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States.
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e ..Insupport of national
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.. For the peaceful and
safe use of nuclear
science and technology



Hallmarks of Cancer

Hanahan D. Hallmarks of Cancer: New Dimensions. Cancer Discov. 2022 Jan;12(1):31-46. 4.
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Vargas & Garcia. Multitarget Molecular Imaging in Metastatic Castration Resistant Adenocarcinoma Prostate Cancer with Therapy Induced
Neuroendocrine Differentiation. Diagnostics 2022, 12, 1387.

Hanahan D. Hallmarks of Cancer: New Dimensions. Cancer Discov. 2022 Jan;12(1):31-46. 4.
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Theranostics
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B Theranostics in Nuclear Medicine:
! Emerging and Re-emerging Inte-

' grated Imaging and Therapies in
Introduction the Era of Precision Oncology

Paul Ehrlich proposed the term “magic bullet”

$

Chemotherapy & Target Therapies

$

Personalized, targeted and/or precision medicine

RadioGraphics 2020 40: 1715-1740



Tumor Type SSTR Expression

Growth hormone-producing pituitary adenoma + (SSTR2, SSTR5)
Gut carcinoid + (SSTR2 > SSTR1, SSTR5)
Hepatocellular carcinoma + (SSTR2, SSTR5)
Insulinoma + (SSTR1, SSTR2, SSTR3)
Leiomyoma +
Lymphoma + (SSTR2)
Medullary thyroid carcinoma + (SSTR2)
Medulloblastoma + (SSTR2)
Meningioma + (SSTR2)
Neuroblastoma + (SSTR2)
Non-functioning pituitary adenoma + (SSTR3 > SSTR2)
Non-small cell lung cancer -

Ovarian carcinoma +
Paraganglioma + (SSTR2)
Pheochromocytoma + (SSTR1, SSTR2)
Prostate carcinoma + (SSTR1)

Renal cell carcinoma + (SSTR2)

Small cell lung cancer + (SSTR2)
Urinary bladder carcinoma -

Molecules. 2020:25(17):4012.



Terminal Carcinoid Tumor of the lleum
75% reduction in lesion metabolism 18 months post-therapy with radiolabelled peptides.

January 2015 July 2016

Progression to
sandostatin

>
3.7 GBg ( 100 mCi)
90 Y DOTATOC
/ +

200 mCi
177 Lu DOTATOC

INCan Archive 68 Ga DOTATOC > 68 Ga DOTATOC




METASTATIC pancreas-to-liver NETs
Complete response 12 months post therapy with radiolabeled peptides.

200 mCi 200 mCi
177 Lu DOTATOC 177 Lu DOTATOC

INCan Archive 68 Ga DOTATOC 68 Ga DOTATOC 68 Ga DOTATOC



NET
225Ac-DOTATE



Prostate



18 NaF PET is a predictor of response
to at least three doses of Ra 223

Letellier A, Uptake of Radium-223 Dichloride and Early [18F]NaF PET Response Are Driven by Baseline [18F]NaF Parameters: a Pilot Study in Castration-Resistant Prostate Cancer Patients. Mol Imaging Biol. 2018 Jun;20(3):482-491.



Eur J Nucl Med Mol Imaging. 2017 October ; 44(11): 1832-1844.



Precision Oncology

Nat Cancer 1, 1041-1053 (2020).
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18 NaF PET is a predictor of response
to at least three doses of Ra 223

Letellier A, Uptake of Radium-223 Dichloride and Early [18F]NaF PET Response Are Driven by Baseline [18F]NaF Parameters: a Pilot Study in Castration-Resistant Prostate Cancer Patients. Mol Imaging Biol. 2018 Jun;20(3):482-491.



Eur J Nucl Med Mol Imaging. 2017 October ; 44(11): 1832-1844.



Precision Oncology

Nat Cancer 1, 1041-1053 (2020).
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Relative mass of the particle

Reach in tissues (um)
LET
DNA damage

Impacts on DNA to induce cell death

7300

50
100 KeV/um

Double chain break

1-10

1700
0.2 KeV/um

Breaking a chain

100-1000

Cancers 2021, 13, 779



N
(£ )1AEA
International Atomic Energy Agengy

1-131 - MIP 1095 St

Atoms for Peace and Developmeft




¥ = .
" Sapt, 2011
1M.MIP-1095 PET

34 pacientes CPRCm

s & [ -
; L . ': l'.'l
* - " . : ,
. . . ' s ; } i
Oct. 2011 2nd Feb. 2012 13 Feb. 2012 May 2012 July 2012 Sept. 2012 Mo, 2012
15t Therapy 2nd Therapy  “Ga-PSMA-11 PET 3rd Therapy  “Ga-PSMA-11 PET “Ga-PSMA-11 PET

HEGa-PSMA-11 PET

Eur J Nucl Med Mol Imaging (2017) 44:950-959



131 1 MIP 1095

Median Survival from first therapy 17
months

< 3,5 GBqg Blue
3.5-5 GBg Black

>50 G Bq REd Afshar et al Eur J Nucl Med Mol Imaging (2017) 44:950-959
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Reduction > 50% PSA 46%

17 articulos
704 pacientes

Any PSA Reduction 75%

AJR 2019; 213:275-285



Hoffmann et I. J Clin Oncol 38: 2020 (suppl; abstr 5500)



831 pacientes

N Engl J Med. 2021 Jun 23.



N Engl J Med. 2021 Jun 23.
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Long-Term Follow-up and Outcomes of Retreatment in an
Expanded 50-Patient Single-Center Phase II Prospective

Trial of 177Lu-PSMA-617 Theranostics in Metastatic

Castration-Resistant Prostate Cancer

50 Pacientes

64% had a reduction in the PSA > 50%

Violet et al. J Nucl Med 2020; 61:857-865



MCRPC patients without prior
ss1metastatic': chemotherapy had significantly longer OS
than patients with a history of
chemotherapy
Visceral disease, bone disease and ECOG
are variables with impact on OS

Eur J Nucl Med Mol Imaging. 2021 Jan;48(1):113-122.
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July 2017
PSA 782
ng/l

Sep 2017
PSA 71 ng/l

Nov 2017 Jun 2018 May 2018
PSA 0.64 ng/l PSA 0.07 ng/l PSA 0.04 ng/l

Eur J Nucl Med Mol Imaging. 2019 Jan;46(1):129-138.
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yHA2X

Caspasa

Hammer et al Clin Cancer Res 2020;26:1985-96
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68 Ga PSMA-11
PSA 491 ng/dL

Patient 1

4 cycles 177 Lu

iPSMA
68 Ga
PSMA 11
PSA 19.4
ng/dL

|
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Patient 5 4 cycles 177 Lu iPSMA
68 Ga PSMA-11

PSA 194 ng/dL 18 F PSMA 1007

PSA 21.6 ng/dL



Theranostics: Future of the PSMA
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Previous chemotherapies do not impact response significantly
DHL decrease in PSA prognostic factors >> therapy with 177-Lu
Use of biomarkers to improve efficiency

Total tumour burden

Potential re-treatment

Patients with diffuse infiltration
Resistance to 177-Lu >> considere Alphas
Ac-225 promising results

New Alpha emmiters

Other theranostic options




I TC Principles

’

* Respond to Member States
needs

e Contribute to development
goals

e Peaceful use undertaking

Safety

Shared responsibility

Non-discrimination

Transparency

Partnership building
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Member States’ role

Set policy framework

Guide TC activities

Fund TC programme

Define national and regional priorities

Participate in and benefit from the TC
programme

Offer training and technical support to other
Member States

International Atomic Energy Agency

Atoms for Peace and Development



Alignment with Me
States’ priorities

e Country Programme Framework (CPF)

 |dentify national priorities \
+ link thnational &) IAEA
LI n TC p rogra mm e Wlt n atlo n a ¢ International Atomic Energy Agency

d eve I (@) p ment p I ans Atoms for Peace and Development

e Other important planning input
e Regional agreements

e United Nations Development
Assistance Framework (UNDAF
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