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Peptide-based Radiopharmaceutical for the Tumor
Targeting Diagnosis and Treatment

Yu Na Ha, Kwang Il Kim*
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ABSTRACT Peptide-based radiopharmaceuticals have brought significant advancements in the diagnosis and treatment
of various cancers, serving as a powerful tool in nuclear medicine. These radiopharmaceuticals utilize the high
specificity of peptides for certain cell receptors, such as the prostate-specific membrane antigen in prostate
cancer and somatostatin receptors in neuroendocrine tumors. This review paper aims to describe the clinical
benefits of peptide-based radiopharmaceuticals, emphasizing their high target affinity, improved imaging
quality, and therapeutic efficacy. By integrating ongoing research and clinical trial data, the innovative impact of
peptide-based radiopharmaceuticals in nuclear medicine is highlighted.
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Peptide Radiopharmaceuticals:
Mechanisms and Design

1. Characteristics of Peptide
Radiopharmaceuticals

1.1 Biological Characteristics
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1.2 Structural Characteristics
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Figure 1. Peptide radiopharmaceuticals consist of a
radionuclide, a targeting peptide, and a linker that
joins the two.



2. Mechanism of Action of Peptide
Radiopharmaceuticals
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2.1 Selection of Radionuclides
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Table 1. Different classes of major radionuclides for targeted radionuclide therapy.

Radionuclide Physical half-life Emax Max range in tissue Application
p-emitters
Fluorine-18 (*°F) 109.8 min 635 keV 2.3mm PET imaging
Gallium-68 (®Ga) 67.7 min 1,900 keV 9.1 mm PET imaging
Indium-111 (***In) 2.8 day 245 keV SPECT imaging
Yttrium-90 (°°Y) 64 hour 2,270 keV 11 mm Targeted radiotherapy
Copper-64 (**Cu) 12.7 hour 655 keV 3.1mm PET imaging/ Targeted radiotherapy
Lutetium-177 (*”’Lu) 6.73 day 497 keV 1.8 mm Targeted radiotherapy
a-emitters
Astatine-211 (*'At) 7.2 hour 5.9 MeV 60 ym Targeted radiotherapy
Bismuth-213 (***Bi) 45.6 min 5.8 MeV 84 um Targeted radiotherapy
Actinium-225 (**Ac) 9.9 day 5.7 MeV 85 um Targeted radiotherapy
Radium-223 (***Ra) 11.4 day 5.7 MeV 100 um Targeted radiotherapy
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2.2 Use of Chelators
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2.3 Specific Targeting and Binding to Receptors

HEP| & WAV Qo EFS YA 5 54 Alx 3H
= 5 #EAU voluAE EA R e
ot SEH QE0| =9 @2 HEto| == AFUEH Y
AN HEHE = AvtEAEE £EAE BALE 4=
o £o Al AMY A PEolEE E€RE <80 &

2 EolX3} Aglg oz NE HHo| H7 £8A 0] AT

Y

86 J Radiopharm Mol Probes Vol. 10, No. 1, 2024

gt 2% A58 Gt o8 SAZ, By adA
9, Wepo|=of 2 8A) Ato]9] o] Jo -t 2 vlE

TGS BT

=l
2}

2.4 Mechanism of Action
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3. Design and Synthesis of Peptide
Radiopharmaceuticals

3.1 Design Principles for Peptide
Radiopharmaceuticals
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3.1.2 High Binding Affinity

Am Be At a5 Selstr] ffs) 20 st
I PE AR Ago] HAEofof gt o] F I8 ofm] At
AL 2 Ag}oto] 14 At Ao AES A3t
= ATH, 14)(9): 12218 HEto| == ARt 22 <

O w2 ek 2te 497t B2). B ALESt B H

2 ot

—



(o)
o,
=)
H—‘
r
1o
of

Olf
MR
L
rlo

7l&e Mgt A 21st
= FIAE 5 Akl e 3tE RGD et

3 FEiol Blsh A Aol FH).

helation for Radionuclide Binding

|EAE AHE-Sto] IAMY AES HEfo| =of Tt

Sho] QMY /gt A ol-& &S HAdTIt). oju] Y5t

€ B 0B} g B RIS B
Z

oXx, rZ‘.‘.
n & e

o

oX,

X,

fr
3:

9
¢

w

1.
El

(@)

N

fl
==
0

iln‘
™
o

iy

(9: DOTAS: @5}0154 N-‘?:_“I{roﬂ HH(15)).
3.1.4 Selection of Radionuclide
gt AN A (AT B M)l whet AT AL
A A2 HAsith gAF Aok E4 0 2= ZupAoju) oF
RS PESHe 8ES MEITHE: PET o]u] o] A4S
Ga, SPECT ©|u]4 9] - "'In). A& &0 2= Het
T gt ?JX}E WEohs dE= AHSTh: HE 8
o] A% Lu, I YA E 29 B P Ac).
3.1.5 Pharmacokinetics and Biodistribution
BIAQl EA3k} 24710] 14 9 ANE EHASH
2 9}0”/} v Al 9 54 2
Aol 4 A5 A et
folA) B2 oot 22
2olo] AYFEF Wetol= S
F5}st7] 13t D-obv]ieAbe] Bt

ol

ENS X
-1 O 11 o=

o= A18). A7l &
40“‘%(011 YL
3.1.6 Minimizing Immunogenicity
et =7k A e Bhg S okA) YIS dhol
QPHSLT WHEHQl Fol7} /Hs St S Biet. o B Wet
o|=E A1g3T W] 9l & Y AAL Tt
(°f: < AA 2 Q1AS £0]7] f18 HE| =5 ¥ 9).
3.1.7 Therapeutic and Diagnostic Efficacy
AP lokEol BAH8-g A Aot Yok AR
L G F%e PR BRAF A G5 S
Kolo] F@e ARSIl LAY AT Bag

&= =0 A 24 it &S5 AR, A&

AHdef ool et Ak sl A= I8 AS
=] ZRISHHO]): FPA] 9] 2F& 9] =2 specific activity

= Ou|A| HHE FAA).

Journal of Radiopharmaceuticals and Molecular Probes

3.2 Synthesis and Labeling of Peptide
Radiopharmaceuticals
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3.2.1 Peptide Synthesis

JAF "Elo] = $HA(Solid-Phase Peptide Synthesis,
SPPS) HEo| =5 FA4sh= 7HE ARl 7|&=2A
E-8/4 Aol LA E o] st HErel= A& ot
AkE &R0 g Hrste e 2T Z) ot At
o] &/43}+31(q]: HBTU E+= DIC AR§) 4+4] 29t HEt
o of AgHrt. ofu]i4ke] JA] BB 7|(9: Fmoe E=
Boc)7} A|AE 0] thz A% BE-8= I3l otil7|7} e E]
3 Ash= feto| = Aol 2HE wi7bA] A9 2 HT 9
A 717} vHEET g E Weto| s FAloA 22
J duk o 3145 HA ARutEIHI(HPLOE &
S A

3.2.2 Chelator Conjugation

Aol EAL AT A0 H AT A B4
slok s}, &3] AL8H Pelo]EAel DOTA, NOTA
8 DTPAZ} E3HEIT). Hetol=o] A4 Fasle deo|
EAE, |8 So] DOTAL N-Ze EL Hefo| =] gho]
Al 77100 438 % Aok B2 Heo = WYL 3t
715719k PAY 8F AGS A 715712
% 7154 Bee|EAL ARl 9% ekl 2vhE
2EHE 58718 EHO2 She Wefol=9] A4S, Wefe]
=] getof 2hoj4l 11717} Eolq F4H T DOTAS 2
3He 2= 9Ioh.

3.2.3 Radiolabeling
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Figure 2. (A) The structure of *Ga-DOTA-D-Phe-Tyr3-octreotide (**Ga-DOTATOC). (B) The ®Ga-DOTATOC PET
images of varying degrees of cancer patient. Red arrows indicate tumor lesions. Several pulmonal lymph node
metastases are detected (left). Lymph nodes, bone, and liver lesions are det ected (middle). The primary lesion in
the lung is highlighted (right). S = Spleen; K = Kidney. Copyright © 2018, Werner RA, et al. (27)
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3. Prostate Specific Membrane Antigen (PSMA)

PSMAL AZPA Lo g s= YA Eo|& db
oot APAYG AE 2] 95 %Ol A 100-10008) 7=
23 Al WAgtE] = 5400 93 IS 4 A=E A%
HF2 07 Fgdr}. “Ga-PSMA-11E= “Ga 2 o)A
3+ HBED-CC (N,N'-bis[2-hydroxy-5-(carboxyethyl)benzyl]
ethylene diamine-N,N'-diacetic acid) 7-22} urea 7]4HI9]
PSMA 23 So]4S Siet ofelgk 722 ol2o]A lck.
“Ga-PSMA-112 A H¥S V5L Sojgoe
Z&310] 20204 1| FDAO] 5?15 h(Figure 4). 'Lu-
PSMA-6172 Q4F AIE-S Bl Hol4 AA A4 A
Aot gRke) WA A 717 2% A 717k0] 24 %
AEE J=51AT} FE£F 0 2 FDA= 20224 of Pluvicto
(""Lu vipivotide tetraxetan, '"Lu-PSMA-6172% L& 7))

PPN ES

SK-RC-52 (mouse #86)
[*#®Ga]Ga-DPI1-4452  ['""Lu]Lu-DPI-4452

6/Q1%
6/Q1%

Al

SPECT/CT (MIP)
Day 7,4 h p.i.

PET/CT (MIP)
Day 0,1 h p.i.

SPECT/CT (MIP)
Day 7,4 h p.i.

Figure 3. (A) The structure of ®*Ga-DPI-4452. (B) ®Ga-DPI-4452 and '""Lu-DPI-4452 biodistribution in HT-29 and
SK-RC-52 xenograft mouse model. 9 MBq of *Ga-DPI-4452 per animal (left) was imaged one hour later; 33 MBq

of "Lu-DPI-4452 per animal (right) was imaged four hours later by SPECT/CT. B = bladder;

K = kidney; T =

tumor. This research was originally published in JNM. Massiére F, et al. Preclinical Characterization of DPI-4452: A
*Ga/'""Lu Theranostic Ligand for Carbonic Anhydrase IX. J Nucl Med. 2024;65:761-767. © SNMMI. (29)
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Figure 4. (A) ®Ga-PSMA-11 PET images of patients. Transversal slice PET images (upper right-hand scans) and
PET/CT fusion images (left-hand and lower right-hand scans) of lesions. © 2023 by Burgard C, et al. Licensee MDPI,

Basel, Switzerland. (32)
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Figure 5. (A) The structure of *Ga-Bombesin. (B) PET images of ®Ga-Bombesin of the 7 enrolled prostate cancer
patients. This research was originally published in JNM. Minamimoto R, et al. Pilot Comparison of ®Ga-RM2 PET and
%Ga-PSMA-11 PET in Patients with Biochemically Recurrent Prostate Cancer. J Nucl Med. 2016;57:557-562. © SNMMI. (40)
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4. Bombesin Analogs
1] A (Bombesin, BBN)Z 8- &8 %=74|(Bombina
bombina)2] mFo|A Lo = HelH 147]9] HElo|&
2, 24l 5848 X 7tAE 92 HE T 84
(gastrin releasing peptide receptor, GRPR)O| 2 g}3Ht}(33-
34). £5] GRPRE AL, $3 2 A% Hola} 2o 3
U7k QR ofujzt 914%, S v B 2 Ve
& FBolA B sto] Tt A 3 o5} Fofol| A 2§

90 ) Radiopharm Mol Probes Vol. 10, No. 1, 2024

Hth(35-39). ""Lu-AMBA, “Ga-Bombesin< A9t w}
SHFtoll Al GRPRE E7] SHch(Figure 5). EH|Al SAA]
& QIES) GRPRE BHO2 4o} ek gbiie A
Shof QA9 DNA &4 Al AL 53 5 9rk

5. Arg-Gly—-Asp (RGD) Peptide
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"7Lu-EB-RGD

Figure 6. (A) The structure of RGD. (B) SPECT images of MC38 xenograft mice at 4, 24, 48, 72 and 96 h after
injection of 18.5 MBq """Lu-EB-RGD. Chen H, et al. Integrin aB3-targeted radionuclide therapy combined with
immune checkpoint blockade immunotherapy synergistically enhances anti-tumor efficacy. Theranostics. 2019;
16;9(25):7948-7960. doi: 10.7150/thno.39203. eCollection 2019. (13).
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1.5 Toxicity
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1.6 Production and Scalability
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1.8 Economic and Market Considerations
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2. Research Direction and Improvement of
Peptide Radiopharmaceuticals

2.1 Improved Peptide Engineering and Design
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2.4 Multimodal Imaging and Therapy
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2.5 Immune Control and Combination Therapy
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2.6 Precision Medicine and Customized
Approaches
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