HUE T “Ga-FAPI-04 L ( SUV,..: 10.5vs
15.6) , /" FAPI AR FTREA By Tz 'F-
FDG R4 FF 4 28 4 43 30 . Pang 254 it
TG D A e P R R G I L A U0 L R R Y
ARG R . R AL E " Ga-FAPI-04 $% B
& T"F-FDG 8 (SUV,..: 2.5vs2.8) , JRIMA]
TR T S R AR ILE (1.6 vs 0.7) , X
R AR RSP "F-FDG HE bkt 08 2R3 i P A2
SVE PGB AL TR A
1.4 HAWITE IS 28R MR
B AL, SR F-FDG PET/CT 7E4RI % KAz <
1.0 om FUBHA QIR B 422 30T 1F 5 JFF S o 4 FF 5 7%
T APk . BT IE R TSR ) FAPT SR
LT FDG $35HL, FAPI BAZH B TR A

TR AR 7 T, Sahin 2577 LT 31 44 g
B (98 ML) B B, “Ga-FAPI-
04 AZERI 55 % kb 1Y R 8% 8% T "F-FDG
1% (96.8% vs 80.2% ) , ‘5 Kaplan 2" #F 5y 4%
B—, R, RE"Ga-FAPI-04 4% 4
T 7 B1"F-FDG RARZMIVER IR 3%, 5 1 Bl
B 3 MR ALY "F-FDG W ARG, SRR
TS DI G B AN 2k

3 e AN 114 R R R A R RS v ) e g
W, S L HIA TS . Koerber 257X} 22 14
Ak IE R & 47" Ga-FAPI PET/CT 214
(16 % 5 Ga-FAPI-04 .14, 6 5] 4" Ga-FAPI-
46 W18 ) , SR BN LR
A B R BRI HUE , P34 SUV,,, F 9.1, &
&k I, "Ga-FAPI BAZMAET 50% (3/6) KiAIT
BE IR AR 47% (7/15) B8 B E G
SRR, WEET 81% (17/21) BEMIRIT
2, Hi19% (4/21) R5E2lEE, 29% (6/21)
SR A X T R A

M2, “Ga-FAPI PET/CT 454 W Hs 14 46
A T 4R TG RS R 1 BT 43 309/ 0 S0 R 1
eI AR YT PR I e

2 FAPI #@FEETH A E
AV B8 5 1R o 9 45 JBURD o g / AR RS HE AL

FAP B0 0 4% 28 88 n) 36 97 b Al B0 00 32 g 48
Ho HET, EFX RS FAPL A% IR P IFST Y
TR, AL TR R4 T
PERIZE4PE . Hidr, Kuyumeu %5735 4 416301
WAER R B (2 BITERF RS ) 47 Lu-DOTA-
FAPI-04 HURPEIRYTY, S5 RES 10 RERIL
AN R RN S T A . BRI, TR kL ) ST 2
WO AR (BB ) o A — AR
BT B b 58 B IU A I A RS F R, Yadav 2
Wit 2 B AW T "Lu-1,4,7,10- DU R 22 3R+
TlE-1-BEBR-4,7,10-= 2 (1,4,7,10-
tetraazacyclododecane-1-glutamic acid-4,7,10-
triacetic acid, DOTAGA ) .Glu.(FAPI), Fil''Lu-
DOTAGA.(SA.FAPI), ( SA N 7R ) , F£XF 19 {4
MBI R (5 BRI ) AT G
J7, SRR 95% (18/19) BYHEH SCHpR I
il I R LR R A 84%, HAMELRNIA YT AH
KR EA RN . AT, x4 @R
FAPL #[a #% RIGIT AN AR B AR, Rk
£ 1 2SS 230 N B 8 7 o i P T =4
AN B RN A5 34 B RIS ) AT B I PR X3 1A

3 HBSHE

JFET 4 Al S R 58 25 A e o P4 B S A7 7
FAPI &80, 5y S BURBATEZ W X T A8
AREHALS YR FAPL BARIEAL, HATIC G Y
AR TR LAIX 235l At b/ 2 N G AR/ 2F AT
g AN, BUA PR I BIERET IR | R
i RECRAE BT SRR AL S BT bR R R
RIS, R T E T ZARUEL R RIBFIT LA ST
SrZ4E FAPLFIE RARMI LSS AL . FERRIATT
Jiifn, B BEFEALEN X 2R R S 2L AL T
AR e BYr R IR A R, SRZHET
15 [ S P SR BA S 4 T S s o IE R A A
PSR AR R i IR ROR SO RO A
R A A TTA

gi LPrid, FAPI L IHESTr BA KA 0
PRILFIRT S . AR W7 Ko7, FAPL 4% 8
o i v KA Y 5 LR 8] B R 0 R AR P )
W, ATk ERRREGTI
17, BUA i PR 2 W e S A £ 5 45 32 3R 07 e
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AW AR HA RFOEaTE . SR, F AT EE
SE T 28 B A A9F 50 v RS B R A TR EE AT o
BEAN, AAEMREPE FAPT BRIBCHL X AR T B 13638
PR TH R EOR . BAORUE, 2T FAPL A AUSR
E5  NUIE e g g R e H I L AP 2 Iy S
"F-FDG WAR LI AL GIE S EHBIA AN S . Bl
ETREHRFREAAL, RRAYT Z 2T RS
AR RTIEYERT TS AT I HAE AR IR PRI 5% R A0
FL AR, S AE 2R T BB DIE -
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