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INTRODUCTION

Prostate cancer (PCa) is one of the most common
malignancies in men worldwide and leads to sub-
stantial morbidity and mortality. Imaging is indi-
cated in multiple aspects of PCa management,
including primary diagnosis, staging, localization
of recurrent disease, and response assessment

in metastatic disease. Currently, conventional im-
aging modalities, including, bone scintigraphy,
computed tomography (CT), and MRI, are used
to detect primary and metastatic PCa for staging
and risk stratification.

The main limitation of conventional imaging
modalities is their low sensitivity in detecting me-
tastases in primary diagnosis or in recurrent PCa,
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KEY POINTS

� Prostate-specific membrane antigen PET (PSMA PET) imaging is a valuable diagnostic tool with
promising performance for detection of prostate cancer and its metastases.

� PSMA PET imaging has the advantage of high specificity, independence of PSA-level, and low
nonspecific tracer uptake in surrounding tissue.

� Although PSMA imaging has been most commonly investigated in the biochemical recurrence of
prostate cancer, an increasing number of studies are exploring its utility in the different aspects
of prostate cancer management.

� Multiple studies have consistently shown high clinical impact of PSMA imaging in guiding the man-
agement of prostate cancer.

� PSMA may prove an important imaging biomarker in prostate cancer, paving the way for precision
medicine.
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especially with low prostatic-specific antigen
(PSA) levels when disease is often small in vol-
ume. In a meta-analysis of 24 studies the pooled
sensitivity and specificity of CT for lymph node
(LN) diagnosis was 42% and 82% respectively.
For MRI, this review reported the pooled
sensitivity and specificity of 39% and 82%,
respectively.1

Molecular imaging with PET using an increasing
list of biologically relevant radiotracers is facilitating
precision and personalized medicine in PCa.2

Prostate-specific membrane antigen (PSMA) has
received a resurgence of attention over the last
few years as a useful biomarker in the imaging of
PCa. Among the available tracers and ligands
available to image PSMA-expressing tumors,
68Ga-PSMA HBED-CC or 68Ga-PSMA-11, devel-
oped by the Heidelberg group in Germany, has
become a successful radiotracer for PET/CT imag-
ing with rapid adoption across many countries.3–5

Subsequently, second-generation fluorinated
PSMA agents (fluorine 18 [18F]-DCFPyL and
18F-PSMA-1007) offered several advantages, espe-
cially the possibility of large-scale batch produc-
tion; but published experience with these agents
remains limited. In this article, the current position
of the literature in the role of advanced molecular
imaging in different aspects of PCa management
is presented.

RADIOLABELED PROSTATE-SPECIFIC
MEMBRANE ANTIGEN LIGANDS

PSMA is a type II integral membrane glycoprotein
that was first detected on the human prostatic
carcinoma cell line LN cancer of prostate
(LNCaP).6 It consists of 750 amino acid integral
membrane glycoprotein (100–120 kDa), with a 19
amino acid intracellular component, a 24 amino
acid intramembrane segment, and a large 707
amino acid extracellular domain.7 It has several
enzymatic functions and is known to be upregu-
lated in castrate-resistant and metastatic PCa.8

PSMA is not specific to the prostate gland and is
expressed in other normal tissues, including sali-
vary glands, duodenal mucosa, proximal renal
tubular cells, and subpopulation of neuroendo-
crine cells in the colonic crypts. In PCa, PSMA is
overexpressed in the order of 100 to 1000 times
compared with normal prostate tissue.9 Overex-
pression occurs in greater than 90% of local PCa
lesions as well as in metastatic LNs and bone me-
tastases.10–12 There is no known natural ligand for
PSMA, and the reasons for its upregulation in PCa
remain unclear. PSMA undergoes constitutive
internalization and, therefore, can serve not only
as an imaging biomarker but is also suitable for

theranostic agents by attaching to radioactive
molecules enabling targeted delivery of radiation
to the sites of tumors.13–17

PSMA expression seems to increase with higher
tumor grade and pathologic stage. Of clinical
importance is that PSMA expression is upregu-
lated when tumors become androgen indepen-
dent and also following antiandrogen therapy
(ADT).18 This characteristic makes PSMA particu-
larly valuable because it has potential as an early
indicator of tumor progression after ADT and could
play a role as a prognostic factor for disease
recurrence.19

One of the first imaging probes specifically target-
ing PSMAwas indium111 (111In)–capromabpende-
tide, an 111In-labeled anti-PSMA antibody.20 A
significant limitation of capromabpendetide is bind-
ing to the intracellular epitopeof the transmembrane
PSMA glycoprotein. Therefore, capromab pende-
tide either binds to viable tumor cells following inter-
nalization or to dying cells with disrupted cellular
membranes. Furthermore, slow plasma clearance
of the antibody results in relatively poor tumor-to-
backgroundcontrast; theapplicationof 111In-capro-
mab pendetide for imaging prostatic malignancies
remained limited.21,22

Subsequently, high affinity antibodies directed
against extracellular epitopes of PSMA have
been developed, such as J415, J533, and
J591.23 It was shown that 111In-J591 accurately
targets bone and soft tissue metastatic PCa le-
sions24 and that lutetium 177 (177Lu)–labeled
J591 can be used safely in radioimmunotherapy
directed against micrometastatic PCa.25 Major
disadvantages limiting the use of radiolabeled
monoclonal antibodies as theranostic radiophar-
maceuticals are their relatively long circulatory
half-life (3–4 days), poor tumor penetration, and
low tumor-to-normal tissue ratios, especially at
early time points. Small molecules, in contrast,
exhibit rapid extravasation, rapid diffusion in the
extravascular space, and faster blood clearance
which results in high tumor-normal tissue contrast
early after injection of the tracer.
In search for PSMA tracers with such favorable

characteristics, modified forms of N-acetyl-L-
aspartyl-L-glutamate peptidase (NAALAdase) in-
hibitors, which were originally developed for
possible neuroprotective effects in neurologic dis-
orders, such as amyotrophic lateral sclerosis,26

have been evaluated for their potential to diagnose
and treat PCa. A series of preclinical studies eval-
uated the role of radiolabeled small-molecule
PSMA-inhibiting ligands for imaging of human
PCa using various radionuclides, such as carbon
11 (11C),27 18F,28 iodine 123 (123I),29 technetium-
99m (99mTc),30,31 and 68Ga.32,33 Overall, the
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