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ABSTRACT

Bombesin has a high binding affinity to gastrin-releasing peptide receptor (GRPR) and can be used as a target-

ing ligand in GRPR-related cancers. Because GRPR is overexpressed in prostate cancer, bombesin analogues

have been investigated extensively for diagnosis and treatment of prostate cancer. In nuclear medicine,

bombesin derivatives labeled with radiometals such as*5’Co, #Cu, ¢Ga,”"Tc, and 7’Lu or radiohalogen such as

131] and At were developed as markers for early detection of tumors and theragnostic tool for cancer

treatment. This review focuses on the introduction of bombesin-based radiopharmaceuticals that are studied

in pre-clinical or clinical research.
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Introduction

Bombesin(BBN)-Z &l FA1F o4 A1 14
7R9]  ofu|iAl HEtO]=(Pyr-Gln-Arg-Leu-Gly-Asn-
Gln-Trp-Ala-Val-Gly-His-Leu-Met-NH)Z  l&d
HHIE #AY &5 52 8oloH| sh= 59 thet
7I65 ot Wetel=R A Ark(1). 53] BBN2
BBN 484 sjigde]o] st Adet= E4= 7HAAL
Aot F8A Hde= w=Edd B 8AIQl BB,
7IA~E"l ®E HElol= =84 (gastrin-releasing

peptide receptor, GRPR)S! BB2, S]7]5=84 subtype

91 BB3, YA -84 BB4E o]F01A QtH2-6). BB2<!
GRPRS GHHd dFd &A= APLL #4<h
A ZHQF 5] Mol A I} o Ao 2 LA
Ao, Es] AYA ot ol wol Hdx=
Aoz ¥raFck(1). wEkk BBN HERO|E {EAl=
GRPRo] 3} Idldsh= A2 =840l Zdtote] ZIt
4 A58 WHIQeEC R AHEE 4= Stk GRPRY
A A7E flof =2 X327 BBN 23A] 4,
BBN RZAl] Az =44E, Heol=-EHARA
AFARIE i okt ¥AMs 4] EAAE
5ol A=) 9l.om, Ahg A B HUA(ECo, “Cu,
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%Ga, *'Tc 5)& °-8of XS okal, Hleh A=
W&tz 5 ALA(7Ly, At )2 EAE S5l A9
A=7} 7hssitk BBN 7I8F WAMJoerE-2 344
A AY4-EA BBN R Ale  gEAx
A EE4a-24 BBN A2 s & Utk
WAHIE4-2 BBNO| #A|517| 5l AH&-5h= Z|o]El=
2,22~ (1,4,7-triazacyclononane-14,7-triyDtriacetic acid
(NOTA), 1,4,7-triazacyclononane,1-glutaric acid-4,7-
acetic acid NODAGA), 2,2°,2"",2"""- (1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetrayl)tetraaceti-
c acid (DOTA),2-(1,4,7,10-tetraazacyclododecane,1
-(glutaric acid)-4,7,10-triacetic acid (DOTAGA) 5-°]
AUtk ZE ©lE-BBN HAFAPIESE T8 * +54
WM HEAe & EASH AMIYRE AlRTt

el gERAE  PAHEIUAs ARSI
APOIOFE- BBN S=A] o Zeflole] thal TS
PGEOIEAS BA Jbs 3 HARAE ALg
FHol TFst B FAeIE WAEILS
71&0 2 B53 BBN-7|6F HIAFA] QJekZo] HQJA) olAk
A U&= g8t A

Radiometal-labeled BBN analogues
[¥**"Co]Co-NOTA-PEG:2-RM26

GRPRY] ZZAIl BBNF=AE o]-83t ARt

TEMEOIA wES BIAHoE  AEIith
LS &0 HIERIHD). 554 HAME
£ FARE M IEE ZlolH 9] 7HEAAe 2
3] Al WRE S0zt HAMIEIRIETL BHA] HiEE]A]
A3 AlE Yol HEA =o FF Fl |2IsttHE).
s} A7=2 BBN--=A RM26(DPhe -Gln- Trp-Ala-
Val-Gly-His-Sta-Leu-NHz)°l NOTA Z&o]E|e} PEG:
spacerE =43 NOTA-PEG:-RM26Z §435tad #7Co

£ A SHATHO). PC-3 QIF HHA GAl ol A At
53] [¥7ColCo-NOTA-PEG2-RM260] AlE
dto] %6‘] =2 A2 HAJTE 7]&9] mIn-RM26Xt} 3
v o AEZ YIgE Hthk o= Co-NOTAL
AMOISFANESY] @2 JIRAY B "Re=
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PC-3 ZFARZ 0]2] ufeA0] PET/CT A4S 47
98l 5CoS HEA| T FRI6HT “CoS FA|5H] SPEC-
T/CTF AWRE ZAaE E2lsilth Co-NOTA-
PEG2-RM26+= 22 G W] A3t 84 7oA w2 A

HAS O] HiEEe & g1 o it Aol

6.00 + 2.00% ID/g, 7FollA+= 0.65 + 0.05% ID/g 2
O M-S HolFloh B3 K, &%, o= w2
AFFE HoJAW blockingg 8l ¥Co-NOTA-

PEG:-RM262 #g9] Heto]=ol oA FARLE o
Z0Foj|A] GHf| oA WS AF TAE &I 4= 9Jo]
PC-3 Al2o]] Sol2 o= devitt= e & 5= 9l

7Co-NOTA-PEG2-RM269] $F 4322 "n, *Ga,
18RS 2|5} S}5tET} v|Lst A9E Yehy: Aog

§1]—O]o]— 2 onq. GRPROT _q. ek ‘6‘°<;F O]/_\_]o]— =
SRdo|A PET/CT 2 e W A2t
mRPAR %] HH7t € %61 £ A2 AT 5

Tt TERE 3AII} 24 A17FON A AP SOl =2
AFEe Hiled ol HJAVM =Tt AE B
apoR HiEHe AR & & ok °olE %6
»57Co-NOTA-PEG:-RM26-> GRPR PET/CT @<
At 83 TR HA S ST 4= Qi

%Cu-labeled DOTA-linker-BBN(7-14) analogues

7180 = AA Zole] BBN HEPO|EE ARESEAL:
C-Ztt ofmiibE ARgste] Brsild whH, o]
Aol A= BBN(7-14) C-It opujiAbe] DOTAE

Agsto] %Cu #A & GRPRO| PETHH= ¥ &
AATH10, 11). o] L BBN(7-14)x+ DOTA Atolo]|
of|iAl YAE TYste] HAF7E =3E IETolA
w27 HjEE =2 519t F7= glycine (G), serine
(), glutamic acid ()& 923t GGG, GSG, GSS, GEG,
GEES] %32 ARESHtHFigure 1). AARE [“Cul-
Cu-DOTA-BBN(7-14) F-=A4| £9] HAs A5 A5
B7HE o, ASAdolAY S-S 7= ot keARE
BAE A& FEAlEo] 1holv A HFH7F £
= AL 3RISH 4 99t & A5AES 7R = serine
2 ZAARE hydroxyl group 7HFAL 137, glutamic
acid®] BARES pK.frel 4.07°2.2 EFgAs}E o]
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Figure 1. Structures and amino acid sequences of DOTA-linker-BBN(7-14) peptides.

S5} ). Z47k0] AE A% T B7H Hots o,
245 W glutamic acid 2F7]19] ARg-0] GRPR-Z&
Alz29] sk 85t ozt 719 AFE IA
A= A L 5= UATE S GGG BA= THollA
%7 5.80% ID/g, APolA 437t 7.90% ID/g
o|A|qt, SSSE FAREZ i 747 2.10% 2.70% =
0B A ERISKIH. o] ZAIE HECe=E
ofn]|:=Ake] 7] MG HHEE wf B4 A7] AFH oA
=2 3E Hols AZ ¥ & Stk XS FAE
ARESHA] AL, ofu| At AP HHEA] @82 %4Cu-3EA]
DOTA-BBN f-EA|Ect AWERZL} in vivo /oA
TLY B0l AF7} H| A =32 I 5= SISt
SHANE B2 F7et deolHE AR W 5S4

BY4s17} o] o] £/} A7} Wash

$4Cu-labeled NODAGA-galacto-BBN

= A7 APAgelM I EdE= GRPRY ¢4
TS EASH= BBN(7-14) R=A] 7[R AP EiRi=

®4Cu-HA] NODAGA-galacto-BBN(7-14)& &

O, of

A35+9cH12) (Figure 2). BBNO|| galactoseS ZAgsH
galacto-BBN< /ol A 7He] AFHE &ol1l 35 A5
= 37MIFAT. [#CulCu-NODAGA-galacto-BBNZt
[*CulCu-NODAGA-BBN< H|I 5t3l& o Het %
WA & o] AZE Al 441710 Gafl Aoy A=
SIS 4= AU EZL QAR 2 3 EF WAks
S C % ID/ml= [FCulCu-NODAGA-galacto-
BBN2 16.2 + 1.48, [*CulCu-NODAGA-BBN”} 15.80
+ 1.74% ID/mlo] Q.2 H, terminal elimination ¥H-47]
(Tir2)=29.2 + 20.61, 70.7 £ 43.71 h& HA7} E
=8ho] o HlEA X Htk= A& & 4= It B3 PET
G A AR B9l in vivooll A FFY] reten-
tion?} °FEoHY E40] B Et= AS & & AU
ZHA AF+= [#CulCu-NODAGA-galacto-BBNOJA]
1.13 + 0.19% ID/g (1 h), 0.82 + 0.35% ID/g (3
h)ol9lom,  [“CulCu-NODAGA-BBNZ  FARgH
up-Aof A 2.69 + 0.60% ID/g (1 h), 2.47 + 0.23%
ID/g (3 h)2.& [“CulCu-NODAGA-galacto-BBN©] H
22 AS ERIskelH ol whsl| SF dF=1h 23 h
oA [“CulCu-NODAGA-galacto-BBN 0.53% ID/g,
1.96 + 1.16% ID/ge]Al [CulCu-NODAGA-BBNef|A]
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Figure 2. Chemical structure of NODAGA-galacto-BBN (A) and galacto-BBN (B).

1.62 + 023% ID/g, 1.18 + 0.18% ID/g& [FCulCu-
NODAGA-galacto-BBN9] EFAHFH7I o =2 A=
RIS 4= Slelth. T4 of @99 Hlgk 7|&
AEch =2 AL IRleitt T o 899 =2
&2 G Y 2t=rt HiEA viEE o 949 F4o]
-l—}v\—f"H At} BBNO| galactose BAE =st] S5
H|go] olHom in vivoo Al HEAT HA
5= 7Pl AL & 4 otk Galactose:=
O gA, 7H9] HF
E} E}E}H [CulCu-NODA-
91 [*Cul NODAGA-BBN

B UL ¥ 4

jan

< E0l= 9T &o £ E°0]1
AR O] HhE &2 &

GA-galacto-BBN2 7|&9] &
Bt aixos GRPRS

QIet.
[%Ga]Ga-iPSMA-Lys’*-BBN

A4 Sole} FAPSMAT GRPRE 42} T2 &
A9 AAgeIA 3 LHFCK13). GRPRE 29| 27]

Aol A 2 o] B 7} ok e A BIe 4 99T,
PSMA= 9] & AN w7 dettes A &
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4= Uth14-18). o& HICE F 71X E4| BF
IE= 1y # QA= iPSMA-Lys*-BBNS HAlsto] AA)
PSIHCH19). iPSMA-Lys>-BBN+  PSMA
ot RPROﬂ 2 X3S Bl o] S vt o 2 EY
53} 3712 AP}, iPSMA-Lys’-BBNS] EA[RS
2764.38 g/mol & 7] k2 EAFRIL HE FH
W i o] SRI=|QI. o]2|et A= PET Y= Ed=
o] Aol A viE Adol A== 15kt Aol
GRPR< Trdstar g HH|ghth= 22 2 LefA] Al
wpetA], FPdat A AAFH7H 2 PET 94 [#GalGa-iP-
SMA-BBN2] JA| f o]F #A&o] HQith= THZE &
e} [BGalGa-PSMA-113} Bl W3tS o) [BGalGa-PS-
MA-119] H4 |84 0.0220 mSv/MBq 183t
[%GalGa-PSMA-BBN-Z 0.0217 mSv/MBqO.& [%Gal
Ga-PSMA-BBNO]| H 2 @l ui&S H ot opx|qt
Ao A= [8GalGa-PSMA-11 Zke] 0.12 mGy/MBq,
[%GalGa-PSMA-BBN+= 0.035 mSv/MBqC.& 7|&9]
ﬁ;ﬂ _g}-o]—‘j o] | 68Ga]Ga-LyS3-BBN 0]1,} [8Gal-
Ga-BAY 8675485t} 48] &2 A& FRISHAITH20,
21). & AFolA= 489 A Ao R [$GalGa-
iPSMA-BBN9] A A&7 AAlIste] S AHF

0, i o
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Tablel. Radiolabeled BBN analogues for clinical studies
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Name Target Location Phase PrimaryPurpose
[#Ga]Ga-DOTA-BBN Prostate Carcinoma, Stanford University Phase 2 Diagnosis
GRPR
Breast Cancer,
Prostate Cancer,
[%Ga]Ga-NeoBOMBI Colorectal Cancer, idvizzif coelerator | ppse Diagnosis
Non-Small Cell pplications
Lung Cancer,
Small Cell Lung Cancer
Prostate Cancer, Memorial Sloan hase 2 . .
68
[*Ga]Ga-RM2 GRPR Kettering Cancer Center Phase Diagnosis
Life Molecular . .
[%Ga]Ga-BAY86-7548 Prostate Cancer fmaging SA Phase 1 Diagnosis
BAY86-4367 Prostate Cancer Bayer Phase 1 Diagnosis
[*"Tc]Te-Demobesin-4 Prostate Cancer Cancer Research UK Phase 1 Diagnosis
7 Neoplasms Advanced Accelerator Phase 1 Thera
[""Lu]Lu-NeoB P Applications Phase 2 24
. . Peking Union Medical . .
[%Ga]Ga-NOTA-RM26 Gastrointestinal College Hospital Early Phase 1 Diagnosis
[*Ga]Ga-RM2 University Hospi
pital, . .
compared to Prostate Cancer Bordeaux Phase 2 Diagnosis
[**Ga]Ga-PSMA-617
[2Pb]Pb-DOTAM-GRPR1 | GRPR-expressing tumor | Orano Med LLC Phase 1 Therapy

£ A43keto] Hrletolet. AdolA [$GalGa-PSMA-
BBN-2 BBNo|U PSMA ©HFA| H ot £k AF71 =&
AL R & ULt oA PET YA AAEF
oA [8GalGa-PSMA-110] § &2 SUVmax gFS Hol&=
Ag & A%¥Er], o] A2 B9] AYrof w2 FFo]

= T AR

227 Ao o5t Aoz HWohHr} [8GalGa-iPS-

MA-BBNS A3t st 2 M@k=d ug
zZ

O 2 PSMA%} GRPRE &5+ RS 4= Qlom, AhAIY¢
o] AekS 5t Aglet PET A =287 E 4 9J2-2

Zrstct.
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[**Cu]Cu-SAR-Bombesin

o= iR JAEEA 8 (ERHF =
EALHE $8A(PRHE ©ol| LA, o] &A=
2 [8F]fluorodeoxyglucose (FDG) PET/CTIA ol A
S i E ZH=th22-24). GRPRS ER/PR %
3 Akt 11 Aoltoll A I AETH25). S59 St
Vincent's8H ¥ A8 [*“CulCu-Sarcophag-
inine(SAR)-BBNZ ©-&510] Al 7ol ER+/PR+/hu-
man epidermal growth factor-2-274 (HER2-)?1
Lujol Ao} QAIA LS Asﬂg}gﬂ;ﬂ(@ gl FHAS
/%]X%E l:ﬂ-}\]-k]_,]okﬁ_,] o:]OﬂHH% /ﬂ%LJ‘]E _{'\_oﬂ‘é‘]—
Aol dAME XAAEE B9 GRPR X =
715k} [“CulCu-SAR-BBNS ©]&-3] PET/ CT&
A2 SASE 35 Hlol 71& 94371HA FDG PET
P, HAH, CT= &Asiith. 789 A==
o= sl 78 Foll 182 de-novo Fol4
FrderolH, 692 HolH FHet SAtE A=}l 1
Ho] &A= [““CulCu-SAR-BBN A¥43/[¥FIFDG <4
ojict. 7789l AT 4782 [¥CulCu-SAR-BBNO]
F3/[BHFDG ¥delH, o] TAFE [HCulCu-SAR-BBN <]
SUVmax @Fo] [BFIFDGET 15 of 122 ¢ l;'i‘:: =
218k 4= At} Lobular subtype 84} 202 [*“Cul-
Cu-SAR-BBN9] SUVmax Z}o] 20 o] 112 FDGETh
=2 AL A 4 YTt Ak &AL A Al 200 MBqJ
[64Cu]Cu—SAR—BBN—§ FARS W avFolqitt.
webA] [¢CulCu-SAR-BBNQ] PET/CTEAS UATA
o7 AREEF 4 Q1o ER+/PR+/HER2- oA 4
22}, 3] lobular subtype SR} AIA 5-2]u]gE 2
734*— AE 9»19&‘:} iy O]"/]E]', BBN= 7]4¥to.
RS BlIs] AEAe,

7t AAIH =

i l:l

i

6
2

o
ul

HU i

Radiohalogen-labeled BBN analogues
21 At-labeled BBN derivatives
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71&9 TE2F QHo|u PAAR A7t £A] 2
Ao A QJOEE S o] 83t WA HAHAE
A 25 AL K28, 29). 2 FAMIHE A7
= PAV S SRS Aok st FHURE
WEote HAMEER] AL ARESHe] 14 gt
A=2E P 5 ATH30-33). 1A ¥H7|7F 7.241%F
o2 A FEsH v 7t 42 HERo| = Ao
HA5H] #4 dA|go]| Agsich 2 AolA=
GRPR&A1° &2 X5k2l2 7 BBN(7-14)5 &
HHA| = o]&sto], YA =& BBN FEAE F/dstal
AL SFATHR4). WA 1AL I AR 3FekA S 2=
HIRFAY @ @ ©F E3o= 3-iodobenzoyl bombe-
sin(B-BBN)2.2 Z3} ZgtegS gjlstal 21A°] &
A=l BBN FEAE in vitro2} in vivool| A B7}olA Tt
HA HAMY 2 @ & BBNY] o] At 4GS thEA
sto] FFoll it A% =S Bluste] 7Y %k
2ol =2 BBN FZAlE A=t N-succinim-
idyl-3-[*!At]astatobenzoate (SAB)Z ¥A] & BBN
FAlo] Aget [PUAAB-BBN S-=A1E PC-3 A%
oA AHZ S5l 2F 80% WASHES &stct A
19 23 S5 Fgol Eoldo= 3=
A2 Tt AZI HTAES 1 7aske
golstgch AT AA, B3 b, v)A SO
F=QAt o2t =2 A AT DotAE
71QI5k= AL = AB 3}%&E0] BBNAH A&
T= A= geolE EAE AFARlAEIE |
A= HRITH35, 36). AAITol|A= 1+ 4
SOIABIEIRES AA|A ofAEEIo] IHFAl
JQ% dgZ Y 4 A BBN fEA= 8
A=, Az WAkt o]FoiXl H, gag
1 1 BajEl Hog F4Hth gotyt AW
N-succinimidyl-3-iodobenzoate (SIB)°ll 4% AlX&
WSt o] HAMY thAMAlE 8 2 E7F WoR|A] oar
HHO 2 thA| o3It SEA|TE ofARFHS E|AEo]
O3t 4k5} HolAEREIo] 8 @ Tof H|S] 37 ToflA] 6 x
1008 ] dojubz Ao E BRIt 2 AHolA]
7idet [PUAtJAB-BBN2 SYHT FARA oA ¢
=2 AFE QI8 AEaart oA, el &
Si7F dojubA] Hefol Qg AJo] WojXict. g A+
& BBN oAl Adat FA 9] &3kE Sf AU

|
>.
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o
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uf
o1 o B 34 BRim T §2 WS Eglelal G4
RS FIAA FIEY 5 JArK38-41). ©] ¢
A5} 015 EA-& PSMA-617, RM26 EA} Alo]o]l X-tri-
azoyl-Tyr-PEG2 :29] 3714 &7 (X= PEG2 (BO530),
(CHs (BO535), T+ none (BO530)E Lot a4
SIATHA2). L= Hepo| B AR R EE A
Sto GRPRI PSMA®] thgh 23t Eol/idE B7ts| $ial
PC-3 (GRPR+), LNCaP (PSMA+), PC-3pip (GRPR/PS-
MA+) NIZZZ: o1& invitro, invivo A2 Y31 35
heterodimer= oF 70%2] &2 WARISH] &8 #A4|
E|QA, 2 APAY A2 3} IhFe] RM26 3 PSMA
of oJaf AF AA7F =it PC-39F PC-3pip AlZoA
NS FAI3FRM26 Z PSMA-6179] T3l BO5362] 74-$-
Z17F 6 + 2, 80 + 7 nM9] ICyy 7k E3Ath GRPR%t
PSMA A FTYMEES o]23h mRerof gt A3
EoldE AmE AgoA [P[-BO535+= RM-26014
PSMA-6170] s}  AHAAPE =3
[#I[-BO535+= PSMA-617¢] 23l FHAA| 7} 9o
RM26 of] thigt A3 A= A9 IRATHF 13%). PC-3pip
o] 4] uke-Aof| A =e¥gt AR AFolA [Z]-BO530
= FAFE 3 holl 30-35% ID/g®] &2 % AFIE E3irh
P71 w2 HiEZ el 24 h o|F Y= A4,
AP 5 T2 A7)of vlsf &k 72 hol= FUS AlQjet
0] A7]o)A WARso] HiEEIQIE o] ot AntE
HOFS GRPR/PSMA ©|F & Z7H=21 [%11-BO530
+ HlERc A8 (theranostics)ll E82 4 SIS Zo=
7]zt

=
=

o}o}o
o AA— |y

Conclusion

Journal of Radiopharmaceuticals and Molecular Probes

2 oAM= ALY, Y oAl I ==
GRPRES HAot= AMIEIES A3 e4e
stets Agdo| wet S5447 EAS YT
428 Wo] Attt BBNS GRPRIF AgEo]
o9- 7] wj&of] BBNS 7|92 §F thfst BhAI <
ok o] A77F XY= Qlom, Mgtk & X 79| A}
NMZ ol =dE v w$ EFpHolzt= Aol
YS=3L QltHTable 1). sHARE o}#] ti#E9] BBN
718 WA QJekEo] A4 27|GAR RS o] Fof
A2 AR FF FF o IREE719] HlEE T
=01 #E FF & Zf g Brh 943 GRPR
A AP olokFo] idE A0 R AlidHrh
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