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New study highlights potential of covalent
radioligands in cancer treatment
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Traditional RP CTR

SuFEx ’ Radionuclide
@ engineering @ @ (i%; exag;ple.
e 'Ga, 5°Y,
L] Ligand ® 1770y or 225A¢)
Covalent

warhead

B Reversitie

)
” i1
.]‘l‘\‘, § 6 e
LT f-s\"é ~*  Residue ¥ \& >

el 2 Blood or
& : » g"—:ﬁ_— 2 Tumo:/ \:Dnna\t\ssue
: »
i .Q i
; LA
L S
P .= — Proximity Minimal or
A : «n,q »s ligation no ligation
- BN 3
. V| \ '
.+ i .% \ p ®
| : tﬁ ] High tumour uptake Fast clearance
Long tumour retention Minimal toxicity
d e Fap
Ny SUFE 2
< S . FAPI—&=0
K120 Y210 g F :
| LA SF or FS Nu =Lys, Nu
n i FAP
Nu Tyr, His
-4 N FAP
> 17.3A Eok
o g Reactivity
- s /e
e W J Sa
$624 oy Y = Sulfone fluoride (SF) Fluorosulfate (FS)
- st & 5
Lu-FAPI-04 tﬁ-/"/ > 21 A N F F O"S‘F Q-S,F
5 T 0:8:0 0:5:0 0y o
/ 122A Hes
;
‘_
s (7 Y450 EWG EWG EWG EWG
FAP \ s s |
Stability

ris In silico
$8.7 K
SN \} o screening

Pt Y properties AR e ©
POI Recommended
ligation sites
1. Efficiency

Experimental | 2. Res. sites
validation 3. Selectivity

.4/'

In vivo
evaluation

f ["77LujLu-FAPI-SF
Time(h) 1 6 12 24 48 144 ypa

FaP [ o - - =} o

(®Ga)Ga- [*GalGa-
FAPI-04  FAPI-SF

t ﬂ‘ t l
/

‘/

Development of a CTR by SuFEx engineering and successful proof of concept in
tumor-bearing mice. a, Schematic representation of the potential benefits of
CTRs over traditional radiopharmaceuticals (RPs) for TRT. b, Ideal working
model of a CTR. c, Overall procedure for CTR development. d, Molecular
docking of Lu-FAPI-04 (cyan) against FAP (gray). e, Scheme of proximity-
enabled SuFEx ligation on FAP. f, Analysis of FAPI-SF binding to FAP in vitro.
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g, PET/CT images of the same HT-1080-FAP tumor-bearing mouse. Credit:
Nature (2024). DOI: 10.1038/s41586-024-07461-6

Prof. Liu Zhibo's team from Peking University (PKU)'s College of
Chemistry and Molecular Engineering, along with collaborators, recently
published a paper titled "Covalent targeted radioligands potentiate
radionuclide therapy" in Nature. This marks the journal's first
publication on radionuclide therapy since 1977. (Radionuclides are
radioactive forms of elements.)

The study provides a hopeful perspective on treating metastatic cancer,
which is responsible for the majority of deaths from all cancers. In 2020,
cancer led to nearly 10 million deaths, accounting for 1 in 6 deaths
worldwide, according to the WHO.

In 2020, the Journal of Nuclear Medicine defined targeted radionuclide
therapy as a (promising) treatment that "delivers ionizing radiation to
tumors in a targeted manner, reducing the dose that healthy tissues are
exposed to."

How does it work?

The 10nizing radiation emitted by radioactive substances attached to the
carrier destroys cancer cells by damaging their DNA, leading to the
reduction of tumors.

The efficacy of TRT can be measured by three dimensions: tumor
targeting, quick blood clearance, and adequate tumor retention, as stated

in the research paper.
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https://www.nature.com/articles/s41586-024-07461-6
https://medicalxpress.com/tags/metastatic+cancer/
https://jnm.snmjournals.org/content/61/11/1544
https://medicalxpress.com/tags/ionizing+radiation/

MedicalZpress

To simplify, effective radionuclides, which act as "warheads" against
cancer, need to be quickly cleared from the bloodstream to prevent
toxicity. At the same time, they should remain in malignant tumors for a
sufficient period to target and destroy cancer cells, considering that most
therapeutic radionuclides have half-lives ranging from three to 10 days.
This can be a delicate balancing act.

In the study, the PKU team incorporated a sulfur (VI) fluoride exchange
(SuFEx) chemistry-based linker into radiopharmaceuticals (radioactive
drugs used in cancer treatment) to enhance precise tumor targeting,
quick elimination from the bloodstream, and sufficient retention in the
tumor site.

The strategy was applied to a fibroblast activation protein (FAP)
inhibitor (FAPI), resulting in more than 80% covalent binding to the
protein with minimal dissociation for six days. (FAP is a protein found
In tumors.)

In mice, the SuFEx-engineered FAPI showed a 257% increase in tumor
uptake compared to the original FAPI, and improved tumor retention by
13 times. (Here, uptake refers to how quickly tumors absorb
radiopharmaceuticals.) The uptake in healthy tissues was rapidly cleared.

In a pilot imaging study, this approach detected more tumor lesions in
cancer patients compared to other methods. SuFEx-engineered FAPI
also effectively accomplished targeted - and a- radionuclide therapy,
leading to almost complete tumor regression in mice.

Given the wide range of proteins that could potentially be linked to
SuFEx warheads, there is a possibility of adapting this approach to target
other types of cancer.
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More information: Xi-Yang Cui et al, Covalent targeted radioligands
potentiate radionuclide therapy, Nature (2024). DOL:
10.1038/541586-024-07461-6
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