
Stefano Severi

Direttore SS Medicina Nucleare

Terapia - IRST Meldola

2° S. IL DOLORE DA METASTASI OSSEE UN 

DOLORE DIFFIICILE DALLA FISIOPATOLOGIA 

ALLA PRATICA CLINICA:

QUALI ARMI E QUALI NOVITA’?

Moderatori: F. Cognetti, V. Donato, A. 

Antonuzzo

La medicina nucleare 

nella diagnosi e 

trattamento delle 

metastasi ossee
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- Viene recepita la Direttiva Europea 59/2013

- 5 precedenti Direttive Europee sono abrogate tra cui la 96/29 
(protezione della popolazione e dei lavoratori) e la 97/43 
(esposizioni mediche)

- 4 Decreti Legislativi sono abrogati, tra cui il DL 230/95 e il DL 
187/00

Finalmente si raggruppano in un unico corpo le norme di 
radioprotezione relative ad ambiente, lavoratori ed 
esposizioni mediche
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223Ra Adroterapia con  emettitori nella 
terapia delle metastasi scheletriche

da adk prostatico 

U-235 -> Th-
231 -> Pa-
231 -> Ac-
227 -> Th-
227 -> Ra-
223 -> Rn-
219 -> Po-
215 -> Pb-
211 -> Bi-211 
-> Tl-207 -> 
Pb-207 
(stable)
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DOTA-conjugated 

zoledronate (DOTAZOL)

emerged as an ideal 

derivative for both PET 

imaging (when radiolabeled 

with 68Ga) and therapy of 

bone metastases from 

various types of cancer 

(when radiolabeled with 

177Lu). In this context, this 

report provides an overview 

of the main medicinal 

chemistry aspects 



Endocrine Connections (2022) 11, doi.org/10.1530/EC-21-0568

351 patients affected by neuroendocrine tumors (NETs), followed at the University Hospital of Padua 
and at the Veneto Oncological Institute. Of these, 72 (20.5%)

Synchronous metastases generally presents primary tumors with a higher degree of malignancy, Ki-
67 level.  Serious complications are not frequent and not related with the site of the tumor origin 
with a cumulative survival rate of 33% at 10 years emerges. 

The average survival is 80 months while the median is 84 months. In our observation period, 
synchronous patients had a worse prognosis than metachronous ones with 52-months survival rates



Rationale basis of the radioligand

binding in NETs

By Gray JA and Roth BL, Science 2002

Metastatic 
gastrinomas

Lamberts SWJ, Hofland LJ. Endocr Rev 2003



Fig. 1. A 66-year-old patient with well-differentiated, nonfunctioning NET of the pancreas, status post 

left pancreatectomy, splenectomy, and also metastasectomy in segment 2 of the liver was referred for follow-

up 68Ga-SSTR PET/CT after surgery, which revealed a single, very intensely SSTR-positive retrocrural lymph node 

metastasis with an SUV of 152. Based on this, he underwent 2 cycles of PRRT with 14 GBq 177Lu-DOTATATE. The 

very high receptor expression and uptake of 177Lu and the resulting high dose delivered to the metastasis resulted 

in a complete remission according to molecular response criteria, after the 2 PRRT cycles. (A) Fused coronal 68Ga-

DOTATATE PET/CT before therapy and (B) fused transverse image before therapy showing the lymph node 

metastasis with a circle and arrow, respectively. (C) MIP image of 68Ga-DOTATATE PET/CT after 2 therapy cycles 

and (D) corresponding fused transverse posttherapy image confirmed molecular complete remission, although a 

small lymph node (arrow) is still noted on the CT, which remained stable in size over the next years of follow-up.

https://www.sciencedirect.com/topics/medicine-and-dentistry/pancreatectomy
https://www.sciencedirect.com/topics/medicine-and-dentistry/splenectomy
https://www.sciencedirect.com/topics/medicine-and-dentistry/metastasectomy
https://www.sciencedirect.com/topics/medicine-and-dentistry/lymph-node-metastasis
https://www.sciencedirect.com/topics/medicine-and-dentistry/lymph-node-metastasis
https://www.sciencedirect.com/topics/medicine-and-dentistry/receptor-expression
https://www.sciencedirect.com/topics/medicine-and-dentistry/spontaneous-remission


http://www.finanzaonline.com/forum/obbligazioni-titoli-di-stato/1316396-btp-thread-operativo-dedicato-al-trading-vol-12-obiettivo-risalire-150.html
http://www.zonanucleare.com/z_plus/plus_complementi/simbolo_pericolo_radiazioni_trifoglio.htm


Strosberg J, et al. N Engl J Med. 2017;376(2):125-135. 
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Lead-212, with a convenient 

half-life of 10.64 h, and 

daughter alpha-emitter 

short-lived 212Bi (T1/2 = 1 

h), provides the possibility 

for the synthesis and 

purification of complex 

radiopharmaceuticals with 

minimum loss of radioactivity 

during preparation. It can be 

milked from a radionuclide 

generator in different ways



J Nucl Med 2022; 63:1326–1333 DOI: 10.2967/jnumed.121.263230

preliminary results of the phase 1 

first-in-humans dose-escalation 

trial evaluating 212Pb-DOTAMTATE

(a bifunctional metal chelator

[DOTAM] and the SSTR-targeting 

peptide [TATE]).

Twenty subjects with 

histologically confirmed NETs, 

prior positive somatostatin analog 

scans, and no prior history of 

177Lu/90Y/111In PRRT, with different 

primary sites of the disease, were 

enrolled.

ORR by RECIST was 80% (1 CR, 7 

PR, 2 stable disease) is 13% in the 

NETTER study. 





Organ at risk preservation 

Kidneys

✓10% solution of mannitol*

Intravenously infused

- 250 ml @ 30 m before RLT

- 250 ml @ 60 m after RLTT

Salivary 

glands 

✓2 folic polyglutamate candies         

before and during RLT

✓ Ice pack on the glands

Intestine ✓Laxative solution

  6h after RLT  

ACTIONS
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ABSTRACT: RLT with Lu-PSMA in mCRPC patients: could be 

it feasible before taxane-based chemotherapy? Preliminary 

results from a phase II clinical trial.

Ilaria Grassi1, Emilio Francesco Giunta2 ,  Irene Marini1  et all.

Methods: in 5 years 145 mCRPC
patients were enrolled in the 
IRST study 185.03. It is a phase 
II, open-label, single-centre
prospective trial.  
The main endpoint of the trial 
was best biochemical response
(BBR), main secondary 
endpoints were PFS, OS and 
safety. 142 patients received up 
to 6 cycles of Lu-PSMA every 6 
weeks, with a mean dose of 
17.5 GBq (up to 33 GBq of total 
cumulative dose)

PAZIENTI Pre Taxani 42pz Post Taxani 100 pz

Risposta 

biochimica

23 (54,8%) 35 (35%)

mPFS 8,5 mesi 6 mesi

mOS 35,1mesi 12,6 mesi

Tossicità anemia G3 (5%)
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PSMA staining in tumor vasculature
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TARGET first described by Wolfang J. Rettig and Lloyd J. Old (MSKCC) 1990

FAP is a specific and selective marker of cancer-associated fibroblasts (CAFs)

CAFs 

FIBROBLAST Activation Protein (FAP) is highily expressed in CAFs in 90% of all cancer types

• Cancer- associated fibroblasts (CAFs) are highily prevalent in tumor microenvironment (TME) of many cancer entities

• CAFs persist in the TME throught all malignant stages of tumorigenesis

• CAFs express PAP, which represents a pan-tumor target

• FAP is not expressed on normal fibroblast, thus FAP expressione is norma tissues in very low



The detectability of malignant and benign bone lesions using 68Ga-FAPI PET and 18F-FDG PET was 

compared.

Elevated uptake of 68Ga-FAPI was found in 82/129 cases (63.57%). A total of 295 lesions were identified, 

including 94 (31.9%) malignant lesions (all were metastases) and 201 (68.1%) benign lesions. 68Ga-

FAPI PET identified much more lesions than 18F-FDG PET (104 vs. 48) with higher uptake value.

Bone metastases were mainly distributed in the spine, pelvis, and ribs.

The mean SUVmax of bone metastases was significantly higher than that of benign diseases (7.14 ±

4.33 vs. 3.57 ± 1.60, p < 0.001), but overlap existed. 

The differences in SUVmax among subgroups of benign diseases was also registered and were statistically 

significant (p < 0.001),





GEP-NET



Sensibilità diagnostic della PET 68Ga-FAPI nei vari tipi d tumori ed in particolare nei sarcomi

Protocollo propedeutico a successive protocollo terapeutico di fase II con 177Lu-FAPI
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212 PB theray in NET. The study was designed as a single-ascending-dose (SAD)/multiple-ascending-dose (MAD) trial 
using a 3 1 3 dose-escalation scheme with an 8-wk dose-limiting toxicity period. 
The maximum total dose per subject in the SAD cohort was 296 MBq (8 mCi). The maximum total dose per subject in 
the MAD cohort was 888 MBq (24 mCi). 
Thirty minutes before each dose, an amino acid solution of lysine and arginine was administered at 250mL/h over 4 h 
for kidney protection.

The primary endpoint was assessment of the safety and dose-limiting toxicities of ascending doses of 212Pb-
DOTAMTATE used for TAT of subjects with SSTR-expressing NETs. Secondary endpoints included pharmacokinetics, 
dosimetry, and determination of preliminary effectiveness of 212Pb-DOTAMTATE. 

RESULTS
In the MAD4 cohort, the ORR by RECIST was 80% (1 CR, 7 PR, 2 stable disease). 
NETTER-1 study, in last updated data registered a 13% ORR in the 177Lu-DOTATATE group and 4% in the control 
group

SAFETY
No dose-limiting toxicities were noted during dose escalation or expansion, and no subject required a delay in 
treatment or a reduction of dose.








