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[ Abstract] With the wide application of PET in clinic, '*F-AlF-labeled peptide biomolecular
probes are increasing in the spotlight. The procedure of '*F-AIF labeling of biomolecule conjugates is
simple, valid and has tremendous potential. "*F-AlF-biomolecule conjugates PET imaging has high
sensitivity and spatial resolution, with ideal quantification properties to trace biological targets of
various tumors, so as to provide important information for accurate diagnosis and treatment of tumors.
Part of them are in clinical research stage and show a broad scope in future clinical application. In this
paper, the authors review the current process of "*F-AlF-labeled peptide molecular probes for PET
tumor imaging.
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WAk, Tk, JRAEC. “Ga. “Cu. YZr K™ bricHyiEmF
T HREHEIR R P RO N BT 2, (HF ARICH 2> T 45T
HAT B 1) AR RBUE e 2= (i) 73, BOESE S T PET
g AR

1 "FiRESRAFHERAGE

Hii, "FAmic2Mor 7128 3 forik: “F friclist
2. H SR Ig R F-RAR R (PF-ALF) 45 ARt ik
MM °F ZRAZIU R AN & 2 TR
1.1 F brichiidkik

JAFF bric i R 2 R M R A AR I
DEAHEE S N A 3 2-PF-SR N R X - i 3£ TR (nitrophenyl
2-["*F]fluoropropionate, "*F-NFP), N-Bf 311 V. Jiz -4-"°F-F K
FH % i ( N-succinimidyl-4-["*F]fluorobenzoate, "*F-SFB) n] |
TR H R H &R - K 4 R (Arg-Gly-Asp, RGD) J k2 1)
SFARIC; R TOREE SN F ARic i) Sk I Y 45 R 2
U0 N-[6-(4-["F] FRAR I T ) S AL 4 O S e Pt 7 Ji (N-[6-
(4-["*F]fluorobenzylidene) aminooxyhexyl] maleimide, *F-
FBAM). N-2-(4-["F] A H B2 ) & 58 5 R w0 (N-[2-
(4-["*F]fluorobenzamido)ethylmaleimide, "*F-FBEM), "“F-FDG-
I 3k P 3 iz © 2 )15 (maleimidehexyloxime, MHO), #] T
B B R Bk e R AR HE IS ARIE . (H A TR bR
RS, RMEEK, fRid A0, Bl AR
K, EWbmCy e,
12 gihfbebricik

B R Y e S R O N TR T L R TR = S U T e e
Y, R TR S E SRR N O
12 WA A A Y B R g B Y 0 8 S g ( Cu-catalyzed
azide- alkyne cycloaddition, CUAAC), [3+2] & & bR FR M
Ji% JZ i ( strain-promoted azide-alkyne cycloaddition, SPAAC),
B F H1 31 £ IO AT Diels-Alder( D-A) R ™, Horfr,
CuAAC N H R ezt AT Cul T)fEALFAT 40
Bk GiF R EAZ T RR R, PR T G R R .
AR, M EES TR RRE, HREL

BREBL, FAARICT P07 R AR R M RN, B
1.3 "F-AIF %5 hrici:

SF-AIF 52 Mg m . B mieE, B
Pricil PRl . soni i R RRE v, 5 TR
). "F-AIF bRic (W FIEE 204 DTPA, 1,4, 7, 10-19
AW+ —he-1, 4,7, 10-lU 212 (1, 4, 7, 10- tetraazacyc-
lododecane-1, 4, 7, 10-tetraacetic acid, DOTA) 1 1, 4, 7-=4&
Z2 T bi-1, 4, 7-= & 12 (1, 4, T-triazacyclononane-1, 4, 7-
triacetic acid, NOTA)%, 5 DTPA AL, LA NOTA GZ A
S RIbRIC AR E LT LF; 5 DOTA AL, NOTA nJ ik
DOTA ZR AR F3e w5 AV B, HiE T
AP (1), 8 NOTA 5 "F-AIF (3% % e,
FITHRIC. (H F-AIF-NOTA BHRIC T BT 76 i i 2k 1 ik
1T, A& FHRe T o Cleeren 5™ BUBREFISEHA, 7E
F IR T A T PF-AIF-29 38 2% 45 5] ( restrained complexing
agent, RESCA)- A& [ 4 K A F3Z 4K 2(human epidermal
growth factor receptor 2, HER2) 7&K (PEP04314), ZEM
T "F-AIF-NOTA 75 e ifi S 0 (9 R, ] s SR B, T
“F bric U T ROPER .

2 "F-AIF fR2 SRS FIRETF L

2.1 "F-AIF #5ic RGD MG E avB3 2L PET M i

HAE avB3 LA IS PN Bz 20 MR 2 s 4 i 2 1
AR, RIS RS 1 TR s . RGD A HER
P S HAE avB3 454, N RGD 4 T4 RS B T
A, Liu 550 5 2687 1 F-AIF %F NOTA-RGD L4895 17
Frid, FHHTMEImE B4G, S58RH, Zirid 7 ikm
{f, micro-PET A% Won W & Y T/NT, - EiZFHREr
TER RS RR R, X R F-AIF-NOTA Fric Jr B 7E I
PR B R B AT . F-ATF-Bi[ 32 ik ( Alfatide 1)
FR¥F-AIF-NOTA- PRGD2, H:Zx T3 & i 5l T F 1l J2: 4%
G avB3 ZRBARMERIGIRIEDE . Wan 55 R "F-AIF-
NOTA-PRGD2 #i47 PET/CT W%, &5 E/R, H RS
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Figure 1 Chemical structure diagrams of DOTA , NOTA and "F-AIF-NOTA
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PRI R AE avB3 AU, AT MRS K 4T
XoF B A I A HE 1 YA T BT RO . RS, *F-AIF-NOTA-
PRGD2 PET/CT & & 78 Jili g bk T &5 56 B8 . 5 o 1o 400 e
B M2 W LA BT I A8 A B2 BT JE T A o
7 Hh B R I PR RS 17,

2.2 F-AIF bRichy 8 W R BRI &L PET Mg 1%

B W & B Ik 3% 1 ( gastrin releasing peptide receptor,
GRPR) 7£ Z Ffi g CHiip 57 Bt . L ARA8 /Nt B it ) oo
IR, SRR R BAR IR I R S RO
P ZEARICH) GRPR MECAT] 552 (R R kg &, dF it
a4 T AR . Pan % PPAL T GRPR HE [ AR5 “F-ALF-
NOTA-H &R - H 2 R - H 22 W2 K 2 MR- R 4 iR - K A< Tk e -
D-2 PN SR - 45 F Tk i - €0, B T - TN 2 R - 01 2 R - T R -4
i2-5% R R - ik £ F ( Gly-Gly-Gly-Arg-Asp-Asn-D-Phe-Gln-
Trp-Ala-Val-Gly-His-Leu-NHCH2CH3, MATBBN) 7£ fij 71|
i PET AR W Ty, 55k, 5"F-FDG fHlL, "F-
AIF-NOTA-MATBBN 51 51| I Ji 4 Ml PC-3 A 255 Fr 5 1t
WA, (0 HAEBERRERO2 v B L YE P AR SN E T 22
FEAERT ] (2 h) 3%, Carlucei 2509 HF9Y & ¥, GRPR 455
P 8550 PF-AIF-NOTA-4, 7-Bi A4 3PN 2 BR -k 2 3 il °F-ALF -
NOTA-2,6-8 Ak WU 2 % -k iz 28 AT 5 AT 471 g s 4t . PC-3
BMR R eSO H 2 RloR B 450 78 Az BEER KR If.
HHEE 4h )5, BIMEEME>0%, RNRREMES>T5%,
23 "F-AlF #1009 510 B Rr 5 PR IR SR ( prostate-specific

membrane antigen, PSMA ) & H: PET & 4%

9 i 2 5 M AR UL I M R, PSMA FERZ
BT e A0 rh R R R AR R, R BAR AR TR
TEAL . X PSMA 55 25 A o b AT O e E A
WA TR AR . AR, IFFEE 2 PMSA 7 TR
£ A %Ga Bric 1Y) PSMA-11, PSMA-617. PSMA-I&T i1 =
#2 JL nty ug B ( trishy droxypyridihone, THP) -PSMA J% F #1
it iy DCFBC Hl PSMA-1007, 1H i T%Ga iy =048 . B8
TG . A 5 L R ®Ge/®Ga &L 2SR AL A B, I
fifi FH A2 R BRI, W1 F bRic A9 PMSA 20 F 6T 1 B F 4
eIz . Boschi 251 Xif "F-AIF-PSMA-11 #E 47 IIfi R 17 1
i, MW/INER PET A= 92 43 10 UG HE T T F-AIF-PSMA-11
MW o, i R R B AR, RSEAR T A
1 Je KT 32 570 o4 564 MBq, Rl R R FHBEE T 366 . Liu
2 52 i PF-AIF-PSMA-b 50 il 98 = B¢ ( Beijing Carcinoma
Hospital, BCH) (il #, JFiE 7% &R, 76 R15) BE
200 A e R R BRI T AR A R L S I R M, 2R
By, "F-AIF-PSMA-BCH [WHl# Wi, %4tkdf, micro-PET
AR T A M X 43/ BURT IR 22R V1 iR (PSMA FHME)
FIFIFIAR PC-3 R (PSMA B ); A 11 97l 51 iR 88

H I 37 4~ PSMA = R ik AL, BT 52 B *F-AlF-
PSMA-BCH 7+ TR £ W I R 56 tb o J5 SLi B4 18 i1 i
TR, A0 50 e B RS 2T B B v R v
FH A
2.4 “F-AIF fRic A KM ZE MUY ( somatostatin analogs,

SSAs) N H: PET Al A%

A KA 2R (somatostatin, SST) H #1282 WA A B . Hos
YA R RAEANM = 2E, FERG . TR K B Wl A o A
BRI 2. SSAs EHA B Ik (octreotide, OC), =23 ik K
fRAERREE . SST K SSAs M A=Wy 1t 3 B ik 48 ) 241
JIEE I Y A= K 30 2 2 1 ( somatostatin receptors, SSTR) /-5 &
PEVER] . SSTR J&—Fh AU ARORE AR 11, AR 28 P8 43100 e
X bR R G R . FLAE . TR R A A 2 g rh
FFIA. B FEARICHY SSAs 7T SSTR FIkFHYER)
i ) AR

125 N 43 b EE (neuroendocrine tumors, NETSs) ) & 5
KGRI, KREZBNETs /MERAE . ERKZE . Hait
WAKFRML, “F-FDG WARFe Rtk KA, B2 Wi oy A
Mo MR ik SSTROJEIHZ SSTR-2), L[ PET
15500 K SRR . EAEK, “Ga bRiC SSAs BT A K & &,
B In-DTPA-OC AN SSTR AR “ EAriE" ™, FE Il
PR 145 31 1 F 9 7 35770 32 24 % Ga-1,4,7,10-I0 R 24 36 1
$e-1,4,7,10-PU ZFR-D-R N R IR 1-FE 2R 3-70 2R -T2 i ik
(**Ga-DOTA-Tyr(3)-octreotate, “Ga-DOTATATE), “Ga-1,4,
7,10-P9 & 24 3R+ i -1,4,7,10-PU 2, BR - & BR 3-2L il Jik
(DOTA-Tyr(3)-octreotide, DOTATOC) & *Ga-1,4,7,10-VU A
HRI+ he-1,4,7,10-00 2, iR -1-25 9 S R 3-EL 1l iR (DOTA-
Nal(3)-octreotide, DOTANOC), #& 1l K “Ge/*Ga % 4 %% HY
H =B, “Ga FRic SSAs PET W15 5 I A 107 FH 52 1) bR
il AT AR SF ARICHY SSAs [ I R N FH 2 B T B . Long
S0 7 T BRIl PRI 36 8% [*F]AIF-NOTA-OCYj *F-FDG &
BHATX I, 455, SF-AIF-NOTA-OC 7E %41 . 7k
Yyf o A Rt BOR R 2E Ao b R B AR, FLMR R
HR T/NT #5505 . Pauwels 2509 8 15 iy i385 % *F-AILF-
NOTA-OC %4t . R . EWFafi . 21%sh 2
FIEE 1) PR BT 5, JRAE 6 ] NETs (3 H0K 3 5 “Ga-
DOTATATE B4 9k7HbEs, 458 E W, "F-AIF-NOTA-OC
Gk, Wtk RE, SRR ETRNsfG. s
2E T R R R T, WP AR A H R 5 *Ga-DOTATATE
AN, STUF WA RS A M BERE, F-ALF-
NOTA-OC £ B2 Wi NETs 9 8185
2.5 "F-AlF #ric iy HER2 JR-A1A K& IL PET i A4

HER2 J& i SRR B 32 R FE 11, 76 W At 2 Ak . 3
B R R NS R G E . U R AR
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HER2 E& AT LIS HER2 Mk mpe ks &, M
7S5 B0 S A 0 J5 2 L e RS L FNYR T i R v HER2 (120
A4k, Xt HER2 FHYERR B9 W . 3R 77 By sk W i B A7
TR XY, Heskamp 5P Hi2iH T NOTA(S)-Zygra30 M
SF-AIF — B hric i S AE A O 5155 40 i SKOV3 i 96 4 B
WA EIRFST, 25 ER, 5%Ga fil'M ' In 4710 A HER2 3%
BARFALL, "“F-AIF-NOTA(5)-Ziggro:30 T LT H I/ I3 8 %
SR, R L R, AR AR LR BN S
1o Glaser 2235t L A3 AL 57 A4 )7 15 ("8F-silicon-fluoride
acceptor approach, "F-SiFA). "F-AIF-NOTA #l 4-"F-% 7%
FHRE 3 P EVRIC Zugroose R AR PET/CT WAGKUR, 45
R, H5HAL 2 Fric AR, F-AIF FRICH Zigroasor
e BT AR e R A I R, ELAE HER2 334 PH A (14 fa 0 47 B
AR S A i 1 PR L PR R R P LA, R
AR, Xu &P S HER2 4% 5 81557 “F-AIF-NOTA-
T 3k W 37 2 ( maleimide, MAL) -MZypro3407E A [i] HER2 38
5 7K P 14 Je 98 40 e 96 AR B 0 AR, R R,
“F-AIF-NOTA-MAL-MZyppy.34p B BURIE, 254020 128
R4f, 78 HER2 FAMERY A DP S 4 SKOV3 Ko AL 4t
Jitl JIMT-1 fap g 4R B ) AR, S A LI PR FH v
J11 HER2 #8015y T84t o
2.6 "F-AIF fric i 2T 2k 40 i 15 Ak 25 (1 57 ( fibroblast
activation protein inhibition, FAPI ) & H: PET i 1%
JpEg A S AT 4E 4 (cancer-associated fibroblast, CAF)
TG NET 24 240 62 SR P 1) S L 2H U 5) . CAF 7E 90%
L A i v s e ik, S ek 0 b A A A I TS AL R
(fibroblast activation protein, FAP) fi #F i A= 1 A% £5 4,
TS PEAZ Z FRICH FAPLE JH T 2 % (9 AR B 5% .
Kratochwil 252! F{*Ga-FAPI-04 X} 80 {5l isgs 2% 4T PET/CT
AR, SEREIR, TR 28 Fh iR 4 5 R ok
Rk, DONMOR I TCRNS W . 4 B RO M R T T
FE T BN AT S . BEJS, “Ga. “Cu. Ac FI”Tc™ % jik
SEHEAZ R ARICHY FAPL AHZARTE B I SMEHIE B IG IR T A i AS W
BT, O 38 B Bl AR S PR RS A 7 1
H EA SR AT 171, Giesel Z52% 43 B FHI F-AIF . “Ga tx
1C NOTA-FAPI 74 J£- X%} 10 {1 fifi i 8 & #E47 PET/CT A%,
25, "F-AIF-NOTA-FAPI 74 PET/CT G X He BE AR
25 (B A BRI i, I FLG RS AR SRR AR, TS T R
M. BIRSF-AIF ARIC I FAPL 16 Z R Mg b i 150 R
b, PSETF 0 10 A AR AT AR AN TR AL . PR R E
AH 56 HE R R 98 LA SIF A 2T AL 25 B R, HA2 W7 BT P
Brif e S AR . A 4N, E-AIF R0 H) FAPL (11l PR 7
FHA R R, R 3RA 55 [ 5 6 240 i WA A B Sy At ofe b
BPRFE S, WA IR F-FDG Bk 1 i

SR B 02 R G PR
3 MESRE

"F-AIF #R1CH) PET AR BT & 5052 G, #
o ©AE I RWT 5 b 7 RS o B IR AL I RCR . F-AIF
HEPRCTNERE AT, FEAER pH (A B S A LA
FIFTRE—D 58, IR AT AT . BR NOTA B 52k
WAL, A Z 807145 F3E T "F-AIF 285 YR bRic (n
RESCA), M 1 mil A PFFRCHIBR W thBhr i i
PRI RS . BRI BARSL, PF-AIF fRiC 2 M IEH T 218
SR IS B SRR P 2 T ) RO BT i — PR R
HA R

FlEEMR PTAEE I R
EBEREARI SIS 5SS R . BRI D4R
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