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LGBTQ+

My engagement =—@CERN

» Funding member of LGBTQ+CERN,
back in 2010

» Funding member and current chair of
QU Leuven, the KU Leuven employee
resource group for LGBTQIA+ staff of
the uniersity and their allies.



https://lgbtqcern.com/
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Two key references

NuPECC is the Nuclear
Physics European
Collaboration Consortium.
It is the lobby group for
nuclear science in Europe.

https://www.nupecc.org/ S———

. Nuc;ear Physics for Medicine
« 2014: Nuclear Physics
for Medicine

« 2024: NuPECC Long
Range Plan 2024



https://www.nupecc.org/

On the importance of nuclear medicine
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Today: Some basics of nuclear medicine

Tomorrow: Nuclear science for nuclear
medicine
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Today: Some basics of nuclear medicine

Tomorrow: Nuclear science for nuclear
medicine
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Molecular imaging

A radionuclide is transported to a specific location in the body where it
decays with the emission of a y ray.

The y ray penetrates the tissues and exits the body so that it may be
recorded externally to visualize where it decayed.

I\/Iultlple orientations yield a 3D tomographic reconstruction of the

image.
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Molecular imaging

SPECT PET
Single Photon Emission Computed Tomography PositronEmissieTomografie
e Direct picture of the emitted y ray from the e B* decay resultin 2 y rays at 511 keV
decay process e From those 2 points and the time difference, the
e A lead screen ensures that only y rays that come origin can be determined.
orthogonal to the screen get measured e An array of detectors is placed around the
e 2D image patient
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Targeted action

The body uses some trace elements for specific actions:
Q ¢ > iodine for thyroid functions
> calcium in the bones

A radioactive isotope can be included in a molecule involved in metabolic activities:
> sugar-equivalent FDG

Cells may display receptors that are specific and can be linked to by targetine =~
» peptides
> hormones
> antibodies
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Switching to therapy

Replacing the y-ray emission with charged particle emission yields
therapeutic effect.

3~ particles may reach up to a few mm, a particles reach but a few
cells, Auger electrons act within a cell.

For an efficient treatment, the DNA of the targeted cell must be
damaged beyond repair s

1 MeV B in water 10 MeV a in water

+5 mm
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Switching to therapy

10 MeV a in water

1 MeV B in water

+5 mm
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Switching to therapy
+ Alpha decay: 4X — 4°3Y + 4He™*

- Betadecay: 4X - ,.4Y + B~ + 1,

* Auger electron emission
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Why alpha?
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More than just DNA hits

Targeted effects Non-targeted effects

Bystander
cytotoxicity/genotoxicity
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225
10d KB AC

?25Ac — the alpha therapy dream B,

3 ‘0
217At

32ms
1x

Ly PSMA ZAc PSMA “Ac-PSMA

213pg
_— —_— —) ¢ aps w
t“ 4, 209Bj B 213Bj
stable 45 min
v

200pp

P 3.2h \ﬁ

6/2015 9/2015 2/2016 4/2016
PSA =294 ng/ml PSA =419 ng/m| PSA=3.5 ng/ml PSA < 0.1 ng/mi

« From a single ?°°Ac isotope, 4 a particles are emitted in a short time, resulting
In the highest possible dose to short distance.

e 225Ac may also be used as a long-lived generator for 2'3Bi, which yields 1 a for
each decay but with a half-life of 45 min only, perfectly fit to fast-acting
medicine.

 Coordination chemistry appropriate for all sorts of vector molecules, and can
be paired with PET-imaging using °8Ga or 13°La.

22 C. Kratochwil et al, The Journal of Nuclear Medicine 57 (2016) 1941-1944 | KU LEUVEN éw




And why not?

» The high destructive power of alpha
therapy induces more pronounced 5 B 4 > Rarotid glan
secondary effects — such as the :
destruction of salvary glands from Ac- ;
225'PS MA Sublingual gland

» Alpha-emitting radionuclides are more
challenging to handle and fewer
institutions are licenced for it.

» The transport guidelines are evolving
and the shipping limits will soon be
lowered, possibly hindering the broad
applicability of targeted alpha therapy.

Tubarial glands w/_

i)
-~
~
N
~

™ submandibular gland

N. Heyninkcx et al., Nuclear Medicine and Biology 98-99 (2025) 30-39.
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Beyond the alpha, the recoill
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Conservation of energy & momentum...

» For every action, there is an equal and opposite reaction... So if the

alpha particle flies one way, the daughter nucleus will fly in the
opposite direction!

recoiling daughter 22'Fr, 135 keV a particle, 5.6 MeV (from 22°Ac)
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Bad recoils!

» The high energy of those recoils (>100 keV) far surpasses the
binding of the chelator that hosts the mother radionuclide (few eV).
As a consequence, the recoiling daughter is free to roam the body.

» This leads to a potential redistribution of the daughter and, in the
case of a long decay chain such as in “>°Ac, radioactive recoils may
accumulate in other organs — such as the kidneys, bones, ...

» This limits the applicability of such radionuclide and requires a
dedicated targeting strategy that ensures minimal redistribution of
the daughter radionuclides.

26 J. Sc'hzar.tz et al., Physics in MedICIne .and' qulogy 56 (2011) 721. . ' | KU LEUVEN 6 w
V. Di lorio et al., SECURE project publication in review, s://doi.or : reprints. i v


https://doi.org/10.20944/preprints202508.0853.v1

Good recoils!

» While the recolls only carry 2% of the energy, they have an even
higher LET and even shorter range than the alpha particles and
deposite the entirety of their energy within their cell, leading to 10%
of the total energy deposited in that single cell.

» The high concentration of that energy deposition is similar to that of
Auger electrons. Could recolils actually have a therapeutic value?
In particular, one may wonder what the impact of a recoiling
nucleus from an antagonist vector could be on a cell membrane.

27 D. Kaczér & Z. Op de Beeck, BSc Thesis, 2021 (KU Leuven). | KU LEUVEN éw




Theranostics
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Theranostics

If a single vector molecule can be identified with interchangeable
radioisotopes, then its efficacy and properties can be tested with
molecular imaging and then applied with therapy.

If a single radioisotope decays by both y-ray or 3" emission and a or
3~ emission, then that single radioisotope can be used to treat and at
the same time monitor the patient dose and the treatment’s efficacy.

Tb 149 Tb 152 Tb 155 Th 161

41h 17.5h 53d 6.95d
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NETTER-1: a success story
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Midgut endocrine cancer with over-
expressed somatostatin receptors

Linking somatostatin-equivalent to
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30 J. Strosberg et al., The New England Journal of Medicine 376 (2017) 125-135. | KU LEUVEN 6%



Median rPFS (alternate primary end point)

VISION: repeating success .\ @ -
Targeting castration-resistant - B

metastatic prostate cancers.

Linking """Lu to prostate-specific I
membrane antlgen: PSMA-61 7 O PLUVICTO + BSOC (n/N=254/385) O BSOC (n/N=93/196)
under the brand name Pluvicto®. ) ’

: 68
Theranostic partner with *°Ga-

PSMA-617

A worldwide phase-3 clinical trial 5
was performed g -
The outcome was also very i
successful and Pluvicto® is now a BERETFLREELLLL L
standard of care across Europe. d NOVARTIS J

oo 00
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The ""7Lu storyline

2000s — 2010s

1950s-1960s NET (neuroendocrine
Development of tumor) theranostics
1940s radiopharmaceuticals 1990s
Introduction of Approval of Sm-153 2016
Radionuclide Therapy for bone pain 7Lu-PSMA
Discovery of
radioactivity
1896
1913 Late 1970
First description of [-123 used for 2013
radiotracer principle treatment Approval for Ra-223 for
bone metastases
2000
FDA-approved targeted
radioimmunotherapy
Y-90

32 Slide courtesy of Wiktoria Wojtaczka

2025
Use of radionuclide
therapy before
chemotherapy
(in some case)

Ongoing Research
and Clinical Trials

2020s
Expansion of targeted
radioligand therapy

| KU LEUVEN éw




Drug development pipeline

DRUG DISCOVERY PRECLINICAL CLINICAL TRIALS FDA REVIEW | LG-SCALE MFG

5,000 - 10,000

COMPOUNDS
ONE FDA-
APPROVED
DRUG
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1 2 3
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Copyright © 2007 by the Pharmaceutical Research and Manufacturers of America

Interdisciplinary Research Group
33 Instituut voor Kem- en Stralingsfysica KU LEUVEN Ow
Department of Physics & Astronomy



Medical radionuclide landscape
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Medical radionuclide market
S INMINYCITT

Radiopharmaceutical therapies are an opportunity for the growth and relevance i Imtuat‘i%
of Nuclear Medicine -

ROCHTY OF AR rArlv'I "-FI.M ". .'\’-"

Global Nuclear Medicine Market, 2013-2025
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Medical radioisotope conundru
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Medical radionuclides
and where to find them
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Medical radionuclide supply

In nuclear reactors At particle accelerators

Medical radionuclides are Accelerators are very modular
produced in nuclear reactors and depending on their energy
either from neutron capture or and particles accelerated, different
from fission of 23°U. reactions are possible.

The irradiated material always Many hospitals have their own
requires heavy radiochemical accelerator and are thus
post-processing in hot cells. Independent.

Well established pipeline but Innovative radionuclides require

limited (and ageing) infrastructure. exotic accelerators.

38 | KU LEUVEN éw



Research reactors worldwide

@ MARIA - Poland
@ LVR-IS - Czech Rep

BR2 - Belgium

OPAL - Australia 9
g SAFARI - South Africa

s CYNG

ILL HFR, France

e https://nucleus.iaea.org/rrdb/#/home KU LEUVEN w

https://nuclearmedicineeurope. eu/security-of-supply/
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Hot cells

Manipulations with hot cells
has been standardised
through the years, but
remain a rare sKill.

Very few institutes are
licenced worldwide to
producing the Mo
generators for *°MTc — the
most distributed
radionuclides in the world.

LEMER PAX
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Medical cyclotrons

Those can be found in many
hospitals around the world, coupled
with the local radiopharmacy.

They consist of typically low-energy
machines, up to 11 or 18 MeV, with
built-in target systems that may
even already process the
radiochemistry part of the
preparation and can be integrated
with automated synthesis of the
radiopharmaceduticals.

|deal for PET isotopes "'C and '8F.
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From standard to advanced cyclotrons

| Cyclotrons used for Radionuclide Production

‘i Deze kaart is gemaakt met Google My Maps. Maak er zelf een.
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https://nucleus.iaea.org/sites/accelerators/Pages/Cyclotron.aspx
https://nucleus.iaea.org/sites/accelerators/Pages/Cyclotron.aspx

Thinking points for the tutorials

» Alpha, beta, Auger electrons: what is the next big thing and why?

» Try to identify yourself a radionuclide that has potential for medical
application but is currently missing from the landscape (slide 34).

» Where do the challenges lie in turning a promising radionuclide
into a success story?
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Today: Some basics of nuclear medicine

Tomorrow: Nuclear science for nuclear
medicine
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