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Positron emission tomography (PET)/computed tomography (CT) is a rapidly expanding

imaging modality, thanks to the availability of compact medical cyclotrons and automated

chemistry synthesis modules for the production of PET radiopharmaceuticals. Despite the

availability of many radiotracers, [18F]fluorodeoxyglucose (FDG) is currently the most

widely used radiopharmaceutical in PET, and the field of molecular imaging is anxiously

awaiting the introduction of new PET radiopharmaceuticals for routine clinical use. During

the last five years, several proprietary PET radiopharmaceuticals have been developed by

major companies, and these new agents are in different stages of clinical evaluation. These

new PET drugs are designed for imaging brain beta amyloid, myocardial perfusion, amino

acid transport, angiogenesis, and tumor antigen expression. In addition, the National

Cancer Institute, Society of Nuclear Medicine Clinical Trials Network, and the American

College of Radiology Imaging Network have been conducting multicenter clinical trials with

several nonproprietary PET drugs such as sodium [18F]fluoride, [18F]fluorothymidine,

[18F]fluoromisonidazole, and 64Cu-labeled diacetyl-bis (N4-methylthiosemicarbazone. All

new PET radiopharmaceuticals, like any other drugs, must be manufactured under current

good manufacturing practices as required by the Food and Drug Administration before

clinical evaluation (phases I, II, and III) and submission of new drug application. This review

briefly describes the chemistry, mechanisms(s) of localization, and clinical application of

both proprietary and nonproprietary new PET drugs under multicenter clinical evaluation.

Semin Nucl Med 41:246-264 © 2011 Elsevier Inc. All rights reserved.

Positron emission tomography (PET) is a rapidly ex-

pandingclinical modality worldwide, dueto theavail-

ability of compact medical cyclotrons and automated

chemistry synthesis modules for the production of PET

radiopharmaceuticals. Thefirst preparation of 2-deoxy-2-

[18F]fluoro-D-glucose (FDG) compound using [18F]F2 gas

wasachieved in 1978 at theBrookhaven National Labora-

tory in the United States by Ido et al.1 The real break-

through wasenabled in 1986 by Hamacher et al,2 allowing

for theproduction of high amountsof FDGon thebasisof

[18F]fluoride, which wasfurther improved by Füchtner et

al.3 Since the 1970s several thousand PET radiotracers

havebeen developed. In theNational Institutes of Health

molecular imaging and contrast agent database, almost

800 molecular imaging radiotracers havebeen listed with

potential clinical applications. It isestimated that thereare

morethan 650biomedical cyclotronsin theworld catering

to about 2200 PET or PET/computed tomography (CT)

systems.4 Recently, several reviews have been published

that discussthedevelopment of many new PET radiophar-

maceuticals with potential clinical applications.5-15 De-

spite the availability of many PET radiotracers, FDG is

currently themost widely used (90%) radiopharmaceuti-

cal in PET, often makingPETsynonymoustoastudy using

FDG. Thefield of molecular imagingand PET isanxiously

awaiting the introduction of new PET radiopharmaceuti-

calsfor routineclinical use. In thiscontext, it isimportant

tounderstand theroleof multicenter clinical trialsand the

Food and DrugAdministration (FDA) approval processto

appreciate the difficulties in getting a PET radiopharma-

ceutical into routineclinical practice.
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Improving PET spatial resolution and detectability for prostate cancer imaging. 
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Limiti dell’attuale imaging
(11F/18F-colina)
• Riduzione della sensibilità per livelli di PSA < 1

• La mancanza di tessuto/specificità neoplastica

• Mancato approccio alla via terapeutica del radiofarmaco (la colina 
non mostra sviluppi possibili verso la terapia)
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patient. Top left: pararectal
positive subcentimetric lymph
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Projection sagittal view 11C
choline PET/CT, performed 5
minutes after injection of 370

MBq of 11C choline, detected
metastatic pararectal lymph
node. Source: Castellucci P
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ANNOUNCEMENT 

FDA Approves PET Imaging Agent for Prostate Cancer Detection
Mayo Clinic is first facility approved to manufacture agent

By I an I ngram |  20 settembre 2012

Web Editor, Cancer Network

The US Food and Drug Administration (FDA) has approved the production and use of 11C choline, an agent shown to be

effective in detecting recurrent prostate cancer during positron emission tomography (PET) imaging.

PET imaging with 11C choline is performed in patients previously treated for prostate

cancer who have elevated prostate-specific antigen (PSA) levels. A rising PSA can signal

a recurrence even when computerized tomography (CT) imaging shows no sign of

disease.

(MORE: FDA Approves PET Imaging Agent for Alzheimerʼs Evaluation)

11C choline “provides an important imaging method to help detect the location of prostate

cancer in patients whose blood tests suggest recurrent cancer when other imaging tests

are negative,” said Charles Ganley, MD, director of the office of drug evaluation at the

FDA, in a press release.

The results of four independent studies led to the approval of 11C choline as an imaging

agent. In total, 98 patients with elevated PSA levels, but no sign of prostate cancer

recurrence during CT scans, underwent PET imaging with 11C choline. Biopsies were

performed on all abnormalities found during the PET scan.

Roughly 50% of patients biopsied within each study were ultimately found to have

recurrent prostate cancer. False positives varied by study, ranging from 15% to 47% of

patients, confirming the need for biopsies. Other than a mild skin reaction at the site of

injection, no side effects were reported.

The Mayo Clinic PET Radiochemistry Facility in Rochester, Minnesota is the first facility

approved for manufacturing 11C choline, which must be administered to patients shortly

after production.
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(MORE: FDA Approves PET Imaging Agent for Alzheimerʼs Evaluation)

11C choline “provides an important imaging method to help detect the location of prostate

cancer in patients whose blood tests suggest recurrent cancer when other imaging tests

are negative,” said Charles Ganley, MD, director of the office of drug evaluation at the

FDA, in a press release.

The results of four independent studies led to the approval of 11C choline as an imaging

agent. In total, 98 patients with elevated PSA levels, but no sign of prostate cancer

recurrence during CT scans, underwent PET imaging with 11C choline. Biopsies were

performed on all abnormalities found during the PET scan.

Roughly 50% of patients biopsied within each study were ultimately found to have

recurrent prostate cancer. False positives varied by study, ranging from 15% to 47% of

patients, confirming the need for biopsies. Other than a mild skin reaction at the site of

injection, no side effects were reported.

The Mayo Clinic PET Radiochemistry Facility in Rochester, Minnesota is the first facility

approved for manufacturing 11C choline, which must be administered to patients shortly

after production.
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• Total of 18F-FACBC uptake in PCa cells is probably related to the 

expression level of system ASC, a Na+-dependent AAT, in PCa cells and 

is a likely explanation for the higher uptake of anti-[14C]FACBC in PCa

cells compared with normal cells. 
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• LAT1, a Na+ independent AAT, is also an important transport system for 

anti-[14C]FACBC uptake, especially in acidic pH environments such as 

that present in an intra-tumoural environment. 
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Relatively low uptake in inflammation: 18F-FACBC may be
useful to separate areas of inflammation from tumor
Relatively low uptake in inflammation: 18F-FACBC may be
useful to separate areas of inflammation from tumor
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Comparison of 18F-FACBC and 11C-choline PET/CT in patients with radically treated 

prostate cancer and biochemical relapse: preliminary results.
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the detection rate of 11C-choline and anti-3-18F-FACBC.

The nonparametric Wilcoxon test was used to compare the

mean PSA levels in 11C-choline-positive and 11C-choline-

negative patients and to compare anti-3-18F-FACBC-posi-

tive with anti-3-18F-FACBC-negative patients (MedCalc).

Results

Enrolled in the study were 15 patients radically treated for

PCa with biochemical relapse and matching the inclusion

criteria. Their mean agewas66±7 years(range55–76 years)

and their mean PSA level at enrolment was 2.1±2 ng/ml

(range 0.2–8.48 ng/ml). All patients had been surgically

treated with radical prostatectomy. Of the 15 patients, 5

had received postsurgical radiotherapy and 7 postsurgical

hormonal therapy. None of the patients was under hormonal

therapy at enrolment. The patient characteristics are

presented in Table 1.

Physiological uptake of anti-3-18F-FACBC differed from

that of 11C-choline. Anti-3-18F-FACBC showed uptake in

the pancreas and liver, and mild and diffuse uptake in the

bone marrow. In contrast, 11C-choline showed physiological

uptake in the liver, pancreas, spleen and kidneys, and similar

to anti-3-18F-FACBC, mild and diffuse uptake also in the

bone marrow (Fig. 1).

No adverse reactions to anti-3-18F-FACBC PET/CT were

noted. On a patient basis, 11C-choline PET/CT scans were

positive in 3 patients and negative in 12 (detection rate

20 %). Anti-3-18F-FACBC PET/CT scans were positive in 6

patientsandnegativein9 (detection rate40%; Table2). There

was no statistically significant difference in detection rates

between the two tracers (p=0,25). On a lesion basis,
11C-choline detected 6 lesions (4 in bone, 1 in lymph node,

1 local relapse), and anti-3-18F-FACBC detected 11

lesions (5 bone, 5 lymph node, 1 local relapse). This

difference was not statistically significant (McNemar

Fig. 4 Plots of the lower PSA, lower, median and upper quartile, and

higher PSA values show a complete overlap in PSA levels between

anti-3-18F-FACBC-negative and anti-3-18F-FACBC-positive patients

and 11C-choline-negative and 11C-choline-positive patients

Fig. 3 Detection rateof 11C-choline and anti-3-18F-FACBC in relation

to PSA level (ng/ml)

Fig. 5 Plots of the lower SUVmax, lower, median and upper quartile,

and higher SUVmax show a complete overlap in SUVmax between

anti-3-18F-FACBC-positive lymph nodes (LN) and bones

Fig. 2 Target-to-background ratios of 11C-choline and anti-3-18F-

FACBC in individual lesions
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18F-fluciclovine axial cut (A,fusion;B,CT;C,PET;D,MIP) showing increased uptake in 1 

small positive interaortocaval lymph node (arrow). Corresponding 11C-choline axial cut 

(A, fusion; B, CT; C, PET; D, MIP) resulted completely negative. 

18F-fluciclovine axial cut (A,fusion;B,CT;C,PET;D,MIP) showing increased uptake in 1 

small positive interaortocaval lymph node (arrow). Corresponding 11C-choline axial cut 

(A, fusion; B, CT; C, PET; D, MIP) resulted completely negative. 



•Late urinary excretion, that allows to acquire images 

without any significant urinary activity;

•Lower background.

Better contrast in positive lesions
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Superior detection rate of Fluciclovine 

(18F) over 11C-Choline,  

both on patient basis and on lesion basis
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… After surgery a topographic correspondence between 

histological result and 18F-FACBC positivity was found.

… After surgery a topographic correspondence between 

histological result and 18F-FACBC positivity was found.
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68Ga-PSMA PET/CT of patient 22 who received the lowest 

dose of radiotracer (52 MBq). Red arrows point to several 

small lymph nodes with clearly visible pathological tracer 

uptake.

68Ga-PSMA PET/CT of patient 22 who received the lowest 

dose of radiotracer (52 MBq). Red arrows point to several 

small lymph nodes with clearly visible pathological tracer 

uptake.

68Ga-PSMA PET/CT of patient 21 with a minimal PSA value 

(0.01 ng/ml). Red arrows point to typical lymph node metastases. 

The combination of minimal PSA levels despite visible tumour 

lesions suggests a dedifferentiation of the prostate cancer. 

68Ga-PSMA PET/CT of patient 21 with a minimal PSA value 

(0.01 ng/ml). Red arrows point to typical lymph node metastases. 

The combination of minimal PSA levels despite visible tumour 

lesions suggests a dedifferentiation of the prostate cancer. 

New Targets
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68Ga- PSMA-ligand PET/CT 1 h p.i. can detect PCa in a high 

percentage of patients with suspected cancer (82.8 %). 
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 In addition, the tracer is highly specific for PCa: histological 

analysis demonstrated that accumulation of 68Ga-PSMA- HBED-

CC in lesions correlates with manifestations of PCa in virtually 

all cases and false-positive lesions could not be detected. 
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CC in lesions correlates with manifestations of PCa in virtually 

all cases and false-positive lesions could not be detected. 

 Detection of PCa is improved at higher PSA levels.  Detection of PCa is improved at higher PSA levels. 

 No association was found between a positive PET/CT and faster 

PSA DTs as well as GSC 7, 8 or 9–10 compared to a low GSC of 

5–6.

 No association was found between a positive PET/CT and faster 

PSA DTs as well as GSC 7, 8 or 9–10 compared to a low GSC of 

5–6.


68Ga-PSMA-ligand PET/CT can help delay systemic therapy of PCa. 
68Ga-PSMA-ligand PET/CT can help delay systemic therapy of PCa. 
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COLINA--> metabolismo fosfolipidico di membrana
Linee guida AIOM:
non esistono attualmente evidenze scientifiche che ne giustifichino l’utilizzo nella 
stadiazione iniziale della malattia linfonodale e a distanza nei pz con Ca prostatico.

Due metanalisi --> Se e Sp globali per la valutazione della malattia linfonodale pari a:
49,5% e 95% in 441 pz [Evangelista 2013 Eur Urol]
62% e 92% in 609 pz [von Eyben 2015 Nucl Med Commun]

Potrebbe essere indicata per il completamento stadiativo in pz a rischio alto o molto 
alto. In tale scenario, sembrerebbe più Se e Sp della scintigrafia ossea e della TC, ma ad 
oggi le limitate evidenze scientifiche non ne giustificano l’uso sistematico.

Nella fase di ristadiazione: indicata nel Ca della prostata dopo prostatectomia radicale 
(+/- linfadenectomia) o dopo RT con intento radicale, in caso di elevazione del PSA. 
La capacità di identificare la sede di ripresa della malattia dipende da  caratteristiche 
cliniche del tumore (es GS) e biochimiche (es livelli e cinetica del PSA). 
Indicata in ristadiazione in presenza di:
PSA > o uguale a 1 ng/ml
PSA doubling time (PSAdt) <6 mesi
PSA velocity (PSAvel) >1 ng/ml/anno



PET-TC con PSMA: attualmente considerata indagine sperimentale.
Tropismo recettoriale, lega proteina moderatamente espressa nel tessuto prostatico 
sano e overespressa nel tessuto prostatico patologico. 
Numerose evidenze scientifiche hanno dimostrato la sua superiorità diagnostica 
rispetto alla colina nell’identificare la sede di ripresa di malattia [Schwenck 2016 Eur J 
Nucl Med Mol Imaging; De Visschere 2019 EUO]. 
Recente metanalisi --> maggiore detection rate rispetto alla colina in pz con ripresa 
biochimica per valori di PSA < 1 ng/ml [Treglia 2019 Am J Nucl Med Mol Imaging].
Alcune evidenze suggeriscono un ruolo aggiuntivo nella stadiazione iniziale rispetto 
all’imaging convenzionale (es Tc e bone scan) nei pz a rischio alto e molto alto.
Potenziale impiego terapeutico (mediante marcatura con isotopi alfa o beta emittenti)-
→ attualmente tracciante più promettente nel pz con Ca prostatico.
Fino al 5-7% delle neoplasie prostatiche non iperesprime PSMA.

FACBC: tracciante aminoacidico con tropismo per Ca prostatico. 
Recentemente introdotto in Italia. Indicato nella ripresa biochimica dopo trattamento 
primario. Studi comparativi hanno dimostrato una maggiore detection rate della FACBC 
rispetto alla Colina [Nanni 2016 Eur J Nucl Med Mol Imaging] ed una simile detection
rate rispetto al Ga-PSMA per le metastasi a distanza, sebbene superiore per quelle in 
loggia prostatica [Pernthaler 2019 Clin Nucl Med]
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EAU guidelines 2019

• PSA dosabile dopo prostatectomia radicale



EAU guidelines 2019

Ripresa biochimica di malattia



Take home message

PSMA PET-TC:

- promettente e specifica per l’imaging del Ca prostatico
- come esame preliminare alla MRI multiparametrica per biopsia target in 
pz con precedenti biopsie negative
- ruolo potenziale in stadiazione nel Ca prostatico ad alto rischio (Se e Sp
superiori rispetto all’imaging standard es CT, MRI e bone scan) 
- detection rate elevata anche con bassi valori di PSA nella ripresa 
biochimica di malattia e per lesioni di piccole dimensioni
- possibilità di terapia mirata (theragnostic)







Clin Nucl Med. 2019 Jun;44(6):431-438. 

Pretherapeutic 68Ga-PSMA-617 PET May Indicate the Dosimetry of 177Lu-PSMA-617 and 177Lu-EB-PSMA-617 in Main

Organs and Tumor Lesions.
Wang J, Zang J, Wang H, Liu Q, Li F, Lin Y, Huo L, Jacobson O1, Niu G1, Fan X2, Zhu Z, Chen X1.

Author information Laboratory of Molecular Imaging and Nanomedicine (LOMIN), National Institute of Biomedical Imaging and Bioengineering (NIBIB), National Institutes of Health (NIH), Bethesda, MD. 

Department of Urology, Chinese Academy of Medical Sciences and Peking Union Medical College Hospital, Beijing, China.

AIM:

Combined Ga-PSMA-617 PET imaging and Lu-PSMA-617 therapy is a precise targeted theranostic approach for patients with metastatic castration-resistant prostate cancer (mCRPC). The purpose of this

study was to determine whether pretherapeutic standard uptake value (SUV) in Ga-PSMA-617 PET could indicate the effective dose in the main organs and absorbed dose in tumor lesions.

METHODS:

After institutional review board approval and informed consent, 9 patients with mCRPC were recruited and underwent Ga-PSMA-617 PET/CT scans. Five patients received Lu-PSMA-617 (1.30-1.42 GBq, 35-

38.4 mCi) and then underwent serial whole-body planar imaging and SPECT/CT imaging of both thoracic and abdominal regions at 0.5-, 2-, 24-, 48-, and 72-hour time points. The other 4 patients received Lu-

EB-PSMA-617 (0.80-1.1 GBq, 21.5-30 mCi) and then underwent the same imaging procedures at 2-, 24-, 72-, 120-, and 168-hour time points. The effective dose in the main organs and the absorbed dose in 

tumor lesions were calculated. Detailed correlations between the pretherapeutic SUV in Ga-PSMA-617 PET and effective dose in the main organs as well as absorbed dose in the tumor lesions were analyzed.

RESULTS:

SUV of Ga-PSMA-617 PET was moderately correlated with effective dose in main organs (r = 0.610 for Lu-PSMA-617, r = 0.743 for Lu-EB-PSMA-617, both P < 0.001). SUV of tumor lesions in Ga-PSMA-

617 PET had high correlation with those in Lu-PSMA-617 (r = 0.915, P < 0.001) and moderate correlation with those in Lu-EB-PSMA-617 (r = 0.611, P = 0.002).

CONCLUSIONS:

Pretherapeutic Ga-PSMA-617 PET may indicate the dosimetry of Lu-PSMA-617 and Lu-EB-PSMA-617. Both the effective dose in main organs and absorbed dose in tumor lesions correlate with SUV of Ga-

PSMA-617 PET. This relationship may help select appropriate candidates for peptide receptor radionuclide therapy. Further investigations of larger cohorts are needed to confirm these initial findings.
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