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Research progress in bicyclic peptide-based radiopharmaceuticals
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Abstract: Radiopharmaceuticals play a crucial role in nuclear medicine, with the development of radioligands
being a key focus in this field. Peptide-based radiopharmaceuticals have shown significant advantages in clinical
applications, with the majority of FDA-approved targeting radiopharmaceuticals since 2018 being derived from
peptides or peptidomimetics. Bicyclic peptides have emerged as a promising targeting moiety in radioligands,
offering improved biophysical properties compared to linear or monocyclic peptide ligands. This article provides
an overview of the methods for obtaining bicyclic peptide ligands, as well as highlighting the major clinical and
preclinical advancements in bicyclic peptide-based radiopharmaceuticals. The review also discusses the future
prospects of bicyclic peptide-based radiopharmaceuticals, offering insights for practitioners in the field of
pharmaceutical science and nuclear medicine to keep up with the latest developments in radiopharmaceutical
innovation.
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Table 1 Comparison of linear, monocyclic and bicyclic peptide
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Characteristic Linear peptide

Monocyclic peptide

Bicyclic peptide

Typical pattern - "Head-to-tail", "head-to-side-chain", "hide- Bicycle tethered at three contact points in the peptide;
chain-to-tail", "side-chain-to-side-chain" peptide macrocycle with internal bridge; double-stapled
cyclization peptide; double macrocyclic peptide

Stability - + 4t

Rapid tissue penetration - + ++

Binding affinity + ++ Tt

Bioavailability + ++ ++

Complex protein targets - + ++

druggable
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Table 2 Scheme of typical chemical synthesis of bicyclic peptides and crosslinkers. TBMB: 1, 3, 5-Tris(bromomethyl)benzene; TATA:
1,3,5-Triacryloyl-1,3,5-triazine; TBAB: N,N',N"-(benzene-1,3,5-triyl)-tris(2-bromoacetamide); TAAB: N,N',N"-benzene-1,3,5-triyltrisprop-
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Figure 2  Structural formulas of representative natural bicyclic peptides
Table 3 Summary of bicyclic peptide-targeted radiopharmaceuticals
Target Indication Radionuclide  Ligand  Application Linker Crosslinker Ref.
Nectin-4 Advanced urothelial carcinoma Gallium-68  N188 Diagnosis - Bischlorooxime-based crosslinker [57]
EphA2 PSMA-negative prostate cancer Fluorine-18 ETN Diagnosis - Bischlorooxime-based crosslinker [58]
EphA2 Human fibrosarcoma Gallium-68  BCY 18469 Diagnosis -[B-Ala]-[Sar10]- Bischlorooxime-based crosslinker [59]
Indium-111 Diagnosis
Lutetium-177 Therapy
MTI1-MMP Fibrosarcoma Gallium-68  BCY-C2 Diagnosis - TBMB [60]
Lutetium-177 BCY-D1  Therapy
MT1-MMP Non-small cell lung cancer Lead-212 BCY20603 Therapy Extended sarcosine TBMB [61]

15 oligomer spacer

1,4,7,10-M 8 4 3+ = J5-1,4,7,10-04 218 (1,4,7,10-
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Figure 3 Structural formulas of representative bicyclic-peptide radiopharmaceuticals

T —Fhoa] DA ) 5 40 R RS (prostate specific
membrane antigen, PSMA) B 1 57 Z1] Jli Je8 (19 65034 Jik 8
i) 1% Z R R 7 [PFIETN (B 3), FE7E /N Bk P T JE i
o 45 RUE 4A SR, [SFIETN 7£ PC3 i /& (EphA2
FARIR) R R B 2 s T 22Rv D R (EphA2 kR
i5) [(2.67 + 0.14)% vs (0.40 £ 0.21)%ID-g"]. "B T &
[PFIETN [ 35 ZHEME 28 5, B B AT DA A JE SR 28 B 10
R EEAR . [“FIETN ££ PC3 JIR o (1 4 5 14 & 42
Al fEAE L A — R A SR Y PSMA B 14 11 41 Biges 12 Wi
TR DT I 0 s s PR 1) A% 35297 3 A A
o EI Fakiri %53 F 46 27 A& i 5 0 %+ EphA2 # 17] JIk
HEAT 25 W AR Ak, BRAF T M5 1% BT 44 4 T BCY 18469 (&
3), H4E ] Ga-68.In-111 F1 Lu-177 #4755 PE bR id .
£ EphA2 1 H HT1080 #5455+, PET/MR B AR 45 2R
BIR, [®GalGa-BCY 18469 £ i fh 5 B & (1 h 4%
EME% 1.7 gmL", 2 h N 1.2 g-mL™), 8 45 & Ik 8
I 5 i AR PR T B 7F EphA2 BA 1 ) MCE-7 B 7R R,
H, [*Ga]Ga-BCY 18469 [1 i 8 15 U AR, Hoid & R br
0 HC AR JF P J5 HT 1080 15528 B 14 Ji Jed 15 I 28 0 1 2 B
fIX, RUNZAA R BA B4R 5 1% (B 4B~D); 1£
PC3 17 8 /N B, [ In]In-BCY 18469 ) SPECT/CT K%,
18 5206 45 Bt — B AE 92 1 %o B N AE IR AR ) AR
B, 4525 1 h R 3 U M (5.72 = 1.47)%ID-g ", FE7F
95 2 24 i J5 75 B HH R B8 1R G [ e B EL(E

N (2.32 £ 0.50)%ID- g™, [F) i i ik B A g 4R HE v [
JREAEEUE 9 (31.9 + 3.4)%ID-g", Bl 4E.F].
23 EREEEAM-1EBENTRKZYE AL )E
% F f -1 (membrane-type matrix metalloproteinase-1,
MTI-MMP) & —Fi I S E g, J& T &8 &
FIR SRR o ' A M B P 58 1) A 8B A 71, 7 A B AT
9o B 2% 1 T R 3 2 Bl A R 2 BN B 40 M T B R R
22170 MT1-MMP TEEL45 IE /N i it « B e A0 7L I
S 7E P B 22 B ko h 08 R LS WU A KB 5 A
o, I BLAE IR AR A R IE B AN AR, R4 K
(38 bR 2 — 7,

Eder 55V FH W B 44 9 6 %5 € tH (1) MT1-MMP 2
[ XA K (1.8 kDa) {8 15 DOTA 453 3 XU B L /4 BCY-
B3, HEM I K fEM0.51 +0.03 nmol-L", il Y &R 5
AR AN HE IR B i R, IR B B A E M R
JKEC A& BCY-C2 (&1 3), Mg £ U3 0 4.9 6%, 4 1
A A% VAR IT I TR SR, AT — P E i KSR e
RN I 2 A1 SR, SRS XA IKIC & BCY-D1 (& 3),
252 6 h 5 MR B K HEHUE N (36.0 + 1.1)%ID-g, PET/
CT /§ 1% K 7~ T MT1-MMP I [6) XUF ik 7w i 7 B 3
{0 0L 1) R S PR R 2 AR B0 ) SR TR, PR RIE B T T A
JETNBARANE N — A5 &, 75 07 3% &1 288 R0 77 B
JR T A J7 T B A 2 %5 . Bicycle Therapeutics 22
A AR 22 U BRI T R A A TR ] MT 1-MMP XA
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