


Imaging morfologico e funzionale
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Positron Emission Tomography

La PET In estrema sintesi

Radiofarmaco marcato con nuclide emittente $* somministrato al
paziente

Emissione isotropa di B+ che localizza la distribuzione funzionale di
radiofarmaco

B+ annichila nel tessuto = produzione di due fotoni di annichilazione
quasi-opposti (E, 20.511 MeV)

Fotoni di annichilazione rivelati in coincidenza elettronica

Ricostruzione della Linea di Volo (LOF) misurata= imaging funzionale
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Principio della Tomografia a
Emissione di Positroni (PET)
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Imaging molecolare

Distribuzione nello spazio e nel tempo di molecole o processi
cellulari per lo sviluppo di applicazioni in campo diagnostico o

terapeutico.
Thakur & Lentle, 2005

Rappresentazione visuale, caratterizzazione e quantificazione
del processi biologici che avvengono in un essere vivente a
livello cellulare e sub-cellulare

In altre parole la misura “in vivo” e caratterizzazione di
processi biologici a livello cellulare e molecolare.

Weissleder & Mahmood, 2001



Imaging

| patienti con diagnosi di carcinoma della prostata
appartengono a due categorie:

1. Pazienti non ancora sottoposti a trattamento con diagnosi
Istopatologica di malattia e per I quali la stadiazione “remains a
challenge”

2. Pazienti con incremento del valori di prostate-specific antigen
(PSA) dopo trattamento, per i quali targeted “salvage”
secondary therapies possono essere “life-saving” a
condizione di riconoscere Il/i siti di “recurrence”.



MNUCLEAR ONCOLOGY

PET Imaging of Prostate Cancer Using

Carbon-11-Choline

Toshihike Hara, Noboru Kosaka and Hiroichi Kishi

Departments of Radiology and Urology, International Medical Center of Japan, Tokyo, Japan

Prostate canger is difficult to visualize using current techniques.
Recently, *'P magnefic resonance speciroscopy has revealed that
the tumar, in general, is characterized by an increased uptake of
choling into the cell 1o meet increased synthesis of phasphatidyl-
choline, an important cell membrane phospholipid. We succeeded
in using "'C-choline to visualize prostate cancer and its local
matastasss in PET. Methods: PET was performed on 10 prostate
mmmmmmmwmmmm
transmission scanning, 370 MBg "' C-chaline were injected intrave-
noushy. The emission scan was performed 5-15 min postinjaction.
Finally, PET images wene displayed so that each pioel was painted
by a specified color representing the degree of the standardized

value (SUV). The "'C-choline image was compared with the

FDG) i obtained

tient. Results: ing of prostate cancer and fts local metastasis
wias difficult when wasmndhmamwﬁﬂnﬂupshﬂsm
mufhmmuhe abun-

concealed by the overwhelmingly

dant rackoactivity in urine (in ureters and biadder). By contrast, it was
sasy when ''C-choline was usad because the urinary activity was
regligible and twmor uptake was marked. The radicactivity concen-
tration of " C-choline in prostate cancer and metastatic sites was at
an SUV of more than three in most cases. The SUV of "*F-FDG was
considerably lower than that of *"C-choline. Conclusion: Prostate
cancer and its local metastasis were visualized clearly in PET using
"'G-gholine.
Key Words: PET; carbon-11-choline; prostate cancer
J Nucl Med 1998; 389-000-065

Pmslnle cancer is a type of cancer in which it is difficult to
determine the extent of its invasion and metastasis by current
techniques. As a result, it also is difficult to estimate the outcome
of surgery, radiotherapy, chemotherapy and hormonal therapy,
Despite the effectiveness of "*F-fluorodeoxyglucose (FDG)
PET in imaging various tumors, this technigue is not appropri-
ate for prostate cancer detection because the urinary excretion
of "8F-FDNG is so large that it interferes with the imaging of
tumors in the Pelv:s
Recently, *'P magnetic resonance spectroscopy (MRS) in
vivo and in vitro has revealed an elevated level of phosphati-
dylcholine in rumaors, which is the most abundant phospholipid
in the cell membranes of all eukaryotic cells (/- 8). It is thought
that this elevation is the result of increased uptake of choline, a
precursor of the biosynthesis ul"'phm.'plﬂ.ti.dr’l.chnl‘in: (9-14).
We previously reported an application of 'C-labeled choline
for imaging brain tumors using PET (/5). Since then, we
successfully used this tracer to image many other types of
tumaors (16). Urinary excretion is negligible with ''C-choline.
Here we report the effectiveness of this tracer in PET imaging
of prostate cancer in patients.
The tissue uptake of ''C-choline is rapid after the intravenous

Recaived Feb. 1, 1887, revision accepiad Oct. 9, 1987,
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injection, in accord with the rapid blood clearance {(/5), Once
the radioactivity is absorbed into the tissue, the tissue uptake
does not change for a long time with decay comection. It is
practically constant from 5 to 40 min after injection in most
organs. Because of these characteristics, the entire procedure of
"'C-choline PET in one patient takes 40 min.

MATERIALS AND METHODS

Patients

With our ethics committee’s approval and the patients® informed
consent, 10 patients who were admitted to the urology department
of our hospital participated in this study. They had both ''C-
choline PET and "*F-FDG PET studies before the beginning of
treatment (two patients were reexamined after treatment, as dis-
cussed later), The PET studies were performed over 2 days before
noon while patients were in the fasting state. Histological diagnosis
was obtained on all patients before the PET study.

Carbon-11-choline was prepared according to the method re-
ported previously (15}, Briefly, using & cyclotron fo produce e,
and afer reacting ''C-methy] iodide with “neat” dimethylamin-
oethanol at 120°C for 5 min, the resulting product, "' C-choline,
wias purified by evaporation of unreacted substrates followed by
treatment of the remaining substance with cation-exchange resin
{—COOH form), yielding an injection solution dissolved in saline. All
synthetic and purification procedures were performed in an sutomated
apparatus (Japan Steel Works, Muroran, Hokkaido, Japan),
Imaging Protocol

PET images were obtained using a PET camera (Headtome TV,
G-mm spatial resolution, Shimadzu, Kyoto, Japan) equipped with
ihree rings to produce five slices at |3-mm intervals, For "'C-
choling, after acquiring transmission data, 370 MBq ''C-choline
were injected. Five minutes later, the emission scan was started.
For ""F-FDG, after acquiring transmission data followed by injec-
tion of 370 MBq "*F-FDG, the patient was allowed to void. After
placing the patient in the fixed bed position, the emission scan was
started 40 min afier injection. During fransmission and emission
scanning, the bed position was shifted six times upward from the
level of pelvis to that of liver, with a 1dal data acquisition time of
18 min. PET images were reconstructed after correcting the
emission data by the transmission data. The horizontal images were
displayed sequentially on a computer screen, where their slice
levels were shown in a planar image made up from a whole set of
the horizontal images (The planar image was helpful in determin-
ing the position of the prostate.) Finally, the horizontal images
were displayed on the screen using a scale of the standardized

uptake value (SUW). SUV is defined as:
Regional mliug:::tviry concentration
SUV = otal injected dose/body weight

where the radioactivity concentration in a pixel (Bg/ml) was to be
determined from an apparent pixel count (cps/pixel volume) and a

June 1998
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Modello “ Ball-and-stick” della . catione idrosolubile, nutriente essenziale.

) /‘ ‘ Nitrogen (L'atomo di azoto ha una carica positiva)
¢ X \ / { ‘ Oxygen
e | / o ) Carbon
7 _— ? @ Hydrogen
o - J
P

Choline is a guaternary ammonium salt with the chemical formula (CH3)3N+(CH2)20HX-, where X- is
a counter-ion such as chloride, hydroxide or tartrate. Choline chloride can form a low-melting deep
eutectic solvent mixture with urea with unusual properties. The salicylate salt is used topically for pain
relief of aphthous ulcers.




PET/CT — Colina

In sintesi:

oIl processo biochimico alla base dell’'uso della Colina come tracciante PET e la
sintesi delle membrane

*Tutte le cellule usano colina come precursore per la biosintesi di fosfoli pidi,
componenti essenziali delle membrane cellulari.

sLa colina entra nella cellula utilizzando trasportatori specifici  di membrana

*All'interno della cellula la colina e fosforilata attraverso I'azione dell’enzima colina-
chinasi (CK).

sLa fosforil-colina e ulteriormente metabolizzata in fosfatidil-colina (lecitina ),
principale fosfolipide di membrana.

Le cellule tumorali , necessitano di quantitativi elevati di colina nei processi
replicativi/proliferativi.



PET/CT — Colina

«Considering the known limitations of the current imaging
modalities, many investigations have assessed the value of C-
and 18F-choline PET/CT as a single noninvasive modality in
the restaging of prostate cancer patients with bioc hemical
recurrence after initial treatment.

A sensitivity of between 43% and 95% was reported  using
choline PET/CT in the detection of malignant lesions in recurrent
prostate cancer. Moreover, several studies have evaluated the
Influence of various clinical (e.g., tumor stage, Gleason score,
and ADT ) and laboratory findings (e.g., PSA level, PSA velocity,
and PSA doubling time ) on choline PET/CT in patients with
rising PSA levels after initial treatment.



PET/CT — ...oltre la Colina



CONTINUING EDUCATION

Novel Tracers and Their

Development for the

Imaging of Metastatic Prostate Cancer™

Andrea B. Apolo'?, Neeta Pandit-Taskar®?, and Michael I.

Morris!?

Genitourinary Oncology Service, Department of Medicine, Memorial Sloan-Kettering Cancer Center, New York, New York;
2Department of Medicine, Weill Medical College of Cornell University, New York, New York; 3Nuclear Medicine Service,
Department of Radiology, Memorial Sloan-Ketiering Cancer Center, New York, New York; and “Department of Radiology,

Weill Medical College of Cornell University, New York, New York

There are presently no accurate methods of imaging prostate
cancer metastases to bone. An unprecedented number of novel
imaging agents, based on the biology of the disease, are now
available for testing. We reviewed contemporary molecular
imaging modalities that have been tested in humans with meta-
static prostate cancer, wnh consideration of the s1ud|ss adher-

ﬂuurodeoxygiucose 11C-choline; "8F-flucrochaline; “C-aceiate.
11C-methionine; 18F-fluoro-5a-dihydrotestosterone

J Nucl Med 2008; 49:2031-2041

DOI: 10.2967/jnumed.108.050658

In the past several decades, understanding of the molec-
ular biology of prostate cancer has expanded, particularly
related to growth despite androgen-reducing agents and the
transformation from a tumor cell dependent on prostate
stroma to one that participates in bone metabolism (/,2).
The identification of biologic targets not only has led to
the introduction of novel therapies for prostate cancer but
also has opened up new possibilities for imaging the dis-
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ease. These biologic targets can be used to characterize
underlying molecular biology of the tumor at a lesional
level, assess the pharmacodynamics of targeted therapy,
and assess clinical responses.

Such new imaging modalities are sorely needed for
prostate cancer patients, particularly those with metastatic
disease. Between 80% and 90% of prostate cancer patients
with metastatic disease have involvement of the axial
skeleton (3-6). Although contemporary data show an
increasing proportion of soft-tissue lesions in prostate
cancer patients with metastatic disease (4,5), bone metas-
tases still continue to represent the predominant manifes-
tation for most patients and the primary cause of morbidity
and mortality. However, bone metastases are considered
nonmeasurable by the Response Evaluation Criteria in
Solid Tumors. The lack of accurate imaging modalities to
directly, reproducibly, and effectively delineate bone me-
tastases limits the clinical management of prostate cancer
patients and the advancement of new therapies.

It is difficult to introduce and test any new agent in
prostate cancer—whether it is a therapeutic drug or a novel
tracer—because there is no gold standard imaging modality
that can establish whether a drug is having an effect on the
cancer, whether a tracer is actually detecting disease, or
whether there has been a change in disease. As a result,
designing clinical trials for prostate cancer is uniquely
challenging (7,8). In addition to the difficulty of imaging
prostate cancer, the disease itself has a heterogeneous
clinical course, as do its patients, who face significant
noncancer-related morbidities as well.

Faced with these challenges, the field has adopted a clinical-
states framework for organizing the natural history of disease
(Fig. 1). The model highlights the objectives of the interven-
tion rather than the treatment itself. In addition, unlike tradi-
tional staging schema based on primary tumor characteristics,
nodal status, and metastatic involvement at diagnosis, the
model is not fixed but describes the entire disease course.

Leaders in prostate cancer clinical trials have developed
state-specific consensus criteria for clinical trials, from
eligibility criteria to outcome measures (9-/7). These

NoveL ProsTate CANCER TRACERS * Apolo et al. 2031




FOCUS ON MOLECULARIMAGING

New Agents and Techniques for Imaging Prostate Cancer

Atif Zaheer, Steve Y. Cho, and Martin G. Pomper

Russell H. Morgan Department of Radiology and Radiological Science, Johns Hopkins Medical Institutions, Baltimore, Maryland

The successful management of prostate cancer requires early detec-
tion, appropriate risk assessment, and optimum treatment, An unmet
goal of prostate cancer imaging is to differentiate indolent from ag-
gressive Wumors, as lreatrment may vary for different grades of the dis-

ease. Different modalities have been tested to diagnose, stage, and
monitor prostate cancer during therapy. This review briefly describes
the key clinical issues in prostate cancer imaging and therapy and
summarizes the various new imaging modalities and agents in use
and on the horizon.

Key Words: molecular imaging; MRI; PET; SPECT; radiopharma-
ceutical

J Nucl Med 2009; 50:1387-1390
DOI: 10.2967/jnumed.109.061838

Prostate cancer (PCa) is the most common malignancy among
men in the United States, with mortality superseded only by lung
cancer, accounting for 10% of all cancer-related deaths in 2008
(7). PCa is currently characterized by its TNM stage, Gleason
score, and prostate-specific antigen (PSA) serum level. PSA
testing is the mainstay of detection and has reduced the rate of
death from PCa. However, there remains growing concern re-
garding the potential risk of overdiagnosis and, consequently,
overtreatment of potentially indolent disease. The rate of over-
diagnosis of PCa, defined as diagnosis in men who would not have
clinical symptoms during their lifetime, has been estimated to be as
high as 50% (2). Urinary incontinence and erectile dysfunction are
not uncommon after radical prostatectomy. Although PSA is a
good marker for assessing response to therapy and detecting
recurrence, PSA lacks the ability to differentiate low-grade from
high-grade cancers. New biomarkers such as the recently
described stage-dependent urinary marker sarcosine (3) may soon
rival PSA for monitoring the presence and extent of disease.
Conventional imaging, which includes CT, MRI, and ultra-
sound, is currently used to detect organ-confined or metastatic
disease for staging and determining prognosis. However, there is
substantial room for improvement in the use of imaging for
determining tumor grade and for identifying minimal, metastatic
disease. At a recent workshop, the National Cancer Institute
proposed intervention for PCa at 4 different levels (4). The roles of
imaging in initial diagnosis, staging, discase recurrence after
treatment, and assessment of response to therapy were discussed.
Also discussed were the multiple new molecular imaging agents
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that are being tested and can be incorporated into the current
paradigm of diagnosis, treatment, and rapid detection of recurrent
disease. We will address new approaches to imaging PCa in the
context of these 4 levels of intervention.

INITIAL DIAGNOSIS

The current standard for diagnosis of PCa is sextant biopsy
guided by transrectal ultrasound. PCa is the only malignancy for
which the diagnosis is made from tissue obtained on a blind
biopsy. That technique tends to underestimate the histologic grade.
The heterogeneous nature and multifocality of the tumor renders a
blind biopsy inadequate in assessing tumor grade. Up to 28% of
clinically significant cancers have been reported to go undetected
by the traditional sextant biopsy method (5). Imaging data, which
are not susceptible to the sampling error that accompanies biopsy,
can enhance biopsy by allowing for a more targeted approach.

T2-weighted MRI provides higher spatial and contrast resolu-
tion than does transrectal ultrasound and CT but lacks specificity
(6). Magnetic resonance spectroscopy (MRS) provides a nonin-
vasive method of detecting low-molecular-weight biomarkers
within the cytosol and extracellular spaces of the prostate. MRS
relies on the loss of a normal citrate peak from the peripheral zone
and an increase in the choline peak, an indirect marker of cell
death. The ratio of (choline + creatine)/citrate in PCa exceeds the
mean ratio found in healthy prostate tissue. Pulsed field gradients
are generally used for localization using volumes of interest and
include point-resolved spectroscopy and stimulated echo acquisi-
tion mode, summarized in an excellent review by Mueller-Lisse
and Scherr (7). Although the addition of MRS to MRI alone does
not significantly improve the accuracy of PCa detection, together
they are more accurate than biopsy in certain regions of the
prostate, such as the apex (8). MRS combined with MRI may also
supplement standard biopsy guided by endorectal ultrasound (9).
Measurement of prostate tumor (choline + creatine)/citrate and
tumor volume by MRS imaging correlates with Gleason score
(10). In a small clinical trial, improved spatial and spectral res-
olution were achieved at 7 T, allowing for more sensitive detection
of spermine, a metabolite having an inverse correlation with the
presence of tumor cells (/7).

Despite the limited ability of ultrasound to delineate cancer,
ultrasound has the advantage of low cost, wide availability, and
speed over MR image—guided interventions. A recent study de-
monstrated the feasibility of prostate biopsy guided by fusion of
transrectal ultrasound and MRI, with the entire procedure, including
fusion, requiring about 10 min (/2). Furthermore, with an ul-
trasound 3-dimensional (3D) navigation system, such as that de-
veloped by Bax et al. (13), needle guidance can be used for sampling
small lesions. Tests of the accuracy of biopsy needle guidance in agar
prostate phantoms showed a mean error of 1.8 mm in the 3D location
of the biopsy core, with less than 5% error in volume estimation.

ProsTATE CANCER IMAGING ¢ Zaheer et al. 1387
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Glutamate Carboxypeptidase Il in Diagnosis and Treatment of
Neurologic Disorders and Prostate Cancer

C. Baiinka'!”, C. Rojas2, B. Slusher?, and M. Pomper”
'Institute of Biotechnology, Academy of Sciences of the Czech Republic, Videnska 1083, 14200
Praha 4, Czech Republic
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Abstract

Glutamate carboxypeptidase 11 (GCPII) is a membrane-bound binuclear zine metallopeptidase
with the highest expression levels found in the nervous and prostatic tissue. Throughout the
nervous system, glia-bound GCPII is intimately involved in the neuron-neuron and neuron-glia
signaling v/ the hydrolysis of N-acetylaspartylglutamate (NAAG), the most abundant mammalian
peptidic neurotransmitter. The inhibition of the GCPII-controlled NAAG catabolism has been
shown 1o attenuate neurotoxicity associated with enhanced glutamate transmission and GCPII-
specific inhibitors demonstrate efficacy in multiple preclinical models including traumatic brain
injury, stroke, neuropathic and inflammatory pain, amyotrophic lateral sclerosis, and
schizophrenia. The second major area of pharmacological interventions targeting GCPII focuses
on prostate carcinoma; GCPII expression levels are highly increased in androgen-independent and
metastatic disease. Consequently, the enzyme serves as a potential target for imaging and therapy.
This review offers a summary of GCPII structure, physiological functions in healthy tissues, and
its association with various pathologies. The review also outlines the development of GCP1I-
specific small-molecule compounds and their use in preclinical and clinical settings.

Keywords

Metalloprotease; prostate-specific membrane antigen; glutamate excitotoxicity; prostate cancer:
N-acetylaspartylglutamate

1. INTRODUCTION

Glutamate carboxypetidase 11 (GCPII; EC 3.4.17.21) also known as prostate specific
membrane antigen (PSMA), N-acetylated-alpha-linked acidic dipeptidase (NAALADase),
and folate hydrolase (FOLH1) is a zinc-dependent peptidase that is increasingly recognized
as a target of therapeutic interventions in a variety of neurologic disorders as well as a
marker for imaging of and therapy for prostate cancer (PCa). GCPII was identified by
different laboratories in different tissues of different species more than 20 years ago; original
designations reflected the belief that the identified protein was cither a unique entity in a

2012 Bentham Science Publishers
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Glutamate carboxypeptidase Il (GCPII), also known as N-acetyl-L-aspartyl-L-
glutamate peptidase | (NAALADase I), NAAG peptidase, or prostate-specific
membrane antigen (PSMA) is an enzyme that in humans is encoded by the
FOLH1 (folate hydrolase 1) gene.Xl Human GCPII contains 750 amino acids
and weighs approximately 84 kDa.l2

GCPIl is a zinc metalloenzyme that resides in membranes. Most of the
enzyme resides in the extracellular space.

GCPIll is a class Il membrane glycoprotein . It catalyzes the hydrolysis of
N-acetylaspartylglutamate  (NAAG) to glutamate and N-acetylaspartate
(NAA).

Neuroscientists primarily use the term NAALADase in their studies, while
those studying folate metabolism use folate hydrola se, and those
studying prostate cancer or oncology, PSMA.

All of which refer to the same protein glutamate ca  rboxypeptidase II.
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Figure 1| The structure of prostate-specific membrane
antigen (PSMA), its binding sites for PSMA ligands
and the most frequently used antibodies. a| The short
intracellular domain containing a binding site that can be
targeted with 7E11 antibodies. b | The hydrophobic
transmembrane region. The extracellular part of PSMA
consists of section ¢ | that contains two domains of
unknown function and proline-rich and glycine-rich regions
as linkers, d | that is the large catalytic domain, which
contains a binding site for J591 antibodies as well as the
active substrate recognition site that is being targeting by
PSMA inhibitors and e | the final domain of unknown
function to which a helical dimerization domain is localized.
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L'espressione di PSMA e notevolmente aumentata nel

tumore della prostata , approssimativamente 100 volte rispetto
al tessuti normali.

In alcuni tumori della prostata, PSMA ¢ il secondo prodotto
genico “upregulated”, con un aumento di 8- 12- volte rispetto
alle cellule prostatiche non carcinomatose.

Nel tumore della prostata | tumori a piu alta espressione  sono
associati a piu veloce progressione di malattia e piu alta
percentuale di recidive.

Studi in vitro con linee cellulari di tumore mammario e della
prostata a diminuita espressione di PSMA  mostrano
significativa riduzione della proliferazione, migrazione,
Invasione, adesione e sopravvivenza cellulare.



PSMA PET nella recente letteratura

«PSMA PET PROSTATE»
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PET imaging with a [**Ga]gallium-labelled PSMA ligand
for the diagnosis of prostate cancer: biodistribution
in humans and first evaluation of tumour lesions
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Abstract

FPurpase Prostate-specific membrane antigen (PSMA) is a
cell surface protein with high expression in prostate carci-
noma (PC) cells. Recently, procedures have been developed
1o label PSMA ligands with **Ga, *™Tc and "**"**" 311 Our
initial experience with Glu-NH-CO-NH-Lys-{Ahx)[**Ga
(HBED-CCO))(*Ga-PSMA) suggests that this novel tracer
can detect PC relapses and metastases with high contrast.
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The aim of this study was to investigate its biodistribution in
normal tissues and tumour lesions,

Methods A total of 37 patients with PC and rising prostate-
specific antigen (PSA) levels were subjected to "*Ga-PSMA
positron emission tomography (PET)YCT. Quantitative as-
sessment of tracer uptake was performed | and 3 h post-
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PET imaging with a [ %8Ga]gallium-labelled PSMA ligand for the diagnosis o f prostate cancer:
biodistribution in humans and first evaluation of t umour lesions

A. Afshar-Oromieh , A. Malcher , M. Eder, M. Eisenhut , H. G. Linhart , B. A. Hadaschik , T. Holland-Letz , F. L. Giesel ,
C. Kratochwil et al.

Methods

A total of 37 patients with PC and rising prostate-  specific antigen (PSA) levels were subjected to 68Ga-
PSMA positron emission tomography (PET)/CT. Quantit  ative assessment of tracer uptake was

performed 1 and 3 h post-injection (p.i.) by analysi s of mean and maximum standardized uptake values
(SUV cammax ) Of several organs and 65 tumour lesions. Subseque  ntly, tumour to background ratios were
calculated.

Results

The PET/CT images showed intense tracer uptake in b  oth kidneys and salivary glands. Moderate uptake
was seen in lacrimal glands, liver, spleenand ins  mall and large bowel. Quantitative assessment

revealed excellent contrast between tumour lesions and most normal tissues. Of 37 patients, 31

(83.8 %) showed at least one lesion suspicious for ¢~ ancer at a detection rate of 60 % at PSA <2.2 ng/ml
and 100 % at PSA >2.2 ng/ml . Median tumour to background ratios were 18.8 (2.4 —-158.3) in early images
and 28.3 (2.9-224.0) in late images.

Conclusion

The biodistribution of the novel  88Ga-PSMA tracer and its ability to detect PC lesions  was analysed in 37
patients. Within healthy organs, kidneys and saliva ry glands demonstrated the highest radiotracer

uptake. Lesions suspicious for PC presented with ex cellent contrast as early as 1 h p.i. with high

detection rates even at low PSA levels.
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The diagnostic value of PET/CT imaging with the %3Ga-labelled
PSMA ligand HBED-CC in the diagnosis of recurrent prostate

cancer
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Abstract

Purpose Since the introduction of positron emission tomog-
raphy (PET) imaging with **Ga-PSMA-HBED-CC (=%Ga-
DKFZ-PSMA-11), this method has been regarded as a signif-
icant step forward in the diagnosis of recurrent prostate cancer
(PCa). However, published data exist for small patient cohorts
only. The aim of this evaluation was to analyse the diagnostic

Electronic supplementary material The online version of this article
(doi:10.1007/500259-014-2949-6) contains supplementary material,
which is available to authorized users.
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value of ®®Ga-PSMA-ligand PET/CT in a large cohort and the
influence of several possibly interacting variables.

Methods We performed a retrospective analysis in 319 pa-
tients who underwent %Ga-PSMA-ligand PET/CT from 2011
to 2014. Potential influences of several factors such as
prostate-specific antigen (PSA) level and doubling time
(DT), Gleason score (GSC), androgen deprivation therapy
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Patients with Biochemical Recurrence After Radical

Prostatectomy

Matthias Eiber*!2, Tobias Maurer*3, Michael Souvatzoglou!, Ambros J. Beer!*, Alexander Ruffani!, Bernhard Haller®,
Frank-Philipp Graner!, Hubert Kiibler?, Uwe Haberhorn®, Michael Eisenhut®, Hans-Jiirgen Wester”, Jiirgen E. Gschwend?,

and Markus Schwaiger!

!Department of Nuclear Medicine, Klinikum Rechis der Isar, Technische Universitit Miinchen, Munich, Germany; 2Depariment of
Radiology, Klinikum Rechis der Isar, Technische Universitit Miinchen, Munich, Germany; *Department of Urology, Klinikum Rechis
der Isar, Technische Universitit Miinchen, Munich, Germany; *Department of Nuclear Medicine, University Hospital Ulm, Ulm,
Germany; *Klinikum Rechts der Isar, Institute of Medical Statistics and Epidemiology, Technische Universitét Miinchen, Munich,
Germany; ®Department of Nuclear Medicine, University Hospital of Heidelberg, Heidelberg, Germany; and "Technische Universitdt

Miinchen, Pharmaceutical Radiochemistry, Garching, Germany

The expression of prostate-specific membrane antigen (PSMA) is
increased in prostate cancer. Recently, $8Ga-PSMA (Glu-NH-CO-
NH-Lys-(Ahx)-[23Ga(HBED-CC)]) was developed as a PSMA ligand.
The aim of this study was to investigate the detection rate of 68Ga-
PSMA PET/CT in patients with biochemical recurrence after radical
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The expression of prostate-specific membrane antigen (PSMA) is
increased in prostate cancer. Recently, ®4Ga-PSMA (Glu-NH-CO-
NH-Lys-(Ahx)-[68Ga(HBED-CC))) was developed as a PSMA ligand.
The aim of this study was to investigate the detection rate of 58Ga-
PSMA PET/CT in patients with biochemical recurrence after radical
prostatectomy. Methods: Two hundred forty-eight of 393 patients
were evaluable for a retrospective analysis. Median prostate-specific
antigen (PSA) level was 1.99 ng/mL (range, 0.2-59.4 ng/mL). All
patients underwent contrast-enhanced PET/CT after injection of
155 + 27 MBq of ®8Ga-PSMA ligand. The detection rates were
correlated with PSA level and PSA kinetics. The influence of anti-
hormonal treatment, primary Gleason score, and contribution of
PET and morphologic imaging to the final diagnosis were assessed.
Results: Two hundred twenty-two (89.5%) patients showed patho-
logic findings in 88Ga-PSMA ligand PET/CT. The detection rates
were 96.8%, 93.0%, 72.7%, and 57.9% for PSA levels of =2, 1 to
<2, 0.5 to <1, and 0.2 to <0.5 ng/mL, respectively. Whereas de-
tection rates increased with a higher PSA velocity (81.8%, 82.4%,
92.1%, and 100% in <1, 1 to <2, 2 to <5, and =5 ng/mL/y, re-
spectively), no significant association could be found for PSA
doubling time (82.7%, 96.2%, and 90.7% in >6, 4-6, and <4 mo,
respectively). %8Ga-PSMA ligand PET (as compared with CT) exclu-
sively provided pathologic findings in 81 (32.7%) patients. In 61
(24.6%) patients, it exclusively identified additional involved regions.
In higher Gleason score (<7 vs. =8), detection efficacy was signif-
icantly increased (P = 0.0190). No significant difference in detection
efficacy was present regarding antiandrogen therapy (P = 0.0783).
Conclusion: Hybrid ¢8Ga-PSMA ligand PET/CT shows substan-
tially higher detection rates than reported for other imaging mo-
dalities. Most importantly, it reveals a high number of positive
findings in the clinically important range of low PSA values (<0.5
ng/mL), which in many cases can substantially influence the
further clinical management.
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In biochemical recurrence after radical prostatectomy (RP), an
increase of the prostate-specific antigen (PSA) level precedes
a clinically detectable recurrence by months to years (/). How-
ever, it cannot differentiate between local, regional, or systemic
disease with the necessary precision that is essential for further
disease management (2). Furthermore, PSA kinetics such as PSA
velocity (PSAvel) and PSA doubling time (PSAdt) play an impor-
tant role, with high PSA kinetics facilitating disease detection (3).

Morphologic imaging methods exhibit considerable limitations:
sensitivity ranges between 25% and 54% for the detection of local
recurrence by transrectal ultrasound or CT and is moderately improved
using functional MR imaging techniques (2,4). The sensitivity for
detection of lymph node metastases of CT or MR imaging is
reported to be 30%-80% (5). Ultra-small particles of iron oxides
proved to be effective; however, they have not been approved by
regulatory authorities so far (6).

Various targets have been addressed by molecular imaging to
improve the detection of recurrent prostate cancer (PC). For PET
imaging, mainly ''C- and ''F-labeled choline derivates have been
used in the past (7-9). However, especially in patients with PSA
values below 3 ng/mL, the detection rate is only 40%-60% (3,4,7).
Recently, a new molecular probe targeting, for example, the gastrin-
releasing peptide receptor or the prostate-specific membrane antigen
(PSMA), has been developed (/0-12). PSMA is a membrane-bound
enzyme with significantly elevated expression in PC cells in com-
parison to benign prostatic tissue (/3). The localization of the
catalytic site of PSMA in the extracellular domain allows the de-
velopment of small specific inhibitors that are internalized after li-
gand binding (14). Older agents targeting the intracellular domain of
PSMA showed disappointing results due to low image contrast, low
sensitivity, or high background signal (15). The recent development
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A oo 6% 0B% ik

57.80%

205
0%

02-<08 ngmL  Q.5-<1 ngimL 1-<2 Agfmi 2} ngimL

100% 02 1%% B231%

L]
(X}
L
o
&

&1.82%
80

B0

A0

20%

L
=1 |||=|."|r|L.l:|.I 1-=2 ngfmisy 2-=5 ||3-'r':L|"_-,- =5 r|!:|."r|'|L,l":.'

— 96.15% e,

0%

=8 mg =4-8 me =24 mg

FAGURE 2. Detection rate of “Ga-PSMA ligand PET/CT in relation
PSA level (A), PSAvel (B), and PSAdL (C).



ABX advanced tiochemical comp ounds

e e e :
M Proousd Crcler nurter 1 Ul
F R B g 7
9520 PEME-11 s _:_q.:_:,-.
ProourGor on A L for CaroTis
PEMA: nm;inmuumm '-‘:‘"Tﬂ”‘""“’" -

Molar Mao: 5570 (ref peptoe|
CggHpe Oy 1 TR E0LH

Colouriess booffatiie solio naceaged i dark giass
SOTEW Cap wvisks

Purtty: = =5 %

et Ry mC

ok WS Sty HPLC (parthy

Crhwesrpkoaal Raame

A Imdey name £ 5 12 19-Teraaradoccsans-1, 3, T-ncarboryic ackd, Z2-03-12-
[ & 2-carbarethy -a-mrdrmnyphemyiimet ik carboanrmetnTaminojeting
jcarbor ety amncimetin- o pheryf-S, 13 SHriowc-, 8 TER. supnled
s Fflucmacetabe ool

BN Ty L -

PR IEED oo D] s A - HEED=0D, SO M- Lt A -HEED-DD -
B+ -Carbory- 5 5 3= 3-E == ooyt - 2-hdrnany-herrsi}
carbarymedny-arino et T - oyt ne-ami no ety -d-nirnm-phery s -
penioryd Ao -he o ieEmina -

Lt

Coper il ar gl Homl Predirks ird A doswrracs Sies S pom. o PG Tl b DT D0 &, ey

PET T fur brigng & Froemas Cawer Framnicsnicss 2004, 7 T

Dt 6l bl ESGs-Compls Lpoagrdedrs asd e Tegeing Mrasrny of 8 Urss-lasas PLUE fwribdoe e
FETirmgrg Becerjuges Theem 202 50 SO0

Suee o' b oEsligee B T 0y TE









30 Wolume 3
Ex 4792

S26
Wzigitizd HD MIP Mo cut

DFOVI00.7 em

—=ow m

Mo WOl
Wizigizd Factor kgdium

33mmi33sp

04077 A
=000 M=028 gimp

¢

1928

spedalz Aosia Medicing Muclzare
M E7 309976

DoB: Oct 16 1948

Exhiey 31 2016

-oun -

of

V=181

Azl YVolumez 2
B 4792 A166

Sa6
17359
Im: 220

DFOV A1 2 e

moN 3
A

33mmi33sp

104077 A
=000 M=7.70 gimp P 246

Ospadalz Aosia Medicing Muclsars
M E7 3009976

DoB: Oct 16 1948

Exhilay 31 2018

BON

- o

=181




3D Yolume 3
Ex 4792

S26
Wizigiizd HD MIP Mo e

DFCY 1001 e

—-owu 3

o WO
Wieightad Factor Medium

23mmi33sp

04077 A
=000 ME02E dimb

¢

1998

spedale Aosia Medicing Muclears
M &7 309978

DoB; Ocl 1612948

Exley 2 2018

-=0ou -

ofl

=152

Aedal Wolumz 3
B 4792

s26
L7025
218

DFOW 4] 2cem

@WON |

23mmiz3sp

10:40:17 A
000 M7 .70 gimb*

A166

F 246

Dspeadalz Aosia Madicina Muclzare
MET 309976

DoB; Oct16 12948

Exhilay 3 2016

BOMN =

o
-

=152




30 Yolume 3
Ex 4712

S26

Waigiized HD MIF Mo cu

DFoWas ] cm

ares 3

Ma ol

Walghize Factor adivm

23mmJ33sp

02:47:25 Pl
=000 MED2E gimb

L

| 908

Ospadalz Aosia Medicing Muclzars
M7 224807

DoB: Oci22 1944

Exhiey 17 2016

Ok

o

V=097

Agdal Wolumz 3
Ex 4712

S26
Less7
Iy 200

DFCW380cm

& =

23mmJ33sp

02:47:25 Pl
Ime0.00 MET 38 gimP

ABS Ospedale Aosia Medicing Mucleare
W7 224807

DoB: Dot 22 194

Exhiey 17 2018

W=

o

P 295 V=097




30 Yoluma 3 1 2zl Wolune 3

Ex 4712 . 127 Ospedalz Aosta Madicing Muclzars Ex 4712 ABS Dspedalz Aosta Madicing Muclzars
‘ - W7 224807 W7 224807

S285 DoB: Dt 22 1944 S285 DoB: Det22 1944

Waightizd HD MIP Mo cuf Exhay 17 2018 lg888 Exhay 17 2018

Jrry: 207

DFOVE3.1 em DFOY 330 em

R ' L R L

4 4 1 2

4 4 [ . 1

0 0 2 B8

of of

Mo WOl 33

Wizightzd Facior kledium .

33mm 33sp 33mm 33sp

024725 P 024725 P

=000 =098 wimb 1208 W=053 =000 =T 88 aimb P 295 W=053

ume 1




£ 4735 "] Dzpzdale Aosia Madicing Mugleare E, 4735 A163 Dzpadale Aogia Meadicina Muclzars

' &7 309871 &7 309871
Se8 ‘. . DoB: Aprl7 1849 Se8 DoB: Apr17 1848
Weightzd HD P Mo cut Exhiay 192008 ka2 Exhiay 192008
I 238
DFOY 100, cm DFOYS00 cm

R T L R
5 \ 5 2 .
0 0 4
1 1 4
or

Mo ol 32
Walghizd FaciorMeadiim -

.
33mmB3sp 33mmB3sp
020904 PM 020904 PN

=000 M=1.08 gimP =000 M=B.25 gimP

R \ g Aolume 1



LA PET PSMA In sintesi

- I PSMA e un promettente e specifico agente “target " per I'imaging del
carcinoma della prostata

-L'imaging PET/CT con 68Ga-PSMA puo fornire informazi  oni molecolari
aggiuntive alla RM e fornire indicazioni per mirare la biopsia.

-LA PET/CT CON 68 Ga-PSMA mostra aumentata sensibili ta e specificita
rispetto alle metodiche di imaging standard in pazie nti con tumore della
prostata a intermedio e alto rischio.

-LA PET/CT CON 68 Ga-PSMA migliora la “detection rate " delle lesioni
metastatiche specie per bassi valori di PSA nellar  ecidiva biochimica di
malattia-

- La migliorata “detection rate” delle lesioni puo con sentire di migliorare
'uso di terapie “patient tailored” e migliorare I'ou tcome dei pazienti.



