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Radiofarmaci PET: dove si legano?



Ga-68-peptidi

FDG PET

Ga-68-peptidi

Manoharan, EANM 2016



The link with the receptor and the internalization of the same Peptide, for 
Imaging & Therapy

combinazione di agenti per la diagnosi

e terapia (nello stesso target)
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I Tumori neuroendocrini…..
Hanno reso grande la Teragnostica

La Teragnostica ha valorizzato
I Tumori neuroendocrini (intestinali)



Radiofarmaci nella diagnosi e nella terapia dei NET

NET: presenza dei recettori→ captazione dei peptidi

diagnosi

terapia



Eur J Nucl Med Mol Imaging 2011 Sep;38(9):1659-68

Somatostatin receptor imaging using SUV on Ga-68 SSTR PET/CT

results inaccurate estimation of the receptor density

Ga-68 DOTA-SSTR PET/CT provides in vivo histopathology!
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Staging – localization of primary tumours
and detection of metastatic disease

Restaging – follow-up of patients with known disease
to detect residual, recurrent or progressive disease

Patient selection for PRRT
Virgolini et al. Eur J Nucl Med Mol Imaging (2010) 37:2004–2010

Monitoring response to therapy (particularly PRRT) –
is proposed but still needs to be further

assessed and established as the change

in receptor status does not necessarily indicate

Treatment response and dedifferentiation

with loss of receptors must be taken into account.

Dosimetry – post-PRRT dosimetry studies can be performed but this is limited to certain centres

Imaging molecolare nei NET: obiettivi



Modifica del trattamento



EUS-FNA/FNB

Diagnostic flow-chart for GEP-NEN suspected at morphological imaging



Attuali esami MNU 

68Ga-DOTATOC 18F-DOPA

P-NET SI-NET SI-NET P-NET

Scintigrafia
convenzionale 
(Octreoscan;

111In-pentetreotide)

PET/CT

11C-HTP

Paganelli et al, E J Nucl Med, 2001 Koopmans et al, JCO 2008

IEO
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SSTR scintigraphy using SPECT with In-111 pentetreotide

Hofman et al. Discovery Med 2012

Ga-68 DOTATATE PET MIP
In-111 pentetreotide
SSTR scintigraphy

Patient with metastatic low-grade cecal NEN
Deroose et al. JNM 2016.



PET/CT con Ga-68-peptidi, immagine normale

ipofisi

tiroide

reni, surreni

milza

fegato

processo uncinato del pancreas
intestino

vescica

Captazione fegato e milza → SSA



18F-FDG:
dobbiamo parlarne ancora?



Tumor cells may adapt to metabolic challenges 
by alternating between glycolysis and oxidative 
phosphorylation (OXPHOS). To target this 
metabolic plasticity, we combined intermittent 
fasting, a clinically feasible approach to reduce 
glucose availability, with the OXPHOS inhibitor 
metformin. In mice exposed to 24-h 
feeding/fasting cycles, metformin impaired 
tumor growth only when administered during 
fasting-induced hypoglycemia. Synergistic anti-
neoplastic effects of the 
metformin/hypoglycemia combination were 
mediated by glycogen synthase kinase 3β 
(GSK3β) activation downstream of PP2A, 
leading to a decline in the pro-survival protein 
MCL-1, and cell death. Mechanistically, specific 
activation of the PP2A-GSK3β axis was the sum 
of metformin-induced inhibition of CIP2A, a 
PP2A suppressor, and of upregulation of the 
PP2A regulatory subunit B56δ by low glucose, 
leading to an active PP2A-B56δ complex with 
high affinity toward GSK3β.



…less uptake occurs on SSTR imaging of G3 tumors, and for
this reason G3 NEC are generally imaged with 18F-FDG PET.

Use of 18F-FDG PET has also been proposed alongside
Gallium-68 SSTR imaging, in G2 NET with a Ki-67 >10%, for its
role in identifying patients with tumors that are more likely to

progress.

PET/CT 68Ga-DOTA-peptide 

PET/CT 18F-FDG





F-18 FDOPA PET/CT has been successfully used for NEN imaging.

Once internalized via the sodium-independent system L, F-18 FDOPA is decarboxylated
to F-18-dopamine, transported, and stored in cellular neurosecretory granules.

High sensitivity in low-grade ileal NEN, and can be helpful for tumor localization and staging.

The increased activity of aromatic L-amino acid decarboxylase, involved in tumoral
biosynthesis of serotonin, explains this high sensitivity in carcinoids.

It has low sensitivity (25%) in high-grade GEP NEN
and NETs arising from the foregut and hindgut.

F-18 Fluorodihydroxyphenylalanine (18F-DOPA)

Deroose et al. JNM 2016



Utile quando SSR imaging negativo

Alta sns nei “carcinoidi”

(metabolismo elevato delle varie amine)



11C-5-HTP è un precursore della serotonina → nei NET

Utile quando SSR imaging negativo

Alta sns nel pancreas (non c’è saturazione di serotonina)

→Captazioni fisiologiche (pancreas, vie urinarie);

→ premedicazione con Carbidopa (aum uptake)

→ con ciclotrone





SRI: correlazione con la risposta alla PRRT

Ga-68-SSA-PET

Captazione
elevata

Elevata concentrazione
di radioattività

Alta dose al tumore

Risposta





WB 
Ant

WB 
Post

Liver, LN and bone mets from ileal G1 NET (Ki67 <1%). Status post ileocolectomy; SSA ongoing

68Ga-DOTATOC



PRRT sempre indicata?

carcinoide atipico bronchiale, 

mts ossee e ln, epatiche

Courtesy of ENETS

No uptake, no PRRT



Intensa captazione; ok per PRRT

T, SUV 28,2



Captazione intensa: è sempre indicata la PRRT?

ECOG 2, perdita peso

compromissione

funzionalità ematologica

basale

Dosimetria sfavorevole sull’osso





❖

❖

❖

NETTER -1 and beyond
First international, multicenter, randomized, controlled study, PRRT + SSAs vs Octreotide LAR 60mg

Subjects: inoperable, SSTR positive, midgut NET, progressive with Octreotide LAR 30mg

177Lu-Dotatate was safe and more effective than

Octreotide 60 mg:
·  PFS (Not Reached vs 8.5 months, p<0.0001)
·  ORR (13% vs 4%, p=0.0008)
·  OS (not reached vs. 27.4 months, interim analysis;

p=0.0043)

Strosberg J et al. NEJM 2017



Ma c’è qualcos’altro di nuovo?





Somatostatin Receptor Antagonist

Ginj. M. et al. PNAS 2006

Fani M. et al. JNM 2012

Wild D. et al. JNM 2014

Higher Bmax (binding site)

Higher tumor uptake

Longer tumor retention time

Higher renal uptake



Johnbeck CB et al. J Nucl Med 2017

Migliore rapporto T/nonT
→Migliore sensibilità



Ex-vivo clinical study in meningioma and NET patients1. Uptake in the tumour (PET/CT with 68Ga-DOTATOC)

2. Radiopharmaceutical administration before surgery (90Y-DOTATOC )

Radiation detected by the probe

3. Lesion evaluation after surgical remove by the probe

Confirmed by histology



Qualche commento…



Caso clinico: midgut

Uomo, 37 aa; dolori addominali e flushing

→eco, TC: lesioni epatiche e piccoli linfonodi

→Biopsia: mts da tumore NE, Ki-67 4%.

→Ottobre 2008 Ga-68-DOTATOC PET/CT: 
Multiple lesioni epatiche,  sst2-5 + ln e intestino

→ SSA 

→Gennaio 2009 resezione ileale: tumore NE Ki-67: 5%N+

→ PRRT alternata a TAE

→ PR e poi SD, marzo 2019 ultimo controllo



Follow up, 2014 and 2016 e 2019

Nel follow up: PET/CT con Ga-68-DOTATOC? TC total-body? RM addome?



KEY POINTS: 1

THE PATIENT:

Neuroendocrine tumors: receptor evaluation IN VIVO

Morphological and functional imaging – staging

Patient’s preference and convenience

Multidisciplinary tumor board to write a therapeutic path



PRRT:

- Clinical evaluation

- Lab examinations

- Syndrome control

- Radioprotection

- Follow up

- Is it available?

NEWS????

KEY POINTS: 2



FOLLOW UP:

- Clinical evaluation

- Lab examinations

- QoL

- Morphological and functional evaluation

- Always discuss in a Multidisciplinary Tumor Board

→ New theragnostic approaches, new modalities

KEY POINTS: 3





C’è qualcosa di nuovo sotto il sole nucleare…….



Think different.




