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Targeted radionuclide therapy
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Theranostics ?

Diagnostics Therapeutics
¡ Combination of 2 words:

¡ First used by John Funkhouser (Chief Executive Officer of PharmaNetics) in 2002 
to describe one of his company's objectives: to develop diagnostic tests directly 
linked to specific therapies.

2023: 22163



Radiotheranostics 5



Aims of Radiotheranostics?

¡ To examine its biodistribution as predictive of off target 
(adverse) effects of the potential therapeutic agent

¡ To determine localization/accessibility in the site or 
disease state under study as a surrogate for a potential 
therapeutic agent with similar chemical properties

¡ As an aid in determining the optimal therapeutic 
dosage or activity to be administered, based on the 
anticipated tumoricidal doses measured in the tumor 
site

¡ To monitor the response to this treatment

SELECTION of th
e patient 
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Thyroid cancer: a historical application

§ Diagnostic whole body scan with 131I : first example of theranostics

Iodine131

Iodine131



Thyroid cancer: a historical application

§ Ability to detect iodine uptake in metastases of differentiated thyroid carcinoma and to 
identify patients who would benefit from therapeutic doses of 131I.

D.Taïeb 2007

Iodine131

Iodine131



¡ Rituximab (Rituxan) is a chimeric (murine and human) monoclonal antibody 
targeting CD-20+ antigen 

Haematological diseases: whistles in the wind

Witzig TE et al. J Clin Oncol. 2002, 20:2453-63.
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¡ Two radiolabeled antibodies have been developed:
¡ Zevalin, an yttrium-90-labelled anti-CD20 mouse antibody 
¡ Bexxar, another anti-CD20 antibody, labelled with iodine-

131

¡ Synergistic effects of both radiation and 
immunotherapy with manageable local and systemic 
side effects
¡ produced significantly higher overall and complete 

response rates than rituximab in rituximab-naïve patients.

YET…. a commercial failure. 



Neuroendocrine tumors: the new “flagship”

DOTATATE

DOTANOC

68Ga
177Lu



« We treat what we see, we see what we treat »

Radiotheranostics

Tumor

Patient

Treatment

Multidisciplinary
board

Oncologist
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PSMA

PSMA

68Ga

177 Lu

Hofman et al 2018

Novartis buys Endocyte for $2.1 billion

177Lu-PSMA: future “success story”?
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PSMA

PSMA

68Ga

177 Lu

Hofman et al 2018

ASCO 2021: Phase III Study of Lutetium-177-PSMA-617 in 
Patients with Metastatic Castration-Resistant Prostate Cancer 
(VISION)

PFS OS

Temporary autorisation since december 2021

177Lu-PSMA: future “success story”?



Bodei L,. Radiotheranostics in oncology: current challenges and emerging opportunities. Nat Rev Clin Oncol. (2022)
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Nuclear Medicine in Nantes



What future for theranostics ?

¡ Optimising/standardising/improving current applications/therapies

¡ Search for new targets

¡ Development of new molecules

¡ Technological inovations

¡ Alphatherapy
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Normalization ??

Molecular Imaging 
Reporting and Data System

What future for theranostics ?
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PSMA

PSMA

68Ga

177 Lu

Zhang et al. Cancer. 2021

What future for theranostics ?

11.     225Ac-PSMA-R2 (SATISFAcTION)

First patients 
World 
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Clin Cancer Res (2020) 26 (12): 2774–2776.



To do or not to do dosimetry….

Systemic radiotherapy. 
§ Dose-dependent delivery to a target 

tissue. 
§ Anticipating adverse effects.

Gy

Radioactive chemotherapy. 
§ Administered like any other drug on a fixed or 

weight basis. 
§ Management of adverse events as they occur 

over the course of therapy. 
MBq

What future for theranostics ?
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What future for theranostics ?



What future for theranostics ?

¡ Optimising/standardising/improving current applications/therapies

¡ Search for new targets

¡ Development of new molecules

¡ Technological inovations

¡ Alphatherapy



25New targets ?
68Ga-PENTIXAFOR (CXCR4)

Pentixather

Pentixafor

68Ga
177Lu

Front. Oncol. 9:770.
doi: 10.3389/fonc.2019.00770

European Journal of Nuclear Medicine and Molecular Imaging
Doi : 10.1007/s00259-019-04605-z



26New targets ?

Pentixather

Pentixafor

68Ga
177Lu



¡ CA IX is a cell-surface glycoprotein
¡ Contributes to pH regulation
¡ Can also behave as an adhesion 

molecule through its proteoglycan-like 
domain

Pastorekova el al. Cancer Metastasis Rev. 2019 ; Pastorek et al. Semin Cancer Biol. 2015 ; Supuran. Metabolites. 2017.

New targets ?



¡ CA IX is a cell-surface glycoprotein
¡ Contributes to pH regulation
¡ Can also behave as an adhesion 

molecule through its proteoglycan-like 
domain

¡ CA IX expression in non-cancerous 
tissues is rare and generally confined to 
epithelia of the stomach, gallbladder, 
pancreas, and intestine

¡ Involved in diverse aspects of cancer 
development

Pastorekova el al. Cancer Metastasis Rev. 2019 ; Pastorek et al. Semin Cancer Biol. 2015 ; Supuran. Metabolites. 2017.

Proliferation

Neoangiogenesis

Dissemination

New targets ?



¡ CA IX is a cell-surface glycoprotein
¡ Contributes to pH regulation
¡ Can also behave as an adhesion 

molecule through its proteoglycan-like 
domain

¡ CA IX expression in non-cancerous 
tissues is rare and generally confined to 
epithelia of the stomach, gallbladder, 
pancreas, and intestine

¡ Involved in diverse aspects of cancer 
development

¡ Expression notably induced by hypoxia

Pastorekova el al. Cancer Metastasis Rev. 2019 ; Pastorek et al. Semin Cancer Biol. 2015 ; Supuran. Metabolites. 2017.

New targets ?



Targeting CA IX

¡ OPALESCENCE project (zircOn PET-CT imAging TLX mEtaStatiC triplE Negative CancEr)

¡ Prospective feasibility pilot study, assessing imaging performance of 89Zr-labelled Girentuximab PET-CT 
in metastatic triple negative breast cancer patients

¡ ClinicalTrials.gov Identifier: NCT04758780 Sponsor: ICO

¡ PERTINENCE project
¡ A Pilot Open-label, Feasibility Study to Assess safEty, Tolerability, Radiation Dosimetry, and Imaging 

Properties of 89Zr-labeled giRenTuximab in patIents With Non-musclE-iNvasive Bladder CancEr
¡ ClinicalTrials.gov Identifier: NCT04897763 Sponsor: ICO

¡ OPERANDI RHU (Optimisation and imProved Efficacy of targeted RAdioNuclide therapy in Digestive 
cancers by Imagomics)

¡ An Open-label, Pilot Study to Assess Safety, Tolerability, Radiation Dosimetry, and Imaging Properties of 
89Zr-labelled Girentuximab for in Vivo Detection of HCC and aggressive or refractory GEP-NENs by PET
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Anti-CEA

Anti-CEA

68Ga/111In

90Y/177Lu/131I
CEA expressed by numerous tumors: MCT 
(100%), colorectal cancer, lung cancer, 
breast cancer...

Direct targeting: Insufficient tumor contrast in 
imaging and too low tumor doses in therapy.

Solution: decouple injection of antibody and 
radionuclide to improve contrast. 

Cancers (Basel). 2021 Nov; 13(21): 5570.

New targets ?



Anti-ACE

Anti-ACE

68Ga/111In

90Y/177Lu/131I

Pretargeting of CEA expressing tumors



33Theranostic and technological inovations?

JNM 2019, 60 (3) 299-303



Revolution or evolution ?

§ Rapid growth in diagnostic, 
predictive and prognostic molecular 
imaging

§ Image-guided targeted
therapies
§ Growth ++ of TRT via 
theranostic approaches

§ Rapid growth of precision medicine

¡ Optimisation of actual applications

¡ Development of new molecules
What’s next ?

Our Evolution, their Revolution !!
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