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Timeline

EJNMMI 2022; 49:3613-3621
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Theranostics = a combination of molecularly targeted 
imaging and therapy in which imaging provides actionable 
information that enables new or more effective therapies. 

Published online Apr. 13, 2023. DOI: 10.2967/jnumed.123.265670



The theranostic 
paradigm
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Radionuclide for therapy

• Beta particles have a long-range 
and are suitable for treating bulky 
tumors

• Alpha particles have a short range, 
limiting radiation exposure to 
normal tissues contiguous to the 
tumor

• Auger electrons have a very short 
range in tissue and must be 
released close to the DNA to cause 
cell death.

Molecular Diagnosis & Therapy (2024) 28:265–289 



Radionuclide for therapy

Beta particles Alpha particles Auger particles

Names Half-life

131I 8,8 days

90Y 2.8 days

177Lu 6,65 days

67Cu 61,8 hours

188 Re 16,9 hours

47Sc 3,35 days

161Tb* 6,95 days

Names Half-life

225Ac 10 days

213Bi 45.6 min

227To 25,52 hours

223Ra 11,4 days

121Ld 10,6 hours

211At 7,2 hours

Names Half-life

123I 13,2 hours

125I 59,4 days

117mTin 14 days

*also auger emission; in red: still under evaluation; 
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Available radiopharmaeuticals in 
Italy/Pharmacopeia

Diagnostic agent Therapeutic agent Clinical indication

68Ga-PSMA-11 o 18F-PSMA-1007 

or 18F-DCFPyL 
177Lu PSMA-617 Prostate cancer

68Ga-DOTA-TOC or DOTA-TATE or 

DOTA-NOC
177Lu-DOTATATE NET



Available radioligand agents

Neuroendocrine tumor

Prostate cancerMolecular Diagnosis & Therapy (2024) 28:265–

289 



177Lu-PSMA: EBM

Clinical trials N of patients Line of therapy Primary end-point

Thera-P* 200 (phase 2) Third line PSA response

Vision* 831 (phase 3) Third line Radiographic free survival

PSMA-fore* 450 (phase 3) Second line (after ARPI) Radiographic free survival

Enza-P* 160 (phase 2) Second line
PSA progression free 

survival

SPLASH**
25 (phase 1)

390 (phase 2)
Second line (after ARPI) Radiographic free survival

Eclipse***
30 (phase 1)

400 (phase 2)
Second line (after ARPI) Radiographic free survival

*177Lu-PSMA-617; **17Lu-PNT2002; ***177Lu-PSMA I&T
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N=101

N=99



177Lu-PSMA-

617
Cabazitaxel

P 

value

Median OS
19.1 months 

(16.9-21.4)

19.6 months 

(17.4-21.8)
0.77

Death rate (median follow-up of 35·7 mo) 77 (78%) 70 (69%) -

Median OS in those escluded 

(low PSMA expression at 68Ga-PSMA-11 and 

posFDG)

-
11 months 

(9-13.1)
-



N=551

N=280

Phase III Study of 

Lutetium-177-PSMA-

617 in Patients with 

Metastatic Castration-

Resistant Prostate 

Cancer



PET – before treatment PET – end of treatment

177Lu-PSMA-617 treatment in a patient with prostate cancer



After 1st cycle of therapy After 2nd cycle of therapy After 3rd cycle of therapy

After 4th cycle of therapy After 5th cycle of therapy After 6th cycle of therapy
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Workflow in radioligand therapy

Andrei Iagaru, Stanford, USA

Sant’Antonio Meeting 2024



Baseline PSMA 

PET/CT
After 1st  PSMA 

cycle SPET/CT

After 2nd  PSMA 

cycle SPET/CT

After 3rd PSMA 

cycle SPET/CT
After 4th  PSMA 

cycle SPET/CT
After 5th  PSMA 

cycle SPET/CT

After 6th  PSMA 

cycle SPET/CT
Post-PSMA 

therapy PET/CT

Routine clinical workflow



Tumor sink effect

• Tumor sequestration affects 68Ga-PSMA biodistribution in normal organs. 

• Patients with a very high tumor load showed a significantly lower uptake of 68Ga-PSMA in normal organs (tumor sink 

effect). 

• As similar effects might occur with PSMA-targeted radioligand therapy, these patients might benefit from increased 

therapeutic activity without exceeding the radiation dose limit for organs at risk.

JNM 2022; 63: 226–232.







PET – before therapy

Before therapy

After therapy

PET – after therapy



After the 1st cycle of PRRT After the 2nd cycle of PRRT After the 3rd cycle of PRRT After the 4th cycle of PRRT

Serial scintigraphy scan after 177Lu-DOTATATE administration in a patient with 

NET 
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2 May, 2024

https://www.medraysintell.com/_files/ugd/1bee

ab_82397f0fb509445592773540df476e2e.pdf



Challenges

Center activation: current number of activated centers

Supply chain issues, collaboration with other specialists and radioprotection

Hospitalization

Diagnostic capacity

Workforce, education and training

Regulatory hurdles, costs and reimbursements



RLT Centri attivi - Italia
Centri già attivi

36

LOMBARDIA

PIEMONTE

SARDEGNA

TOSCANA

LAZIO
ABRUZZO

MOLISE
PUGLIA

CAMPANIA

SICILIA

CALABRIA

BASILICATA

VENETO

FRIULI
TTRENTINO 
ALTO ADIGE

EMILIA 

ROMAGNA

UMBRIA

MARCHE

LIGURIA

V. D’AOSTA

Lombardia

INT - Milano

Humanitas - Milano

IEO - Milano 

Niguarda - Milano

Spedali Civili - Brescia

Ospedale Papa Giovanni XXIII – Bergamo

6

Piemonte

A. O. Ordine Mauriziano - Torino

Ospedale Civile - Alessandria 

2

Liguria

Ospedale Civile Sant'Andrea, La Spezia

Ente Ospedaliero Ospedali Galliera, Genova

Ospedale Policlinico San Martino, Genova
2

3

Toscana

Azienda Ospedaliero Universitaria Pisana - Pisa

Azienda ospedaliero-universitaria Careggi - Firenze

Ospedale Oncologico Businco - Cagliari
1

Sardegna

2

Lazio

Sant'Andrea - Roma

IFO - Roma

Gemelli - Roma

Ospedale Santa Maria 

Goretti - Latina

Campania

Istituto Nazionale Tumori 

Pascale – Napoli

Federico II - Napoli

4

2

Sicilia

Policlinico G. Martino - Messina

Clinica La Maddalena - Palermo

2

Basilicata

CROB IRCCS - Rionero V.

Calabria

Azienda Ospedaliera 

SS. Annunziata - Cosenza 

1

1

Puglia

Ospedale SS Annunziata – Taranto

Ospedale Mons. Dimiccoli - Barletta

2

Marche

Ospedale Civile - Macerata

Umbria

Azienda Ospedaliera Perugia
1

1

Veneto

Ospedale Sacro Cuore don Calabria - Negrar

Ospedale dell’Angelo – Mestre

IOV – Padova

Emilia Romagna

Arcispedale S.Maria Nuova - Reggio Emilia

Policlinico S.Orsola Malpighi - Bologna

Arcispedale S.Anna - Ferrara

IRST - Meldola

4

3

Friuli Venezia Giulia
1

CRO - Aviano

Center activation: current number of activated centers



Supply chain issues



Allegato XXV «per quel che riguarda la somministrazione a scopo terapeutico di radiofarmaci diversi da 131I, la 
necessità di ricovero in una degenza protetta ed eventuale raccolta delle deiezioni è valutata dal medico specialista su 

base individuale, sentiti lo specialista in fisica medica e l’esperto di radioprotezione (punto 6).

Scenari Proposte 

1 Somministrazione e ricovero in degenza protetta, con raccolta delle deiezioni, nel reparto 

di terapia metabolica

2 Somministrazione in medicina nucleare con raccolta delle deiezioni per le prime ore, poi 

dimissione e ritorno al proprio domicilio. La somministrazione con immediata dimissione 

del paziente non viene considerata, in quanto, per ragioni cliniche di verifica della 

bisoditribuzione del radiofarmaco, il paziente esegue almeno una scintigrafia prima della 

dimissione

3 Somministrazione in medicina nucleare con raccolta delle deiezioni per le prime ore, 

trasferimento e ricovero in una stanza di degenza ordinaria

Capacità di rispettare le 

raccomandazioni radioprotezionistiche
Condizioni cliniche Situazione sociale e familiare

Hospitalization

Journal of Nuclear Medicine, doi:10.2967/jnumed.124.268062
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When How (4 C!)

Patient’s flux

Radioprotection

Experimental studies

Authorization

Competences

Collaboration

Cooperation

Creation





Thanks for your kind attention
laura.evangelista@hunimed.eu 
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